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GGE:

m PIDS

(Process Integration, Devices, and Structures)
® Logic ® Memory (continuation)
-HP: High Performance -FeRAM: Ferro-electric RAM
-LP: Low Power -ReRAM: Resistance RAM
-FD-SOI: Fully-Depleted Silicon On Insulator -RTN: Random Telegraph Noise
-MG: Multi Gates --- FinFET, TriGateZD#a¥R -SONOS: Silicon Oxide Nitride Oxide Semiconductor
-NW: Nanowire -MONOS: Metal Oxide Nitride Oxide Silicon
-GAA: Gate All Around
-Ge: Germanium
-I11-V: IIIRR-VIER L EYIHEK
-Vdd,VDD: EIREE
-Ton: A>EER. EMERIBRENEIR
-Wfp: WFvrRJUiEDfootprint  (MGICXIE)
-Weff: EZIWFrRIUiE (MGICITIE)
-Tr.: Transistor
-DIBL: Drain Induced Barrier Lowering
-SS: Sub-threshold Swing

® Reliability
-TDDB: Time Dependent Dielectric Breakdown
-PBTI: Positive Bias Temperature Instability
-NBTI: Negative Bias Temperature Instability

B RF&AMS
(Radio Frequency & Analog/Mixed -Signal )
-LNA: Low Noise Amplifier
-VCO: Voltage Controlled Oscillator

® Memory -PA: Power Amplifier

-SRAM: Static Random Access Memory
-DRAM: Dynamic Random Access Memory
-RCAT: Recessed-Channel Array Transistor
-VCT: Vertical Channel Transistor

-MRAM: Magnetic (Tunneling Junction) RAM
-STT-MRAM: Spin-Torque Transfer MRAM
-PCRAM: Phase Change RAM

Work in Progress - Do not publish

-ADC: Analog to Digital converter
-SerDes: Serializer Deserializer
-HV: High Voltage

-CIS: CMOS Image Sensor
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PIDS&hX

mOsvy

® HP = High Performance (Fi£)
®LP = Low Power (ffl ; SMEEENAINEE)

O ITI-V/Ge = SIRELRBCh#EL END-DOEERI}

HP LP III-V/Ge HP (HP)
Speed (I/CV) Ref Slower Fastest
Dynamic Power ( Cl2f) Ref Lowest Mildly lower
Static Power (I,5) Ref Lowest Higher

m A€
e DRAM
® Non-volatile

-EBAEREFET : 5 —b (NOR and NAND)

& b>5vIB (NOR and NAND),SONOS,MONOS
-JEEFEBEFET : FeRAM, PCRAM, MRAM,STT-MRAM, ReRAM

mEHRTE
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More Moore Mission (STRJ

® More MoorezPPAC(Power. Performance, Area.
Cost) D& liEh T #3FL T, Big Data, Mobile, 759JR
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Cloud and mobile computing drives More Moore @P)

Internst

of
Thines

EvJ T —’5!

j(fd:'/ EI]H%'EE?_Q
l,\;_/ AAERL., OV
%Z\E&Té Eai—T420%
KinE THLE
H5

Microservers Mobile computing

Work in Progress - Do not publish STRJ WS: March 6, 2015, WG6 PIDS 6



Application KPIs and PPAC scaling for More Moore €l

i eHigh-performance computing
' - KPI : @/N\TJA—NY>R @ A—/N\D-%E
- #f RE, IRIF—EE
' eMobile computing
— KPI : @—/\D—, JAMCBWT&EELHEBEDME
- $%Y : X Nw7) ABOBPEmROY-IHIEKX
oHEEYYYY & AVE1I-FT1>Y (10T)
— KPI : =78 Vthia /S5 DEKIR
- B89 1 TA=LT7H45. DX, F1U74
eMore Moore platform for node-to-node PPAC
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&% INTERNETof — - Power: >60% /\D—#li# @ B—148E
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Area scaling per technology node STR)_

B Pitch scaling(3E4THh B SRAM-cell-size
scaling(3#{Litam
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Area scaling per years STRJ_

