Potential Solution: Gate Dielectric - Oxynitride

Description: This potential solution involves the use of oxynitrides (where the nitrogen concentration is several 10's of percent) or oxide/nitride stacks as ultra-thin gate dielectrics.

Key Characteristics: Lower tunneling leakages than those in pure silicon dioxide have been reported using oxide/nitride stacks and with oxynitride dielectrics.  For the same equivalent oxide thickness, these dielectrics have the potential of lowering the tunneling current by 1-2 orders of magnitude.  In addition the high nitrogen content helps inhibit boron penetration of the gate dielectric, thereby allowing the use of a thinner dielectric or a more robust annealing cycle to enhance dopant activation in the gate electrode.

State of Development: Oxynitrides are in production in a number of companies.  Ongoing optimization is needed to minimize gate leakage, while maintaining high channel mobility in both n- and p- channel devices.  Similarly, reliability studies are needed, as processes are adjusted for each new node.

Timing: Ongoing
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Several papers on this topic are included in the Proceedings of the Fifth International Symposium on Silicon Nitride and Silicon Dioxide Thin Insulating Films, The Electrochemical Society, Seattle Meeting, May (1999) , Symposium on Advances in Rapid Thermal Processing, The Electrochemical Society, Seattle Meeting, May (1999) , the Fourth International Symposium on the Physics and Chemistry of SiO2 and the Si-SiO2 Interface, The Electrochemical Society, Toronto Meeting, May (2000)  and the Symposium on Advances in Rapid Thermal Processing, The Electrochemical Society, Toronto Meeting, May (2000).. For a compendium of papers dealing with advanced dielectrics, readers are referred to: Ultrathin SiO2 and High-K Materials for ULSI Gate Dielectrics, Eds. H.R. Huff, C. A. Richter, M.L. Green, G. Lucovsky and T. Hattori, in the Materials Research Society Symp. Proc. Vol., 567 (1999).

Barriers to Success: Success has already been achieved with these materials.  The question then becomes “How far can they be scaled?”  The one to two order-of-magnitude reduction in tunneling current may actually be adequate for MPU products, where the allowable gate leakage currents are very large; however, the limit of scaling needs to be determined and the reliability assessed.  The reduction in gate tunneling current is not expected to be sufficient for low power products beyond the 90-100 nm nodes. 
Other:  

Potential Solution:  Gate Dielectric – Hf(Zr) based high k 

Description:  Hf(Zr)-based dielectrics on top of an interfacial layer offer promise in the 0.8-1.2 nm EOT range.

Key Characteristics:  The approach uses a (nitrided) SiO2 interfacial layer to preserve high channel mobility along with amorphous HfO2 (ZrO2) materials to low gate leakage by several orders of magnitude compared to a pure oxide dielectric.

State of Development:  The most encouraging high k results have come from HfO2-based dielectrics in terms of charge control, channel mobility, and stability.  However, pure HfO2 suffers from low recrystallization temperatures, EOT increases during integration, boron penetration, and reactions with Poly-Si gates.  In addition, degraded channel mobility and charge trapping is reported by most users. Dilute silicates of these materials can be employed to lower leakage, while preserving a dielectric whose properties are more similar to SiO2.  Nitridation processes and forming gas annealing may be partial solutions to these problems; nevertheless, a complete solution has not been shown (at least publicly). 

Timing:  Although there have been announcements that this class of materials will be incorporated in future devices, most users are struggling to optimize the materials and processes to obtain a satisfactory solution.

References:  Several papers are included in the Proceedings of the Fourth International Symposium on Low and High Dielectric Constant Materials: Materials Science, Processing and Reliability Issues, The Electrochemical Society, Seattle Meeting, May (1999) and the Fourth International Symposium on the Physics and Chemistry of SiO2 and the Si-SiO2 Interface, The Electrochemical Society, Toronto Meeting, May (2000).  J.-P. Maria and A.I. Kingon provide a discussion of the selection of dielectrics in, "Alternative Dielectrics for Silicon-Based Transistors: Selection via Multiple Criteria," Submitted to J. Appl. Phys. (1999). For a compendium of papers dealing with advanced dielectrics, readers are referred to: Ultrathin SiO2 and High-K Materials for ULSI Gate Dielectrics, Eds. H.R. Huff, C. A. Richter, M.L. Green, G. Lucovsky and T. Hattori, in the Materials Research Society Symp. Proc. Vol., 567 (1999).  A good bibliography of papers on this topic can be found in H.R. Huff, G.A. Brown, L.A. Larson, and R.W. Murto, “Sub-100 nm Gate Stack/Ultrashallow Junction Integration Challenges,” Proc. ECS Symp. On RTA and Other Short Time Processing Technologies II, March (2001).
Barriers to Success:  Tunneling leakage, trapping within the insulator, long term reliability, channel mobility.  Crystallization of the dielectric during standard anneals may lead to increased leakage.  Reaction of HfO2-based materials with Poly-Si gates during junction annealing may result in unacceptable yields.  Approaches which require an interfacial oxide layer to preserve mobility are probably limited to EOT above 0.8 nm.

