4 1, 044, 070 Vd and drain

current |d are adjusted to the the transistor illustrated in Figure 3
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b B haPed & i9ound on anal ysis that all of 75
gctrQde, 57, through . 1he_gat ctrodes should be
N eh/ ar ai‘%”g{gf‘?%”ffg&%‘ﬁé%ﬁb&f’geg-ﬁ FRE B ces 51,. a single
ate el ectrode~S&E22f ure. | nCorleyr CopyrighhB66our ce el ectrode 55 to ground.
jority to achieve inproved -eperat+hg—eharacteri s- charge carriers
fl ow i n Infex av Apeeptatce : -l KL1C1, 1CX,252,12SH0, 320,381, IS 4C,dFef4F4T, ¥F20, &asi stor, it
is 15 tigph da-Hus #Bbads reids. The transistor may desirable in the -

practice of this-invention 80 be used to translate froma high

i npedance to provide a coOMRIETE §ERAFEIATONode struc- I nput to a |l ow
i npedance output, to am ture, this is neant that the one or nore

plify the input signal, or b&leld-Edlect; AS. gate el ectrodes present to

t he channela .gon- and to,amplify. . o . ) ti nuous
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10 by the following statement :— other end of said gate electrode structure S~
' This invention relates to field-effect tran- is to said drain. T
sistors, which are also referred to as uni- _ By offsetting the gate electrode structure 55 :
polar transistors. - _ in this manner, without changing the path’
The field-effect transistors of the invention (channel) length or the gate length, the
15 are especially useful for operation at high capacitance between the drain and the gate
frequencie& electrgde is reduced, thereby reducing the
A field-effect transistor as used herein in- coupling between the input and the output 60
cludes a charge carrier path or channel of of the device. The reduced input-to-output -
low resistivity semiconductor material and Circuit coupling improves the stability char- -
20 two spaced electrical contacts to the chan- acteristic of analogue circuits in which the
nel. The contacts are referred to as the deviceisused. In switching circuits, this re-
source and the drain. Such a field-effect duced coupling improves the speed of re- 65
transistor includes also a gate electrode ad- sponse. This is achieved at the expense of
jacent to and electrically separated from the a higher capacitance between the source and
25 path or channel. When a voltage is applied the gate electrode. - This has a relatively
: between the source and the drain, majority minor eﬂeqt on the operating characteristics
charge carriers flow through the path or Of the device and may be tuned out by a 70
channel from the source to the drain. The proper selection of the associated circuit
magnitude of the carrrier current may be components. :
30 modulated, by modulating the drain-to- _ During the operation of a field-effect tran-
source voltage and/or applying a modulat- sistor, one portion of the path or channel
ing voltage to the gate electrode. _ effectively appears as a resistance between 75
~.An object of this invention is to provide the source and that region of the path or
an improved field-effect transistor having a  channel which is gated when a gate voltage
35 minimum charge carrier path or channel is applied. Another portion of the path or
length as determined by the manufacturing channel effectively appears as a resistance
technology and an improved high frequency between the drain and that region of the 80
I%Konse_ . path or channel which is gated when a gate
ccordingly, the present invention pro- Volitage is applied. . By offsetting the gate
40 vides a field-effect transistor comprising a ¢lectrode toward the source according to
" body .of semiconductor material a source this invention, the resistance between the
adjacent to a surface of said body; a drain source and the gated region of the path or 85
adjacent to said surface and spaced from channel is reduced, while the resistance be-
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field-effect transistor of FIGURE 1;
FIGURE 3 is a sectional view of a second
‘embodiment of a field-effect transistor ac-
cording to the invention and having a single
insulated gate electrode external to the. semi-

conductor substrate and shown diagram-

matically with a biasing circuit; and -
FIGURE 4 is a sectional view of a third

embodiment of a field-effect transistor ac-

cording to the invention and haying two
insylated gate electrodes cxtemal to the
semiconducting substrate.

Similar referenice numerals are used for
similar elements in the several FIGURES of -

the drawings.
Referring particularly to FIGURE 1, a

transistor 11 is illustrated having a relatlvely _

low resistivity base 13 of N-type semicon-
ductor material. - The base 13 is a single

wafer having two opposed surfaces
14-and 16." The base 13 may be made from
any of the semiconductor materials used to

. prepare transistors in the semiconductor art.

