«-2- sem conductor substrate is showmm in Fig. .1. Fig. |Ais a typical plan
view, *and Figs. 1B and 1C are typical partially sectional views taken al ong
lines B-B and GCin Fig. 1A respectively. It is to be understood that, in
sone cases hereinafter, such a sem -insulative conpound sem conduct or
substrate will be referred to sinply as a substrate, and an ordinary n-type
junction field effect transistor will be referred to sinply as a field
effect transistor in the-follow ng déB@ertipn. An explanation will be
given on the summary of a nethod for production of a conventional n-type

junction figint ¥d@rdtdr P AtAGDIgHdvh tin Higy.r al.at gd qar tza Ald hough a
gate electrode and a source- drain electrode are forned in the field effect
transi stor ,a tfigsicsl gslamddew amiirigg, 1B tand dGeratyfivalher in a
di ode and a resistance el enent,

partially sectional views taken along lines B-B and C-C

in Fig. 1B, respectively. It is to be understood that,

in some cases hereinafter, such a semi-insulative

compound semiconductor substrate will be referred to

simply as a substrate, and an ordinary n-type junction

field effect transistor will be referred to simply as a

field effect tfansistor in the following description.

An explanation will be given on the summary of

a method for production of a conventional n-type

junction field effect transistor éccording to the

related art. Although a gate electrode and a source-

drain electrode are formed in the field effect

transistor, these electrodes are omitted in the

diagrams. Further in a diode and a resistance element,

there are formed electrodes and terminals as well,

However, these are also omitted in the diagrams.

First a source-drain 12 composed of an n*i- R

type conductive region is formed by implanting silicon

ions into a substrate 10 of GaAs where a photo mask is

formed. Thereafter a channel 11 composed of an n*-type

conductive region is formed by removing the above photo

mask, then forming another photo mask, and implanting



+there are forned electrodes and termnals as well. However, these are also
omttéd in the diagrams. First a source-drain 12 conposed of an-[err] type
conductive region is formed by inplanting silicon ions into a substrate 10
~0of” GaAs where a photo mask is formed. Thereafter a channel 11 conposed of
an n+-type conductive region is fornmed by renoving the above photo nask,

t hen form ng another photo mask, and inplanting -3- silicon ions again
into the substrate 10. Subsequently, -aBnealing is executed to activate the
ion-inplanted silicon which is an n-type inpurity. Next, an insulating film
of, e.g., FiNilvn iieas rdaimdntic thy nrbdnr a8 1. t IBubddaueantipge

-annealing is_executed.to activate the ion-implanted
silicon which is an n-type impurity.
Next, an insulating film of, e.g., SiN
(silicqn nitride) is formed by CVD or the like on the
entire surface including the channel 11 and the source-
drain 12, and then an opening is formed in the
insulating film above the channel 11 by the techniques
of photolithography and etching. Thereafter a gate 13
cdmposed of a p**-typé conductive region is formed by
diffusing zinc into the channel 11 through a heating
prbcesé while causing a gas, which includes diethyl zinc
(DEZ), to flow into the opening formed in the insulating
film. In this step, the gate 13 is so formed as to
protrude outward beyond the channel 1l. More _
specifically, there is formed a gate extension 13A which
protrudes beyond the channel 1l transversely thereto.
When the width of the gate 13 is changed with respect to
the channei 11, a current flowing in the field effect . -
transistor is also changed. Accordingly, in order to
attain.a sufficient margin in the process of producing a
field effect transistor, the structure thereof is so
contrived that the gate 13 protrudes outward beyond the

channel 11.



entire surface |nclud|ng the channel 11 and the source- drain 12, and then
an openfng is formed in the insulating filmabove the channel. 11 by the

t echni ques of phot ol i t hography and etching. Thereafter a gate 13 conposed
of & [err]-type conductive region is formed by diffusing zinc into the
channel 11 through a heating process while causing a gas, which includes
diethyl zinc (DEZ), to flowinto the opening fornmed in the insulating film
In this step, the gate 13 is so fornmed-ag to protrude outward beyond the
channel 11. More specifically, there is formed a gate extension 13A which

protrudes beyond the ciapighudnti Qﬁvéiéﬁéﬁtt§§é§591n heaqi8R Yodil of the

gate 13 is changed with respect t t he channel ow ng in the
field effectsbrnegi 8681 thé phbpBosSbaBBCEnsAELREIaNgEYuirBdoeleEt@cattain a

sufficient margin in the process of producing a field effect transistor,
the structurgntitatddni Befween mutually adjacent field effect
transistors. The element isolating region 20 is formed
by implanting boron ions into a substrate region whefe
any field effect transistor is not existent, hence
obtaining the strﬁcture of Fig. 1. -

In the method of producing such a conventional
n-type junction field effect transistor, when boron iéns
are implanted at the above processing step, the element
isolating region 20 is spaced apart by 0.3 /m to 1.0 um
from the channel 11 and the source-drain 12, as shown in
Figs. 1A, 1B andllc, Reference numeral 2! denotes a
region formed between the element isolating region 20
and both of the channel 11 and the source-drain 12. A
portion 13B of the gate extension 13A of the gate 13
protruding outward beyond the channel 11 is in a state
not overlapping the element isolating.;egion 20. The
distance from the cbénnél 11 to the element isolating - -
region 20 is dependent solely on the positioning
precision bf the photo mask at the time of forming the
element isolating region 20 by ion implantation.

Due to the existence of such portion 13B of

the gate extension 13A, there arises a problem that one



‘contrived that the gate 13 protrudes outward beyond the channel 11. -4-
Subsequently an elenent isolating region 20 is fornmed for the purpose of
ensuring a required electric insulation between nmutually adjacent -field
"effect transistors. The el enent isolating region 20 is fornmed by inplanting
boron ions into a substrate region where any field effect transistor is not
exi stent, hence obtaining the structure of Fig. 1. In the nmethod of
produci ng such a conventional n-type-jsinction field effect transistor, when
boron ions are inplanted at the above processing step, the el enent

i solating repdnd frddt SRR Ay tidVadver dbliy tflsdbtdB by another
field effect transistor adjacent thereto. More
specifically, as shown in a typical partialiy sectional
view of Fig. 2, when a positive voltage is applied to a
gate 13 of an adjacent field effect transistor while a
negative voltage is applied to a source-drain 12 of one

field effect transistor, a nonnegligible current comes
to flow between one field effect transistor and the
adjacent transistor. Hereinafter this current will be
referred to as a leakage current. Such a phenomenon is
usually termed side-gate effect or back-gate effect.
Concretely, a leakage current flows from a portion 13B
of the gate extension 13A of the adjacent field effect
transistor via the regidn 21 and an area under the
element isolatihg region 20 to the source-drain 12 of

