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‘DRAM®D AEE)UIZ, MOSFSUDRAEET v/ A ENSIBRISN SIEREAT)
X N\VABRAEFSALREBE 1", BLKREZE“0"LLTRIE

*MOSFS U PR BT X v/ ABHRDEELHEAHLDORMyFELTEK,

BIZ (X, 4GEYFDDRAMTIL, 40E@E D AT LA FVT LIZEGATINVS,

- XEYEIL
AEYTZLA O— k43 . o—km

SEPHEFHELD
TcODRAA v F

’ == WO ; —— MOSFSU T R4

"
o
.0‘ HTer
R i

3 BEDBBEE T
25fF S m BEHBNEE 0"
“’

AL
=
v
ko
=
MOSKSU R4

‘KON ORIFTFBRDEREM A" ITERE
BARBFESZ FMORATL




BE _ .
oY arE

=59 a E (L, BEMRIE (SIO,) ICEENT=ZFE(OO—T12 9 )y —FEBRA
EFERBTT42EA. BRZV->TE T —RITEALLTER AT,
S —EBICEEEENT FES—MOEFOLRILIE ZRANTERAD

o RS —FAICEE SN S EFHIIH3,000ME (20nm{K)
HE5— (CB)

A == * a=t N
J—2ABIE(S) s — (FG) KL > 8 (D) 1%{%'“:76 t %%E&‘il}&l}
ce HlfEs —bk
Qo
Rl —be

—— 4« ZIIZEFEHCADS
s—1 [ —op

RV 0

V—=A

PRI/ IVER (SUB) suB
F—rERLAERBIC . Vee (BEE) . Voo
BEEENMT 5L, y—Rp  BAG I HE L
DEFHFL AU EBETHNE - N
ﬁ\\;E'F%:EDQFD;fE%)O Lé*’v Vs m VD (%EE) Vs (%@E) m VD_(_Z'—j‘_'/)

|l

ZORO— BT A ERIE
EFYIRT (FRILHE)
TS —MIRUB S,
HEBEY—RCEBERMNT 5 T
Bl — M SEARRICER ARUBS,

LEEOTRT BAEZHET



mERWRE

FE A (LS)DERBILHETRS

L—T DiEEl 19655 [CEFEEE X 18~ 244 B (11H48) T2{& 18 INd 2 L1208,

1965 LIf%, MIEICW=5FTHERKIIL—T7DZERIICKYBEEIELTLS,
RE., 1FYILSIPIZHHEEDIFS O CRAINEF/INATIVS,

(B BEWNGUUI7TS it e =

10 |

10{% |-
100 |-

<
l

10075 -
10° |
10 |

1000
102 k7

<, 5 DRAMO AL (159 T W 72 DE R )
g S P ¢ IntelD<r7O70tHOR R
|

Gordon E. Moore :Intel )& E&I14E

2G
512M1G =

256M =

128M s ol
DRAMZEY eqn, i,.,::::’j;/”' Itanium
A% /:__ - & Pentium4

//’v’ Pentium [
1M/’— /"v' Pentium [l

256K .://< Pentlum
86

Intelv/o07akyY

: 4004 _,® 196550 [Moore® Rl |

o
oy | L | ! I (] 1 1 1

‘
1%;

1.'960-...196'5 1870 1975 1980 1885 1890 1985 2000 2005 2010

AEILIFOZOR



mERWRE

I4/07Aaty Y ICEEBEINBNS DR M

ONMEHRAIDOTAoOT0yH (L, 2,300 DS DR EINEREIN T -,
2017555 DiPhone8FAA11 7Oty H TlE# 43EED IS X 2% &£ (10nmFinFET7A+EX)
201 TEHEHFTED S — L2E(xBoxone x)7 Aty TIXHT0EFE DS O R 2EEFE(16nmFInFETZ AL X)

