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F A T HE B AR 2 SR AP AR 2 I 7 1R S
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SRT AR B R HE B, AHR N T 2 AN RS TR SR RE 15 Z1 K,
BRI E AR T ANIRIER E R Rl T s & LR A7 &8, 0 Flash /76 2%,
RENEAE ik 1) TR H B AR PR A B P N A 0 RS B 2 A AE
AR SR TR, —Milid SR 2 E ST E Rk LI &
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WEMROY, R 3D FAREFARMRILREKE 3557 4, ERKIE
B AR SRR TS T2 1959-2016 35 52 4, 25 fE 21— B B i 2 A TF 5
KI& 18 AN H HIINIE],  DAAC s PE S N BRI TR S8R, 3 A T R FR B B 2 R
RE.

GrHT 3D AFEHIAR 1 LR B B A AR S, W MESS T 3D 7 ik
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A FH 2R B I ) P 5 2R T3 AR A S 1R e ) HR A S50 R I 1) 5 A RS NS0
WG DL BT R, DLEERE HE N AR AR bR, R FRIE B A b, 221l
H i 20 AR R IR B BUEAT 20 AT, TR SOR R A Fd JEE AT St B A4
AEdr FIHE R 4 Bae, BUBIZE0. I, il 3Ry,

Xt 3D AFAHEHOAR R LR A KRB, 3D AAEBOREEAR F AT HOAR A .
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BEAT AL BRI 22 ) T BRI, AT BE RN AR L AR IR A 75 5
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2.1 3D TR ERIBRE B

S8 3D AP ER BRI, I 3D AR AR FRERE T, AES RN
fAffds W], AR FEcR . MBS, A, JufefEds. 3D B

%, BRI IR 2.1,

- K21 FAEBRAR -

o | BF o | B

| Ta B e | T B I
Memory Element Gate Electrode
Selection Transistor Bit Line
Dielectric Layer Insulator Film
NAND String Semiconductor Pillar
Gate Electrode NAND String
Charge Trapping Blocking Dielectric
Global Bit Lines Floating Gate

1 FE Memory Module 6 L Plasma Etching
N +1 Longitudinal Direction
MLC Seed Layer
Memory Bank K Dielectric
Significant Bit Production Manner
Write-once Memory Devices Grain Size
Master Chip Memory Card
Selection Gate Memory Cell
Insulation Layer Nonvolatile Memory
3E%5 | Non-volatile Storage Elements Data Line
5 %tk | NAND String 5 | WAF | Flash Memory
F#4# | Threshold Voltage HH | NAND Memory
e Resistance Switching Master Chip

Vertical Orientation Dynamic Random-access
Random Access Memory Memory




F IS4 RN EREIR 2016 SR E EH
Logical Page Processing Element
Page Buffer Computing Unit
Heavily Doped Polysilicon Printed Circuit Board
Error Rate Semiconductor Package
Solid State Drive Aforementioned Memory
Work Piece Accumulation Layer
Video Game

NAND String Light Beam
Floating Gate General Formula
Blocking Dielectric Memory Cell
Memory Element Memory Module
Side Opening Chemical Compound
Conductivity Type Cross Section
Data Value N Bit Line

3 iﬁliﬁ ! Active Region 8 Zgg Semiconductor Layer
Logic Circuit Aforementioned Picture
Current Path Target Data
Charge Pump Image Pickup
Aforementioned Memory Protective Layer
Target Data Nonvolatile Memory
Nonvolatile Semiconductor Base Plate
Memory Member
NAND String Memory Unit
Blocking Dielectric Position and Orientation
Control Gate Electrodes Memory Array
Semiconductor Pillar Input Image
Conductivity Type Feature Points
Active Region Digital Camera

4 i | Non-volatile Storage Elements 9 3D | Dimensional Array

% | Voltage Generator A | Bit Line
Thin Film Transistor Nonvolatile Memory
Sense Amplifier Grid Electrode
Semi-conducting Material Data Acquisition
Ion Beam Active Layer
Digital Media Voltage Generator
Body

Data Line F- TR
Memory Unit BOLHR
Semiconductor Channel oot
Data Storage Layer =
Gate Electrode RAF A &
NAND String & J@ Ak

5 % | Steering Element 10 | Hfh H¥ o

JEE | Vertical Orientation Wit

Conductive Extension HBENMX
Computing Unit % fhkE
Magnetic Memory /3
Managing Circuits JEFIRUR
Temporary Storage T
Logical Page A HAF
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PRADRARIEL AR 532

HI T 1989 fELART &R BB R D, 2R UAKR, AR R
1989 “F LR ERIMBAEHEN . NEIE/R 3D A+ RTE 1989 42 LLRHEA AT
15 1A A T T AR T 1 (7 A 155 0 o

MEIHREH, 1997 F201, EZEARLTEGREY, AR ALE D,
Ul14-A03B4 (AR T HUES - >0k a5, R AIR & S - SECP RS0l - >
il I ATT M A7 4% - >3 FET BIfEif s (NMOS, CMOS) ->fififi s 5 A
AT W K R iR 2 HAR A

1997 45 A SR 7005 X OB AR S AT, AN ER 4 S R H e
FRERIEK AL, Hodt UL4-A03B7 CRSARFIHE T HIE - /A, ARG o
B - SEFERSAAAE - >R BT RS - > FET BUf7664F (NMOS,
CMOS) - > Al B E MOS & iEE M) W R EZHEAR A, IHE
2007 4 JE PR G o

Ak, UL1-C18B5 (Sl B HL K - > SARM BN T - > S4A 2544
3 AT AR - > SRS Z D T 2. - >HlERR SR A 5 DL T 2%
% TE - > ki) M L04-E15 (kAR 308, W& ->¢5
RDEA] - > SRR - >E BAAEESRD 18 2008 4F 5 K J i .
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Manual Codes - top15 vs. Priority Years (earliest) - 1989-
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Reset Manual Codes - top15 1) 23| a]s| 6| 7| a]| a]|10]11]12]13]14]15]16[17]18]|19|20]21]|22|23]z2a| 25| 26] 27
#Recordz| 20 | 19 | 21 | 18 | 18 | 20 | 30 | 36 | 41 | 47 | 64 |50 95| 85| 65 |100{126/127]190{190(302 318 384 418 489177 11
- .

g Show Values == 1 and <= 268

2

o Cooccurrence

m # of Records

=

g

[

B

=Y

£ 4

= 5

= T |2l || E2l2|2| 5|23 |s|22|3)2|85|2)2|S)=|D|2Z)2|2
= b F s (2|22 22|22 8|88 S|8SSSSSSSSSESS

1 198 |L04-C11C1 33|36 [12[10(19)21 |32|20(55] 6 |1

2 219 |Lo4-ciz 1 1 [1]zfsalea]oz[1alz0[2n29]21 85N

3 720 |L04-E15 3 1 (1522124623 45 2

4 31 |T01-HD1B3D 1 1)1 ]3]z]3]a 2

5 175 |T01-503 21 [al1]a]s a6

[ 167 | T04-K030 1 R

7 20 |U11-CosB4 323

& 1003 |U11-C1865 21 1] 2 e | 4| & [&23][23[12]31]28]ae 2

] 213 |U14-20384 a 21T v alz2]2]1]11]3 1]s5|2]2]a4]s

10 1404 |U14-20387 2 |z 1 1| s 4 [ 221 [10] 9 (262748 4

11 175  |U14-203H K 1 IBEREIERE:

12 330 |U14-2078 2 1 [2]ale|2]s]6]|7

13 352 |U14-C 1 1125 [4]efs]2]7]2]= 1

14 319 |u14-con 1 1| 2 4 (1|7 a4z ]7 2320442951 557027

15 182 |win1-CO103C 2 [1]2 slaz]gafiz|2s|2a2r|2z 3|7

2.2 3D FFAEERIHRIES T (b)
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R 21 BREFITABAGAR

F LA

FLAREX

B
HE

U14-A03B7

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> Digital static stores -> Memories using
electric elements -> Memories with FETs (NMOS, CMOS) ->
Memories with adjustable threshold MOS transistor

1404

Ul11-C18B5

Semiconductors And Electronic Circuitry -> Semiconductor
materials and processing -> Substrate processing for
semiconductor device manufacture -> Multistep processes for
semiconductor device mftr. -> Multistep processes for
manufacture of electronic devices other than transistors per se
-> Complete manufacture of memory

1003

L04-E15

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor devices -> Semiconductor memories

720

U14-C01

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> General layout aspects regarding
memories; interconnection arrangements -> Interconnecting
storage elements

379

U14-C

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> General layout aspects regarding
memories; interconnection arrangements

352

U14-A07B

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> Digital static stores -> Reading/writing
-> Programming, erasing circuits

330

TO1-
HO1B3D

Computing And Control -> Digital computers -> Data storage
and memory, interconnection, data transfer -> Interconnections
to ram, addressing and memory allocation, memory systems
and architectures, etc. -> Memory storage components,
hardware, or use of -> Semiconductor/solid state memory ->
Non volatile electronic semiconductors memories

311

L04-C12

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor processing [general] -> Semiconductor
processing - insulating and passivating layers [general]

239

10

U14-A03B4

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> Digital static stores -> Memories using
electric elements -> Memories with FETs (NMOS, CMOS) ->
Memories with capacitor store

213

11

U11-C05B4

Semiconductors And Electronic Circuitry -> Semiconductor
materials and processing -> Substrate processing for
semiconductor device manufacture -> Layer formation ->
Inorganic insulating layer deposition -> Modifying materials
deposited on substrate (metallic oxides)

210

12

L04-C11C1

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor processing [general] -> Semiconductor
processing - electrodes -> Gate electrodes

198

13

WO1-
C01D3C

Communications -> Telephone and data transmission systems
-> Telephony -> Subscriber equipment -> Cordless, mobile
radio telephone -> Mobile radio telephone -> Portable; hand-
held

182

14

T01-S03

Computing And Control -> Digital computers -> Software
content -> Claimed software products

175

15

U14-A03H

Semiconductors And Electronic Circuitry -> Memories, film
and hybrid circuits -> Digital static stores -> Memories using
electric elements -> Programmable conductor RAM (PCRAM)

175

10
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3.LH BiEER X A

LR o AR S A SR X A — e AR b R AR SRR, EE SR 3D A7
AR TR R 2 MER, S 452%; HRHA., w6 E W02 AR AR
HEZHIE S, 255 20.9%H 17.5%; H EE R~ HHEEZ 500,

BRI ATFE X AE— @ R W AR T -4 o i i,
3.1 AT DA 36 [E 2 4Bk 3D AR AR J7 T 1 RS NSRRI, 38%:
HA hE. shESHAE = B= B0, 200 d 14%. 12%F1 11%;
PRE GRS SR L, XTE— R LR R M E B R SR BRI E R
BV B EA X L E TS A

B 3o R R Sl bR 57 F M T BRI, S R e B S /X Y
Lol G L 45.2%, TIAEATEE /A IX I B S EE 38%, Eefl FRE, i
WITESE [ 3D AR AR 2 FHRARM . Wish EUME AR, HARRAZ TH
A=, WTRUEH, EEEER EARE ERR TS — . HE R R H )]
P, WEZIEAR R A AR R B, 2 E R

s EprEng AE BE H =m

1?%. 1% 1% 0% B BE 5%
g - oy 4%
S

B 3.1 3D FEREEARERREMEE R X . ATFEZKHMKA H
4 ERHFADHT
4.1 EEHFFENER BT
T EHTE N LR 3D B SR A S LA R
MM EE RGN, (NS RA G, PPTRIEG, EEXHEE
IR RIS LM BT N, TEL T f#AE 3D A7 SR SUR 1 T ZEE A ALY o
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LR BT Gk b, A3 Bz U HEA BT 15 Al niE 4.1 Fos.

o 100 200 300 400 500 600 700

SANDISK TECHNOLOGIES INC _ _ - - - . 601
SAMSUNG ELECTRONICS CO LTD _ : 283
TOSHIBA KK se— 318
MACRONIXINT COLTD s 210
SK HYNIX INC =~ = 197
MICRON TECHNOLOGY INC =~ s g4
'HE MATRIX SEMICONDUCTOR INC s 34
£ INTELCORP mm (3
@ INT BUSINESS MACHINES CORP s 53
'|-|.D’ HITACHI LTD ssssm 50
MITSUBISHI ELECTRIC CORP mmmm 45
AISI HYNIX CO LTD = 40
RICOHKK m=m 29
SHARPKK == 24
CANON KK =, 22

4.1 3D FHEEAREF FEEHFA

SANDISK A "I ERHA 601 MrslE—, HEEK 16.9%. LHHE
HE42 58 =& (SAMSUNG ELECTRONICS CO LTD) #if % FIF A 283 4,
HEEN 8%. HIA% =MAKZ (TOSHIBA KK) A LHEA 2184, HEE
) 6.1%. FEZET 15 BT FAIEE LR 2013 4>, HEER 56.6%. LI EEE
BRZHEARIE A KPR E e b, HBARE — e .

