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2-1.

2-1

Memory) ROM (Read Only Memory)

RAM (Random A ccess
. RAM

RAM DRAM (Dynamic RAM)  SRAM (Static RAM)
. DRAM
. SRAM
DRAM
ROM ROM
SRAM RAM
RAM RAM
— PROM OT PROM |
EPROM
ROM EEPROM |
FLASH
Mask ROM
2-1.
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PROM (Programable ROM)

ROM
PROM OTPROM (One Time
PROM), EPROM (Erasable PROM ), EEPROM (Electrically Erasable
PROM) . OTP EPROM in-system
“one-time- programmable” : OTP

EPROM ,

RAM

EPROM

EEPROM
( )

EEPROM
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2-2.

EEPROM
. EEPROM
2-2
RS

CFL Sﬂ__a_m

P (M)

gl
o AFRFEFL TR AM
i Apu] 2
S aloT
)

e BEam i

£

‘ &

v
2hefd
EET"Rimg
BT AbelE
2- 2. EEPROM
EEPROM 1,000
SRAM
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EEPROM

CPU ., EEPROM
CPU Off
EEPROM
. EEPROM
1967
EEPROM
2-3

(@),
(b)

(a)

(b)

6V
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. D 22 mame] =02
At i T VD}‘_ Vel il [ Vgl
VL
eo8
Z é*”ﬁa se e . ot 3957
TR 3
[E:1] Itl
In p=—%
o WL v 7] bl
da ™
".f
Vi o—| I |I i — g
Shift r
F;
,f:
Va= 0V
# |_ | l;
r 13 5% Vo
2-3.

2-4 EEPROM

@ v Gy o
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Fl 7t &l v

i), Bils
P A e = TEEHA R
= (25 (A=)
2-4. EEPROM
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g™

2L 77T

MR

1963

nt r —

)

A A

i

=

{hi

P AT

(=]

2- 5.

2-5(b)
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2-5(a)

MOS
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2-3.

2-3-1.

: 1984 IEDM (International Electron
Device Meeting) TOSHIBA (F.Masuoka et al.,
"A° new Flash EEPROM cell using triple polysilicon
technology™")

2-3-2.
, EPROM  UV(
)
UV - PROM uv
( )
EEPROM . ,
( )
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EEPROM

DRAM

)

1

EEPROM (

, 1
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2-3-3.

EPROM

EEPROM

SRAM

, EPROM

2-6
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DRAM

2
EEPROM
EEPROM
, Flash

, DRAM



EPROM | + | EEPRCM | —| Flash
T = EPROM ERFROM Flush Memory
el S -|||:l AL o -H:I
dall ":1 -i r% 106 ;’")
TR. 173 By | 17]
Cell program H&] Hot Electron Tinne!ing Hol Elecirom
Cell Erase %) LiV-1light Tunneling Tunreling
2- 6.
PROM (Program
ROM) 2-7 2-1
@
@
3 DRAM Bit Cost
@ /
® (Page) Multiple Bytes
©® Random, Serial, Page
D F-N
F-N



High density

Nonvolatility Electrical Re-writability
2-7.
2-1.
uv- Hard Floppy
Flash DRAM SRAM EEPROM EPROM Disk Disk
Nonvolatility
_ _ 0 X X 0 0 0 0
High density 0 0 X X o o X
I-T cell o X X X o X X
Low Power 0 X X 0 o) X X
In- system rewritability | O 0] 0] 0] X @] 0]
Bit alterability X 0] 0] @] X 0] 0]
Fast read O O 0] 0] 0] X X
Fast write 0 0 0 0 0 0 0
High endurance o o o o X o o
@] @] X X 0] 0] @]
Low cost
. 0] 0] 0] @] X @] 0]
Single-power supply
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2-3-4.

EEPROM
2-2
2- 2.
Data
Read Data Bit
Write Cost
DRAM | 1T r+1Cap 10ns ) 10ns 100 W 1
SRAM | atr+ 10ns ) 1ons | 100uW| 1
EPROM  ITr  |100ns T 1o0us 12
eeproM| 21" 100ns ) 10ms 10
Flash ITr 100ns " 10u s 1
M emory
EEPROM
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2- 3.

5Vv/ 12V
5V/ 12V (3V
3V 5Vv/ 12V iy
5 @3V
(Size)
1 110 100
Band-to-Band




2-4.