Other:  

Potential Solution: Gate Dielectric – Group III (or RE) high k
Description:  This approach utilizes the group III oxides, e.g., La2O3, or rare earth oxides on top of an oxide interfacial layer and might allow reduction of EOT to below 1 nm.

Key Characteristics: The higher tunneling barrier heights (lower gate leakage) achievable with some of the group III materials make them attractive candidates for high k gate stacks and potentially slightly more extendable than the Hf(Zr)-based dielectrics. 

State of Development:  The device results obtained to date with these materials have not been as encouraging as those with the Hf(Zr) family of materials.  Nevertheless they should not be prematurely ruled out.  And novel (usually proprietary) combinations of materials continue to be invented and warrant investigation. 
Timing:  Research work is underway to evaluate these materials.  Once promising results are shown, tools and manufacturing processes must be developed.
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 A good bibliography of papers on this topic can be found in H.R. Huff, G.A. Brown, L.A. Larson, and R.W. Murto, “Sub-100 nm Gate Stack/Ultrashallow Junction Integration Challenges,” Proc. ECS Symp. On RTA and Other Short Time Processing Technologies II, March (2001).
Barriers to Success: Tunneling leakage, trapping within the insulator, long term reliability, and channel mobility are important issues associated with the use of these materials.   Compositionally graded films may have limited scalability to lower values of EOT.  Crystallization and phase separation are key concerns with this approach.  Approaches which require an interfacial oxide layer to preserve mobility are probably limited to EOT above 0.8 nm.

Other:  

Potential Solution: Gate Dielectric – Ternary Oxides
Description:  This approach requires the deposition of a high-K, amorphous dielectric material directly on Si to allow formation of very low EOT structures for the long term generations.

Key Characteristics:  Elimination of the interfacial layer is used to reduce the EOT.  Nevertheless to achieve EOT thicknesses in the sub nm range while still meeting the leakage requirement, the dielectric itself must possess a high dielectric constant.

State of Development:  Recent results LaAlO3 deposited directly on Si suggest that it may indeed be possible to eliminate the interfacial SiO2 layer that is present with other materials.  Nevertheless, much additional work is needed to evaluate the materials and to provide tools and processes which might produce them.  Whether or not interfacial stresses, which control ocide charge and channel mobility can be acceptably controlled or not.   The thermal stability of these materials also needs to be evaluated in order to determine the need for alternate process integration schemes, like the replacement gate process, which have less stringent post-gate-stack annealing requirements.  
Timing:  These are solutions for the long term generations of technology
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Barriers to Success: Direct deposition of a dielectric on silicon could result in silicide formation or oxide reduction and dramatically lower channel mobility.  Tunneling leakage, trapping within the insulator, and long term reliability are additional issues with these materials.  The limited thermal stability of most high K materials will require reversal of the junction and the gate-stack formation steps, with an unknown impact on manufacturing costs and yields.

Other:  

Potential Solution: Gate Dielectric – Epitaxial Dielectrics

Description: This approach requires the deposition of a high-K, single-crystal dielectric material directly on Si.  The use of single crystal dielectrics should maximize the potential dielectric constant and thus allow formation of the lowest possible EOT structures for the very long term generations.

Key Characteristics: Elimination of the interfacial layer is used to reduce the EOT.  Nevertheless to achieve EOT thicknesses in the sub nm range while still meeting the leakage requirement, the dielectric itself must possess a high dielectric constant.

State of Development: While some candidate materials have been identified, much additional work is needed to evaluate the materials and to provide tools and processes which might produce them.

Timing: These are solutions for the long term generations of technology

References: J.-P. Maria and A.I. Kingon, "Alternative Dielectrics for Silicon-Based Transistors: Selection via Multiple Criteria," Submitted to J. Materials Research. (1999).