For purpose of illustration, the base 13 is
a single crystal body of N-type germanium
having a resistivity of approximately 1
ohm-cm. - On the surface 14 of the base 13
are located two spaced metal contacts ‘15

.. .and 17, which function as the source and

65

thé drain respectively.

33 is connected to the drain 17 and to means
for biasing the drain electrode 17 with re-
spect to ground. The drain biasing means
comprises a battery 35 connected at one end .
to ground and at the other end serially with 105
a variable load resistor 37 to the drain elec- -
trode 17 and output terminal 33. The
source 15 is grounded and the drain 17 is
biased positively with respect to the source -
electr 15. . 110
It can be seen that the gate electrode,

- which is defined by the P-N junction 21, is

offset toward the source 15 so that it over-

laps a substantia] portion of the source’15,
while there is effectively no overlap of ‘the 115
drain 17. This offset structure is to be com-
pared with a conventional gate structure, -
which is shown by the dotted lines in
FIGURE 1 to indicate the usual position of .

the P-type gate electrode 19a, the P-N junc- 120 - :

tion 2la, and the gate connection 23a. By - .-
offsetting the gate from the position shiown - -

by ‘the dotted lines to the position shown

by the solid lines, the device may be oper-

ated at significantly higher frequencies and 12_5'.

exhibits better operating stablhty than the
conventional device.

One explanation for: the mprovement
achieved by off-setting the gate 21 may be .
made in connection with the equlva]ent cir--330
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citance C,; between the source and the gate,
a second capacitance Cy; between the drain
and the gate, and a third distributed capa-
citance C,; between the gate and the chan-
nel. Because the second capacitance Cae is
an important part of the input capacitance
of the device, it is desirable that it be as low
as possible; although the other capacitances
should also be low. By offsetting the gate
19 as shown in Figure 1, C;, is reduced and

therefore the effective input capacitance is.

reduced by an amount which is a function
of the amount of offset. The overall trans-
conductance of the device is improved be-

-cause the resistance R,, is an unbypassed

degenerative resistance common to the in-
put and output circuits.

- Increases in Ry, have little effect on the
usual operation of the device, since Ry, is
usually small compared with the load resis-
tor, such as the resistor 37 in Figure 1,
normally in the circuit. Increases in C,, have
little effect on the usual operation of the
device, -especially’ because this capacitance
can be compensated for by a suitable in-
ductance in the operating circuit.

Offsetting the gate toward the source

according to the invetnion may be used for

one or more of the following purposes: (1)

to reduce the coupling between the input
and output of the device, (2) to increase the
operating frequency of the device and its
associated circuit, and (3) to improve the
transconductance of the device.

‘Figure 3 illustrates a second embodiment
of a field-effect transistor which has an insu-
lated gate external to the base or substrate
of the device. The device 41 comprises a
high resistivity base 43 of semiconductor
material. The base 43 may be either single
crystal or may be polycrystalline; and may
be any one of the semiconductor matenals

tire high resistivity layer 45 and may be
descnbed as partially oxidized silicon, which
is transitional between the pure silicon of
the base 43 and the silicon oxide of the high
resistivity layer 45. The channel 47 is be-

licved to have a low resistivity by virtue:

of attracting free charge carriers thereto
which compensate for unbalanced electronic
charges in the partially converted semicon-
ductor material of the channel 47.

20

95

A gate electrode 49, preferably of a metal -

such as aluminium is dis on the high
resistivity layer 45 opposite to and spaced
from the channel 47. The gate electrode 49
is offset toward a source 51 and away from
a drain 53. As illustrated in Figure 1, the
gate -electrode 49 extends opposite to the
channel 47 and then over the source 51.

The source 51 is in the base 43 and con-
nects to one end of the channel 47. Similarly
the drain 53 is in the base 43 and connects
to the other end of the channel 47. The

Tlength of the channel 47, which is the dis-

tance between the source 51 and the drain
53, is approximately 0.5 mil. As illustrated,
the source 51 and.the drain 53 are. regions
of the base 43 into which N-type impurities
have been diffused to render them conduct-
ing. Any of the structures which make a
suitable connection to the channel 47 may
be used as the source 51 and the drain 53.

A source electrode 55 contacts a part of
the source 51. A drain electrode 57 contacts
a part of the drain 53. The source and drain
electrodes 55 and 57 are preferably of a
metal, such as aluminium, and may be pro-
duced in the same step and of the same
material as the gate electrode 49.