L—7 OEATREER L

R .|

100 O
N -
- 2ET2UEREEMR L
= ‘f/Tﬂ/"Xeon‘-7Qt*7*)‘-—E5-2699 v3
1015 /@ |
A5 *Core™i7 7Oty ¥ —
425 *Core™2Duo 7Oty #—
10°
b TF9 /) ay—
5 U7 *Pentiumt 4 Tty G—gp 177" Rentium® 4Tty
> 107 - 470> Pentium® WL 7 Qe o 4 —
3 A4 Y7 Pentium* I Oty ¥ —
el A7) * Pentium?® Ot v #— | | | |
X 4 Y5 *Pentium® TRty H#—
9 10° Inteldg6™>T 1/ n/oty ¥—
. ol I .
Intel;BBG"? {o07ntyy—
10° |- 80286 M/ Q70— :
1965 'GPU(NV|D|A)—C‘:H:~ 7:!:&&
[L—7 %A R =08
- 8!086?471375!!1!7*!— 210%@@"7/’/ 19’.&%*5
GPU:¥'324wH Ayt 1—T4v9 12yp
10° n7ot ? #— ‘
1000@ 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 R

http://japan.intel.com/contents/museum/processor/



BmERIL

DRAMMD KA EIE

-DRAMIZH2EF THARARXZHKL. BE=2r2E~AT5ETEL
-20164E . 4GbitHh 58GbittH{XIZF&1T
‘-DRAMD LI LA KRB Z2ILIXIFIXEFR . 16Gbit[XEEL LY

22::4(%) DRAMBEH#
100 - - —

80
60
40
20

I

2009 2010 2011 2012 2013 2014 2015 2016 2017

F A

http://ascil.jp/elem/000/000/906/906770/index-2.htm 2013%Intel IDF&E %}



DRAMEZ# DT+ RO—KTyS

DRAMMD & E 7O XDMMIE (X16nmt X TRAICER, FRAKBE=ETEDOFEY
DRAM##H1E TlESamsunghiFc4T

B DRAM Process Node Roadmap (Manufacturers)

- 1X:#318nm
w & 25 nm (DDR3/DDRAN v-R1s
= L nm
§him (DDR4/LPDDRA/DDREN Delay
I - T
Mlcron ‘
P i | Delay i o 3
Eipia 45135 n | . Delay
8 (D0R41LPODRADDRS) 8
SK Dynix
TrEEREzIDelay
B> N2 504230 nm (DDR2DDRS) Delay
NANYA 4 o .
e iBond $5/45 . (LPODR2IDB
1 1 1 | 1 1
2013 2014 2015 2016 2017 2018

http://eetimes.jp/ee/articles/1709/01/news046.html



mERWRE

NANDD KB =1L

-TL—F R kDML (20164, 128Gbit(MLC)14nmT Ot R TITE1EFY
- FvTHN3XT3D NANDIL32E128Gh(TLO) M oiBEY . BE2ERET VT

20174 1SSCCTIL64/E512GhitF T, 2017FE6 A Y2 T )L ZiEfe
: 2017466 B 1ZZQLC(4bit/cell) &L T768Gbit/chip 3k SLC:1bit/cell
- 768Ghit/chipZE<L T168/ s —C RIEEL MLC:2bit/cell
1.5TByte(12.3Thit)/s$yr—= TLC:3bit/cell
QLC:4bit/cell

ISSCCIZRANAND KB ELHFR

F BE | BELWLL wi=byd
2010 32Gb MLC [32nmTL—F
2011 64Gb MLC [24nmTL—F
2012 64Gb MLC [19nmTL—F
2013 128Gb TLC [20nmTL—F
2014 128Gb MLC [16nmTL—F
2015 128Gb TLC [32]&3D NAND
2016 256Gb TLC [48[E3D NAND
2017 512Gb TLC  |64/83D NAND

2017/6 768Gb QLC |64&3D NAND
2017/6 | 256Gb TLC [96fE3D NAND

768GbIZVLSIVVR Y )L, 96BIXT VAN -R (RZ)

64/EB512Gb3D NANDFvV T (BZ)

| 512Gb X3

132mm2

. 3.38Gb/mm? ¢
it b At
sell Array
256Gb
il
lane-0

_._Peripheral Circuits

ISSCC2017

10



fo 1t

110
100
90
80
70
60

50

F (€ (nm)

40

30

20

10

0

FEAXRDOWMMIEI 2 E

- 1L 1%2003 ~ 2009 FEEFE Tl FISEEITX0.7fE THHMIE AN EA TET-
JTHHhERILFYTEIEET 5E. HI3ETERBEMN2EMR L
=32nm L& HIER—ADKIBA D, 2016 FIRE . EERK/MNIILTEIZ15nm LU A JLINAND)

