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- 1. e TITLE OF THE | NVENTI ON SEM CONDUCTOR Q@ﬂ@?ﬁa@4
AND MANUFACTURI NG METHOD THERECOF BACKGROUND OF THE | NVENTI

5 The present invention relates to a sem conduct or devi ce and
"nmore particularly to an insul ated gate field effect transistor

having an SO (silicon on | nsulatior) structure. An

SA - MOSFET (silicon on insulator - netal oxide 10 sem conductor field
effect transistor) fornmed on a thin single crystalline silicon |ayer

on an i nsul at ed

TITLE OF THE INVENTION
SEMICONDUCTOR- DEVICE AND MANUFACTURING METHOD
THEREOF |
BACKGROUND OF THE INVENTION
5 The present invention relates to a semiconductor
device and more particularly to an insulated gate
field effect transistor having an SOI (silicon on -
insulator) structure.
An SOI-MOSFET (silicon on insulator - metal oxide
10 semiéonductor field effect transistor) formed on a
thin single crystalline silicon layer on an insulated
substrate can be integrated on a large scale on one
substrate using a micro fabrication procesé for
silicon. Furthermore, the SOI-MOSFET is suitable for
15 high speed operation because the parasitic capacity of
a formed transistor is smaller than that when a
conventional single crystalline silicon substrate is
used, so that it has been noticed.
A semiconductor device (MOSFET) using a
20 conventional single crystalline silicon substrate
biases the channel unit using a substrate electrode.
On the other hand, the SOI-MOSFET cannot bias from the
lower part of the channel because there is the
insulated layer (or insulated substrate) at th; bottom

25 of the thin single crystalline silicon layer and there



-substrate can be integrated on a | arge scale on one substrate using

a mcro fabrication process for silicon. Furthernore, the SO - MOSFET
is suitable for 15 hi gh speed operation because the parasitic capacity
of a formed transistor is smaller than that when a

conventional single crystalline siliconzubstrate is used, so that

It has been noti ced. A sem conductor device (MOSFET) using a 20
conventional single crystalline silicon substrate bi ases t he channel
unit using a substrate el ectrode. On the other hand, the SO - MOSFET
cannot bias fromthe | ower part of the channel because there is the
I nsul ated | ayer (or insulated substrate) at the bottom 25 of the thin

single crystalli r}_es Sa{ l;lrco% elmayi?r{po nedd tt H€ it is called a "floating
substrate" causing an unstabie operation.
Namely, it is reported that the NMOS (N channel
MOS) generates a large leakage current in the off
5 state because holes are accumulated in the channel
unit and causes a kink (kink effect) in the current
characteristic even in the on state. It is known that
this problem appears remarkably in an NMOS having a
iarge impact ionization.
10 An art for solving this problem is disclosed, for
example, in Japanese Patent Application Laid-Open 4-
34980 and Japanese Patent Application Laid-Open 7-
273340. u
As described in IEEE Electron Devices Letters, Vol.
15 15, No. 12, pp. 510 to 512, December 1994, it is
considered to bias the channel unit (P-silicon) via
the gate e;gctrode. The MOSFET having a structure that
the substrate and gate are connected can be regarded
as a device in which a FET and a lateral bipolar
20 transistor coexist. It 1s reported that by such a
MOSFET, a characteristic which is excellent
particularly in low voltage operation (0.6 V max.) can
be obtained.
Fig. 22 is a plane schematic layout showing the

25 device structure disclosed in the aforementioned



- 2- ! Is a probleminposed that it is called a "floating

sulstrate" causing an unstabl e operation. - Nanely, it is reported
that the NMOS (N channel MOS) generates a | arge | eakage current in
the of f 5 state because holes are accunul ated in the channel

unit and causes a kink (kink effect) i-n3he current characteristic
even in the on state. It is known that this probl em appears
remarkably in an NMOS having a | arge i npact ionization. 10

An art for solving this problemis disclosed, for exanmple, in
Japanese Patent Application Laid-Open 4- 34980 and Japanese Patent

Application Laid-Qpen 7-
reference. The plane layout uses the same layout as

that of the MDSFET formed on a conventional single
crystalline silicon substrate. The characteristic of
this structure is that a part of an active region 100

5 comprising a thin single crystalline silicon layer is
patterned in the same shape as that of a gate |
(electrode) 500. At a contact 600 of thé gate, the -
gate 500 and the active region are in contact with
each pther by wiring at the same time.

10 Fig. 23 shows only the active region 100 shown in
Fig. 22 and at the contact portion of the gate, the
active region is patterned in a so-called dog bone
shape. The cross sectiohal structure of the contact is
shown in Fig. 24. The cross sectional structure shown

15 in Fig. 24 is a cross sectional view of the section A-
A. As shown in Fig. 24, the contact between the gate
500 and the active region 100 is realized by forming a
contact hole piercing through the gate 500 and an
oxide film 910 of the gate, allowing the active region

20 100 under the gate oxide film 910 to expose, and
forming a metallic wire 700 in the contact hole.
SUMMARY OF THE INVENTION

With respect to the art disclosed in the
aforementioned reference, when the active region is to

25 be processed, it is necessary to form a minute pattern



273340.¢ As described in | EEE El ectron Devices Letters, Vol. 15
15, No. 12, pp. 510 to 512, Decenber 1994, it is consi dered to bias
the channel unit (P-silicon) via the gate el ectrode. The MOSFET
having a structure that the substrate and gate are connected can be
regar ded as a device in which & HEF and a |l ateral bipolar 20
transistor coexist. It is reported that by such a MOSFET, a
characteristic which is excellent particularly in | ow voltage
operation (0.6 V max.) can be obt ai ned. Fig. 22 is a

pl ane schematic | ayout show ng the 25 device structure disclosed in the
af orement i oned

in accordance with the gate beforehand. When the
contact is to be formed, it is necessary to perform a
process of piercing through the gate and to stop the
process so as to prevent piercing through the thin

5 silicon layer. It is also neéessary to perform contact
with the gate on the gate layer side (the inner wall
of the contact hole). As a result, a problem of -
processing arises that no consistency with the
oxrdinary MOS transistor process (the process for

10 forming a MOS transistor on a conventional single
crystalline substrate) can be realized and the art is
not suited to integration.

Therefore, it is necessary to solve tﬁe problem of
floating substrate without performing a special

15 process.

An object of the present invention is to provide a
semiconductor device having a new SOI structure for
giving an electrical potential to the channel forming
region.

20 Another object of the present invention is to
provide a semiconductor integrated circuit device
having a plurality of insulated gate field effect
transistors having a new SOI structure for giving an
electrical potential to the channel forming region

25 which are formed on a support substrate.



- 3- " ref erence. The plane | ayout uses the sane | ayout as

that of the MOSFET formed on a conventional single crystalline
silicon substrate. The characteristic of this structure is that a
part of an active region 100 5 conprising a thin single crystalline
silicon | ayer is patterned in thessane shape as that of a gate

(el ectrode) 500. At a contact 600 of the gate, the - gate 500 and
the active region are in contact with each other by wiring at the
same time. 10 Fig. 23 shows only the active region 100 shown in
Fig. 22 and at the contact portion of the gate, the active region is
patterned in a so-called dog bone shape. The cross sectional

structure of the contget iS,, iner SAOURL BeFifle B2eslflf THOSSI8RI QN

structure shown
to provide a manufacturing method of a semiconductor

device having a new SOI structure for giving an
electrical potential to the channél forming region.