4.2 TEFIFAR A&

SrHT 3D AR T E HE NI L RIBCR RS, T T R EREA
BN 3D R HAR BN, RN T EHIE NSRRI LR RAS, W 3D /7
il AR 7 75 ORI 5 AE R

K 4.2 BIR T 3D FAAEBEAR AT 15 2 & RN G4 LR 3 K Ao L
% E AT AE i, INTEL. 42 (TOSHIBA KK). H>7 (HITACHD #
J& THEZ U 7C L LA o

ZHR LR HE i 2 19 IBM A 1959 4F 74 FFAA FRAE LA, IG5 76 1% Sk b i
SRy ARG, 7 2011 4R 5 B RIT 4RI

LR HIE R Z ) SANDISK AR M 1998 FElHFiHHiELF], hEaEHiEE
—HARFFERTS, 7E 2010 55 F /24 KR,

JG it 2 75 & #E = 2 (SAMSUNG ELECTRONICS CO LTD) A
MACRONIX A%
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1988

Patent Assignees - top15 vs. Priority Years (earliest) - 1989-

1990 1992 1994 1996 1998 2000

2002

2004 2008 2008 2010 2012 2014

AISIHYNIX CO LTD A

CANON KK 1

HITACHI LTD 1

INT BUSINESS MACHINES CORP 1
INTEL CORP 1

MACRONIX INT CO LTD 1

MATRIX SEMICONDUCTOR INC 1
MICRON TECHNOLOGY INC 1
MITSUBISHI ELECTRIC CORP 4
RICOH KK 1

SAMSUNG ELECTRONICS CO LTD 1
SANDISK TECHNOLOGIES INC 1
SHARP KK 1

SK HYNIX INC 4

TOSHIBA KK 1
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O 006 06606
© 000606
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e —©e

& 4.2 3D FFREBAR TR EZ HIE A BIFH AES (2
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Reset Patent Assignees - top15 1| 23| a|s|6 | 7|8]|9]|10]11]12/13]14|1516|17|18[19]|20]21]|22|23|24]| 25|26
#Records| 20 | 19 | 15 | 21 | 18 | 20 | 30 | 36 | 41 | 47 | 64 | 50| 95| 85| 65 |100(126 127 190/ 190 302 318 384 418 189 177
w A
- Show Values >=1 and <= 149
=
-
2 Cooccurrence
‘E # of Records
T
g
i
i
=)
€ g
= 5
= H o (] — [} (o) Ll w - o o o — [} o = L w - o o o -— ™ (L] = u
o o o [uy] o o o o [uy] o {my) [ ] [ ] [ [ ] [ ] [ ] [ ] [ ] [ ] [ ] — — — — — —
v A (my ] (m)] (uy] (n] (n] (m)] o (uy] (n] (my ] (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) (o) = = =
H -— -— -_— -— -— -— -— -_— -— -— (] [ ] [ ] [ ] [ ] [ ] (o] (o] (o] (o] (o] (o] (o] [ ] [ ] [ ]
1 40 |AISIHYNK COLTD 16(15] 4 | 5
2 22 | CAMON K 1 1|1 2 zlzl1 814
3 50 |HITACHILTD 11 [ 1 [ 1 1 113 4(s(1(els(a|s|2]1]3
4 53 |INT BUSINESS MACHINES CORP 1 2 [ 1 2 21218 177 8
5 63 |INTEL CORP 3 4 |1 1|2 5 [15[14 13 5
[ 210 |MACRONE IMT SO LTD 11s5]als 31 (10| 9 |2a|2a40(50] 23
7 84 |MATRIY SEMICONDUCTOR NG 1 18 | s [17 17| & [18
8 94 |MICROM TECHMOLOGY INC 1 1 4 1 2 [ 1 NERE 1213 [13 179 [+
[ 45 |MITSUBISHI ELECTRIC CORP 1 1 s |3 |41 1 2]z 4lalalzlslz2]2]1
10 29 |RICOH KK 1 1 11 lalalal 2
11 283 |SAMSUNG ELECTROMICS CO LTD 1118176 |2a/42]61 352427 |40] 7
12 [601 | SANDISK TECHNOLOGIES INC 7 6 |5 (2021 10(33[17 |35 |21 |14 40 23 |44 [ 52
13 24 |SHARP KK 2 1 2|z 2|z RIE 4
14 197 | 5K HY NI INC 1 1 {316 (15|53 41927 [10
15 218 |TOSHIBL KK 1 a2 21 2|4 2zl (12733209 212221 43]14

B 4.2 3D FREBR TR EE B IE N AR AES (b)
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4.3 FEHFEABARN

T2 B HAE N BRI L7 B A2 0 32 B NSRRI AT Xt b, 3%
B85 HUE NIIBEARA S, AT AT %5 O AR R Fe s . 1B 4.3 /R T 3D
FEREBEAR AT 15 44 LRI EZH AR LA

FiAR Kk SANDISK A ®l i 7t i 2 (1172 U14-A03B4 CF-SFARFIH T HLEK - >
FEftR, B RNEG BB - SECr i A2 - > Ao 76638 - >3 FET
HIfFfEas (NMOS, CMOS) - >f#fifids 5 HAEAF# ). Ul1-C18B5 (kA
LT LR - >2P SRR L - >0 SR BRI 1A IR AL EE - > SR AR
ZWTLE. - >HERRSAE ARG LM BT SR 2 B LY - > atliE ik
) M LO04-E1S (M KAPEL, 3, PA%S - >R SR[EA] - >¢ FHBF - >4 T
RTEAEE.

DA b3k AN BEAR A H AL T 2 77 1) o
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Patent Assignees - top15 vs. Manual Codes - top15
LO4-C11C1 LO4-C12 LO4-E15TO1-HOIB3TN01-S03 TO4-K03DU11-COSBW11-C18BE14-A03BUIL-AD3BTI14-A03HUT4-A078 U14-C  UT4-COWO1-CO1D3C

AISI HYNIX CO LTD O o o o | o ® 2 © 9 © o o o
CANON KK 1 ‘ ' (1)
HITACHILTD 1 |
INT BUSINESS MACHINES CORP 4
INTEL CORP 1

MACRONIX INT COLTD 1

MATRIY. SEMICONDUCTOR INC 1

MICRON TECHNOLOGY INC 1
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000006

MITSUBISHI ELECTRIC CORP 1
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D
D
o

o

RICOH KK 1

SAMSUNG ELECTRONICS COLTD 1
SANDISK TECHNOLOGIES INC 1
SHARP KK

SK HYNIX INC 1

oo Qo oe0e00000
0C00OLO ©00060

oo 0Qo —

©0006 —
00000
© 000
©0000
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3D AR E R TR

B

A SLAT - A 547 BT A 69 KA SR F A Innography % 4| 838 & 54 “3D A
R7EF], MBREANLERFENEEI 5 (FAREERZ 1-100 5, HF 80-
100 8 F AR EZCFR) , RFRERFE 2011 F 2058, 2L 4EF4EH
FEEARATRE

LEFS: US8687399B2

LR ZF: Integrated device e.g. three dimensional integrated circuit (3D IC)
device, has several vias that are configured to provide connections between memory
regions and logic circuit regions, through monocrystalline layer

LTHKHA: LIMP, OR-BACHZ, SEKARD C

% Fl ® N : SEKAR DEEPAK C, OR-BACH ZVI, LIM PAUL,
MONOLITHIC 3D INC

HIEH: 2011-10-02

WE. FHME-The device has an initial monocrystalline layer comprising logic
circuit regions and a next monocrystalline layer comprising memory regions. The
memory regions comprise transistors with drain and source that are horizontally
oriented with respect to the next monocrystalline layer. Several vias with a radius of
less than 100 nm, are configured to provide connections between memory regions and
logic circuit regions, through next monocrystalline layer.

FH#&-Integrated device e.g. three dimensional integrated circuit (3D IC) device
such as monolithic 3D dynamic RAM (DRAM) device.

PLH-The 3D IC device with horizontal or horizontally oriented transistors, can be
built at low temperatures. The 3D IC construction of partially preformed layers of

transistors can provide a high density of layer to layer interconnect. The device can
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provided small footprint with more functionality fits into a small space to extend
Moore's Law and enable a new generation of tiny but powerful devices. The average
wire length becomes much shorter, the improved speed of 3D ICs can be achieved.
Since propagation delay can be proportional to the square of the wire length, the overall
performance can be increased. The 3D ICs can consume low power by keeping a signal
on-chip that reduces the power consumption by ten to a hundred times. Shorter wires
can reduce power consumption by producing less parasitic capacitance, so that the less
heat generation, extended battery life, and lower cost of operation can be achieved. The
vertical dimension adds a higher order of connectivity and opens a world of new design
possibilities. A large chip can be partitioned to be multiple smaller dies with 3D stacking
to potentially improve the yield and reduce the fabrication cost. Heterogeneous
integrationCircuit layers can be built with different processes, or even on different types
of wafers to optimize the components to a much greater degree. The 3D integration can
allow large numbers of vertical vias between the layers to allow construction of wide
bandwidth buses between functional blocks in different layers. The arrangement can
allow a bus much wider than the typical bits between the cache and processor. The wide

buses can alleviate the memory wall problem.

2.%F|5: US8891276B2

L4 FR: Non-volatile memory device e.g. floating-gate-transistor-based flash
memory, for use as e.g. secondary storage of e.g. electronic data in e.g. portable
electronic device, has front-end-of-the-line amplifiers electrically coupled to lines

LR KB A: BATEMANB, SIAUCH

£ F B AN : SIAU CHANG HUA, BATEMAN BRUCE, UNITY
SEMICONDUCTOR CORP

HiEH: 2011-06-10

B, FrPilt-The device has a set of back-end-of-the-line (BEOL) local bit lines
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(LBLs) (106) selectively and electrically coupled with a set of front-end-of-the-line
(FEOL) global bit lines (GBLs) (GBLO-GBLN). A set of BEOL discrete re-writable
non-volatile two-terminal memory elements (104) is positioned between a cross-point
of one of a set of BEOL word lines (WLs) (108) with one of the LBLs and each element
directly and electrically connected in series with one of the WLs and one of the LBLs.
A set of FEOL amplifiers i.e. sense amplifiers, is electrically coupled to the LBLs and
the GBLs.

F #&-Non-volatile memory device e.g. flash memory such as floating-gate-
transistor-based flash memory, for use as a secondary storage and a long-term persistent
storage of electronic data or firmware i.e. basic input-output operating system (BIOS),
in an embedded application of a portable electronic device or battery-powered
electronic device. Uses include but are not limited to embedded memory, solid state
drive (SSD), hard disk drive (HDD) or cache memory, and for computer e.g. personal
computer, tablet computer and notebook computer, cell phone, smart phone, personal
digital assistant, digital audio player and digital camera.

PLH-The device has a set of electrically conductive vias formed through an FEOL
layer and a BEOL layer to electrically couple the WLs and the LBLs to a set of
switching devices, the amplifiers, the GBLs and a supporting logic in an underlying
FEOL semiconductor substrate or semiconductor epitaxial layer, thus allowing the
memory elements to be tightly integrated and vertically stacked in multiple memory
layers, and hence achieving a high-storage density, high-capacity, three-dimensional
memory array that avoids scaling limits of the device, an erase operation prior to a write
operation and the need for multiple two-terminals to access a memory cell for a data

operation.

3. 5F5: HKI1200259A0

HHR|ZFR: Three-dimensional (3D) stacked multichip package e.g. 3D dynamic
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random access memory (DRAM) for mobile consumer electronics, has voltage
regulator to convert initial to final internal supply voltage for master chip and slave
chips

LR KB A: BEOMPH, PYEONH, PYEON HB

HiEH: 2015-01-21

BE: FHME-The 3D stacked multichip package has a master chip and slave
chips staked with and electrically coupled to master chip, and an internal supply voltage
generator located on master chip and generates initial internal supply voltage to be sent
to one or more slave chips using chip interconnects. A voltage regulator is located on
each of the master chip and at least one of slave chips. The voltage regulator converts
the initial internal supply voltage to final internal supply voltage for use in each of
master chip and slave chips.

