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/7141
B PIDS
(Process Integration, Devices, and Structures)
@® Logic

*HP: High Performance

*LOP: Low Operation Power

*LSTP: Low—Standby Power

*LP: Low Power

*FD-SOI: Fully-Depleted Silicon On Insulator
*MG: Multi Gates ——— FinFET, TriGateZ D ¥}
*Ge: Germanium

-II-V: MER-VIRIE &M ER

-Vdd,vDD: EREE

lon: AU BT HMEREREIER
*Wfp:WF % JLIE Dfootprint ZEELT T X F0G
*Tr.: Transistor

*DIBL: Drain Induced Barrier Lowering

*SS: Sub threshold Swing

® Memory
*SRAM: Static Random Access Memory
*DRAM: Dynamic Random Access Memory
*RCAT: Recessed—Channel Transistor
*VTC: Vertical Channel Transistor
*MRAM: Magnetic( Tunneling Junction ) RAM
STT-MRAM: Spin—Torque Transfer Magnetic RAM
PCRAM: Phase Change RAM

Work in Progress - Do not publish
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@® Memory (continuation)
*FeRAM: Ferro—electric RAM
*ReRAM: Resistance RAM
*RTN: Random Telegraph Noise
*SOMOS . Silicon Oxide Nitride Oxide Semiconductor
*MONOS:Metal Oxide Nitride Oxide Silicon

@ 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
*PA: Power Amplifier
ADC: Analog to Digital converter
*SerDes: Serializer Deserializer
*HV: High Voltage
*CIS: CMOS Image Sensor
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Table PIDS5 Comparison of HP, LP, and IIl-V/Ge technologies
HP LP II-V/Ge
Speed (I/CV) 1 ~0.4 >1
2013 ﬂE H'ﬁ Dynamic power (CV7) 1 ~1 <1
Static power (/ 57 1 ~1x107* 1
HP LOP LSTP III-V/Ge
Speed (I/CV) 1 0.5 0.25 1.5
201135}1-& Dynamic power (CV?) 1 0.6 1 0.6
Static power (7 ) 1 5x107 1x10™ 1

HAE!
@DRAM
@ Non-volatile
- B EEEFET B84 —F (NOR and NAND)
B +5vTE (NOR and NAND),SONOS,MONOS
- JEERTETEEFET : FeRAM, PCRAM, MRAM,STT-MRAM, ReRAM

W{EHE
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FERINHE

F—rREXT—) T 132011 FEi RS
BREE(Vdd )DRT—)2 T %81k, loff [—5E,

 Vdd WBMELGSEERBIEERMNSDHDELLDZEAAREIC
F—=rRORT—)TBRRERIE, PO RILVERTRESSm

BNodeltH X (E, EFE (15t, 20d RS —) % R BR

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
Node 22/20]116/14116/14116/14111/1011/10|11/10'\"8/7" |"8/7" |"8/7" |"6/5" ["6/5" |"6/5" ["4/3" |"4/3" |"4/3"
Gen |"G1" "G2" " G3" " G4" " G5" " G6"
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vdd - [V]
1.00 (0.94x in 3y cycle)
Lgate,physical - [nm 80 o000
25 gate,pny [nm] ggg = o....,,,m.'h‘_m
20114k (0.91x in 3y cycle)
20 0.40
LP (0.76x in 3y cycle) 0.20
15 0.00
PeE25Q 8K
10 HP *~ea S RRIJIIR
(0.76xin 3y C cler'
5 - ycy 100 EOT-[nm]
0.80 *_’.‘. 20114F /R (0.85x in 3y cycle)
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B b A O N o A 0.40 oerere
NNNNALAAN O .
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ITRS2013(%, REMNLGEFIREZSTETILOTCADY—ILTHEH
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FoRIILBREMNTYIRALLANRRA T DB,
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-ITRS2011FETl&. CV/I 13% R ENBIETO—RTYTILIEE,
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Table PIDS4 III-V/Ge High-performance Logic Technology Reguirements
Year of Production 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

