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IBM Systems and Technology Group, Advanced Micro Devices Inc.^ IBM Semiconductor Research and Development Center (SRDC), Hopewell Junction, NY 12533 contact: [email protected] 2070 Route 52 MS 42J Hopewell Junction, NY 12533 Tel 845-894-2208 Abstract We present a 45-nm SOI CMOS technology that features: i) aggressive ground-rule (GR) scaling enabled by 1.2NA/193nm immersion lithography, ii) high-performance FET response enabled by the integration of multiple advanced strain and activation techniques, iii) a functional SRAM with cell size of 0.37µm2, and iv) a porous low-k (k=2.4) dielectric for minimized back-end wiring delay. The list of FET-specific performance elements includes enhanced dual-stress liner (DSL), advanced eSiGe, stress memorization (SMT), and advanced anneal (AA). The resulting PFET/NFET Idsat values, at Vdd of 1.0V and 45nm GR gate pitch, are 840µA/µm and 1240µA/µm respectively. The global wiring delay achieved with k=2.4 reflects a 20% reduction compared to k=3.0. FEOL Technology Description A. Ground Rule / Lithography The key 45nm GRs are listed in Table 1. These enable an active area reduction of nearly 2X relative to 65nm GRs [1]. 1.2NA/193nm immersion lithography is used for selected levels to improve process window and simultaneously reduce pattern variability. The immersion approach overcomes the higher cost and potentially higher defect density associated with double-exposure techniques. In addition, immersion facilitates ease of design migration from 65nm to 45nm GRs. Application of 1.2NA immersion reduces the gate tip-to-tip distance from 88nm to 75nm compared to 0.93NA dry lithography (Fig. 1). Fig. 2 demonstrates the enhanced ability of 1.2NA to pattern the contact bars used in dense SRAM applications at exposure conditions that simultaneously enable contact hole printing. The image also demonstrates that 1.2NA can substantially reduce line-edge-roughness and more consistently resolve narrow resist lines between the contact bars.



At a fixed NA, immersion enables a depth of focus improvement of ~2X for the active silicon level (Fig 3). This allows for a substantial (>40%) reduction in the width variation of narrow channel SRAM FETs. In addition, the improved exposure latitude and decreased mask error factor associated with 1.2NA immersion reduce the across-chip gatelength variation by ~20%. Targeted lithography sector optimizations for the immersion process have resulted in defect levels equivalent to our dry lithography baseline (Fig 4). B. SRAM Evaluation An SEM of a 0.37µm2 cell associated with a functional SRAM array achieved using 0.93NA lithography is shown in Fig. 5. (This cell area is appropriate for applications where array frequency >3GHz is required. Even smaller cells can be achieved for use in lower frequency applications.) The corresponding electrical response is shown in Fig. 6. Detailed SRAM-cell simulations show that, at a fixed cell area and stability criteria, the performance of this bit cell improves by >13% based solely on the extended process capability of the 1.2NA immersion tool. Device Design Features The aggressive polysilicon gate pitch scaling detailed in Table 1 leads to performance degradation from both increased parasitic resistance [2] and reduced channel stress. An illustration of stress loss with reduced pitch is shown in Fig 7. To overcome the inherent penalties associated with GR scaling, and maintain a roadmap of superior FET performance, we have incorporated aggressive strain enhancement techniques into this 45nm SOI-CMOS technology. These include: 1) enhanced dual stress liner (DSL), 2) advanced eSiGe integration, and 3) optimized stress memorization (SMT) processing. In addition to strain engineering, we also incorporate AA into the integration flow to achieve NFET gain. Moreover, through detailed FET