F #&-3D stacked multichip package such as 3D DRAM for use in mobile
consumer electronics. Uses include but not limited to cellular telephones, notebook
computers, personal digital assistants (PDAs), media player 3 (MP3) players.

fIt #-Reduces the possibility of unexpected back bias voltage (VBB) level
changes by providing quick VBB level recovery. Allows effective power level
regulation on slave chips, even if the number of stacked slave chips increases by
providing a voltage regulator that converts the initial internal supply voltage to final
internal supply voltage for use on each of the master chip and at least one of the slave
chips. Reduces the current consumption in semiconductor memory device by using
VBB. Minimizes the retention current by turning on or off the fast cycle circuit when
needed based on such detection. Reduces cell access transistor junction leakage by
improving the refresh characteristics of the DRAM cell. Eliminates the noise issues

since the second stage converter can be placed on each of the chips in multichip package.

4.ERE: JP2016508670A
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% | 44 #K :  Three-dimensional vertical memory, has barrier film whose
dimension corresponds to dimension of charge storage structure, where dimension of
charge storage structure is equal to or greater than dimension of barrier film

LR KZHAN: BRIGHTENJ, FANDF, HOPKINSJ, JAYANTIS, MAURI
A G, SIMSEKEFA, SIMSEK-EGE F A

FiEH: 2014-01-23

BE: FHME-The memory (500) has a stack of memory cells in which a cell of
the stack comprises a control gate (CG). A barrier film (104) is formed between a charge
storage structure i.e. floating fate (FG) (102), and the control gate, where the barrier
film has a dimension corresponding to the dimension of the charge storage structure.
The dimension of the charge storage structure is equal to or greater than the dimension
of the barrier film, where the film has a face and the charge storage structure has a face
opposing the face of the barrier film and parallel to the face of the barrier film.

FH3&-Three-dimensional (3D) vertical memory.

PLH-The memory provides a benefit of reducing incidents of erase saturation in
memory cells so as to provide improved alignment between the FG and CG due to
eliminate a source of variation in manufacturing such as the nitride wrapping in
irregular shapes around corners in a CG recess or a tier oxide, so that FG shape and size
can be defined by a plasma enhanced chemical vapor deposition process, which can be

uniform stack deposition process.

5.5F5: US8947944B2

HH|4ZFK: Programming method for non-volatile storage for semiconductor
memory for electronic devices involves programming set of user data to set of non-
volatile storage components based on comparing memory data to set of user data

LR KB A: BALAKRISHNAN G, LIUT, ZHANGH

LR A: SANDISK 3D LLC
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FiEH: 2013-03-15

BE.: FHM-The programming method involves receiving a request to write a
set of user data to a non-volatile memory array, and identifying a set of non-volatile
storage components from the non-volatile memory array for writing the set of user data.
The memory is read from the set of non-volatile storage components prior to writing
the set of user data, and the memory data is compared to the set of user data. The set of
user data is programmed to the set of non-volatile storage components based on ¢
comparing the memory data to the set of user data.

FH3&-Programming method for non-volatile storage for semiconductor memory
for electronic devices. Uses include but are not limited to cellular telephones, digital
cameras, personal digital assistants (PDAs), mobile computing device, and non-mobile
computing devices.

R #-Reduces the number of latches for storing skip information since the skip
evaluations are performed during read before write operations while others are deferred
to the write operation. Reduces the resistance and capacitance in data lines between

selected memory cells and sense amplifiers by using a sectional data line scheme.

6.%H5: US8956968B2

L4 FR: Method of fabricating peripheral area of three dimensional stacked
non-volatile memory device e.g. NOT-AND (NAND) stackable memory device,
involves etching slits in cell area and interconnect area

LR EHN: HIGASHITANIM, RABKIN P

+ R A N : HIGASHITANI MASAAKI, RABKIN PETER, SANDISK
TECHNOLOGIES INC

HIEH: 2011-11-21

WE. FHFHE-The method involves forming stack of alternating undoped/lightly

doped and heavily doped polysilicon layers on a substrate (190). Slits are etched in a
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cell area (CA5,CA6) and an interconnect area (IA3). A dielectric material is deposited
in recesses. Silicidation is performed in portions of heavily doped polysilicon layers in
the cell area to form metal silicide layers, and portions of heavily doped and
undoped/lightly doped polysilicon layers in the interconnect area to form one metal
silicide interconnect.

JH3&-Method of fabricating peripheral area of three dimensional stacked non-
volatile memory device such as NOT-AND (NAND) stackable memory device and
resistive RAM memory device.

ft#-Since the plane can be separated into sub arrays, the greater flexibility can
be provided to the non-volatile memory device. Since the contact structure can be
placed in convenient location on interconnect, and the contact resistance can be

controlled, the contact yield can be improved.

7.%F]5: CN103985697B

EF)4FR: Method for forming interconnect contact structure of controlling
circuit e.g. read circuit , involves defining inside perimeter on semiconductor pads, and
forming inside perimeter lower resistance regions in semiconductor pad

LR KB A: CHEN C, CHEN C P, CHEN Z, HSIAOY, HSIAO Y H,
SHIY, SHIHY, SHIHY H, XIAOY

FIEH: 2013-06-25

WE: FrHH-The method involves forming a stack of semiconductor pads
(412A-415A) which are coupled active layers of circuit. Outside perimeter lower
resistance regions are formed along outside perimeters of semiconductor pads.
Openings (402C1,403C1) are formed in the stack of semiconductor pads. Each opening
is configured to expose landing area on corresponding semiconductor pad, and inside
perimeter is defined on semiconductor pads overlying corresponding semiconductor

pad. Inside perimeter lower resistance regions are formed along inside perimeters of the
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semiconductor pads.

FH3&-Method for forming interconnect contact structure of controlling circuit such
as read circuit or decoding circuit for high density three-dimensional (3D)
semiconductor device such as memory device.

fit #4-The opening can efficiently define inside perimeter on the pad. Inside
perimeter lower resistance regions is located along inside perimeters of the pads in the
stack, and electrical resistance in the inside perimeter lower resistance regions relative
to the inner regions is decreased. The contact region on each semiconductor pad is
characterized by high conductance for high speed operations. The inside perimeter
lower resistance regions are provided with implanted impurities provided at normal
with respect to substrate surface to decrease the resistance of the landing area relative

to the interior regions.

8.%F|5: US9023719B2

EH]44FK: Method for fabricating memory device, involves forming protrusion
that has semiconductor material in opening to contact substrate and has top surface
parallel to major surface of substrate

LRIRHAN: ALSMEIERJ, LEEY, MAKALARS, PACHAMUTHU J

LRI A: SANDISK TECHNOLOGIES INC, SANDISK TECHNOLOGIES
INC

HiEH: 2014-03-25

. FrHE-The method involves etching select gate electrode (304) to first
gate insulating layer (303) through a mask to form an opening and over the bottom
surface (317) of opening to expose the substrate (100) when sacrificial spacer layer
protects second gate insulating layer (306). The sacrificial spacer layer is removed to
expose second gate insulating layer over the sidewalls (315) of opening. A protrusion

with a semiconductor material made of epitaxially-gown silicon is formed in an opening
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to contact the substrate and has a top surface parallel to major surface of substrate.
JH3&-Method for fabricating memory device e.g. monolithic three-dimensional
NOT-AND (NAND) string memory device.
fL#-The sacrificial spacer layer protects the gate insulating layer from process
damaging when the bottom surface of the opening is etched to expose the surface of the
semiconductor substrate thus the vertical portions of the gate insulating layer are not

subjected to the etching damage and thus having a higher quality.

9.%F|5: US9035940B2

LH|4FR: Apparatus e.g. portable electronic device, for determining viewing
angle of pseudo three-dimensional display by user, has memory comprising computer
program code ensuring graphical tilting of onscreen area of display

LR KB A: RONKAINEN S, RONKAINEN S P

LRI A: RONKAINEN SAMI PEKKA, NOKIA CORP

FiEH: 2011-03-08

FE.: FrAE-The apparatus has a memory comprising a computer program code
detecting physical tilting of a display, where the display provides user visual output
associated with a running application and the running application has a virtual keyboard
(290) provided on the display. The program code ensures graphical tilting of an
onscreen area of the display to reveal a previously off-screen area of the user visual
output associated with the running application in response to detection of the physical
tilting of the display.

FH3&-Apparatus e.g. portable electronic device, portable radiotelephone device
and personal digital assistant (PDA) device (all claimed), for determining a viewing
angle of a display i.e. pseudo three-dimensional display, by a user.

fit #-The apparatus comprises a set of different off-screen areas in different

directions from the onscreen area so as to allow different tilting actions to reveal oft-
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screen areas, thus providing information regarding various background processes. The
apparatus provides additional information corresponding to the previous off-screen area
in response to tilting, so that the user can see what is above and below a current row of

multi-line text field, thus enabling the user to determine which row is selected.

10.&F)5:  US9076535B2

4 F| 4 FR : High density thin film transistor-based memory e.g. three-
dimensional flash memory, has circuitry coupled to word lines and to first and second
supply lines to bias first and second supply lines with different bias conditions

LREHA: HUC, SHIHY, YEHT

HFFBA: MACRONIX INT CO LTD

FiEH: 2013-07-08

WE. FHFME-The memory has a series arrangement coupled to a bit line through
a first end by a first switch and coupled to a first terminal of a diode through a second
end by a second switch. First and second supply lines are connected to the first terminal
and a second terminal of the diode. Word lines (125-1 WL-125-N WL) are coupled to
corresponding memory cells. A circuitry is coupled to the word lines and to first and
second supply lines to bias the first and second supply lines with different bias
conditions. The circuitry applies an erase bias arrangement that induces hole tunneling.

FH#&-High density thin film transistor-based memory e.g. three-dimensional (3D)
flash memory and 3D finger VG NAND memory.

fRF-The memory biases unselected memory cells during program operation so
as to prevent or reduce disturbance of stored charge. The diode is biased during read,
so that no voltage drop is formed across the diode, thus preserving overhead in bias
voltages for high-speed and efficient read. The memory allows a memory structure to

provide improved erase performance in the memory.
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1L.EF]|5: US9117668B2

HH|4GFR: Method for forming smooth silicon film on semiconductor substrate,
involves forming plasma to deposit smooth silicon film on semiconductor substrate
under specific conditions

L F & HW AN: FOX K, HOLLISTER A, REDDY S, SRIRAM M,
WOMACKJ

LHMA: HOLLISTERALICE, REDDY SIRISH, FOXKEITH, SRIRAM
MANDYAM, WOMACK JOE, NOVELLUS SYSTEMS INC

HiEH: 2012-05-23

WE. FrAE-The method involves supplying a process gas to the in plasma-
enhanced chemical vapor deposition (PECVD) apparatus. The process gas comprises a
silicon-containing precursor, argon, and a second gas such as helium and hydrogen. A
plasma is formed to deposit a smooth silicon film on the semiconductor substrate under
conditions of having roughness (Ra) of less than about 7 A , and a compressive stress
of less than about 500 MPa in absolute value.

F#&-Method for forming smooth silicon film on semiconductor substrate used
during manufacture of three-dimensional memory device such as NOT-AND (NAND)
memory device.

AR #-The smooth film with low compressive stress and low roughness can be

deposited on substrate.

12.%5F5: US9165933B2

R 4 FK: Non-volatile storage system has vertically oriented thin film
transistor (TFT) select devices that are comprised of two sources/drains electrically
coupled to global bit lines and vertically oriented bit lines respectively

LR KRHAN: HIGASHITANIM, RABKIN P

LR A: SANDISK 3D LLC

30



RN EREIR 2016 SR E EZMH

FiEH: 2013-03-07

FE: FrHME-The non-volatile storage system has a three dimensional memory
array of memory cells that is positioned above a substrate. The word lines are coupled
to memory cells. The vertically oriented bit lines are coupled to memory cells. The
vertically oriented thin film transistor (TFT) select devices (504) are coupled between
vertically oriented bit lines and global bit lines (526). The select devices are comprised
of a gate dielectric between a gate (507) and a main portion, and two sources/drains
electrically coupled to global bit lines and vertically oriented bit lines respectively.

FH&-Non-volatile storage system.