~ one field effect transistor. 1In Fig. 6, a dotted line
represents exemplary current-to-voltage characteristic
“between the source-drain 12 of one field effect |
transistof-and the gate 13 of the adjacent field effect - -
transistor in an example where the element isolating:
region 20 is spaced apart by 0.3 im from the channel 11
(i.e., where the region 21 has a width of 0.3 pm). In
Fig. 6, the ordinate signifies the current I (unit:

nanoampere) flowing between the source-drain 12 of one



fromthe channel 11 and the source-drain 12, as shown in Figs. |A |IB and
1C. Reference nuneral 21 denotes a region fornmed between the el enent

i sql ating region 20 and both of the channel 11 and the source-drain 12. A
portion 13B of the gate extension 13A of the gate 13 protrudi ng outward
beyond the channel 11 is in a state not overlapping the elenent isolating
region 20. The distance fromthe channel 11 to the el enment isolating region
20 i s dependent solely on the positioniég precision of the photo nask at
the time of form ng the elenent isolating region 20 by ion inplantation.
Due to.the gxbséeaceet &HEAsPOtOE 0OAnd3Bhefgibe Datefexhensigacdsd there

arises a problemthat one -5 -,
field effect transistor; while the abscissa signifies
- the voltage difference V (unit: volt) obtained by
subtracting the voltage, which is applied to the source-
drain 12 of the adjacent field effect transistor, from
the voltage applied to the gate 13 of one field effect
transistor..

Thus, when a leakage current flows between one
field effect trénsistor and thg adjacent field effect
transistor, the performande characteristics thereof are
adveréely affected. It is therefore necessary to
minimize such leakage current.

In case a diode is existent adjacently to a
field effect transistor, a leakage current flows from a |
portion 13B of a gate extension 13A of the field effect
transistor via a region 21 and an area under an element
isolating region 20 to an n-type conductive region 23 of
the adjacent diode (as shown in a typical diagram of
Fig. 3A). - Denoted by reference numefal 24 in Fig. 3A is - -
a p—-type conductive region.

In another case where a resistance element

- composed of an n-type conducti§e region 25 is existent
adjacently to a field effect transistor, a leakage

current flows from a portion 13B of a gate extension 13A



field effect transistor is adversely affected by another field effect
transi stor adjacent thereto. Mre specifically, as shown in a typical
partially sectional view of Fig. 2, when a positive voltage is applied to a
gat'é 13 of an adjacent field effect transistor while a negative voltage is
applied to a source-drain 12 of one field effect transistor, a
nonnegligible current cones to fl ow between-one field effect transistor and
t he adjacent transistor. Hereinafter t-hirfs~current will be referred to as a
| eakage current. Such a phenonenon is usually ternmed side-gate effect or
back- gat e ef bgctheCaieldt eknshstoskega autegibnf Rowanir am arparti on 13B of

the gate extension 13A of the adjacent field effect transistor via the
regi on 21 andnderarmeaelesentt hsothtimngt regabat 20gtoegnon-2§peo t he
source-drain 12 of one field effect transistor. In Fig. 6, a dotted line
represents egenghgtyveureghont 85voEt &he eljmsensrresistance element

(as shown in a typical diagram of Fig. 3B). Generation

of such leakage current is not desired either in view of

the operation stability of the junction field effect

transistor.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a junction field effect transistor formed on a
semi-insulative compound semiconductor substrate, and
also a method of producing such a transistbr wherein
generation of a leakage current and side—-gate effect can
be suppressed witﬁ a further advantage that harmfpl
influence from any adjacent junction field effect
transistor, diode or resistance element is minimized.

In a junction field effect transistor formed
on a semi-insulative compound semiconductor substrate
and having a channel, a gate and a-source-drain,.the
object mentioned abové can be attained by contriving an
improvement where a gate extension p:otruﬂing outward
beyond the channel transversely thereto extends from the.

gate, and an insulating layer is formed on the semi-



bet ween the source-drain 12 of one field effect transistor and the gate 13
of the, adjacent field effect - transistor in an exanpl e where the el enent
isalating region 20 is spaced apart by 0.3 umfromthe channel 11 (i.e
whe€re the region 21 has a width of 0.3 um. In Fig. 6, the ordinate
signifies the current I (unit: nanoanpere) flow ng between the source-drain
12 of one- -6- field effect transist and the gate 13 of the adjacent
field effect transistor; while the abscissa signifies the voltage
difference V (unit: voIt) obt ai ned by subtracting the voltage, which is

7B che v TSRS, cORpeAn ssconsmgroneatbimitsr e st otor
gate extension.

In the junction field effect transistor of the
present invention, there is embraced an aspect where the
insulating layer.overlaps at least the channel. The
semi-insulative compound semiconductor substrate may be
composed of GaAs, and boron may be included as an
impurity in the insulating layer.

A method of producing the junction field
~effect transistor of the present invention for attaining
the above object comprises the steps of: (a) forming a
channel and a source-drain on a semi—insulétive compound

semiconductor substrate; (b) forming a gate on the
channel together with a gate extension which extends
from the gate and protrudes outward beyond the channel
transversely thereto; and (c¢) forming an insulating
layer on the semi-insulative compound semiconductor
substrate adjacently to both of the channel and the
source~drain in such a manner that no gap is existent -
between the insulating layer and at least the channel.

- In the method of producing the junction field
effect transistor of the present invention, the step (c)

. mentioned above may embrace an aspect where the

insulating layer is formed adjacently to both of the



transistor. Thus, when a |eakage current flows betmeen one-field effect
transi stor and the adjacent field effect transistor, the perfornmance
characteristics thereof are adversely affected. It is therefore necessary
t'o mininize such | eakage current. In case a diode is existent adjacently to
a field effect transistor, a | eakage current flows froma portion 13B of a
gate extension 13A of the field effect transistor via a region 21 and an
area .under an el enent isolating regian-20 to an n-type conductive region 23
of the adjacent diode (as shown in a typical diagramof Fig. 3A). Denoted
by referechannekeaall £hei sohrge-8faia Anpsuygheacomaduneti @@ tegi on. In
another case where a resistance el ement conposed of an n-type conductive
regi on 25oweraapsasnieadtathet chanped .f i §he¢ semdctinsndasiiveor; a | eakage

compound semiconductor substrate may be composed of

GaAs, and the insulating layer may be formed by

implanting boron ions.