2-8

NOR

NOR

DINOR

NAND

NOR

AND , DINOR(Divided
Bir-line NOR) , VGA (Virtual Ground Array)

l"insh

MEMORY
ARRAY

. NAND

AND

MOR

NAND

l

Virtual Gnd | Corrmmon Gad AND Array Org
: | [ ] I ]
"-’rt i SPLIT ARLD
“ ol | et IR | P ‘ piNoR || EEPROM | | mer || o
F.nnt.al:ttcsa issL) iy ectiin L
Poly - Paly | Merged
Eraze
2- 8.

- 35 -



NOR
NAND

2-4 NAND NOR

2-4. NAND NOR

NAND NOR

/ (Random Access )

(Serial Access Type)

(HDD ) ( )

( ,CPU RAM )
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2-4-1. NAND

2-4-1- 1.
2-9
EPROM 2
100
Oxide- Nitride- Oxide(ONO)
3 250
DRAM
, NOR 80%
NAND EEPROM
2-10 /
1
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NAND TI 1975 USP4059826
Mask ROM

Bit Ling Motal

1 Pocket P_Wel |

i

2- 10. NAND
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2-4-1-2.

2- 11(a) , oV, P-well

23V

Flowlwe-Nordheim

] '3V
F-N
J=A- E? exp(- B/E)
J , E , A, B
ov 21V o
':il OPEN OVor 10V |:_L_| av
[eeo ] | % = |
T N " N N N
P-WELL P EL P WEL
T P | N—BE | ; N—ﬁ;
|
23V 23V o 5 o sy
(a) (b) (c)
2- 11. NAND
2-4-1-3.

( ) 2-11(b) ,

21V, P-well ov
2V
“o ov, “ 1
10V 10V
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2-4- 1-4.
2-11 NAND
2-11(c) : 5V pre-charge
, ov

: “r “ 0

(Couping Ratio), Vcc

Read Fail NAND
2-4- 1-6. NAND
2-12 NAND

, Triple Well(pocket p-well), CMOS Process, 2-Poly, 1-metal
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Process

M-FIFLD 1IP
EEERE R R RN EEEE RN
' T WELL foimati
= T of mal-fon
POCKET P-WELL Core Bt 1
................ 5 AR [ L. 514
— SO ... YOO o= o
H-SHESTRATE
{a)
It
% =
LY
Tunng! Ox - FIELD oxidat ion
= . - TUMMNEL 0xide
POCKET P-WELL
[k
It
% =
LY
Tunng! Ox - FIELD oxidat ion
= . - TUMMNEL 0xide
POCKET P-WELL
[k

CELL-FIFLD HIF
EREEEREREREREEEEEEE AR

PR . PR
F-POLY
__ - F=POLY delins
e W Fae A = CELL FIED 112

o Tunnel Ow, R M0 [ormet ion

POCKET P-WELL

(o)

PR

(i F-FOLY

— OHD Tormal o
& deline

— Tunnal Ox.

POCKET P-MELL

fd)
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CONTEM GATE
dal ins

- N=5 | IP

()

SPACER OXIDE
- NS0 & PHE/DO P
- CONTAGST oarmat lon
Lo— WETALLIZATHOM

FOCKET #H=WCLL

[

2- 12. NAND
2-4-1-7. NAND
NAND 16M
K M 29N 16000T S
KM29N 16000TS  2Mx 8Bit NAND 5V

, (2M +64K )x 8Bit
(256+8)x 8Bit

256+8Bytes
20u s :
80ns : :

44(40) T SOP
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KM 29N 16000T S [Command - Address -
Read/ Write] :
, |/ O#
|/ O#

64Bytes((256+8)x 8Bits)

1 ,
16
, 16Pages = 16x (256+8)Bytes
(4K +128)Bytes
256 2-13
: 16MBit : 2-5
KM 29N 16000T S : 2-6  KM29N 16000T S
(Enable)
CEB CEB
NAND
NAND 3
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1B ¢
512 Block
(K Page)

________

1 Block (=16 Page)
(K4 128} Bytn)

+ 160 NAND Flash Addressing

W | Vo | e wmy e | | WTE 1
1 Cycde | A0 Al Az A 4 L] AE _'\-.‘
/ T :’ i’ I Cwcle A AL AW LR
‘ - K = IOyt | AME | AIF | AiR | KRR _J.."'!l
hg.w R A= A Solects | Roghedn of | Page TEE Regiden)
250 Byt A= AR Dot | P | P {1 Pages
AT - ARl Setacs | o517 TRk
__-_.-.._ o=
Fast Pate Access W e
2- 13. NAND
2-5. KM29N16000TS
1Cycle 1Cycle 2Cycle
Sequential Data Input 80h Block Erase 60h DOh
Read 1 00h Multi- Block Erase | 60h...60h Doh
Read 2 50h Erase Suspend BOh
Read 3 90h Erase Resume DOh
Reset FFh Read Status 70h
Page Program 10h Read Register60h EOh
DRAM



