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(54) Junction-type field-effect
transistor and its manufacture

.(57) The channel region {15) and gate

region (14) of a junction-type field-
effect transistor have substantially the
same outline and can be produced by
successive implantation through the
same mask. A highly doped contact
zone (16A, 16B) ensures an ohmic
connection between this gate region

{(14) and the other portion of the gate
formed by the part of the layer {10)
situated below the channel region

{15. Such a transistor may have a low

threshold voltage while being
comparatively easy to manufacture,
for example, in an integrated circuit
with bipolar transistors. The contact
zone (16A, 16B) may be formed
simultaneously with a bipolar
transistor emitter zone.
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SPECIFICATION 65
Junction-type field-effect transistor and its

manufacture

The invention relates to junction-type field-
effect transistors, especially but not exclusively
very sensitive field-effect transistors which
operate on low supply voltages with low threshold
voltages and which may be used in particular as
input elements for low noise level operational
amplifiers, for example the amplifiers installed in
sensors for medical uses. The invention aiso
relates to the manufacture of such transistors.
Experience has shown that, at present, very
sensitive transistors of this type can only be made
satisfactority, at least as far as their channel and
gate regions are concerned, by means of ion
implantation. To obtain a very high sensitivity the
said channel and gate regions (particularly the
channel region) must in fact be extremely thin and
lightly doped; it is almost impossible to do this, in
a reproducible fashion, other than by implantation.

A known junction-type field-effect transistor
comprises, adjacent to the surface of a
semiconductor layer of the first conductivity type,
a first, highly doped, source region of the second
conductivity type, a second, highly doped, drain
region of the second conductivity type and spaced
from the source region, a third, gate region of the
first conductivity type extending between the first
and second regions and in ohmic contact with the
said layer, and a fourth, lightly doped, channel
region of the second conductivity type, located
below the third region and also extending between
the first and second regions. This transistor
structure which can be created using implantation 100
can be incorporated in an integrated circuit also
comprising further similar transistors and other
transistors of the bipolar type.

In the known transistors, the third region {gate
region) is, according to the specific type, either
connected or not connected to the semiconductor
layer the deep part of which situated below the
channel region cooperates with the gate region.
This connection is often made, particularly when it
is a case of improving the sensitivity of the
sransistor: the semiconductor layer and the third
region are then always at the same potential.

To bring about this connection the third region
projects in relation to the subjacent channel
region, in such a way that it makes contact
laterally with the semiconductor layer. This is
shown, for example, in French Patent No.

1 4314 342 which is concerned with a field-effect
current limiter in which the upper control region
(gate) of N-type conductivity is diffused in a larger 120
diffused region of P-type conductivity which
inciudes the source, substrate and channel. The
gate region, with a rectangular surface, extends in
jength along both sides of the P-type region and
then comes into contact with the material of N-
type conductivity in which the device has been
created and a deep part of which constitutes the
jower control region.

To obtain the desired connection between the
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gate region and the semiconductor layer of the
same conductivity type in such a field-effeci
transistor created using implantation, the channel
region is created in a first implantation operation
and through a first mask, then the gate region is
created in a second implantation operation and
through a second mask of dimensions greater than
those of the first mask.

These masking operations are in addition to
those required for the production of bipolar
transistors equipping an integrated circuit
comprising the two types of transistors. They
inevitably place a burden on the manufacture of
such an integrated circuit.

According to a first aspect of the inventicn,
there is provided a junction-type field-effect
transistor having a semiconductor body

- comprising a semiconductor layer of a first

conductivity type adjoining a suiface, source and
drain zones of the second, opposite conductivity
type embedded in said semiconductor layer and
adjoining said surface, a surface-adjacent layer-
shaped gate region of said first conductivity type,
and an underlying layer-shaped channel region of
said second conductivity type, said gate region
and said channel region both extending between
said source and drain zones, said gate region
being connected with said semiconductor layer by
at least one highly doped connection zone of szaid
first conductivity type, characterized in that said
gate region and said channel region both extend
up to said source- and drain zones and form part
of respectively a semiconductor region of said first
conductivity type, and a semiconductor region of
said second conductivity type, said semiconductor
regions of first and second conductivity iype
having substantially the same outline, said
connection zone adjoining said semiconductor
region of the first conductivity type.

Such a field-effect transistor structure, the
channel and gate regions of which can be created
in particular using ion implantation, can be
manufactured more easily with regard to the
number of operations necessary and their
comportibility with those which may be used to
fabricate other transistors in an integrated circuit.
The structure permits a beneficial combination of
the respective advantages of implantation and
diffusion techniques.