5 According to the semiconductor device of the
present invention, in a semiconductor device including
a single crystalline semiconductor layer mounted on an
insulator and an insulated gate field effect
transistor.having a gate, a source, and a drain

10 electrode which are formed on the single crystalline
semicogductor layer, the gate electrode has a 2-layer
structure of an upper gate layer and a lower gate
layer and the upper gate layer is electriéally
connected to the channel forming region of the

.15 insulated gate field effect transistor.

According to the present invention, the substrate
is biased via the gate electrode, so that the problem
of floating substrate can be avoided.

As the explanation of_the forming process which

20 will be described later shows obviously, the structure
of the present invention is realized on a self-
alignment basis. Therefore, it is obvious that a
problem that no alignment can be realized due to the
process of the prior art will not arise.

25 Namely, the lower gate electrode is processed by



15 'n Fig. 24 is a cross sectional view of the section A A As

shown in Fig. 24, the contact between the gate 500 and the active
rregion 100 is realized by formng a contact hole piercing through

t he gate 500 and an oxide film910 of the gate, allow ng the active
region 20 100 under the gate oxide fg l-m 910 to expose, and

formng a netallic wire 700 in the contact hole. SUMWARY OF THE

| NVENTI ON Wth respect to the art disclosed in the

af orenenti oned reference, when the active region is to 25 be processed,
It is necessary to forma mnute pattern -

-4-

continuous etching up to the SOI layer (the single
crystalline semiconductor layer) and the side of the
SOI layer is exposed. By this processing, the side for
contact between the gate and the SOI layer (that is,
5 the channel forming region) is formed. By depositing
the upper gate layer on the lower gate layer, the
lower gate layer and the SOI layer are automatically -
connected at the sides thereof. |
BRIEF DESCRIPTION OF THE DRAWINGS
10 Fig. 1 is a plan view showing the éemiconductor
device which is a first embodiment of the present
invention.
Fig. 2 is a cross sectional view at the line A-A
of the semiconductor device shown in Fig. 1.
15 | Fig. 3 is a cross sectional view at the line B-B
of the semiconductor device shown in Fig. 1.
Fig. 4 is a cross sectional view at the line C-C
of the semiconductor device shown in Fig. 1.
Fig. 5 is a cross sectional view showing the
20 semiconductor device of the second embodiment of the
present invention.
Fig. 6 is a cross sectional view showing the
semiconductor device of the third embodiment of the
present invention.

25 Fig. 7 is a cross sectional view showing the



‘in accordance with the gate beforehand. Wen the contact is to be
formed, it is necessary to performa process of piercing through the
gate and to stop the process so as to prevent piercing through the
thin 5 silicon layer. It is also necessary to perform contact

with the gate on the gate | ayer side (lve - nner wall : of the contact
hole). As a result, a problem of processing arises that no

consi stency with the ordinary MOS transi stor process (the process
for 10 formng a MOS transi stor on a conventional single

crystalline substrate) can be realized and the art is not suited to
i ntegration. Therefore, it is necessary to solve the probl em of

fl oating subst ratseerﬂlct&ﬁbtcu%? fU A0 & %@A&Jr&? emtBEGESS: of the

An object of the present 1nvention 1s to provi
present invention.

Fig. 8 is a cross sectional view éhowing the

manufacturing process of the semiconductor device
5 shown in Fig. 1.

?ig. 9 is a cross sectional view showing the
manufacturing process of the semiconductor device -
following Fig. 8.

Fig. 10 is a cross sectional view showing the

10 manufacturing process of the semiconductor device
following Fig. 9.

Fig. 11 is a cross sectional view showing the
manufacturing process of the semiconduétor-device
following Fig. 10.

15 Fig. 12 is a plane schematic layout of the
semiconductor device of the fifth embodiment of the
present invention.

Fig. 13 is a plane schematic layout of the
semiconductor device of the sixth embodiment of the

20 present invention.

Fig. 14 is a plane schematic layout of the
semiconductor device of the seventh embodiment of the
present invention.

Fig. 15 is a plane schematic layout of the

25 semiconductor device of the eighth embodiment of the



'sem conduct or device having a new SO structure for gi ving an

el ectrical potential to the channel form ng region. 20

Anot her obj ect of the present inventionis to provi de a

sem conductor integrated circuit device having a plurality of

i nsul ated gate field effect trang stors having a new SO structure
for giving an electrical potential to the channel formng region 25
whi ch are forned on a support substrate.

- 5- Still another object of the present invention is

present invention.

Fig. 16 is a cross sectional view showing the
manufacturing process of the semiconductor device of
the ninth embodiment of the present invention.

5 Fig. 17 is a cross sectional view showing the
manufacturing process of the semiconductor device of
the ninth embodiment of the present invention. -

Fig. 18 is a cross sectional view showing the
manufacturing process of the semiconductor device of

10 the ninth embodiment of the present invention.

Fig. 19 is a cross sectional view showing the
semiconductor device of the tenth embodiment of the
present invention. .

Fig. 20 is a cross sectional view showing the

15 semiconductor device of the eleventh embodiment of the
present invention.

Fig. 21 isha plane schematic layout of the
semiconductor device of the twelfth embodiment of the
present invention.

20 Fig. 22 is a plan view of a conventional
semiconductor device having the SOI structure.

Fig. 23 is a plan vieﬁ of a thin single
crystalline silicon layer of the conventional
semiconductor device shown in Fig. 22.

25 Fig. 24 is a cross sectional view at the line A-A



to provide a manufacturing method of a sem conduct or devi ce having a
new SO structure for giving an el ectrical potential to the channe
form ng region. 5 According to the sem conductor device of the
present invention, in a sem conductor device including a single
crystalline sem conductor |ayer nountedgnr an I nsul ator and an

I nsul ated gate field effect transi stor having a gate, a source, and
a drain 10 el ectrode which are fornmed on the single crystalline

sem conductor |ayer, the gate electrode has a 2-1ayer structure of
an upper gate |layer and a | ower gate | ayer and the upper gate |ayer
Is electrically connected to the channel formng region of the 15

i nsul at ed gate fi %I %heéf fc%%tvetnrﬂ%aslbqsreml onducﬁ]oer gcf{&? eé\?o&rgent.ﬁ'ef‘ esent

i nvention, the su Pstrat iased VA hat
t he probl em 22 0f floating substrate can be avoided.

Fig. 25 is a plan view of the semiconductor

integrated circuit device of the thirteenth embodiment
5 of the present invention.

Fig. 26 is a plaﬁ view of the semiconductor
integrated circuit device which is a fourteenth -
embodiment of the present invention.

Fig. 27 is a plan view of the semiconductor

10 integrated circuit device which is a fifteenth
embodiment of the present invention.

Fig. 28 is a circuit diagram showing a power
circuit (voltage limiter) for driving the
semiconductor device (or semiconductor integrated

15 circuit device) of each embodiment of the present
invention.

Fig. 29 is a circuit diagram showing an input-
output protectivé circuit using the semiconductor
device of the present invention as a protective

20 element.