L H-The vertically asymmetrical TFT is made shorter than vertically symmetrical
TFT without sacrificing leakage current or breakdown voltage. The aspect ratio of the
non-volatile storage system is improved. The reliability of the memory element is
improved. The risk of disturbing the states of unaddressed memory elements and the
levels of leakage current passing through unaddressed elements are significantly
reduced. The total number of processing steps needed to form integrated circuits with
the three-dimensional array is reduced. The total magnitude of parasitic currents is

managed without the use of diodes.

13.%F]5: US9219005B2

LR Z#: Multilayer/three-dimensional integrated circuit based system i.e.
multi-metal layer three-dimensional integrated circuit semiconductor device, for use in
mobile phone, has mono-crystallized semiconductor layer transferred from wafer

LR%BAN: CRONQUIST B, OR-BACH Z, SEKAR D, WURMAN Z

LRI A: MONOLITHIC 3D INC

BHiEH: 2012-09-20

WE . ¥ FME-The system has a semiconductor layer comprising alignment

marks and transistors interconnected by a metal layer comprising aluminum or copper.
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A mono-crystallized semiconductor layer e.g. N-type transistor, comprises horizontally
oriented transistors and overlies the metal layer, where the metal layer is placed in
between the semiconductor layers. The mono-crystallized semiconductor layer is
transferred from a reusable donor wafer. Connection paths are provided between the
transistors. A heat spreader is placed between the semiconductor layers.

F#&-Multilayer/three-dimensional (3D) integrated circuit (IC) based system i.e.
multi-metal layer 3D IC semiconductor device, for use in a mobile electronic device or
system i.e. mobile phone (all claimed). Can also be used in a smart phone, tablet
computer and a camera.

fL#-The system allows effective operation of a mobile device that is small in size
and volume and inexpensive, enhances self-repair technology and increases memory
density and performance. The system utilizes an antifuse (AF)-based field
programmable gate array (FPGA) with a programming circuitry so as to replace an AF
layer. The system reduces impact of vertical connectivity on density of a functional
circuitry. The system allows two layers of AFs to increase programmability or
flexibility for the FPGA. The system allows majority-of-three (MAJ3) gates to
effectively function as a single event transient (SET) filter for high reliability or

radiation tolerant applications.

14.EF]5: US20160078928A1

HH|42FR: High-density not and (HINAND) flash memory array has group-
divided devices in which row is controlled by first control signals, and segment-divided
devices in which row is controlled by second control signals

EHMERHAN: LEEPW

EFIMA: LEE PETER WUNG

BHiEH: 2015-11-29

WE: FBPE-The HINAND flash memory array has array of NAND memory
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cells arranged either as columns in a first direction or rows in second direction. The
column includes multiple strings having all transistors connected in series to couple
with a global bit line (GBL) extended through a full length of column, and the row
includes one page having all transistor gates being commonly coupled to a word line
(WL). The row of group-divided devices is controlled by one of first signals, and the
row of segment-divided devices is controlled by second control signals.

FH3&-HiNAND flash memory array.

AR #-Allows the concurrent charge-sharing, precharge, and discharge in read and
verify operations to be performed with faster speed and less-power consumption.
Achieves high-yield and superior programming of 2D and three-dimensional (3D)
NAND flash memory by using multiple schemes for program and program-inhibit
operations including the enhanced self-boosting program-inhibit (ESBPI) and direct

non-SBPI.

15.%F)5: US9230974B1

EHR|ZF: Method for making monolithic three-dimensional NAND memory
string, involves oxidizing portion of metal material of control gates adjacent to side
surfaces of control gates, and etching rear side opening using wet chemical etch

LR KB A: ALSMEIERJ, CHIEN H, MATAMIS G, PACHAMUTHU J

LRI A: SANDISK TECHNOLOGIES INC, SANDISK TECHNOLOGIES
INC

HiEH: 2014-08-26

FE. FrHPE-The method involves forming control gates (3) comprising a metal
material over a blocking dielectric in rear side recesses through a rear side opening (84),
where each control gate comprises first side surface and second side surface opposite
to the first side surface. A portion (535) of a metal material of the control gates is

oxidized adjacent to the second side surfaces of the control gates. The rear side opening
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is etched using a wet chemical etch to remove the blocking dielectric from the sidewalls
and a bottom surface of the rear side opening.
F3&-Method for making a monolithic three-dimensional NAND memory string.
L -The method enables selectively removing certain materials of the blocking
dielectric from areas of the stack without causing unwanted damage to a device. The
method enables allowing oxidized portions to avoid metal migration from the blocking
dielectric, which can potentially cause word line-to-word line shorts in a completed

NAND string.

16. %75 US9230979B1

EH]4FK: Monolithic three-dimensional memory device i.e. monolithic three-
dimensional vertical NAND strings device, has semiconductor channel whose portion
is extended through opening in dielectric layer and in contact with semiconductor
material

LR KB A: ALSMEIER J, PACHAMUTHU J

LRMA: SANDISK TECHNOLOGIES INC, SANDISK TECHNOLOGIES
INC

FIEH: 2014-10-31

WE. FHME-The device has alternating layers whose stack comprises insulator
layers (32) and conductive layers and located over a high-k dielectric material layer
(31). A memory opening is extended through the stack. A memory film and a
semiconductor channel are located within the memory opening, where the memory film
is in contact with a top surface of the high-k dielectric material layer. A portion of the
semiconductor channel is extended through the opening in the high-k dielectric material
layer and in contact with a semiconductor material (10) within a substrate (9).

F 3#&-Monolithic three-dimensional memory device i.e. monolithic three-

dimensional vertical NAND strings device.

34



RN EREIR 2016 SR E EZMH

fRF-The device minimizes vertical recessing of a semiconductor surface below a
cavity by selecting an etch chemistry that is selective to the material of the

semiconductor material layer during the etching of a dielectric pad layer.

17.%F]5: US9252151B2

LR 4 FK: Manufacturing method for monolithic three dimensional not and
(NAND) string involves oxidizing regions of charge storage layer adjacent rear side
recesses to form discrete charge storage regions

LR KB A: CHIEN H, KAIJ K, LEE D, MATAMIS G, PURAYATH V
R, ZHANGY

LR A: SANDISK TECHNOLOGIES INC

FiEH: 2014-02-18

WE. FHHME-The manufacturing method involves forming a semiconductor or
metal charge storage layer over the blocking dielectric (7), and forming a tunnel
dielectric layer over the charge storage layer. A semiconductor channel (1) is formed
over the tunnel dielectric layer, and a stack is etched to form a rear side opening in the
stack. A portion of the first material layers and portion of the blocking dielectric layer
are removed through the rear side opening, and the regions of charge storage layer are
oxidized to form discrete charge storage regions (9).

FH #&-Manufacturing method for monolithic three dimensional NAND string
(claimed).

fRF-Provides a higher density of memory cells per unit area of silicon or other
semiconductor material since the array allows vertical scaling of NAND devices.
Allows the rear side recess with a high aspect ratio to be fabricated without excess
thinning of the second layers. Reduces the polysilicon grain size which results in

reduced voids.
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18. %75 US9275302B1

& F) 44 R : System for detecting object within environment, has object
determination module which is maintained in memory to determine final contour of
object based on determination such that disparity is less than or equal to threshold

LR EHAN: CHANGSH, CRUMPED, YANR

% F B AN : YAN RENWEL, CHANG SAMUEL HENRY, CRUMP
EDWARD DIETZ, AMAZON TECH INC

FIEH: 2012-08-24

E. FrAE-The system has processor (116) which is provided to compare the
first contour of the object from the three dimensional (3D) image to the second contour
of the object from the two dimensional (2D) image. A disparity is determined between
the first contour of the object from the 3D image and the second contour of the object
from the 2D image. An object determination module is maintained in the memory to
determine a final contour of the object based on a determination such that the disparity
is less than or equal to a threshold.

JH#&-System for detecting object within environment using camera.

L -The object determination module is maintained in the memory to determine
a final contour of the object based on a determination such that the disparity is less than
or equal to a threshold. Thus, the object can be accurately detected within the
environment using camera and the time for detecting the object within the environment

1s reduced.

19.%F5: US9293205B2

R ZF: 3D HINAND2 memory array for performing e.g. continuous read
operation in dispersed blocks in plane, has row of precharge devices for connecting
broken-local bit lines to common dedicated metal power line for sub-segment of

segment of group
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EHMERHAN: LEEPW

LRI A: APLUS FLASH TECHNOLOGY INC

HiEH: 2014-09-15

FE: FHFE-The array has a row of precharge devices for connecting broken-
local bit lines (LBL) to a common dedicated metal power line for a sub-segment of a
group segment, where the metal power line is associated with the broken-LBLs per sub-
segment to perform multi-task concurrent/pipeline operations of multiple-word line
(WL) in dispersed blocks flexibly based on the sub-segment and of multiple-WL read,
erase-verify, and program-verify in dispersed blocks flexibly based on the segment in a
plane or multiple planes with multiple-fold performance improvement.

H #&-3D HIiNAND2 memory array for performing continuous and
concurrent/pipeline multiple-WL program, read, erase, erase-verify and program-verify
operations in dispersed blocks in same or multiple NAND planes. Can also be used for
a 2D NAND memory array.

L -The array comprises a memory architecture and decoder design to allow
performance of multi-task flexible concurrent/pipeline operations with the multiple-
WL or partial-WL Program operation in the sub-Segment-based dispersed Blocks and
the multiple-WL or partial-WL read, erase-verify and program-verify operations in the
Segment-based dispersed blocks with enhanced array flexibility and multiple-fold
performance improvements in the same or different planes of the HINAND2 flash

memory, thus reducing power consumption.

20.5F5: US20160111436A1

EH| 4 F: Multilevel structure for three-dimensional NAND device, has
epitaxial semiconductor pedestal fixed in epitaxial alignment with crystalline substrate
semiconductor material in substrate and formed with top surface within horizontal plane

L f %8B AN: DING H, FUIINO S, FUKANO Y, MINAGAWA S,
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YAEGASHI M

LR A: SANDISK TECHNOLOGIES INC

HiEH: 2014-10-17

B E: I MME-The structure has a stack of alternating sets of electrically
conductive layers and insulator layers (32) located over a semiconductor substrate (8).
An array of memory stack structures (55) is located within memory openings through
the stack. An epitaxial semiconductor pedestal (110) is fixed in epitaxial alignment with
a single crystalline substrate semiconductor material in the semiconductor substrate and
formed with a top surface within a horizontal plane located above a set of electrically
conductive layers within the stack.

FH #&-Multilevel structure for a three-dimensional NAND device (claimed) i.e.
three-dimensional vertical NAND device.

fR#-The structure comprises a memory film layer formed as a contiguous film
stack that provides functionality of charge storage in absence of an external electrical
bias voltage, while enabling charge transfer in the presence of a suitable external
electrical bias voltage. The structure allows a retro-stepped dielectric material portion
and a memory stack structures to provide structural support while backside recesses are
present within volumes previously occupied by the sacrificial material layers, thus

providing reliable contact through the structure for peripheral devices.

21.%05: TWIS46898B

EH|4FR: Memory device i.e. multi-level three-dimensional stacked integrated
circuit memory device, has memory elements arranged in interface regions to establish
array of memory cells accessible through active strips and conductive lines

LHARHAN: CHENS, CHENSH

EFMMA: MACRONIX INT CO LTD

HiEH: 2014-05-02
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FE: FrHME-The device has a set of stacks formed with alternating active strips
and insulating strips, where the insulating strips comprise effective oxide thicknesses
(EOT). A set of conductive lines is arranged orthogonally over the set of stacks, where
the conductive lines define a multi-layer array of interface regions at cross-points
between side surfaces of the active strips in the stacks and the conductive lines. Memory
elements are arranged in the interface regions to establish a three-dimensional (3D)
array of memory cells accessible through a set of active strips and the conductive lines.