The two zones of the first and second
conductivity types have substantially the same
outline when they are created through the same
mask; this means a single photo-engraving
operation and a single etching operation to form
the two regions of gate and channel, and thus &
saving in means of production, in time spent, and
a reduction in the risks run in connection with
handling the semiconductor wafers in which the
transistors are formed.

Thus, according to a second aspect of the
present invention, there is provided a process for
making such a transistor, according to which the
‘'said zones including the third and fourth regions
até obtained by successive ion implantations
through the same implantation mask.
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On the other hand it is important to note that Figures 1 to 3 represent in schematic form a
the formation of the said semiconductor contact first transistor in accordance with the invention,
zone does not require the making of a special this transistor being seen in plan view in Fig. 1,
mask. This zone, which can be obtained while Figs. 2 and 3 are cross-sections, following

5 advantageously by diffusion, can be created at the 70 the lines ll—ll and lll—IIl respectively in Fig. 1.
same time and through windows of the same Figures 4 and 5 relate to a second transistor in
mask as is used for other semiconductor zones of accordance with the invention which is of a
the same conductivity type belonging to geometry different from that of Fig. 1. Fig. 4 is a
neighbouring components of the transistor which plan view of this transistor, while Fig. 5 is a cross-

10 are made on the same wafer substrate; the said 75 section following the line V—V in Fig. 4.
contact zone can be formed, for example, It shouid be noted that in these Figures the
_ simultaneously with the emitter zones of bipolar dimensional relationships between various
transistors. elements and within these elements themselves
- These advantages of ease of manufacture for have not been respected, in order to render the
16 transistor structures in accordance with the 80 Figures clear. The thickness of the layers in
. invention can be obtained without significantly relation to their areas in particular has been
reducing performance in comparison with similar considerably increased with regard to reality.
transistors manufactured according to the Moreover, and still with regard to clarity, the
previous state of the art. Experience has shown in semiconductor parts having the same type of
20 particular that the presence of a highly doped 85 conductivity have been hatched in the same
intermediate contact zone between the third direction.

"region and the semiconductor layer need cause no The field-effect junction transistor illustrated in
substantial reduction in the gate/channel Figs. 1, 2 and 3 is formed in a semiconductor layer
breakdown voltage. Furthermore, this breakdown 10, of a first conductivity type, resting on a

25 voltage is essentially dependent on the doping 90 substrate 11 of the second conductivity type. The
concentration in the channel region, and this substrate 11 and the layer 10 as shown in Figures
concentration can be made low by the use of the 1 to 3 represent a tiny fraction of the
implantation technique. semiconductor wafer on which other components

Itis preferable if the first and second regions, have been created, including, for example, further

30 those of source and drain respectively, are created . 95 transistors such as those in accordance with the
by diffusion. These are the regions on which a invention and also bipolar transistors; these
centact will have to be made and it is important components taken as a whole form an integrated
for their surface to be highly doped, which does circuit. )
not present any drawback in the functioning of the The transistor as illustrated it comprises the

35 ftransistor. 100 following regions:

On the other hand the fourth region (channel — a first region 12 which is the source region,
region) and preferably the third region (gate is of the second conductivity type and is highly
region) should be created by ion implantation in doped; ,
order to obtain low doping concentrations which — a second region 13 which is the drain

40 allow the threshold voltage of the transistor tobe 108 region, is separate from region 12, but is also of
small. the second conductivity type and highly doped;

The expression “highly doped" applies to those (Regions 12 and 13 have, for example, a
parts of the transistor which are doped with an surface geometry rectangular in shape and are
impurity concentration greater than 5 x 107 arranged in parallel along their length as is shown

45 atoms/cm?. The expression “lightly doped” applies 110 in Fig. 1).
in the case of a concentration of less than — a third region 14, which is the gate region, is
5 x 10" atoms/cm?. of the first conductivity type. is situated at the

The thickness of the highly doped surface between the first and second regions 12
semiconductor contact zone which establishes an and 13, extends as far as these regions 12 and 13

50 ohmic contact between the third region and the 116 and, moreover, is in ohmic contact with the said
semiconductor layer can, in principle, be layer 10, and
approximately the same as, and need be not — a fourth region 15, which is the channel
greater than that of the said third region. It may be region, is of the second conductivity type, is lightly
at least as thick as the total thickness of the third doped, is located below the third region 14 and

55 and fourth regions. In practice this zone can 120 also extends as far as the first and second regions
extend in depth beyond the fourth region without 12 and 13.
any problem, and this may occur when, for In accordance with the present invention, the
example, it is created at the same time as the said third and fourth regions 14 and 15 form part,
emitters of neighbouring bipolar transistors, respectively, of a zone 114 of the first conductivity