Fig. 30 is a cross sectional view showing an
electronic card in which the semiconductor device (or
the semiconductor integrated circuit device) of the
present invention is incorporated.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS



‘As t he 'expl anation of the formng process which 20

will be described

| ater shows obviously, the structure of the present invention is
realized on a self- al i gnnent basis. Therefore, it is obvious that a
probl emthat no alignnment can be realized due to the process of the
prior art will not arise. 25 Namel y, the |lower gate electrode is
processed by - 6- conti nuous
etching up to the SO layer (the single crystalline sem conduct or

| ayer) and the side of the SO layer is exposed. By this processing,

the side for

Detailed contents of the present invention will be

explained hereunder on the basis of the embodiments.

Fig. 1 is a typical plan view showing a mask

layout of a semiconductor device having the SOI

5 structure which is a first embodiment of the present

invention. Firstly, using an example of an N channel

type insulated gate field effect transistor -

(hereinafter abbreviated to NMOS briefly), the

structure and forming process thereof will be

10 explained.

A gate pattern 500 is positioned across a

rectangular active region (thin single crystalline

silicon layer) 100 indicated by a thick 1ihe. Numeral

300Aa indicates a position of the opening mask when

15 source and drain electrodes of the NMOS are to be

formed by ion implantation of N-type impurities.

Numeral 600 indicates a contact potion of a wire for

each of the source region, drain region,

and gate

electrode. Numeral 700 indicates a wiring position.

20 The sectional structure of the NMOS arranged as

mentioned above is shown in Figs. 2, 3, and 4. Figs. 2,

3, and 4 are cross sectional views at the line A-2A

(the perpendicular direction to the channel or the

direction of the channel width), the line B-B (the

25 direction of the channel length), and the line C-C



‘cont act* between the gate and the SO Iayér (that is, 5 the channel

focmng region) is formed. By depositing t he upper gate |ayer on
the | ower gate |ayer, the | ower gate |ayer and the SO |ayer are
automatically - connected at the sides thereof. BRI EF
DESCRI PTI ON OF THE DRAW NGS 10 - f1g- 1 is a plan view show ng the
sem conduct or device which is a first enbodi nent of the present

i nventi on. Fig. 2 is a cross sectional view at the line A-A

of the sem conductor device shown in Fig. 1. 15 Fig. 3 is a cross
sectional view at the line B-B of the sem conductor device shown in
Fig. 1. Fig. 4 is a cross sectional view at the line GC

of the sem conductor deV| qun. 10 Fi S a Craoss
sectional view sl 3“% r%ﬁﬁﬁ?ﬁ%ﬁﬁiﬁ(ﬂ‘I&e&P@edEFWaﬁgsseEBW ra

enbodi ment  of thﬁzo indicates, for example, a support substrate (body)
comprising high resistivity single crystalline silicon.
Numeral 110 indicates an insulating film comprising,
5 for example, a silicon oxide film. Numeral 100

indicates a first conductive single crystalline

silicon layer (namely, SOI layer) located on the
insulating film 110. Numeral 910 indicates a gate
insulating film comprising a silicon oxide film

10 concretely. Numeral 550 indicates a lower gate layer
and 500 indicates an upper gate layer. Numeral 350
indicates source and drain diffused layers indicéting
the conductivity type opposite to the firsf
conductivity tYpe. Silicon of the channel unit, that

15 is, the SOI layer 100 indicates the low concentration
P-conductivity type. The source and drain diffused
layers indicate the N-conductivity type. Numeral 700
indicates a metallic wiring layer, which is in contact
with the diffused layers and electrodes respectively.

20 The characteristics of the present invention are
shown in Fig. 2. In Fig. 2, both sides of the SOI
layer 100 which are opposite to each other are in
contact with the upper gate layer 500 and electrically
energized because there is no gate insulating film 910.

25 Therefore, a bias voltage applied to the metallic



‘presents i nvention. Fig. 6 is a cross sectional view show ng the

sem conduct or device of the third enbodi nent of the pr esent
invention. 25 Fig. 7 is a cross sectional view showi ng the

-7- sem conduct or device of the fourth enbodi nent of the
present invention. Fig. 8 +s12 eross sectional view show ng the
manuf acturing process of the sem conductor device 5 showmn in Fig. 1

wiring layer 700 is given to the SOI layer 100 (the
channel forming region under the gate electrode) via
the upper gate layer 500. The lower gate layer 550
produces a field effect via the gate insulating film
5 910 and can perform an operation as a field effect
transistor (FET). As shown in Fig. 4, the sides of the
SOI layer 100 and the diffused layers 350 are arranged
away from each other. Namely, the PN junction
comprising the diffused layers 350 and the SOI layer
10 ;. 100 is formed inside the SOI layer 100 so that it will
not arrive at the sides of the SOI layer 100. Since
there is a distance between the contact portibn with
the gate and the diffused layers, a sufficient
breakdown voltage can be obtained between the gaﬁe and
15 the drain.
In correspondence with the sectional structure
shown in Fig. 3, other embodiments are shown in Figs.
5, 6, and 7 respectively.
The second embodiment shown in Fig. 5 shows a case
20 that the S0I layer 100 is made thinner. The thickness
| of the SOI layer 100 is, for example, 10 nm and the
thickness of the gate insulating film 910 is about 1/2
of the thickness of the SOI layer 100.
The electrical connection between the gate and the

25 = chamnnel forming region in this embodiment is realized



‘Fig. 94s a cross sectional view show ng the . manuf acturing process

of .t he sem conductor device followng Fig. 8. Fig. 10 is
a cross sectional view showi ng the 10 manuf act uri ng process of the

sem conduct or device followng Fig. 9. Fig. 11 is a cross
sectional view show ng the mandf @agturi ng process of the

sem conduct or device followng Fig. 10. 15 Fig. 12 is a

pl ane schematic | ayout of the sem conductor device of the fifth
enbodi nent of the . present invention. Fig. 13 is a plane
schematic | ayout of the sem conduct or device of the sixth enbodi nent
of the 20 present invention. Fig. 14 is a plane schematic

| ayout of the by 'tﬁeerg&qp%é)rsm C& og.ié.he?.sevent h e@odi ment of the

According to this embodiment, characteristic
improvement in the subthreshold operation region can
be realized. Namely, since the gate electrode and the

5 channel active region are electrically connected, when
the gate voltage (VG) of the transistor (NMOS) is 0 V
(the off state), the off state of the transistor is -
made stronger. Namely, the threshold voltage is
increased. Therefore, the threshold leakage current
10 can be reduced.
Though it is an intrinsic effect of the SOI
.structure, the parasitic capacity of the diffused
layers can be reduced. .
The third embodiment shown in Fig. 6 is an NMOS
15 having the SOI structure with shallow low-
concentration impurity diffused layers 340 provided
which is known as an LDD (lightly doped drain)
structure. Naﬁely, the layers 340 have a lower
concentration than that of the source and drain
20 diffused layers to which the metallic wires of the
diffused layers are connected and formed shallowly. By
use of the LDD structure like this, the hot electron
effect can be reduced and an NMOS having the SOI
structure can be made minuter.