I U SN N S [ e onaw
. | ; i | ' | B NANDZZvYaxEl-
- B @@ — S dmmeeeee- et | @ BAEELSI
NG | 5 | | A w1oo7otyy—
= S T S s, R dmmmmeees oot | === 90~32nmitH{EDIL K
SR 5 i || - 32nm it ELIED ML F
ISR R— \0‘ ---------
4 i W | i i - .
I RN m Y . SR SN — INEDFRELSI(MPUASSOCHEE)
e M5 P R RITIZITRSIZEL TLVEL,
Age.. & | REOWE. o
T \f‘ """""""""
_'_______+________"_________'_________E' _________ ! _____ !Lé._-\._\::.i"____‘ii _______ i_________i_ __________________ i_________i'
: I enee. e &J | | i
: : A SYeeeen... . 4 | .
_"'""L""""""""""""""':*""""*"""""""""'T""""J:H """" i """" ;di“'.""'::ii.':: _____ t‘ '.""""i'
(i e s s s s L e
o = e e
| I | | | | ! | i l i | |

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 R AR HA ()

http://techon.nikkeibp.co.jp/article/MAG/20150306/407702/



1
ITRS

NSO LN~

—_ o ok o =l = =i kD
o~ bk WN—-0O°

International Technology Roadmap for Semiconductors
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Executive Summary

System Drivers

Design

Test & Test Equipment

Process Integration, Devices & Structures
RF and A/MS Technologies

Emerging Research Devices

Emerging Research Materials

Front End Processes

. Lithography

. Interconnect

. Factory Integration

. Assembly & Packaging

. Environment, Safety & Health
. Yield Enhancement

. Metrology

. Modeling & Simulation

. MEMS

2H

1.System Integration
2.Heterogeneous Integration
3.Heterogeneous Components
4.0utside System Connectivity
5.More Moore

6.Beyond CMOS

7.Factory Integration
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Memorx Trends:ITRS2.0 2015 Edition

Hualf Pitch (Calculared Half pitch) (nm)

24

20

DRAMIRIKHP=20nm7 At X, Ll D HHR{L I EEL L

J17o 14 11 84 | 1T
DRAM cell size (,Hm;j 0.00346 0.00240 0.00116 0.00078 0.00048 0.00028 0.00024
DRAM cell FET structure RCAT+Fin | RCAT+Fin VCT VCT VCT VCT VCT
Cell Size Factor: a 6 [ 4 4 4 4 4
Array Area Efficiency 0.55 0.55 0.5 0.5 0.5 0.5 0.5
Vi (support FET voltage) [V] 1.1 1.1 11 1.1 0.95 0.95 0.95
Support min. V., (25C, G, 0, Vi=35mV) 0.40 0.40 0.40 0.40 0.37 0.37 0.37
Minimum DRAM retention time (ms) 04 04 o4 64 o4 o4 64
DRAM soft error rate (fits) 1000 1000 1000 1000 1000 1000 1000

Gb/1chip rarget 3G 3G 16G 16G 3G 3G 32G

TL—FENANDIZHP=14nm7AtLRXETLL#E(E3D NAND

ffn:?’_dlf\&) Fiash uncontacted poly 1.2 pitch — F 15 14 12 12 12 12 12

3D NAND minimum array 1.2 pitch -F (nm) $0nm $0nm $0nm S0nm S0nm $0nm $0nm

Number of word lines in one 3D NAND string 32 32-48 64-96 96-128 128-192 256-384 384-512

Dominant Cell type (FG, CT, 3D, etc.) FG/CT/3D | FG/CT/3D | FG/CT/3D | FG/CT/3D | FG/CT/3D | FG/CT/3D | FG/CT/3D

Product highest density (2D or 3D) 256G 384G 768G 1T 1.5T 3T 4T

3D NAND number of memory layers 32 32-48 64-96 96-128 128-192 256-384 384-512

Maximum number of bits per cell for 2D NAND 3 3 3 3 3 3 3

Maximum number of bits per cell for 3D NAND 3 3 3 3 3 3 3
ITRS2.0 2015 Edition Executive Report
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Logic Trends:ITRS2.0 2015 Edition