Barriers to Success:  Direct deposition of a dielectric on silicon could result in silicide formation or oxide reduction and dramatically lower channel mobility.  Tunneling leakage, trapping within the insulator, and long term reliability are additional issues with these materials. The limited thermal stability of most high K materials will require reversal of the junction and the gate-stack formation steps, with an unknown impact on manufacturing costs and yields.

Other:  

Potential Solution: Interfacial Layer for Gate Dielectric-- Nitrided Oxide

Description:  This approach utilizes controlled amounts of nitrogen (where the nitrogen concentration could be as much as several 10's of percent)  at the Silicon/Oxide interface to reduce interfacial stress and interface state density as well as to provide a more stable interface during charge injection.  

Key Characteristics:  The use of an oxide interface is presumed likely to preserve high channel mobility and require the least additional research. Nitrogen incorporation in large amounts is helpful to provide higher interfacial stability, reduce interdiffusion of dopants or metals, and to increase the effective dielectric constant.

State of Development:  The development of oxide and nitrided oxide interfaces is expected to parallel the use of these materials as stand-alone dielectrics, where research reports on an order of magnitude lower tunneling current have been made.  These results need to be reproduced and the effect of such dielectrics on channel mobility and drive currents of both NMOS and PMOS transistors need to be quantified. At question is both the optimal concentration of nitrogen in the dielectric and the best technique for introducing nitrogen in the form of either a layer of pure nitride or as an oxynitride.  Then a high yield, reproducible manufacturing process needs to be developed to capitalize on these potential gains.  

Timing:  Interfacial nitridation processes are already being tested and optimized for thicker dielectrics.  These materials will likely be the initial choice for use as newer dielectrics become available foe evaluation.  New tools will likely be needed to cluster interface formation processes with high K dielectric deposition.  
References:  Most current attempts to incorporate higher K dielectrics utilize an oxidized interface.  Some papers describing these materials as stand-alone dielectrics are included in the Proceedings of the Fifth International Symposium on Silicon Nitride and Silicon Dioxide Thin Insulating Films, The Electrochemical Society, Seattle Meeting, May (1999) and the Symposium on Advances in Rapid Thermal Processing, The Electrochemical Society, Seattle Meeting, May (1999), as well as in Ultrathin SiO2 and High-K Materials for ULSI Gate Dielectrics, Eds. H.R. Huff, C. A. Richter, M.L. Green, G. Lucovsky and T. Hattori, in the Materials Research Society Symp. Proc. Vol., 567 (1999).  Some papers describing the use of oxides as interface layers can be found in the Proceedings of the Fourth International Symposium on Low and High Dielectric Constant Materials: Materials Science, Processing and Reliability Issues, The Electrochemical Society, Seattle Meeting, May (1999).  Papers dealing with bonding constraints of interfacial layers include: G. Lucovsky, Y. Wu, H. Niimi, V. Misra, and J.C. Phillips, "Bonding Constraints and Defect Formation at Interfaces Between Crystalline Silicon and Advanced Single Layer and Composite Gate Dielectrics," Appl. Phys. Letters, 74(14), 2005 (1999) and G. Lucovsky, Y. Wu, H. Niimi, V. Misra, and J.C. Phillips, "Bond Constraint-Induced Defect Formation at Si-Dielectric Interfaces and Internal Interfaces in Dual-Layer Gate Dielectrics," J. Vac. Sci. Technol., B 17(4), 1806 (1999).  V. Misra, H. Lazar, Z. Wang, Y. Wu, H. Niimi, G. Lucovsky, J.J. Wortman, and J.R. Hauser, "Interfacial Properties of Ultrathin Pure Sililcon Nitride Formed by Remote Plasma Enhanced Chemical Vapor Deposition," J. Vac. Sci. Technol. B 17(4), 1836 (1999). 

Barriers to Success: This interfacial layer must be very thin--one or two molecular layers at most--even for the 90 nm node; otherwise it will dominate the overall capacitance. Defects at internal dielectric layers between Si and Al2O3 have been shown to have fixed charge >1012 cm-2, Similar levels are expected at other internal interfaces between SiO2 and high-. Charge can give remote scattering and degrade at least on the channel charge carriers.  Effects of high field in the interfacial layer due to continuity of D, may affect reliability.   
Other:  

Potential Solution: Interfacial Layer for Gate Dielectric—No SiO2 interfacial oxide

Description: This approach requires the deposition of a high-K dielectric material directly on Si.  

Key Characteristics:  Direct deposition eliminates the lower K interfacial layer and allows for the ultimate reduction in EOT.