25 The electrical connection between the gate and the



‘present* i nventi on. Fig. 15 is a plane schematic |ayout of the
25, sem conduct or device of the eighth enbodi nent of the .

- 8- present invention. Fig. 16 is a cross sectiona

vi ew showi ng the manuf act uri ng process of the sem conductor device
of t he ninth enbodi ment of the-prg&sent invention. 5 Fig. 17
.1s a cross sectional view show ng the manuf acturi ng process of the
sem conduct or devi ce of the ninth enbodi ment of the present

i nventi on. '

channel forming region in this embodiment is realized
by the structure shown in Fig.'z.
In Fig. 6, a side wall spacer for the gate

electrodes 500 and 550 is omitted.

5 The fourth émbodiment shown in Fig. 7 has a
structure that the high-concentration diffused layers
350 to which the metallic wiring layer 700 is -
connected are covered with the low-concentration
diffused layers 340 which are called a DDD (double

10 diffused drain) structure and the drain breakdown
voltage can be increased.

" Also in this embodiment, the electrical connection
between the gate and the channel forming région is
realized by the structure shown in Fig. 2.

i5 In Fig. 7, the high-concentration diffused layers
350 are away from the edges of the gate electrodes 500
and 550. However, actually in the same way as with the
low-concentration diffused layers 340, the high-
concentration diffused layers 350 are formed by self-

20 alignment for the edges of the gate electrodes 500 and
550. As a result, the edges of the high-concentration
diffused layers 350 in contact with the gate
insulating film 910 are located under the gate
electrode.

25 Next, the manufacturing method of the first



‘Fig. 18 is a cross sectional view show ng the
of ,t he sem conductor device of 10

i nventi on.

senm conduct or

i nventi on.

sem conduct or

i nventi on.

semnm conduct or
i nventi on. 20
sem conduct or

devi ce of the tenth enbodi nent of the
devi ce of the el eventh enbodi ment of the
device of the twelfth enbodi nent of the

devi ce having the SO structure.

manuf act uri ng process
the ninth enbodi nent of the present
Fig. 19 is a cross sectional view show ng the

pr esent

Fig. 20 is a cresk5sectional view showi ng the 15

pr esent

Fig. 21 is a plane schematic | ayout of the

pr esent

Fig. 22 is a plan view of a conventi onal

Fig. 23 is a plan

view of a thin sihgl&iment _sh%wgtﬂzlfiirbq SIAEecl ﬂé‘ye‘aa{pﬁir{é@ conventi onal

sen conduct or

10

15

20

25

devi ce shown in

Figs. 8 to 11 are cross sectional structure
diagrams showing the manufacturing process of the
first embodiment. Figs. 8 to 11 show the manufacturing
process at the cross section at the line A-A of the
semiconductor device including the gate shown in Fig.
1. | -

As shown in Fig. 8, the silicon oxide film 110 is
formed on the silicon substrate 120 as a support
substrate. The silicon substrate 120 is a relatively
high resistivity single crystalline silicon. On the
silicon oxide film 110, the singie crystalline silicon
layer (SOI layer) 100 which is 100 nm in thickness and
of the P-conductivity type and has a resistivity of
1 Q.cm is formed. By doing this, the SOI substrate as
a starting material is prepared. On the surface of
this SOI substrate, the gate oxide film 910 with a
thickness of 10 nm is formed by thermal oxidation and
the polycrystalline silicon layer 550 which is doped
to the P-conductivity type using the CVD method is
deposited in a thickness of 100 nm.

Next, as shoWn.in Fig. 9, the active region is
patterned using the photoresist method. Namely, the
lower gate layer 550, the gate insulating film 910,

and the SOI layer 100 are sequentially etched using a



25 : Fig. 24 is a cross sectional view at the line A-A

-9, of the conventional sem conductor device shown in Fig.

22. Fig. 25 is a plan view of the sem conductor

integrated circuit device of the thirteenth enbodi ment 5 of the
present invention. Fig. 26-isega-plan view of the sem conductor
Integrated circuit device which is a fourteenth enbodi nent of the
present invention. - Fig. 27 is a plan view of the sem conductor

photoresist mask. In this case, the sides of -the SOI
layer 100 can be exposed in a shape of active region.

The active region means a région where an
insulated gate field effect transistor is formed and

5 includes the source and drain regions and the channel
forming region between them.

Next, as shown in Fig. 10, the polycrystalline -
silicon layer (upper gate layer) 500 in which boron is
doped in high concentration is deposited. By doing

iO this, the lower gate layer 550 and the SOI layer 100
are connected on the exposed sides of the SOI layer.
Doped boron in the polycrystalline silicon is diffused
from the sides of the SOI layer by the subéequent heat
treatment process (for.example, heat treatment such as

15 forming of CVD protective film) and forms a high-
concentration layer in the SOI layer. This high-
concentration layer can be made thinner by lowering
the temperatﬁre of the process (for example, 60000°C to
700°C or so). Therefore, it is omitted in the drawing.

20 Next, as shown in Fig. 11, the gate electrode is
patterned by the photoresist method. Concretely, the
gate electrode is processed by anisotropic dry etching.
In this case, on the SOI layer 110, the upper gate
layer 500 and the lower gate layer 550 can be

25 processed together. Namely, as shown in Fig. 1, the



10 hntegrated circuit device which is a fifteenth enbodi nent of

the present invention. Fig. 28 is a circuit diagramshow ng a
power circuit (voltage limter) for driving the sem conduct or
device (or sem conductor integrated 15 circuit device) of each

enbodi nent of the present I nvent pon- Fig. 29 is a circuit
di agram showi ng an i nput - out put protective circuit using the

sem conduct or device of the present invention as a protective 20

el ement . Fig. 30 is a cross sectional view show ng an

el ectronic card in which the sem conductor device (or t he

sem conductor integrated circuit device) of the present invention is
i ncor por at ed. 25gate [)eElSeCé:Réngégﬂ(go )Tl—llEs P oEanIlEe .ED EVMBCDI MENTS

Generally, when there is a level differénce like
the SOI layer 100, an etching residue of the upper
gate layer 550 is generated on the sides of the SOI

5 léyer. However, by using a condition of a high etching
selection ratio of the gate insulating film 910 and
the upper gate layer 550, the lavers 500 and 550 can -
be processed.

Since the forming process is the same as that of

10 an ordinary MOSFET, the drawing will be omitted. By
performing ion-implantation in which arsenic is

0% em?® and

accelerated with an ion dose of 5 X 1
implantation energy of 25 keV using the gafe electrode
500 and the opening mask 300A (see Fig. 1) as a mask
15 and then annealing it, the diffused lavers (source and
drain regions) 300 are formed. By using ;he opening
mask 300A, the interval between the diffused layers
~and the sides of the SOI layer which is in contact
with the gate electrode is set to 0.3 micron (um). By
20 doing this, the junction breakdown voltage between the
P-type high concentration layer (not shown in the
drawing due to shallow junction) diffused and formed
from the gate 500 to the surface of the SOI layer and
the diffused layers 300 can be increased. BPSG (boro-

25 phosho silicate glass) is deposited by the CVD method



- 10 - - Detail ed contents of the present invention wll be

expl ai ned hereunder on the basis of the enbodi nents. Fig. 1is a
typical plan view show ng a mask | ayout of a sem conductor device
having the SO .5 structure which is a first enbodi mrent of the present
invention. Firstly, using an exanple of 1g8n-N channel type insul at ed
gate field effect transistor (hereinafter abbreviated to NMOS
briefly), the structure and form ng process thereof will be 10
expl ai ned.

and flattened by heat-treating and then a contact is
formed on each electrode. By depositing and processing
metallic wires, an element (NMOS) is formed.

