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IHEEICULT CHALLENGES 2100 nm 2 THROUGH 2005

SUMMARY OF IS50UES

High frequency circuit modeling (= 1GHz)

Efficient simulation of full-chip interconnect delay

High frequency circuit models including non-quasi-static,
gate RLC, substrate noise, QM effects

Accurate 3D interconnect model; inductance effects

Muodeling of ultra-shallow junctions

Diffusion parameters (such as from first principles
calculations) for As, B, P, Sh, In, Ge

Interface effects on point defects and dopants
Activation models (In, As, B); metastahle states
Implant damage, amorphization, re-crystallization

Unified package/die-level models

Unified package/chip-level circuit models

Integrated treatment of thermal, mechanical, electrical
effects

Muodel thin film and etch variation across chip/wafer
(Equipment/topography)

Reaction paths and rate constants; reduced models for
complex chemistry

Plasma models; linked equipment/feature models
CMP (full wafer and chip level)
Pattern dependent effects

Muodel alternative lithography technologies

Resolution enhancement; mask synthesis (OPC, PSM)
Predictive resist models
248 versus 193 versus 157 evaluation and tradeoffs

MNext-generation lithography system models

Reliability models for circuit design and technology
development

Circuit and device level transistor reliability: oxide
TDDE, hot carrier, electromigration, NVM reliability,
SER, ESD, latch-up

Model new interconnect materials and interfaces

Electromigration (physical), grain structure, diffusion
barriers, metallurgy, low k dielectric materials

INEEICULT CHALLENCES < 10 rim 2 BEYOND 2005

SUMMARY OF ISSUES

Gate stack models for ultra-thin dielectrics

Electrical and processing models for alternate gate
dielectrics, and alternate gate materials (such as
metal)

Muodel epsilon, surface states, reliability, breakdown and
tunneling from process conditions

MNano-scale device modeling

New device concepts (using quantum effect) beyond
traditional MO5; single electron transistors, effect of
single dopants, etc.

Atomistic process modeling

Accurate atomic scale models for process integration
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YEAR 1999 20007 20 2002 2003 2004 2005
TECHNOLOGY NoDE 180 nm 130 nm 17 rim

FEguipment- Topography

Equipment simulation - Gate stack and interconnect =R TGO T T T
uniformity models on material properties

Equipment/feature scale link - Plasma etch: Within-chip feature variation
feature/equipment model

Lithography

Lithography: evaluate wavelength - Evaluate 248 nm Evaluate 193 nm versus 157 nm
versus 193 nm

Resist models —_ 193, 157 nm resist models Detailed chemical resist

developent model

Front End Process Modeling

Gate Stack: evaluate materials — Model alternate dielectrics Model metal versus poly gate

Diffusion and activation coefficients - Kinetics of diffusion and Interface interactions with point
activation defects and dopants

Stress/extended defects - Front end stress model Extended defects and
disloactions

Device Modeling (Numerical)

Gate stack models - Gate current tunneling models| Full guantum gate stack models

Reliability models - Transistor reliability models Interconnect reliability models

(gate oxide) (electromigration, stress)

MNoise/variation — Dopant fluctuation Noise models

Circuit Element Modeling /ECALD

New circuit element models - S0l circuit model Gate tunneling current

Interconnect models — Full-chip RLC On-chip Inductance effects

System-on-a-chip - Unified analog/digital DRAM/Flash/fembedded memory

models

Package Modeling

Package models - Complex interconnect Thermo-mechanical models
geometries; multiple power
and ground planes

Unified package/chip models - Unified package/chip circuit Unified RLC extraction for
models package/chip
Numerics
Numerical algorithms - Robust, reliable 3D grid Highly efficient optimization
generation algorithms

This table is meant to outline new capability requirements needed for future technology nodes; the column for the 180 nm node (1999) is
Blank only because the development of this fechnology is basically ra.r:r;pfere. Furthermore, if the development of capabilities specified for
later nodes could be accelerated, they would in most cases be helpful for earlier technology nodes.

