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Abstract: This paper presents a general overview of nowadays Gallium Nitride power transistor 

technology and shows the existing components with their limits from different manufacturers cur-

rently available on the market. Introduction to GaN depletion mode, enhancement mode and cas-

code transistor structure with their function explanation is included.    
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1. INTRODUCTION 

Increasing pressure to minimize cost, weight, size and increase efficiency of switch mode power 

supplies (or any power conversion system) drives manufacturers of semiconductor devices over the 

existing borders. As a result, there is a number of remarkable devices released on the market in last 

few years, like improved Silicon Mosfets, fast SiC Mosfets (Silicon Carbide) able to work in three-

phase powered systems (1200V), SiC diodes with very low reverse recovery current (ideal for 

CCM PFC) and many more. After many years of silicon semiconductor technology improvements, 

silicon MOSFETs are now close to the theoretical limits and there is not much space for next pro-

gress. That's why manufacturers focus on GaN technology which opens a new horizon in power 

conversion. 

 

Figure 1: Si, SiC, GaN material theoretical limits, [3] 

 

The main reasons to develop the GaN sector are physical properties. Gallium Nitride has a very 

wide band gap (3,4eV) which means it can operate at high temperature, has a high critical electrical 

intensity/high breakdown voltage and what is the most important, can operate with high switching 

frequency. These mentioned features have major impact on final application, new performance lev-

el can be achieved. 
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2. PRESENT TECHNOLOGY STATE 

From the history, one of the first sectors where Gallium Nitride material plays its role were the low 

voltage GHz range transistors, mostly used in the consumer electronics (RF communication). It al-

so plays important role in optoelectronics components – especially low wavelength lasers and light 

emitting diodes.  

Due to previous development in those sectors, technology for producing GaN on Silicon structures 

was developed and offers a good start point for the development of high voltage power transistors. 

From documentation provided by manufacturers of GaN power transistors, most of GaN devices 

available today are based on silicon wafers. Automated solutions for manufacturing mentioned 

structures are provided by two major companies Veeco U.S., Aixtron Germany [3]. Differences be-

tween GaN semiconductor manufacturers are in a different internal structure as shown later in this 

paper. 

 

2.1. D-MODE GAN  

The basic GaN HFET (Heterostructure Field Effect Transistors) functional structure is grown on 

the silicon substrate with thin layer of Aluminum Nitride (See picture below) and is often referred 

as a depletion or d-mode transistor. As in every power Field Effect Transistor, there are Gate, 

Source and Drain contacts. As for the case of a typical JFET, the negative voltage bias is needed to 

turn the device off. This is caused by schottky contact on the top of the surface, which becomes re-

vers biased by negative voltage and the electrons underneath are depleted. This device is “normally 

ON”. 

 

Figure 2: Depletion mode GaN transistor structure, [3] 

 

In power conversion applications, this device obviously cannot be used. A negative gate-source 

voltage must be present before the power bus voltage is applied. This is hard to achieve in many 

applications and can result in schematic complications, which definitely affect system reliability. 

To make GaN transistor usable in real application, manufacturers have to resolve the problem by 

developing new structures while maintain the benefits. This is the reason why we are talking about 

cascode and eMode, GIT structures today. 
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2.2. E-MODE GAN  

GaN Systems, EPC and Panasonic develop an enhancement mode FET structure. The basic en-

hanced mode manufacturing process starts with silicon wafers with thin aluminum layer (AlN) 

grown on it. This thin layers allows to grow the gallium nitride heterostructures (AlGaN) and create 

the whole transistor structure. The result is the structure shown on Fig. 3, which is similar to silicon 

MOSFET with some exceptions. To enhance this FET structure, a positive voltage must be applied 

between Gate and Source contact, same as in a standard power MOSFET transistor.   

 

Figure 3: Enhanced mode GaN transistor structure [3] and typical output characteristic [9] 

With voltage present on the gate electrode, the device can operate in two quadrants (forward and 

reverse current), with voltage drop equivalent to resistance of channel in open state and flowing 

current. Important difference between Si MOSFET and the GaN is the absence of natural body di-

ode, which causes reverse recovery issues due to the stored charge in hard-switched topologies. 

