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1. Introduction

Diamond is a promising semiconductor material for

high power, high temperature and high-frequency

electronic devices, due to its high breakdown freld (-10t

V/cm), highest thermal conductivity (20 Wcm K) and

low dielectric constant (5.7) [1]. When diamond films are

fabricated by plasma assisted chemical vapor deposition

(CVD), the diamond surface is terminated by hydrogen.

The hydrogen-terminated diamond surface forms a

p-type thin conductive layer in the absence of doping

impurities t}l. Metal semiconductor field-effect

ffansistors (MESFET) utilizing hydrogen-terminated

diamond surface have been reported t3l. However,

high-frequency performance has not been reported for

diamond FETS.

In this study, Hydrogen-terminated diamond MISFETs

are compared with MESFETs from the point of

high-frequency operation.

2, Experimental

Homoepitaxial diamond films were fabricated on

high-pressure-synthetic type Ib diamond (00 I ) substrates

by microwave plasma-assisted CVD. MESFETs were

fabricated on the undoped diamond subshate using a

recess-type self-aligned gate fabrication process. The

sequence of the entire process has been described

elsewhere [4].

MESFETs with gate length of 2-3 pm and MISFET

using CaF2 gate insulator with gate length of 0.7-1.5 pm

were fabricated. The microwave performance of the FETs

was characterizedby S-parameter measurement using an

HP8720 nefwork analyzer and a Cascade wafer probing

system.

3. Results and Discussion

Fig. I shows the drain current (Ips) as function of

drain-source bias (Vor) of 2 pm gate diamond MESFET

and 0.7 pm gate MISFET.

Ips-Vos characteristics of 2 pm gata diamond

MESFET are shown in Fig. l(a). A maximum

transconductance (g",) of 70 mS/mm is obtained. The

Ios-Vos characteristics of 0.7 pm gate MISFET using

CaFz gate insulator is shown in Fig. l(b). A maximum

transconductance (g*) of 40 mS/mm is obtained.

Fig.2 shows the current gain, maximum available gain

(MAG) and maximum stable gain (MSG) of 2 pm gate

diamond MESFET and 0.7 pm gate MISFET. A cut-off

frequency r,,fr) of 2.2 GHz and a maximum oscillating

frequency (/;*) of 7 GHz were obtained, respectively for

MESFET. A cut-off frequency ffi) of 1l GHz and a

maximum oscillating frequency (/*J of 18 GHz were

obtained, respectively for MESFET.

In spite of lower transconductance, the diamond

MISFETs exhibit higher cut off frequency than

MESFETs. The relationshipf, - gJZnCgs shows lower

gate-sowce capacitance (Cgs) of MISFET which raises

cut off frequency. When MISFET is compared with

MESFET using an equivalent circuit, the Cgs of

MESFET is represented by capacitance of depletion

region. In the other side, the Cgs of MISFET is

represented by series capacitance of depletion region and

gate insulator and is lower than MESFETs. The Cgs at
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unite width as function of gate length is shown in Fig. 3.

Conclusion

The high frequency performance of a diamond is

reported. A 0.7 pm gate MISFET showsfi of 11 GHz.
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Fig. 1. IDS-VDS characteristics of diamond MESFET (a) and MSFET (b) The gate voltage was applied in 0.5 V step.
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Fig. 2. The current gain (lh21l), maximum available gain QvIAG) and manmum stable gain (MSG)

of 2 pm MESFET (a) and 0,7 pm MSFET (b).

Lo luml

Fig. 3 Cgs as function of gate length.
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