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Technical Field 

The present invention relates to a field effect transistor (FET), in particular to a field 

effect transistor with a GaN-based gate insulating layer. 

Prior Art 

With the advent of the digital era, all electronics companies have devoted great efforts 

to this flood of digital reforms, with the semiconductor industry stepping from early original 

equipment manufacturing to current research and development being the most significant. 

The integrated circuits manufactured in the semiconductor industry can be roughly divided 

into two types: a digital circuit layout and an analog circuit layout. The most common 

electronic element in the digital integrated circuit layout is a field effect transistor (FET), 

which can be widely applied to a micro-processor, a logical device, a memory, or other 

integrated circuit elements. Furthermore, due to the different fields of application of the 

field effect transistor, its substrates also vary in material. For a common integrated circuit, 

a silicon substrate is generally used, but for high-speed computing or high operating power 

integrated circuits, a semiconductor compound substrate with gallium nitride (GaN), 

gallium arsenide (GaAs) or indium phosphate (InP) as a main material is used. 

FIG. 1 shows a structural schematic diagram of a conventional field effect transistor 

employing a gallium nitride substrate. Referring to FIG. 1, the conventional field effect 

transistor is mainly composed of a gallium nitride substrate 100, a GaN-based 

semiconductor layer 102, a source 104, a drain 106 and a gate 108, wherein the GaN-based 

semiconductor layer 102 is provided on the gallium nitride substrate 100, while the GaN-

based semiconductor layer 102 is generally formed on the gallium nitride substrate 100 by 

means of epitaxy, and the material of the GaN-based semiconductor layer 102 is AlxGa1-

xN, where 1≥x≥0. Furthermore, the source 104, the drain 106 and the gate 108 are provided 
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on the GaN-based semiconductor layer 102, and the source 104 and the drain 106 are located 

on both sides of the gate 108, respectively. 

FIG. 2 shows a structural schematic diagram of a conventional field effect transistor 

for high-power operation. Referring to both FIG. 1 and FIG. 2, in the field effect transistor 

shown in FIG. 1, since the gate 108 is directly located on the GaN-based semiconductor 

layer 102, the gate leakage current of the element cannot be effectively suppressed under 

high temperature and high-power operation, thereby influencing the characteristics of the 

element. For the requirements of high temperature resistance and high operating power of 

the element, if a gate insulating layer 110 (shown in FIG. 2) can be provided between the 

gate 108 and the GaN-based semiconductor layer 102, it is expected that the breakdown 

voltage of the element will be significantly increased, thereby reducing the gate leakage 

current of the element. However, in the conventional field effect transistor, for the gate 

insulating layer 110, insulating materials such as silicon dioxide (SiO2), silicon nitride 

(SiNX) and gallium oxide (Ga2O3) are directly used. After actual production, the gate 

insulating layers 110 of these insulating materials are found to have poor lattice matching 

with the GaN-based semiconductor layer 102, so the operating characteristics of the element 

cannot be accurately evaluated. Due to the lack of high-quality insulating layers in III-V 

group materials, it is quite difficult to fabricate a metal-insulating layer-semiconductor field 

effect transistor (MISFET) with stable electrical characteristics. 

In order to improve the problem that the insulating layer mentioned above is not proper, 

the practice of using a semi-insulating homogeneous material to replace the insulating layer 

on a GaAs substrate has been proposed. This practice attempts to improve the lattice 

matching characteristics between the gate insulating layer and the substrate, so that the 

metal-insulating layer-semiconductor field effect transistor (MISFET) has good electrical 
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characteristics. Since a low-temperature growth process is employed for forming gallium 

arsenide, the insulating layer formed by the low-temperature process between the gate and 

the substrate still needs to undergo high-temperature heat treatment (post annea1ing) to have 

good insulation characteristics. However, the gallium arsenide substrate will be partially 

damaged in the high-temperature process and the steps of the high-temperature process are 

relatively complicated, which is not only time-consuming but also costly. 

Summary 

Therefore, a purpose of the present invention is to provide a field effect transistor, 

which can reduce the gate leakage current of an element by improving the lattice matching 

degree between the gate insulating layer and the GaN-based semiconductor layer. 

Another purpose of the present invention is to provide a field effect transistor, which 

has low manufacturing cost and simple process steps. 

Yet another purpose of the present invention is to provide a field effect transistor that 

is resistant to high temperatures and suitable for high-power operation. 

