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Introduction — Category of Memory Devices
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Introduction — NAND vs. NOR
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Introduction — History of NAND Flash Memory
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NAND Flash Memory — Category

NAND Flash
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NAND Flash Memory — Architecture (Block&Page)

1block= " User data Spare data
32 pages AL
// If L
y- r( Page 1 1
= If £age 2 ]' H Samsung | Samsung
| Page 3 [ Devices
z - z 3D V1 3D V2
[ Paged [0 .
< I Fage — Page Size 8 KB 16 KB
. Block Size 384 pages | 384 pages
. Random Read Time (tR) 49 us 35 us
/ . Page Program Time (tPROG) 0.6 ms 0.39 ms
y
/ \ I' Page 32 ]' ﬂ Block Erase Time (tBERS) 4 ms 4 ms
4

Flash blocks in
memory

Flash pages in block
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NAND Flash Memory — Structure
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NAND Flash Memory — Chip architecture

BLs
X-decoder /\
1page: WL oFLt0|| &2 U= bitline2| 7H ==
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2k7H 2| BlockO| Y2,

WLE| pitchZ} 40nm ™= =ICHH

Plane StLE2| y= Z 0]~64x2048x40nm

———Perrre—— ~5.2mm

TENEEN T T T ET 1T st 611 " | ——

[Toshiba’s 128Gb planar TLC NAND Flash in 2012]
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TE2a 4% 2D FG 2D CTF 3D CTF
Active BLOJA csLE RIS E2= Z Single crystal silicon Poly-Si
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Tunnel layer | activeZ WA LIZ7t= A2 B OLF+= layer SiO, Si0,/SiON = ghat
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NAND Flash Memory — Structure (Core/Peri transistor

- BLUF H A &|= page buffer, WL H Z | = X-decoder & 2] core circuit
- Data I/OS Z 2ot CHFYSE cMOos 2| 27t L 2= peri circuit

» Program/erase/reads 2| == T &= L& high voltage (HV) transistor

- VCC/GNDE &&= LHA Ol Jow voltage (LV) transistor
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& TH «— [ g<lum
A A Gate A
Tox~3=2H A Tox~=™A

[HV transistor 0| A|] [LV transistor G| A|]
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NAND Flash Memory — Operation
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Self-boosting
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ISPP Read Cell Vth
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NAND Flash Memory — Basic Operation (Program)
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NAND Flash Memory — Basic Operation (Self-Boosting

Device Modeling
Program — Program Inhibit — Erase — Read — Interference 4eRTHg sty RN VA0

Step | Vyu | Vss, | Var V., A Schematic
GND
0| X 9! 1
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NAND Flash Memory — Basic Operation (Disturb)
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NAND Flash Memory — Basic Operation (Disturb)
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NAND Flash Memory — Multi-Level Cell

Long lifespan (high reliability) Memory cell threshold voltage distribution
High performance (write, readout) Number of memorycells V. (Verify level) /

1bit/Cell (SLC)T /\ ﬂ\?h‘??s??ﬁ ag'tagf
e VN VAN WANVAN

Rt A TAFATATAIFAIFAYFA

111 110 101 100 011 010 001 000

preeereere WA ATATATATATATATATATATATATATANS

11 1110 1100 1010 1000 0110 0100 0010 0000
Large capacity, 1011 1001 0111 0101 0011 0001

low cost (cost per amount of data)
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NAND Flash Memory — ISPP

... SOLVER
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NAND FIash Memory — Read disturb
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NAND Flash Memory — Reliability (Endurance)

- BFE &l program/erase 20| 2|5l tunnel/blocking layer?} damageS Bt =
- Si-Si0, 0| ‘8“2 El defectO| 2|5H transistorl| vth 571 H M &F A

VERS L7I- o % 3 LB E ! L R L e |

LARLI | LELIRARL] |

—] 2j

Control
Gate \ 1 i vy

Sensing current

Poly-Si = (QF ——20nA
y \ e- OEI-bll- e = . —0— 50 nA
— - -1 —*— 100 nA
5 —— 200 nA
2+ = 300 nA
ONO Floating | —v— 400 nA
Gate Damage =i
oS _% 0° 10 10° 10° 10° 10°
Tunnel N pctive Si

oxide Number of endurance cycles
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NAND Flash Memory — Reliability (Retention)

» M 2=l HSEF tunnel/blocking laye

L—

transistor®| vth7} 425}
. Cell Vth AFIE 9| [ower tail

PV (a) (b) Negative charge
' - “*~.«  barrier distortion
max. 10% FG \
CG IIPD-Ink ~SWOX Sy i
—S00 L
read level | - 40
t 5} AV @ Pl -
S th,prog. FC © T 0 Om\lwia Z/' - | Substrate
TOX l > bsic -
T N Uy >
hoxsx Traps
v V, ., (noFG charge)
P ———— Substrate
0 2 4 6 8 10

retention time (years)




