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DIFFICULT CHALLENGES 3100 nm / THROUGH 2005

SUMMARY OF ISSUES

Requirement for World-Wide | P Standard Process/Devices

Requirement for standardization of process/device
parameters to

meet |P base design. Guideline and/or consensus for
process/device/ circuit/systemsOCiety are required.

Maintaining the scaling of CMOS for performance and
density

Production worthy high-k dielectrics and compatible gate|
materials will not be available.

DRAM density and logic gate length scale faster than
lithography feature size scaling.

Rapid reduction of Vdd and non-scaling of Vth impacts
performance
integration of analog, memory, and logic, especially
low voltage NVM.

Maintaining high Q, low noise, and tolerances of discretg
components

Integration choices for system on a chip

Cost effective process integration of many functions on a
single chip

Management of increasing reliability risks with the rapid
introduction of new technologies.

Inadequate identification and modeling of failure modes
in new materials, new operating regions (e.g.
tunneling) and new SOC technologies (e.g. MEMS)

Management of deviation on critical dimension

Chip performance spreads and adequate chip yield does
not be obtained by deviation of critical dimension.

Accurate modeling and correction of proximity effect,
validated 2D/3D TCAD for process control are
required.

Managing power, ground, signal, clock, and signal integrity
onmultilevel coupled interconnect

Interconnect scaling is increasing crosstalk, signal
integrity, and
parasitic RC delay issues. Handling of inductance is
also required.
Crosstalk, substrate noise, and device performance
difficult to
optimize simultaneously at high clock rates and low
Vdd
Power, clock, and ground distribution will consume an
increasing fraction of available interconnect.
Despite the use of low-k dielectrics, interconnect scaling
is increasing coupling capacitance, crosstalk and
signal integrity issues.

DIFFICULT CHALLENGES <100 nm/ BEYOND 2005

SUMMARY OF ISSUES

Overcoming fundamental scaling limits for current device
structures

Switching drive, noise marginmaterial properties, and
reliability will limit performance improvements
fromscaling.

Overcoming crisis on Tox scaling, low resistance and
shallow extension formation, SCE control, ultimate
small DRAM/NVM cell structures are issues.

Nonvolatile memory element which is compatible with
highly scaled low voltage devices is required.

Atomic level fluctuations and statistical process variations

Possible reduction of yield and performance below
desired levels due to unacceptable statistical
variations.

Fundamental noise reduction

Telegraph noise reduction for digital and 1/f noise
reduction for analog will be fundamental issues.

Overcoming fundamental scaling limits for current
interconnect structures.

Interconnect performance beyond copper and low k
dielectrics is required.
Handling inductance on a chip is indispensable.

Innovation is required

Novel switching devices, novel interconnect system and
novel storage devices are required, in order to
overcome fundamental scaling limits on current
process integration and devices structures.
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Year of First Product Shipment| 1999 2002 2005 2008 2011

FeRAM Design Rule (um) 0.5 0. 5 0.25 0.18 <0.18

FeRAM Cell Size (um?) 20 2.5 1.5 0.1 0.05

FeRAM Endurance 1E10 1E12 >1E15 | >1E15 | >1E15

(read/write cycles)

FeRAM Data Retention (year) 10 10 10 10 10

DRAM
130nm 100nm DRAM
70nm

DRAM
8 2
pass transistor  off Vth
50nm DRAM
130nm 100nm
10 20V
2 3

70nm 9nm
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Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 Driver

1 | DRAM Half-Pitch (nm) 180 165 150 130 120 110 100

2 [ MPU Gate Length (nm) 140 120 100 85 80 70 65

3 | MPU / ASIC Half-Pitcf (nm) 230 210 180 160 145 130 115

4 | ASIC Gate Length (nm) 180 165 150 130 120 110 100

5 | Min. Logic Vg4 (V) (desktop) 1.5-1.8(1.5-1.8(1.2-1.5|1.2-1.5|1.2-1.5(0.9-1.2 [ 0.9-1.2 | M Gate

6 | T, Equivalent (nm) 1.9-25 [1.9-2.5 [ 1.5-1.9 [ 1.5-1.9 | 1.5-1.9 [ 1.2-1.5 |[EIVEIES M Gate |

7 |Nominal |,, @ 25°C (LA/Um) 750/350|750/350| 750/350( 750/350| 750/350( 750/350 | 750/350 | M Gate
(NMOS/PMOS) High Perf.