As the aforementioned process makes it clear,

5 withoﬁt forming a contact pattern on the SOI layer,
the substrate 100 and the gate electrode can be made
conductive. | -

By reversing the conductivity-type used here, a
PMOS (P channel MOS) can be formed. It is clear that

10 by forming a P-conductivity type SOI layer and an N-
conductivity type SOI layer respectively on the
silicon oxide layer 110 and using the PMOS forming
mask and NMOS forming mask appropriately, fhe CMOS
process can be réalized.

15 Fig. 12 shows the fifth embodiment. The drawing
shows a layout of SOI-NMOS having a so-called dual
gate structure in which a plurality of gates
(electrodes) are arranged in parallel with each other
particularly so as to generate a large current. In Fig.

20 12, the diffused layer 300 is formed smaller than the
pattern of the active region (SOT layer) 100.

Also-in this embodiment, each gate electrode 500,
as shown in Fig. 2, has a two-layer structure
comprising an upper gate layer and a lpwer gate layver

25 and the upper gate layer and the sides of the active



"A gatepattern 500 is positioned across a rectangul ar active region

(thin single crystalline silicon layer) 100 indicated by a thick

| ine. Nuneral 300A indicates a position of the opening nmask when 15
source and drain el ectrodes of the NMOS are to be formed by ion

i mpl antation of N-type inpurities. - 19 Nuneral 600 indicates a contact.
potion of a wire for each of the source region, drain region, and
gate el ectrode. Nuneral 700 indicates a wiring position. 20

The sectional structure of the NMOS arranged as ' menti oned above is
shown in Figs. 2, 3, and 4. Figs. 2, 3, and 4 are cross sectional
views at the I|ne A-A (the perpendlcular direction to the channel or

1(:Jllhreectlon o?l {ﬁgtfc%;n%elé){éeng?a{mﬂan# q%ﬂ)'l?l ne '5&%@ ° (the 25

When the structure and forming process of the
present invention are used, contact of the electrode
(P-conductivity type gate electrode 500) having the

5 conductivity opposite to that of the diffused layer
with the active region can be easily realized because
they are of the same conductivity tyvpe. A bipolar -
transistor can be obtained at the same time.

Fig. 13 shows the basic arrangement of the polar

10 transistor of the sixth embodiment. For example, in
the case of PMOS, the transistor is structured so that
the N-conductivity type SOI layer to which the gate
500 is connected is set as an N type base,.and the. P
type source region and P type drain region are set as

15 an emitter and collector respectively, and the
transistor can be operated as a lateral PNP bipolar
transistor.

Fig. 14 is a plane schematic layout of the
semiconductor device of the-seventh embodiment of the

20 present invention. This embodiment constitutes only a
lateral bipolar transistor instead of MOSFET. Namely,
as shown in Fig. 14, the electrodes 500 are patterned
as a base pull-out electrode. In the same way as with
the sixth embodiment mentioned above, the electrodes

25 500 are connected to the sides of the SOI layer 100.



'shown i'n Fig. 1 respectively. In the draw ngs, nuneral 120

I ndi cates, for exanple, a support substrate (body) conpri sing -hi gh
resistivity single crystalline silicon, Nuneral 110 indicates an
insulating film conprising, 5 for exanple, a silicon oxide film
Nurmer al 100 i ndicates a first eopduetive single crystalline
silicon layer (nanely, SO |ayer) |ocated on the Insulating film
110. Nuneral 910 indicates a gate : insulating filmconprising a
silicon oxide film 10 concretely. Nuneral 550 indicates a | ower gate
| ayer and 500 indicates an upper gate |ayer. Nuneral 350

I ndi cates source and drain diffused | ayers indicating

The emitter region and collector region can be
selectively formed inside the SOI layer by the well-
known ion implantation using the opening mask patterns
300 and 310 as a mask.

5 Fig. 15 is a plane schematic layout of the
semiconductor device of the eighth embodiment of the
present invention. -

As shown in Fig. 15, it is possible to arrange the

activg region (SOI layer) 100 in a ring shape on an

10 insulating film (not shown in the drawing) and form a
device. This device can be applied, for example, as an
input protection diode (PN junction diode) of SOI-
MOSFET. Namely, the P-conductivity type diffused layer
300 is selectively formed on the.N—conductivity_type

15 SOI layer 100 so as to reach the insulating film. With
the side wall inside the ring—shaped SOI layer 100 on
which the P-conductivity type high-concentration
impurity diffused layer 300 is formed, the electrode
500 is in contact. The main surface of the electrode

20 500 and the main surface of the SO0I layer are covered
with a layer insulating film (not shown in the
drawing) and contact holes 600 are arranged on the
layer insulating film. As shown by dotted lines, anode
lines M, and My are connected.

25 According to this embodiment, the electrode 500 is



‘the conductivity type opposite to the first conductivity type.

Silicon of the channel unit, that 15 Is, the SO |ayer 100 indicates
the | ow concentration P-conductivity type. The source and drain

di ffused | ayers indicate the N-conductivity type. Nunmeral 700
“indicates a netallic wiring |ayer, whicyiis in contact with the

di ffused | ayers and el ectrodes respectively. 20 The characteristics
of the present invention are shown in Fig. 2. In Fig. 2, both sides
of the SO | ayer 100 which are opposite to each other are in

contact with the upper gate layer 500 and electrically ener gi zed
because there is no gate insulating film910. 25 Therefore, a bias

voltage applied %91E£§5€g¥éﬂéféh the side wall inside the ring-shaped

SOI layer opposite to the whole PN junction, so that
it is possible to send a surge current uniformly.

Next, a manufacturing method of another

5 semiconductor device which is a ninth embodiment will
be shown in Figs. 16 to 18.

The cross sectional views shown in Figs. 16 to 18-
correspond to cross sectional views in the cutting
direction of the line A-A.

10 When the lower gate layer 550 shown in Fig. 9 is
to be processed, a silicon nitride film 925 is
deposited on the lower gate layer 550, and the silicon
nitride film 925 and the lower gate layer 550 are
etched, and the processing is stopped once at the gate

15 insulating film 910. Next, by a spacer forming art in
which the known CVD method and dry etching
(anisotropic etching) are combined, a spacer 920 can
be formed on the sides of the lower gate layer 550
(Fig. 16).

