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Nominating Manager Instructions:
1. [bookmark: _Hlk38970200]Review the Intel Technical Readiness Indicators and NSG PE/SPE criteria. Validate the candidate’s readiness against both. Refer to both documents as you complete the nomination application.
2. [bookmark: _GoBack]Throughout the nomination form, highlight specific examples of ‘how’ the candidate achieved ‘results’ in a way that role models the Intel culture attributes, demonstrating that the candidate is not only a technical leader, but also a culture change agent (Fearless example: “Kory Doe brought to the forefront – with supporting data – an unpopular proposal to eliminate a swim lane in the roadmap. Through prepared data, technical knowledge, and influence, they successfully convinced all stakeholders that the decision was the right one.”).
3. Provide Three References capable of providing insightful and balanced feedback on the candidate (Confidential Reference instructions included). References should explicitly state support for the promotion and come from those directly familiar with the candidates work and impact in NSG, across Intel, and across the Industry. Guidance is less than one page per reference (not to exceed 3).  
4. Do not modify the application format (font, font size, section headers, etc.) in any way. The first four questions relate to the candidate’s qualifications in relation to the technical readiness indicators. Your answers should focus primarily on the last 2-3 years’ accomplishments (NOT a comprehensive work history) and demonstrate that the candidate’s leadership and technical contributions have consistently reached the PE or SPE level for which they are nominated.  	


	1 – Justification Summary
What has changed in the business environment, technology strategy or product roadmap to warrant promotion to a higher grade level? How has the scope and complexity of the role/work changed? Briefly describe the candidate’s results and the impact of their accomplishments. 

	Why now.  
Kumar has delivered all the TEM EDS analysis and automation which RTD uses to segment composition driven issues on Optane. With this he has further segmented sidewall skin layers as important to track and minimize.  He has also driven the composition spec setting for ATF to maximize set speed.  In three years with Intel Kumar has delivered consistently on materials analysis and evaluation protocols, always bringing a positive, inclusive and respectful communication style to the discussions.  Kumar runs the Materials Working Group meeting which coordinates the materials exploration for novel PM, SD and electrode development, and the metrologies required to enable these explorations.  He ran the PM exploration work with IMI in 2019 screening several compositions to avoid dead end development in RTD.



	2 – Technical Expertise 
Provide how the nominee demonstrates accountability for exceptional execution and differentiated technology advancements as described in the Technical Readiness Indicators (TRI). Include 2-3 examples that are specific and include the impact to NSG, to Intel and/or industry and demonstrate the candidate’s technical impact, depth/breath, influence and innovation.

	Building yield segmentation analytical tools. Kumar, seeing gaps, developed several analysis techniques and automations which enable standardized evaluation and reporting of composition and crystallographic properties of the 3DXP materials.  This has further enabled many segment teams and task forces to get quicker feedback saving many hours to days per learning cycle.  He has supported and is viewed by many of these TD teams as the go-to for understanding composition, sidewall and crystal structure trends in patterned devices and how this can impact the cell response.  He is now elisting others on the team to develop fitting routines, leveraging the wider materials team (John for Raman fitting as an example).
Driving ATF and Beyond Cell Materials Direction.  His analysis further informed and drove the segregation model for growth time degradation and deck offset, predicting the impact of both PM thinning and the EOL PM composition spec to maximize growth speed for Atlantic Falls.  
Kumar drove materials screening work at IMI, evaluating 10 material families, narrowing to two families for exploration, saving significant effort in RTD.  He is now leading electrode materials development for the WSiNless 2nd cut ATF architecture.
Prior to joining Intel 3 years ago, Kumar worked at IBM for 9 years developing novel electrical tests using AFM and SPM tooling and test cells for mixed ionic conductors and OTS devices and NVM devices: RRAM, CB-RAM, STT MRAM receiving a research division award for development of mixed ionic access devices for emerging NVM; and for 2 years at Bruker Instruments where he invented pre-amplifying cantilevers for AFM microscopes. 



	3 – Strategic Leadership 
Provide how the nominee leverages understanding of the market to launch innovative solutions and set strategic direction as described in the TRI. Include 2-3 examples that are specific and include the impact to Intel, its business, and/or industry.