8 |Max | @ 25°C (nA/pm) 5 7 8 10 13 16 20 M Gate
(For minimum L device) HighPerf,

9 | Max Gate Leakage @ 25°C(nA/um) 5 7 8 10 13 16 M Gate
(For minimum L device) High Perf, n:

10 | Gate Delay Metric CV/I (ps) 11 9.4 8.6 7.3 6.9 6.1 5.6
High Performance

11 | Percent Static Power Reduction 0 33 48 55 71 77 81 M Gate
Necessary due to Innovative M&A1/2
Circuit/System Design

12 [Nominal I,, @ 25°C (LA/um) 490/230|490/230| 490/230( 490/230(490/230(490/230|490/230| A Gate
(NMOS/PMOS) Low Power

13 | Max |, @ 25°C (pA/um) 5 7 8 10 13 16 20 A Gate
(For minimum L device) LowPower

14 | Max Gate Leakage @ 25°C 5 7 8 10 13 16 A Gate
(PA/pm)
(For minimum L device) LowPower|

15 | Gate Delay Metric (CV/1) (ps) 18 16 13 11.3 10.6 8.9 8.3
Low Power

16 | Percent Static Power Reduction 0 36 55 65 80 85 88 A Gate
Necessary due to Innovative M&A1/2
Circuit/System Design

17 | V7 3s Variation (x mV) 50 50 42 42 42 33 33 M Gate
(For minimum L device)

18 | /D Extension Junction Depth, 0.045- 0.04- 0.04- 0.03- 0.03- 0.028- 0.025- M Gate
Nominal (um) 0.07 0.065 0.06 0.05 0.048 0.044 0.04

19 | Gate Sheet Resistance (Wsq) 4-6 4-6 4-6 4-6 4-6 4-6 4-6 M Gate
@ minimum dimension

20 | Interconnect Levels 6-7 6-7 7 7-8 8 8 8-9 [M&A1/2

21 | short Wire Pitch (um) 0.36-0.460.33-0.474 0.3-0.36(0.26-0.320.24-0.290.22-0.260.2-0.23|M & A 1/2

22 | Maximum wire length (um) 2300 2030 1760 1490 1340 909 1050 |[M & A 1/2

23 | DRAM Cell Size (um?) 0.26 0.19 0.14 0.105 0.08 0.058 [NV D 1/2

24 | DRAM Cell Dielectric Tox 3.0 2.2 1.6 1.2 0.90 0.67 0.50
Equivalent (nm)

25 [ Min. Refresh Time (ms) 128 128 128 256 256 256 512

26 | Soft Error Rate (FITs) 1000 1000 1000 1000 1000 1000 1000

27 | Nonvolatile Data Retention (year) 10 10 10 10 10 10 10

28 |NOR Cell Size (um? 0.34 0.29 0.24 0.17 0.15 0.13 0.1 M&A1/2

29 Voo 8to 10 8to 10 (8to 9.5/8to 9.5|/8to 9.5| 7to 9 7to 9

30 | Tunnel Oxide (nm) 8to 10 [ 8to 10 [8.5t09.98.5t09.98.5t09.4 8to 9 8to9

31 [ NVM Endurance (erase/write 100K 100K 100K 100K 100K 100K 100K
cycles)