20 Next, the SOI layer 100 is processed using the
silicon nitride film 925 and the spacer 920 as a mask
(Fig. 17).

Next, by removing the spacer 920 and the silicon
nitride film 925 and performing ion implantation using

25 the lower gate layer 550 as a mask, P-conductivity



- 12 - - wiring layer 700 is given to the SO |ayer 100 (the
chgnnel form ng region under the gate el ectrode) via t he upper gate
| ayer 500. The | ower gate |ayer 550 produces a field effect via the
gate insulating film 5 910 and can performan operation as a field

ef fect transistor (FET). As showp2in Fig. 4, the sides of the

SO l|ayer 100 and the diffused | ayers 350 are arranged away from
each other. Namely, the PN junction conprising the diffused | ayers
350 and the SO [|ayer 10 100 is fornmed inside the SO |ayer 100 so
that it will not arrive at the sides of the SO |ayer 100. Since
there is a distance between the contact portion with the gate and

the diffused | averse Ml Gl etieracion DS uPHIENE £R%DE 552 ned

can be provided on a self-alignment basis in the
peripheral area of the SOI layer 100. Hereafter, when
the forming process (gate etching) of the first

5 embodiment shown in Fig. 10 is performed, an element
can be obtained (Fig. 18). When this process is
performed, even if a metallic material is used as the-
upper gate laver 500, it can be made conductive with
the SOI layer with a low resistance without having a

10 schottky barrier.

In the structure of the present invention, it is
obvious that a gate can be formed by laminating
different materials and a combination theréof can be
designed so as to obtain a necessary gate resistance.

15 The gate constitution of 2 layers is mentioned above.
However, for example, it is possible that the lower
gate comprises a laminated film of N type
polycrystalline silicon and titanium nitride (TiN) on
the N type pochrystalline silicon and the upper gate

20 comprises P type polycrystalline silicon. Namely, a
laminated layer gate structure such as a polyside gate
or a salicide gate which is developed so as to reduce
the resistance of the gate and set a threshold voltage
can be used as it is.

25 Fig. 19 shows the 10th embodiment in which an



15 the drain. In correspondence with the sectional structure

shown in Fig. 3, other enbodinents are shown in Figs. 5 6, and 7
respectively. The second enbodi nent shown in Fig. 5 shows a case
20 that the SO layer 100 is made thinner. The thickness of the
SO layer 100 is, for exanple, 10 nm ang3the t hi ckness of the gate
insulating film910 is about 1/2 of the thickness of the SO | ayer
100. The el ectrical connection between the gate and the 25
channel forming region in this enbodinment is realized

- 13 -

insulating f£ilm 930 is located between the upper gate
SOO.and the lower gate 550. By doing this, a floating
gate memory cell can be obtaiﬁed easily.
Therefore, a semiconductor'integrated circuit
5 device in which a MOSFET which has a two-layer

structure comprising an upper gate layer and a lower

gate layer like the aforementioned embodiment (for
example, the first embodiment) and is in contact with
the sides of the upper gate layer and of the active
10 region and the aforémentidned floating gate memory
cell are loaded in the SOI layer 100 can be formed.
Figs. 20 and 21 show the eleventh embodiment and
the twelfth embodiment respectively and shéw the
MOSFET of the previous embodiment as well as a
15 deformation example of a PN junction diode which can
be formed on the SOI layer 100.
The diode shown in Fig. 20 comprises‘PN junction
between the P—conductiyity type SOI layer (substrate)
100 and the N type layer 370. The forming method of
20 this diode will be described briefly hereunder.
Firstly, no gate insulating film is put on the
surface of the substrate 100 and the lower gate layer
550 and the upper gate layer 500 are deposited.
Concretely, the gate insulating film 910 shown in Fig.

25 8 is formed and then a part of the gate insulating



‘by the-structure shown in Fig. 2. According to this enbodi nent,
characteristic | nprovenent in the subthreshold operation region can
be realized. Nanely, since the gate el ectrode and the 5 channel active
region are electrically connected, when the gate voltage (VG of the
transistor (NMOS) is 0 V (the offgstate), the off state of the
transistor is made stronger. Nanely, the threshold voltage is

i ncreased. Therefore, the threshold | eakage current 10 can be reduced.
Though it is an intrinsic effect of the SO structure, the parasitic
capacity of the diffused | ayers can be reduced. The third
enbodi nent shown in Fig. 6 is an NMOS 15 having the SO structure with

shal | ow | ow film 910 formed on the surface of the substrate 100
where a diode is to be formed is removed. Then, the
lower gate layer 550 and the upper gate layer 500 are
deposited. Since the géte insulating film is not found,

5 the substrate 100 can be etched at the gate electrode
patterning process. Using the level differences of the
sides generated at this time, insulating film spacers -
960 are formed. Tungsten 710 is selectively deposited
on the exposed polycrystalline silicon 500 and the

10 ° substrate 100. Phosphorus is ion-implanted into the
substrate 100 before tungsten deposition and the
specified N type layer 370 is formed by the insulating
" film spacers 960. Numeral 360 indicates a-P type'
impurity layer diffused from 550 because there is no
15 gate insulating film.
This embodiment can form a PN junction diode
selectively using tw§-layer gate pattern etching.
In the CMOS process, both N type and P type are
used for polycrystalline silicon for the gates. By
20 using it, a diode can be formed. Fig. 21 shows a
typical layout. Contact takes place from the left side
(CNT1) of the active region (P-conductivity SOI layer)
100 to the N-conductivity type region and contact from
the right side (CNT2) to the P-conductivity type

25 region can be obtained.



‘concentration inpurity diffused |ayers 340 provided whi ch is known

as.,an LDD (lightly doped drain) structure. Nanely, the |layers 340
have a | ower concentration than that of the source and drain 20

di ffused | ayers to which the netallic wires of the di ffused | ayers
are connected and forned shallowy. By 25 - use of the LDD structure |ike
this, the hot electron ef fect can be reduced and an NMOS havi ng the
SO structure can be made mnuter. 25 The el ectrica

connection between the gate and the - 14

The N-conductivity type region 300 is formed by
_implantation of arsenic ions using the opening mask
300A.

The contact between thé gates and the substrate

5 (SOI layer) of the present invention (hereinafter
referred to as the substrate contact) is valid when
the gates extend over a plu;ality of ac;ive regions. -
Namely, the present invention has a structure suited
to high integration. Figs. 25, 26, and 27 show the

10 thirteenth, fourteenth, and fifteenth embodiments
respectively. Arrangement examples of typical active
regioﬁs 100 and gate 500 which are used in an LSI are
shown respectively.

In the conventional substrate contact, it is

15 necessary to provide a plurality of contact forming
regions.

However, according to the present invention, the
substrate contact is realized on the side walls of the
active regions 100, so that the substrate contact can

20 be easily realized for the active regions arranged as
shown in Fig. 25 to 27. Therefore, a highly integrated
semiconductor integrated circuit device which is
driven at a low voltage can be obtained.

However, in the device structure of the present

25 invention, the leakage current increases at a high



‘channel- form ng region in this enbodinent is realized by the

structure shown in Fig. 2. ' In Fig. 6, a side wall spacer for the
gate el ectrodes 500 and 550 is omtted. 5 The fourth

enbodi mrent shown in Fig. 7 has a - structure that the

hi gh-concentration diffused | ayers - 26 350 to which the netallic wiring
| ayer 700 is connected are covered with the | ow concentration

di ffused | ayers 340 which are called a DDD (double 10 di ffused drain)
structure and the drain breakdown vol t age can be increased.