Solutions Exist [____| Solutions Being Pursued [ No Known Selutions I
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YEAR 1999 2002 2005 Diriver
TECHNOLOGY NODE 180 nm 130 nim 100 rirn
OVERALL TECHNOLOCY COST REDUCTION TARCET (DUE 10 TTAD) 20% 25% 35%
Equipment.” Topagraplny Modeling
Etch/dep. cross wafer uniformity (% accuracy of the control spec) 20% 10% 10% M
2DV3D topography accuracy 36 nm (20%) 20 nm (15%) 10 nm (10%) M

Lithography Modeling

Resist profile prediction accuracy

27 nm (15%)

13 nm (10%)

10 nm {10%)

OPC model accuracy

9 nm (5%)

6.5 nm (5%)

5 nm (5%)

Front End Process Modeling

Vertical and lateral junction depth simulation accuracy

18 nm (10%)

13 nm (10%)

10 nm (10%)

Total source/drain series resistance (accuracy) 20% 20% 20%
Long-channel ¥V, (accuracy) 5% 4% 3%

) ! ) (75-90mV) (48—60mV) (27-36mV)
Device Modeling (Numerical)
Accuracy of fat given £ (% of maximum chip frequency) 10% 10% 0%
Gate leakage current accuracy (%) (decreases due to increase of 100% 70% 40%
LT
I accuracy 100% T0% 40%
V, rolloff accuracy (mV) 25mV 20mV 20mv
Circuir Element Modeling ECAL
[-V error—compact model accuracy 5% 5% 5%
Sub-threshold current—compact 95% 50% 10%
Intrinsic MOS C-V-—compact model accuracy <7% <6% <5%
Parasitic C-V-—compact model accuracy 5-10% 5-10% 5-10%
G, and 1, at V +150mV versus L.V, and T % 4% 3%
Circuit delay accuracy (% of maximum chip frequency) 10% 5% 5%
RLC delay accuracy (% of maximum chip frequency) 10% 5% 5%
FPackape Modeling
Package delay accuracy (% of off-chip clock frequency) 1% 1% 1%
Stress model accuracy (% of yield stress) 10% 10% 10%
Temperature distribution for chip and package (accuracy) 5°C 5°C 5°C
Numerical Methods
Speed-up of algorithms for 3D process/device 1= 2x 4
Linear solvers (kilo equations/minute) 150K 300K GO0K
Parallel speed-up 1 2x dx
MFLOPS required 80 1000 4000

Solutions Exist [ Solutions Being Pursued [ No Known Solutions I

#8Th EFVL V&I Ial—a O H Bk —1F fle X /38 BE (55 1)
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Table 87c Modeling and Simulation Technology Requirements: Capabilities—Long Term

VEAR 2008 2011 2004
TECHNOLOGY NODE 70 nm S0 nm 35 nm
Eguipment Topography
Equipment simulation Ab initio simulation of Computer engineered materials and process
materials properties recipes
Lithography
Next generation lithography EUV and E-beam Beyond roadmap lithegraphy models
system
Resist technology EUV resists Finite polymer-size Non-conventional photo-
effects resist models
Front End Process Modeling
Advanced process models Metastable activation | Alternative materials CAGT I E (eI 0 BT (]
{>solid solubility) (such as SiGe)

Advanced doping models Solid source New technology needed

Numerical Device Modeling

Alternative device models 2D quantum models Single electron Quantum effect devices

for MOS transistor
Circuit Element Modeling/ECAD
Advanced circuit models Quantum effetsinon- Circuit models for New technology needed
quasi-static alternative devices
Package Modeling
Electricalioptical models Full-wave analysis |Mixed electrical/loptical [ EITE I 1T Te TG T R
analysis
Numerics
Numerical algorithms Explaoit parallel Efficient atomistic/ Multi-scale simulation
computation quantum methods (atomistic-continuum)

Solutions Exist [ Solutions Being Pursued — 1 No Known Solutions N
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ST AILEFREICT D,

o MWE TR FTNRAR N —T RE— =T BIOBBRICBITAETI S &Ial— g
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ZITH TR, BEARRM B a2l —ar b B LR EHBIL, O — AN 285

A LB RAEA O 62 13, T XTOREICEOTH B OMLEMEZREL TVD,
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COITIGT4TIT — MEFET VI LYARNDH B BROEHEN A ERRIC LB ESND,

