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HIGH SPEED JUNCTION FIELD EFFECT
TRANSISTOR FOR USE IN BIPOLAR
INTEGRATED CIRCUITS

Matter enclosed in heavy brackets [ ] appears in the
original patent-Bbut forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation-in-part of co-pending applica-
tion Ser. No. 931,263 filed Nov. 17, 1986 and now aban-
doned.

BACKGROUND OF THE INVENTION

This invention relates generally to semiconductor
transistor devices, and more particularly to a high speed
junction field effect transistor.

The use of junction field effect transistors (JFETS) in
bipolar integrated circuits is known (BIFETSs). One
such transistor is disclosed in U.S. Pat. No. 4,176,368.
Operating speed is an important characteristic of such a
transistor. BIFET structures have included top and
bottom gates with the top gate comprising a lightly
doped region above the transistor channel region and
with the top and bottom gates electrically connected
through the semiconductor structure. U.S. Pat. No.
4,176,368 proposes a higher speed BIFET by forming a
more heavily doped region in the lightly doped top gate
between and separated from the source and drain re-
gions of the transistor. The heavily doped region re-
duces the gate conductance from 5-15 kilo-ohms per
square to a range of 500-1500 ohms per square.

JFETS having independent upper and lower gate
contacts are known. The prior art teaches the use of
barrier metals on the surface of the upper gate to pre-
vent penetration of aluminum contacts into the underly-
ing silicon material. Use of the barrier metal creates a
thermal mismatch with the silicon leading to hysteresis
effects during thermal cycling which degrade the de-
vice.

SUMMARY OF THE INVENTION

This invention i1s directed to an improved higher
speed BIFET. Briefly, a highly doped polycrystalline
silicon gate contact is formed on the surface of the thin,
lightly doped top gate region extending between the
source and drain regions. The ion implanted silicon gate
contact is electrically separated from the bottom
contact, thereby permitting a four-terminal device oper-
ation, if desired. A metal contact such as aluminum, for
example, can be placed on the surface of the polysilicon
layer to further reduce resistance. The polycrystalline
layer inhibits punch through (diffusion) of the alumi-
num contact metal into the gate and channel regions by
the aluminum contact. The lightly doped top gate layer
beneath the polysilicon gate contact can be more heav-
ily doped by diffusion from the highly doped polycrys-
talline layer to increase its conductivity. Advanta-
geously, the gate resistance in accordance with this
invention can be reduced to on the order of 140 ohms
per square, as opposed to the 500-1500 ohms per square
for the device disclosed in the 368 patent. The poly-
crystalline layer permits high temperature processing
and the formation of thermal oxide on the surface of the
layer.
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OBJECTS OF THE INVENTION

Accordingly, an object of the invention is to provide
an improved silicon BIFET.

Another object of the invention i1s to provide a
BIFET having increased operating speed.

A further object of this invention is to provide a
BIFET which can be thermally cycled without degra-
dation of device performance.

The objects and features of this invention will be
more readily apparent from the following detailed de-
scription and dependent claims when taken with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a BIFET device in ac-
cordance with the prior art.

FIG. 2 1s a sectional view of another BIFET device
in accordance with the prior art.

FIG. 3 1s a sectional view of a BIFET device in ac-
cordance with one embodiment of the invention.

FIG. 4 1s a sectional view in accordance with another
embodiment of the invention.

DETAILED DESCRIPTION OF THE
DRAWINGS

Turning to the drawings, FIGS. 1 and 2 are sectional
views of prior art BIFET devices as disclosed in U.S.
Pat. No. 4,176,368. In accordance with the device of
FIG. 1, an N-type epitaxial layer 10 is formed on a
surface of P-type silicon substrate 12 with a device
region defined by P+ isolation diffusion ring 14. An
N+ buried layer 16 is formed by doping a surface re-
gion of substrate 12 prior to the epitaxial growth of
layer 10. A BIFET device is then formed in the epitaxial
layer 10 with a source region 18 and a spaced drain
region 20 formed by diffusion with P+ dopants. A gate
contact 22 is formed by diffusion with N+ dopant. A
P-type channel region 24 i1s formed by ion implantation
between the source and drain region 18, 20, and a
lightly doped top gate layer 26 is formed by ion implan-
tation on the surface between the source and drain re-
gions. The N-type top gate layer 26 is interconnected
with the bottom gate contact defined by epitaxial layer
10 through the epitaxial structure. Metal contacts 28 are
made to the source, drain and gate region.

In order to increase the speed of the device shown 1n
FIG. 1, the ’368 patent proposes the structure disclosed
in FIG. 2. The same reference numbers are used for like
elements. In this embodiment, a high doped region 30 in
the lightly doped top gate contact region 26 is formed
by the selective introduction of N-type dopants by ion
implantation, for example. Again, the N+ region 30 1s
electrically interconnected with the bottom gate
contact comprising epitaxial layer 10 through the epi-
taxial structure. Due to the increased conductance of
N+ layer 30, the gate resistance is reduced from ap-
proximately 5-15 kilo-ohms per square with the device
of FIG. 1 to 500-1500 ohms per square with the device
of FIG. 2. The reduction 1n gate resistance results in a
significant increase in operating speed.