32 | ESD Protection Voltage (V/um) 7.5 7.5 10.5 10.5 10.5 12 12

33 (V/umz) 2.5 2.5 3.0 3.0 3.0 3.5-4.0 | 3.5-4.0




Year of First Product Shipment 2005 2008 2011 2014 Driver

1 |DRAM Half-Pitch (nm) 100 70 50 35

2 |MPU Gate Length (nm) 65 45 32 22

3 |MPU / ASIC Half-Pitcf (nm) 115 80 55 40

4 |ASIC Gate Length (nm) 100 70 50 35

5 |Min. Logic Vg4 (V) (desktop) M Gate

6 |T,. Equivalent (nm) M Gate

7 |Nominal |,, @ 25°C (LA/um) (NMOS/PMOS) High Perf.| 750/350 [REIUEEL M Gate

8 [Max |y @ 25°C (nA/um) 20 M Gate
(For minimum L device) High Perf.

9 [Max Gate Leakage @ 25°C (nA/um) M Gate
(For minimum L device) High Perf.

10 |Gate Delay Metric CV/I (ps)
High Performance

11 |Percent Static Power Reduction Necessary due to 81 91 M Gate
Innovative Circuit/System Design M&A1/2

12 [Nominal I,, @ 25°C (LA/um) (NMOS/PMOS) 490/230 490/230  490/230 | 490/230 NANeEIf:
Low Power

13 [Max |, @ 25°C (pA/um) 20 A Gate
(For minimum L device) Low Power

14 |Max Gate Leakage @ 25°C (pA/um) A Gate
(For minimum L device) Low Power

15 | Gate Delay Metric (CV/1) (ps)
Low Power

16 |Percent Static Power Reduction Necessary due to A Gate
Innovative Circuit/System Design M&A 1/2

17 |V; 3s Variation (£ mV) M Gate
(For minimum L device) e

18 | §/D Extension Junction Depth, Nominal (um) 0.025-0.04 [OR0PRNIPAS 0-013-0-02‘0-01-0-014 M Gate

19 | Gate Sheet Resistance (Wsq) 4-6 4-6 M Gate
@ minimum dimension

20 |Interconnect Levels M & A 1/2

21 |short Wire Pitch (um) 0.14-0.21 0.10-0.15 0.07-0.11 IENNE

22 [Maximum wire length (um) | 565 | 273 | 113 [M&A1/2

23 |DRAM Cell Size (um?) 0.018 0.0072 \ 0.0030 D 1/2

24 |DRAM Cell Dielectric Tox Equivalent (nm) 0.50 0.20 0.084 ‘ 0.034

25 [Min. Refresh Time (ms) 512 512 512 ‘ 512

26 |DRAMSoft Error Rate (FITs) 1000 1000 1000 \ 1000

27 [Nonvolatile Data Retention (year) 10 10 10 1 0.1to 10

28 |NOR Cell Size (um?) 0.1 0.05 0.025 | 0.012 LR

29 [+/- v 7to9 7t085 6.5t085 6to8.5

30 | Tunnel Oxide (nm) G 7.5t0o85 2to8  2to7

31 [NVM Endurance (erase/write cycles) 100K 100K 0.1to 1M ‘ 0.1to 1M

32 |ESD Protection Voltage (V/pm) 12 13.5 15 ‘ 17.5

33 [(v/ium?) N 4550 5560 7.5-10

Solutions Solutions No Known

Exist

Being Concepts
Pursued to Pursue




First Year of IC Production
1999 2001 2003 2005 2007 2009 2011 2013 2015

180 nm 130 nm 100 nm 70 nm 50 nm 35nm

ADVANCED TRANSISTORS

ADVANCED CHANNEL
ENGINEERING SiGe, Atomic Doping,,)

HIGH-K DIELECTRIC FOR LOGIC

METAL GATE

ULTRA-SHALLOW JUNCTION
EXTENSION

S/D: SILICIDE

NOVEL TRANSISTOR STRUCTURES
(e.g., DUAL GATE SOl or VERTICAL
MOSFETS)

V{SCALING

Multiple Vt
SWITCHED V(Triple Well)

ml

DYNAMIC THRESHOLD

SOl (FD)

NOVEL SWITCHING DEVICES

TCAD FOR THESE DEVICES
INTERCONNECT

NOVEL INTERCONNECT SYS.