FHi&-Memory device i.e. multi-level 3D stacked integrated circuit memory device.

fL#-The device allows the EOT to provide a larger process window for better
aligning landing positions, thus reducing chance for landing errors to occur, and hence
achieving a balanced approach between reducing interference between adjacent active

layers for operation and controlling aspect ratio of vias in the stack for manufacturing.

ki SLIENY O- ¥oi
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ARG RRTCRAE 1500, WUES T AA a0 B 1.
#E® —D 50, D

SANVARRRN p =
[\ TSNS S NN
(1L
N WV
S

1: f&4; NAND [N A7 EE AL 2 S BERAF i 2l

‘[—Ll [EBERA ul BEBEMA

2 =0
BRI W A '
= SHEBIE

i BERRE | BARE i

2: 3DXPoint [t 7] A5 5 BH FH Hr% 3 7 2
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3DXPoint J9{ BN H 5.7

3DXPoint 2 W] fif 238 £ H AT H) NAND Pt 1000 fi, HAEmEK, Wik
175 £ 2 DRAM 10 5 ()W 2

AT WA B FE YRS, 3DXPoint 7= i [RIGE A AH M 5, SERE I A7 Gt 1L
At B0 B A B0 T I e R 28 DL 'S R M i, 5 4% G0 A ARSI 1A 5
IRITHLZ . A EERRYL, ATREBE T . MR MEE R I
(2= [ LA G0 /N TAR 2, 0 1 3DXPoint SR 28R H, HHA 7%
FLOCHE B RE, X B PSR TG R, AT S I A7 B FE IR AR 10
. TWEEREME, 751X 115 3DXPoint 7 T4 LT & DRAM, X2 K A%
RroRTE I e 7. 09 NAND HIT46KH 1 3D E&HK, 3DXPoint 55
3D NAND (&% FE B, BT DA BUKSE 3DXPoint KK B $27H
SSD HIF EMEHR I A KF . 1 3DXPoint WAZ I A B KIRIET, FEWITRE/R

g~ T 6TB & &1 3DXPoint NAF

How 3D XPoint memory works

[l 3. 3DXPoint 17 i 45Hy 15 JER
[F]i BT NAND 7E5 N SREEFR B RS, F - BEAEMRORIEAR 2 8 ) 4 2 )%
ZIE), mTREERE Y, OEAGEARR TR AL, —BEAZRETURRA,
XA TR VA T . SOV EE N2 NAND HIFERSEHE, 4221
JE FE AN R AR A SRV /N, F5 i ST o 17 3DXPoint B AE AR A RHE A28
kA IR E A, MORA SIS B S R S E R iR, Xt
& 3DXPoint BUT BEARH Ay v LLZEK 1000 f5 I FTE. FHIn I 3DXPoint 77 i 1)
F3 e AN BRI R ARG, X, FEARSRIM R R, At nT DABE A I F2 )
BEAL T ARG 2 B2, FRARSOAS, PRIk 3DXPoint BEAR B B K & 7).
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W R ST

MG : Vpp (2 12V) :l

Vpp (= 12V FUN

O #am 1

= | v.(f ( (..:n.. / ——
) ) ran

VD < SVpp

o
54 NAND 7655 AR (05 TR, HRURAAIE, W

FERF KO IITERE E, NAND W& —MEE T, #FR2— R it
TR, AETEMIIFRRE TR, FFOCH S, #BaRmE] NAND i
G, 1M T 3DXPoint /7 FE AN BT S R, AR EER0HS R HLBH B £ PH
RN, ERBEERNAN, RGEERGEEN, 72 R T A5
FERR R BRI, 70 500 St R BUE 2 U SO IR B, 2 0 Bdfs i
R E KM, MR, B HIZOE X T IR U B A, LR AT DL
BIGAFP LI, XA T RAAOE SR KA # B AN B TR SRR A ORI S
41, 3DXPoint /i ) IOPS. IERPEREH L P3700 ) 7.13 £, 8.11 £, 4R
3DXPoint &G A/NIPERE SR TS [H] o
HEERN, 3DXPoint KR 5IX A4 fi B4

3DXPoint BEARRIAG WL, MIEIERR . BOGHEE B WA T R,
A2 3DXPoin 7= i 2 ¥ RELE RIS 18] P HE H HF00H 4T 0 7 X AR 1% AR
A TR ]

%%, 3DXPoint /b AE LI & BB EUORH IR A . %038 HE P X
INTFERIFEAR AT A F A Y, BAE 60 FR, X—EMpoau Lo, mE
2014 4, Bt kA LT AN AE 45 M 1 Reram,  {HSE58 = (#1527,
FEARETRESLRI AT fhfb. 4828, 3DXPoint /7 fh7EA I, FEME 100 £ FH
B RE, T XL HARHE A R I, E T RE A RN, SRR, XK
FCATE a7 R B ELORBREAS 1 B E X S HE R, R R K A,
BRI R, I S AR PR R T S 2 I, BRI i) R
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e, JURPRMBOGSE IR, RN HER A, H R AR IRR, A A4 T
AR NAND [RAEH A2 o

Hk, BRRMNE. F—FEaeE L, HMisadssmA. B,
RN TR AT ERRAS, 1 BRI, SO B R R AN
3DXPoint /= il FF) 5 A R FNAR R T o, SERERTE T B A AE P2 501, e
MREFEN 35123670, WikE BN, 3DXPoint 7= 5] T 1A%, FIRES

e B N, IXBIERE 1 3DXPoint 7 5 BIE L7, T ERR A Y KT
HHBER.

YLAJEE, 3DXPoint 7 i AT LA ATIEG T, (HIEHIKIT. IR &,
4> 3DXPoint /= ik 2> E Je N THB R G, RS BRI B 14 IR 55 25 55 40
s, TR SN R B S BUA ) NAND NAFFEAK 240, 7 ] fEfE (A 40
BRI J, BRIWRBERN—A4AE: “RNSE&ETHE— HEAE
KA, HICEEAL T A5 10 ENHRERAERZN. > 3DXPoint 1,2 41
I, ERRIVRH A, (HERE &, fFER A, W2 —BRONIE KN E

E|SUE LA
http://www.go-gddg.com/html/s735/2016-05/1417591.htm
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P FH SE i

43K 3D NAND FLASH H# AR KRB

TP 2 R = K=z —. # IC Insights £¥5, 2015 42 SR 7F
fiti & T3 SVAUL 835143670, #EAF#AR T, NAND FLASH 2 — 5 ri. HJ™
ZRT PCy Tl RS &SGR EE T 0, 2015 FEWGEE] 267 143£70,5
PR T AU 32%.

TR, N TENMERR . KEEETH K, NAND FLASH filiE 5K A
3D #H AR %R, 3D NAND FLASH i Y Iar et 2 1 i, REHR B AL T AR A7
g, N F M octEfE. 3D NAND FLASH AU AEw s &, bl
K AT AR AR 3D NAND L 20 iK™ i (A s i v, 15
PR, FEHETTY, KM 3D NAND Flash £7iff % 1 [ 25 25 (SSD) He i B AR 11 FH
BN e 3D AR fMERE B D FETE 20%, 17 FLIWAERT LAFAAIC 40% LA Fo 4R
W5 = B AE SSD g2 FTiA, TLC V-NAND [NA7FHH ELAL G 1)1 T N A7 2 FE 3R T+ T
R

HHT 3D NAND HHERRZH0Ch 32-48 |2, | WAITIEER K 64 EEH AT =2
HHIHEAR AR . 2016 #EFF4f 3D NAND FLASH #4125 %f NAND FLASH #:47%
1R

#i SEMI %4, &EKEE) M HmKERE, RARKS kB
3DNAND (fL§E 3DXPoint). 2014 32 HIN 18 143 7T, | 2015 545 2 36 12
FEIT, AR SIS 101%. 2016 4E3C A A 50%, B4 56 1¢I5l L.
1. ZEYH, ZEAR, FESEERIS

11 RUBEE =R R, H AT = 2 AR

NAND Flash 44k i £ = B W & R A 31-35%/% 4, JFA M
3DNAND Flash #E &K

=S 2013 4F 8 A EAHEAN 3D NAND &7, 2014 4E5 1 ZIER Tz T
J %7 . ®iHHT 3D NAND Flash Ji) %G 0KE, 2016 £ 1A = B ReE Ll
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48 2 3DNAND 4L & 77, =2 3DNAND & H F=Re 41175 2 Ji~4 Ji 2 6, %

b =2 MR NAND FZRER 9~18%.

o
7.9%
£
13.3%

(A
15.1%

R R

RE
21.6%

=&

Kl 12016Q1 F 2 5] NAND FLASH milzfr i goRbkis: w E N3 M

B EX S 90

EX K Vb S A Ared

itaiae ~
=3 Fab 12/16 16nm 221 GB s Sk 4
PREES 3D NAND S Sk
&S 10nm/3D NAND 2017 &
KE/Ri Fab 4 A19nm 251z GB . Tl 4
Fab5s 15nm  Jad
Fab5s =% 15nm/3D NAND 2015 %
Fab2 3D NAND 2016 &
% MTV 20nm 84L GB s Jad
IMFT/IMFS 16nm Sk 4
F10x 3D NAND 2016 #
#h+ M11/M12 16nm  Tak 4
M14 20nm DRAM/3D NAND 2016 4
HERR2RL

% 2 2015 4F Flash J5) J BEFR =B 0L: N =2 Ret AL E ™~ 3D NAND

1.2 48 =: 2D iR 0] 3D BEAR B A I A 3 i V)46 i

3D B R RH 32 JZ24# B NAND FlashDie % & 15 128Gb, 5 E i
2D1y/1znm128Gb AH LR Z KA T 4+ /7. B 3D FARMIKE, KH 48 EHEZ N
F]¥ NAND FlashDie 74X S 27+ % 256Gb, Al 2DNAND128Gb &, H#K 322
3DNAND 5 A sAFIPERER S, X2 Flash i) 7E 2016 44K 48 2 &= 5N
PG BRI EE RN, A4 2D HR ) 3D H ARV U G40 S5 1 AR 3%
fi. HATEEEA 3D S VI FRAE 48 /= 3D SEGE# =2 .

RZ 48 | 3DNAND A4EA WIHE AR R B, 206, )L 24
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B 2016 FHEABEEIRNET" . FR/RBA T RERZES R 12 5 dush
3DNANDFlash L], Hlii 55 {43&TCT 7 6e, BAKBEMRER, HRISHFETR
A4 3DNAND A Xpointe B ERBOHT & BE T NAND 477, HEA
Spanion %51] 3D NAND AL, H FTECA 240 1235 70 B FAFAG A LM 551
RIMZ a6, Wil 2017 S RHLAEIAS 48 2 3DNAND HISHE, 2018 FiH{T&
P2 HOBERS 2015 45 11 A KA 800148 A, Hp A2 a0 r filie 1 5 >R
SEW T 4 600 14 (IR 9321240

H H 3D NAND FLASH F %] R %60 & 8 S g5

1=E

=B {F 3DNAND #i AR 4TS, 3 2015 4EJE N 3D NAND =77 @ G % T
J7, BREEHOET 50 143670, 2016 FKH K 48 )2 3D NAND &77, il
RITEAEJICSEIN 64 /2 3D NAND =77, Filtl 2016 )i =gt — PR A- 245 H 10
Ji o HEIKs 5 E 44, Fab16 ) 16nm 2D NAND X% % 20nm 48 JZ 3D NAND
PR, PUHISAE Q2 Hiid e B

1 RZ/NE

RZNNIE) 3D FARR 48 |2, R 1 BUEH) Fab2 #44E 2016 4% 41, i&
P Kb B SDNAND 1) o7& HA =8 5L PU H i i X i NAND Flash #1 T.),
PR 2017 4E 8277, AR 3D NAND Flash 7= GE$ i3 ZHUAE 2 £i%.

1+

3D NAND &7 Q2 i1, NPEEBMRIG ™, thRIMNSHTEH 2 T
£ Q4WH 2 i K. W R T HEMN M14 T.) i1RI&7” 3DNAND, %
BT, Wit 2019 SEFRBNEF . IDF g4 F, L RER T 3RS
—fX 36 /= 3D NAND Hj4kZk SSD, fo bl mbl, Hoidl 1z~ il
IMIE, R TE.

136

AR T, SHE—FRCOLHMHES” 3DNAND flash, HAiHH =&
93,000 Fr, TEMEANTRTR AR 475 5. EHHETCH 3D NAND IR A%
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AT, g Fablox TJ TIFKAE 2016 T R4 a3 H—Am
3D NAND. GG AL fE F IEX &K AP 3D NAND SSD /i, Micron
1100 SATA 5 2100 PCle NVMe, 1 Micron 1100 SATA TilK7E 7 H a4
72, 1M 2100 PCle NVMe HAESEE AR TG4 . SEGRKAE 2016 T H4EHEH
—3KH P MX300 5241 SSD, K H 172551 3D TLC NAND #1 Marvell 88SS1074
BEHIG R, %A SSD & ik F| 2TB.

1 Intel

MSECIL RN G5 T, SFEHE—F 0L I E ™ 3D NAND flash,
Hult A r=&0 3,000 fr, TEMEARTRAZREH 4 7 SRR EMIE S5
CETCH RSB S 12 <8 65nm AEF=ERIRIET, BN A TERE 3 T A1
3D NAND Flash ), it 2016 563N 15103670, F 2016 5 IUZEFFLEHE 4
P, APEREf A 1 5. RS 3D NAND M1 Xpoint. B4R 28 2 AR JR (1)
3D NAND j=Re] e = PU %) (1) 2~3 fif, KBl =R W& AL .

