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CLAIMS 

 
What is claimed is: 

 

1.  An apparatus comprising:  

a semiconductor substrate comprising a first material; and  

an insulator layer formed on the semiconductor substrate, wherein the insulator 

layer comprises a second material, the second material lattice-matched with the first 

material, wherein the semiconductor substrate comprises a crystalline surface, and 

wherein the insulator layer comprises an epitaxial insulator layer comprising one of 

crystalline varium titanate (BaTiO3) and crystalline strontium titanate (SrTiO3) in direct 

physical contact with the surface;  

wherein the surface consists of the first material, and wherein the insulator layer 

comprises a different second material; and 

a semiconductor layer bonded to the insulator layer, the semiconductor layer 

comprising one of the first material and a third material that is lattice matched with the 

second material.  

 

2.  The apparatus of claim 1, wherein the first material and the second material 

constitute a first material/second material pair selected from a group consisting of 

silicon (Si)/strontium titanate (SrTiO3) and germanium (Ge)/barium titanate (BaTiO3).  

 

3.  The apparatus of claim 1, wherein the second material and the one of the first 

material and a third material constitute a pair selected from a group consisting of 

strontium titanate (SrTiO3)/silicon (Si) and barium titanate (BaTiO3)/germanium (Ge).  

 

4.  The apparatus of claim 1, further comprising:  

a plurality of semiconductor layers formed on the insulator layer,  

wherein an intermediate insulator layer is formed between each semiconductor 

layer, and  

wherein at least one of the intermediate insulator layers is lattice matched with at 

least one of the semiconductor layers adjacent to the at least one of the intermediate 

insulator layers.  
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5.  The apparatus of claim 1, wherein at least one device is formed on the 

semiconductor layer.  

 

6.  The apparatus of claim 1, wherein the semiconductor layer is bonded to the 

insulator layer through a hydrophilic bond.  

 

7.  The apparatus of claim 6, wherein a portion of the semiconductor layer is 

removed to reduce a thickness of the semiconductor layer.  

 

8.  The apparatus of claim 6, wherein the semiconductor layer is doped.  

 

9.  An apparatus comprising:  

a semiconductor substrate comprising a first material;  

an insulator layer formed on the substrate, the insulator layer comprising a 

second material having a conduction band and a valence band, wherein the second 

material is lattice matched to the first material;  

a semiconductor layer on the insulator layer, the semiconductor layer comprising 

one of the first material and a third material lattice matched to the second material, the 

one of the first material and a third material lattice matched to the second material 

having a conduction band and a valence band;  

wherein one of the conduction band and the valence band of the second material 

is substantially aligned with the same band of the one of the first material and a third 

material lattice matched to the second material, wherein the semiconductor substrate 

comprises a crystalline surface, and wherein the insulator layer comprises an epitaxial 

insulator layer comprising one of crystalline barium titanate (BaTiO3) and crystalline 

strontium titanate (SrTiO3) in direct physical contact with the surface; and  

wherein the surface consists of the first material, wherein the insulator layer 

comprises a different second material, and wherein the semiconductor layer is bonded to 

the insulator layer.  
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10.  The apparatus of claim 9, wherein the first material has a conduction band and a 

valence band, one of the conduction band and the valence band of the first material 

being substantially aligned with a same band of the second material.  

 

11.  The apparatus of claim 10, wherein the other of the valence band and conduction 

band of the first material is not substantially aligned with a same band of the second 

material.  

 

12.  The apparatus of claim 9, wherein the first material is germanium (Ge) and the 

second material is barium titanate (BaTiO3).  

 

13.  The apparatus of claim 9, wherein the second material is barium titanate 

(BaTiO3) and the one of the first material and a third material is germanium (Ge).  

 

14.  The apparatus of claim 9, further comprising:  

a plurality of semiconductor layers formed on the insulator layer,  

wherein an intermediate insulator layer is formed between each semiconductor 

layer, and  

wherein at least one of the intermediate insulator layers is lattice matched with at 

least one of the semiconductor layers adjacent to the at least one of the intermediate 

insulator layers.  

 

15.  The apparatus of claim 9, wherein a portion of the semiconductor layer is 

removed to reduce a thickness of the semiconductor layer.  

 

16.  The apparatus of claim 9, further comprising:  

a second insulator layer formed on the semiconductor layer; and  

a gate formed on the second insulator layer, the gate comprising a contact,  

wherein the semiconductor substrate is doped and comprises a contact, wherein 

the doped semiconductor substrate is of a first conductive type,  

wherein the semiconductor layer is doped and comprises a source region of the 

second conductive type, a drain region of the second conductive type, and a well active 
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region of the first conduction type, the source region comprising a contact and the drain 

region comprising a contact, wherein a portion of the well active region between the 

source region and the drain region defines a channel region extending from the source 

region to the drain region,  

wherein the doped substrate is biased such that when during device operation, 

minority carriers in the well region will flow through the source region to the source 

region contact.  

 

17.  The apparatus of claim 16, wherein the level of minority carrier concentration in 

the doped semiconductor substrate is greater than the level of minority carrier 

concentration in the semiconductor layer due to the minority carrier extraction from the 

well region of the semiconductor layer.  

 

18.  The apparatus of claim 16, wherein the insulator layer has a thickness 

establishing one of a valence barrier height and conduction barrier height sufficient to 

prevent minority carriers in the substrate from flowing through the insulator layer, and 

into the well active region in the semiconductor layer.  

 

19.  An apparatus comprising:  

a semiconductor substrate comprising a first material;  

an insulator layer formed on the substrate, the insulator layer comprising a 

second material having a conduction band and a valence band, wherein the second 

material is lattice matched to the first material;  

a semiconductor layer on the insulator layer, the semiconductor layer comprising 

one of the first material and a third material lattice matched to the second material, the 

one of the first material and a third material lattice matched to the second material 

having a conduction band and a valence band;  

wherein one of the conduction band and the valence band of the second material 

is substantially aligned with the same band of the one of the first material and a third 

material lattice matched to the second material,  

wherein the semiconductor substrate is doped and comprises a contact, wherein 

the doped semiconductor substrate is of a first conductive type;  
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wherein the semiconductor layer is doped and comprises a source region of the 

second conductive type, a drain region of the second conductive type, and a well active 

region of the first conduction type, the source region comprising a contact and the drain 

region comprising a contact;  

wherein the doped substrate is biased such that when during device operation, 

minority carriers in the well region will flow through the source region to the source 

region contact, and wherein the semiconductor layer is bonded to the insulator layer. 

 

20. The apparatus of claim 9, wherein the semiconductor layer is bonded to the 

insulator layer through a hydrophilic bond. 

 

21. The apparatus of claim 19, wherein the first material and the second material 

constitute a first material/second material pair selected from a group consisting of 

silicon (Si)/strontium titanate (SrTiO3) and germanium (Ge)/barium titanate (BaTiO3).  

 

22. The apparatus of claim 19, wherein the semiconductor layer is bonded to the 

insulator layer through a hydrophilic bond. 