LOW-K DIELECTRIC

Hll‘

K=2.5 or more

K=1.8 or more

K<1.8

DRAM
HIGH-K DIELECTRIC (CELL)
Ta205 (K~20-30)

BST (K>100)

I [l

OPEN BITLINE, Multi-Value

NOVEL STORAGE DEVICES

SOl

I Rescarch Required [ Development Underway [ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Work in Progress Draft: Not for Publication




[1] ORTC(Overall Roadmap Technology Characteristics)
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1 | Year of First Product Shipment | 1999 2000 | 2001 2002 2003 |[2004| 2005

2 Technology Generation 180nm 130nm 100nm
Minimum Digital Supply Voltage (V) 1.8-1.5 1.6-1.3 1.5-1.2
Minimum Analog Supply Voltage (V) 3.3-2.5 2.5-1.8

5 Transit /Receive Frequency 2.5-3.5 5.0-7.0 7.0-9.0

(GHz)

6 Transistor

7 Current (u A) 75 50 40

8 fMAX (GHz) 35 50 65

9 ft (GHz) 30 40

10 Noise figure (db) 1.5 1.2

11 |1/f spectral density (V*/Hz p m?) 2E-12 5E-13

12 | Gate oxide leakage (pA/y m?) <0.01 <0.01

13 | Current matching (  %z* 30 ) 0.1 0.1

14 Capacitor

15 Density (fF/uy m?) 3.5 5 7

16 Linearity (ppm/V) 100 50 50

17 Leakage (A/F) 0.1 0.1 0.1

18 Matching (%% 30) 0.1 0.1 0.1

19 Q 25 35 40

20 Inductor

21 Q 30

22 Signal Isolation

23 S21(db) -120

24 Benchmark Circuit

25 Gain (db) 20 20 20

26 11P3 (db) -4 -2.5 -1.5

27 Noise (db) (Low noise amp) 1.5 1.2 1

28 Noise (db) (mixer) 4 3 2.5




Year of First Product
ipment

2005

2008

2011

2014

Technology Generation

100nm

70nm

50nm

35nm

Minimum Digital Supply Voltage
(V)

1.5-1.2

1.2-0.9

0.9-0.6

0.6-0.5

Minimum Analog Supply Voltage
V)

2.5-1.8

1.8-1.5

15

Transit /Receive Frequency
(GH2z)

7.0-9.0

9.0-11.0

10.0-12.0

12.0-14.0

Transistor

Current (u A)

fMAX (GHz)

ft (GHz)

Noise figure (db)

1/f spectral density (V3/Hz u
m?)

12

Gate oxide leakage (pA/y m?)

13

Current matching (%% 30 )

14

Capacitor

15

Density (fF/y m?)

10

16

Linearity (ppm/V)

50

50

17

Leakage (A/F)

0.1

0.1

18

Matching (%% 30)

0.1

0.1

19

Q

40

45

20

Inductor

21

Q

22

Signal Isolation

23

S21(db)

24

Benchmark Circuit

-120

25

Gain (db)

26

11P3 (db)

27

Noise (db) (Low noise amp)

28

Noise (db) (mixer)

-120

~120 |

-120
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First Year of IC Production

1999 2002 2005 2008 2011 2014
: i ! ! !
ACTIVE DEVICES — . | i \
SiGe ! ! !
Technology platform BiCMOS Alnalog, Digitlal CMOS .
O

l I |
1 1 1 1 1

Bulk Silicon
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INTEGRATED PASSIVE DEVICES

]