1 DG

L Cypress I 11 Sk B+ A7 Spansion, H 10 fERTEECI KBS N
mirror-bit fY) 3DNAND iR . BPCH S EMEHEXT Spansion FiARKIE L, 1E 2014
35 3DNAND i1-%l; 442 A1, Spansion FIEIH 5 (XMC)%1T 3DNAND
R E . BT O % . Spansion #2 it HL 1if f# 47 20(Chargetrap) A1 ¥ [
(FloatingGate) ) NANDIP. A &) Fiiit 2017 £E i 5t AL B 45 48 2 3SDNAND FBRAIE,
2018 SFEHH T EF. 3 H 28 H, ¥ 24014364 (£11600 1ZC NIRRT Mk
POAF A T 7R BT AR s R X ERE B o X —IUH WA B E
DK R IR AR BRI, S oAy B 53 e 4 i P 7 L ) B K 5

1EOGE

2015 4F 11 5 493244 (HLA @RI 600 14) gt i L), T
J 7 SE e O e AR R, B AETS 12 75 /0 RS R AR R e

1 S E bR

O fE 2014 4 9 A E AT 38nmNANDFlash ic 2k T2 2l 2s, BAERIN
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HFE NANDFlash BIRCRAIEVE, BRI E ST K E et 2x/1xnm Al
3DNANDFlash ic {244 T A AT &7 B9 5E Sk filf

1.3 %) BE ZREEARERN 1~3 4, ZRBHEMA 2%

=& 3DNAND BRGNS F 1~3 4, JI7H- 2, ZHEKRES /DN, WE
3DNAND # P~ Rk A, =B alEAaatdr-2, LHgsEr il
ITRSE =

H 5= B ARZERRNMIZRZ AR # EETimes MRk, ZR5KZ
(Toshiba) Z [H] A 1 AEHIFARZERR, BT %42 3DNANDFlash H 5 /540 T4
K, M=ROCHENE B S8 ZRERZIE KL 1 4.

REZAFAE SRS BN K B R R, K il NAND Flash /&, HAsfE
2018 4FE# NAND Flash P& ZE 2015 FFER 3 5K FOARERE). BE
FERELAR 1, #5384k 3D NAND Flash (f14£7=, HARTE 2017 4EEEH4 3D 7= il (4
R HERGE 5 M0, 2018 FE#E— RS E 9 lAERKTF. RETHE
Western Digital 7E A K =4E#F, %t 3D NAND Flash ## 1.5k Ht, #H%T 146
%7t

P R EBOHT O RS HL T BT A5 S R B T C& 8k 9 /2 3DNAND (1)
FEdh, AEEAE O 2018 L 48 R, XM =R A 25 AE 3 4F
KA. 2015 4E 5 H, BIGHGH 3D NAND Wi HA 7 HEEHE: 55— H it
FriB AR IR ME, ROGHSEE @B 20 T2 R RIS T
VB R KIRIRTE . fE6% Ao MRS A ] St R S b 25 o 2 el 25

i OFweek 1'%, 240 1234 (£ 1600 12T NIRRT B 17 it a3 L Hh
2018 FFEK5 523 3D NAND F7Afas B E IR, 2020 SFETZ A 758 30 /3 7 AR ™
A, Hor 20 755 3D NAND Flash 1 10 /5 /i DRAM, 2030 4Eiitik 34 H 7
RE 100 J3 7o

H T BT e L MEORBE LUK, WENRE R . RK 3D NAND FLASH
SAKETENNCAH M. BTHEZEERGERHAKR, L 1-3 4,
R b A AN KB R S W T AR BAR, AR =B & i
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(e ERIE T

rk 2016 4 NAND FLASH #4 & 3D NAND FLASH #A& 3D NAND FLASH /* st ¥
=% 4845 7% 48 40.80%
EhE 249 7 36 3.30%
£ 2/mid 588 7% 48 5.40%
R AR F 3195 % 32 17.60%

K% 3 EBrK) 2016 fEFiit 3D NAND F2fg Jz b %Rl RUE: OFweek

1.4 Wiit 2017 4 3D NAND FLASH ft45%) 650GB Ji

FF LiF Flash J5) H5EHEHN 120m/3D NAND FARLEM, i [E NTETTI7 M
ittt 2016 4 NAND Flash izt B ERHEF] 1200 12 GB 24, % 2015 K
40%, 2017 FH3id 1600 14 GB.

HH, 3D NAND FLASH ik ARF R . D=2 RNpl, RiE
Digital Times {3 5, 3D Fa=REUB kL 77, a1 =272 1 3D NAND
FLASH M 2014 SEH 7= 1~2 Ji i, 3 2015 4£5 3 RO BIHE] 5 75 F 1K,
FERE R 2 LTV, H ATz 408 H iME 6 ~7 71 Fr, 2016 SFiL 25 10 73
Fo

W& A KL R THIZH R, 3D NAND FLASH ¥3Z#i % A~ NAND Flash 3
Ji. AL THS $5H, 4ER NAND Flash 1737 1, 2015 4 3DNAND LLEZ N
4.5%, 2016 FNKPOESE T3] 21%, F| 2017 FNRKRILF] 40%, 2018 4 3D
NAND L E¥EE] 50%, ZHERCN NAND Flash 977 5. AR4E o B NAF T
WA THS %%, FATITEE 2017 45 3D NANDFLASH £ 640 12, GB A%

2. EX SSD M BeR sh & Im IR Eh AT L 7B R

3D NAND FLASH 17V sKERE, B BETHLAI RN SSD % K2 fix T 2 I
K=K, HHl 3D NAND FLASH 7£ SSD i3z 0 H#iBEVT L, 7ERRETFHLTT %
NS, RRJUETTA AR . FRFRATHT 2017 45 3D NAND FLASH 11
GyAAAE = Re i ) il B, A7 T e AR E SRR

2.1 HLJ SSD A BERS 5 28 3 75 K /2 3D NAND i b K 7 3K
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NAND FLASH i) %2, ®HT SSD. SD F. &EEHL. Fhess, Hd
i SSD A1 B8 5 £ s SR B oK, P& 5 P2 Be 20 A1 IO LU A9 4234 80%. 3D NAND

FLASH # K ) 75 >R 72 2 e 8 Zum A1 HL X SSD 753K o

U HAlh HHETE =)
5 4.0% ErS

SSD
36.0%

K% 4 Tt 2016 45 NAND FLASH 728604 BORIRIR: A [E N T3 M

22 BEeRsh & TR : 3R 256GB &R Je{# FH 3D NAND FLASH

N HRRITH, AR =R SUEM A THla 128GB KA &K @
PR, 2016 FF-4 Galaxy S7. 44 Mate 8. /K 5. vivo Xplay 5. OPPO
RO Plus %54y 2y 34 i1 128GB Z¥ &1 #%, M) 32GB. 64GB. 128GB BN =
iR AR FHIAREL A &, R AR iPhone ¥4 30 256GB KA R, HEK#HE
BeZs &M\ 32GB #2ik, o NAFE 1T M Bl iPhone 25 & 43 BiL A 256GB (10% )+
128GB (50% ). 64GB (30%). 32GB (10%), EH#L& T4 1500 /i G .

5T 3D NAND HaefI AR, =& 3D NAND P2 fgls £ 2 H T 7 R P
K HREB R SSD,  PLAER” 256GB KA UFS 2.0 FINAE R/, 1 H.
— £ 48 J2 V-NAND C4&eiiid 13 8NE, %1 iPhone #54¢1 256GB A& H =&
MEAMERL, T Q3 HUH DT

FoRBEE R e R & = IZ W $E 7 A 3D NAND FLASH {132 #i 7%, 3D
NAND FLASH ¥ DL HA%: BRI & A0 353K 45 5 e O & e LR 3 & o H) T 47 15 A7 36

H E NAE T M FLTE 2016 SEFALTTI N B AR B8 26GB, 2017 4
¥ nZ 34.5GB, Fhn L FAR. OTT &+ BN, Fifl 2016 8 HEHL
B 2 i RLITHHE 41% 7288, KSR /& NAND Flash B FH 55 K7

2.3 SSD F>k: 3D NAND FLASH Gl m iy ha %

(1) SSD Hi¥zbudiK:, 3D NAND (54 ] /13 SSD EEEIT 1)
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REEHC, SSD R EPEHI K, 3D NAND K& &M kGt N
SSD ‘i K B m HIPERER L . Gartner BURMEH, 2014 4423k SSD iz #iA Ay 305
03676, 2015 4F 328 123570 2016 4F 347 {4350 2017 4E 409 {43505, IB4E
#8K: . Forward Insights €145 NS E % 73 Ml Gregory Wong e 3878, 44 3D
NAND & JLF- b4 Hl 7 3 SSD i BTl

T FLA ] THS B, #2017 45, SSD ¥ 5 # A HH A7 i i 5 40 4
=7y —LLE, WITEJLF& 2012 R ER -G 2012 [ R H 1R &
3100 Gk, A5 AR NS AR T R IARA 6%. 2017 A BRIE T
B TRERE I 2012 4 3100 JTHIIK S 2.27 128, 16 FAFI ] BRI G g
LTI AN 2012 4214 94% FREEI R 64%. [EIAS AL 7EIX BT )R 1 20
BERAH 2 T R 8% I K e I HLA Ao [ A5 BB A8 ey A Ge B A AT 1)
(i

R4 TrendForce %45, SSD 7 2016 55 —ZE AR T &L F] 3077.7 /i
e, [RILCRET 32.7% o HmihE A SO REARIR 0 (TP Siit, SSD 44
H BT ERE RS 16.9%, 2020 4F H B2 A B 2015 4R 1 11 AZ R 2 2.4 120

(2) mRE, mrhgE, @SNk 3D SSD BB KRR E R A M RE KR A7
fiti 75 K

SSD 7 SR E Y 2 EAN B L T T K, 0 806 S o v e M A 1
M#R. MAEBERAME S, 3D SSDALHAEH .

DA=E09%, =EW-Fia OEM | Fmikit## A SSD, 4 PM1633.
PM1725 A1 PM953, ¥R =& 3 bit MLC V-NAND [N7E0F, BAE MR, &
] SRR i A AR

(3) 3D NAND & #t | 4k SSD H17H 2% SSD

D=8, =& 2013 Fe REREIEHEL 3D V-NAND J5, HAMRE
ME—& " 3D V-NAND ¥ . #& THS iSuppli giit#kl, R LIEEm S, 2015
AL SSD i35+ (19 3D V-NAND ([ ik 10%(2 124 J35), 7E7H %3 FH SSD
M4, 3D V-NAND (5 EE 3%(2) 233 J38), LRI 2% At A & .

R

72



RMIEANEREIK 2016 SR EEZMH

THS iSuppli i 11 3D V-NAND 7E42 A SSD HH ) (B, M 2015 1 10%,
KIE FF+2 2016 421 40%. 2017 51 71%, 3D V-NAND K807 5%~ SSD H 1]
Fi. TETH 2 FH SSD 1 Ets A 2016 4F 11 18%. 2017 4-1136%, EF+%2018
11 60%, ik 3D V-NAND KAE 3 45 By 2 H SSD Hh i 4 5 3

(4) 3D NAND SSD 8l /j SSD {81 %1% #ijlk HDD

TR E T P VG SRR . A B A 1 2016 4F Q1 R /R 5K A =) HDD i
REIBIR 20%, HAE 4310 JTHA 3920 JiH, AT LHK. BRT PC HidpioR
FARME, HEERE 2016 5 SSD Hirks REA T 20%, i KFFER ARG IE
TEF W RE AL 1 T 35 4 30

LA E SSD T A 2015 4 15% M LLFIHE = 3] 7 IR 25%, FHETYH
240GB SSD 5 500GB HDD LAy, /K HDD 5 #t il SSD ¥ e K4, [
It} /N5 64GB SSD 17 1IEAE[A] 120GB A1 240GB A& T+

EAFEERAE, 2016 £ HH = &7 3D NAND TLC SSD /=i, I HANT
AN 3D NAND Fiki il Wafer g1 5, i3 SSD fih#) 7 A #&i% 4% 2D TLC Flash
AM#R 7> 3D MLC 47 SSD. {EARKILHEN, FEEE#E 3D NAND FLASH &)™,
SSD | L REE £ 1) 3D 4, BT SSD BIE RS H B KIS

S HATE R, B2, 320, SK i HS I S AL 2016 4EHE
2T 3DNAND 1) SSD, Jef /R B &R & SE @t 3DXpoint $AK, 1E 2016 4
H ¥4 2 3DXpointNAND [] Optane %41 SSD /i -

Ubah, EFREEHLS AT Marvell ] 88NV 1120 88NV 1140, 88SS1074 %% SSD
FEHE R $3C4F 3DTLCNAND, &) R HEL 7 —3 S Rk 3DMLCNAND H]
SSD % fillits Fr SM2246EN, J4F Flash J] 1] SSD | i $2 it SSD #& il v 5CHF
AKIGHE L) 3D SSD _E1ii.