Device Modeling

®
@@ SOLVER Endurance — Retention — Cell Vth distribution @Y R- WG

000 Gateway to Next Innovation

NAND Flash Memory — Reliability (Vth distribution)

» Endurance®} retentionO| cell Vth distributiond| O| X| = &2k

MLC Cell Vth AP

Endurance Retention _
Verify level
Interference ‘ [
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Summary and FG vs. CTF

- CTF= FG CHH| WL?t interference, endurance 0| A &g
F A E L} 3D integration | Hgfet Bt 77ty 2

= 4% FG | CTF
Program MI| SE, cellv, T Good Fair
Erase X 27| SE, Cell Vit Good Fair
Read Cellv, 7| % Fair Fair ,
. Vo Voass, V oI5l Y lst=, . .
Disturb PGM %ngf OFRF_AD(Hl HII‘EH 1At } Fair Fair

BT Vy oS 8
o

QIESt cell9| v,,, H3HO]| 2| Bt
Interference = ZIJII o;._l thqu}alMl Poor | Good

L'é':vth O Lo

Ht5El Program/EraseOf| 2[5t
Endurance - Axg E;é s Poor | Good
AXFEE Gt

Rl
al
H

Retention AHEl Motol AM0f o5t v, 3t | Good* | Poor*

*Storage layer0| QL= M SF7t M & WM H 2| = total charge loss 40| QICt= S HO| A= cTF7t FG CHH| |-2[8

(=]
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34nm
O
. 25nm
Q o) Planar NAND Flash TLC
©
o 20nm 16nm
g" *\o o 1Znm  17'/nm
= 32-layer ke © O
2 MLC  32-layer % * 3D NAND Flash
% TLC  48-layer *
O TLC 64-Iayer
TLC  96-layer
TLC

Technology Node

From Micron
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Introduction of 3D NAND Flash Memory

SONOS/TANOS
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~2006 2007 2008 2009 2010 2011 2012
| | BiCS \ P-BiCS il Toshiba | [T macron
| | visi symp VLS| Symp Esﬂm“"i @Tﬂhnlﬂ
: b 35“ Hynix Univ.
Stacke : Tcar ©H ‘ SMAT | 1]
NAND VLS| Symp IMWWTEDM
IEDM 2006 : | VG TET
Multi | VG- (VG 3D Hybrl
ey ! nanD B | Nanp) B foriq 3D
IEDM2006 I | vLSI Symp VLSI Symp
| vrRaT Bl vsar ©
| VLS Symp VLS Symp
LB B — -I ------------------ - . . . - - -
S.SGT | DC-SF Read Scheme Advancedi_ q
IEDM 2001 IEDM DC-SF |[Jj| DC-SF =
U | MW VLS| Symp
1

|
High Process Cost Low Process Cost
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3D NAND - Stacked NAND (IEDM 2006)

Three Dimensionally Stacked NAND Flash Memory Technology Using Stacking Single
Crystal Si Layers on ILD and TANOS Structure for Beyond 30nm Node

Soon -Moon Jung, Jachoon Jang, Wonseok Cho, Hoosung Cho, Jachun Jeong, Youngchul Chang, Jonghyuk Kim
Youngseop Rah, Yangsoo Son, Junbeom Park, Min-Sung Song, Kyoung-Hon Kim, Jin-Soo Lim and Kinam Kim

R&D Center, Samsung Electronics

Bit Line Bit Line

ILD-2

-

Stacked Si SSL Cell String

mD-1 ILD-1

Bulk Si SSL
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3D NAND - BiCS (VLSI Tech. 2007)

Bit Cost Scfalable Technology with Punch and Plug Process X|Z& 9| 3D NAND prototype
or Ultra High Density Flash Memory . JIH _  EM O
H.Tanaka, M.Kido, K.Yahashi*, M.Oomura*, R.Katsumata, M.Kito, Y.Fukuzumi, M.Sato, Y.Nagata** POIy Si gate l == = -"
Y.Matsuoka, Y.lwata, H.Aochi and A.Nitayama
(1) STI (6) Control Gate Formation

Center for Semiconductor Research & Development and Process & Manufacturing Engineering Center*,
TOSHIBA Corporation, Semiconductor Company

Toshiba Information Systems (Japan) Corporation®* %

(2) Lower Select Gate (7) Slit

Bit Line

(a)
Upper
SG
Control
Gate

Lower
SG

(b)

(3) Lower SG Plug (8) Upper Select Gate

Memory array

e (4) Control Gate Deposition  (9) Upper SG Plug

(b) 42—E Control —_—
Bit Line Gate 4 :
w (5) Memory Plug (10) BEOL
™M Upper SG

. Lower
(row select line) SG
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3D NAND — TCAT (VLSI Tech. 2009)

Vertical Cell Array using TCAT(Terabit Cell Array Transistor) Technology Metal gate 7|dl 5 EAM 2N
for Ultra High Density NAND Flash Memory
Sh eI ‘ WL replacement 578 0| = T

auhoon Jang, Han-Soo Kim, Wonseok Cho, Hoosung Cho, Jinho Kim, Sun Il Shim, Younggoan Jang,
Jae-Hun Jeong, Byoung-Keun Son, Dong Woo Kim, Kihyun Kim, Jae-Joo Shim. Jin S0 Lim,
Kyoung-Hoon Kim, Su Youn \ 1, Ju-Young Lim, Dewill Chung, Hui-Chang Moon, Sungmin Hwang,
Jong-Wook Lee*, Y onﬂ—Hoon Son*, U-In C huno and Won- Su)nﬂ Lee
Advanced Technolog ay Du;]opnkm Team 2&Process Development Team®, Memory R&D Center, \Iunn:\ Division,
Samsung Electronics Co. Ltd..