DRAM

2-6. KM29N 16000TS

CLE ALE CEB WEB REB WPB |/O#
H L R H X Din
L H R H X Din (3Cycle)
L H H F X Dout (3Cycle)
L L R H X Din
L L H F X Dout Read&Data
X X X X X Z Program, Erase, Busy State
x x x x X Z Write Protect

R : Low and Rising Edge
F : High and Failing Edge

2-4-2. NOR
2-4-2-1.

2-14 NOR
EEPROM 1

MOS

( 10nm)
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Interaielectr ic - EEEEEEE T ] control Gate
Cate Oxide— S SSS S e S R e R

nmad— - Fioatl ing Gate

P-Subatrate

2- 14. NOR

2-4-2-2.

2-15 :
ov, 12V :

_1
a g
o ©

2- 15. NOR
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2-4-2-3.

13 0”

2-4-2-4,

ov

(>10MV/cm)

oV

2- 16
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13 1”

12V,

F-N



+H12v
T e, & e 8|

oz &
. Ev

Tunnel Oxide
Source
2-16. NOR
@ /
2-17 /
/
5V )
(-)
=10V
T =
oV | | Float 2
; [ga e © @ t Floating Gate
Jf) \{
Ev
Tunne! Oxide
Source
2-17. NOR /
/
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2-18. NOR

2-18 , - 18V
() 18v (+)

Ev
Floating Gaty

Tunnel Oxide
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Vo) (o) 2-19

()
: (b)
1v
1A% (c)
— Hh &b
e
‘“"‘h..,_“rl fn! \
i
. f W)
THI0% ' —" [ ifiiic)
xzg '
?'lf"lﬁ .E'}.l-z'l‘-‘f—E:f “' ]ﬁt
e ’r T
-\-‘-\-""‘.‘I
.'Fi
= o il 3
—p Vi (V)
2-19. -
2-4-2-5.
ov
1
On- Cell( )
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2-4-2-6. NOR

NOR ,

NOR
XIP(Execute In Place :
65 75
28F016X S
33MHz
NOR

1 2sec

HN 28F 1600
(Sector)
512 10
: 32

RAM
7 10 /Byte

256RAM

NOR
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64K byte

NOR

16M Bit

15



3 [/Byte

1 2
HN 28F 1600
8
1 10 8
20
2-4-3. DINOR
DINOR 2-20
2-25 . 2
DINOR NOR
NOR

. NOR

25%
256Byte : 3.3V
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F-N

Sub B/L Main B/L

S s e L s f! e QOLo0! "':".': '

2-20. DINOR

2-4-4. AND (ACEE)

AND 2-21 ,
NOR NAND
AND 32M Bit
512Byte
2

Poly-2(Control Gate)
Poly-1({Floaling Gate)

FIELD Ox.

100 A Buried N+ Buried N+

2-21. AND (ACEE)
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2-4-5. HiC

HiC 2-22 : :
/ (Column/Row) (Redundancy)
, Positive
Band-to-Band
(Window)
V=opan Ve V=3 e —

(a) (b)
2-22. HiC
2-4-6. -
- (Source Injection- Common Ground)
2-23 : CHE
: Poly -to- Poy

Control Gate

=alnal Aude Float ing Gate

i




2-5.

M 2-24

CEo— [z HH
Fo— 0O E ——‘
FEa— WE T - |
L
) o— Din HIH e =0rE
S Eonei i | D | J‘L,l Ho{z e
Kl - J.i-"—?
D?D_' Dml H-tl.l.‘l P et 5|§
e 8|
| T
12| .
soiwz yays
i <
Figk
B e— 3 Ll‘fﬁz! — L HelE
| 7T
| | <> 4
| [HEH =~
e
. 2F 1 P |
|,| | = ™ RS0 TlEREE
AEo—
2-24. 1M
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2-5-1.

