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B PIDS

(Process Integration, Devices, and Structures)

® |ogic
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HP: High Performance
LOP: Low-Operating Power
LSTP: Low—Standby Power

FD-SOI: Fully-Depleted Silicon—on—Insulator
MG: Multi Gates, FinFET, Tri-gatesZ D F5
Ge: Germanium, 7L =9 L\

-v: ME-IVEIL &M+ ER

Vdd: BIREE

Ion: ONBEREH BT

Wfp: Wfootprint, 252522 X218

Tr.: Transistor

DIBL: Drain Induced Barrier Lowering

SS: Sub-threshold Slope

® Memory

LA X X X X R 2

SRAM: Static Random Access Memory

DRAM: Dynamic Random Access Memory

RCAT: Recessed—Channel Transistor
STT-MRAM: Spin—-Torque Transfer Magnetic RAM
PCRAM: Phase—Change RAM

FeRAM: Ferro—electric RAM

RTN: Random Telegraph Noise

® Reliability
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B RF&AMS
(Radio Frequency & Analog/Mixed-Signal)

Low—noise amplifier (LNA)
Voltage—controlled oscillator (VCO)
Power amplifier (PA)
Analog—to—digital converter (ADC)
Serializer—Deserializer (SerDes)
HV: High Voltage

CIS: CMOS Image Sensor
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Table PIDS6 Comparison of HP, LOP, LSTP, and III-V/Ge Technologies
HP LOP LSTP [1-V/Ge |
Speed (I/CT) 1 0.5 025 || 15
Dynamic power (C - ) 1 | 06 | | | 0.6
Static power () 1 5x10°  |_1x10™ ] 1
mAFE
® DRAM
® NVM
g FEMEBERFET
03584 —k (NOR and NAND)
OE R MY~ (NOR and NAND)
®2igFIEERBFE
OFeRAM, PCRAM, MRAM, STT-MRAM
m{SHEE
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FD-SOI&Multi-gates @ RiI

W FD-SOI: 14ERiIEIL
® ST—Ericsson/ST—Microelectronics/GF

B Tri—gates: 3ZEREIL

® Intel 22 nm
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Table PIDS2? High-performance (HP) Logic Technology Requirements

L

2011 HP

Year of Production

- 2012
L i Physical Leate for HP Logic (nm) [1] i

2013 |

20

18

2014 |

2015
17

2016
15.3

2017
14.0

| 2018 | 2
i 12.8 |

2020 |
10.6 |

9.7

01

2022

3.9

8.1

2023

2024 |

7.4

| 6.6

2025 | 2026 |

159

I 4.0 NMOS Drive Current (pA/um) [14]

Extended Planar Bulk L 1,367

FD SOI
MG ’

22 | 1,496
> (REE

Revised for 2012 update

72,152

2228 2308

2012 HP

Iem ameaucro:r
L Phtszca." I.gazefor HP Log:rc mm.l [1'_,?

2016
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| 2017 |
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Intel 22—nm—node SoC

HMiedm 2012, 3.1.
B Tri-gate FET @ 0.75 V

1.E602
Vds=-75 V| pmos|| | NMOS| Vds=_75Y
1E03 §= Soee, o X=T (a) High Speed (HP/SP) and (b) High Voltage (TG)
o Low Power Logic (LP/ULP)

1.E04 H

| E05 - Fig. 1. 22 nm SoC Tri-Gate transistor families, including high speed
£ ' logic (HP/SP), low power logic (LP/ULP) and high voltage (TG)
3 1.E06 1
<
- 1E07 1
o Logic

1.E08 A -High Speed

(HP/SP)
1 E09 fHP:S.S. HP:S.5.=71 mV/dec - Low Power
SP:5.5.= 66 mV/de SP:S.S.= 66 mV/ded (LP/ULP)
TE10 QLP:S.S.= 63 mV/dec LP:S.S.= 64 mV/dec
e DIBL =35 mV/V _ DIBL=30m\V/V
1 0 1
Vgs (V
gs (V) High Voltage

Fig. 5. Id-vs.-Vg characteristics showing steep
subthreshold and low DIBL, especially for LP
transistors (< 65mV/dec S.S. and < 40mV DIBL)