" In the present invention, the gate extension

protrudes outward beyond the channel transversely

thereto, and the insulating layer is formed on the semi-

insulative compound semiconductor substrate under the

gate extension. Therefore a flow of the leakage current

from the gate extension to the adjacent junction field

effect transistor, diode or resistance element is

prevented by the insulating layer, hence effectively

suppressing generation of the side—gaté effect.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1C are a typical plan view and
typical partlally sectional views of a substrate and so
forth for -explaining a method of producing a
conventional n-type junctign field effect transistor

according to the related art;



-current flows froma portion 13B of a gate extension 13A -7- of the
field transistor via a region 21 and an area under an el enent isolating
region 20 to an n-type conductive region 25 of the adjacent resistance
el'ement (as shown in a typical diagramof Fig. 3B). Ceneration of such

| eakage current is not desired either in view of the operation stability of
the junction field effect transistor. SUMVARY OF THE INVENTION It is an

obj ect of the present invention to prBvi-de a junction field effect

transi stor formed on a sem -insulative conpound sem conduct or substrate,
and -al so a net hod of Fpged@cisgastypieaflr pasititdd ywsectiional view

for explaining the problemé observed in the conventional
n-type junction field effect transistor;

Figs. 3A and 3B are diagrams for explaining
the problems observed in a combinaéion of a conventional
junction field effect transistor and a diode, and also
in a combination of a conventional junction field effect
transistor and a resistance element;

o Figs. 4A to 4C are a typical plan view and -
typical partially sectional views of a junction field
effect transistor in a first embodiment of the présent
invention;

Figs. 5A to 5C are typical partially sectional
views of a semi-insulative compound semiconductor
substrate and so forth for explaining a method which is
a second embodiment of the present invention for
production of the junction field effect transistor in
the first embodiment;

Fig. 6 graphically shqws exemplary current-to- -
voltage characteristic of the junction field'effect
transistor in the first embodiment of the invention and

that of the conventional transistor of the related art:;



“.generation of a |eakage current and side-gate effect can be suppressed with
a further advantage that harnful influence fromany adjacent junction field
ef.fect transistor, diode or resistance.elenent is mnimzed. In a junction
field effect transistor forned on a.sem -insulative conmpound sem conduct or
substrate and having a channel, a gate and a source-drain, the object
menti oned above can be attained by cofit Living an inprovenment where a gate
extension protruding outward beyond the channel transversely thereto
extends fromthe. gate, and an insulating layer is formed on the sem -
-8- insul ative conpoBhgsse#Pcandu@Borrsubstypiecailngdant kéegahadexyt ensi on.
typical sectional view of a junction field effect
transistor in a third embodiment of the invenﬁion;
Figs. 8A and 8B are typical partially
sectional views showing structures of fourth and fifth
embodiments of the present invention;
Figs. 9A and 9B are a typical plan view and
typical partially sectional views of a sixth embodiment
of the invention which is a modification of the first
embodiment; and
Fig. 10 is a typical plan view of a seventh
embodiment of the invention which is a modification of

the third embodiment.

DETAILED DESCRIPTI(SN OF THE PREFERRED EMBODIMENTS

Hereinafter some preferred embodiments of the
present invention will be described in detail with
reference to the accompanying drawings.

Fig. 4A is-a typical plan view of a junction - -
field effect tfansistor in a first embodiment of.the |
present invention. And Figs. 4B and 4C are typical
partially sectional views taken along lines B-B and C-C
in Fig. -4A showing the junction field effect transistor

of Ehe first embodiment.



In the junction field effect transistor of the present invention, there is
enbraced an aspect where the insulating | ayer overlaps at |east the
channel . The sem -insul ati ve conpound sem conduct or substrate may be
conposed of GaAs, and boron may be included as an inmpurity in the:
insulating layer. A nmethod of producing the junction field effect

transi stor of the present invention for attaining the above object
conpri'ses the steps of: (a) form ng gychannel and a source-drain on a

sem -insul ati ve conpound sem conductor substrate; (b) form ng a gate on the
channel together w Theajgnctienrt deldnefiiech txassdstbrooft hbegate and
protrudes outward beyond the channel transversely thereto; and (c) form ng
an insul afingt| epepddmenteligehPrmaduPat AReNTE¥PEURE BekYyPBnge®ior substrate

adj acently to_both of the channel, and the source-drain _in such a manner
t hat no gébspéagkygtggppound semiconductor substrate 40. This

transistor has a channel 41 composed of an n*-type
conductive region,.a gate 43 of a p*t-type conductive
region and a source-drain 42 of -an nf*-type conductive
region. A gate extension 43A protruding outward beyond
the channel 41 extends transversely Ehereto from the
gate 43. Practically, however, the gate extension 43A
‘has no function as a gate. And an insulating layer 44
is formed on the semi-insulative compound semiconductor
substrate 40 under the gate extension 43A which is a
protruding portion of the gate. This insulating layer
44 functions also as an element isolating region.

In the junction field effeét transistor of the
present invention, no gap is formed, differing from the
conventional iunction field effect transistor, between
the insulating layer 44, which cbrresponds to an element
isolating region, and each of the channel 41 and the
source-drain 42. Consequently, it becomes possible to
prevent a flow of any great leakage current from the
gate extension 43A of the gate 43 to the source-drain of

~an adjacent junction field effect transistor.



between the insulating |ayer and at |east the channel. In the nethod of
producing the junction field effect transistor of the present invention,
the step (c) nmentioned above may enbrace an aspect where the insul ating
layer i's formed adjacently to both of the -9- channel and the
source-drain in such a manner as to overlap at |east the channel. The
sen -insul ative conpound seni conductor substrate may be conposed of GaAs,
and the insulating |ayer may be fornmdd by inplanting boron ions. In the
present invention, the gate extension protrudes outward beyond the channel
transversely theret8, mabbodhefi psoduring theejunestionn€iedd the sem -

effect transistor of the first embodiment will be
described below with reference to Fig. 5, which is a
typical partially sectional view taken along a line C~C
in Fig. 4A.