60 emitters whose thickness is often greater than 125 type and of a zone 115 of the second conductivity
that of the third and fourth joined regions. type which have substantially the same outline,

Embodiments of the first and second aspects of and the ohmic contact between the third region
the invention will now be described, by way of 14 and the said layer 10 is obtained by means of
example, with reference to the accompanying at least one semiconductor contact zone 16

65 drawings. ] 130 which is of the first conductivity type, is a highly
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doped zone created in the said layer 10 and
contacts the said zone 114 of the first conductivity
type.

The zones 114 and 115 extend laterally beyond
the limit of length defined by the longitudinal sides
of the regions 12 and 13 and extend into the layer
10 to reach the semiconductor zone 16. In the
example shown in Figs. 1 to 3, two semiconductor
zones 16A and 16B have been provided and these
have been created symmetrically in relation to the
source and drain regions 12 and 13; this is with a
view to optimising the distribution of the gate
voltage along the channel region 15.

The third region 14 and the fourth region 15
correspond to the middle parts of the zones 114
and 115 situated between the source region 12
and the drain region 13, the length of these

-regions 12 and 13 approximating (with the

exception of edge effects) to the width of the
transistor channel.

The partly continuous, partly dotted line 17
indicates the projection of the limits of the
rectanguiar window of the mask through which
the zones 114 and 115 have been created. These
limits encroach upon the regions 12 and 13 and
upon the zones 16A and 16B, as shown by the
dotted line sections of line 17. But the outline of
the zones 114 and 115 is in fact defined by the
opposite edges of the regions 12 and 13 and the
zones 16A and 16B, as well as by the section of
continuous line of line 17; this is because the
doping concentrations for the zones 114 and 115
have been chosen to be low, and cannot modify
the doping in the said regions 12 and 13 and
zones 16A and 16B where the concentration is, in
contrast, high.

The active side 10A of the layer 10 is covered
with a thin insulating and passivating film 18, for
example, of silicon oxide, in which windows have
been provided making possible the establishment
of metallic contacts 19, 20, 21A and 21B with the
source region 12, the drain region 13 and the gate
region 14 respectively. The contacts 21A and 218
are interconnected, for example, by the connection
22 which extends on the thin film 18.

Such a transistor in accordance with the
invention can be made advantageously using the
following process:

To begin with the source region 12 and the drain
region 13 are formed by dopant diffusion, either
separate from or together with a semiconductor
region belonging to another component of the
integrated circuit. Then the semiconductor zones
16A and 16B are formed, also by dopant diffusion,
which may also be used at the same time to form,
for example, the emitter regions of bipolar
transistors of the said integrated circuit. Then the
zones 115 and 114 are made consecutively,
through the same implantation mask (it is known
that in the making of an integrated circuit
implantation operations usually occur after those
of diffusion) : a first implantation makes it possible
to introauce into the wafer impurities of the
second conductivity type at a depth required for
the region; a second implantation permits the
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introduction of impurities of the first conductivity
type at a depth less deep than the previous cne
and corresponding to region 14. Although
preferable, it is not essential to operate in this
order.

The implanted structure is annealed so that the
implanted atoms which are in an interstitial
position in relation to the atoms of the crystalline
lattice after implantation, moved into a
substitutional position and so become electrically
active dopants. The annealing conditions depend
on the particular implantation conditions, but may,
for example, take place in an atmosphere of
nitrogen and/or oxygen at a temperature of
approximately 850—900°C.

As regards the nature of the mask employed
during the implantation operations, a
photopolymerisable lacquer may be used, for
example, with a suitable thickness determined in
accordance with the implantation energies used.

After the final annealing, the manufacture of
the transistor, as well as that of the integrated
circuit, is completed by the deposition of metaliic
contact and interconnection layers.

As a specific exampie some physical and
dimensional characteristics concerned such a
transistor for an integrated circuit in accordance
with the invention are given below, tcgether with
conditions for principal operations which may be
used in its production.

The substrate 11 is of P-type conductivity,
and lightly doped, so that its resistivity is about
10 ohm.cm. The layer 10, of N-type is obtained by
epitaxy; its doping is of the order of 10'® at/cm?,
and its thickness is from 15 to 20 um.

The source and drain regions 12 and 13 are P-
type, obtained by boron diffusion, and have a high
doping of about 108 at/cm?® near the surface 10A;
their thickness is from 2 to 3 um.

