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Abstract—A diamond MOSFET has been fabricated and 

characterized up to 250°C. The fabrication process has been 

improved in order to significantly reduce the specific on 

resistance, down to 50 mΩ.cm², and the gate leakage current at 

high temperature. The maximum electrical field in diamond, at 

the breakdown value of 175V, is estimated to be higher than 

5.4 MV/cm, with a boron doping of 2×1017 cm-3.   
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I. INTRODUCTION 

The use of wide band gap materials to design high 
blocking voltage and high current density devices is growing 
in interest. Amongst them, diamond is characterized by its 
high breakdown field (estimated between 5 and 15 MV/cm), 
its high carrier mobility (2000 cm/(V.s) for holes) and its 
exceptional thermal conductivity (22 W/cm.K at room 
temperature). These properties are crucial for the 
development of new power devices, which is expected to be 
a fast growing market in future years. Some diamond power 
devices have been previously demonstrated experimentally, 
such as the 2D hole gas MOSFET [1, 2], JFET [3] and 
MESFET [4], with blocking voltages in the order of 1kV to 
2kV. However, even if their performances are very 
promising, these devices are not reaching yet the full 
capability of diamond, only demonstrating critical electric 
field of around 2MV/cm in diamond. 

Complementary to these existing architectures, we 
proposed the use of the deep depletion concept to design a 
MOSFET relying on bulk conduction, taking advantage of 
the full potentialities of diamond. Such concept has been 
demonstrated in previous studies [5, 6] thanks to the recent 
efforts to control the diamond/Al2O3 interface [7]. However, 
improvements had to be done to reach the on state diamond 
potentialities. The devices fabricated in [5, 6] are exhibiting 
very large contact resistances. This work presents results 
obtained with an improved fabrication process. 

II. DEEP DEPLETION CONCEPT FOR DIAMOND MOSFET 

The working principle of this device is extensively 
discussed in [8]. It relies on the capability of wide band gap 
semiconductors to have a very stable depletion regime even 
for high gate biases, past the inversion threshold (so called 
deep depletion), and high temperatures. Thanks to such a 
stable deep depletion regime, it becomes possible to deplete 
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Fig. 1. a) Schematic cross section of a D3MOSFET, with a 430 nm p-type 
channel layer and 50 nm of gate oxide (zero gate and drain bias). b) Optical 

top view of a fabricated D3MOSFETs. c) SEM view of the elementary 

transistor with a tilt angle close to 90°. 
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much thicker layers than using low band gap materials 
without the apparition of an inversion layer. In Fig. 1, we 
apply this concept to introduce a lateral, normally-on, deep 
depletion diamond (D3) MOSFET.  

The structure is comprised of a 430nm diamond p-type 
layer ([Boron]=2×1017 cm-3) grown by MPCVD on top of an 
insulating HPHT Ib 4mmx4mm diamond plate. A selective 
growth of highly boron doped diamond layer, underneath the 
drain and source Ti/Pt/Au stack, ensure the good ohmicity of 
these contacts. It has been verified that the contact 
resistances RC,D and RC,S are negligible comparatively to the 
p- layer resistance RDSON=RGD+RCh+RGS by the 
characterization of TLM structures on the same chip. 
Moreover, a mesa etching of the p-type channel layer allows 
to design electrically insulated MOSFETs on the same chip, 
in addition to limit the surface area of the gate contact on the 
channel region. The gate can be safely contacted with the 
probe tip without damaging the device. An UV ozone surface 
treatment is then performed to passivate the surface, as 
diamond surface potential is very sensitive to the surface 
chemistry. The gate oxide is a 50 nm layer of Al2O3 
deposited by ALD at 380°C and followed by an annealing at 
500°C in high vacuum during 30min. The gate metallization 
is a Ti/Pt/Au stack. Several D3MOSFETs of various sizes 
are fabricated on the same chip, with a constant gate length 
of 2 µm, and varying gate-source and gate-drain distances 
between 2 and 10 µm. 

III. ON STATE CAPABILITY 

Due to the high activation energy of boron acceptors in 
diamond (380 meV), the resistivity of the p- drift and 
channel regions is reducing with the temperature down to an 
optimal temperature, before being increased by the 
degradation of the hole mobility (Fig. 2.). Therefore, such 
diamond devices are meant to be operated at high junction 

temperatures (>150°C). In the case of this study, the optimal 
operation temperature corresponding to [B]= 2×1017 cm-3 is 
considered to be between 250°C and 300°C, as resistivity is 
reaching a plateau. The ideal breakdown of the device, 
assuming avalanche breakdown occurs in diamond, is 
estimated between 400V (7MV/cm) and 800V (10MV/cm). 

The drain-source current characteristic at 250°C is 
represented in Fig. 3. a), for negative and positive drain 
biases. As expected, the total on-state resistance RDSON is 
higher at room temperature, and reduced from 3300 mΩ.cm² 
to 50 mΩ.cm² at 250°C. The resistance is normalized with 
the surface of the active area represented in fig. 1. c). The 
threshold voltage Vth is found to be +30V in the Ist quadrant 
by fitting the transfer characteristic (fig. 3. b)). The IIIrd 
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Fig. 3. a) Measured current-voltage characteristic of one of the 

fabricated D3MOSFETs at  250°C. b) Transfer characteristic in log 

scale and gate leakage current at room temperature and 250°C. 
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Fig. 2. Resistivity of boron doped diamond as function of 

temperature for different doping levels with the correspondings 
estimated maximum breakdown voltage values. Experimental 

points correspond to the resisitivity extracted using TLM 

structures on the sample. Difference with the calculated curve at 

2.1017 cm-3 is attributed to compensation. 
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Fig. 4. a) Off state characteristic of the D3MOSFET, the gate leakage current remains small before the hard oxide breakdown occurs. b) Finite element 

simulation of the electric field distribution in off state with a drain bias of -175V and a gate bias of +50V. Without a specific field plate edge termination, 

the electric field crowding effect causes a very high electric field peak under the gate, which reduces the maximum voltage breakdown capability. c) 
Lateral electric field profile in diamond below the gate oxide, extracted from the above simulation (black) and calculated using 1D electrostatic analysis 

(red). A minimum value of 5.4 MV/cm for the critical field in diamond is extracted. 