[Step 100])

First a channel 41 and a source-drain 42 are
formed on a semi-insulative compound semiconductor
substrate 40 composed of.GaAs.' More specifically, a
 source-drain 42 of an n**-type conductive region in the
field effect transistor is formed by implanting silicon
ions intb a semi-insulative compound semiconductor
substrate-40 of GaAs where a photo mask 50 is formed (as
shown in Fig. 5A). Subsequently the photo mask 50 is
removed and, after another photo mask 51 is formed
again, silicon ions are implanted again into the semi-
insulative compound semicondubtﬁr substrate 40, whereby
the channel 41 of an n*-type conductive region is formed
(as shown .in Fig. 5B). Thereafter the photo mask 51 is -
removed, and then an annealing process is executed to
activate the ion-implanted silicon which is an ﬁ-type
impurity.

[Step 110]



-insul ative conpound sem conductor substrate under the gate extension.
Therefore a flow of the | eakage current fromthe gate extension to t he
adj acent junction field effect transistor, diode or resistance elenent is
prevented by the insulating |ayer, hence effectively suppressing generation
of the side-gate effect. BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1A to 1C
are a typical- plan view and.typical partially sectional views of a
substrate and so forth for explainingl4 method of producing a conventional
n-type junction field effect transistor according to the related art; -
10 - Fig. 2 is a typSchsegaentdyl & gatei d3alisvFewmed on the
channel 41 together wifh_a gate extension 43A which
extends from the gate and protrudes outward beyond the
channel 41 transversely thereto. For this purpose,
first an insulating f£ilm (not shown) composed of SiN
(silicon nitride) for example is formed by CVD or the
like on the entire surface including the channel 41 and
the source-drain 42, and then an opening is formed in
the insulating film above the channel 41 by the
techniques of photolithography and etching. Thereafter
" a gate 43 of a pt*-type conductive region is formed by
diffusing zinc into the channel 41 through a heating
process while causing a gas, which includes diethyl zinc
(DEZ), to flow into the opening formed in the insuiating
film (as shown in Fig. 5C).
[Step 120]
Next an insulating layer 44 corresponding to
an element isolating region is formed for the purpose of
ensuring required electric insulation between mutually
adjacent field effect transistors. The insulating layer
44 can be formed by first providing a photo ‘mask which
covers both of the channel 41 and the source-drain 42,

and then implanting boron ions into a region of the

semi-insulative compound semiconductor substrate 40



for explaining the problens observed in the conventional n-type junction
field effect transistor; Figs. 3A and 3B are diagrans for explaining the
probl ens observed in a conbi nati on of a conventi onal junction field effect
transistor and a diode, and also in a conbination of a conventional
junction field effect transistor and a resistance el.enent; Figs. 4A to 4C
are a typical plan view and typical partially sectional views of a junction
field effect transistor in a first enodi ment of the present invention;
Figs. A to 5C are typical partially sectional views of a sem -insulative
conpound weereoneither theschansedndlssorotha sourespfnabnng2aiset hod which
is a second enbodi nent of the present invention for production of the
junction ¢¥é$§eétfecintF§ﬁsﬁéF§F pRbpAémENE st thabbasudating layer

44 is formed on the semi-insulative compound
semicoﬁductor substrate 40 adjacently to the channel 41
and the source-drain in such a manner that no gap is
formed between the iﬁsulating layer 44 and each of the
channel 41 and the source-drain 42. Formation of such
insulating layer 44 is dependent much on enhancement of
the photo-mask positioning precision in the mass
production line of semiconductor devices. The junction
field effect transistor of Fig. 4 can thus be produced.
[Step 130]

Thereafter an inéulating film composed of SiO,
for example is formed by CVD or the like on the entire
surface including the gate 43 and the source-drain 42,
and an opening is formed in the insulating film above
the gate and the source-drain by the_techniques of
photolithography and etching. Subsequently a metallic
wiring mate;ial layer is deposited by sputtering or. the -
like on the insulating £ilm inclusive of such opening,
and then wires are formed by patterning the metallic
wiring material layer on the insulating f£ilm. As for
suitable metallic wiring materials, Pt/Au may be used

for the gate, and Au-Ge/Ni for the source-drain.



- Fig. 6 graphically shows exenplary current-to- voltage characteristic of
the junction field effect transistor in the first enbodi nent of the -
invention and that of the conventional transistor of the related art;
Figs. 7A and 7B are a typical plan view and a typical sectional view of a
junction field effect transistor in a third enbodi nent of the invention;
Figs. 8A and 8B are typical partially sectional views show ng structures of
fourth and fifth enmbodi nents of the prgsent invention; Figs. 9A and 9B are
a typical plan view and typical partially sectional views of a sixth
enbodi ment of the i naantiign whi & sclid riddie iregriesendfs texemplagty
enbodi nent; and

current-to-voltage characteristic obtained by applying a
positive voltage to- the gate 43 of one junction field
effect transistor produced as mentioned while applying a
negative voltage to the source-drain 42 of an adjacent
junction field effect transistor. It is obvious
therefrom that, in comparison with the other current-to-
voltage characteristic represented by a dotted line and
obtained in the conventional juhction field effect
transistor known heretofore, the leakage current is
reduced remarkably in the junction field effect
transistor of the first embodiment.

Hereinafter a second embodiment of the present
invention will be described. In the first embodiment
mentioned above, an insulating layer 44 is formed on a
semi-insulative compound semiconductor substrate 40
adjacently to a channel 41 and a source-drain 42 in such
a manner that no gap is existent between the insulating
layer 44 and each of the channel 41 and the source-drain -
42. As contrasted therewith, in the second embodiment
shown in a typical plan view of Fig. 7A and a typical
partially sectional view of Fig. 7B, a portion 44A of an

insulating layer 44 overlaps a channel 41 and a source-

drain 42. With the exception of this point, the



* Fig. 10 is a typical
which is a nodification of the third enbodi nent.

pl an vfeM/of a seventh enbodi rent of the invention
DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS Her ei nafter sone preferred enbodi nents of the

present

invention will be described in detail with reference to th

e

acconpanying drawings. Fig. 4Ais a typical plan view of a junction field
effect ‘transistor in a first enbodi nent of the present invention.
4B and 4C are typical partially sectildnal views taken along |ines
CCin Fig. 4A showing the junction field effect transistor of the first
enbodi nentjunction2field effect transistor of the second

embodiment is structurally the same as that of the first
embodiment. In the junction field effect transistor of
the secqnd‘embodiment, the channel width and so forth
are designed with adﬁancé estimation of the overlap
(invasion) of the insulating layer 44.