]
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Interconnect . i .
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Piezo |
1 1 1 1 ]
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da 0 e
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Printed wiring board

T—— ——————

High Density Interconnect|

Package

MATCHING

Optical proximity correction I-Line/DUV

Differential Self-Adaptive V,, Electronic Tuning
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Substrate

l Bulk Silicon
]

]
Damascene Faraday Shielding
Substrate / interconnect Buried Metal Faraday Shielding
Micromachining

] 1 ] ]
Interconnect / package Optical Isolation

SIGNAL / NOISE ENHANCEMET

Device

Bulk Accumulation Mode MOSFET
SOl Accumulation Mode MOSFET

Circuit architecture

] 1 ] ]

Bandpassand Regeneration Techniques
] 1 ] 1 :
] 1 ] 1 1
L] 1 ]

1 1
- Research Required I:I Development Underway I:I Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

RF




MOSFET

matching
TCAD
DRAM
SOC
SOoC DRAMSRAM FeRAM
SOC
SOC
SOC
SOoC CPU
LSl
CMOS
LSl
80
10 CD PC
88 AD
CMOS-LSI

90



Digital Video Camera DVC Car Navigation(
Digital Video Disk DVD

CMOS
LSI
MOS
SRAM Flash DRAM CMOS-RF FeRAM
SRAM
SRAM SRAM
4 CMOS 2
CMOS 6
Flash
Flash
10
15V
Flash
0.25u CMOS CMOS 130%

SOl



DRAM

DRAM
DRAM DRAM
DRAM
DRAM
DRAM
CMOS 40%
CMOS
DRAM
DRAM
MIM metal insulator metal
CMOS RF
STB 300Hz
VCO IF RF
CMOS RF 1
MOS
0.15u
fT 100GHz
fT
CLR SN
FeRAM
FeRAM

DRAM

DRAM
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0.25u m
DRAM
LSl
fT 60GHz
Flash
Flash Ims
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First Production Year
Technology Node

Logic
SRAM

Flash

DRAM

CMOS RF(<1GHz)
CMOS RF(>1Ghz)
FeRAM(Card etc.)
FeRAM(ASIC)

Electro-op

SOC

20)

06 07 08 09

70nm
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130nm

03 04 05
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99
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00 01

16Mb 64Mb 256Mb

N
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RTO rapid thermal oxidation



SRO silicon

rich oxide
21)
4
32
DRAM
DRAM DRAM
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metal insulator semiconductor metal insulator metal
Ta,0; bariumstrontium titanate 22)
ON 800 Ta O 700
DRAM DRAM
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FeRAM

SBT SrBi,Ta,04 PZT Pb(Zr,Ti)O, 23,24)
800 700 750
\Y SOC
MO-CVD
Pt Ir Ru Pt
Ir
SOC
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DRAM FeRAM CMOS
SOC
SOC 1
LSl
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negative

bias temperature instability SILC stress induced leakage current

electro-migration SM stress-migration LSl ESD electro-static

destruction



Year of First Product 1999 2000 2001 2002 2003 2004 2005
Shipment
Technology Node 180nm 130nm 100nm

Quality and Reliability Customer Requirement
Quality (dpm) 3-400 3-260 2-210
EL (dpm) 50-2200 5-1400 4-1100
EOL (FITs) 1-500 1-380 1-300
Lifetime (years) 5-25 5-25 5-25
Communicationmar ket
TDDB (FITs) 0.5 0.5 0.5
Electromigration (FITs) 0.5-1.0 0.5-1.0 0.5-1.0
Product / Process Requirement
@ 60% yield defect 1710 1355 1120
density (d/square m)
A (square cm) 3.4 4.3
Yield defect/chip 0.55 0.58 0.58
EL (dpm) (Y.D./100) 5500 5800 5800
EL (dpm) (Y.D./500) 1100 1168 1168
Scaled maximum current 9x10° 3x108 8x10°
density (A/sg.cm.)
F/A cycle time (days) — 5-25 8-30 8-30
outlook
F/A cycle time (days) — 2-16 1-10 1-10

requirement




Year of First Product
Shipment

2008

2011

2014

Technology Node

70nm

50nm

35nm

Quality and Reliability Customer Requirement

Quality (dpm)