Eonic Inuiey Mods Banps bl (o) s on O3 osion oo wiingr »tsna | “toaae | 4140 100" "ano”| vz | cwr | cwr | vws | ws | ces | ws | ws | ws
per oo = = 1]

Logic Industry "G vesed on 0.7 1x Mx reduetion nGqn "G ngan nG4n "G5 nGE"
per "Generic Node =11 ) berinning 2013/"G1"/40nm

NPTUVASIC Metal 1 7 2 Pitch (no™ contacted) 40 32 32 28.3 25.3 22.5 20.0 17.9 15.9 14.2 12,6 1.3 10,0 8.9 3 74

L. : Physical Lgate {H’I‘DT_{}E\{: (nm) 24 22 20 18 17 15.3 14.0 12.8 1.7 10.6 9.7 8.9 8.1 7.4 6.6 5.9

Mobiliy Enharncemermt Factor dus to Charnnel Material [10]
OI-V NMOSFET MG

G= PMOSFET MG

Effective Ballistic Enhancemant Factor, Ebal [11]

OI-V NMOSFET MG

G= PMOSFET MG
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BN 2016%

ORAB(RCAT+HRiN)ZBZ=H#Z 5
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-
v
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Year of Production 2013 2014 2015 2016 2017 2018 2019 2020
MPU/ASIC Metal 1 (M1) ¥2 Pitch (nm) (contacted) 40 32 32 28.3 25.3 22.5 20.0 17.9
Half Pitch (Contacted line) (nm) 28 25 22

Half Pitch (Contacted line) (nm) 28 26 24

DRAM cell FET structure [6] RCAT+Fin VCT VCT

DRAM cell FET structure [6] RCAT+Fin|RCAT+Fin|RCAT+Fin

Cell Size Factor: a [11] 6 4 4

Cell Size Factor: a [11] 6 6 6

Gb/1chip target 4G 8G 8G 8G 8G 16G 16G 16G

Work in Progress - Do not publish

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are know n

Interim solutions are know n

Manufacturable solutions are NOT know n _

STRJ WS: March 7, 2014, WG6 PIDS 12




DRAME LRSS O R A& E

B RCAT+Fin: Saddle—Fin

® Symp. on VLSI Tech. 2006,
T5-1.

® RCAT: Recessed—Ch. Tr.

active field oxide

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

B VCT: Vertical Channel
Transistor

® ESSDERC 2011, p. 211.
@ VPT (Vertical Pillar Tr.)

Cell
Capacitor

ICNCINC IR

T8 e >

BL 2F
(a) (h)

Figure 2. (a) 4F" cell layout. (b) Schematic diagram of VPT 4F" cell amray

STRJ WS2013, WG6 PIDS Z#f
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3%EhR NAND FlashZ &,

A1)

BARPIDSOREHEREFHEDTLUR))—R%E ML

W2DE)LDRT—) T BRRIX12nm., 20194,

W3D/LIL, N\—DEYyFHEFL. BEHKIIEMNT S,

NAND Flash
Year of Production 2013 2016 2019 2022 2025 2028
Was 2D poly 1/2 pitch 18nm | 14nm | 11nm | 8nm 8nm 8nm
Is 2D poly 1/2 pitch 18nm | 14nm | 12nm | 12nm | 12nm | 12nm
Was 3D cell x-y 1/2 pitch 32nm | 28nm | 24nm | 18nm
s 3D cell x-y 1/2 pitch 64nm | 45nm | 30nm | 27nm | 25nm | 22nm
Was Cell type FG CT-3D | CT-3D | CT-3D | CT-3D
Is Cell type FG/CT/3D| CT-3D | CT-3D | CT-3D | CT-3D | CT-3D
Unchanged|Product density 128G 512G 1T 2T 4T 8T
Was Number of 3D layers 4-32 | 16-128 | 48-392 | 64-512
Is Number of 3D layers 16-32 16-32 | 32-64 | 64-128 | 96-192 (192-384
STRJ WS:

