[bookmark: _GoBack]Please provide a description of the invention and include the following information:
1. Describe your invention:
What problem(s) does your invention solve? Briefly describe the problem you are addressing and previous solution(s), if any:
	Improve thermal tolerance and stability during chip operations, such as thermal disturbance in a phase change memory technology or speed throttling and performance degradation of a logic technology.





2. Your Idea – Provide a high-level summary of your idea that includes a figure or flowchart. Be sure to note differences between your idea and the previous solutions and to note what advantages your idea provides.  Please break down the high-level summary of your idea into 3 portions as indicated by the 3 questions 2a, 2b, and 2c below:
a. What is the basic principle?  Please explain in just a few sentences (do not provide results or use cases here).
	Increase thermal conductance to reduce local temperature peaking during a high current event such as 
1. “Reset” operation or melt-quench of a phase change memory device,
2. Transient spike or crowbar current of high frequency switching events in a CMOS digital circuit.

State of art technology remove excessive heat generated in active devices using   
1. High conductivity metals through contact, vias and interconnects.
2. Highly doped substrate.

Semiconductor scaling and form-factor reduction in advanced technology challenge the heat removal capability.
1. As the dimensions of the devices, including interconnect, are shrunk, metal cross sections, line width and film thickness, reduce; thermal resistance increases.
2. Substrate thickness reduction enables multichip stacking for advanced packaging integration.  The heat propagation and removal for a localized transient becomes ineffective; local temperature increases.
3. Some of merging technologies (for SOC, IoT and etc.) deploy non-silicon based substrates, such as SOI or Organic substrate.   Those substrates typically possess low thermal conductivity intrinsically which worsen thermal performance.

In this invention, a high thermal conductivity dielectric thin film material is proposed for interconnect integration scheme as an on-chip heat sink.




b. How is your invention better than the known solutions (answer can include results, applications, or use cases)?
	With simple thin film integration in the multilevel interconnect scheme, it reduces integration complexity for effective heat removal with minimum impact to process technology and electrical parasitics.





c. Provide a more detailed description of your invention, highlighting what is new (please include block diagrams, process flow diagrams, etc., and limit the text to no more than 3 pages).
	By integrating high thermal conductive dielectric thin film in a multilevel interconnect process, metal interconnect layers are stack directly to this thermal conductive dielectric film.

The candidates of thin-film materials can be but not-limited to aluminum nitride (AlN), beryllium oxide (BeO, a.k.a. beryllia), silicon carbide (SiC) or boron nitride (BN).   The basic thermal and electric properties are tabulated below.

	Thin film materials
	Thermal conductivity [W/(cm·K)]
	Bandgap [eV]
	Dielectric Constant

	Current Art of Interconnect Material
	SiOx
	~0.01
	~9
	2.5~5

	
	SiNx
	0.10~0.3
	~5
	~7

	
	W
	~1.7
	Conductor
	N/A

	Examples of High thermal conductivity dielectric thin film material 
	AlN
	1.5~2.5
	~6
	9

	
	BeO
	~3
	~10
	6.5

	
	SiC
	>3
	>3.5
	7~10

	
	BN
	~6
	~5
	~4



The integration scheme can work with mainstream thin-film multi-level interconnect technologies, including substantive or damascene processes.

The following embodiments illustrates the possible integration scheme with a generic multilayer interconnect layout, below.

[image: ]

The cross section AA’ using two integration scheme is illustrated below. 
1. Subtractive patterning scheme with a high thermal conductivity (High κ) dielectric thin film under the metal routing layer.
[image: ]

2. Dual-damascene scheme with a high thermal conductivity (High κ) dielectric thin film above the metal routing layer.
[image: ]
Likewise the integration of on-chip heat sink layer can be implemented on the top of metal interconnect with a subtractive patterning scheme or below the metal interconnect with a damascene patterning scheme.  





3. Which of our competitors are likely to use your idea or something similar?
	Semiconductor manufacturers such as Samsung, Hynix, TSMC





4. How would we be able to determine if someone outside of Intel was using your idea (e.g. from visual inspection, from the product literature, from reverse engineering)?
	Product spec, publication and physical cross-section with material characterization (reverse engineering)  





5. Is this idea related to work performed in a Standard Development Organization (SDO) or Special Interest Group (SIG)?		

If YES, please answer the following (a, b, c):
a. Identify the SDO or SIG involved:
	





b. Is this IDF prepared in anticipation of being part of an Intel proposal or submission for this SDO/SIG?		

If YES: 
I. Identify the date of first disclosure to a party outside of Intel and outside of a confidentiality agreement (actual or anticipated):
	





II. Provide the name of the person(s) driving Intel’s efforts for this SDO/SIG that have been made aware of this idea, if any:
	





c. Is there an implementation of this idea which might not be covered by a standard requirement?
	





6. To the best of your knowledge, identify any other pertinent information related to your idea.
	The class of material is generic ceramic material deployed in chip package industries for years.  Yet, I am not aware of any semiconductor manufacturer ues this type of films for heat transfer as part of multilevel interconnect.   However, I suspect high power semiconductor manufacturing such as SiC based devices or SOI logic technology may have the disclosures with respect to its technology adjacency.





7. Describe any aspects of your idea relating to unusual results or unusual function of the components/techniques in the idea, or check the box below:
	The unique combination of components/techniques in this idea provides an improvement over previously known structures and techniques:
	The evidence of improved thermal disturbance is based on metal thickness experiment on S15.   Although no simulation, silicon experiment or physical segmentation is conducted,  the thermal conductance improvement is based on first principle and has been demonstrated in package industries. 





8. What is the value of your idea to Intel (how will it be used by Intel or a competitor)?
	S15 and its scaling path for Intel.   Likely for logic technology to reduce localized temperature peaking for speed throttling.
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