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CLAIMS

What is claimed is:  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
1.  A thermally-regulated apparatus of a semiconductor device, comprising:
a thermally insulating dielectric (TID) layer;
a heat source delivering heat into the TID layer; and 
a high thermal conductivity dielectric (HTCD) layer coupled to the TID layer and positioned to spread the heat away from the heat source and reduce a thermal burden of the semiconductor device.

2.  The apparatus of claim 1, wherein the HTCD layer is thermally coupled to a metallization layer, a contact, a via, an active semiconductor material, an integrated circuit, an interconnect, or a combination thereof.   	Comment by Todd Alder: Derchang: provide any other components that are appropriate.  Can this be used near a chalcogenide?  

3.  The apparatus of claim 1, wherein the HTCD layer is in direct contact with a metallization layer, a contact, a via, an active semiconductor material, an integrated circuit, an interconnect, or a combination thereof.

4.  The apparatus of claim 1, wherein the HTCD comprises a material selected from the group consisting of aluminum nitride (AlN), beryllium oxide (BeO), silicon carbide (SiC), boron nitride (BN), and combinations thereof.

5.  The apparatus of claim 1, further comprising an electrically conductive layer coupled to the TID layer.

6.  The apparatus of claim 5, wherein the electrically conductive layer is positioned between the TID layer and the HTCD layer.

7.  The apparatus of claim 5, wherein the HTCD layer is positioned between the TID layer and the electrically conductive layer.

8.  The apparatus of claim 5, wherein the TID layer is positioned between the HTCD layer and the electrically conductive layer.  (I am not sure if this is useful)

9.  The apparatus of claim 1, wherein the HTCD layer has a thickness sufficient to function as an  efficient heat spreader.	Comment by Todd Alder: Derchang: we will need a definition for efficiency.  What do you think a lower cutoff should be for efficiency?  Also, we need to describe specifically how efficiency is measured.  Would it be somewhat similar to measuring (or rather, inferring) internal quantum efficiency?  We just need to be definite on the technique used to arrive at the efficiency calculation. 

10.  The apparatus of claim 1, wherein the HTCD layer has a minimum thickness of _2nm________.

11.  The apparatus of claim 1, wherein the HTCD layer has a thickness of from _______ to _________.  
is this necessary?  I see a reasonable minimum thickness is about 4-5 atomic distance (~2nm) however, there is no maximum thickness as the upper bound for this invention 

12.  The apparatus of claim 1, wherein the HTCD layer has a thickness of from _______ to _________.  (repeat of claim11?)	Comment by Todd Alder: Derchang: we discussed several thickness and ranges.  Please provide us with a minimum thickness, a very broad range and good working range.

13.  A thermally-regulated apparatus of a semiconductor device, comprising:
an interlayer dielectric (ILD) layer; 
a heat source generating heat in the semiconductor device and/or resistive conductor;
an electrically conductive layer coupled to the ILD layer; and
a high thermal conductivity dielectric (HTCD) layer coupled to the electrically conductive layer and positioned to spread the heat away from the heat source and reduce a thermal burden of the semiconductor device.

14.  The apparatus of claim 13, wherein the HTCD layer is positioned adjacent to the electrically conductive layer.

15.  The apparatus of claim 13, wherein the HTCD layer is in direct contact with the electrically conductive layer.

16.  The apparatus of claim 13, wherein the electrically conductive layer is positioned between the ILD layer and the HTCD layer.

17.  The apparatus of claim 13, wherein the HTCD layer is positioned between the ILD layer and the electrically conductive layer.

18.  The apparatus of claim 13, wherein the ILD layer is positioned between the HTCD layer and the electrically conductive layer. (similar toclaim#8, I am not sure if this claim is useful)

19.  The apparatus of claim 13, wherein the HTCD layer is positioned relative to the heat source at a sufficient proximity for the HTCD layer to function as an efficient heat spreader.   

20.  The apparatus of claim 13, wherein the HTCD comprises a material selected from the group consisting of aluminum nitride (AlN), beryllium oxide (BeO), silicon carbide (SiC), boron nitride (BN), and combinations thereof.

21.  The apparatus of claim 13, wherein the HTCD layer has a thickness sufficient to function as an  efficient heat spreader.