20165 IRTE . LogicDEFkif(E14/16nm FINFETZA+E X, ITRSTEZE TIEZHP(N—7t"yF)=28nm
20174, 10nmFIinFETZ O+t X, ITRSEZEIZ&KHHP=18nm

P70M56 P48M36 | P42M24 | P32M20 | P24M12G1 P24M12G2 | P24M12G3
Logic device technology
naming
R BERA—HDHEEF
Log"’c i’ndusﬁ%”ﬁe Range" ﬂ !!1 6!14!! !!1 1,!1 0!! IIBI’?II 'I!EJ{E'I! "4!3" II3!2-5IE "2!-1 .5"
Labeling (nm)
. . . FinFET
Loaic device structure obtions FinFET FinFET | FinFET LGAA VGAA, VGAA, VGAA,
g P FDSOI FDSOI | LGAA | 2000 M3D M3D M3D

L ey

MPU/SoC Metaix +: riich (nmjji,z _28.0 18.0 12.0 10.0 6.0 6.0 6.0
MPU/SoC Metal(:1 4: Pirch (nm) 28.0 18.0 12.0 10.0 6.0 6.0 6.0
Cﬂm'ﬂ[‘!‘{’dpﬂ.’_]’ j-.lajfpr.ff!f.l erJ 35.0 24.0 21 .U' 16.ﬂ 12.0 12.0 12.[]
Ly Ehysmaf Gate Length for HP 24 18 14 10 10 10 10
Logic (nm) [3]

Lg: F_’hysmaf Gate Length for LP 26 20 16 12 12 12 12
Loaic (nm)

FinFET Fin Half-pitch (new) =0.75

or 1.0 MOAMI (nm) 21.0 18.0 12.0

FinFET Fin Width (nm) 8.0 6.0 6.0

FinFET Fin Height (nm) 42.0 42.0 42.0 END OF 2D DOMAIN
Footprint drive efficiency - FinFET 219 2.50 3.75

ITRS2.0 2015 Edition Executive Report
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zn:‘zx ol (96—72 mo. 200 o
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T I8 RET ARSI e ; 1 e
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Technical Cnference Technical Conference i p R?Cht*
Device Papers Circuits Papers gis LOCEC 4>
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™ ITRSIZEBDRAMEMPU/ASICO & E S

DRAM# &UMPU/ASICT®D1/2Pitch (hp:n—JE»F) [k, Pt bt b A5 LR

BTRAZIIEH MEREYFD1/2TES

DRAM 7% Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 %2 Pitch
= MPU/ASIC M1 Pitch/2
Metal
Pitch

—

X

Typical DRAM/MPU/ASIC
Metal Bit Line

ITRS2011 Executive Summary

2xhpv1)  BetRSedm: 20nm

poly-Si gate
e MPU/ASIC
via-2———— ",
metal-2——
via-1————»
metal-1
LW o Wiy B & R
| Sl '
L2 MR - /. Leff E3Y —hE
e n-Si[dubstrate FET48ERH D

hphatfpitch  2xhpM1) i BRtAIEEmINtel 14nm

L ITRSTEZETIE26nm

http://jaco.ec.t.kanazawa-u.ac.jp/edu/microl/pdf/1.2.pdf
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FBARTOCRTIE, EIEBDIEEAFILEMES,

BRI RBTORSUORAITEVDEEEMATML(Metal 1) 1T, IRETIEXIM10(Metal 10) 1L L
-BRER L. R TBOMIANZLEFIREPE v F L, EBIZASIFREERBRIBOEYFIXLES
I TRSTIXRETRDOMIEYFD1/2(HP) C~HiEx EH

Metal 1 Pitch

Metal 1

ntacted Gate Pit
Device Pitch

Printed Gate
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GLOBALFOUNDIES(GF). Intel, Samsung, TSMC&%t®
E"DCPP(Contacted Poly Pitch) EMMP (Minimum Metal Pitch)