H Scaling(32.84F & (cii{t = SRAM-cell-size
scaling®62.8FE&E(C#{L

Moore®;xBl (Area Scaling) &k fEiiEﬂ:{tEr"J(ZfF--)Z 8F)
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Vdd scaling slowed down since N90 STRJ_

Mobile Computing — The Vdd Scaling Issue

Vdd scaling most difficult:
V, associated with leakage — SCEs, RDF

Vdd Scaling Trend

1.6
Compute Key FOM: 14 | I = Coxﬂeff

12

Past: Flops/Sec

1 F FDSOI
S FINFET
Now: Flops/W 3 N T
> S ik T
ALL ABOUT POWER! 0.4
0.2 |
® Leading IDM
0
130 90 65 45 32 20 14 10 7
N90: 90nm Node Technology Node (nm)

FOM: Figure of Merit

SCE- Short Channel Effect Low Power Device: SS, DIBL, cAVt

RDF: Random Dopant Fluctuation
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2013 ITRS, scaling knobs STRJ_

Scaling paradox - Slow Vdd for Idsat & fast Lgate for Rext and power

/ ® Leading IDM /

/ /

0.90 / 30 l/ |
m A Lgate R4 —1): EL\?
| vdd R—ys g BN | b, LAeRTTUYTE

20 A

0.70 @ \.\ o \\‘\‘R-\.\.
—m—\Vdd: Power Supply Voltage (V) 3 ——| g: Physical Gate Length for HP Logic (nm)

-2%/year -Vdd -8%/year -Lgate
0.60 - T T T T T . | 0 T T T T T T T 1
2012 2014 2016 2018 2020 2022 2024 2026 2028 2012 2014 2016 2018 2020 2022 2024 2026 2028

1800 Leading |DM‘iﬁo)1@ﬁéﬁ/\JFL\é

1700
F 0.90 @ o
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1500 0.80 A
AN ~
1400 \"\
—_ \l 0.70
1200 L
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1100 \
1000 —8— d,sat: NMOS Drive Current (uA/pm) MG ) 0-50 g FOT: Equivalent Oxide Thickness (nm)\'\'

A% /year -Idsat =
—#— Id,sat: NMOS Drive Current (wA/um) Bulk -4.5%/year -EOT
T T T T T T T T

900 T T 1 0.40 T T T T 1
2012 2014 2016 2018 2020 2022 2024 2026 2028 2012 2014 2016 2018 2020 2022 2024 2026 2028
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ITRS 2013, performance

® Leading IDM
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GAA and/or SiGe/Ge/II1V
channel
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&S D Technology STRJ_

LR <s/eomm | s2/28mm f 22720 m | se/sanm | sonm ~seyinc
193nmArH NIhe]
EBNAL.2|| 193NMArFRIR NAL3S grerryrirrry s | £y

SMO (Source Nlask Optinjization) .(?)Siﬁected self
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DE%E LELE LEL ELE -Multi Patterning

Litho

2\0)

S/ DP
mmm

Bulk Planer HKMG Intel22 =>|] Intell4d -
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14nm FInFET, Leading IDM
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Scaling enablers for coming nodes

Node
Ground rules(CPP,MP,FP,LG)

Device structure

Substrate

S/D strain
Strained substrate
N-Ch

P-Ch

Transport scheme

Contact scheme
Vdd
Weff at unit footprint

2014
N14

70,52,42,22

finFET
Planar

Si, SOI

Yes
No
Si
Si
DD

Silicide, DC
0.70
2

2016
N10
52,36,27,16

finFET
Planar

Si, SOI

Yes
Yes
sSi
SiGe

Quas.-
Ballis.

MIS, DC
0.65

2.5

2018
N7
42,24,18,12

finFET
Lateral NW

Si, SOI, SRB

Yes

Yes

sSi, Ge
SiGe, Ge

Ballistic

MIS, DC
0.60
4

Leading IDM

Fin Height

Wifin 10
Weff at unit footprint 1.3
Ratio Weff Node to Node N/A

9
2.2
1.7

Work in Progress - Do not publish

50 ?
87?