To achieve the above purposes, the present invention provides a field effect transistor, 

mainly composed of a gallium nitride substrate, a GaN-based semiconductor layer, a GaN-

based gate insulating layer, a source/drain and a gate. The GaN-based semiconductor layer 

is located on the gallium nitride substrate. The GaN-based gate insulating layer is provided 

on the GaN-based semiconductor layer, and the GaN-based gate insulating layer is an 

AlxInyGa1-x-yN layer, where x≥0, y≥0, 1≥x+y. The source/drain is provided on the GaN-

based semiconductor layer and located next to the GaN-based gate insulating layer, and the 

gate is then provided on the GaN-based gate insulating layer. 

According to an exemplary embodiment of the present invention, there is, for example, 
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a dopant in the GaN-based gate insulating layer to enhance the resistance value of the GaN-

based gate insulating layer, and this dopant is metal such as carbon, magnesium, iron, or a 

combination of these materials or grows at low temperatures (300°C to 900°C). 

According to an exemplary embodiment of the present invention, the GaN-based 

semiconductor layer is, for example, an AlaInbGa1-a-bN layer, where a≥0, b≥0, 1≥a+b, 

a<x. 

According to an exemplary embodiment of the present invention, the field effect 

transistor is, for example, a modulation doped FET (MODFET). Therefore, the GaN-based 

semiconductor layer in this embodiment is, for example, composed of a buffer layer, a 

channel layer, a gap layer and a barrier layer. The buffer layer and the channel layer are 

each, for example, an undoped AlaInbGa1-a-bN layer, and a≥0, b≥0, 1≥a+b, x > a. The gap 

layer, for example, is an undoped AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. The barrier 

layer, for example, is a silicon doped AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 

As mentioned above, in the field effect transistor in this embodiment, an isolation layer 

is, for example, provided between the buffer layer and the channel layer. The material of 

this isolation layer is, for example, an AlxInyGa1-x-yN layer that is carbon, magnesium and 

iron doped or grows at low temperature (300 to 900°C), and x≥0, y≥0, 1≥x+y. 

In the present invention, a GaN-based material is employed as the gate insulating layer, 

which has good lattice matching characteristics with the GaN-based semiconductor layer, 

and has good insulation characteristics after being doped with appropriate dopants (metals 

such as carbon, magnesium and iron). Therefore, the field effect transistor of the present 

invention has superior electrical characteristics. 

In order to make the above and other purposes, features and advantages of the present 

invention more obvious and easier to understand, an exemplary embodiment is given, and 
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in conjunction with the accompanying drawings, a detailed explanation is given as follows: 

Detailed Description 

FIG. 3 shows a structural schematic diagram of a field effect transistor according to a 

first exemplary embodiment of the present invention. Referring to FIG. 3, a field effect 

transistor in this embodiment is mainly composed of a gallium nitride substrate 200, a GaN-

based semiconductor layer 202, a GaN-based gate insulating layer 210, a source 204, a drain 

206 and a gate 208. The GaN-based semiconductor layer 202 is located on the gallium 

nitride substrate 200, and its material is, for example, AlaInbGa1-a-bN, where a≥0, b≥0, 

1≥a+b. The GaN-based gate insulating layer 210 is provided on the GaN-based 

semiconductor layer 202, and the material of the GaN-based gate insulating layer 210 is 

AlxInyGa1-x-yN, where x≥0, y≥0, 1≥x+y, x > a. Furthermore, the gate 208 is then provided 

on the GaN-based gate insulating layer 210, while the source 204 and the drain 206 are 

located on the GaN-based semiconductor layers 202 on both sides of the gate 208. 

In this embodiment, there is, for example, a dopant in the GaN-based gate insulating 

layer 210 to enhance the resistance value of the GaN-based gate insulating layer 210, and 

this dopant is metal such as carbon, magnesium, iron or a combination of these materials, 

and these dopants (such as carbon, iron and magnesium) are, for example, doped in the 

epitaxy process. Furthermore, the resistance value of the GaN-based gate insulating layer 

210 mentioned above is, for example, between 109 ohms and 1012 ohms/□. 

In this embodiment, since the GaN-based gate insulating layer 210 is provided on the 

GaN-based semiconductor layer 202, and the two layers are of similar materials, the lattice 

matching characteristics are very good. In other words, the interface characteristics between 

the GaN-based gate insulating layer 210 and the GaN-based semiconductor layer 202 are 

good, so there will be no depression of the element characteristics due to too much 
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difference in material characteristics between the two layers. Furthermore, the GaN-based 

gate insulating layer 210 in this embodiment is fabricated, for example, using a low-

temperature process. The GaN-based gate insulating layer 210 can be generated in a low-

temperature state (300°C to 900°C), and an excellent insulation effect can be achieved 

without the need for high-temperature heat treatment (post annea1ing) after epitaxy. 

