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Near Term Difficult Challenges:
1999 Difficult Challenges

FIVE DIFFICULT CHALLENGES =100 nm/ THROUGH 2005 SUMMARY OF ISSUES

M eeting device performance targets with available gate stack materials | Production worthy high-k dielectrics and compatible gate materials
will not be available.

Function integration at low V gq Crosstalk, substrate noise, and device performance difficult to
optimize simultaneously at high clock rates and low Vgg.

Managing power, ground, signal, and clock on multilevel coupled Despite the use of low-k dielectrics, interconnect scaling is
interconnect increasing coupling capacitance, crosstalk and signal integrity
issues.

Power, clock, and ground distribution will consume an increasing
fraction of available interconnect.

Management of increasing reliability risks with the rapid introduction of | Inadequate identification and modeling of failure modesin new
new technologies. materials, new operating regions (e.g. tunneling) and new SOC
technologies (e.g. MEMYS)

Integration of precision passive elements Maintaining high Q, low noise, and tolerances of discrete
components.

*No gate dielectric available for 100nm node (65nm devices)
Meeting device requirements at Low Voo
Management of Reliability issues with many new materials

eNeed for Precision Passive elements
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Long Term Difficult Challenges:

FIVE DIFFICULT CHALLENGES <100 nm/ BEYOND 2005

SUMMARY OF ISSUES

Overcoming fundamental scaling limits for current device structures

Switching drive, noise margin, material properties, and reliability
will limit performance improvements from scaling

Integration choices for system on a chip

Cost effective process integration of many functions on a single chip.

Atomic level fluctuations and statistical process variations

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

Design for manufacturability, reliability, and performance.

Inadequate smart design tools that incorporate integration challenges
in process control, proximity effects, reliability, performance,
etc.

Low power, low voltage, high performance, and reliable nonvolatile
memory element

NVM program and erase require voltages which are incompatible
with highly scaled low voltage devices

*Scaling limits will reduce performance of devices and memory cells

«SOC issues will cause difficult integration problems as well as the
need for smart design tools to design around process limitations

sAtomic Level Fluctuations causing unacceptable statistical variation
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Memory and Logic Issues

*Device scaling will end unless new gate stack materials
are developed

« SOC integration issues will put a greater demand on
process innovation
Embedded Combinations critical for development
*Predicting choices drive development more than scaling
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Memory and Logic Requirements

Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Generation 180nm | 165nm | 150 nm 130 nm 120 nm 110nm | 100 nm 70nm 50 nm 35nm
3|MPU / ASIC Half Pitch (nm) 230 210 180 160 145 130 115 45 32 22
5|Min. Logic Vaq (V) (desktop) 15-18 | 15-18] 1.2-15 12-15 12-15 09-12| 09-12 05-06 0.3-06
6| Tox equivalent (nm) 1925 | 1.9-25 1519 1.5-1.9 1519] 1215 1.2115 @ 05-0.6
7|{Nominal lon @ 25 °C (LA/um) [NMOS/PMOS] High| 750/350 750/350 750/350 750/350 750/350 750/350 750/350 750/350 750/350 750/350
Perf.
8|Max ki @ 25 °C 5 7 8 10 13 16 20 160
(nAJum)
(For min. L device) High Perf.
9| Percent Static Power Reduction Necessary due to 0 27 42 49 65 71 75 87 95 97
Innovative Circuit/System Design
10| Nominal b, @ 25 °C (uA/um) [NMOS/PMOS] Low | 490/230 | 490/230 | 490/230 490/230 490/230 | 490/230 | 490/230 %’%%
Power
11 Max by @ 25 °C 5 7 8 10 13 16 20 40 160
(PA/pm)
(For min. L device) Low Power
12{ Percent Static Power Reduction Necessary due to 0 31 50 60 75 81 84 92 ’977¢
Innovative Circuit/System Design

«Simultaneously satisfying lon and loff needs will require new Materials
and structures

Gate stack material critical
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Advanced
Transistor
Structures

Novel Transistor
Structures

Vt Scaling

Novel Switching
devices

Interconnect
DRAM

Novel Storage
Devices
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Potential Solutions