DRAMeXchange #illfl, BE% 3D NAND Flash ! 62 tL B P 45287, SSD 1%
RoFRRIRSE . LA %], DRAMeXchange Tifli 2015 F 2104
R SSD 2% R KA 30% KK, HREELE 2017 il 50%.

2.4 Wit 2017 FE TR EILF] 2.81 124>, F2RERETF R AL
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AESE R S HEH S A 3D NAND FLASH (1) 256GB T4, 3D &g FHLT
5 ) 1.2%CER B BN 15 B 11.8%%256GB it 5t 10%=1.18%). FE%E
M B B F LR T R G KR &= 775 3D NAND FLASH A4 (1 B4 1K, 3D
NAND FLASH k¥ EFt. 4l IDC Biit, 2017 & GEFHLH B EHIL 16.81
2. AR =4 3D NAND FLASH fF-HLH 0 & 5 188 5%, 10%,
20%, 3% 55 3D NAFFHLEE —1 3D NAND FLASH -5, Fitit 2017 4£ 3D
NAND FLASH 75 REZIN 1.68 141 (16.81%10%=1.681).

Forward Insights 846 A\ 3 & & 72 #7 )i Gregory Wong S %K 7x, 44 3D
NAND LT G4 o SSD il RV, FBEIRZ . spCHEE A RN
A 3D NAND A, FATHIEA KR =4 3D SSD [T 5 35378 55%, 60%,
65%. IHS Tl 2017 ¢, SSD i FEE TRk %) 1.89 {28, LL—> SSD L&
—> 3D NAND FLASH 5, AT 2017 4F 3D NAND FLASH 7£ SSD 75 [
MFEREA 113424 (1.89%60%=1.134).

Bk E, Wit 2017 £ 3D NAND FLASH 7 K 2418 2.81 12 Wi

(1.681+1.134=2.815), FIHAIISZ T 1.1 B TaMH Lk, F5R20)f .

T3 A0 T SCBRATARGE o E N A7 T 3 R THS HdE . i 2017 4E 3D
NAND FLASH 640 12, GB }i#%. T 3D NAND £ Z T 256GB o 5 i & =
B EEHLAT SSD, firLL 2017 4F 3D NAND FLASH ffit4s K412 2.5 2B

(640+256=2.5). WipFiK 2.81 LA mT it 2.5 24, WAL 3D
NAND FLASH 7 BeXI [0/, | R BEA A g HISRA .
3. HESHITLHBRARE, SREEAIKR

3.1 LG EAFRE R i B U

2015 4E[H Flash Jii) ¥ K 1lynmTLC &7, PAAZEEREGEFHILH KB K
L, SFARCH R R, PC FRRFFEAIREER T, o [H N A7 11 3 N HdE
NANDFlash Z5&- 4 4 16 20 AR Bl =ik 35%, 70 DRAM M k& 484 N gk, 17
fit P ) P E IR K2 T — b

1M1 2016 F 28— E N T R EIFIELE, NANDFlash Mg KA FrE kS, =R
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1 2 1~% H NANDFlash i & M & FE R IEIL 3.3%

TR, B LU Flash B 3D BoARE AN LKL 7 2R i e e,
3D NAND 7 HAHX A R, 2D NAND 7~ RefitSyg/b . fE3 R iPhone SE 4% 1%.
SSD #FN F K43N N, NAND Flash izl k&5 B4, NAND Flash £56&
kg FaSUE S R N K 4%, $THE T HIINE G k2.

BEEHEZRRLE B, S T2 SSD 7R MK LK Hh it F LT Ptk i 2%
BIFR, Flash [R5 3a 4N 1) Wafer BRI/ HIRE 15%M10#, 5 AT
H)1i3% NAND Flash & Bk Bk, b, RAE-RATR R sehiik, eMMC/eMCP
B C R IE R, I L 4GB-16GB eMMC. 4+4/8+4/8+8 eMCP L%
BT R, PUF-T% NAND Flash 1737 3R RTHE N Sk O BERLRZS o

3.2 B HEOR I K EE 22

3D NAND FLASH 17 vy KEE2 . TR4RESR | HOREER . IXfEAL A8
b AR B

3D NAND FLASH TFEHRANKER . FE] BEE B4 5%
AT KERE. REWER AT AR TARMAL. XEERERER) it
N ELE A

FHs 5 4> 7 3D NAND FLASH ##% &4 wRbRIE: EmiaAaAs

] FEEBHREREE

== 150ZE ERREE » EERT2D 10nmEr=
AORARTER F201TER A=

FZIE SR1TEFRZERMHERR, 3FMR=3000E

Bl ST FERRE=SHESERF
%130 NANDIG A ( BiCS FLASH) o

FERES 45 %A 240i7 %530 NAND FLASHIEEE 4
FEAED 2015F 1MBERS00Z » WHRIER R AT

60047, HimA 93272 A KM

£7% 3D NAND FLASH F# E AR . #XFT 2D NAND X546 $5 A 1 5
3K, 3D NAND o AR SN E =% AERE T 2. Aoh, wRERSH
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AW FEEBEE AR, W3k (Micron) 535 /R (nte) F5E FF & Cellon
Peripheral Circuit $ AR R K2 5 A 7@, 3D NAND FLASH ™, ¥/~
B —E AR ZHARGAT, R RRDREBANHELZ, BT =224
FoAth )T 1) 3D NAND FLASH BUZEA TFaaHEIA) 747, AREME ™ AL

FH% 6 T4Y) 75 3D NAND 5 Fr 5 AR 4RE

JDNAND ERT FEAHE
-2 V-NANDICTF
FEAE BICS

ik FG:EAR
HHRR PCMEE:

1=8: &FE™K V-NAND N#F

— A& NAND FLASH Tii¥ & 58 KHIJ i, £ 3D NAND FLASH Etj&—
HEASE, AAER FALE 2013 SE T 4R 3D NAND FLASH [ . £ 3D NAND
b, —EHMALZMAIE, REAETHZ VG EEMRLEWK V-
NAND FLASH, Huio&KE T =1 V-NAND HiR, HHREHMNZ /T 24 2
P T 48 /2, TLC Z8A!H) 3D NAND O AL F] 256Gb A&, 1EH KM
840. 850 [ 950 %41 SSD EHAEH

HA 212, —E7E 3D NAND FLASH FAUEAYREAR . HE M,
AT 5Ei%B T CTF M #iEUA T (charge trap flash, fAifKk CTF) %4k, ALk
f£4:17) FG (Floating Gate, VFMR) FiARMEEZ/N—L, X Z/DWHI = 5
TSR

1 RZ/W: MEHRAR BiCS R

REZFEINAEEARIIRWIN,  BIRIUE R0 BRI ™ el = R, AN RZ
F£ NAND SRS AR IRAEH 58K, IR 3D NAND BHA 1, 2007 A
AT RERAAHE H T BiCS HoR () 3D NAND. 4R 2D NAND FLASH fij . 3E 4 /2
A LAfE 3D NAND FLASH Y, {Hiilli& TZEHE %, BRI, 1MARZH

BiCS FLASH #& Bit Cost Scaling, 5RHTEL/ER NAND BT FEMRRRA, 57K

76



RMIEANEREIK 2016 SR EEZMH

fEFTH 3D NAND FLASH H' BiCS HRHIINAFZ O IR RAL, HEWRE RAE
.

IR 2NN s A VR KA, U7 7E NAND Sl S =8OR 1, AT
BiCS FLASH L&, HATHIHERZHZ 48 2, MLC KK LA E
128Gb, TLC ERHIA R AL 256Gb, Tit2fE HANY H i) Fab 2 T.) A&
77, 2016 SEAT LLUREHILE 1.

1 SK Hynix: 44EH#EZE I/ 3D NAND

EIX JLZ NAND ] R+, SK Hynix 1] 3D NAND 5CAKIH, At MNE N A
Hil15 2 K&, SK Hynix [ 3D NAND FLASH &K E T 348, 2014 4 Q4 #
B R, 2015 4F Q3 MMM AR, R4 Q4 HHMNEZFE =M 3D
NAND FLASH, R #i i =487 & £ Z i[5 eMCC 5.0/5.1. UFS 2.0 % 301
Y, AHEMEHEIZE IR 3D NAND FLASH M| 2341 %} UFS 2.1, SATA & PCI-E =
i 37

SK Hynix ] 3D NAND FLASH HRZH 36 EED, A HEIERE™ 12
48 JEHERRH] 3D NAND FLASH, MLC KA & 128Gb, TLC AUt AT A
| 256Gb 2 & .

1Intel/3Jt: KERM FG FMHK

XJLK] FEF, Intel. 3296/ 3D NAND FLASH Kf#HE, REAHIER
oA, BARIEEE RIS T AL H3EEHI 3D NAND AR ZAEF 2 b, ¥ Sasd bl
[f) 3D NAND 55— 3R H FG VZEMMRBEAR SR, Bt ATE AR 2 i LA L3,
H MLC KB N2 DA B A 256Gb, 1 TLC INAEII AT LA E] 384Gb, 72 H i
TLC 25%! 3D NAND FLASH £ & &R K. 384Gb HEILAL 5, SEM
ISSCC K&z ERIGEAA | A E =
IRl A] BE R 2 =, (HOG A ATk T A Es

1Intel: 3D XPoint [F7F

Intel 7EH [E RER T 55 TR mIEAT, #ER B ¥ —4 3D XPoint [N1F.
MR Intel B 5 ¥, 3D XPoint [N 7% 75 TSR T H 800047 KX INAE, TERER

ik 768Gb 1) 3D NAND FLASH £, HIR5
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I R AFI 1000 £5, AT FEME R N AE T 1000 £, 2552 NAEI 10 £,
i HAEAE S i, WA S 45 e B

HFiR% A £, 1 H Intel 5t 3D XPoint [NAF I XIR™, H BT FEIEHE 3D
XPpoint NAFH G RIRZM 4, AN HEEEWS U2 4ET PCM AR ERIR .
FLL B #T% 3D NAND FLASH, 3D XPoint [Nf74 Al it #4588 NAND & DRAM
fritdr, AR B A H 5 T A, B AR 7 A5 Fhiiis 1) SSD A hit 2.
4b, Intel ICHEEHEH DIMM FfE 3D XPoint Wi, IIEILARERIE DDR A
7, EARKR—VIEH .

