
Vol 18 No 4, April 2009 c© 2009 Chin. Phys. Soc.

1674-1056/2009/18(04)/1614-04 Chinese Physics B and IOP Publishing Ltd

The leakage current mechanisms in the Schottky

diode with a thin Al layer insertion between

Al0.245Ga0.755N/GaN heterostructure

and Ni/Au Schottky contact

Liu Fang(4 �)a), Wang Tao(� 7)a), Shen Bo(! Å)b),

Huang Sen(� Ü)b), Lin Fang(� �)b), Ma Nan(ê �)b),

Xu Fu-Jun(N4�)b), Wang Peng(� +)a), and Yao Jian-Quan(�ï¢)a)

a)College of Precision Instrument and Opto-Electronics Engineering, Institute of Laser and Optoelectronics, Tianjin University,

Key Laboratory of Optoelectric Information Science and Technology of Ministry of Education, Tianjin University,

Tianjin 300072, China
b)State Key Laboratory of Artificial Microstructure and Mesoscopic Physics, School of Physics,

Peking University, Beijing 100871, China

(Received 15 September 2008; revised manuscript received 29 October 2008)

This paper investigates the behaviour of the reverse-bias leakage current of the Schottky diode with a thin Al

inserting layer inserted between Al0.245Ga0.755N/GaN heterostructure and Ni/Au Schottky contact in the temperature

range of 25–350 ◦C. It compares with the Schottky diode without Aluminium inserting layer. The experimental results

show that in the Schottky diode with Al layer the minimum point of I–V curve drifts to the minus voltage, and with the

increase of temperature increasing, the minimum point of I–V curve returns the 0 point. The temperature dependence

of gate-leakage currents in the novelty diode and the traditional diode are studied. The results show that the Al inserting

layer introduces interface states between metal and Al0.245Ga0.755N. Aluminium reacted with oxygen formed Al2O3

insulator layer which suppresses the trap tunnelling current and the trend of thermionic field emission current. The

reliability of the diode at the high temperature is improved by inserting a thin Al layer.
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1. Introduction

GaN-based compounds have been successfully

used in short-wavelength optoelectronic devices, such

as blue light-emitting diodes (LEDs) and LDs. These

materials are also attractive for applications in high-

speed/high-power electronic devices because of their

superb properties.[1,2] However, many factors limit the

performance and reliability of GaN high electron mo-

bility transistors for high-power radio-frequency ap-

plications. One of the major factors is their relatively

high gate leakage current.[3,4] Recently researchers

have demonstrated an Al layer as thin as 3 nm in-

serted between the AlGaN barrier layer and the gate

contact can reduce the gate leakage current and im-

prove an AlGaN/GaN high electron mobility transis-

tor (HEMT) by decreasing oxygen-related trap den-

sity at the AlGaN surface.[5] The temperature depen-

dence of gate-leakage current in AlGaN/GaN HEMTs

has been prevalent in the literature for more than four

decades. However, a more complete understanding of

the relevant mechanisms of current transport is de-

sirable on fundamental scientific grounds. In this pa-

per, we reported the temperature dependence of gate-

leakage current of the Schottky diode with a thin Al

inserting layer and without Al layer and analysed gate

leakage mechanisms.

2. Experiments

Figure 1 shows the cross sections of the fabricated

AlGaN/GaN Schottky diode with Al layer and with-

out Al layer. The AlGaN/GaN Schottky diode struc-

tures were grown on (0001)-oriented sapphire using

metal-organic chemical vapour deposition (MOCVD).

The device structure consists of a 30nm undoped Al-

GaN barrier layer and 1.3µm insulating GaN(i-GaN)
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layer on a buffer layer [GaN(20 nm)]. The Al content

of AlGaN layer was maintained as 24.5%. The carrier

concentration of 1.26×1013 cm−2 and carrier mobility

of 1200 cm2/(V·s) were obtained by Hall measurement

at room temperature.

Then, for the fabrication of Schottky diodes,

ring-shaped ohmic contacts were formed by standard

photolithography on Al0.245Ga0.755N surface, using

a Ti/Al/Ni/Au (25/120/45/50nm) alloy annealed at

850 ◦C in N2 for 30 s in a rapid thermal annealing sys-

tem. Before Schottky metallization, the wafers were

cleaned by conventional organic cleaning process. A

very thin Al layer of 3 nm was deposited by electron

beam evaporation system in a high vacuum condi-

tion below 1 × 10−4 Pa. Then Schottky contacts of

Ni/Au (25/200nm) were formed by e-beam evapo-

ration respectively. The diameter of circular Schot-

tky contacts is 800µm. The diodes were annealed in

N2 for 35min at 400 ◦C before the measurement of

I–V characteristics to improve their thermal stabil-

ity. The temperature-dependent I–V characteristics

of the diodes were performed in vacuum using an Agi-

lent 4155C semiconductor parameter analyser and an

Accent HL 5590 hot stage.