State of Development:  To date the almost universal observation has been that a grown interfacial layer is necessary to provide good MOS properties.  

Timing:  Very long term due to the significant technical problems.
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Barriers to Success:  Reactions between the substrate and the dielectric are likely to severely restrict the materials that can be used.  Degradation of the channel mobility and control/stability of the device threshold voltage are key issues that must be addressed.  The limited thermal stability of most high K materials will require reversal of the junction and the gate-stack formation steps, with an unknown impact on manufacturing costs and yields.

Other:  

Potential Solution: Gate Electrodes--Poly Si or Poly Si-Ge

Description: Extensions of conventional Poly-Si/Silicide gates, including Ge doping of the Poly-Si, having reduced dopant depletion at the Poly-Si/gate dielectric interface. 

Key Characteristics: More uniform and higher doping levels in Poly-Si.  Dopant activation in excess of 1020/cm3 is needed.  Germanium addition to the Poly-Si may offer the possibility of extending up to about 5 x 1020.  

State of Development:  Work currently underway seeks to maximize the interfacial dopant concentration through optimization of the dopant-introduction and the annealing processes. Increased dopant activation in Poly Si-Ge films have been reported by a number of groups.  Tradeoffs between improved activation of the gate electrode and differences in device short channel effects due to a change in gate work function have yet to be fully quantified.

Timing:  Short term improvements are expected in this area.  Improved processes are being adopted as rapidly as they are determined.  However, as dopant levels approach the electrical activity limits, further improvements seem less likely.  Advanced gate dielectrics, with retarded dopant diffusivities, are expected to allow the use of more robust gate doping processes.  Poly Si-Ge materials are largely compatible with current manufacturing schemes and tools and thus might be incorporated within the next generation or two of technology.

References:

Barriers to Success: Processes that introduce and activate large amounts of dopant are most likely to result in dopant penetration of the gate dielectric.     Degraded short channel effects at the specified off-state current, resulting from changes in substrate doping required to compensate for gate work function changes.  Dopant penetration of the dielectric would be expected to become more critical as the gate dopant concentration increases.

Other:  

Potential Solution: Gate Electrodes--Low Work Function Metal for NMOS Gate

Description:  The approach utilizes a metal gate for NMOS devices.

Key Characteristics:  The candidate materials must have a work function whose Fermi level is approximately the same as the Silicon conduction band energy.  High conductivity materials, including elemental metals, oxides, nitrides, or borides might be used, provided that the free carrier concentration is high enough in them to avoid depletion.  In addition, the material must possess the conductivity to meet the sheet resistance specification.  Deposition processes must not damage the underlying gate dielectric yet provide good adhesion.  In addition, the electrode material(s) must be thermally stable to the dielectric and must prevent oxidation of the dielectric or substrate during subsequent anneals, e.g., post metal annealing.  As a replacement for Poly-Si gates in a conventional flow process, the electrode material must be patternable with controllable and selective dry etching processes.
State of Development:  Candidate materials are in the process of being evaluated for their MOS work function when applied to an SiO2 dielectric; however, the effective work function is affected by interface states so that the final selection must occur in tandem with the selection of the dielectric materials.  Control of the metal/dielectric interface will be required.  Layered metal structures may be needed to meet both the work function and the resistivity objectives.  Ta-Si-N and Ta-Ru alloys have shown the most promise to date, but additional work is needed to optimize them and to provide manufacturing processes.  Current work also focuses on obtaining a tunable workfunction gate electrode system, that is capable of providing a solution for both NMOS and PMOS devices.

Timing:  The selection process and development of a suitable gate electrode material is expected to lag the development of the dielectric.  Even though the gate and dielectric materials must be developed as a system, a more likely scenario is that the list of dielectric candidates may need to be narrowed before intensive work with gate electrodes begins.

References:  
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Barriers to Success:  Control of the device threshold voltage will be necessary to be successful.  The thermal stability of the gate/dielectric system may require the use of alternate integration schemes, such as the replacement gate process.  

Other:  

Potential Solution: Gate Electrodes-- High Work Function Metal for PMOS Gate

Description:  The approach utilizes a metal gate for PMOS devices.