2-25 NOR (
EPROM ) , ,
NAND ( ’
, , DINOR,
AND
[ ROR AND e PAND
- 941 e 1L
e I Bl OB _Il_| LY —
Faly | E Aty | n_FgWTHf sqﬁ“—lt
Cell S I e w L | W |
Sfruclure w— o E ]_,.
A [ we —If w —j|
me—i[, St - ”3——. s
. W-lE =1. . i
W — lfl_ : 2 et S
- . Win- T ' b et —-IH‘
" - L i
: H_ sy | M —t wer—jiC |7 | ma—iC
L | K = T
— - | ] _.J‘L .n_”a I 'ﬁ—ﬁ[‘__ o
ﬂ"—Hﬁ iz =T | L
: L 1 ! A .
Propitrase | F-4/F-N Tunneiing | F-N/F=N Tumneling | CHE/F-N Tunneling | F-H/F-N Turmeling
Process X114 X114 X2 1.0
Comg | exily [32.24) L3P M) [2P.2M) L2P T
Low Yoo 7 U 5.0¢ or 3.3¥ 5N 5.V or 3.3¢0
Block Seze 7 gakE 512k G4KE AKE
Resear cher Wi lgubkshi Hitechi Intel Samsung/ Toshiba
2- 25.
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2-5- 1- 1. NAND

F-N NOR
, NAND 2-26
: ov
15- 20V
15- 20V

« ) 2-7

Voo (GHD = "

3. oW Peeeis aimen Cal |

18y

2- 26. .
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2- 7.

A I i o
Sonstant | giont Wi dest ooy
rererental | gy, Nar rom 1 11 A Py Iy
(
(
2-26 Ve
Ve Vpass, Vpgm
SSL Off
8- 10V Self- Boosting
8- 10V i
F-N Threshold Shift
2-27

| Control Gale

=Cic

Float lea Gata

’

Bulk

~,
3

Voh -i.—-—t— Channe

Looh

2-27. Self- Boosted

- B8 -

Vi |

Veh - 0.8Vw/

SSL



2-5-1-2. NAND /

(Verify)
2-28 2-29
DCB SBL ( /
0/Vcce ).
BLSHF
Fully ON Y blsh
(Vth  1.8V) ov . SBL
W Off
Iref
( "0")
v ov
Iref
Vth( 1.8V) 1blsh
ov Shut - Off
X , Iref
X Vcc
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It ef

Bl B/L 4224
I Data 1" 0.68Y ' Eig
o sy A | Data 0" 1.8
oo WL —
Voo W2 —
Lo . —Seiecied Low
oV W/La +—I';l
Vee mLts—lé
Voo W/L16 —IE
Ve ESL—H:;
65%:»—45 i
BLEHF =—E il
iy !
Slo—E iL
Glase. L e ¢
E,ﬂ TRt lllira
t‘:‘rgiﬂ L |,Ef1’ EFEJ |:§
._”_'\ [ Vi it | YA
v f,a.‘aimmnr%% s Platoh = e
2-28. NAND
X Vcc
Vcc
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Vo

blsh Lo [
g
BLSHF
Vo
SBL | I
(174

08 o | I
Veo

Osae o [ |

Vot

Olateh o [
BIL e
T
¥i [
2-29.
, (o
-3V ov
It ef
o.6v
, @ blsh ON
Iref X 0.6V 0
W
06V (<Vth) Off
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2-5-1-3. (Redundancy)

4M NAND-EEPROM  , 2 (Row) 4 (Column)
o1 INANDx 512
, 8
NOR EPROM 1
(1- ) , NAND
1 8 ( )
INAND
, NOR
, NAND
1 81/ O x 1,024
2-30

NOR NAND



ENECTEEE 2
™ 32 C|3L 32
HEHA T
2jedA cjag 2/ REA
BX22 Mg 2 Lzt 82
2-30.
2-5-1-4.
2-31
(DRAM, SRAM) ( 45V)
NAND NOR
(=] Erase Pal Erase.
1M 15504 i B WA =12V v
] w Float [} =5 Float
¥5 ) Float V5 Y =12y
Ui i -2 VB oy v
Tunnel | ng F FN l_-'uln'-a.lni., H-£ L

2-31.

v

VB

VS

18



Vcc
2-32

“Dickson's Charge Pump”

oo
- ‘ |
lc = lc st lc =f ‘LE C
2-32. Dickson's
2-32 Dickson HV
® , C Cp
( C >>Cp).
Vin , 2-32
, Vout
V out
2-5-2.
EEPROM



2-5-2- 1.

