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Abstract 

   We demonstrate the radio frequency (RF) perfor-

mance of diamond metal-oxide-semiconductor field-effect 

transistors (MOSFETs) at high voltage operation （−80 

V） for the first time. The MOSFETs with gate length of 

0.5 µm and source-gate and gate-drain length of 0.5 and 

3.0 µm were fabricated on IIa-type polycrystalline dia-

mond substrate with a (110) preferential surface. At VDS 

of −80 V, the cutoff frequency fT and a maximum oscillat-

ing frequency fmax are 12.1 GHz and 11.5 GHz, respec-

tively.  

 

1. Introduction 

Diamond is a promising material for high-power, high-

frequency due to excellent semiconductor properties, such as 

high breakdown electric field, high saturation velocity and 

high thermal conductivity. We reported the RF performance 

up to 20 GHz of diamond FETs with 2 dimensional hole gas 

(2DHG) induced by hydrogen-termination and appropriate 

adsorbates ahead of the world [1,2]. To date, some excellent 
cutoff frequency (up to 53 GHz), maximum oscillating fre-

quency (up to 120 GHz) and output power density (up to 2.2 

W/mm) of diamond FETs were demonstrated [3-7]. Particu-

larly, the output power density of diamond FETs is higher 

than that of GaAs and LDMOS [4,6]. However, the operating 

voltage (~20 V) of these reports is low for diamond because 

of low breakdown voltage. Output power density would be 

much more improved by realization of high voltage operation. 

On the other hand, we reported high average electric field 

[8] in MOSFETs with Al2O3 deposited as gate insulator and 

[6,9] passivation layer [10] by high temperature atomic layer 
deposition (ALD) [11]. 

In this study, we report RF performance of ALD-Al2O3 

2DHG diamond MOSFETs at high voltage operation (VDS ≦ 

−80 V) and confirm improvement of RF performance. 

 

2. Device Fabrication 

The cross-sectional view of the devices is shown in 

Fig.1. The devices were fabricated [12] on IIa-type poly-

crystalline diamond substrate with a (110) preferential sur-

face. First, Ti/Pt/Au (20 nm/20 nm/80 nm) were deposited as 

source and drain electrode and TiC were formed at interface 

between diamond film and Ti by annealing. Second, the dia-

mond surface was hydrogen-terminated by remote plasma 

[12]. The isolation was performed by O2 plasma treatment 

without active area. Third, an Al2O3 film (100 nm) as gate 

insulator and passivation layer was deposited by high tem-

perature ALD method (Oxidant: H2O, Temperature: 450 ℃) 

[11]. Finally, Al (100 nm) was deposited as gate electrode. 

In this work, the source-gate length, gate length, gate-drain 

length and gate width were 0.5, 0.5, 3.0 and 100 μm, respec-

tively. 

 

3. Results and Discussion 
Fig.2 shows drain current-voltage (IDS-VDS) characteris-

tics. Gate voltage (VGS) was varied from −20 V to 20 V in 

steps of 4 V. From Fig.2, the maximum drain current density 

(IDSmax) reached −289 mA/mm at VGS of −20 V and VDS of −40 

V. Fig.3 shows IDS and transconductance (gm) dependence on 

VGS. VDS was varied from −40 V to −10 V in steps of 10 V. 
The maximum transconductance (gmmax) was 7.2 mS/mm at 

VGS of −5.2 V and VDS of −40 V. 

Fig.4 shows current gain (|H21|) and maximum stable 

gain (MSG) including parasitic elements (not de-embedded) 

dependence on frequency. Extrinsic fT and fmax were 12.1 GHz 

and 11.5 GHz at VGS of 10 V and VDS of −80 V. From this 

result, high voltage operation was confirmed, thus, the im-

provement of output power density is expected. To investi-

gate fT and fmax dependence on bias voltage, we evaluated RF 

performance at different bias voltage. Fig.5 (a) and (b) show 

extrinsic fT and fmax mapping against IDS-VDS characteristics in 

wide bias voltage (−16 V ≦ VGS ≦ 16 V, −50 V ≦ VDS 

≦ 0 V). From Fig.5 (a) and (b), the maximum fT and fmax 

region is located in the VGS near the threshold voltage and 
high VDS. Total device region reaches near saturation velocity 

at higher VDS. Consequently, improvement of RF perfor-

mance and output power is expected by high VDS operation. 

 

4. Conclusions 

   We fabricated ALD-Al2O3 2DHG diamond MOSFETs 

and evaluated RF performance at high voltage operation (VDS 

≦ −80 V). At VDS of −80 V, fT of 12.1 GHz and fmax of 11.5 

GHz were obtained for a 0.5 µm gate-length device without a 

field plate structure. 
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Fig.1 Cross-sectional view of ALD-Al2O3 2DHG diamond 
MOSFETs.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig.2 IDS–VDS characteristics of ALD-Al2O3 diamond MOSFET 
(LSD = 4 μm, LG = 0.5 μm, Wch = 100 μm). The maximum IDS was 
289 mA/mm at VGS = −20 V and VDS = −40 V. 

 

  

 

 

 

 

 

 

 

 

 

 

 
Fig.3 IDS-VGS and gm-VGS characteristics of ALD-Al2O3 diamond 
MOSFET (LSD = 4 μm, LG = 0.5 μm, Wch = 100 μm).  
The maximum gm was 7.2 mS/mm at VGS = 5.2 V and VDS = −40 V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4 Current gain (H21) and maximum stability gain (MSG) as a 
function of frequency for ALD-Al2O3 diamond MOSFET (LSD = 4 
μm, LG = 0.5 μm, Wch = 100 μm) at VGS = 10 V and VDS = −80 V. 
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                          (b) 
Fig.5 (a) fT and (b) fmax mapping against IDS-VDS characteristics in 
wide bias voltage (−16 V ≦ VGS ≦ 16 V, −50 V ≦ VDS ≦ 0 
V). 
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