In a method of-producing the junction field

effect transistor of the second embodiment, an

_insulating layer 44 is formed adjacently to a channel 41

and a source-drain 42, at [step 120] relative to the
first embodiment, in such a manner as to partially
overlap the channel 41 and the source-drain 42. With
the exception of this point, the junction field effect
transistor of the secénd embodiment can be produced by
the same method AS that for production of the junction
field effect tfansistor of the first embodiment.

A third embodiment of the present invention

will be described below. The third embodiment shown in

a typical partially sectional view of ‘Fig. 8A represents-

an example where the junction field effect transistor
explained with regard to the first embodiment and a

diode are formed adjacently to each other. The diode -

And Fi gs.
B-B and

consists of an n-type conductive region 60 and a p-type

conductive region 61. Fundamentally, such diode can be



“The junction field effect transistor of the first enbodinent is forsored on
an n-type or p-type sem - insulative conpound sem conductor substrate 40.
This transi stor has a channel 41 conposed of an [err]-type conductive
‘region, a gate 43 of a p++-type conductive region and a source-drain 42 of
an [err]-type conductive region. A gate extension 43A protrudi ng outward
beyond t he channel 41 extends transversely thereto fromthe gate 43.
Practically, however, the gate extensim-43A has no function as a gate. And -
an insulating layer 44 is forned on the sem -insul ative conpound

sem conductfyrmsd Himatlt aifeourdey witth gdiee sodressidrais3andhittle igate
protrudi ng portion of the gate. This insulating |ayer 44 functions al so as
an el enent afsdihat ijupetdgprorfiald tdff gaindidaosifstelrd ief fthet transi stor of the
present invention, no gap is fornmed, differing fromthe conventional
junction fipgaofiugtian Rrogessstdrerenfaeen

Next a fourth embodiment of the present
invention will be described below. The fourth
embédiment shown in a typical partially sectional view
of Fig. 8B represénts an example where the junction
field effect transistor explained with regard to the
first embodiment and a resistance element are formed
'adjacently to each other. The resistance element
consists of an n-type conductive region 62.
Fundamentally, such resistance element can be formed
simultaneously_with the source-drain of the junction
field_effect transistor in the production process
thereof.

Although the present invention has been
described above with reference to some preferred
embodiments, it is to be understood that the present
invention -is not limited thereto alone. : . —

At [step 120] relative to the first
embodiment, the insulating layer 44 is formed on the
semi-insulative compound semiconductor substrate 40
_adjacently:to thé channel 41 and the source-drain 42 in

such a manner that no gap is existent between the



" the insulating |ayer 44, which corresponds to an el enent isolating region,
and each of the_channel 41 and the source-drain 42. Consequently, it
beconmes possible to prevent a flow of any great |eakage current fromthe
gate extension 43A of the gate 43 to the source-drain of an adjacent

junction field effect transistor. - 13 - A nethod of producing the
junction field effect transistor of hge first enbodinment will be described
below with reference to Fig. 5, which”is a typical partially sectional view

taken along a line GCin Fig. 4A. [Step 100] First a channel 41 and a
source-dr dnsudAtdng layer 44 and each of the channel 41 and the

source-drain 42. However, the process may be so
modified, at [step 120], as to form the insulating layer
44 on the semi-insulative compouhd semiconductor
substrate 40 adjacently to the channel 41 and the
source-drain 42 in a manner that no gap is existent
between the insulating layer 44 and at least the channel
41. Such an example is shown in a typical plan view of
Fig. 9A and a typical partially sectional view of Fig.
9B. In the example of Fig. 9, the insulating layer 44
is formed on the semi~insulative compound semiconductor
substrate adjacentiy to the channel 41 and the sourcé-
drain 42 in a manner that no gap is existent between the
insﬁiating layer 44 and a portion of £he channel 41. 1In
other words, the requisite is satisfied if, as
illustfated in Fig. 4B, the insulating layer 44 is
formed exactly_én the semi-insulative compound
semiconductor substrate-under the gate extension 43A
thch-is a- protruding portioh of the gate. Reference - -
numeral 45 denotes a gap formed between the other
portion of the channel 41 and the insulating layer 44,
and also.between the source-drain 42 and the insulating
layer 44. . Fig. 9B is a Eypical partially sectional view

taken along a line B-B in Fig. 9A.

. ‘,



‘forneg'on a sem -insul ative conmpound sem conductor substrate 40 conposed of
GaAs.- More specifically, a source-drain 42 of an [err]-type conductive
region in the field effect transistor is formed by inplanting silicon ions
into a sem -insulative conpound sem conductor substrate 40 of GaAs where a
photo mask 50 is forned (as shown in Fig. 5A). Subsequently the photo mask
50 is renoved and, after another photo mask 51 is fornmed again, silicon
ions are inplanted again into the sempg 4 nsul ati ve conpound sem conduct or
substrate 40, whereby the channel 41 of an [err]-type conductive region is
formed (as shown in MignileB)ly Hhertdef tsercdride gutbaidimask dlsé s tiegoved, and
then an annealing process is executed to activate the ion-inplanted silicon
which i s areguinide msusabisfigd@ifitdle insulating layer 44

exactly overlaps at least the channel 41, as shown in a
typical plan view of Fig. 10. 1In this example, the
insulating layer 44 is formed on the semi-insulative
compound semiconductor substrate adjacently to the
channel 41 and the source-drain 42 in a manner that the
insulating layer 44 overlaps the channel 41 and a
portion of the source drain 42, Reference numeral 45
denotes a gap formed between the other portion of the
source-drain 42 and the insulating layer 44.

In each of the above embodiments, Si ions
implanted to form a source-drain of an n**-type
conductive region may be replaced with Se ions.

Further, diffusion of Zn for forming a gate of a p**-

type conductive region may be replaced with diffusion of
C, Mg or Be, or with impiantation of ions thereof. The
insulating layer 44 can be formed by implantation of
oxygen or -hydrogen ions instead of implanting boron S
ions. Although an n-type junction field effect
transistor ‘has been described above as an example in

each of the embodiments, the junction field effect

transistor of the present invention may be a p-type one

as well.



-14 - Subsequently a gate 43 is formed on the channel 41 together wth a
gat e -ext ensi on 43A which extends fromthe gate and protrudes outward beyond
. t.he channel 41 transversely thereto. For this purpose, first an insulating
film (not shown) conposed of SiN (silicon nitride) for exanple is formed by
CVvD or the like on the entire surface including the channel 41 and the
source-drain 42, and then an opening 2:s-forned in the insulating film above
t he channel 41 by the techni ques of photolithography and et ching.

