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SHOTTKY FIELD EFFECT TRANSISTOR WITH SUPERHIGH SPEED
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Field transistors with controlling Shottky type junctions of vertical structures on the basis of SiC/Si material with various length of

channels have been investigated.

It is shown, that increase of fast action in the wide band of temperature (up to 700 °C) is reached under extremely low lengths of the

channel (<100 nm) and thermocorrelated supply voltage.

Field effect transistors (FET) with controlling Shottky
type junctions have some advantages in comparison with
bipolar and MOS-transistors, related with possibility to use
more short channels and providing for higher speed [1].

One of major limitations for minimal length of ShFET is
connected with effect of modulation of channel's length,
which leads to triode character of V-A characteristics [2].

In order to eliminate the modulation of the channel, spe-
cial constructions of normally closed ShFET with vertical
channels of n- and p-type, named as transistors with static
induction (SIT) were developed [3], where the channel was
the area of space charge (ASC) for whole band of working
voltage at the transistor exit leads. Control of the drain cur-
rent I, is carried out through changing of the height of poten-
tial barrier of source-channel, occurred as a result of diverse
level of alloying of source and drains areas (fig. 1).
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Fig. 1. Structure of n-channel SIT with Shottky barrier.

Height of the potential barrier is determined by a voltage
gate-source U, and lightly depends on voltage of drain-source
U, due to low thickness of channel by source.

Major factors restricting a wide use of SIT as submicron
elements of superhigh speed integral circuits, are:

- triode character of V-A characteristics of SIT, condi-
tioned by dependence of height of potential barrier in the
channel from voltage gate-source and drain-source, also by
modulation of ASCs width in the channel by voltage U,;

- presence of passive areas of spatial charge between
drain-source contacts and the gate.

Using of silicon carbide as a base material, which ex-
ceeds silicon on major parameters [4]: -wide bandgap, per-
mitted working temperatures, speed of drift of charge carriers
(2,5:10’cm/s) allows to eliminate those shortcomings [5].
Using of heteroelectronic structures SiC/Si broadens the
functional capabilities of the elements and allows technologi-
cal integration of them with elements of integrated circuits [6].
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Fig. 2. Volt-ampere characteristics of ShFET with different
length of channel
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The technology of forming of silicon carbide structures
on the silicon doesn't differ in principle from processes of
forming of silicon films and is carried out on the typical
equipment [7, 8].

Heteroepitaxial layers were grown-up by the method of
vapor-phase epitaxy in the open system: diffusion technology
in two-zone oven was used. Hydrogen was used as gas-
carrier: in first zone the free carbon is associated with hydro-
gen and is carried to the zone of growth of semiconductor
film. The temperature of carbidized pedestal at which hydro-
carbons become decomposed and the silicon substrate is car-
bidized is equal to 1360-1380 °C.

Ohmic contacts for SiC films were formed by method of
thermal deposition of nickel by further pulse type thermo-
processing by non- coherent IR radiation on the technology
described in [9].
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Fig. 3. Dependence of ShFET logic elements switching delay
time on the temperature.

Output characteristics of depleted ShFET with space
charge limited current (SCLC), made on the basis of silicon
carbide with -type channel for values of the channel length
L=30 nm (fig. 2a), L=40 nm (fig. 2b), L=100nm (fig. 2c) and
L=250 nm (fig. 2d) are given in fig. 2. The results of meas-
ures have shown, that on channels length equal to 30-100 nm,
V-A characteristics has a pentode but by increase of the chan-
nel's length up to 250 nm, these characteristics become near

near to linear type ones (fig. 2d). Sharp increase of the drain's
current on L=30 nm (fig. 2a) is conditioned by the tunnel
effect, occurred under minimal length of the channel.

Dependence of time delay of switching of integrated
logic element made on the basis of complementary ShFET
with SCLC from temperature by voltage source U=0,2 V is
given in fig. 3. Increase of switching delay is connected to the
temperature dependence of the carrier's mobility.

In order to increase fast-response and to widen the tem-
perature band of elements made at the basis of ShFET the
thermocorrelated supply have been used. This means, that in
the process of functioning of IC, the supply voltage was de-
creased in proportion to the temperature change of height of
potential barrier of source-drain. This makes it possible to
curtail the time delay of logic elements switching made on
the basis of ShFET down to parts of nanoseconds, i.e. more,
than 5 times (fig. 4).
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Fig. 4. Dependence of delay time on temperature under thermo
correlative supply voltage

As a result, the pentode character of V-A characteristics,
the high steepness of transistors, the low values of time de-
lays allow to design super high fast action IC on the basis of
field transistors with controlling Shottky type junctions.
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IFRAT YUKSOSK COLDLIYD MALIK SOTTKi SAH® TRANZISTORLARI
Muxtslif uzunluglu kanalli SiC/Si esasinda vertikal struktura malik idarsedici Sottki kecidli saha tranzistorlarn tadgiq
edilmisdir.

Gostarilmisdir ki, genis temperatur diapazonunda (700 °S-ya gadar) caldliyin artirlmasi, kanalin ifrat kigik uzunluglarinda
(<100 nm) va termokorrelyasiya olunmus gida gerginliklari zamani alda edilir.
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MOJIEBBIE TPAH3UCTOPHI IOTTKHA CO CBEPXBbICOKHUM BBICTPOJEMCTBUEM

HccnenoBanbl MONEBBIE TPAaH3UCTOPHl ¢ ympaBisitonM mnepexomoM LloTTku BeprukampHOW cTpykTyphl Ha ocHoBe SiC/Si ¢
Pa3IMYHBIMM JUIMHAMHU KaHAJIOB. [Toka3aHo, YTO MOBBIIIEHHE OBICTPOCHCTBHS B IIMPOKOM JuarnasoHe temuepnaryp (1o 70°C) mocturaercs
IIpU CBEpXMaJIbIX JUIMHAX KaHana (<100 HM) 1 TepMOKOPpPENUPOBAHHOM HAIIPSHKCHUH ITUTAHUSL.
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