(Endurance)

10ms
150 : ,

EEPROM

2-5-2-2. Vpp

Vpp

Vpp

2-5-2-3.

Screening,

, /
Row
Vpp )
5ms,
10,000
/



2-5-2-4,

v
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2-6.

2-6-1.

2-6-2. SAS(Self Aligned Source)
SA S(Sdf Aligned Source)

2-6-3.

2-6-4. ONO

ONO
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2-6-5.

2-6-6.

2-6-17.

2-6-8.

100ns
: 70
2

(Access)

150ns

10 /Byte

- 15 sec/

/

- 10

, 0.15y4 m

. NOR

, 0.18u m 256M
1G



3V

DC/DC
2-6-9.
10
EPROM 10°, EEPROM
2-6-10.

. 64M

10°,

1.8V

, NOR

, 256M
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10° 10°

EEPROM
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2-1.

2-7-1.

2-7-1- 1.

NAND

2-7-1-2.

Vpgm

NOR

Vpass
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(retention)



2-7- 1-3.

EEPROM
(Endurance) NOR,
NAND EEPROM
CHE NOR Band-to-Band
NOR (Vth)
2-7-2.

MOS
Si/ SiO:

MOS
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2-7-3.

2-7-4.

ONO

PSG

Na+

Inter
Na+

MOS

L ater

Dielectric(ILD)

3-6MV/cm

BPSG



2-8.

2-8-1.
EWS
1 2% ( )
Y2 V4
FDD HDD
2-8-2.
16M



2-8-2-1. EPROM

EPROM
/ . EPROM
/
EPROM
2-8-2-2. ]
MA SK - ROM,
EPROM ,
0s
64K 256K

) 4M , 16M
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ON)

2-8-3.

PCMCIA-ATA

20M

ATA

2-8-4.

PC

40M



ATA

ATA

“FAT ”

(FFS-2, FTL 2

ATA

FAX ,

(FFS-S FTL)
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2-9.

: 2- 33

2- 8.

DATAPROCESSING

- Computer
- Main Frame
- Super
- Midrange
- Workstation
Handheld
- Subnotebook
- Laptop
- Desktop
- Deskside
- Mobile Computer

OTHER DATA PROCESSING

2-8

TELECOMMUNICATIO

- Central Office Switch

- PBX/LAN/Cellular/PHS
- Cordless Phone

- Dig. Answering Machine
- Fax/Public Phone

- Pager

- Modem

INDUSTRIAL

- Tester
- Medical Instruments
- Vending M achine

Hard Disk Driver
: Optlcal Disk Driver
- Page Printers
- Serial Printers
- Copier
- Word Processor
- POS
- Solid State Disk
- Flash Memory Cards

TRANSPORTATION
- Car

- Navigation

- Air-bag

CONSUMER

- Organizers

- Arcade Game/Home Games
- Game Soft/ HDTV/Set Top

Box/Instruments

- Karaoke/ CD ROM/Digital

Camera

- VTR/DVD/Camcorders/Voice

Recoders
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|
y
’/ ;

FAX

/
\

-
CAR ﬁ
e

Medical System

NB
! T

D-Recorder
2- 33.
2-9-1.
HDD
, 2-34 HDD
Plug Compatible
SCSI IDE PC
HDD
IC
: (ON



Flasn Memary
| ke || oo | e e
CPLU Baol g | | S I Wemory
ROM FaM ] KEG I | LCOG &CS1 nterface Card
l | | I I |
2-34. HDD (HDD Plug Compatible )
2-9-2.
2-35 .
. HDD
Plug Compatible HDD :
0S ,
IC PC
FFS (Flash File
System) , MS-DOS V5.0 ROM
KE' I | LFD I Fiash Ik
o %{;:a:': %_I:AHE' | _L.EIC | Howery HEZ?EIF
| | | | | |
2-35. (0S )
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2-9-3. /

Post
RF
Post RF

RF
2-36

RF EEPROM/

. RF
0 to 10 Leet |

Personal Card/Teg
with IRF RCVR/THMTR

Logic and NVMEMORY
l no Batlerres
b S
RF
‘-\.._'__“l.l""%q.Ih
2- 36. RF
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2-9-4. BIOS/

PC BIOS(Basic Input Output System)

. BIOS PC
U ser
(Boot Block)
(Parameter Block Main Block)
BIOS
EPROM OPT
, ASSP
2-9-5.
PC (FDD)
(HDD)
, PC
SRAM : DRAM
RAM

RAM PROM

RAM
RAM
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