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2. Array 7% (NOR vs, NAND)
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c}, At o] ofAe] M= Tech, shrink A Flash Cell
A479] Data 5 52 312 ofulal 02 ol wAk)
7] $18ll theFst algorithm 28 9 Controller 9] Eg0] T
8o et
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31

- ——

.-/."-\.
e i
pree Mrgap
(g 9 WL 7t space ¥ T4 & WL-WL BV

13 Yo A He¥5=o] WL 7 space Z4ae tin] Tunnel
Oxide & TPD S/ 74-80] 2o}A| Program 52+ 3 Al
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Ut o= Slslf o3t HA™ WLl 7kl By—Pass
bias 2 Aefate] O15V)% AL fAHA f-A %o} WL 7t
leakage path #4] ¥+ Breakdown ©] TS ke Q45
Ut E3k o] 3t F.G 9% 7HAE o] fHaEo] F.G of
electron ©] A& 79-ol= electron loss 7} WA =ie
AFULE weha (1" 9) oflA] Hzo] WL 7t isolation &
atst7] 9fs) WL 7t space 9% Oxide WiH Al #-4
£0] e v F7el Air—Gap & Aol E—field & &3}
A71H 8 U7k WL A9 fringe E-field & 7Helato]
Air—Gap shape & WL 2tt =7 A8k sy, of %
Hoz (% 9) oA E%o] WL — WL 7} Breakdown 7
2 7§A381o] 1X nm tech, oA % ZAHAQ1 Program 52}
e = Sl5U ey 7R S 4591 Air-Gap
28811 QlojA 1X nm IHF tech, oA 4Agh
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3. Read S A
43k Scale down ©] we} Selected Cell 2]Gate 2+
O] %3t Cell 9 Gate 7F £ 7t4 2= Q8] Coupling
Capacitance 9J|A4] IPD Cap, ¥} Tunnel oxide Cap, £]o=
0|23} Gate 7t Coupling Capacitance(WL—F.G & F.G-F.
G7F F88t aA= vehta gud?, (1 10)o)A4 &
o] o] 2|3t Coupling capacitance + Program 54 Zof+=

| T Cell ZHo| L 7+A
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(12 10y BLF WL 2SOl M Cell 9] 724 A7t Capacitive
Coupling

WL-F.G 7F 7Hd sk W2 Program Vi, Read 54+ 2o
= F.G-F.G 7 7] a3}& Program Cell Vt £-3% 27}
&5 skl iU oS S, B cell 9 o] %3l (B+1)
th Cell = (B—1)th Cell ©] Erase AHo|A= Positive
potentialg B Cell 9] F.G o &S FANE Program AEl
2 HAEH Negative potential = ¥7 o] B Cell 2] F.G
of J3FS 27 Yo B Cell 9 F.G = potential drop &
A0 & Control Gate 9] A¢to] Z7tsjopyt 7|21} HAsH
Channel &4 3 4= Qlo], Al B Cell 9] #8 AYo] &
7Vl BARE HolaEar QT

F.G- F.G 7Hdayt= AR08 AVE = Capacitive
Interference Ratio x Neighbor Cell Vt shift ¥&E Y},

Capacitive Interference Ratio & 74A17]= HhHL 3
59 Cell 2 WAHSE @ F.G — F.G 7} Capacitance
= fas] 8l F.G 7 1S sk 34 A, @ W
L 098 7k uf] AR o] WA Nitride (7.5) — Oxide
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Issues with 10nm FG | soutioms
X - direction Interfrence W

10nm FG?

(a2 12) F.G 9| scaling St =

== ?loll 3D 2=

(3.9) — Air-Gap(1.0) 1821 ® F.G F719] 74 weto]
IR} E3] Air-Gap 2 7P W 448-S 2l 9
o] WL — WL 7F Space 9 Air—Gap (18] 9)= F.G -

F.G, WL — WL, WL — F.G 7} ZHda3HE Aola7] fls)
2Xnm ©5} techol|A], Shallow Trench Isolation (STI) %
9] Air—-Gap (18 11)) & F.G-F.G, F.G—Channel,
Channel — Channel 7+ 7Hda3= #Ajojsl7] ¢l 1X nm
o|5} Tech, = # 487]= duth

