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Claims 

 

 1. A semiconductor device having a structure 

comprising: 

a first nucleation layer and a second nucleation 5 

layer disposed on a substrate;  

a first epitaxial layer and a second epitaxial layer 

disposed over the first and second nucleation layers to 

form a channel layer comprising portions of the first and 

second epitaxial layers; 10 

a third epitaxial layer disposed on the second 

epitaxial layer; 

a binary layer comprising a group 14 element selected 

from Si, Ge and their combination thereof disposed over 

the first and second nucleation layers;  15 

a thin spacer located between the binary layer and 

the third epitaxial layer; and 

a first contact area and a second contact area 

disposed over the substrate, wherein the first and second 

contacts areas formed from annealing the binary layer with 20 

the first, second or third epitaxial layer are capable of 

providing a lower contact resistance for a current to flow 

in the device.  

 

2. The semiconductor device of claim 1,  25 

wherein the binary layer is disposed over the first, 

second and third epitaxial layers, and  

wherein the first and second contact areas formed 

from annealing the binary layer with the first, second or 

third epitaxial layer, are disposed on the first or third 30 

epitaxial layer or partially embedded in the second and/or 

third epitaxial layer, 

 preferably further comprising a gate electrode 

disposed between the first and second contact areas before 
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or after the binary layer is annealed with the first, 

second or third epitaxial layer, and 

 preferably wherein the height of the gate electrode 

is 100 nm to 300 nm, and 

preferably wherein the first nucleation layer has a 5 

thickness in the range of 25 nm to 30 nm, and  

preferably wherein the second nucleation layer has a 

thickness in the range of 200 nm to 400 nm, and  

preferably wherein the first epitaxial layer is a 

gallium nitride layer with a thickness of 1.5 um to 3.0 um, 10 

and 

preferably wherein the second epitaxial layer is an 

aluminum gallium nitride layer with a thickness of 15 nm 

to 25 nm.  

 15 

3. The semiconductor device of claim 2, wherein the 

second epitaxial layer has an aluminum content of 20 to 25 

wt%,  

preferably wherein the second epitaxial layer has an 

aluminum content of 22 to 23 wt%. 20 

 

4. The semiconductor device of claim 2, wherein the 

third epitaxial layer is a gallium nitride layer having a 

thickness of 1.5 nm to 3.5 nm,  

preferably wherein the gallium nitride layer has a 25 

thickness of 1.5 nm to 3.0 nm.  

 

5. The semiconductor device of claim 2, wherein the 

channel layer is a two dimension electron gas (2DEG) layer, 

optionally wherein the structure further comprises 30 

shallow isolated trenches, mesa isolated trenches or 

deposited oxide layers.  
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6. The semiconductor device of claim 2, wherein the 

gate electrode has a structure comprising the second 

epitaxial layer, the third epitaxial layer, a dieletric 

layer comprising aluminum oxide, hafnium oxide, or their 

combination thereof, and a CMOS compatible metal selected 5 

from the group of Ta, TaN, Ti, TiN, Ni, Co, Al, W, WN, any 

non-gold based metal and their combination thereof,  

preferably wherein the first and the second contact 

areas are formed from annealing the first epitaxial layer, 

the binary layer comprising a group 14 element selected 10 

from Si, Ge and their combination thereof, and a CMOS 

compatible metal selected from the group of Ta, TaN, Ti, 

TiN, Ni, Co, Al, W, WN, any non-gold based metal and their 

combination thereof. 

 15 

7. The semiconductor device of claim 6, wherein the 

gate electrode further comprises two thin spacer 

structures on both sides of the gate electrode, wherein 

the two thin spacer structures are disposed on the 

dielectric layer, 20 

preferably wherein the gate electrode further 

comprises two thick spacer structures on both sides of the 

gate electrode, wherein the two thick spacer structures 

are disposed on the first epitaxial layer, and 

preferably wherein the two thin and two thick spacers 25 

are made up of aluminum oxide, silicon nitride, silicon 

dioxide or their combination thereof, and 

preferably wherein the two thick spacers have a width 

of 50 nm to 10um.  

 30 

8. The semiconductor device of claim 2, wherein the 

gate electrode comprises a single CMOS compatible metal 

selected from the group of Ta, TaN, Ti, TiN, Ni, Co, Al, W, 

WN, any non-gold based metal and their combination thereof, 
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when the first and second contact areas are disposed over 

the third epitaxial layer or partially embedded in the 

second and/or third epitaxial layer,  

preferably wherein the structure further comprises a 

field insulator layer disposed on an island formed from 5 

the first, second and third epitaxial layers in which the 

first and second contact areas are disposed over the third 

epitaxial layer or partially embedded in the second and/or 

third epitaxial layers, and a gate insulating layer 

disposed on the field insulator layer, and 10 

preferably wherein the field insulator layer is a 

silicon nitride, silicon oxide, silicon-oxynitride or Al2O3 

layer, and the gate insulating layer is gate dielectric 

layer selected from Al2O3, HfO2, ZrO2, TiO2, Ta2O5, Ta-doped 

Al2O3, HfAlO, La2O3, Si3N4, SiON, Y2O3, HfSiO4, SrTiO2, LaAlO3, 15 

SiO2 and their combination thereof, and  

preferably wherein the first and second contact areas 

disposed over the third epitaxial layer or partially 

embedded in the second and/or third epitaxial layer are 

made up of an annealed layer comprising the second and/or 20 

the third epitaxial layer, and the binary layer comprising 

a group 14 element selected from Si, Ge and their 

combination thereof, and a CMOS compatible metal selected 

from the group of Ta, TaN, Ti, TiN, Ni, Co, Al, W, WN, any 

non-gold based metal and their combination thereof. 25 

 

 9. The semiconductor device of claim 2, wherein the 

height of the gate electrode is 100 nm to 300 nm, and 

 optionally wherein the substrate is a sapphire 

substrate, a silicon substrate, a silicon on insulator 30 

substrate or a silicon carbide substrate. 

 

10. A transistor having the structure of claim 1.   
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