Also in this enbodi nent, the electrical connection bet ween the gate
and t he channel formng region is realized by the structure shown in

o hi T
550 are away 1ronTHRSHONLYoT TR UarR ar sl oaes Lpgt tHESerkehds
However, aCtuallyiérbéifas§ﬂméﬂwabé§hﬁﬂéﬁ'ﬂgfilcularly at a low voltage

(VoL =< 0.6 V). Therefore, in a semiconductor

integrated circuit device (hereinafter referred to as
5 IC) in which a SOI.MOSFET having no substrate contact
and a SOI.MDSFET‘having substrate contact like the
present invention are integrated, it is possible that-
a voltage limiter as shown in Fig. 28 is provided in
the IC and the interpal circuit which is operated by

10 the drive voltage VDL comprises the aforementioned
SOI.MOSFETs of the present invention.

In Fig. 28, the resistors Rl and R2 are set so as
to obtain the reference voltage Vref (< 0.6 V).
Symbol DA indicates a differential amplifier.

15 An embodiment in which the SOI.MOSFETs of the
present invention are used as a gate protective
circuit element is shown in Fig. 29. In this
embodiment, by connecting a large invertor (CMOS
invertor) comprising the present invention between the

20 bonding pad BP and the internal circuit 1, the IC can
be operated as a gate protective element. Namely, the
gate electrodes are connected to the power source Ve
or the grounding cable Vs respectively via the PN
junction. As a result, for example, when a positive

25 surge voltage is applied to the bonding pad BP, it is



‘I ow- concentration diffused | ayers 340, the high- concentration

di ,fused | ayers 350 are formed by self- 20 alignnent for the edges of
t he gate el ectrodes 500 and 550. As a result, the edges of the

hi gh- concentrati on di ffused layers 350 in contact with the gate
insulating film910 are | ocated under~thge gate el ectrode. 25
Next, the manufacturing nethod of the first

- 15 - enbodi ment shown in Fig. 1 will be expl ai ned.

Figs. 8 to 11 are cross sectional structure

extracted to the grounding cable Vg via the PN
junction of the NMOS. On the other hand, when a
negative surge voltage is applied to the bonding pad
BP, it is extracted to the grounding cable V.. via the
5 PN junction of the PMOS.
| According to the present invention, the

semiconductor device has a characteristic that it -
operates at a low voltage. Therefore, a photodetector
using the photovoltaic effect in which a problem of

10 - low voltége is imposed, for example, a solar cell and
SOI.MOSFETs of the present invention can be integrated.
For example, the electronic card shown in Fig. 30 can
be assembled. In Fig. 30, a photodetector.122 is
formed on a well provided on the silicon substrate 120

15 and the embedded oxide film 110 is formed in a part of
the substrate 120. On the embedded oxide film 110,
SOI.MOSFETs of the present invention are formed. And,
for example, the silicon substrate 120 is sealed by a
transparent resinous substance 10. At the corner of

20 the resinous substance 10, an external terminal 11 is
provided.

It is possible to provide SOI.MOSFETs of the

present invention on one main surface of the substrate
120, provide a photodetector on the other main surface

25 opposite to the one main surface, protect the one main



"di agrams showi ng the manufacturing process of the first enbodi nent.

Figs. 8 to 11 show the manufacturing 5 process at the cross section at
the line A-A of the sem conduct or device including the gate shown in
Fi g. 1. As shown in Fig. 8 the silicon oxide film110 is
formed on the silicon substrate 120 as ggsupport 10 substrate. The
silicon substrate 120 is a relatively hi gh resistivity single
crystalline silicon. On the silicon oxide film 110, the single
crystalline silicon | ayer (SO |ayer) 100 which is 100 nmin

t-hi ckness and of the P-conductivity type and has a resistivity of

15 1 [err].cmis formed. By doing this, the SO substrate as a

starting material_is.prepar e surface

-t hi S
Tha g e eSS opaltug hﬂr%mg@so?u%tﬁ?#?és%%aa«’%c

thermal  oxi dati O flChener mabd® SEOLEK Y91 B 4" 2L L AYEL 5 5605 oh 15

{__ate

substance.
As mentioned above, according to the present
5 invention, the gate electrodes are electrically in
contact with the substrate whiéh is a channel,
accordingly power can be supplied to the channel, so -

that a problem of floating substrate can be suppressed.



20 _to the P-conductivity type using the CVD nethod is deposi ted

I n.a'thickness of 100 nm Next, as shown in Fig. 9, the active
region is patterned using the photoresist nethod._Nanely, the

| ower gate |ayer 550, the gate insulating film 910, 25 and the SO ——
| ayer 100 are sequentially etched usingsg - This Sheet Has Been laced

- 16 - photoresi st mask. In this case, the si ©

| ayer 100 can be exposed in a shape of active region. C?Zﬂyw,wrm,ﬁ tive
regi on neans a regi on where an i nsul ated gate fiel

transistor is forned and

WHAT IS CLAIMED IS:

1. A semiconductor device including a support
substrate having a main surface comprising an
insulator, a first conductive single crystalline

5 semiconductor layer patterned on said insulator main
surface, a gate insulating film formed on the main
surface of said single crystalline semiconductor layer,
a first gate layer patterned on said gate insulating
film, and a second gate layer connected to said first

10 gate layer, wherein said second gate layer is
connected at the sides of said single crystalline
semiconductor layer.

2. A semiconductor device according t§ Claim 1,
wherein said support substrate comprises a single

15 crystalline semiconductor and an insulator having a
silicon oxide film formed on the surface of said
semiconductor.

3. A semiconductor device including a support
substrate having a main surface comprising an

20 insulator, a first conductive single crystalline
semiconductor layer having a rectangle formed on said
insulator main surface, a gate insulating film formed
on the main surface of said single crystalline
semiconductor layer, a first gate layer patterned on

25 said gate insulating film, and a second gate layer

it

THIS SHEET HAS. BEEN
REPLACED




5 includes the source and drain regions and the channel “form ng

regi on between them Next, as shown in Fig. 10, the

pol ycrystalline - silicon layer (upper gate l|layer) 500 T which
boron is doped in high concentration is deposited.TE¥ doi ng. 10
this, the lower gate [ayer 550 and the 8@ - ayer 100 A ed
on the exposed sides of the SO |ayer. Doped boron j l

pol ycrystalline silicon is diffused fromthe sides r
by the subsequent heat treatment process (for exanple, heat
treatnment such as 15 formng of CVD protective filn) and fornms a high-
concentration layer in the SO |ayer. This high- concentration | ayer

I So ére 'S omtted

can be nade thinng§?£ %£g&e£$ng%58[£%¥ tﬁ§a£8n¥5§$%ur%ngggg?Fgﬁgcess (for

exanpl e, 60000[ err

in the draw ng.

patterned by the photoresist ne

10

15

20

25

20-0nd gatgbfé¥ﬁ%§i§2§ﬁ§?§?g 8%t lbothNg1 885608/ £5150de 1S
. y, the

single crystalline semiconductor layer which are

opposite to each other.

4. A semiconductor device according to Claiﬁ 3,
wherein said support substrate comprises a single
crystalline semiconductor and an insulator having a -
silicon oxide film formed on the surface of said
semiconductor. _

5. A semiconductor device according to Claim 3,
wherein said lower gate layer comprises a laminated
film of polycrystalline silicon and titanium nitride
and said upper gate layer comprises polycfystalline
silicon.