FirstYearofIC Production

1999 2001 2003 2005 2007 2009 2011 2013

2015

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

V, SCALING
SWITCHED V, (Triple Well)
DY NAMIC THRE SHOLD
sol

NOVEL SWITCHING DEVICES
TCAD FOR THESE DEVICES
INTERCONNECT
NOVEL INTERCONNECT SYS.
LOW-K DIELECTRIC
K=25 or more
K=1.8 or more
Void Engineering (K<1.5)
DRAM
HIGH-K DIELECTRIC (CELL)
Ta205 (K~20-30)
BST (K>100)

LOW-K DIELECTRIC--BITLINE
(DELAYED BY A GENERATION FROM
LOW-K SOLUTIONS ABOVE)

OPEN BITLINE, GAIN CELL
MULTISTATE/MULTIVALUE LOGIC
SOl

NOVEL STORAGE DEVICES

180 nm 130 nm 100 nm 70 nm 50 nm 35nm
ADVANCED TRANSISTORS
Narrow

ADVANCED CHANNE L options | | |
ENGINEE RING

HIGH-K DIELECTRIC FOR LOGIC Rera| ]| ]

P
N

METAL GATE ’c“,;’n.";,fvsb ]

ULTRA-SHALLOW JUNCTION N 1 1

EXTENS ION Options

DEEPS/D: SILICIDE e

(Re quires \ d<= 0.6 \) |

I
Options
|
|
I

B Rese o chReq ired

: Deve lop ment Un der way

This legen d indicates the time d uing which re search , deve lopme rt, an d qualification/p re- prod uction sh ould b e takin g place forth e solut bn.

: Qualific atio /P re -Pro du ctio n




Analog, Mixed Signal and RF Requirements

1 Year of Introduction| 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014

"Technology Node"| 180 nm | 165nm 150nm 130 nm 120nm 110nm 100 nm 70 nm 50 nm 35 nm
2 ggg}(ﬁn\gﬂaﬂgl}\a}) 1.8-1.5 1.5-1.2 1.2-0.9 0.9-0.6 0 6-0 0 5.0
3 Supply volieu )| 3325 2518 1.8-1.5 15
4 ’(?GFH’; eauency 0.9-2.5 0.9-10 0.9-10 0.9-100

Analog and mixed signal difficulties are compounded at low voltages.
*Excessive analog power dissipation under reduced signal swing
conditions must be addressed.

*Precision passive elements may require uniqgue materials and more
complex fabrication techniques.

Crosstalk and noise issues will dominate at low voltages, high
density, and high frequency.
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Potential Solutions

Analog, Mixed Signal, and RF Potential Solutions 1999

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

Active devices

ACTIVE DEVICES

Tec holog y Platf o m

BiCMCs —
{ _ o B '
v
Bulk Silicon
Substrate

sol |

Multiple Vt
Active t Regulation |

Dual Gate Oxide | 1107 0side | Analog Oxde |
INTEGRATED PASSIVE DEVICES

Integrated Passive e Conpe |

Thres hold

devices T
High Density Structures I
[ |
Ind uct or S ru ctures N
1 3D Taoid
Integral Passives 30 Toor
High Q MEMS Stuctures Transformers
i R TRssEREIeS [ |
Matching
Package
I Hich Density Inerconnect I I
MATCHING
Correction

Active Com pen sati on "
e comp | vinebv |

Signal Isolation
[ |

Substrate

Bulk Silicon
Substrate/inter connec t sol |

[ Damascene Faraday Shielding

Int erc onn ect /Pac kag e Buried Metal Faraday Shielding

Micramachining

Si g n aI /N O i S e SIGNALNOISEENHANCEMENT
enhancement oeice -

Circu it Archi tecture
{ Bulk Accumulation Mode  MOSFET I

SOl Accumulation Mode MOSFET I

Bandpass & Regenemation Techriques | |

- Research Required :Developmen Undervay :leiﬁmn’m/ﬁe—Pmduaion

This legerd indcaes thetime during which research, developnent, and qudificat ion/pre-produc ion
should be teking place for the solution.
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Device Reliability