2016 4 FRAER AR Z 0 64 ]2 3D NAND FLASH JEJFEFEH R4, =2
T, I, SKilE LIRS, K2 3D NAND FLASH T H 4 & 5 e
EHE 64 28] 2017 41 80 2 #E. DIGITIMES WM, WT 1% L
64 UL B HES E AU =48 NAND NA7, iz 2 5 R i nl S8R T ik
%, K =2 T 64 JZLL LR 3D NAND (A7 AT %) % J 1 AT REVESR Tt

B ASIEMIE R 3D NAND FLASH RI8FAFE ShiZiis, M Eisid A&
AL, N & & ) 3D NAND FLASH FEk i Eitig . BE% 3D NAND
Flash RF4E 5 64 )7 DA 0 i 30 EHERR R H50A3E, 2 b 55 B0 2 0 10 i 21 )52
W AN, H 2 % B TR R T

3.3 BOARAH R AT LA R 1t

JEAARE T RIUE IS, HIRATIN, [ 3DNANDFLASH £
AREVRIE, A7 AT B MR A A7 F M, 8B I 18] P gk A A o £
TR IRAS, B RE R I T AR, A O A bRt B B8 ORI AR X AR 1 A A
BEJJ. FEJRFMWTF:

D feehimE . ATABER S, BRI T R B2 . AT Al K
B, EA S T A S A

Ho—, FP0 R AT AT BB 2 R AT = el s, =l e
FEB B4R R 2013 SFARHES AT T RS R AT TR EIZI N 95%,
AN TR AR K o & KT R4 3 I 2 AT M R 8 T A LA 4
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T P2 EAE, MG AN RN T T e BT A A RS
IXAEAEA O PR AR — BT 8] 9 OREF T B AR E IR o

Hz, S Ay P At 2: D2 KKk R . DRAM H AT F 9
HFEA 20nm~30nm, NAND ik 20nm DL FHIFERIISAR, 3E— 040 N RE A
MR S )RR, Brd) B R E Rkt L
AR PRE, SR Ry SRR I E AN

2) FRuA: NS AVEEORY R e s 4l 3D SSD 7 KHE A .
B RER sh & Mt — D7 AR A0 R TR SR K KR, HRTH 1T 28 4FK PC
WEAIRIE KM, 53— J7 AP T KR PC B I S B0 A

oK JE . 3D [ A AL R RIZETHG R, ASKKEZ UK HDD.
i R4
http://www.gzhphb.com/article/50/503952 . html

¥HRE/R 3D NAND: F—AF=2HPREAE 2017 F4FEm i

3D NAND H AR S5 ) 2D NAND GUKEIFER AR BIRAE, 2D NAND &
IS5 FTT 3D VANAND 2RSS K, 3D S50 LLIE B 2 SR8 IE 1 )7 UHES1,
Z JZ G AR (GAA) S5 1T 1 2 F M A7k 3 BT SR AR, T DA R0 B A1K
YRR B T4

2011 2012 | 2013 | 2014 2015 2016 2017

1 L L 1 1

IM Flash

—— ’ 16nm 10-12nm
i 10-12nm

Toshiba/SanDisk

SK Hynix

L g RARH BRAN S (WX

B FER ZTHE WaRY
L] ] = Lo )
DRAM ~16Gb ~20nm 6~10F*2 <10ns <10ns >10~15 B ~0lnjb & B :ﬂ iI::R:
L
. = i / 1550
NAND ~1Tb  ~16nm 4~11F2 10~50p 0l~lms 10%4~10°6 0l1-1nj/b fE  dEB% &R, 77
F b3
EEWE
=R’ud,
. e g, >10 ) I SHEIRME
PCM  ~8Gb ~5nm  6~10F*2 10~100ns 20~120ns 1048~10%12 o <In/b B IEBE A

=

MiEEE (ETEZFHESNTERAMRER) | ZEERR
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£ NAND (W12 B HORBGERAR (PORDRIE. % AR, B &, IC/insight B3
3D BARAMUE ™ it PERE 2R TH 20%, 1] HIIFERT LARER 40% LA . Seky

JRE—fC3DNAND, XM 32 EHES, & 50nm 2| 34nm 2 (8] .2, 43~ TLC

EMLCHANZF, 1854512 L06B 1 BOKB, HH L06B & MLC =Mkt

BN 256Gb (32GB) XA ONFI 4.0 ke, INAFEF A& 5000 P/E.

Key Specifications

MLC (LO6B) TLC (BOKB)

Density 32GB (256Gb)
Process Node, Bit/Cell 3D, 2b/c
Speed Grade 53636“7”&51‘?5"(1
Page Size 16,384 + 2208 bytes
Pages Per Block 1024

Block Size ‘5'38f)‘§t‘;522°8’<
Blocks x Plane 548 x 4
‘PROG (TYP/MAX) 1300ps/2500ps
P/E Cycle 3K + read retry
ECCUCodeword 72b/1KB BCH or LDPC
‘BERS (TYP/MAX) 15ms/45ms
R(TYP) T7ps

SNAP 40p|

ONFI Compliance 4.0

Vg (Ve =3:3V) 1.2V, 1.8V
Packages Die, BGA, TSOP
TSOP Package Options  48-PinJ30P (SDP
BGA Package Options BGA132 (S0F, DPE

QDP, 8Dr, ..6DP)

43GB (384Gb)
3D -3blc

533 MT/s and
667 MT/s

16,384 + 2208 bytes
1536

27,888K bytes

548 x 4
1630ps/5000ps
1500 LDPC/500 BCH
LDPC/72 bit BCH
15ms/45ms
100ps
53ps
4.0
1.2v, 1.8V
Die, BGA

BGA132 (SDP, DDP,

i 3D¥ QDR BDRY65P)

BOKB %5 N 384Gb (48GB), HIT#& TLC 224y, ATLLKFH T ECC 2 46E

1% ] LDPC $2 7% NAND Flash HIiif %, FPK TLC NAFHEamiEm3E] 1500

P/E.

2016 % 7 H 12 H Intel & Richmax 7E{&3)|%% 7 T 3D Nand Technical Workshop,

N T Intel F555 3D NAND [z Ht .

W AR R 7 gedF /RN 3D

NAND, Hi&Z# % TIAER 32 2, Ry riflithie 48 |5, MTREE 64 )%,
WETE 2017 45 FRAEHEH AR, TIT3) 2018 4R A4 43 &=

SRR WA T R O A7 B B DC P3320 241 3D SSD,  FfRAE
AT T FIH 22 2K i 4 HE 2§ PCle ¥ 1#) 3D SSD, LA Flash Ji) #EHi ) 3D
SSD W%, J&T 3D NAND B REEMIS, K05 Al g AEE A7 1 B
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HY, M e R B PR .
iR G i E
http://www.recadata.com/zh/home/Article.aspx/12

RZFIEEIREA 64 /= 3D NAND N7 HIRE i H B¢

RIC-ARZAA (R 6502) A KR'E AR —M BiCS FLASH™ =4 (3D)
INFEAERE RS, K T HER R e, %3k 64 B L EMEBR TS REN T
AR R TR . BT A R 3-bit-per-cell (1 M i 75
JCAIAFIE 3 LRAFIOELHE) Bk, SEBLT 256Gbit (32GB) KA &E. XFHEDE
IE T AR ZRHBEMINE 1. RZEAWHERE BiCS FLASH™ #ili& T2, HKRE
WA R T —A R 2 R 64 ZHERRI 512Gbit (64GB) A7k 4% -

Q¥

Br—AC&E BiCS FLASH™EIN T 2%, ¥ KT A&

KHCH ATk 25 7% 48 |2 BiCSFLASH™, JER IS 64 EHER T Z,
A BT AR L 48 EHES TN 40%, 7EBRAREE LR A 1) [R] i 12
AR AR TN T, 64 2 BiCS FLASH™ i & /™% i 14 At 2
0, B TaRmEeg SSD M HY SSD. FEETFHL. & 2 A AfA &7
(FYEESNAE S

RZH 2007 £ 6 A RAM A EEK 3DB) NAND NS ARRA LK, —
HBO TR BiCS FLASH™ K J&, A & it T30/ R HEE R A &
HOPER AT

RZCTARAYIIEHADH T Fab2 #7) 47=1Z%# 84 64 2 BiCS FLASH™,
FHrRIT 2017 4 ER IR R
:
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[1] NG N AP R RS SO TR B TRESEAR, KOKdm 1, IR I — 4 NAND [NA#A4F
fifi %, FAICAEREHAMR BB

RIBEE2016F7H, RZHE

[3] RZHEH, 201746 H 12 H

*BiCS FLASH /& 7R 2 A & B b o
iR =|

http://toshiba.semicon-storage.com/cn/company/news/news-topics/2016/07/memory-

20160727-1.html

=E 48 B 3D REHEAR

M CPU %] GPU, MHNAFZBAFHBNLG, KPS #Ed 3D S 1L Z,
MHESRIRN, 4t =E®H T 3D V-NAND [NfE. Techlnsights T #ff# 1
=R 48 |2 3D V-NAND, #HFETE ) T 2 MRAEIR 7 -

PR Gt = BB R s B A4 T3 2TB , W T 2015 4E 8 Ay KA
[¥) 3D V-NAND TLC [NAFHikL, B4 dki(Die)l A &N 256Gb(32GB), 4w'5
“K9AFGY8SOM”.
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XHAERL PCB 1 1E I 2238 1 WUBIN A Fr, 9a 5 “K9DUBSSTM™, i
R 512GB, WHEBEEE T 16 NRATHEELR KT 48 ZHES 3D V-NAND At ki .

16 J it R AH FLHE B DL KR AL R A & BOR R (K B R Ao . X e ok
FEEERAT 40 ok, RIEAHFT WS R, Mt F=8 ER 32 S
3D V-NAND A1) ok JEE FE 202 110 ek

74k, AMD R9 Fury X & -~ B ¥ 771 HBM BAT7 B foRLJE £ 2909 50 ek,
=/ TSV DDR4 DRAM ¢t Ri ¥ JE B2 200 55 oK.

40 K, FTRECAUEIT 300 22K i [l G 75 15 F A 3 15 (carrier wafer) fiTRE
S B EEARBR T

B —AS 256G gk, BFEPAS 5.9%5.9 ZKHINTE Bank, 124
N BT EK 2600MB , MiXEZ 21nm L2, MHEELZ F=& 16nm L2
“FIH T NAND [N R % B LG 5P 722K 740MB.
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TECHINSIGHTS

Table 1: Planar and V-NAND Density

Micron 16 | Hynix 16 | Samsung 16 | Samsung 48L V-

nm nm nm NAND
Year 2014 2014 2018 2016
Process node 16 46 16 29
(nmj
Capacity (Gb) | 128 54 G4 256
Die area

2 176 93 6.4 99
(mm*)
Density
(I'1bs’mm2} 730 590 740 2,600 E
vl
bLUMSHE T SI-42077 17 Mar 2016 M-4207 RB K Tins T

F INAEBEFEE 43 1 SEMFH 20 T Bk ik m, "I LLERIHJ & 55
NAEFRZ, 3 48 > NAND B2, 4 MEfLFAM. 24 SSL. 14> GSL.

- =

' <~ Oxide barrier layer

Polysilicon
channel

Bitlines
lll"l"llll"lIl"llllllll"ll"l"\]EUI""""""

Bitline straps

Polysilicon
annulus
Oxide barner B

,-\ ,Charge trap layer ™

j- o
== -
- = o - -
- e = :Wordlln %9
- = = -

L a &
-. =

e = e s
@ o o o
a & = &

V-NAND T 1 5 5 i B0RCR B =& 32 JZ V-NAND TEM(B%i& B 73773t 2 o) B i

Word line TECHINSIGHTS

Charge
trap layer
Poly channel
Oxide barrier
layer

Tunnel
dielectric ¥ Oxide fill

NAND Flash gates

o

200nm
S1-42046 22 Mar2016 U-2610 EH EHT= 500kV }—@K,,

V-NAND HF Bt TEM PR, w&BZ DMK ZE =2 16nm P ! NAND [N 7£RE 41

i Rk A
o [ 7 A
http://www.chinastor.org/gdcc/8599.html
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(EMBEAREEERD
(EMBEAREEARY) A d P DAL CHFIR P S50 R 53K 2
B ERES ., METFREABAHE LGSO RER TR H IR (A
), F201453A EXBF, 20145 HFF KT8 (RRERELHR) ,
201543 A Bk A (EMBAME &MY WA K47 (2015F12 A &% ARA A &
RH) o BIBREAR, ZFAF A, T 0o, BHRER KIRE, KEY
M. WRIIR S RAEAEM KR DR, AR AHE (ERBERELAR) .
(RMBARSEERMRY) IRH2T R, —RO02FM M40 XA T AR EBA L
A — & A —REREH% ., M TFHRAE KRG TE LA —
BTN, (EREREERR) WEN BEMAH L R fE 2, A%
FRAMBAFEROE LT K, REEREHL, M TR ERAH KRS
AR, BRI EMAE. AR REHE. HHTEEHE. TAHBEFTRSE
B, EEHEBERETEFTRORNERSRENES, FHRRE-DFER
VI e TABMAET @ FRSA. (EMHEAREERIRY R AT,
INTEH R RAT s TR T L PTIRIE 69 F A AT R A AR R AEH 69 B, AT

FIBIRIE 49 b CEIE13 & RR KR E A LT/ ARG 5

R EZRIGEFHERA CHETLTEFIFRARIRFF!

T RNG (P ERABSORIER T LR

WEB g EW CPERZEEORER DO EREEWEERME R
GRS ER B SO IE R PO RRE R

g BES kBT

Bif: 010—82629002 AR
AHFEHE: W

ARIPELL: S ERHEBESCER R

BRRMAE: JERHHHEX IR ER 33 5 (100190)
Pifik: www.las.ac.cn

BRA: TW

Hi%: 010-82629002, 010-82626611-6168

ETHB4: wangli@mail.las.ac.cn
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