3.67

1.637?

2021

NS
32,16,12,10
Lateral NW

Si, SOI, SRB

Yes

Yes

sSi, Ge, IV
SiGe, Ge

Ballistic

Band-engine.

MIS, DC
0.55
6

2024
N3
25,10,NA,10

Stacked
Vertical NW

Si, SOI

Yes
Yes
sSi, Ge, IV
Ge

Ballistic

Band-engine.

MIS, DC
0.50
6

N14: 14nm Node

CPP: Contacted Poly Pitch

MP: Metal Pitch

FP: Fin Pitch

LG: Gate Length

NW: Nanowire
MIS: Metal Insulator Silicon

STRIZ

2027
N1.5
25,10,NA,10

Stacked
Vertical NW

Si, SOI

Yes
Yes
sSi, Ge, IV
Ge

Ballistic
Band-engine.

MIS, DC
0.45
6
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«NANDEFT N ABEANMAEVT LA D3R TALTT I\ ZBR
HRzZZ LD DHD.

‘NOR-Flash(3F /N1 APRART(FEFERT - JZE1E

‘MRAMI(IRT -V JHA%E

«PCRAM/ReRAM(3F /N1 AR FREBRFCATUT LA D3R TT

{BISED

B ERFCLDEE

RERERFCLDEE

JOTAPRFUCLDEE
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DRAMDIRRE 201 54 E 81 5HE STR)

HAPIDSORAERRERRUIL2013FM|T(E. N\-TEVFII
PR MBS YIRS (VCT)BA>2FEND20165FH
5. Blp#, UEAFYRIVNS2TAY (RCAT+HFIin)ZESRA Do
CNUCHEV, 6P 54FDIBITH2FEEL20165F

LM YREXRZIC(EDST2014FEIFF2013FERBEDICA
—=U>%,2015FRICAIFT. BEBAXRPIDSHY—-RL1Z25H
MY RERE. 35 CAFH{EDENIRRZRIREEEFE.

Year of Production 2013 2014 2015 2016 2017 2018 2019 2020
MEW |MPU/ASIC Metal 1 (M1) % Pitch (nm) (contacted) 40 32 32 283 25.3 25 200 17.9
was |Half Pitch (Contacted line) (nm) 28 25 22 20 18 16 14 13
IS |Half Pitch (Contacted line) (nm) 28 26 24 21 | 20 |
WAS |DRAM cell FET structure [6] RCAT+Fin| VCT vCT VCT vCT vCT vCT vCT

IS DRAM cell FET structure [6] RCAT+Fin |RCAT+Fn |RCAT+Fin
WAS |Cell Size Factor: a [11] 6 4 4 4 4 4 4 4
Is Cell Size Factor: a [11] 6 6 6 4 4 4 4 4

NEW | Gb/Ichip target 4G 8G 8G 8G 8G 16G 16G 16G
Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim soluions are known | ¢

Manufacturable solutions are NOT Imown_
Work in Progress - Do not publish STRJ WS: March 6, 2015, WG6 PIDS 19




£%) DRAMEIL NSO SR YiEE STRI

IEHAAHBIY RILFIN RS> XS (IRTE) BEHNOIAI(AFALTRA)
B RCAT+Fin: Saddle—Fin B VCT: Vertical Channel

Transistor
® ESSDERC 2011, p. 211.

® Symp. on VLSI Tech. 20086,
T5-1.

® RCAT: Recessed—Ch. Tr.

active field oxide

®VPT (Vertical Pillar Tr.)

_C)_ _____ O Cell
Capacitor
~ |© o [of w
- P 0 ==
/ DU | 4 [ N S e et e BT VET
/ @ |8 |® | {
BL 2F
channel (a) (b)
.,.‘; WL Figure 2. (a) 4F" cell layout. (b) Schematic diagram of VPT 4F° cell amray

Fig. 1. Schematic diagram of S-Fin. The
groove like RCAT and fin structure to
the channel width direction are formed.