*Reliability Infrastructure is not prepared for new
material introductions

eLead Time for new technologies is long for
reliability evaluations
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Reliability Needs

Table 17 Reliability Short Term Technology Requirements
'YEAR OF INTRODUCTION 1999 2000 2001 2002 2003 2004 2005 DRIVER
180 nm 130 nm 100 nm
Customer Reliability Expectations (@85 “C Junction Temperature)
Early Failures (ppm) 50-2000 | 50-2000 | 50-2000 | 50-2000 | 50-2000 | 50-2000 [W{e%le]elo}
(First 4000 operating hours)
Long Term Reliability (FITs = Failuresin 1E9 10-100 10-100 10-100 10-100 10-100 10-100
hours) (5-10 Y ears)
Soft Error Rate (FITs) 1000 1000 1000 1000 1000 1000
Relative Failure Rate per Transistor 1 1 1 .62 .62 .62
(normalized to 180nm)
Relative Failure Rate per m of Interconnect 1 1 1 .51 .51 51
(normalized to 180nm)
System on A Chip Reliability Prediction Logic & MicroMa Micro
Memory chine Optics
Failure Analysis Cycle Time (days) 1-12 1-12 1-12 1-10 1-10 1-10 1-10 EAILURE
LOCA-TION
SolutionsExist  [__] Solutions Being Pursued /] No Known Solutions .
Note: Reliability requirement includes chip and package failures. Additional parameters (e.g., temperature
cycling and humidity) need to be specified for package reliability.
Table:Title (11 pt) - Table# TWG Long Term Technology Requirements Title
YEAR OF INTRODUCTION 2008 2011 2014 DRIVER
70 nm 50 nm 35 nm
Customer Reliability Expectations (@85 “C Junction Temperature)
Early Failures (ppm) 50-2000 50-2000 50-2000
(First 4000 operating hours)
Long Term Reliability (FITs = Failuresin 1E9 hours) (5-10 10-100 10-100 10-100
Years) |
Relative Failure Rate per Transistor
(normalized to 180nm)
Relative Failure Rate per m of Interconnect (normalized to ]
180nm)
Soft Error Rate (FITs) 1000 1000 1000
System on A Chip Reliability Prediction Micro Bioloagical _ _
Failure Analysis Cycle Time (days)
SolutionsExist  [___] Solutions Being Pursued /] No Known Solutions I
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Potential Solutions

Reliability solutions
need ~6 year lead

Correct by
Construction Design
for reliability tools

Advanced Failure
analysis
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First Yearof IC Production

1999 2001 2003 2005 2007 2009 2011 2013 2015

Reliability Solution Set for Each

Technology Node

(Failure Mo des, Predictive
Models, DesignTools,
Qualification ....)

130nm Techndogy

100nm Techndogy

70nm T echnology

50nm Technology

35nm Techndogy

Corredt By Construction Design
for Reliability Tools

Advanced Failure Analysis

Backside Techniques

Automated

Including LowK I nterlevel Dielectric& Chip Sae Packaging

[]

Including New Gate Stack

BN

Including I ntegr ated Micromachines Micr ooptics, ...

Il
____IuN
Il

For Flip Chip and Den Interconnect

0 0

- Rese ar ch Req uired

J

Deve lop men t Un derway : Qu alific atio n/Pre -Pro du ctio n

This legen dindicates the time d uing which re search , deve lopme nt, an d qua lification/p re- prod uction sh ould b e takin g place for the soluto n.




Other Issues:

Vdd Scaling Choice:

V44 Chosen to limit maximum field in gate oxide and
dynamic power dissipation.

SOC

Need Table of complexity (# of masks ) for technology
combinations
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Complexity table for SOC applications

SRAM 1-2 0
DRAM 4-5 3-4 ? 0
FPGA ? ? ? ? ? 0

FRAM ? ? ? ? ? ? ? 0

Electro-Optical ? ? ? ? ? ? ? ? ? 0
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Summary

Gate stack and new material issues will limit device
performance

*\Vdd scaling is an issue for analog, RF and digital
technologies

New material introductions will increase reliability
risks

«SOC integration increasing complexity of processing
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