Thereafter a gate 43 of a p++-type conductive region is fornmed by diffusing

zinc into the channetn 4hd hjunetich fﬁﬂél@%ﬁ&?@%’%%l@t&@ﬁf & 9as,

whi-ch includes diethyl zinc (DEZ)r to flow into the opening formed in the

i nsul ati ngpresent invention, remarkable enhancement is achievable
in the electric insulation and voltage withsténding
characteristiés between a gate of a p-type conductive
region in this transistor and a source-drain of an n-
type conductive region in an adjacent junction field
effect transistor or an adjacent diode or resistance
element. Therefore, the side-gate effect between this
junction field effect transistor and the adjacent one is
reduced to consequently decrease the leakage current
flowing between the junction field effect transistor and
the diode or the resistance element. As a result, it
becomes possible to stabilize the operation of the
junction field effect transistor with -another advantage

of raising the integratioh density of junction field

effect transistors.



film (as shown TH Fig—5€~—fStep 120] Next an insulatin " ﬁ" ﬂ ,uﬂ
correspondi ng T Sheet BhsHE Repl,a@! @11 NG region is formed f
~ensuring requir sulatlon bet ween nutual l'y adjacent fi'el
‘effect transi st mm ating |layef ' can be fornedby first

provi ding a pho covers botf BF* cHARNEFEM 1! and t he
source-drain 42, and then inplanting bornn.10d§m” 0'a red)on of the

semi -insul ative conpound seri conduct or,substrate 40 - 15- where neither
t he channel 41 nor the source-drain 427is existent. In the first

embodi ment yke 1l AtMEY daver 44 is forned on the sem -insulative
conpound

1. A junction field effect transistor
comprising:

a semi-insulative compound semiconductor
substrate;

a channel;

a source-drain;

a gate having a gate extension which extends
from said gate and protrudes outward beyond said channel
transversely thereto; and

an insulating layer formed on said semi-
insulative compound semicdnductor substrate under said
gate extension.

2. The junction field effect transistor
according to claim 1, wherein said insulating layer
oVerlaps at least said channel.

3. The junction field effect transistor
according to claim 1 or 2, wherein said semi-insulative
compound semiconductor substrate is composed of Gahs, C o
and said insulating layer includes boron as an impurity.

4. The junction field effect transistor
according to claim 2, wherein said insulating layer is

so formed as to surround said source-drain and a partial



sem conductor substrate 40 adjacentlTy to the channel 41 and the
source-drain in suc o gap is formed between the insulating
. layer 44 and each ommgmﬂm"HEHWand the Seurcesdrain 42 “For mati on of
such insul ating Iayer 44 its Yepé&ndent nuch oh“énh cenent of" nhe phot o- mask
positioning precision in the nmass productlon I|ne nicondwctor devi ces.
The junction field effect transistor of Fig. “Z can thus be produced. [Step
130] Thereafter an insulating filmed®esed of [err] for exanple is formed
by CVD or the like on the entire surface includi.-ng the gate 43 and the
sour ce- dr aireg4dn bedwaenopaiidngate bpdTefanhelhenineUlaliingd ifd | m above the
. gate and the source-drain by the techni ques of photolithography and
etchi ng. Sebatgeentdiyhathet akthiee wegion.material | ayer is deposited by
sputtering or the like on the insulating filminclusive of such opening,
5. The junction field effect transistor

according to claim 2, wherein said insulating layer is
so formed as to surround a portion of said source-drain
while being in contact with the other region.

6. Thé junction field effect transistor
'accdrﬁing to claim 5, wherein said inéulating layer is
so formed that the width thereof in said source-drain is
greater than the width of the insulating film in said
channel.

7. A method of producing a junction field
effect transistor, comprising the steps of:

forming a channel and a source-drain on a
semi-insulative compound semiconductor subsﬁrate;

forming a gate on séid channel together with a
gate extension which extends from said gate and
protrudes outward beyond said.channel transversely
thereto; and |

forming an insulating layer on said semi-
insulative compound semiconductor substrate adjacently
to said channel and said source-drain in such a manner
that no gap is existent between said insulating layer

and at least said channel. -
eet Has Been RTlaced :

T



and then wites areformed by patterning the netallic wiring material |ayer
on the insulating Mable netallic wiring materials, Pt/Au
nay be used for th ‘m mﬂl‘m“m /' Ni fdr*i“hej%(ﬂ}ree—-drar.ﬁ,— - 16 - In
Fi 6, a solid line repnesénté ekxenpl ar IdUEYé ! '”oLLagé characteristic
obt ai ned by applying a positive voltage QQ_ t he~gat 3 of bne junction
field effect transistor produced as nentioned WhiT & a"pfylng a negative
voltage to the source-drain 42 of amgadjacent junction field effect
transistor. It is obvious therefromthat, in conparison with the other
current-to- volt age8charhet methbdcofepredactiag hy jandatibad fiield and
obtained in the conventional junction field effect

effect transistor according to claim 7, wherein said

insulating layer is formed adjacently to said channel
and said source-drain in such a manner as to overlap at
least said channel. | |

9. The method of producing a junction field
effect transistor according to claim 7 or 8, wherein
said semi-insulative compound semiconductor substrate is
coﬁposed of GaAs, and said insulating layer is formed by
implanting boron ions.

10. The method of producing a junction field
effect transistor according to claim 7, wherein a diode
is formed at the time of' forming said gate
simultaneously with the step of'forming said source-
drain.