From the above, it can be seen that the GaN-based gate insulating layer 210 has good 

insulation characteristics after low-temperature epitaxial growth, which is quite simple to 

fabricate. Moreover, the high resistance characteristics of the GaN-based gate insulating 

layer 210 will make the field effect transistor have the operating characteristics of high 

temperature resistance and high power. 

Although the above-mentioned GaN-based gate insulating layer 210 is illustrated in 

terms of fabrication with taking the low-temperature epitaxy process as an example, the 

present invention is not limited to employing the low-temperature epitaxy process to 

achieve this. In the present invention, the epitaxial growth of the GaN-based gate insulating 

layer 210 can also be performed in other temperature states to directly generate the GaN-

based gate insulating layer 210 with good insulation characteristics. 

FIG. 4 shows a diagram of a relationship between reverse bias voltage and gate leakage 

current in the field effect transistor of FIGS. 1 and 3. Referring to FIG. 4, curve A is a 

relationship between the reverse bias voltage and the gate leakage current of a conventional 

gallium nitride field effect transistor without the gate insulating layer, while curve B is a 

relationship between the reverse bias voltage and the gate leakage current of the gallium 

nitride field effect transistor with a GaN-based gate insulating layer of high resistance value 

in this embodiment. From the FIG. 4, it can be clearly seen that by comparison between the 

gate leakage current of the conventional gallium nitride field effect transistor and the gate 
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leakage current of the gallium nitride field effect transistor in this embodiment, the 

difference therebetween exceeds 1000 times. Based on the conventional experience of 

fabricating the field effect transistor, it can be predicted that such excellent insulation 

characteristics will inevitably meet the needs of high-temperature and high-power operation 

of the element. 

In addition to being applied to the structure shown in FIG. 3, the GaN-based gate 

insulating layer of the present invention can be applied to other elements that apply a GaN-

based epitaxial material layer, such as elements including the modulation doped field effect 

transistor (MODFET) or a high electron mobility transistor (HEMT) of other architectures. 

It will be illustrated below only for the application level of the modulation doped field effect 

transistors (MODFET). 

FIG. 5 shows a structural schematic diagram of a field effect transistor according to a 

second exemplary embodiment of the present invention. Referring to FIG. 5, a modulation 

doped field effect transistor (MODFET) is mainly composed of a gallium nitride substrate 

300, a GaN-based semiconductor layer 302, a GaN-based gate insulating layer 318, a source 

312, a drain 314 and a gate 316. The GaN-based semiconductor layer 302 is located on the 

gallium nitride substrate 300. The GaN-based gate insulating layer 318 is provided on the 

GaN-based semiconductor layer 302, and the material of the GaN-based gate insulating 

layer 318 is AlxInyGa1-x-yN, where x≥0, y≥0, 1≥x+y, x > a. Furthermore, the gate 316 is 

then provided on the GaN-based gate insulating layer 318, while the source 312 and the 

drain 314 are located on the GaN-based semiconductor layers 302 on both sides of the gate 

318. 

Also referring to FIG. 5, in the architecture of the modulation doped field effect 

transistor, the GaN-based semiconductor layer 302 is composed of, for example, a buffer 
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layer 304, a channel layer 306, a gap layer 308 and a barrier layer 310. The buffer layer 304 

and the channel layer 306 are each, for example, an undoped AlaInbGa1-a-bN layer, and 

a≥0, b≥0, 1≥a+b, x > a. The gap layer 308, for example, is an undoped AlxInyGa1-x-yN 

layer, and x≥0, y≥0, 1≥x+y; while the barrier layer 310, for example, is a silicon doped 

AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 

Similar to the previous embodiment, the GaN-based gate insulating layer 318 in this 

embodiment may also have a dopant to enhance the resistance value of the GaN-based gate 

insulating layer 318 (about 109 ohms to 1012 ohms/□), such as metal such as carbon, 

magnesium, iron or a combination of these materials, and these dopants (metals such as 

carbon, iron, and magnesium) are, for example, doped in the epitaxy process. 

FIG. 6 shows a structural schematic diagram of a field effect transistor according to a 

third exemplary embodiment of the present invention. Referring to both FIG. 5 and FIG. 6, 

this embodiment is similar to FIG. 5, except that an isolation layer 305 is provided between 

the buffer layer 304 and the channel layer 306 in this embodiment, and the material of the 

isolation layer 305 is, for example, AlxInyGa1-x-yN like that of the gate insulating layer 

318, and x≥0, y≥0, 1≥x+y. 