. 7arbhxzrRTavRETIY — TRIATRERMELE T U Z0E, fHEE TG A= L TAA U EAN

T—REEMEL BESCEREDOR — Ui 0T R BELOH LW —MEkIEDOE T 7 242
I HLEZLND,

. TOARET VT T NAAHEDE N0 H R NSRS LV DT ETOM BTV 7

(3 RS — M JE & O B S8 25,

B ETEFTULY/ECAD — 759 aAFUEARLE AR D DRAM BALREDH LW AT /LI,
MM B OB A EAT =R LT FEAREL TS,
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First Year of IC Production

1999 2002 2005 2008 2011 2014

EQUIPMENT/ITOPOGRAPHY
MODELING
Rates

Gaz and surface reactions
Thermaltranspon coefficients

Reduced models for complex
chemistries

Reactor modeling

Plasma models
Link to feature scale
Link to chip level

Models for realtime comtrol

Feafure scale models

CMP models

Uniformity on chip-wafer-
feature leve

Interconnect momphology and
reliability

LITHOGRAPHY MODELING

Resist models

Optical stepper models

Models for Next Generation
Lithography

Automated compensation of layout

OPC software/algonthms

| Computational |

| Experimental |
I I

| Reduced models |

Plasma models | |

Link to feature scale |
I I

Link to chip-level |
1 I

| Model-based control |

| Continum |
I

| Atomistic |

| CMP models |

|Gra| n stru |:=tu re

|Mater|al prap erties

|'u'-:-|d kinetics |

|Str955

| 248 nm resist |

| 183 nm resist model |
I I

| 157 nm resist model
I

| E-beam resist model |

| EUV resist model |

Field non-uniformity/aberration 5|
1

| Resolution enhancements |

| Mechanical overlay effects |

| Advanced phase shift effects |

| EUV

| Projection e-beam
1 1 I I I

Off-readmap litho technologies

oPC
I I I I I

I Fcccarch Required

EEEEEE] Development Underway

[ qualification/Pre-Production

Thie legend indicates the time during which research, development, and qualification/pre-production ehould be taking place for the solution
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First Year of IC Production

MATERIALS MODELING

DEVICE MODELING (NUMERICAL)

Mon-equilibrium transpart
stack device model

Models for new materialsSiGe)

Reliability modeling
Oxide TDDB
Hot carrier
Electromigration
ESD, latchup

Interconnect models
RFLC, transmission line

Full EM wave solutions

{

MNano-scale device modeling

1999 2002 2005 2008 2011 2014
PROCESS TCAD -
Analytical |
lon implantation - | Monte Carlo |
- | | Damage generation/annealing | |
¢~ Contium |
I I I ]
Dopantactivation/interfaces |
Dopant prefiles - ! ! ! .
Atomisticdiffusion |
I I ]
.. Calculation of rate coefficients
- |
Silicidation | |
Material growth "1 Gate dielectric process models |
. Gate electrode polymetal) |

Hydro, M.C., etc.

Epsilon

Surface States

Tunneling and breakdown

Oxide tunneling
1

Monte Carlo, quantum effect
1 1

Metal reliability

_ Research Reguired

(| Development Undenvay

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

:l Qualification/Pre-Froduction
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First Year of IC Production

1999 2002 2005 2008 2011 2014
CIRCUIT ELEMENT
MODELING/ ECAD -~
A00 nm mode | |
Hnn-qmaislstaiic |
Transistor models < ; : ;
Gate RLC | |
. | | |
i |
nterconnect models = |
~ | | |
” |
Interconnect eddy currents
Substrate models = | Capacitative coupling |
N | Substrate current injection |
Memory and embedded models
Flash cell F“"ﬁl““"““* . . . |
DRAM cell Readiwrite | |

RF device models

Active devices Scattering erame-ters. PAE |
I I

Fassive devices nfmtnrs.:u| |

PACKAGE MODELING

Unified die/package electrical |
modeling

Thermomechanical stress

Full-wave analysis

Mixed electricalfoptical | Mixed electricalioptical

NUMERICAL METHODS

Grid methods | Unified solution

Farallel methods

I T T T
Smoothing, stability

Variance reduction

Monte Carlo methods

I Feccarch Required (] Development Underway [ aualification/Pre-Production

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