11. The method of producing a junction field
effect transistor according to claim 7, wherein a
resistance element is formed at the time of forming said

source-drain. ) o A

Sheet Has Been Replaced
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tran5|stor known heretof-ere—theleakage current is reduced remarkably in
the junction field gr. of the first enbodinment. Hereinafter a
second enbodi nent O$ﬂ§gg&}5§§g§ qﬁ ventlon will be described. In the first
enbodi nent mntlonedlmﬂuﬂm mEI ating layer 44 is formed on a

sem -insul ative conp ' tor supstrate 40 adjacently to a channe
41 and a source-drain 42 in such a manner:that -ho:gap'i s—eXxijstent between
the insulating |ayer 44 and each of the channel®#1 dndt he sdurce-drain- -
42. As contrasted therewith, in the secondg=enbodrment SHOWR 1n a typica
plan view of Fig. 7A and a typlcal partially sectional view of Fig. 7B, a
portion 44A of an insul ating |ayer 442%wverl|laps a channel 41 and a source-
drain 42. Wth the exception of this point, the

JUNCTION FIELD EFFECT TRANSISTOR AND
METHOD OF PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE
For suppressing generation of leakage current

and side-gate effect in a Junction field effect |
transistor, a gate extensibn is formed on a semi-
insulative compound semiconductor substrate in a manner
to extend from a gate and to protrude outward beyond a
channel transversely thereto, and an insulating layer is
formed on the semi-insulative compound semiconductor

~ substrate under the gate extenéion. A method of
producing this transistor comprises the steps of first
forming a channel and a source-drain on a substrate,
then fqrming a gate on the channel together with a gate
extension which extends from the gate and protrudes |
outward beyond the channel trénsversely thefeto,.and_
forming an insulating layer'adjaceﬁtly to the channel
and thg source~drain in such a manner that no gap is
existent between the insulating layer and at least the

channel.



- 17 - junction field effect transistor of the second enbodi nent is
strucfurally the sane as that of the first enbodinent. In the junction
field effect transistor of the second enbodi nent, the channel width and so
forth are designed with advance estimation of the overlap (invasion) of the
insul ating |layer 44. In a nethod of E}ﬂpucing the junction field effect
transi stor_gf the_second enbodi nent, “an insulating |layer 44 is forned
adj acent | yj=t 0 E ﬁnnellAand amwrrpgﬁ)at 0] relative to
the first ‘enmbodi t, i'nf’such a 0 al | verl ap the channel
41 and the source-drain 42. Wth the exception of this point, the junction-
field effect transistor of the second enﬂ@d(ﬁent can be produced by the

he |

same nmethod as that for production of t unction
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field,effect transistor of the first enbodinent. A third enbodi nent of the
present invention will be described below The third enbodi nrent shown in a
typical -partially sectional view of Fig. 8A represents-- an exanpl e where
the junction field effect transistor- expl-ai'ned with regard to the first
enbodi nrent and a diode are forned adjacently to each other. The diode
.consists of an n-type conductive reg5?ﬂ)60 and a p-type conductive region
61. Fundanental |y, such di ode can be - 18 - forned sinultaneously with
the source-drain and the gate of the junction field effect transistor in

t he production process thereof. Next a fourth enbodi nent of the present
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invention will be described bel ow The fourth enbodi nrent shown in a typital
partially sectional view of Fig. 8B represents an exanple where the :
junction field effect transistor explained with regard to the first

enbodi ment and a resistance el enment -are fornmed adjacently to each other.
The resistance el ement consists of an n-type conductive region 62.
Fundarental |y, such resistance el enBf0 can be forned si mul taneously with
the source-drain of the junction field effect transistor in the production
process thereof. Although the present invention has been described above
with reference to sone preferred enbodinents-, it is to be understood that
the present invention is not linmted thereto alone At (step 120] relative
to the first enbodi nent, the insulating |layer 44 is formed on the
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sen1-|nsulat|ve conpound sem conductor substrate 40 adjacently to the
channel’ 41 and the source-drain 42 in such a nanner that no gap is.existent

bet.ween t he - 19 - insulating |ayer 44 and each of the channel 41 and
the source-drain 42. However, the process may be so nodified, at [step
120], as to formthe insulating Iayer-?400n t he sem -insul ati ve conpound
sem conductor substrate 40 adjacently 6 the channel 41 and the

sour ce- dr ai 21i manRerathat no gap is exi stent between the insulating
| ayer 44 anE:gtll t t nnel 41. Such an exanple is shown in a typical

plan view of Fig. 9A and a typical partially sectional view of Fig. 9B. In
the exanple of Fig. 9, the insulating Ia1€*cn4
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is formed on the sem -insul ative conpound sem conductor substrate
adj acéntly to the channel 41 and the source- drain 42 in a manner that no
gap is existent between the insulating |ayer 44 and a portion of the
channel 41. In other words, the requi-site is satisfied if, as illustrated
in Fig. 4B, the insulating layer 44 pgid ormed exactly on the
sem -insul ve co oun conductor substrate under the gate extension
43A whi ch | udlﬁ'é&ﬂ; on of the gate. Reference
nuneral 45 deno es a*gap”forved between the other portion of the channel 41
and the insulating | ayer 44, and al so between the source-drain 42 and the

insulating layer 44. Fig. 98 IS ?dmpiwL%NtTiﬂllstect i onal view taken

along a line B-Bin Fig. 9A.
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- 20 - Slnllarly in the second enbodi nent also, the requisite is satisfied
if the insul ating | ayer 44 exactly overlaps at |east the channel 41, as
shown in a typical plan view of Fig. 10. In this exanple, the insulating

| ayer 44 is formed on the sem -insulative conmpound sem conductor substrate
adj acently to the channel 41 and the solurce-drain 42 in a manner that the
i nsul ating | ayer 44 overlaps the ch&fd@l 41 and a portion of the source
drain 42. Reference nuneral 45 denotes a gap forned between the other
portion of the source-drain 42 and the insulating |layer 44. In each of the
above enbodi nents, Si tons inplanted to forma source-drain of an
“[err]-type conductive region may be replaced with Se ions. Further,
diffusion of Zn for formng a gate of a p++- type conductive region may be
replaced with diffusion of
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C, My or Be, or with inplantation of ions thereof. The insulating |ayer 44
can be forned by inplantation of oxygen or hydrogen ions instead of

i .npl anting boron - - ions. Although an n-type junction field effect
transi stor has been descri bed above as an exanple in each of the

enbodi nents, the junction field effect. transistor of the present invention
may be a p-type one as well. - 210l n the junction field effect

transi stor of the present invention, remarkable enhancenent is achievable
in the electric insulation and voltage wi t hst andi ng characteristics between
a gate of a p-type conductive region in this tran5|stor and a source-drain
of an n-
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type conductive region in an adjacent junction field effect transistor or
an adj acent diode or resistance elenent. Therefore, the side-gate effect
between this junction field effect transistor and the adjacent one is
reduced to consequently decrease the | eakage current flow ng between the
junction field effect transistor and.thé& diode or the resistance el enent.
As a result, it becones possible to 8l&bilize the operation of the junction
field effect transistor with another advantage of raising the integration
density of junction field effect transistors. WHAT IS CLAIMED IS 1. A
junction field effect transistor conprising:
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a senl-lnsulatlve conpound sem conduct or substrate; channel a
soyrCe-drain; a gate having a gate extension which extends fronlsald gate
and protrudes outwar d beyond sai d channel transversely thereto; and an
insulating |ayer fornmed on said sem- . |nsulat|ve conmpound sem conduct or
substrate under said gate extension. 2. The junction field effect

