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Abstract 

   Diamond has high physical properties. It’s expected 

to be the next generation power device material. We fab-

ricated hydrogen-terminated (C-H) diamond MOSFETs 

using Al2O3 insulator by high temperature ALD method. 

C-H MOSFETs showed over breakdown voltage of 1.6 

kV at room temperature and 1.5 kV at 200℃. In addition, 

the highest breakdown voltage of 1.7 kV and high cur-

rent density (over 190 mA/mm) has been obtained with 

thicker Al2O3 (400nm) on channel and drift region.  

   

1. Introduction 

Wide band gap semiconductor, SiC, GaN and Diamond, 

are expected to next generation power device applications. 

Especially, diamond has wide band gap energy (5.5 eV), 

high thermal conductivity (20 W/cm・K) and high break-

down field (10 MV/cm). It’s important for power MOSFETs 

to rise breakdown voltage. We fabricated MOSFETs using 

the hole accumulation layer (2DHG) induced by coating the 

hydrogen-terminated (C-H) diamond surface with Al2O3 in-

sulator by high temperature ALD method [1,2]. We have re-

ported 1000 V breakdown voltage characteristics and 10 

K~673 K operations [3].  

In this paper, we obtained high breakdown voltages by 

changing gate-drain length. In addition, high breakdown 

voltage and high current density were obtained by thicker 

oxide (400nm) structure on channel and drift (C-D) region.  

 

2. 2DHG Implementation in C-H Diamond MOSFET 

Fig.1 shows schematical image of C-H diamond 

MOSFETs with field plate structure. C-H diamond 

MOSFETs was prepared in the following method. First, un-

doped layer was deposited on 1b (001) diamond substrate by 

chemical vapor deposition (CVD) and Ti/Au (30 nm/100 

nm) were deposited as source and drain electrode. Second, 

the diamond surface was hydrogen-terminated by remote 

plasma and isolation by O-terminated. Third, Al2O3 film as 

insulator and passivation were deposited by high-tempera-

ture ALD method (Oxidation; H2O, Temperature; 

450℃)[1,2]. Fourth, Al2O3 on the channel region etched by 

NMD-3 to make thicker oxide structure and the second 

Al2O3 film was deposited. Finally, Al was deposited as gate 

electrode.  

 

3. Result and discussion 

3.1 200nm Al2O3 on channel-drift region 

The maximum breakdown voltages at each gate-drain 

length (LGD) with 200nm Al2O3 are summarized (Fig.2). 

Nearly 1 kV breakdown voltage VB is achieved at LGD of 9 

µm and the average electric field strength (VB/ LGD) is along 

1 MV/cm [4]. The highest breakdown voltage of 1646 V was 

obtained at LGD of 22 µm. However, VB/ LGD decreased to 

0.75 MV/cm. Moreover the average electric field strength 

reaches 3.7 MV/cm at LGD of 1 µm. It’s over SiC and GaN 

properties limit.  

Higher temperature off stage shows similar high break-

down voltage as that of room temperature from the IDS-VDS 

characteristics at 200℃ (Fig.3). It exceeds the maximum 

breakdown voltage of diamond FETs at room temperature 

[5]. The maximum current drain density was 82.0 mA/mm 

is also as high. Low off current (10-11 ~ 10-6 A) was main-

tained even at 200℃ until breakdown.  

3.2 400nm Al2O3 on channel-drift region 

Thicker oxide structure with 400nm Al2O3 layer has 

been introduced in the present C-H diamond MOSFET. Off 

states IDS-VDS characteristics shows the highest VB of dia-

mond FET (Fig.4). VGS step (ΔVGS) was 4 V. The length of 

device were LGD = 16 µm and LG = 11 µm respectively. 1708 

V was the highest breakdown voltage of diamond FETs ever 

reported. The VB/ LGD increased to 1.05 MV/cm. The maxi-

mum current drain density was 97.2 mA/mm (VDS = -50 V) 

by IDS-VDS characteristics.  

High breakdown voltage and high current density is a 

trade off in general. The highest current density near 200 

mA/mm obtained. Fig.5 shows high current density 187.2 

mA/mm (VGS = -50 V) characteristics. The length of device 

were LGD = 16µm, LG = 11 µm. It exceeds to that of boron 

doped diamond channel by 2 orders of magnitude and be-

come equivalent to that of AlGaN/GaN at similar LGD of 

Breakdown voltage. 

 

 

 

 

 

 

 

Fig.1 Image of C-H diamond MOSFETs structure 
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Fig.2 Breakdown voltages at each LGD with 200nm Al2O3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 IDS-VGS and IDS-VDS characteristics of 200℃ operation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 IDS-VGS and IDS-VDS characteristics of high breakdown 

voltage device with thicker Al2O3 (400nm) structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 IDS-VGS and IDS-VDS characteristics of high current 

density device with thicker Al2O3 (400nm) structure 

 

 

3. Conclusions 

   C-H diamond MOSFETs with Al2O3 reaches 1.6 kV 

(@RT) and 1.5 kV (@200℃) breakdown voltage. The max-

imum average electric field strength reaches 3.7 MV/cm 

without field plate structure. Over 1.7 kV breakdown voltage 

and high current density 190 mA/mm was obtained with 

thicker Al2O3 (400nm).  
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