characterization, we show that the NFET gain associated with the AA is enabled by improved gate activation. Below, we provide a description of these key 45nm FET performance elements. First, for the DSL technique, Fig 8 illustrates the stress evolution in the compression liner for each technology node since 90nm [3,1,7]. The overall improvement has been achieved through optimization of the SiN material properties. The gain over the first generation stress value is substantial (>1.8X). This response illustrates the effectiveness of the DSL technique in providing continuous PFET performance enhancement over time. Second, we have increased the channel stress associated with the eSiGe process by a combination of structural and material advancements. Proximity of the eSiGe region to the channel can enable sizeable PFET mobility gain [4,5]. This effect is illustrated by calibrated 2D simulations shown in Fig 9. The application of this close-proximity feature to the 45nm generation PFETs is shown in the TEM in Fig 10. We have optimized this close-proximity process (both recess RIE and epitaxy) to ensure robust yield and gate oxide integrity. The combined application of both enhanced DSL and advanced eSiGe features into 45nm GRs provides substantial PFET hole mobility benefit (Fig. 11), even in the context of diminishing gate pitch. The remaining two elements (SMT and AA) are directed toward NFET improvement. Previously, we have reported on the benefit of the SMT process in our 65nm technology [7]. Here, we show SMT process optimization for the 45nm technology node, and clarify the root cause of the performance gain. Using the dR/dL mobility extraction technique [6], along with short channel capacitance analysis, we show that the SMT gain is indeed caused by increased electron mobility (Fig. 12) and not from improvements in gate activation or FET S/D resistance. The plot illustrates that SMT mobility gain of approximately 15%, with a corresponding Idsat benefit of ~5%. Finally, we have incorporated AA into the 45nm integration sequence. This technique helps achieve superior NFET gate activation levels in short-channel FETs, an effect which is captured by the capacitance analysis in Fig 13. The improved activation gives rise to an Idsat increase of ~7% at nominal technology gatelength. Performance Results A. Device Response The Idsat versus Ioff response at 1.0V is shown in Fig. 14. By integrating the advanced performance elements described above into 45nm GRs, we have achieved Idsat response of 840 and 1240uA/um for PFETs and NFETs, respectively. With the careful optimization of dopant placement and overall thermal cycle, the Vt roll-off and short-channel effects have been reduced to enable effective 35nm operation (Fig. 15). TDDB analysis for Tox of 11.5A is shown in Fig.



16. The TDDB and NBTI response are both consistent with the overall technology requirements, and are comparable to the results from our leading 65nm technology. B. BEOL Features/Response This 45nm technology features a hierarchical BEOL architecture with ten levels of metal, utilizing dual damascene integration for low-k and porous low-k levels (Fig. 17). SiCOH (k=3.0) dielectric is utilized for both thin wire levels (M1, M2, M3) and 4x fatwire levels (M7, M8). F-doped TEOS (k=3.6) is applied for termination global wiring levels. Porous low-k (k=2.4) is deployed for 2x levels (M4, M5, M6) to minimize the delay of long signal wires while simultaneously preserving chip mechanical integrity during packaging. This incorporation of porous low-k results in a 15% RC delay reduction for these 2x levels. Additional optimization of liner resistivity and metal line aspect ratio enables a 20% reduction in the RC delay in the 1x levels (Fig. 18). BEOL reliability and chip-package interaction reliability are both consistent with the overall technology requirements. Conclusions A high-performance 45-nm SOI CMOS technology is presented which incorporates: i) aggressive ground-rule scaling enabled by 1.2NA 193nm immersion lithography, ii) substantial FET Idsat improvement by integration of advanced strain and activation techniques, iii) functional SRAM with 0.37µm2 cell, and iv) porous low-k (k=2.4) BEOL integration. The integration of aggressive FET performance elements is required to overcome the inherent penalties associated with gate pitch scaling in the 45nm generation and maintain the CMOS performance roadmap. FEOL and BEOL reliability are consistent with the strict requirements of extended microprocessor lifetime. References [1] E Leobandung et al., VLSI 2005, p.126. [2] S.D. Kim et al., IEDM 2005 p.155. [3] H. S. Yang et al., IEDM 2004, p. 1075. [4] A. Wei et al., IEDM 2005, Section 10.5. [5] K. Ota et al., VLSI 2006, Section 8.3. [6] K. Rim et al., IEDM 2002, p. 43. [7] W-H. Lee et al., IEDM 2005, Section 3.3.
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Table. 1. Key ground rules for this 45nm CMOS technology.
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Fig. 2. Contact bars printed using a) 0.93NA lithography b) 1.2NA immersion. The aspect ratio improves by 1.4X with the 1.2NA process. There is substantial improvement in resolution as well.
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Fig. 3. Exposure latitude for the active silicon level. Substantial DOF improvement is achieved with immersion lithography.
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Fig. 4. Defectivity comparison between immersion and conventional dry lithography. With optimization, equivalence between the two processes has been achieved.
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Fig. 5. Top down image of a 0.37µm2 SRAM bit-cell patterned using 0.93NA lithography.
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Fig. 7. 2D simulations which reflect the reduction in channel stress with reduced gate pitch. This represents a primary challenge for continued CMOS scaling.