The above disclosed field effect transistor device architecture mainly aims to enhance 

the gate collapse characteristics of the device itself, thereby achieving the purpose of high-

power operation. In addition, the GaN-based insulating layer mentioned above can also be 

used as an insulating buffer layer between a semiconductor epitaxial layer and the substrate, 

which can effectively eliminate the side-gating effect or the back-gating effect, and output 

conductance is substantially reduced, which is more conducive to high-frequency operation. 

Although the present invention has been disclosed as above in multiple exemplary  
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embodiments, it is not intended to limit the present invention. Anyone skilled in this art may 

make some modifications and embellishments within the spirit and scope of the present 

invention. Therefore, the scope of protection of the present invention shall be subject to the 

scope defined in the attached claims. 
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Brief Description of The Drawings 

FIG. 1 shows a structural schematic diagram of a conventional field effect transistor 

employing a gallium nitride substrate; 

FIG. 2 shows a structural schematic diagram of a conventional field effect transistor 

for high-power operation; 

FIG. 3 shows a structural schematic diagram of a field effect transistor according to a 

first exemplary embodiment of the present invention; 

FIG. 4 shows a diagram of a relationship between reverse bias voltage and gate leakage 

current in the field effect transistor of FIGS. 1 and 3; 

FIG. 5 shows a structural schematic diagram of a field effect transistor according to a 

second exemplary embodiment of the present invention; and 

FIG. 6 shows a structural schematic diagram of a field effect transistor according to a 

third exemplary embodiment of the present invention. 

 

Reference Numerals 

100: Gallium nitride substrate 

102: GaN-based semiconductor layer 

104: Source 

106: Drain 

108: Gate 

110: Gate insulating layer 

200: Gallium nitride substrate 

202: GaN-based semiconductor layer 

204: Source 

206: Drain 
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Brief Description of The Drawings 

208: Gate 

210: GaN-based gate insulating layer 

300: Gallium nitride substrate 

302: GaN-based semiconductor layer 

304: Buffer layer 

305: Isolation layer 

306: Channel layer 

308: Gap layer 

310: Barrier layer 

312: Source 

314: Drain 

316: Gate 

318: GaN-based gate insulating layer 
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V. (I) Representative drawing: FIG. 6 

(II). Brief description of component representative symbols of representative drawings: 

300: Gallium nitride substrate 302: GaN-based semiconductor layer 304: Buffer layer 305: 

Isolation layer 306: Channel layer 308: Gap layer 310: Barrier layer 312: Source 314: Drain 

316: Gate 318: GaN-based gate insulating layer 

VI. Abstract (English) (TITLE: Field effect transistor and method of fabricating the same) 

A field effect transistor is provided, mainly composed of a gallium nitride substrate, a 

GaN-based semiconductor layer, a GaN-based gate insulating layer, a source/drain and a 

gate. The GaN-based semiconductor layer is located on the gallium nitride substrate. The 

GaN-based gate insulating layer is provided on the GaN-based semiconductor layer, and 

the GaN-based gate insulating layer is an AlxInyGa1-x-yN layer, where x≥0, y≥0, 1≥x+y. 

The source/drain is provided on the GaN-based semiconductor layer and located next to the 

GaN-based gate insulating layer, and the gate is provided on the GaN-based gate insulating 

layer. The GaN-based gate insulating layer mentioned above does not require high-

temperature heat treatment after epitaxy, so that the process is simpler and the field effect 

transistor is enabled to achieve the purposes of high temperature resistance and high-power 

operation. 
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VI. CLAIMS 

What is claimed is: 

1. A field effect transistor, comprising: 

a gallium nitride substrate; 

a GaN-based semiconductor layer, located on the gallium nitride substrate; 

a GaN-based gate insulating layer, provided on the GaN-based conductive layer, and 

the nitride based gate insulating layer is an AlxInyGa1-x-yN layer, where x≥0, y≥0, 1≥x+y; 

a source/drain, provided on the GaN-based semiconductor layer, and located next to 

the GaN -based gate insulating layer; and 

a gate, provided on the GaN-based gate insulating layer. 

2. The field effect transistor according to claim 1, wherein the GaN-based 

semiconductor layer is an AlaInbGa1-a-bN layer, where a≥0, b≥0, 1≥a+b. 