714 9 el Ao Re A4 3 FR7F 9L
=t @ Neighbor Cell Vt shift ¢ 48 F+= Neighbor
Cell 4~9] &4, @ Program AlZfel= Cell Vt &
H5E0 & AleES|o] Program € Cell Vit 9F Gap 244, @)
Interference Vt shift & -2 e 4] program & $+= st
© P 5= Aokl Slsyn, At ogh 2|44l
Program Vt #-3 Z7}= £3| TLC Aol A 42l 948
gkl glom, LxA A7|A, daregA M aass
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(22 13) scaling 2] 2t F&t (2D FG — 3D CTD)

oju] 1X nm oAl 283t Aefol Az Z Cell level 7F #E A
oF S Yol BHAYsIAL Q1] Strong Controller 9] &9
o} SES11 9l ARy

whebA] Cell 29| &4l glo] T3] F.G Cell Scaling
= A71A, FAH 0w AR mEste] tiEEe] NAND
Flash Aol A% 10nm F.G thAl 3D Cell 22 79t vk
& A sksUTH(IY 12)).

VI. CTD Flash & 3D Array #+%&

Cell array = 4% 9eFo 2 §A5H= F.G Flash?] Scale
down?®] A= QIgt il HA3}e] of 32 S5t = &)
T2 Cell array & 2] WeFo & g Ask= 3D array +%
7} ARE H AFUTHCTE 13)),

A= layer 55 Z7}5bd Cell density 7F 27Fel= L322
Scale down $10|%= Cost down & 4=
%= 788 PR A= Flash 9
main array & A28 EA5UE

thofet Array +%29 F.G type,
Charge Trap Nitride (CTN) type 2
Tl Cell 27} AQE=| QIARE, vl A Tkt 2R Q5]
Scaling #olA & © frefsto] tiF-22] NAND Flash ¢
A7} CTN type Cell -5 288kl Q5. ofof e} 4]
440 A= main stream 21 CTD (Charge Trap Device) [or
CTF (Charge Trap Flash)] Cell +% + Vertical Channel
Array 20| tjsto] dopE A5

1.CTD Cell 7|12 &4

Floating Gate & Cell ¥} Charge Trap & Cell 7F L&
2}o]= Charge storage H2UUTH F.G Cell & A=A ol
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NAND Flash H|22]= charge storage
E20]| 2} floating gate &2t charge
trap &9 2 LIS ZIC},

@ Conduction Band
(D) # Free Electren

Floating Gate Cell

(@

@ Band-Gap

Doping % Poly Silicon (Poly) & AF&a}al QIA9t CTD
Cell & +4E291 Nitride £ storage S22 ARSI Q)
SUt) Cell o 4224 WeF 125 21 F.G Cell 2 Control
Gate — IPD — Poly — Tunnel Oxide (Tox) — Sub Si & F*
A= 31, CTD Cell & Control Gate — Blocking Oxide (Box)
— Nitride — Tunnel Oxide (Tox) — Sub Si = Ao 3)
FUHLE 14-a)),

Storage =7 #o|= I8} Charge A4 WA= 2fo]7} 9L
SUTH(CIE 14-by). F.G Cell & Poly2] Conduction Band
o Free electron HEj= EA5},
CTD Cell & Nitride 2] Band Gap
Yl trap site ol Trap electron FEf=
ZA gt} Gate Coupling Ratio
GHE 93l F.G Polyg w2 F72
A3 F.G Cell 7H= Wit & Storage Nitride = FA7F &
A Ao FA 2do] Hesf Hut, W T
HreAol Storage 2 21810] F.G Cell 9] scale—down |9}
QAR 285 F G — F.G 7F Capacitive coupling ©f ©]3t
Interference (7Hd&2}) 7} §10] Program Cell 9] Vt 225
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Charge Transport during
CTD Erase

(@) electron
de-trapping

Back-tunneling

LL X
Gate

S

1|

@ hole tunneling

(22 15) CTD Erase &4 & Charge 0|5 &2
Erase YHE- 3142 A== o] )5},

2. Program & Erase £%

Program 2+ Si 7|#9] electron ©] FN tunnel &4
© & Tunnel oxide & E1}519 Nitride | trap = W4
O 2 trap EAL Nitride 9] trap Wik, trap capture cross
section, Trap energy level 7ro] Nitride 2] &40l 2J&3}
Yttt E=3F Nitride £F Oxide 7F Conduction Band Barrier
gap©] 1.05eV AEZ o} program £2F % Blocking
Oxide (Box) & %3}¢] Control Gate
WES & Tunneling 419 electron
20| dHAse] Program Bias tH]
Program &842 80 ~ 90% ©]A|qt
AA| Program EA42 F.G Cell 7} &
Aol glsytt, kAL Erase 54
& F.G Cell 2t} v} AU,