EL (dpm)

EOL (FITs)

1-170

2-900

Lifetime (years) 5-25 5-25 5-25

Communicationmar ket

TDDB (FITs) 0.5 0.5 0.5
0.5-1.0

Electromigration (FITs)

Product / Process Requirement

@ 60% vyield defect
density (d/square m)

A (square cm)

Yield defect/chip

EL (dpm) (Y.D./100)

EL (dpm) (Y.D./500)

Scaled maximum current

density (A/sg.cm.)

F/A cycle time (days) —
outlook

F/A cycle time (days) —
requirement
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Reliability Solution Set for Each

Technology Node

(Failure Modes, Predictive . . . . .
Includina Low K Interlevel Dielectric & Chin $Scale Packaaina

130nm Technology

Including New Gate Stack
100nm Technology .

Includina Intearated Micromachines. Microontics. ...

70nm Technology

50nm Technology -
35nm Technology -

Correct By Construction Design

Advanced Failure Analvsis

Backside Techniques

For Flio Chio and Dense Interconnect

Automated
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This Legend indicates the time during which research, development and qualification / pre-production should




ISSUES

POTENTIAL SOLUTIONS

1-5 YEARS

5-10 YEARS

10-15 YEARS

Input Materials

Water and chemical purity

Test structures and models
for trace impurities

bulk & epi wafer

Test
methods/structures

SOI wafer

Test methods/structures

Detection capability

Transistor Structure

Substrate defectivity-Si

Improved electrical
capability

Substrate defectivity-SOlI

Detection capability

Improvement of defect-level

In-trench contamination

Early detection of trench
contamination that can
lead to electromigration
problems

Localized aate oxide and field oxide
defects (e.q., ionic contamination,
charging effects)

Detection capability

Ferroelectric materials
and capacitor dielectric

Detection capability

L ocalized depletion effectsin poly
gates

Detection capability

Boron penetration through
gate oxide

Dielectric and diodeintegrity

Single event upset

Detection capability

I nterconnect

In-contact and in-via contamination
(local)

Isolation and early detection
of individual bad contacts

Copper barrier metal integrity (local)

Detection capability

Dielectric constant variation-vertical

Multi-layer measur ement
capability in stacked,
planarized films

Dielectric constant
variant-horizontal

Stringer s-conductive leakage paths

Electromigration

M easur ement capability
between metal lines
proved o evel

eaKkage

Predictive test structures/
tests

Improvement
by new structures

Yield Enhancement

Feed-forwar d/process zones
(predictive)

Test structures/tests

Feed-forwar d/full process (predictive)

Test structures/tests

Feedback (analysis)

Test structures/tests

M easurement capability

test structure/ detection
method

measurement / detection
capability

models  for  defect
generation / electrical
effect

improvement of characteristicg




M. Koyanagi et al., "Novel high density, stacked capacitor MOS RAM”, IEDM Tech. Digest,
p.348, 1978.

H. Sunami et al., ”A corrugated capacitor cell (CCC) for megabit dynamic MOS memories,”
IEDM Tech. Digest, p.806, 1982.

K. Sunouchi et al., "A Surrounding Gate Transistor (SGT) Cell for 64/256Mbit DRAMs,”
IEDM Tech. Digest, p.23, 1989.

H. Cho et al., "A Novel Pillar DRAM Cell For 4Gbit and Beyond,” Symp. on VLSI
Technologies, p.38, 1998.

H. Hoenigschmid et al., "A 7F? Cell and Bitline Architecture Featuring Tilted Array
Devuces and Penalty-Free Vertical BL Twists for 4Gb DRAMs,” Symp. on VLSI Circuits,
p.125, 1999.