Poly-Si /L-Cut
Channel ‘:L\
[
-+Oxide
=Nitride
- . -
- - -
_—— - -
= _— . (a) After *“W/L cut’ dry etch (b) Wet removal of nitride
L
- - .
- = .
.
( Inaunum"“h = [_ _l
Hole
(a) X-Direction (b) Y-Direction (c) Cell

(¢) Deposition of gate (d) Gate node separation
dielectric and mngsten
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3D NAND - Floating gate 3D NAND CUA (IEDM 2015)

A Floating Gate Based 3D NAND Technology With CMOS Under Array |FG 3D NAND » &8 =& & 1
CMOS under Array— Chip HA{

Invited Paper
Krishna Parat, Chuck Dennison’
Intel Corporation, 2200 Mission College Blvd.. Santa Clara, CA 95054  krishna.parat@intel.com
I Micron Technology.

B . . = — -

BN S - = [ | =
Bl S = — =
BN . .. = == L
(a) Tier deposition and (d) FG deposition

3D Cell hole formation
e NEEE .

=

. iz} | [ = - - L
= i = HE N
=i T == mE EaaEs .
— — = (e) FG isolation etch
(b) CG recess
- L ] ] L 1|
= A i CTIRLY CIEl
- — - e | e | .
= — — C LI Figure 15. Die photo of the 3D 256Gb 2bits/cell & 384Gb
= — —, f) Tnnalsids s 3bits/cell die with the CMOS decoder and sense amp circuils

(c) IPD formation channel Formation placed under the NAND array.
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Evolution of CTF NAND Flash
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AX}RAE Al Schematic
SiN lVl:s sig L
MNOS % -
= IH-2 Nitride layerO| D XE M2 p— e
(1957) A= 6‘}'&0" RS M S S
Meta —
A
Nitride/Oxide DllEEl _|_X|' N Si SUBSTRATE
Silicon
=
SONOS Poly-Si gate2} ONO sandwich & E mm
1T ‘
(1977) 7HX|= 7| 289l cTF + & . O R L I ) S‘o‘
= 1 L S I L L1 1" I e H i 2
silicon EraseA| gateOf| A{ trap layer 2 . )/ \ i 1]
. Thin Oxide
Oxide/Nitride/Oxide HXL7H E 0 2bM Privee St (~ 30a%)
Silicon erase’/| & E|X| 2t= (b)  SONOS Structure
TAN OS P:l::&-l I’:JIy(—)SI ‘\I'Ial;l
(=] S Si0,; 20 O
(2003) Erase S8 7S £l N o ™
. = Si0; Si0; S0,
TaN metal High-k/Metal gate S HE S/ SRV R A v _
AlO/Nitride/Oxide CTF T2 SONOS ol Siphe itk el =T
Silicon Fig.l. chtmaljc cm:ﬁ-scctinnaf view of SONOS, SANOS with poly-Si gate, &
and SANOS with TaN gate.
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BiCS vs. TCAT

Blocking
Electron oxide

° BiCSE SONOS 7| H|_|' Back-tunneling
E M A\l ol st =7 B *% from gate
—Erase 58 M X wL A S7F =X

Electron
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3D NAND Flash Memory — Architecture
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3D NAND Flash Memory — Process Integration

« 1. CMOS circuit fabrication
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3D NAND Flash Memory — Process Integration
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3D NAND Flash Memory — Process Integration
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3D NAND Flash Memory — Process Integration

« 4. CTF layer &4
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3D NAND Flash Memory — Process Integration
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3D NAND Flash Memory — Process Integration
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3D NAND Flash Memory — Process Integration
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3D NAND Flash Memory — Density doubling
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3D NAND Flash Memory — Channel hole
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3D NAND Flash Memory — Mold scaling
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3D NAND Flash Memory — Multi-deck
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3D NAND Flash Memory — CMOS Bonded Array
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3D NAND Flash Memory — CMOS Bonded Array
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3D NAND Flash Memory — Multi-hole

- Channel hole AFO| O] Rl = WL-cut HA Q| H| &2 = A chip size 74
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3D NAND Flash Memory — WL-pad
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3D NAND Flash Memory — Summary of Issues
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3D NAND Flash Memory — Device Issues
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3D NAND Flash Memory — Future Prospect
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