Work in Progress - Do not publish
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NAND®DRRE 201 54F;EBh 5+ STR)

2013£ERTIE. NANDFlash®3D{EICDWT. XKE{IEEH%E
59 ARODFRICZEZEL, 2013-20144F(CRRIEDTREDD
25D, 2418, 32[ELEEEEEBDDIEBEE RO 20155k
[CMEIL}T. BARPIDSHIGICH —AL - #iliF Al Z{TL\Update R
A dto

24 3DNAND.
NAND Flash @le ‘.
Year of Production 2013 2016 2019 2022 2025 2028 : :: : - : = :: .
- e R,
-
Was 2D poly 1/2 pitch 18nm | 14nm | 11nm | 8nm 8nm 8nm 3ok~ e
IESr I=e
Is 2D poly 1/2 pitch 18nm 14nm | 12nm | 12nm | 12nm | 12nm <« - p - :: :: —
‘ -
. e S S~ : - ‘a2 :' =
Was 3D cell x-y 1/2 pitch 32nm | 28nm | 24nm | 18nm s t E v : E: ::‘ -
. - - s S8 - .
Is 3D cell x-y 1/2 pitch 64nm_| 45nm | 30nm | 27nm | 25nm | 22nm g -t S~ :s: Ea >
. "= - o Y- “ -
Was |Cell type FG | CT-3D| CT-3D| CT-3D | CT-3D el 2= >
. o :. '
Is Cell type FG/CT/3D| CT-3D | CT-3D | CT-3D | CT-3D | CT-3D et -
Unchanged|Product density 128G | 512G 1T 2T 4T 8T
Was Number of 3D layers 4-32 | 16-128 | 48-392 | 64-512

- - - - - - ISSCC2014, Three-Dimensional 128Gb
Is Number of 3D layers 16-32 | 16-32 | 32-64 | 64-128 | 96-192 | 192-384| |1 Cvanionl NS piaensiona 128t2
24-WL Stacked Layers and 50MB/s High-
Speed Programming, Ki-Tae Park et al.

Work in Progress - Do not publish STRJ WS: March 6, 2015, WG6 PIDS 21




ReRAMODIRR STRJ_
2013fFhE&D. ReRAMZ%Ztable{t.

(8) metal pitar Metal plane (b) Pillar
20184EIC4F2RERAMTEHEL. s s el
2021£EI23D-NAND Flash%
20214F(CERET LE3E T,
t’I/U’S’ a)lg;R\ Ebt‘ﬁﬁalllb Vertical rain Gate

“ MOSFET
AMYF IR EXTEHERED
41 J e -ﬁ y i Source

Fﬂ%mﬁ E t ’3 5 Source: IEDM 2012, Chen et al, “HfOx Based Vertical Resistive Random Access
. o Memory for Cost-Effective 3D Cross-Point Architecture without Cell Selector”,
D Besistive memory (ReBAM)
Year of Production 2012 2014 2013 2016 2007 2018 2019 2020 201 2022 2023 2024 2023 2026 2027 2028
ReRAM technolosy noda F {na) 12 12 12 B B B [ & & 4 4
R=F AN cell size ares Ector 2 in multiples
of F°
F=R AN cell footprint () 576 576 576 256 256 256 144 144 144 64 64
F=RAM arrsy eficiency (%4 (2D zmey) 68.5% 68.5% 68.5% 68.5% 68.5% 68.5% 68.5% 68.5% 68.5% | 68.5% | 68.5%
FeRAM nuaber ofbits per call (ML) z ] ]
Re=R AN cell arez par bit size (nml) with 388 158 288 85 85 85 g 2 28 1€ &
MLC
F=FAM storzgs denzity (SLC, 20) 143E+49 | 1.19E+11 | 1.18E+11 | 2.6BE+11 | 2.68E+11 | Z.68E+11 | 4.76E+11 | A.76E+11 | 4.76E+11 | 1.07E+12 | 1.07E+12
Eﬁ?ﬁim?ms”}'m‘“m’ 238E+11 | 23BE#1 | 238E+11 | B.03E+11 | B.03EM1 | S.03E+11 | 1.80E412 | 1.90E412 | 1.80E+12 | 4.28E412 | 4.28E+12
Ff Mzx 2D/3D NAND storzge density
(MLC. 3D mex {zyerss) bits cx 3A0E+11 | 340E+11 | G4TE+49 | 7.33E+41 | 1.44E+442 | 1236412 | 4736442 | 1736412 | 2736442 | 2856442 | 2.2ME+12 | 6.6BE+12 | 7.20E+12