T. Murotani et al., "A 4-Level Storage 4Gb DRAM,” ISSCC Tech. Digest, p.74, 1997.

I. Asano et al.,”1.5nm Equivalent Thickness Ta,Os High-K Dielectric with Rugged Si
Suited for Mass Production of High Density DRAMs,” IEDM Tech. Digest, p.755, 1998.
T. Eimori et al., "A Newly Designed Planar Stacked Capacitor Cell with High Dielectric
Constant Film for 256Mbit DRAM,” IEDM Tech. Digest, p.631, 1993.

S. -H. Lo et al., “Quantum-Mechanical Modeling of Electron Tunneling Current from the
Inversion Layer of Ultra-Thin-Oxide nmOSFETs,” IEEE Electron Device Lett., vol.18,
p.209, 1997.

R. H. Dennard et al., “Design of lon-Implanted MOSFETs with Very Small Physical
Dimensions,” IEEE Solid-State Circuits, vol.9, p.256, 1974

P. D. Fisher et al., “The Test of Time,” IEEE Circuits and Device Magazine, vol.14, p.37,
1998.

G. G. Shahidi et al., “Partially-Depleted SOI Technology for Digital Logic,” ISSCC Dig.
Technical Papers, p.426, 1999.

D.Harame et al., “SiGe HBT Technology: Device and Application Issues,” IEDM Tech.
Digest, p.731, 1995.

W. Ohue et al., “100-GHz fT Si Homojunction Bipolar Technology,” Tech. Dig. of Symp. on
VLSI Technology, p.106, 1996.

H. S. Momose et al., “High-Frequency AC Characteristics of 1.5 nm Gate Oxide
MOSFETs,” IEDM Tech. Digest, p.105, 1996.

H. Shimomura et al., “A Meshed-Arrayed MOS FET for High-Frequency Analog
Applications,” Tech. Dig. of VLSI Symp. on Technology, p.73, 1997.

J. N.Burghartz et al., “Monolithic Spiral Inductors Fabricated Using a VLSI Cu-Damascene
Interconnect Technology and Low-Loss Substrates,” IEDM Tech. Digest, p.99, 1996.

J. Y. -C. Chang et al., “Large Suspended Inductors on Silicon and Their Use in a 2-p m
CMOS RF Amplifier,” IEEE Trans. on Electron Devices, vol.14, p.246, 1993.

D. J. Young et al., “Monolithic High-Performance Three-Dimensional Coil Inductors for



Wireless Communication Applications,” IEDM Tech. Digest, p.67, 1997.
S. Lai : nm

, 1997 , p.70
M. Kamiya et al., “EPROM Cell with High Gate Injection Efficiency,” IEDM, Tech. Digest,
p.741, 1982.
K. Hieda et al., “All Perovskite Capacitor (APEC) Technology for (Ba,Sr)TiO, Capacitor
Scaling toward 0.10u mstacked DRAMs,” IEDM Tech. Digest, p.807, 1998.
C. A-Paz de Araujo et al., “Fatigue-free ferroelectric capacitors with platinum
electrodes,” NATURE, vol.374, p.627, 1995.
K. Amanuma et al., “Capacitor-onmetal/Via-stacked-Plug (CMVP) Memory Cell for 0.25m
CMOS Embedded FeRAM,” IEDM Tech. Digest, p.363, 1998.

ITRS’99 Table 27 STRJ
ITRS'99 Table 28a STRJ
7 ITRS'99 Table 28b STRJ
ITRS'99 Figurel3 STRJ
ITRS'99 Table 29a STRJ
ITRS'99 Table 29b STRJ
ITRS'99 Figurel4d STRJ
ITRS'99 Table 30a STRJ
ITRS'99 Table 30b STRJ

:ITRS’99 Figure 15