	Kumar’s work delivered the first quantitative assessments of the sidewall of the bit by working with the TEM lab in the JDP and building the analytical capabilities.  Thus determining both composition offsets and crystalline to amorphous zones.  This enabled understanding of the impact of ambient control on the bit morphology and an understanding of how this must scale as the cell scales.  This also guides our understanding of the need for sufficient lateral precision of the lab techniques.
He segmented composition segregation through cycles leading to PM composition centering minimizing growth time for the ATF cell (validated on S26A), demonstrating capability exceeding the initial growth time target with the savings being assigned for nucleation time compensation.  Again he saw a gap, worked with the necessary stakeholders, took it upon himself to build the analytical tools when the lab team was unable to support and delivered the needed analysis.
He has also identified film options for 1st cut WSiN for ATF which are thermally as or more stable than the POR and which will enable optimization of spike reduction via cell resistance, if required.  He worked with F11x stakeholders to secure time on a spike anneal tool to deliver the necessary L0 data collection.  He is also working with the PVD and cell teams to ensure that the WSix underlayer approach will meet 2nd cut requirements for Rs, stress and endurance.



	4 – Role Modeling & Mentoring
Provide how the nominee has improved the technical capabilities of NSG and has helped developed/mentored future technical leaders as described in the TRI. Include 2-3 examples that are specific and include the impact to future technical leaders and demonstrate how the candidate has been an Intel Culture role model/change agent. .

	Kumar identifies gaps in the critical path for materials issue segmentation and first works to enable gap closure and then automates any analysis to enable the entire organization to benefit from the new capability.  This can be attached to Customer Obsession, One Intel, Fearless and Inclusion values.  Kumar’s automated analysis (built himself) was generated to enable efficient collaboration among the entire process and integration team.  He spent a great deal of time with stakeholders ensuring there was a system for access enabled.  The system enabled systematic evaluation of, e.g., 2596 F11x lamellae, which by the standard methods would have taken ~35 person years to build systematic reports and converted that to 302 computer hours.  
Kumar has mentored several junior engineers and interns on compositional analysis and interpretation and he coached an intern who worked on development of TEM analysis automation.
An example of mentoring and leadership recognition from a segment owner in Lehi. “Thank you for travelling to Lehi and taking the time to train 20s process integrators on your new .exe to crunch composition data.  This tool will accelerate our troubleshooting … and standardize our problem statements ….. with the new data calculation methods like normalizing.  I especially appreciate you taking the extra time to explain what we know about  3d xpoint materials and being patient enough to answer some off-the wall questions.”

	5 – Background & Professional Peer Recognitions
[bookmark: _Toc201645340]Summarize the most important honors, awards, patents, publications, education, previous positions, etc. that are relevant to the nominee’s justification summary.  USPTO – Search for Patents

	Kumar holds 12 US Patents from his work with IBM and Bruker and has 3 disclosures to the 3DXP Committee which have been approved for filing.  Several of the other Intel disclosures were not filed but are used internally as trade secrets. (Intel disclosures listed first, then IBM and Bruker).  He is on a team being considered for an RTD TD award for his work on materials analysis and has received a department level award for the XRD analysis showing the impact of local wafer temperature during deposition on crystal structure, segmenting tool offsets.
	AD3113
	Method to match melt current in dichalcogenide phase change cells in 3DXP array by tuning the electrical resistance of the cell
	IDF-Approved for Filing

	AC9695
	Method for optimization of 3dxp bit level composition
	IDF-Do-Not-File

	AC9689
	Tuning elemental composition in crosspoint memory for thermal and electrical environments
	IDF-Approved for Filing

	AC6838
	Method to reduce surface transport during phase change material deposition
	IDF-Do-Not-File

	AC5450
	Multilateral hyperspectral filter for nanoscale composition and structural analysis
	IDF-Do-Not-File

	AC5423
	Method to improve PCM nucleation rate and device speeds on multi-deck 3dXpnt parts
	IDF-Approved for Filing

	AC3112
	Preserving Flash Critical Dimensions during Phase Change Memory Patterning
	IDF-Do-Not-File

	AC2726
	Method for temperature calibration and matching of deposition chucks
	IDF-Do-Not-File

	AC0167
	Target crystal phase of 3D crosspoint memory cell
	IDF-Do-Not-File

	AB4983
	Mapping multi-element dependent properties onto memory bits
	IDF-Do-Not-File

	AB4268
	Controlling bit level elemental distribution for improved 3d crosspoint memory reliability
	IDF-Do-Not-File