Fig. 2. Fin cut TEM, gate cut TEM, and tilted SEM of logic thin gate (top) and
high-voltage thick-gate (bottom) transistors
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DRAM, 2011=>2012

B Japan PIDSIZ K 5FAEZEREIZEIE
B (Saddle-) FInNFETH)B5RCAT+FInFETEREEA
B Vertical Channel Transistor (VCT)IZ & 56F2=»4F2
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3E 2026
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Table PIDS7  DRAM Technology Requirements
Year in Production 2012 | 2013 |2014|2015|2016|2017|2018(2019 2020|2021 (2022 2023|2024 | 2025 | 2026
ITRS 2012 |DRAM V2 Pitch (nm) [1] 31 28 25 | 22 | 20 60 e s | s e e 7%
ITRS 2011 |pRaM cel FET structure | FINFET Rl EREl v ver ver ver ver ver ver ver [
ITRS 2012 |[6] NGOG IR SRRl VCT VCT VCT VCT VCT VCT VT VCT VT VCT
ITRS 2011 _ 6 4 4 | 4 [ 4 |4 |4 |4 |4 |44 |44 |4|a
CE' Size Factor: a [11] i e s il o g T
ITRS 2012 6 6 4 | 4 |4 |4 |4 |4 |4 |4 |4 |4 |4 |a|a
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DRAM cell Tr.i&:& 5 a

B RCAT+Fin: Saddle—Fin B VCT: Vertical Channel
® Symp. on VLSI Tech. 2006, Transistor
To-1. ® ESSDERC 2011, p. 211.
® RCAT: Recessed—-Ch. Tr. € VPT (Vertical Pillar Tr.)

active field oxide

_. e e @ .
A WY A - ell
: Capacitor
|! ] O ___-__O__ ______ Q ___!WL
’| ] T
0 NG Y 0 T VPT
' g O O |O]iF {
! / BL 2F
1
channel ) (@) (b)
.’j WL 4 Figure 2. (a) 4F” cell layout, (b) Schematic diagram of VPT 4F” cell array

| -

Fig. 1. Schematic diagram of S-Fin. The
groove like RCAT and fin structure to
the channel width direction are formed.
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NAND Flash, 2011=>2012
B PIDS Japan|Z &k 5 FHE & YHalf pitchZ 5 £

13
B FG: Floating gate, CT: Charge Trap
Year of Production 2011 2012 2013 2014 2015 2016 2017
Planar (2D) NAND Flash uncontacted paly
172 pitch — F (mm) [1] 22 20 18 17 15 14 13
;:v-;z.;m.ﬁer gf word lines in one NAND siring 64 64 64 64 64 64 64
Daminant Cell tvpe (FG, CI, 3D, etc) [3] FG FG FG FG/CT FG/CT CT-3D CT-3D
2D NAND number of memory lavers (4
range is given since laver number depends
on device type, array architecture and 4.32 &_gd
choice of poly 1/2 pitch of a specific 3D
approach ) [4]
2018 2019 2020 2021 2022 2023 2024 2025 2026
12 1 10 9 B 8 8 8 B
64 64 b4 64 64 64 b4 64 64
CT-3D CT-3D CT-3D CT-3D CT-3D CT-3D CT-3D CT-3D CT-3D
16-128 16-128 32-256 32-256 48392 48-392 438-392 64-512 64-512
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B Bit Cost Scalable (BiCS)

CcT-DiEnEHER

technology
B Symp. on VLSI Tech. 2007, B Symp. on VLSI Tech. 2007,

12-2.
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Fig. 6 (a) Cross section of BiCS flash memory
string, (b) Cross section of vertical SONOS cell,
(c) Cross sections of vertical FET.

Upper
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Charge Trap Layers

B Pipe—shaped BiCS Flash
memory
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Bit Line Source Line

= Body
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Gate

Lower
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poly-Si poly-Si
Gate SG
(c)
Cap SiN n+ CG
poly-Si n- B p+
b Gate
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Fig. 1 Schematic of P-BiCS flash memory.
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Purdue Univ., nanoHUB.org
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than answers. They really gol me interested in researching
better.
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More Moore + More than Moore

More than Moore: Diversification
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Information
Processing

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