0



1.8



1.40



1.4



1.2



1.0



0.4



0.6



0.8



1



Fig. 6. Measured output for the 0.37µm2 SRAM bit-cell (1.0V/25C). The measured SNM value is 137mV.
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b) Fig. 1. Gate tip to tip distance achieved with 1.2NA immersion lithography.
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Fig. 8. Strain enhancement in the DSL compression liner over time. The strain has increased by a factor of 1.84X from the 90nm to the 45nm technology node.
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Fig. 9. 2D simulations which show the channel stress increase as a function of eSiGe proximity. The benefit of close proximity can reach ~1.4X.
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Fig. 14. Idsat/Ioff characteristics at 1.0V. The measured data reflects DC values; the AC values listed in the inset are verified by pulsed IV characterization.



Fig. 15. Threshold voltage versus channel length at 1.0V. Vtlin is measured with Vd=0.05V.
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Fig. 13. Inversion capacitance ratio for AA versus non-AA control as a function of transistor gate length.
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Fig. 12. NFET linear resistance characterization reflecting an Ron/Leff slope reduction of 1.15X for SMT process. Ron is measured for low drain bias and fixed gate overdrive. The plots have been normalized to arbitrary Rext (y-intercept).



Fig. 11. Enhanced hole mobility achieved in 45nm with combination of enhanced DSL and advanced eSiGe. A strong overall mobility gain is achieved in 45nm GRs.
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Fig.10. X-TEM image of a 45nm GR pFET device featuring close-proximity eSiGe. The proximity of the eSiGe to the channel has been significantly reduced from our 65nm technology.
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Fig. 16. Gate oxide reliability projections for this 45nm CMOS technology.
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Fig. 17. Low-k (k=3.0) and porous Low-k PECVD SiCOH (k=2.4) levels applied in this 10 level back-end construction.
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Fig. 18. Measured BEOL M6 (2X fatwire) capacitance versus resistance demonstrating reduced back end RC parasitics for this 45nm technology.



























[image: High Performance 65 nm SOI Technology with ...]
High Performance 65 nm SOI Technology with ...












[image: High Performance 65 nm SOI Technology with ...]
High Performance 65 nm SOI Technology with ...












[image: ISPD 2014 Benchmarks with Sub-45nm Technology ... -]
ISPD 2014 Benchmarks with Sub-45nm Technology ... -












[image: ISPD 2014 Benchmarks with Sub-45nm Technology ... -]
ISPD 2014 Benchmarks with Sub-45nm Technology ... -












[image: DN1031 - Interfacing to High Performance ... - Linear Technology]
DN1031 - Interfacing to High Performance ... - Linear Technology












[image: DN517 - High Performance Single Phase DC/DC ... - Linear Technology]
DN517 - High Performance Single Phase DC/DC ... - Linear Technology












[image: High Performance Power Solutions for AMD ... - Linear Technology]
High Performance Power Solutions for AMD ... - Linear Technology












[image: Read High Performance Control of AC Drives with ...]
Read High Performance Control of AC Drives with ...












[image: High Performance Virtual Machine Migration with ...]
High Performance Virtual Machine Migration with ...












[image: high-performance hmm adaptation with joint ...]
high-performance hmm adaptation with joint ...












[image: High Performance 70-nm Germanium pMOSFETs With ...]
High Performance 70-nm Germanium pMOSFETs With ...












[image: A Case for High Performance Computing with Virtual ... - MVAPICH]
A Case for High Performance Computing with Virtual ... - MVAPICH












[image: HIGH PERFORMANCE ARCHITECTURE.pdf]
HIGH PERFORMANCE ARCHITECTURE.pdf












[image: CREATING HIGH PERFORMANCE COMPANIES Garment ...]
CREATING HIGH PERFORMANCE COMPANIES Garment ...












[image: High-performance weather forecasting - Intel]
High-performance weather forecasting - Intel












[image: High Performance Computing.pdf]
High Performance Computing.pdf












[image: High Performance Architecture.pdf]
High Performance Architecture.pdf












[image: High Performance Computing]
High Performance Computing















High Performance 45-nm SOI Technology with ...






advanced strain and activation techniques, iii) a functional. SRAM with cell size ... An illustration of stress loss with reduced pitch is shown in. Fig 7. To overcome ... 