(L9 15) o)A HZo] Erase 49 +8 542 37}
A AUt} Erase & A8idt= @ Trap electron 2] de—
trap 24 % @ Hole tunneling 43}, Erase & Wals}
+ @ Control Gate & €| Box & &3t electron 2] Back
tunneling YPAYY T 7 EA g AwEW O Electron
27| GARlA 7]ofsl=), Nitride ©f
trap % electron ©] Tunnel Oxide & %3] Si 7|HO.=E 9]
ok 7102 Nitride 9 trap energy level 0] 2F-4-5 1

}3T Carrier path 59|

De—trap < Erase
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Vertical channel 3D 721X &=
ol 2lst 22| X|uf=d0| 3 b= EEnt
scaling0| {E11 38 LHo|=7t =2 E
2 2t 9l
o= K A .

40] Eolyth @ Si 7|2 RE Hole tunneling 2
de—trap ©] Eth= IHo)A] Erase of 7]oigct, o] %
Ao Si 7)o A a84 Q1 Hole A4} Tox 9] Valance
Band 2| barrier w=o|7} 0 Q42 283hct @) Back
tunneling 741348 CTD 7 4 1 AA2fle & 4
%)5Uth Back tunneling 2 High—K 29 Box 48 &
High work function gate material Z-8-0.& 7|A&}%4Y
t}. Gate material < Block layer 2] Conduction Band £}
Potential Barrier Gap = 7 ol= "4 2 & N—type Poly
— P—type Poly — Metal & W7 44 95U, 285
Block oxide =43} Gate E4o| wg} o]+ CTD TA®
SONOS (Si—Oxide—Nitride—Oxide—Si) F-& SANOS (Si—
Alumina—Nitride—Oxide—Si), MONOS (Metal—Oxide—
Nitride—Oxide—Si), WANOS (W—Alumina—Nitride—
Oxide—Si), MANOS (Metal—Alumina—Nitride—Oxide—Si)
or TANOS (Titanium—Alumina—Nitride—Oxide—Si)% T}
Fe A5

3. Vertical Channel 3D NAND Flash Array &
EH%J#"J Vertical Channel 3D array +3= UAS Cell
array %91 P-BiCS (Pipe connected Bit Cost Scalable)
% SMArT (Stacked Memory Array Transistor)” ¢} I 2}
& Cell array 7321 TCAT (Terabit
NS
7] array 29 A Gate’t
Channel& 43| 7= Gate All-
Around (GAA) F-Z0]7] wj&q
Gateoll 9J8t channel®] Aujgo] =
= WhHol ONOSF WL E381= stack 4]
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(8) Cycling & Retention 4

Cycling 54 F.G tfH] 93t 545 Holil 95y
th, & 2912 2 72 MANOS 2014 @ ke F7|19]
Tunnel Oxide A-&of W= Oxide W Trap density 74
¢} @ 27| Program Vt ¥3E7} F.G tjn] Y5381 FHolA
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(4) Tunnel Oxide 2] Band engineering

Tunnel Oxide %¥ol|A9] High Electric Field ¥ 4%
Program ¥} Erase 54 &4 782 93t 24 2714404t}
1Y Oxide £7 Z4nko & High Electric Field & -8
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(5) Peripheral Under Cell (PUC)

Si 7|Ho = Cell 542 93t Peripheral Transistor 52
H }J_ 1 Hg ZX]— 124 o EOH Cell array = :rl/ds}h
Hot oyt AAst Metal HiAl 5243} 91| Peripheral 5
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V. Summary

IAAEE 95t Floating Gate NAND 7j&alg o)A H
A 7= AVl 2dstel AN, Air—-Gap, Double
patterning, Multi—level Cell, Error Correction Code
I} 78 preakthrough idea & &-g3to] 1Xnm7HA| A
9] scale—down & s}l 10nm 7HA &= BlgfEAL Q X]
o, 10um OIRO L AU kS B 2 UL
CTD 9] 3D NAND Flash+ Aspect Ratio, Poly channel®]
intrinsic &4, Data 2.& 52 5 34 sof & issue 5°]
ol QAW .G Flash ¢ Al 2097t Lesson—learn I}
Band engineering, Channel Si, PUC ¢ Q47|< 7 ¢
System algorithm 7%, QLC 7|+ 5-& E3}o] F.G Flash
= dol A&2¢l Cost—down o] 7 ZAAY .
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