The voltage drop at UGS=0 is defined by the gate threshold voltage and channel resistance. The 

voltage drop at a negative bias (UGS<0) is further increased by the negative UGS. This will result in 

significantly increased conduction loses in reverse operation mode. Due the low gate threshold 

voltage and the impossibility of operation with negative Gate bias (reverse mode), special require-

ments are needed for gate driver loop impedance. Gate driver loop optimization is critical especial-

ly for hard switching topologies (as continuous conduction mode totem pole PFC…), where high 

voltage slopes (dUds/dt >100V/ns) on drain can be easily achieved. Currents flowing through inner 

parasitic capacities during transients on Drain can cause self-opening which can result in device 

failure by exceeding absolute maximum ratings. On the other hand, e-mode transistors allows to 

control du/dt by choosing gate resistor accordingly. Absence of diode reverse recovery charge ex-

isting in silicon MOSFETs allows GaN devices to operate in CCM even in half bridge / full bridge 

configuration. 

GaN enhanced mode power transistor is therefore eligible for high end applications, e.g where 

compact dimensions and high efficiency is required at the same time. Currently, 25mOhm / 650V / 

60A rated devices are available from GaN systems manufacturer, similar 22mOhm / 650V / 50A 

rated devices are reported by VisIC. There are also interesting products from Panasonic and EPC - 

developing low voltage eMode GaN.  
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2.3. GAN CASCODE  

Transphorm, ON Semi are working on cascode GaN transistors. By cascode is meant the combina-

tion of low voltage fast silicon transistor (typically MOSFET) with “normally ON” GaN transistor 

(d-mode) according to Fig.4 

Figure 4: GaN cascode power transistor structure [3] and typical output characteristic [9] 

Main benefit of the GaN cascode is the higher Gate-Source threshold voltage (2-3.5V) – obviously 

caused by Si MOSFET in the cascode structure. GaN cascode can conduct reverse/forward current 

with voltage present on the Si Mosfet Gate electrode (case a. and b. on the picture below). Voltage 

drop is then defined by the forward current and the sum of the low voltage Si MOSFET and deple-

tion mode GaN channel ON resistance. In reverse operation mode with no voltage on Gate (UGS = 

0V) the current flows through intrinsic body diode of silicon mosfet and depletion mode GaN tran-

sistor – reverse voltage is than equal to body diode reverse voltage plus product of reverse re-

sistance of d-mode transistor and flowing current (case c.). There is no difference between reverse 

conduction with zero gate voltage, and negative bias on gate electrode (UGS < 0V) – using negative 

Gate voltage during device driving is possible.  

 

Figure 5: GaN Cascode operating modes 

Note that the accurate control of drain voltage slope during turn-on and turn-off is not possible with 

Cascode structure. By changing Gate resistance is control of du/dt possible only within a limited 

range. Output characteristic of GaN cascode transistor is conjunction of two independent output 

characteristic of low voltage Si MOSFET and GaN d-mode and correlation between them [9]. Ex-

ample of the cascode output characteristic is on picture above, where sharp edge around Si 

MOSFET Gate threshold voltage can be seen.   
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Currently 34mOhm / 600V / 70A rated devices are reported by Transphorm and relatively wide 

portfolio from other manufacturers. Many of these devices are available in standard TO220 and 

TO247 (3 pin) packages, which does not allow to optimize and fully utilize performance potential 

of the GaN because the switching speed must be reduced in these applications in order to achieve 

reliable operation. Another approach is chosen by Texas Instruments where the GaN device is inte-

grated with a driver to offer 70mOhm Rdson in a 600V/12A rated device. 

3. CONCLUSION 

There is no doubt, that the Gallium Nitride power transistors are taking their role in switch mode 

power conversion systems. Nowadays we can see many existing designs from different power sup-

ply manufacturers using this new technology with outstanding results in efficiency and power den-

sity. The way of development in this field will likely follow a compact SMT packages which al-

lows to optimize driver layout and helps to reach the best performance in final application. Integrat-

ing the gate driver with power chip in the same package is definitely one of the future solutions.   

Another important point is price. It is expected that GaN devices price will drop continuously in 

next years as the volume increase. This is an important advantage of the GaN over its indirect SiC 

rivals. 
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