	PAT. NO.		Title
1      9,951,184    Full-Text   Methods of preparing polyhemiaminals and polyhexahydrotriazines
2      9,773,978    Full-Text   Optimal device structures for back-end-of-line compatible mixed ionic electronic conductors materials
3     9,773,513     Full-Text   Hardening chromium oxide films in a magnetic tape head and other structures
4     9,766,170     Full-Text   Determination of young'S modulus of porous thin films using ultra-low load nano-indentation
5     9,705,079     Full-Text   Tunable voltage margin access diodes
6     9,680,096     Full-Text   Tunable voltage margin access diodes
7     9,647,210     Full-Text   Tunable voltage margin access diodes
8     9,589,635     Full-Text   Semiconductor device with a stoichiometric gradient
9     9,508,930     Full-Text   Tunable voltage margin access diodes
10  9,243,107     Full-Text   Methods of preparing polyhemiaminals and polyhexahydrotriazines
11  8,830,725     Full-Text   Low temperature BEOL compatible diode having high voltage margins for use in large arrays of electronic components
12  7,979,916    Full-Text   Preamplifying cantilever and applications thereof




	6 – NSG Staff Sponsor Advocacy
Include NSG Staff sponsor’s description of 1) the impact the candidate has had on the business, 2) why the nominee is ready for a PE or SPE role, and 3) the business need and the impact the candidate is expected to have at the PE or SPE level.

	Al Fazio – Sr Fellow, NSG Pathfinding, al.fazio@intel.com, (408) 582-2466
Kumar will be a strong addition to our Optane PE community.  Kumar has brought strong scientific methodology to the 3DXP material development space, which  had been more empirical in the JDP.  In the JDP, personalities and theories often dominated.   Kumar has brought to the team an approach of dispassionate scientific method to test the robustness of models with full experimentation, setting the standard for the team.   Kumar has greatly accelerated the material development team’s capability by creating computer based statistically valid materials analysis by post processing of TEMs.  What was previous solely one or two visual data points have become a computerized statistical analysis.  This capability enabled his ability to develop and test models and also greatly enhanced the efficiency and capability of the broader team.   The output of his work has help guide ATF cell stack directions, setting the foundation for our future development.   Lastly, Kumar is a very good role model of Intel values, strengthening the material team.   Materials are the core of 3DXP.  Having a scientific method approach, based on increasingly efficient computer analysis, with the team cohesively working together will have positive impacts well beyond what we are already harvesting for ATF.  



	7 – Written References 
Please provide three (3) written references following the requirements as outlined in the PE/SPE Nomination Process document.  References should be familiar with the nominee’s work and expertise and should cite specific accomplishments with examples of the candidate’s contributions.

	
· Derchang Kau – NSG Intel Fellow, RNB, Derchang.kau@intel.com, 408-398-6086

This letter is to offer my full support for Kumar Virwani’s promotion to Principal Engineer. 
Kumar Joint Intel in 2017 with his credential in material, physics and characterization in mechanical engineering discipline.  He co-authored the first mixed ionic electronic conduction selector for phase change memory in cross point array in 2010.   I have been working with him since he joint Intel.    He gains respect among peers and becomes an influential technologist for 3DXP technology development.  He inspires and leads cross disciplined technical assembly.   He consistently delivers outstanding results in multiple generations of 3DXP technology. 
With Kumar’s solid material physical characterization background and active contribution in integration and device, he demonstrates rigorous, systematic and methodological approach in solving problems.  In the journey of S15 PG1T1 qual, Kumar defines a complete suite of PM physical characterization and analysis metric.   He is proficient in software programming and enables high velocity high accuracy TEM analysis at volume. 
Kumar is a strong technical leader strategically and tactically.  In the project working with external supplier, Intermolecular (IMI), Kumar led IMI engineering team.   He worked with me and Max setting up a clear strategic direction for PM exploration.   In order to engage in with a brand-new team, he firstly communicated a set of success index to baseline workflow.   Under his leadership and the agility of the team, the baseline flow matches success criteria in 3 months.   Subsequently, the cycle time of learning continued to improve.  By the end of 12-month project, the team produces 9 cycles of learning.  The high velocity execution yields more than 3 times faster of learning rate in the benchmark to 8-years JDP material work group.  As a result, we learned the impact of various doping to GST as well as alternate phase change host materials, yielding 4 candidates for next level of screening at RTD.
Kumar leverages cross organization in TD.  In the short 3 years at Intel, he has developed a working network among TD and MCD peers.  Kumar mentored all levels of engineers selflessly.  Hank, Giovanni and Lu enjoy working with and learning from Kumar.  Kumar gains respect and becomes a role model in building a strong and vital organization.
It is my honor and pleasure to recommend Kumar principle engineer.  The recognition is also an acknowledgement and appreciation to the team and the results he contributed.