The regions 16A and 16B, of N-type are
obtained by phosphorus diffusion, and having a
doping of the order of 10" at/cm? at the surface.
Their thickness is between 1.5 and 2.5 um.

The zone 114 including the gate region 14, of
N-type and is produced by the implantation of
phosphorous ions at an energy of 150 keV and
with a dose averaging 1.6 x 10'? at/cm? The
maximum concentration, after implantation, is
4 x 10" at/cm? at a depth very close to 0.2 um.
After a final distribution annealing the mean
concentration in this zone is between 5 x 108
and 10'7 at/cm?.

The zone 115 including the channel region 15
is of P-type and is produced by the implantation of
boron ions with an energy of 150 keV and with a
dose averaging 1.6 x 10" at/cm?2. The maximum
concentration, after implantation, is 5 x 10'®
at/cm? at a depth very close to 0.4 um. After the
final annealing, the mean concentration is
between 5 x 10" and 10%S at/cm?3. A good quality
ohmic contact is obtained by the intermediary of
the zones 16A and 16B between the surface gate
region 14 which is present between these zones
and the deep gate region constituted by the
portion of layer 10 situated immediately below the
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The field-effect transistor described above has
an elementary geometry. Other more complex
versions are possible in accordance with the
invention, in particular an “interdigitated”

- geometry in which seurce and drain subregions

are arranged alternately, and are separated by
gate subregions, connecting layer establishing the
necessary interconnections between the
corresponding subregions in order to make up the
complete regions of the transistor. When the
invention is applied in this case, the mask defining
the common outlines of the channel and gate
regions would comprise as many openings as
there are channel and gate subregions.

Another type of geometry is illustrated in
simple form in Figs. 4 and 5. This field-effect
transistor is of the “concentric” type, the drain
region surrounding the source region {or vice
versa). On these Figures 4 and 5 the same
reference numbers as appear on Figs. 1 and 3
have been retained for designating the similar
elements.

In the central part of the layout, there is the
source region 12 provided with its contact 19, and
on the outside the drain region 13 is provided with
its contact 20. The region 12 may be, for example,
square in shape. The region 13 which surrounds it
at a uniform distance is largely open on one of its
sides, namely the one located to the right in Fig. 4.

The area occupied by the zones 114 and 115 is
located in part between the regions 12 and 13
(gate region 14 and channel region 15} and in part
outside the region 13 which it overlaps, to the
right in Fig. 4, so as to merge into the sone 16; the
zone 16 provides the ohmic contact between the
region 14 and the layer 10. .

The surface area through which the zones 114
and 115 have been implanted is that located
between the lines 17A and 178 which follow the
edge of the implantation window in the mask
used.

Figs. 4 and 5 also shown contact 19 on the
source region 12, contact 20 on the drain region
13, and contact 21 on the semiconductor zone
16.

CLAIMS
1. A junction field effect transistor having a
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semiconductor body comprising a semiconductor
layer of a first conductivity type adjoining a
surface, source and drain zones of the second,
opposite conductivity type embedded in said
semiconductor layer and adjoining said surface, a
surface-adjacent layer-shaped gate region of said
first conductivity type, and an underlying layer-
shaped channel region of said second conductivity
type, said gate region and said channel region
both extending between said source and drain
zones, said gate region being connected with said
semiconductor layer by at least one highly doped
connection zone of said first conductivity type,
characterized in that said gate region and said
channel region both extend up to said source- and
drain zones and form part of respectively a
semiconductor region of said first conductivity
type and a semiconductor region of said second
conductivity type, said semiconductor regions of first
and second conductivity type having substantially
the same outline, said connection zone adjoining
said semiconductor region of the first conductivity
type.

2. A junction field effect transistor as claimed in
claim 1 characterized in that said connection zone
has a thickness substantially equal to the
thickness of said gate region.

3. A junction field effect transistor as claimed in
claim 1 characterized in that said connection zone
has a thickness at least equal to the total
thickness of said gate region and said channel
region.

4. A process of manufacturing a field effect
transistor as claimed in claim 1, characterized in
that said semiconductor regions comprising said
gate region and said channel region are formed by
jon implantation, and that said semiconductor
regions of first and second conductivity type are
formed by using the same implantation mask.

5. A junction field effect transistor substantially
as described with reference to Figures 1 to 3 or
Figures 4 and 5 of the accompanying drawings.

6. A method of manufacturing a field effect
transistor substantially as described with
reference to Figures 1 to 3 or Figures 4 and 5 of
the accompanying drawings.

printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1981. Published by the Patent Office,
25 Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.