Work in Progress - Do not publish

FG : Floating Gate

CT : Charge Trap
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2013F Rk ReRAM (new)

B 4F2t)L T20185F %15, 2021 FEEFET3D Flash%
FyIFTVT

BELOSEH, T—FEN A FEEEBICLRLLERESZLY

D Resistive memory (ReRAL)

Year of Production 2012 2014 2015 2016 2007 2018 2019 2024 2021 2022 2023 2024 2025 2026 2027 | 2028
R=RAM tzchnolosy noda F ina) 12 12 12 g B B 5 & 6 4 4
R=RAM cell size arez Ector 2 in multiples

of F~

R=RAM call footprint {na™) 576 576 576 256 256 256 144 144 144 64 64
ReF AN array eficiency (38 (30 amay) 68.5% 68.5% 68.5% 658.5% 68.5% 68.5% 68.5% 68.5% 68.5% 68.5% 638.5%
B=RAM nuaber ofbits par call (MLE) 2 2 2

5&.11_2-"..\[ c2l] zr=a per bit sizs (nml) with 288 288 258 85 85 85 6 5 26 % 16
=R AM storzgs density (SLC, D0 1A9E+11 | 118E+11 | 1 19EH11 | 26BEHM | 26BEHIT | 2EBEHI1 | ATEEHIT | 476EHI1 | 4TEEHM | 1.07EHZ | 1.07EH2
B=F AN storzgs density (WLEC, D0

bits el = b ’ 23BE+1 | 2.3BE+11 | 2.3BE+11 | B.03EH1 | B03EHM | BO3EHM | 1.90EH2 | 1.90EHZ | 1.80EH1Z | 4.2BEHZ | 4.2BE+12
Reaf hlzx 003D MAND stodags density

(MLC, 3D mar tayerss) bits/om 3 40E+11 | 3.40E+11 | G4TE+11 | 733E+11 | 1.14E+12 | 1.23E#12 | 1.73E+12 | 1.73E+12 | 2.73E#12 | 285E+12 | 3.ME+Z | 6.6BE+1Z | T.30E+12

F=FAM 3D lzpers (using 4F2 GAA v
z=lector + high OW/OFF ratio in-layer
selecting devics)

ReR AN call g2z per bit (nmd) with MLC
2nd 3D lavers

=P AN zrrzy eficizncy (36 (using 4F1
GAA x-v s=lector + high OMN/OFF mtic
in-lawer zalecting davio
ReR AM storzgs density (WML, 3D mex

lzwerzz, vaing 4F2 GAA z-v zalector +

; 5 : HEHZ  4HEHZ  4HEH2

fin O OFF mtio i vm seloting G75EH1  E.TSEHA  G75EHH 4MEH HE+ HE+

device) bits'omd

E‘?é""[“m“'a”a“"E’atﬂ"m'&'ﬂm’ >10 =10 =10 =10 =10 =10 =10 =10 =10 =10 =10
TR AN wrils sndurance d v T0EM08 | 1.0E+08 | 1.0E+08 | 10608 | 1.0EA | 1.0E+08 | 1.0E8 | TOEME | 10648 | 1.0EAE | LOEAE

Work in Progress - Do not publish STRJ WS: March 7, 2014, WG6 PIDS 15



ReRAMtz L& & o

BT REATEEE EAFv/$048. 289 ORYBLEE
BB,

(a} Metal pillar Metal p'ane (b] Pillar
electrode electrode (WL) Plane electrode
" electrode

Memory cell Metal

Oxide

Drain
Vertical ——-

MOSFET

Gate

Source

Source: IEDM 2012, Chen et al, “HfOx Based Vertical Resistive Random Access Memory for Cost-Effective
3D Cross-Point Architecture without Cell Selector”,
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20134ERR Reliability (