F=R AN 3D lzwers (psing 4F2 GAA v
zalactor + high OW/OFF ratio in-lzper
szlacting device)

F=R AN c=ll 222 per bit {nmd) with ML
znd 3D lavers

R=R AN array eficiency (¥ (peing 4F1
GAA x-v sslector + high OM/OFF atio
in-laper selacting devics)

FeR AN storzge density (WL, 3D max

laverss, using 4F1 GAA x-v salector +
¥ S ¥ a 5 k! r k! r k] = ki a =
hien O OFF rtio (s sacting B75EH1  E7SEHA G7SE+ 4MEHZ  4HEHM2Z  4AHMEHZ A s s B 30E+13
davice) bits/'oml
?:'Ea‘}‘["m‘“'“"e“E’*'ﬂ“m‘ﬁ”* =10 *10 *10 =10 =10 =10 *10 =10 =10 =10 =10
ReF AN vl sndurnce (e v 1.0EA08 | 1.0E+08 | 1.0E+03 | 1.06408 | 1.0E+08 | 1.0E+08 | 1.06408 | 1.06/08 | 1.0E+08 | 1.06/08 | 1.0E+08
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RF and analog/MS CMOS working group €D

1. PIDS table®{EzRAW\T. N)LJ. SOIELTMG MOSFETDRF&
(*analog®roadmap table*Z4ERUE.

2. RFRUanaloghflEEUTIE, T, fmax, 1/f noise, minimum
noise figure at 60GHz, low-frequency analog power
gain, maximum stable gain at 60GHz, analog
transistor voltage gain, Vth matchingh'%%.

3. SEEISDERIFVIPMOSDFTICOWVWT, NILIMOSICEEULTIE
hnuLT.

4. ZMDtable*(d. PIDS table®UU—-AENIIZIC. 2013 £EMR(C
(FIGEEN TR,

— —
SiO02

Bulk MOSFET SOl MOSFET

MG MOSFET

* Modified Table(P.26)
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PMOSOfTRIAED

STRIZ

1. 2011 versionTOfTEEIREROLEEN 5. bulk NMOSICEIU TIIBEHRRIEL

R{EOTVWHILZHERR,

2. PIDS®Oroadmap®Ion_n/Ion_pZHAWT. bulk PMOSOfTZ5tH. D

fTERIRTRMEER(EO>TV S Lz R,

3. LSEDHEEMS. 2013 version®bulk PMOSOfTREEBDICIE. PIDSD

roadmap®Ion_n/Ion_pZRAW3ZE¢EUE.
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1, ITRS2011
—~ 400 B
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10 100
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2013 versionDHR STRJ_

2013 version of PIDS table (HP)