Figure 3 also includes a circuit for oper-
ating the transistor 41 as an amplifier. The
circuit, which is of the common source type,

_is similar to. that illustrated in Figure 1. In

one mode of operation, the drain voltage
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source and drain.

The wafer is now heated at approxmately
900°C. in oxygen to grow a mew silicon
oxide layer in the region between source
and drain and produce an inversion layer
under this layer. Also it simultaneously pro-
duces a diffusion of impurities from the
doped consolidated oxide into the wafer.
This diffusion forms the highly doped
source-drain contacts. Then, the wafer is
coated with a photoresist and etched to pro-
vide access through the oxide layer into the
source and drain. Then aluminium metal is
evaporated over the entire surface of the
water. A photoresist is now applied and the
aluminium metal is efched away from the
surface of the wafer except where the source
electrode, the drain electrode and the gate
electrode are to be located. It is at this step
that the shape of the gate electrode is de-
fined. The mask is offset to define the gate
electrode. Finally, the wafer is diced and
suitable leads connected to the source, drain
and gate electrodes.

-Figure 4 illustrates a third embodiment of

a planar transistor 41 which is the same as

._approxi mately 55
gate & @Ekﬁ&@l Mé@tor comprising a ,
etghadcéwaly algavingbibé aldped body of semwoddu lmaemuanesourée 100
|dr%d upon

g

t to a surface of gud

Butoo TSI

fining the ends of a charge carrier path ex-
tendmg entirely ‘adjacent to said surface;
and a single continuous gate electrode struc-
ture adjacent to said surface and extending
opposite to at least a portion of said source
and a continuous portion of said path, one
end of said gate electrode structure being
closer physically to.said source than the
other end of said gate electrode structure is
to said drain.
2. A field-effect transistor as clalmed in
Claim 1, wherein said gate electrode struc-

105

110

115 -

ture comprises a single P-N junction in said

body.

3. A field-effect transistor as claimed in
Claim 1, wherein said gate electrode struc-
ture comprises at least one- gate electrode
%aced from said path by a thin msulatmg

er

4 A field-effect trans1stor as claimed in
Clim 1 or Claim 3, wherein said gate elec-
trode structure comprises a single gate elec-
trode spaced from said path by an insulat-
-'mg layer genetically derived from said body.

A ficld-effect transistor as claimed in
Cla:m 1 or Claim 3 wherein said gate elec-

a
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and drain and produce an inversion layer
under this layer. Also it simultaneously pro-
duces a diffusion of impurities from the
doped consolidated oxide into the wafer.
This diffusion forms the highly doped
source-drain contacts, Then, the wafer is
coated with a photoresist and etched to pro-
vide access through the oxide layer into the
source and drain. Then aluminium metal is
evaporated over the entire surface of the
water, A photoresist is now applied and the
aluminium metal is etched away from the
surface of the wafer except where the source
electrode, the drain electrode and the gate
electrode are to be located. It is at this step
that the shape of the gate electrode is de-
fined. The mask is offset to define the gate
electrode. Finally, the wafer is diced and
suitable leads connected to the source, drain
and gate electrodes.

Figure 4 illustrates a third embodiment of
a planar transistor 41z which is the same as
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2. A field-effect transistor as claimed in
Claim 1, wherein said gate electrode struc-
%urg comprises a single P-N junction in said

o

3. A field-effect trausistor as claimed in
Claim 1, wherein said gate electrode struc-
ture comprises at least one gate electrode
fapaced from said path by a thin insulating

yer.

4. A field-effect transistor as claimed in
Claim 1 or Claim 3, wherein said gate elec-
trode structure comprises a single gate elec-
trode spaced from said path by an insulat-
ing layer genetically derived from said body.

5. A field-effect transistor as claimed in
Claim 1 or Claim 3 wherein said gate elec-
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66 a planar transistor 41la which is the sane as Claim1l or Caim3 wherein
said gate el ec-
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conprises two overlapping i I lustrated in Figure 3 of t he acconpanyi ng
gate el ectrodes spaced fromsaid path by a draw ngs. first thin

i nsul ating |ayer genetically derived 8. A field-effect transistor

substantially i fromsaid body and spaced from each other as _herein
describéd with refeerence to and A 5 by a second thin insul At ng body.
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