B TDDBBTI[CT74+—HX

*2013F DVAIZ10FHRIET OHRAE
AR EIZI10ERBRTT AR AE

EMEE])

E(Vmax) &R 5E
(o 17

STRI

Year of Production 2013 | 2016 | 2019 | 2022 | 2025 | 2028
Logic Industry "Node Range" Labeling (nm) [based on 0.71x reduction per wo9120 | "16/14" | "11/10" vg/7n "g/5" " a/3"
"Node Range" ("Node" = ~2x MXx)

Logic I_ndustry Generation" Label (n_m) [bas_ed c_)n 0.71x MXx reduction per “G1" "G "G3" "G4 "G5 " GE"
"Generic Node" (or .5x cell; 2x density);beginning 2013/"G1"/40nm

MPU/ASIC Metal 1 (M1) ¥4 Pitch (nm) (contacted) 40 28.3 20.0 14.2 10.0 7.1
Lg Proposed for 2013 (Bulk, SOI, MG) 20.00 15.22 11.58 8.82 6.71 5.11
Vdd Proposed for 2013 (Bulk, SOI, MG) 0.864 0.813 0.765 0.720 0.678 0.638
EOT Proposed for 2013 (Bulk, SOI, MG) 0.80 0.70 0.61 0.54 0.47 0.41
nTDDB Vmax (Max Vdd for 10 years mean lifetime)[1] 0.864 0.838 0.815 0.796 0.779 0.765
NMOSFET pBTI Vmax (Max Vdd for 10 years mean lifetime)[2] 0.864 0.799 0.745 0.701 0.664 0.634
pMOSFET nBTI Vmax (Max Vdd for 10 years mean lifetime)[3] 0.864 0.768 0.692 0.630 0.581 0.542

Work in Progress - Do not publish
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B CMOS
AT DRRULFE(Z LY. planar bulk PMOSIZRYfT{EZ
F—2JLIZEM, PIDS@Dlon.n&lon pD EEZEALVA,

HMBipolar
" ERMDSiGe PNPIE. T—T LD S HIl &,
C-BiCMOSEL TOFIAMNIEE AT LN=8,

mi-v

‘InP HEMT&GaAs HEMTIE—2IZL T, AR o E#H—.

-InGaP HBTIL. R—RTILTINLRADINT—TF o FTELTDH
ERNHAH-H. BE. HELH2LIZTH,

‘InP HBTD AR 1%, SiGe biolareSh B &IZT 5,
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A APIDS 2014 D F5E

B AUERBBOREBEL - Weff/ Wfootorint ME A

‘FinFETOA > BiRE Weff/ Wrootprint ZFALNTEET S
Ids = Idsat(PIDS table) X Weff ./ Wfootorint

KD EEIE
Weff= 2 X Fin height, Fin Pitch=0.75 X (M1 harf pich)
fER. Weff / Wfootorin=1.6  (Intel22nml. 1.27)

B AT KRFADH—RALDEHE
-DRAM. NAND Flash =}
‘ORTCEEAL. TAETICREXERTE

BAEYDAF )L, 3DEIILDERIZHEITTOEREBEDEE
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B RF & A/MS CMOS: 773 ) =% 8L KF DY —RALZE
-PIDSOTF—T JLEEIZ., RF/AMSO) CMOS O—KT YT aERL TE-HY.
RREELGH>THY.,. ZORBIYAEZDRIANDE
AT —ROIEEEER AI-V, Ge, etc) bT—TILIEShTHY.
NLDEMITHLTHERIENARE,

Bl On—Chip Passives

- Z2EIER S (.. ER E TYERLE LS on chip passivelZDLYTRoadmap table
MNEET S,

-SRI EZEERLETEREINSEDOOMEMSIZEAEEREIEA KD LN
518, aATRL—aV L TCREIADO—FRIVITEEET S,

wafer-level package
CMOS/
Integrated Passives BICMOS

RF MEMS l
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