FIG. 3 is a sectional view of a silicon BIFET device
in accordance with this invention. Again, like elements
have the same reference numbers as in FIGS. 1and 2. In
accordance with the invention, a highly doped polysili-
con contact 32 1s made to an intermediate portion of the
hghtly doped top layer 26, spaced from the source and
drain region 18, 20. As illustrated in FIG. 3, a highly
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doped region 30 is provided in the lightly doped gate
layer 26 beneath the contact 32 as in the embodiment of

FIG. 2. However, the increased speed of operation of

the device of FIG. 3 depends primarily on the provision
of the high conductance contact as described below,
and only secomdarily on the provision of the highly
doped region 30: Thus, the provision of region 30 is not
essential to the mnvention.

In a preferred embodiment, the contact comprises a ,

thin layer of highly doped polycrystalline silicon 32 and
a metal layer 34 of aluminum, for example, provided on
the top surface of contact 32, thereby further increasing
the conductance of the contact and further increasing
the speed of operation. The highly doped polysilicon
layer 32 not only increases the conductance of the
contact to the gate region 30, but also inhibits punch
through of the aluminum contact during subsequent
high temperature processing steps, and provides impuri-
ties which diffuse into the region 30 to increase 1ts con-
ductance. The polysilicon layer is thermally matched to
the substrate, thereby minimizing degradation of the
device during thermal cycling.

The top gate contact is isolated from the bottom gate
contact, thereby providing a four-terminal device. The
smaller area of the top gate metal contact 34 reduces the
parasitic capacitance and leakage current.

FIG. 4 shows an embodiment of the invention with-
out a high conductance region 30. In this embodiment,
the impurities from the polysilicon layer are not only
allowed to diffuse into the underlying gate region 26,
but also into the channel region as shown by the dotted
line 36. This effectively reduces the thickness of the
channel and increases the frequency of operation.

The provision of a highly doped polysilicon gate
contact on the lightly doped top gate layer and diffusion
of impurities thereinto can reduce the top gate resis-
tance to the order of 1-40 ohms per square. This low
resistance, coupled with the four-terminal operation of
the BIFET, enhances the operating speed significantly
over the pnor art BIFET structures.

While the invention has been described with refer-
ence to specific embodiments, the description is illustra-
tive of the invention, and not to be construed as limiting
the invention. Various modifications and applications
may be apparent by those skilled in the art without
departing from the true spirit and scope of the invention
as defined by the appended claims.

What 1s claimed is:

F1. A high speed junction field effect transistor com-
prising

a silicon semiconductor body region of one conduc-

tivity type,

first and second regions of opposite conductivity type

formed in a surface of said body region extending
into said body of one conductivity type and spaced

from each other, said first and second regions form- ¢

ing a source and a drain of said transistor,

a thin channel region of said opposite conductivity
type in said body region and interconnecting said
first and second regions,
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4

a thin surface gate layer of said one conductivity type
overlying said channel region and extending from
said first region to said second region, and

a surface contact on said surface gate layer extending
between said first and second regions and electn-
cally isolated from said body region, said surface
contact comprising a polycrystalline silicon layer
of said one conductivity type and [extending over
J the [entire] surface of the surface gate layer
and having a conductivity greater than the conduc-
tivity of said thin surface gate layer, said body
region beneath said channel region and said surface
contact comprising electrically separate gates for
said transistor, and

an aluminum metal contact on said polycrystalline
silicon layer.}

[2. A high speed junction field effect transistor as in
claim 1 in which said thin surface gate layer includes
impurities diffused thereinto from said polysilicon
layer.]}

3. A high speed junction field effect transistor com-
prising

a silicon semiconductor body region of one conduc-
tivity type,

first and second regions of opposite conductivity type
formed in a surface of said body region and spaced
from each other, said first and second regions form-
ing a source and a drain of said transistor,

a thin channel region of said opposite conductivity
type in said body region and interconnecting said
first and second regions,

a thin surface gate layer of said one conductivity type
overlying said channel region and extending from
said first region to said second region, and

a surface contact on said surface gate [region] layer
between said first and second regions and electri-
cally isolated from said body region, said surface
contact comprising polycrystalline silicon layer of
said one conductivity type and having a conductiv-
ity greater than the conductivity of said surface
gate layer, said body region beneath said channel
region and said surface contact comprising electri-
cally separate gates for said transistor, said thin
surface gate layer and an upper region of said chan-
nel region include impurities diffused thereinto
from said polysilicon layer and

an aluminum metal contact on said polycrystalline
silicon layer.

4. The field effect transistor as in claim 3 wherein said
semiconductor body region comprises an epitaxial
layer, and farther including a substrate of said opposite
conductivity type on which said epitaxial layer 1s
formed.

5. The field effect transistor as in claim 4 and further
including a buried layer of said [first] one conductivity
type formed in said substrate at the interface of said
epitaxial layer and positioned beneath said first and
second regions.

6. The field effect transistor as in claim § and further
including an isolation region of said opposite conductiv-
ity type extending from the surface of said epitaxial
layer to said substrate and surrounding said first and

second regions.
& x * % *
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