Key Characteristics: The candidate materials must have a work function whose Fermi level is approximately the same as the Silicon valence band energy.  High conductivity materials, including elemental metals, oxides, nitrides, or borides might be used, provided that the free carrier concentration is high enough in them to avoid depletion.  In addition, the material must possess the conductivity to meet the sheet resistance specification. Deposition processes must not damage the underlying gate dielectric yet provide good adhesion.  In addition, the electrode material(s) must be thermally stable to the dielectric and must prevent oxidation of the dielectric or substrate during subsequent anneals, e.g., post metal annealing.  As a replacement for Poly-Si gates in a conventional flow process, the electrode material must be patternable with controllable and selective dry etching processes.
State of Development: Candidate materials are in the process of being evaluated for their MOS work function when applied to an SiO2 dielectric; however, the effective work function is affected by interface states so that the final selection must occur in tandem with the selection of the dielectric materials.  Control of the metal/dielectric interface will be required.  Layered metal structures may be needed to meet both the work function and the resistivity objectives.  Ru-Ta alloys have shown the most promise to date, but additional work is needed to optimize them and to provide manufacturing processes.   Current work also focuses on obtaining a tunable workfunction gate electrode system, which is capable of providing a solution for both NMOS and PMOS devices.

Timing: The selection process and development of a suitable gate electrode material is expected to lag the development of the dielectric.  Even though the gate and dielectric materials must be developed as a system, a more likely scenario is that the list of dielectric candidates may need to be narrowed before intensive work with gate electrodes begins.

References: "Impact of Gate Workfunction on Device Performance at the 50 nm Technology Node," I. De, D. Johri, A. Srivastava, and C.M. Osburn, Solid State Electronics,  44(6), 1077 (2000).

Barriers to Success: Control of the device threshold voltage will be necessary to be successful.  The thermal stability of the gate/dielectric system may require the use of alternate integration schemes, such as the replacement gate process.

Other:  

Potential Solution: Gate Electrodes--Tools and Methods for Gate Electrodes

Description: New or enhanced tools and processing techniques will likely be required for the deposition of new gate electrode materials.

Key Characteristics:  New methods for gate electrode deposition must not be damaging (physically, chemically, or thermally) to the underlying dielectric; they must produce high conductivity material, and be free from harmful impurities. In particular, the electrode/dielectric interface control must be excellent to afford gate stacks with appropriate and repeatable workfunction behavior with a high degree of uniformity across large areas (i.e. 300mm wafers). Furthermore, especially in replacement gate schemes, these processes must be capable of filling modestly high aspect ratio openings.  In order to allow optimal interface control and stability, it is expected that the chambers used for gate electrode deposition will need to be clustered with those used for formation of the dielectric, and potentially also with clustered precleaning modules.

State of Development: Ongoing work on metallization systems, e.g. directional, low energy sputtering, CVD, and ALD processes, is expected to contribute to this solution.  In particular, a significant amount of work has been carried out towards the development of Ti-, Ta-, and Ru-based electrode material solutions by CVD and ALD. However, the availability of production-worthy processes and manufacturing tools awaits the choice(s) of gate electrode materials.  If CVD and/or ALD is used, new precursors will likely need to be developed, especially in cases where multicomponent materials (e.g. Ru/Ta) are needed.

Timing: the availability of production-worthy processes and manufacturing tools awaits the choice(s) of gate electrode materials.  
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Barriers to Success: Timing of electrode material system downselect and lead time to production requirement; Controllability of the metal-semiconductor work function; thermal and physical compatibility with the underlying dielectric.

Other:  

Potential Solution: New Device Structures for Electrodes and Gates –Fully-Depleted SOI

Description:  FDSOI is an alternative device which is capable of achieving the roadmap objectives. This device architecture has many similarities to conventional technology and requires the least number of modifications to process integration and circuit design compared to other alternative devices. The undoped body provides improved device characteristics. However, the undoped body also requires gate electrode work-function engineering to achieve proper threshold voltage.    

Key Characteristics:  FDSOI may be capable of extending the limits of current technology. 

The FDSOI device has steep sub-threshold swing, low junction capacitance, high mobility. TSi scaling is used to control short channel effects. Gate-length for FDSOI should be about 3x the body thickness for good SCE control. For example, if Lgate=30nm then TSi should be10nm.

State of Development: Many of the improvements for FDSOI have been demonstrated. However there are several challenges that need to be overcome. TSi control is a critical issue since Vt and carrier mobility are both affected by small changes in channel thickness. SOI substrate manufactures have demonstrated the needed thickness control but the wafers are not available in volume quantity. FDSOI also requires selective epitaxial Si to reduce external resistance. Perhaps the most difficult challenge for FDSOI is gate work-function engineering. Threshold voltage is mainly determined by the gate work-function and different work-functions are needed for nMOS and pMOS (these are different from the bulk case bulk and PDSOI which both use halo and well or channel doping) If the technology requires multiple Vt devices, then ideally the gate electrode has a tunable work-function with a wide range. Many of the techniques to enhance channel mobility can be used in conjunction with FDSOI.