Year of Production 2013 | 2014 | 2013
Logic Indusiry "Node Rawge™ Labeling (row) [based on 0.71x reduction per "Node " iG144" 44140
Range” ("Nods™ = ~3x My}
MPUVASTC Metal 1 ¢M1) 45 Pitch o) (eontacted) 40 32 32
L . : Physical Gate Length for HP Logic (vom) 20 18 16.7
L . - Effective Chaanel Length am) [37 16.0 14.4 13.4
¥ ;57 Power Supply Foltage (1]
Bulk/'S0OLMG 0.86 | 0.85 0.83
LOT: Eguivalent Cide Thicheess
Bulic' SOLMG (nm) 0.80 | 077 | 0.73
Dislactric constent (B0 of gata dislactrics 12.5 13.0 13.5
Dhyzical gate oxide thickness (nm) 2.56 2.57 2.53
Chavnel Doping (107" fom” ) f4]
Bulk 6.0 7.0 7.7
SOLMG 0.1 0.1 0.1
2013 version of RF CMOS table (HP)
Year of Production 2013 2014 2015
—_ MPUVASIC Metal 1 (M) ¥ Pitch (nm) fcontacted) 4 3z
T / \ /r Z % High Parjormarnce Logic :ramf;mrfzj; mm-h'a'f:iappffﬁalfam M G 0) E*EE ;E, L) 7b§
0) E LY L, - Physical Lgate for High Parformance (HP) Lagic (nm) [1] | 20 | 18 =
V.. : Power Supply Voltage for High Performance (HP) Logic (V) [2] é *L TLy fd: LY o
Byl UTE FDMG | o085 | o082
-2 cutaff frequency (GHz) 5]

Extended Planar Bulk | 512
UTE FD 477 545
MG

[ 4 620

Lo memnjuec ol TILV2011PIDS |

UTE FD (body) ? table"é:b&liﬁ‘l'%i 412 462 “
: 560

MG (body)
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RF CMOS table®{E1E

2013 version of PIDS table (HP)

Year of Production 2013 | 2014 | 2015
Logic Industry "Node Range™ Labeling (yow)p [bared on 0.71x reduction per "Node | " " "
Range™ ("Nods™ = ~2x M) 16/14 1110
MPLVASTC Metal 1 ¢M1) 45 Pitch famy) (contacted) 40 32 32
L .- Piysical Gate Length for HP Logic (hom) 20 18 16.7
L . : Effective Chumanel Length faon) 37 16.0 14.4 13.4
¥ ;2. Power Supply Foltage (1]

Bulk/'SOL MG 0.86 0.85 0.83
EQT: Eguivalent Cxide Thicheess

Bulk'SOLMG (nm) 080 | 077 | 0.73

Drislactric constant () of gate dislactrics 12.5 13.0 13.5

Phyzical gate oxide thickness (nm) 2.56 2.5T7 2.53
Chavnel Doping (10" dom” ) f4]

Bulk 6.0 7.0 T.7

SOLMG 0.1 0.1 0.1

Modified 2013 version of RF CMOS table (HP)

TINA R
#PIDSIZ&
Hhet=,

PMOSOfT
fEZ B0

Year of Praduction 2013 2014 2015

MPUASTC Meta! | (M1} ¥ Pitch Cem) foomntas ted) 40 a2

Hign Performance Logic transictor for mon-wave applications =

L,: Physical Lgats for High Performance (HP) Logic (am) {1] | 20 | 18 SO/ Ile D “-l_ﬁé
¥ wa- Panver Supply Valtage for High Performance (HP) Logic (1) (2] '? T2 T: o

NEulic SOLMG | o8 | o085 Lo

Fro cutof frequency (THz) 5] / /

Extendsd Plznar Bulk NMOS ) 6§48 y /ﬁ

Extendsd Plznzs Bulk PAOS — =L 45 33

EOLMG 703 T8 &30

S maminewm fregquency of escil

Extendad Planar Bulk WAOG

tableZx$ &(Z

EOLAG

D 2013 PIDS
E-l.%: 545 580 630

795 758 BB
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xEH STRJ

STRJ WG6 (PIDS. RF&AMS)D;EEEIRELE.

B BHARITRS2013¢. 14nm27 OCADEEER LB,
2015ITRSBZCEIFTER/RBPDARAT—-UII)INSGA—4
KexRUE.

AEBUICDOVT, SEBODAT-UYIRIAH, BEATUDRRE
2015ITRSH—AR1/5iE%ERUE.

B RFRAMSODEENICDOVWTITRS2013DIREARETHRDFT—
TWICOWVWTRUEE,
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