22.  The apparatus of claim 13, wherein the HTCD layer has a minimum thickness of __2nm_______.

23.  The apparatus of claim 13, wherein the HTCD layer has a thickness of from _______ to _________. Similar to claim#11, is this necessary?  I see a reasonable minimum thickness is about 4-5 atomic distance (~2nm) however, there is no maximum thickness as the upper bound for this invention 


23.  The apparatus of claim 13, wherein the HTCD layer has a thickness of from _______ to _________. (Repeat of claim23)

24.  A thermally-regulated electronic device, comprising:
a semiconductor substrate;
an active heat source thermally coupled to the semiconductor substrate and/or resistive conductor;;
an interconnect layer coupled to the semiconductor substrate;
a thermally insulating dielectric (TID) layer positioned to electrically insulate the interconnect; and
a high thermal conductivity dielectric (HTCD) layer coupled to the semiconductor substrate and positioned to spread the heat away from the active heat source and reduce a thermal burden of the electronic device.

25.  The device of claim 24, wherein the HTCD layer is positioned adjacent to the interconnect layer.

26.  The device of claim 24, wherein the HTCD layer is in direct contact with the interconnect layer.
(repeat of claim 25?)

27.  A thermally-regulated electronic device, comprising:
a semiconductor substrate;
an active heat source thermally coupled to the semiconductor substrate and/or resistive conductor;
a multilayer interconnect coupled to the semiconductor substrate comprised of a plurality of metal layers;
at least one interlayer dielectric (ILD) layer positioned to electrically insulate the plurality of metal layers of the multilayer interconnect; and
at least one high thermal conductivity dielectric (HTCD) layer coupled to the multilayer interconnect and positioned to spread the heat laterally relative to the multilayer interconnect and reduce a thermal burden of the electronic device.

29.  The device of claim 27, wherein the at least one HTCD layer is positioned between each adjacent pair of metal layers in the multilayer interconnect.  

30.  The device of claim 27, wherein each of the plurality of metal layers is in direct contact with at least one HTCD layer.  

31.  The device of claim 27, wherein the HTCD comprises a material selected from the group consisting of aluminum nitride (AlN), beryllium oxide (BeO), silicon carbide (SiC), boron nitride (BN), and combinations thereof.

32.  The device of claim 27, wherein the at least one HTCD layer has a thickness sufficient to function as an efficient heat spreader.

33.  The device of claim 27, wherein the at least one HTCD layer has a minimum thickness of __2nm_______.

34.  The device of claim 27, wherein the at least one HTCD layer has a thickness of from _______ to _________. Similar to claim#11, is this necessary?  I see a reasonable minimum thickness is about 4-5 atomic distance (~2nm) however, there is no maximum thickness as the upper bound for this invention 
[bookmark: _GoBack]

35.  The device of claim 27, wherein the at least one HTCD layer has a thickness of from _______ to _________.

36.  The device of claim 27, wherein the active heat source includes an apparatus selected from the group consisting of phase change material devices, phase change memory devices, memory arrays, thin film switches, ovonic threshold switches, transistors, integrated circuits, and combinations thereof.	Comment by Todd Alder: Derchang: any other uses we should cover?

37.  A method for making a thermally-regulated multilayer interconnect, comprising:	Comment by Todd Alder: Derchang: we have included some very general method steps for forming a multilayer interconnect.  Please provide any additional details for the process flow
depositing an interlayer dielectric (ILD) layer on a substrate;
depositing a high thermal conductivity dielectric (HTCD) layer on the ILD layer;
depositing a metal layer of a multilayer interconnect on the HTCD layer.

38.  The method of claim 37, wherein the substrate is a semiconductor material.

39.  The method of claim 37, wherein the substrate is an etch stop material.

40.  The method of claim 37, wherein the substrate is an additional metal layer of the multilayer interconnect.

41.  The method of claim 37, further comprising forming a via through the HTCD layer and the ILD layer prior to depositing the metal layer on the HTCD layer.

42.  The method of claim 37, further comprising repeating steps of claim 37 to form a subsequent metal layer of the multilayer interconnect.

43.  A method for making a thermally-regulated multilayer interconnect, comprising:
depositing an interlayer dielectric (ILD) layer on a substrate;
applying a subtractive pattern to the ILD layer corresponding to a desired metallization pattern;
removing a portion of the ILD layer to create voids corresponding to the metallization pattern;
depositing a metal material into the voids to form a metal layer of the multilayer interconnect; and
depositing a high thermal conductivity dielectric (HTCD) layer on the exposed ILD and metal layers.  

45.  The method of claim 44, further comprising depositing an additional ILD layer on the HTCD layer.

46.  The method of claim 44, wherein the substrate is a semiconductor material.

47.  The method of claim 44, wherein the substrate is an etch stop material.

48.  The method of claim 44, wherein the substrate is an additional HTCD layer.

49.  The method of claim 44, wherein the substrate is an additional ILD layer.

50.  The method of claim 44, wherein removing the portion of the ILD layer to create the voids and depositing the metal material into the voids includes forming at least one via.   







7