 

quadrant operation is qualitatively exhibiting the expected 
behaviour of this structure, with a diode-like characteristic 
with no pinch-off of the channel. Similarly to GaN Hemts, 
such a diamond MOSFET has a “body diode”-like 
behaviour, even when the gate is biased above Vth. In the 
IIIrd quadrant, biasing the gate below Vth will allow a 
reduction of the ON state voltage drop under reverse 
conduction.  

At high temperatures, the current density is comparable 
to what is observed in 2D hole gas diamond power 
MOSFETs, and can be further improved by shrinking the 
drain to gate distance down to 1 µm and the source-gate and 
gate length in the submicrometer range. However, it was not 
possible in the framework of this study, due to the limiting 
resolution of the lithography process used. 

The Fig. 3. b) presents the transfer characteristic and 
leakage current of the D3MOSFET in log scale. One can 
note that even for a temperature as high as 250°C and a gate 
bias up to 50V, the gate and drain leakage currents remain 
significantly lower than the on state drain current. As a 
consequence, a very good Ion/Ioff ratio of around 105 is 
achieved for a wide range of temperatures. 

IV. OFF STATE CAPABILITY 

The best maximum blocking voltage (Fig. 4) is measured 
to be -175V both at room temperature and 250°C. It is 
attributed to the oxide breakdown, which is destructive and 
cannot be measured again, as already observed in [5, 6]. No 
correlation with LGD has been observed, since LGD larger 
than 2µm were fabricated and the maximum SCR extension 
in diamond toward the drain is estimated to be 1µm at 

breakdown value. Finite element analyses (Fig. 4. b)) 
demonstrate that in this lateral design, it exists a strong 
electric field crowding effect both in diamond and in the 
oxide under the edge of the gate contact. This effect is well 
known to cause premature breakdown, requiring specific 
architectures to get mitigated such as field plates [9] or 
floating field rings [10] which are under investigation in 
diamond devices.  Assessments of this maximum electric 
field at -175V drain bias and +50V gate bias in the ideal 
case, without any defects taken into consideration, range 
between 5.4 MV/cm and 6.8 MV/cm in diamond (Fig. 4. c)). 
The maximum electric field in the oxide is calculated to be 
6.3 MV/cm. This value is in good agreement with the 
limiting breakdown field of the oxide, measured to be 
between 5.7 MV/cm and 6.3MV/cm in MIMCap structures, 
fabricated on the same chip. The presence of a large density 
of traps at the diamond/oxide interface, estimated here in the 
range of 1012–1013 cm-2/eV [11], can also cause the 
maximum electric field in the oxide and diamond to be 
different than calculated. Despite the premature breakdown, 
this critical field value is the highest reported in diamond 
FETs, and is superior to SiC (~2.8 MV/cm) and GaN (~3.5 
MV/cm).  

V. DISCUSSION 

This lateral design is limited in his conduction capability 
comparatively to other materials’ devices. From the results 
already demonstrated, performances of a vertical 
D3MOSFET can be extrapolated and compared to already 
demonstrated devices (fig. 5). One of the advantages of the 
vertical design in addition to the much better current density, 
is to avoid the large electric field crowding effect, which is 



limiting the off-state blocking capability, even in optimized 
lateral devices. Moreover, it offers the possibility to use the 
accumulation regime of the MOS stack, to operate the 
MOSFET in enhancement mode. A vertical design is 
proposed in fig. 6. The fabrication of such diamond 
MOSFET is currently a very challenging task, as it requires 
defect-free epilayers stacks of several micrometers thick and 
smooth etching techniques, without etch pits. It can be noted 
that a similar concept has been demonstrated using GaN in a 
vertical depletion device [12], showing very good results. 
The same process could be applied with diamond to obtain 
much better performances than demonstrated here at high 
temperature operation. 

VI. CONCLUSION 

A lateral diamond deep depletion MOSFET has been 
fabricated and characterized. Thanks to an improved 
fabrication process, a specific RDSON of 50 mΩ.cm² at 
250°C has been observed with a blocking voltage of -175V, 
associated with a maximum electric field >5.4 MV/cm in the 
diamond. For such a device, a Boron doping as high as 
2×1017 cm-3 was used for the channel and drift regions, 
showing great perspectives for future diamond power 
devices. The 250°C characteristics are exhibiting low drain 
and gate leakage currents and an Ion/Ioff ratio of 105.  
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Fig. 5. On state resistance as function of breakdown voltage for 

various diamond FETs reported in literature at room temperature. The 

1D vertical limit at 250°C is represented in full line and the expected 

performance of the architecture propoesed in fig. 6. in dashed line. 

 
Fig. 6 .Schematic cross section of the proposed vertical architecture of 

D3MOSFET 