I , i 22nm
@ GF | SE limit |
80 L N i RERR
B Intel ! |
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£ : A
E60 | ATSMC i |
ﬁ JI 14nm !
50 | . :I 1Dnm10gmm i
[ : 7nm A ! SADP limit
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E ! : i EUV 2D limit
R e T AL ER—
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ITRSIZEANANDD T EH

NANDZSw A TMD1/2Pitch (hp: n—7E9F)IE.
RSy a—T42 05— EYFDI1/2TER

FLASH Poly Silicon %z Pitch

= Flash Poly Pitch/2 « Dit
Poly A3 VB R
Pitch word
—
«——contact
>< POl /
N =
Nn-Si_ |
\ i /
\ read 910
Alines 1 float
32-64 Lines oating
NAND
Typical flash 2xhp(poly) gate n
Un-contacted Poly TR : 15nm

http://jaco.ec.t.kanazawa-u.ac.jp/edu/microl/pdf/1.2.pdf
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- FREOMMIEE . RMI TR A (F924F) T*O.7E I 28N R7—) 0 T)
-ITRSE I LD HMIE (INANDAFRLEATINS
EEE, OPYI (MPUASOC)LSITE RSN 522nm,16nm,14nmZFREB (. ITRSTE & TlX7#<

=4 —ME. (3D FnFETTIRIL—FHa %5 —+§) Min-ot >3
Scaling Calculator + dl i
; Ix/I2yrs
Cycle Time: = e
= ﬁ:’xt/.'!_\ rs \
0.7x 0.7x Linear Time
]
|250 -> 180 -> 130 -> 90 -> 65 -> 45 -> 32 -> 22 -> 16 | nm
‘— D5 X a— Cycle Time
(T yrs):
N-1 N N+1 *CARR(T) =
[(0.5)°(1/2T vrs)1- 1
* CARR(T) = Compound Annual CAGR(2 yrs) =-15.9%
Reduction Rate
(@ cycle time period, T) CARR(2 yrs) = -15.9%
(DRAM M1 Example)

ITRS (R EHREMIO—F<vT) 20
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RIRMEXEEBERTIAMDG

Scaling S~
EEEEHL/SIZT S
FSUSRAD R —1) T 185 4—4

Device/Circuit parameter Scaling Factor
Device dimensions L, W, Tox 1/S

Doping concentration S~S15
Voltage 1/S

Field 1

Current 1/S

Gate Delay 1/S

Power dissipation/device 1/S3~ 1/S?
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2 . - Process of bit
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¥ 4 [\ il Bl This work
BSOC paper | 2012 2013 2015 216 2015 2017
30 Flosry Ges
Technology | 2019 20200m | 30 3IW layers | 30 43, layes {No o leyes ma) 30 4 Wi loyers
Bes pec el 3 3 3 3 3 3
Capocty 128G 128C> 128G 25%Gh 76465 51265
De sce jmar) | 1706 1455 CE 976 1792 132
é&: 075 087 186 282 4% 388
operanon [T s tusarepme) | |
wme e 08 | wxBosge) | (4%5p0ce) - 80us (166 oage) | |
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Previous work [3] [riis work
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tBERS 3.5ms (Typ.) €«
PROG 660us 700us
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ISSCC2017 11.1 & 11.4

B &Samsung 3D NAND IsScc2017

B 323D NAND BiCS 512Gbit 648
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64-WL-layer 3D Flash Memory
Density and Die Size:

512Gb (3.88Gb/mm?)

132mm?

Organization:

3 Bits/Cell,

(16KB + ECC) / Page,

768 Pages / Block,

(2732 + EXT) Blocks / Plane,
2 Planes

Throughput:
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Prog: 46MB/s

10:

533Mbps double data rate, X8
Power Supply:

Vee: 235V to 36V

Veeg: 1.8V

256Gb Array
Plane-0

256Gb Array
Plane-1

)
B
8
o
=
[

Page buffers and Column decoder:
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More Moore&More than Moore:
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More than Moore: Diversification
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More than Moore

. . ZEkE. ZmER.
32nm s‘::gg:’nc_::_?:;, EFREHEERMGE.
HARDFATMNEZSHEEE
HEXEL

65nm

Information
45nm Processing

More Moore: Miniaturization
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Baseline CMOS: CPU. Memory, Logic
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