transi stor according to claim1, whefgpn said insulating |ayer overlaps at

| east said.channel. 3. The junction field effect transistor according to
claiml1l or 2, wherein said sem -insulative conpound sem conduct or substrate
i s conposed of GaAs, and said insulating |ayer includes boron as an
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4. The junction field effect transistor according to claim?2, wherein said
i nsulafing layer is so formed as to surround said source-drain and a
partial 15 JUN1996 WHAT IS CLAIMED IS: 1. A junction field effect
transi stor conprising: a seni-insulati:ve .compound semi conductor substrate;
a channel ; a source-drain; a gate hav}Qg&é gate extensi on which extends
fromsaid gate and protrudes outward yond said channel transversely
thereto; and an insulating |ayer formed on said sem -insul ative conpound
sem conductor substrate under said gate extension which includes termna
of said gate extension.
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on field effect transistor according to claiml, wherein
ng | ayer overlaps at |east: said chanie eBAC ?i,pe Jnet flon
t transistor according to claim1l or 2' Rerarn sa
ative conpound semi conductor substrate ifs - corrpQge%E@f_lQ_Q@A_s and
ul ating layer includes boron as an inpurity. A4 20 . lon
P8 fect transistor according to claim?2, wherein sai d |nsulat|ng | ayer
@ forned as to surround said source-drain and a partial region between
g0 gate and channel while being in-.contact with the other region. 5.
e junction field effect transistor according to claim2, wherein said
¥ nsul ating layer is so fornmed as to @urround a portion of said source-drain
while being in contact with the other region. 6. ° The junction field
effect transistor according to claim5, wherein said |nsulat|ng'layer IS so
formed that the wdth thereof in said
JUNCTION FIELD EFFECT TRANSISTOR AND

METHOD OF PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE

For suppressing generation of leakage current

and side-gate effect in a junction field effect

P
transistor, a gate extension is formed on a semi-
insulative compound sémicondgctor substraté in a manner
to-extend from a gaté a;d to protrude outward beyond a
channethransversely théreto, and an insulating_layegqis

formed on the semi-insulative compound semiconductor

. . 4—
substratéﬂ%nder_the gate'extens;og% A method of

producing this-trahsistor.comprises the stépé of first
formiﬁg a'chandél‘gnd_a“séﬁrce;drai;QEn:a substrateg.
then forming a gételﬂon the .cha'n'ne.lwtoge.ther with a gate
' extehsid;9$hich‘extendsjfrom'the'gate'and’protrudes
ouZward beyond the channefpkransversely thereto, and
| forming an insulating layerwﬁd]acently to the channeIQ4
'*and the source—dra1#11n such a manner that no gap is
.exlstent between the 1nsu1at1ng 1aye;ﬁand at least the

t '

_channel.

gl



source-drain is greater than the wdth of the insulating filmin said
channel . 7. A nethod of producing a junction field effect transistor,
conprising the step of; formng a channel and a source-drain on a = 3
sem -insul ative conpound seni conductor substrate; form ng-a gate’on:said
channel together with a gate extension which extends f r__om_s'hﬁdJQNt@g nd’;
protrudes outward beyond said channel transversely thereto; forning an |

i nsul ating | ayer on said sem -insulating conpound semn conduct or substrate

adj acently to said channel and said sggr ce-drain in such a menrrer—ttat no

gap is existent between said insulatifig’layer and at |east ' ,
said insulating |ayer forned on said sem -insul ative cm ctor
substrate under said gate extension which includes ter ' gate,

ext ensi onWHAT IS CLAIMED IS: )

1. A junction field effect transistor comprising:
a semi-insulative compound semiconductor substrate;
a channel;
a source-drain;
_ a gate having a gate extension which extends from said gate and
" protrudes outward beyond said channel transversely thereto; and
an insulating layer formed on said semi-insulative compound
semiconductor substrate under said gate extension which includes terminal

of said gate extension.

2. The junction field effect transistor according to claim 1,

wherein said insulating layer 0vér1aps at least said channel.

3. The junction field effect transistor according to claim 1 or
2, wherein said semi-insulative compound semiconductor substrate is composed of

GaAs, and said insulating layer includes boron as an impurity.

4. The junction field effect transistor according to claim 2,
wherein said insulating layer is so formed as to surround said source-drain and a
partial region between said gate and channel while being in contact with the other

region.



- 24 - 8. The nmethod of producing a junction field effect transistof
according to claim?7, wherein said insulating |ayer iis’ f_o agjracerl y‘ to
sai d channel and sai d source-drain in such a manner as‘'to overlap, atkﬁi east
said channel . 9. The nethod of producing a junction. flel d efféc:t

transi stor according to claim7 or 8, wherein sald S" -

sem conduct or substrate is conposed of (aAs, and
formed by frplanting boron fors. =2 liiﬂﬂuulu||iun|mum

5. The juncﬁon field effect transistor according to claim 2,

wherein said insulating layer is so formed as to surround a portion of said

source-drain while being in contact with the other region.

6. The junction field effect transistor accordihg to claim 5,
wherein said insulating layer is so formed that the width thereof in said

source-drain is greater than the width of the insulating film in said channel.

7. A method of producing a junction field effect transistor,
tomprising the step of; '
forming a channel and a source-drain on a semi-insulative
compound semiconductor substrate;

- forming a gate on said channel together with a gate extension
which extends from said gate and protrudes outward beyond said channel
transversely thereto; |

forming an insulating layer on said semi-insulating compound
semiconductor substrate adjacently to said channel and said source-drain in such
a manner that no gap is existent between said insulating layer and at least said
channel, said insulating layer formed on said semi-insulative compound
semiconductor substrate under said gate extension which includes terminal of said

gate extension.
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8. The method of producing a junction field effect
transistor according to claim 7, wherein said insulating layer is formed adjacently
to said channel and said source-drain in such a manner as to ov‘erlap at least said
channel.

9. The method of producing a junction field effect
transistor according to claim 7 or 8, wherein said semi-insulative compound
semiconductor substrate is composed of GaAs, and said insulating layer is formed

by implanting boron ions.