Timing:  These new structures are needed in 2008 sometime beyond the 70 nm node, when conventional bulk CMOS devices do not meet the current drive requirements.
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Barriers to Success: TSi control, multiple work-function gate electrodes, Scalability- TSi=8nm may be lower bound for Si scaling=> lower bound for FDSOI is Lgate=24nm. 

Other:
Potential Solution: New Device Structures for Electrodes and Gates --Dual Gate SOI and Vertical Transistors

Description:  Double/multi-gate gate device structures can enable ultimately scaled devices. FinFETs and Tri-gates are the most straight-forward of the available structures to implement. However, both approaches require significant process module and circuit design modifications. 

Key Characteristics: 

Double/multi-gate devices provide improved SCE control compared to FDSOI and bulk. 

One advantage of the double/multi-gate devices is that the Si thickness requirement can be doubled or tripled compared to FDSOI. Since mobility is degraded for single gate devices for TSi below about 10nm, these devices offer scaling with improved mobility. 

State of Development: FinFET and tri-gate devices have been demonstrated with excellent characteristics (see references). Side-wall image transfer has been used to define thin Fins with excellent TSi control. As in FDSOI, SCE are controlled by scaling TSi. Line edge roughness and line width variation for the gate electrode is expected to be a major challenge for future technology nodes. The FinFET and Tri-gate devices introduce an additional and similar concern for the Fin. FinFETs with metal gates have also been demonstrated. Selective epitaxy for raised source-drains is needed to reduce series resistance. Although these devices offer improved scaling with high performance, the new architectures are significantly different compared to conventional technology and will thus require a great deal of process development, device design, and circuit design work to implement.   

Timing:  The roadmap projects that these new structures will be needed for the 35 nm node, in 2012.
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Barriers to Success: New circuit design methodology is needed. Requirement for TSi control will be demanding for FinFET and Tri-gate devices. Simple source-Drain contact scheme is needed for VRG. Gate electrodes with proper work-function are needed for fully depleted double/multi- gate devices.

Other:
Potential Solution: High-Mobility Channel Materials 
Description:  Channel mobility enhancements of as much as a factor of two are needed to meet the on-state drive current requirements.  Even more improvement is needed if the high- dielectric results in any channel degradation.  The use of strained Si and SiGe layers to enhance both electron and hole mobilities are techniques to provide additional channel mobility.
Key Characteristics:  Mobility-enhanced layers must be thermally and chemically compatible with CMOS integration materials and processes.  To be maximally useful, affordable manufacturing processes are needed to enhance both electron and hole mobility.  Control of the strain, doping, and thickness of each layer will be essential. 
State of Development:  A significant amount of proof-of-concept research has been performed in this area and efforts now focus on development of manufacturing processes, qualification, and pre-production. 
Timing:  Several companies have reported considerable progress (for example at the 2003 VLSI conference) and channel-mobility-enhanced devices are now expected to be in production in 2004
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Barriers to Success:  The initial barrier to implementation of this technology appears to be its manufacturability—finding high yield,  low cost processes.  Compatibility of high quality high  dielectrics with both the strain and the channel material (possibly SiGe) may prove to be a later impediment.  Furthermore strain from other layers, such as trench isolation, gate electrodes, silicides, and PMDs can affect the channel strain and may limit the ultimate benefit.
Other: 
Potential Solution: Shallow Trench Isolation – Trench Fill 
Description:  Alternative processes are needed to fill shallow trench isolation structures, having increasingly higher aspect ratios.
Key Characteristics:  In addition to gap filling characteristics, the trench dielectric must exhibit low strain and low charge as well as thermal and chemical resistance during subsequent processing.  Integration processes are needed which eliminate parasitic sidewall transistor action, corner breakdown, and dislocation formation in the substrate.  
State of Development:  Shallow trench isolation is in widespread manufacturing.  Ongoing process development is needed to optimize and control top and bottom corner rounding as well as dishing during CMP.  These problems may have to be re-solved as new STI fill processes or materials, which solve the trench fill problem, become available.
Timing:  Ongoing
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Barriers to Success: materials and processes which fill high aspect ratio trenches may not have acceptable thermal, electrical, or mechanical stability.
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