Fig.1. The cross sections of the fabricated AlGaN/GaN Schottky diode with Al layer and without Al

layer. (a) the Schottky diode with Al layer; (b) the Schottky diode without Al layer.

3. Results and discussion

Figure 2 shows that the minimum point of I–V

curves in the diode without Al layer and with Al layer.

As we can see, the minimum point of I–V curve in the

diode with Al layer drifts to the minus voltage. How-

ever, the minimum point in the diode without Al layer

does not drift. The minimum point in the diode with

Al layer returns to the 0V voltage when the tempera-

ture reaches 75 ◦C. These asymmetries of I–V curves

may be caused by the interface states located at the in-

terface between Al2O3 and Al0.245Ga0.755N barrier.[6]

Because the Al inserting layer highly reacts with oxy-

gen located at the boundary of Al0.245Ga0.755N surface

and the gate metal, aluminium and oxygen form the

Al2O3 insulated layer. Many interface states exist at

the interface. When we increase the bias voltage from

–10–3V, the electrons from the channel will

Fig.2. The minimum point of I–V curve. (a) the I–V curve without Al layer; (b) the I–V curve with Al layer.
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fill the interface state and induce forward charging cur-

rent. The forward charging current will counteract the

reverse leakage current. This leads to the drifting of

the minimum point of I–V curve in the diode with Al

inserting layer. When the temperature increases, the

interface states will be crammed. The minimum point

of I–V curves will return the 0V voltage.

In order to gain the conduction mechanism, we

describe the gate-leakage current at –8V voltage in

the diode without Al layer and the diode with Al layer

in Fig.3. On the one hand, from Fig.3 we can see that

the rapid increase with the increase of temperature is

less than that in the traditional diode, on the other

hand, the gate leakage current in the diode with Al

layer is less than that in the diode without Al layer

as mentioned in Ref.[5]. It has been observed that the

leakage current is nearly independent of the tempera-

ture between 28–225 ◦C in the diode without Al insert-

ing layer. Above 225 ◦C, the leakage current rapidly

increases with the temperature. However, in the diode

with Al layer, the current smoothly increases with the

increase of the temperature.

Fig.3. The gate-leakage current at –8V voltage in the

diode without Al layer and the diode with Al layer.

We are aware of some reports which discuss the

change of the leakage current with the change of the

temperature.[7−9] The literature reported that trap-

assisted tunnelling dominates below T ∼ 223 ◦C, and

thermionic field emission dominates at higher temper-

atures in the Ni/Au/Al0.245Ga0.755N/GaN Schottky

diode.[10] In our report, the model is used. And it

is thought that traps are induced by dislocation in

Al0.245Ga0.755N.[10] Oxygen located at the surface of

Al0.245Ga0.755N is distributed around concentrative

dislocation.[11] The conduction mechanisms are shown

in Fig.4.

Fig.4. Schematic diagram showing possible conduction

mechanisms responsible for Ni/Au/AlGaN/GaN Schottky

diodes.

When the thin Al layer is inserted between

Ni/Au gate and Al0.245Ga0.755N/GaN, the oxygen dis-

tributed around dislocation highly reacts with Alu-

minium. At the same time Al2O3 insulated layer is

formed. So the electrons are not able to traverse the

Al2O3 insulated layer into the dislocation line. And

they are not able to permeate into 2DEG channel

through the dislocation line. The trap-assisted tun-

nelling current is suppressed obviously. In the diode

with Al layer, the trap-assistant tunnelling is sup-

pressed, and thermionic field emission dominates at

25–225 ◦C. This is the reason that the gate leakage

current in the diode with Al layer is less than in the

diode without Al layer. At the same time because oxy-

gen disappear, the barrier becomes thicker. And if the

electrons want to arrive at Al0.245Ga0.755N, they must

traverse the Al2O3 barrier and the Al0.245Ga0.755N tri-

angle barrier. Because the total barrier is thicker than

the diode without aluminium, the trend of thermionic

field emission current increasing with the increasing

temperature is also suppressed. The conduction mech-

anisms are shown in Fig.5.

Fig.5. Schematic diagram showing possible conduction

mechanisms responsible for the Schottky diodes with Al

inserting layer.
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In summary, the temperature dependence of gate-

leakage current in the Schottky diode with a thin Al

inserting layer in the temperature range of 25–350 ◦C

is investigated. The results show that Al layer reacted

with oxygen formed Al2O3 insulator layer, and the

interface states exist at the interface between Al2O3

and Al0.245Ga0.755N barrier. The interface states in-

troduce that the minimum point of I–V curve drifts

to the minus voltage. And for the Al2O3 insulator

layer the trap-assisted tunnelling current is reduced

obviously and the trend of TFE current is also sup-

pressed. So the gate leakage in the diode with Al layer

is not only less then that in the diode without Al layer,

but also the rapid increase with the increasing temper-

ature is less than that in the traditional diode.
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