 Download PDF 



















 2MB Sizes
 1 Downloads
 172 Views








 Report























Recommend Documents







[image: alt]





High Performance 65 nm SOI Technology with ... 

process that achieves improved contact and stability on. SiGe. This is followed ... Contact: [email protected] .... trend vs. bulk dielectric constant showing.














[image: alt]





High Performance 65 nm SOI Technology with ... 

process that achieves improved contact and stability on. SiGe. This is followed by ... AFM image of the surface morphology of the source/drain area of the pFET ...














[image: alt]





ISPD 2014 Benchmarks with Sub-45nm Technology ... - 

Apr 2, 2014 - enable more meaningful comparisons of new placement al- gorithms by .... Figure 2: Pin layout in a cell affects routability: (a) easier (b) harder.














[image: alt]





ISPD 2014 Benchmarks with Sub-45nm Technology ... - 

Apr 2, 2014 - Abstracting with credit is permitted. To copy otherwise, or re- ..... the International Conference on Computer-Aided Design,. ICCAD '11, pages ...














[image: alt]





DN1031 - Interfacing to High Performance ... - Linear Technology 

charge to the driver than would a smaller sampling ... The interface filter, between the driver and ADC, .... deterioration to the LTC2270's data sheet specifica-.














[image: alt]





DN517 - High Performance Single Phase DC/DC ... - Linear Technology 

for digital control and monitoring of key regulator parameters. It has integrated ... application that features inductor DCR current sensing. To improve the accuracy ...














[image: alt]





High Performance Power Solutions for AMD ... - Linear Technology 

L, LT, LTC, LTM, Linear Technology, the Linear logo PolyPhase, Burst Mode are registered trademarks .... design can achieve high efficiency, small size and low.














[image: alt]





Read High Performance Control of AC Drives with ... 

... users serverpilot apps jujaitaly public index php on line 447Retrouvez toutes ... in english language [download] High Performance Control of AC Drives with ...














[image: alt]





High Performance Virtual Machine Migration with ... 

consolidation, performance isolation and ease of management. Migration is one of the most important features .... is preferable to explore an intelligent way that minimizes the contention on network bandwidth, while utilizing ..... grants and equipme














[image: alt]





high-performance hmm adaptation with joint ... 

estimates the noise parameters for each frame (similar to our earlier work of [9]), which is more complex, more computational intensive, and less reliable than our ...














[image: alt]





High Performance 70-nm Germanium pMOSFETs With ... 

Dec 24, 2008 - gate Ge pMOS devices in a Si-compatible process flow [2],. [3]. Other groups ... G. Hellings is with the Interuniversity Microelectronics Center, 3001. Leuven, Belgium, and with ... Spacer definition and HDD implants are followed by. N














[image: alt]





A Case for High Performance Computing with Virtual ... - MVAPICH 

Two key ideas in our design are: Virtual. Machine Monitor (VMM) bypass I/O and scalable VM im- age management. VMM-bypass I/O achieves high commu- nication ... performance, scalability, system management, and adminis- tration of these .... filing too














[image: alt]





HIGH PERFORMANCE ARCHITECTURE.pdf 

(b) Using the simple procedure for dependence construct all the dependences for the loop nest below. and provide [7M]. i. direction vector(s),. ii. distance ...














[image: alt]





CREATING HIGH PERFORMANCE COMPANIES Garment ... 

CREATING HIGH PERFORMANCE COMPANIES Garment Manufacturing.pdf. CREATING HIGH PERFORMANCE COMPANIES Garment Manufacturing.pdf.














[image: alt]





High-performance weather forecasting - Intel 

in the TOP500* list of the world's most powerful supercomputers, the new configuration at ... be added when the list is next published ... precise weather and climate analysis ... Software and workloads used in performance tests may have been ...














[image: alt]





High Performance Computing.pdf 

Explain in detail dynamic pipelines and reconfigurability. 16. Explain Associative array processing. OR. 17. Write a short note on. a) Memory organisation.














[image: alt]





High Performance Architecture.pdf 

If there is a loop carried dependence, then that loop cannot be parallelized? Justify. [7M]. UNIT â€“ II. 3. (a) For the following example, construct valid breaking ...














[image: alt]





High Performance Computing 

Nov 8, 2016 - Faculty of Computer and Information Sciences. Ain Shams University ... Tasks are programmer-defined units of computation. â€¢ A given ... The number of tasks that can be executed in parallel is the degree of concurrency of a ...


























×
Report High Performance 45-nm SOI Technology with ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