· Sanjay Rangan – NSG Sr PE, RR5, Sanjay.rangan@intel.com, 510-364-3292
  I strongly recommend Kumar’s nomination for PE 
 
I have known Kumar since he joined Intel and have been able to observe Kumar’s work and contributions closely through our 1:1s and ATF endurance TF. Kumar’s contributions I would like to highlight include building of systematic methodology for compositional analyses, melding of material properties and compositional images to segment and predict potential new composition solutions and finally defining a vision for organizing the data to enable ease of extraction and analyses by the larger team. The contributions highlighted in afore demonstrate both strong technical acumen and the understanding of organizational requirements. I will elaborate further in the following three paragraphs. 
 
Systematic methodology for compositional analyses – Understanding the electrical behavior of the Optane cell requires in depth characterization of composition. This is because the material system used changes phase to store memory, as opposed to storing electrons. Kumar independently wrote code to extract composition by location within a bit and as a part of this development identified errors in the vendor provided software. This capability developed enabled accurate quantification of elemental composition by location within bit, non-existent before. This capability is currently being used for all compositional analyses today in Optane and without it, matching RTD to WSA would have been very challenging.  
 
Material properties and Composition – As a part of endurance TF Kumar explained the source of slow phase change growth for odd deck compared to even decks was due to high melt temperature of the local composition. With this understanding, he predicted that a thinner PM would grow faster due to less segregation and further defined a composition that would also grow faster. This understanding and further solution implementation is needed to enable 340ns set time for ATF. 
  
Understanding Organizational requirements – Kumar went a step further in his analytic tools and worked with the automation teams to build a database where all the analyses from his code could be stored for the larger team to utilize. This demonstrates Kumar’s ability to not only solve complex technical issues, but also organizational awareness. In a similar vein he has closely worked with the PVD teams, mentoring several of their engineers for matching and ATF41 stack development. 

· Charles Dennison – NSG VP, RR5, Charles.dennison@intel.com, 408-646-0480
I highly recommend Kumar for promotion to Principal Engineer.  Kumar has been in my org since I joined Intel in October 2018.  One of the key challenges for Intel in this time period was to independently develop standalone expertise in all the key technology areas.  During this transition Kumar stepped up to run Intel’s Optane Materials Working Group.  All Optane/3DXP memory ever shipped (S15/ S26) today has been at 41nm pitch whereas ATF will be the first lateral scaling of the technology to 33.5nm.  To drive greater adoption of Optane in the market it is imperative to have a technical path to cost effective memory scaling (while maintaining / improving performance).  An essential component of scaling is deep understanding of the ‘effective’ material composition of all the critical stack elements (memory / switch / electrodes) thru the life of the memory.   Optane is truly a unique memory technology in that the memory is not enabled by storing electrons, but rather the memory effect is comprised of the crystalline / amorphous transition within the memory material layer where the reliability and performance is dependent on the ‘effective’ composition.   Control of these elements with scaling has increase challenges: 1.) increased ‘skin effect’ 2.) increased modification of the composition thru fab processing and 3.) evolution of the composition thru electrical cycling.  
The first step in developing in-depth understanding of the composition of key stack materials thru both fab processing and memory cycling is accurate and efficient characterization.   Kumar identified key limitations in previous characterization techniques and thru his own initiatives developed new analytical tools for statically characterizing elemental composition in a time efficient methodology.   These proprietary tools provide Intel with a substantial competitive advantage.   Utilizing these techniques have already resulted in measurable results in driving ATF memory stack direction.  A key ATF challenge has been to improve write bandwidth thru faster set speed (throughout the life of the part).  Kumar has been a key driver utilizing his deep understanding in conjunction with key analytical tools to develop a path on ATF toward delivering improved set speed.   I fully anticipate the advanced analytical techniques developed by Kumar will be fundamental for enabling both future scaling thru lateral shrinks and key in the path toward delivering a cost-effective Optane MLC solution. 
Kumar is a role model within RTD for collaboration and cooperation across cross functional teams.  He has taken a key role in establishing and leading Intel’s Materials Working Group enabling Intel’s path to independence.    From a business perspective – it is essential that Optane memory scales a cost-effective rate compared to DRAM while maintaining performance.  Kumar’s deep understanding of Optane memory stack composition and continued drive to develop more capable analytical tools are critical in this path.
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