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High-gain Cross-current Tetrode MOSFET/SIMOX and Its Application

Yasuhisa Omura and Katsutoshi Izumi

NTI Electrical Communications Laboratories
3-1, Morinosato Wakamiya, Atsugi-shi, Kanagawa, TB-AL Japan

In a single MOSFET/$OI, a negative drain condr.ctance property not due
to the thermal effecttU was found in the drain current(In) saturation
region. In this paper, it is demonstrated that such a device-is applicable
to a high-gain analog amplifier.

The dg;gice was fabricated using the buried oxide by SIMOX
technoLogytzt. Ground-plane and cross-sectional views of the device are
shown in Fig. l. This device wiII be referred to as HXT MOSFET/SIMOX, which
is short for l{igh-gain C.ross-current Tetrode MOSFET/SI MOX. Notations 'D",ttGtt, rrsrr and rrcrr represent drain, gate, source, and the fourth control
terminals, respectively. Structural parameters for measured devices are
l isted in Table I. Typical drain current (ID) vs. drain voltage (Vn)
characteristics are shown in Fig. 2. Negative conductance appears at the In
saturation region. The drain conductance property can be controlfed by th6
incorporated fourth control terminal, which,is guite different frorn
conventional hybrid negative conductance devices trl.

An equivalent n-channel HXT circuit is shown in Fig. 3(a). HXT
consists of n-channel MOSFET and p-channel JFET. The negative condr-rtance
property is caused since the gate bias of the parasitic JFEII increases with
the increasing drain bias of HXT. Because of this featurer €rn extrernely
smallr positive drain conductance can be performed even in a very short-
channel MOSFETT/SIMOX by putting a blpass circuit between terminals 'C" and
rrsrr (F ig. 3 (b) ) . Examples of ID VS. V_O ??d drain conductance (Gn) vs. 

YOcharacteristics are shown in Fig. 4. f"n tfre case shown in F !g. Ain), drain
corrductance at X/ gate bias ard 2.\I drain bias was less than luS. This rdas
less than L/LAgg of the conventional MOSFET,/Sf UOX operation mode value,
although transconductance (G,o) was L/3 that of conventional MOSFET,/SIMOX
operation, that is, Gn-to-C,p iatio was larger than 3Ag.

I t was expected that the above feature of the HXT could be used in an
analog amplifier. To explore this possibility, a single-stage differential
amplifier was assembled using complimentary HXT. The employed circuit is
shown in Fig. 5. The circuit diagram consists of ttre amplifier and feed-
back loop. Fig. 6 is a photograph of a typical operation result. Output
signal amplitude of I.3 V was obtained frorn input signal amplitude of 4.2mV
at I kHz: that is, a gain of 5g dB. This demonstrates that the HXT has
great trntential for analog-circuit applications.
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Fig. '1. Schematib diagram
HXT MOSFET/SI}OX
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Fig. 3. SimplifieC equivalent
circuit of HXT element (Rr=3.195kO)
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Fig. 5. Test circuit for amplifier operation Irig, 6. Input/Output signal wave form