3. The field effect transistor according to claim 1, wherein the GaN-based 

semiconductor layer comprises: 

a buffer layer, located on the gallium nitride substrate; 

a channel layer, located on the buffer layer; 

a gap layer, located on the channel layer; and 

a barrier layer, located on the gap layer and between the GaN-based gate insulating 

layer and the source/drain. 

4. The field effect transistor according to claim 3, wherein the buffer layer and the 

channel layer are each an undoped AlaInbGa1-a-bN layer, and a≥0, b≥0, 1≥a+b, x > a. 

5. The field effect transistor according to claim 3, wherein the gap layer is an undoped 

AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 

6. The field effect transistor according to claim 3, wherein the barrier layer is a silicon 

doped AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 
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VI. CLAIMS 

7. The field effect transistor according to claim 1, wherein the GaN-based 

semiconductor layer comprises: 

a buffer layer, located on the gallium nitride substrate; 

an isolation layer, located on the buffer layer; 

a channel layer, located on the isolation layer; 

a gap layer, located on the channel layer; and 

a barrier layer, located on the gap layer and between the GaN-based gate insulating 

layer and the source/drain. 

8. The field effect transistor according to claim 7, wherein the buffer layer and the 

channel layer are each an undoped AlaInbGa1-a-bN layer, and a≥0, b≥0, 1≥a+b, x > a. 

9. The field effect transistor according to claim 7, wherein the isolation layer is an 

AlxInyGa1-x-yN layer, where x≥0, y≥0, 1≥x+y. 

10. The field effect transistor according to claim 7, wherein the gap layer is an undoped 

AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 

11. The field effect transistor according to claim 7, wherein the barrier layer is a silicon 

doped AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y. 

12. The field effect transistor according to claim 1, wherein the GaN-based gate 

insulating layer has a dopant, and the dopant comprises one of carbon, magnesium, iron and 

a combination thereof. 

13. A field effect transistor, comprising: 

a gallium nitride substrate; 

a buffer layer, located on the gallium nitride substrate; 
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VI. CLAIMS 

a channel layer, located on the buffer layer, wherein the buffer layer and the channel 

layer are each an undoped AlaInbGa1-a-bN layer, and a≥0, b≥0, 1≥a+b; 

a gap layer, located on the channel layer, wherein the gap layer is an undoped 

AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y; and 

a barrier layer, located on the gap layer, wherein the barrier layer is a silicon doped 

AlxInyGa1-x-yN layer, and x≥0, y≥0, 1≥x+y; 

a GaN-based gate insulating layer, provided on the GaN-based semiconductor layer, 

wherein the GaN-based gate insulating layer is an AlxInyGa1-x-yN layer, where x≥0, y≥0, 

1≥x+y, x > a; 

a source/drain, provided on the GaN-based semiconductor layer, and located next to 

the GaN-based gate insulating layer; and 

a gate, provided on the GaN-based gate insulating layer. 

14. The field effect transistor according to claim 13, further comprising an isolation 

layer, the isolation layer being provided between the buffer layer and the channel layer. 

15. The field effect transistor according to claim 14, wherein the isolation layer is an 

AlxInyGa1-x-yN layer, where x≥0, y≥0, 1≥x+y. 

16. The field effect transistor according to claim 13, wherein the GaN-based gate 

insulating layer has a dopant, and the dopant comprises one of carbon, magnesium, iron and 

a combination thereof. 

17. A process for a field effect transistor, comprising the following steps: 

forming a GaN-based semiconductor layer on a gallium nitride substrate; 

forming a GaN-based gate insulating layer on the GaN-based semiconductor layer, 

wherein the GaN-based gate insulating layer is an AlxInyGa1-x-yN layer, where x≥0, y≥0, 

1≥x+y; 
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VI. CLAIMS 

forming a source/drain on the GaN-based semiconductor layer next to the GaN-based 

gate insulating layer; and 

forming a gate on the GaN-based gate insulating layer. 

18. The process for the field effect transistor according to claim 17, wherein the 

forming the GaN-based semiconductor layer comprises: 

forming a buffer layer on the gallium nitride substrate; 

forming a channel layer on the buffer layer; 

forming a gap layer on the channel layer; and 

forming a barrier layer on the gap layer and between the GaN-based gate insulating 

layer and the source/drain. 

19. The process for the field effect transistor according to claim 18, further comprising 

forming an isolation layer between the buffer layer and the channel layer. 

20. The process for the field effect transistor according to claim 19, wherein the method 

for forming the GaN-based gate insulating layer and the isolation layer comprises a low-

temperature growth method, and the process temperature of the low-temperature growth 

method is between 300°C and 900°C. 
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