6. A semiconductor integrated circuit device
including a support substrate having a main surface
comprising an insulator, first conductive single
crystalline semiconductor layers having a plurality of
rectangles formed on séid insulator main surface, gate
insulatiﬁg films formed on the main surfaces of said
respective single crystalline semiconductor layers,
first gate layers patterned on said respective gate
insulating films, and second gate layers which are
formed extending over said plurality of single

crystalline semiconductor layers and connected to said

—_—

T,

REPLACED
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‘gate electrode is processed by anisotropic dry etching.

In this

case, on the SO |ayer 110, the upper gate | ayer 500 and the |ower
gate |l ayer 550 can be 25 processed together. Nanely,—as-

1, the - 17 - gate el ectrode
(500) is forned. General ly, yhen there is aThieSlekt His Béee Replaed

i ke the SO |ayer 100, an etching reS|due of th gate
| ayer 550 is generated on the sides of the SO mmmg m
using a condition of a high etching selectlon ra

insulating film910 and

first gate layers, wherein said second gate layers are

connected at the sides of said respective single

crystalline semiconductor layers.

7. A semiconductor device including a single

5 crystalline semiconductor layer mounted on an

insulator and an insulated gate field effect

transistor having a gate, a source, and a drain -

electrode which are formed on said single crystalline

semiconductor layer, wherein said gate electrode has a

10 2—1ayér structure and the upper gate'layer is

electrically connected to the channel forming region

of said insulated gate field effect transistor. .

8. A semiconductor device according to Claim 7,

wherein the sides of said silicon single crystalline

15 layer and said gate electrode are in contact with each

other.

9. A semiconductor device according to Claim 7,

wherein said lower gate layer and the. active region

are formed by the same pattern.

20 10. A manufacturing method of a semiconductor

device comprising a step of forming a gate insulating

film on a silicon single crystal on an insulator, a

step of depositing a gate layer on said gate

insulating layer, a step of patterning an active

25 region, a step of processing said gate layer and said

e

o T O O
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‘the upper gate |ayer 550, the |ayers 500 and 550 can - be processed.
Since the formng process is the sanme as that of 10 an ordi nary MOSFET,
the drawing will be omtted. By per form ng ion-+wplantati-on—ta———
whi ch arsenic is accelerated with an ion dose of 5 x 1015 cn?2_and

i npl antation energy of 25 keV using theygate el ectrode This SheetdiasB g
openi ng mask 300A (see Fig. 1) as a mask 15 and t hen I he
di ffused | ayers (source and drain regions) 300 are1 ﬂFﬁi U ng
t he openi ng mask 300A, the interval between the diffused | ayers

and the sides of the SO |ayer which is in cortact with the gate
electrode is set to 0.3 mcron ([err]m. By 20 doing this, the junction

shoan i n the o sHiGER PR Ttk R |1 of) 9 G dSRE oI
fromthe gate 50% tsoectorzlu% Sguart:fea(‘Zl.eayoefr tor}le s_%QLd lgaayteé’ Iaa[}%r,. said silicon,
and an insulating film substrate, a step of patterning
said gate and processing said first and second gate
5 layers, and a step of forming a predetermined impurity
region in said active region.

11. An electronic card characterized in that a -
photodetector is formed on a semiconductor body, and a
semiconductor layver is formed on one main surface of

10 said body via an insulating film, a MISFET using said
semiconductor layer as a channel forming region is
formed on said semiconductor layer, and the gate
electrode of said MISFET and said semicondﬁctor layer
are electrically connected to each other, and said

15 semiconductor body is sealed by a resinous substance.

12. An electronic card according to Claim 11,
wherein said photodetector constitutes a solar cell
for driving said MISFET.

‘13. An electronic card according to Claim 12,

20 wherein said photodetector is sealed by a transparent

| resinous substance.

14. An electronic card according to Claim 11,
wherein said photodetector is formed on another main
surface which is opposite to one main surface of said

25 body.
\
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the. diffused | ayers 300 can be increased. BPSG (boro- 25 phosho
sil,itate glass) is deposited by the CVD net hod.

- 18 - and flattened by heat-treating and then a contact is
formed on each el ectrode. By depositing and processing metallic
wires, an elenment (NMOS) is fornmed. _ 33 - As tlmsggfegr}ﬁpg@;,k%%{ih

the SO

process nmakes it clear, 5 w t hout formng a cont
| ayer, the substrate 100 and the gate el ect roa &mggﬂﬂm
conducti ve. By reversing the conductivity , a

15. A manufacturing method of a semiconductor
device having an insulated gate field effect
transistor on a single crystalline semiconductor layer
on an insulator comprising:

5 a step of depositing a first conductive layer on
said single crystaliine semiconductor layer via a gate
insulating film; -

a step of patterning for specifying the direction
of the gate width for said first conductive layer and

10 said single crystalline semiconductor layer;

a step of depositing a second conductive layer in
contact with the main surface and sides of said first
conductive layer and the sides of said single
crystalline semiconductor layer on said first

15 conductive layer and said single crystalline
semiconductor layer which are patterned;

a step of patterning for specifying the direction
of the gate length for said second conductive layer
and said first conductive layer and forming laminated

20 gate electrodes of said first gate layer and second

| gate layer; and

a step of forming a source and a drain region

specified by said laminated gate electrodes.
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PMOS (P channel
P-ednductivity type SO
respectively on the

mask and NMOS form ng nmask appropriatel.y,

NCS) can be forned. It

form ng
process can be realized. 15 FL
The draw ng shows a | ayout of S

is clear that
| ayer and an N
silicon oxide |ayer

10

by formng a
conductivity type SO | ayer

110 and using the PMOS
t he CMOS

g3412 shows the fifth enbodi ment.
CP NMOS havi ng a so-call ed dua
(el ectrodes) are

gate structure in which a plurality of gates
arranged in parallel with each other

a large current.
smal l er than the
Also in this enbodi nent,

2, has a two- IayéB%TWure
| ower gate |ayer 25

active

5

and the “Bf
To suppress oat

SOI.MOSFET formed on the S0I substrate,

particularly so as to generate

each gate el ectrode 500,
conpr|S|ng an upper gate layer and a

géeshggtra gd Lh

in

In Fig. 20 12, the diffused | ayer 300 is forned

pattern of the active region (SO |ayer) 100.

as shown in Fig.

ng! 03200 11°

the gate

(electrode) has a two-layer structure and the upper

gate thereof is in contact with the sides of the SOI

layer (substrate).

/' -
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-~ 19 - region are in contact with each other. When

the structure and form ng process of the present invention are used,
contact of the el ectrode (P-conductivity type gate el ectrode 500)
havi ng t he 5 conductivity opposite to that of the diffused |ayer

with the active region can be easil%a[ﬁflized because they are of

the sanme conductivity type. A bipollar transi stor can be obtained at.
the sane tine. Fig. 13 shows the basic arrangenent of the polar
10 transistor of the sixth enbodinent. For exanple, in
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the case of PMOS, the transistor is structured so that t he

N conductivity type SO |ayer to which the gate 500 is connected is
set as an N type base, and the P type source region and P type drain
region are set as 15 an emtter and collector respectively, and the
transi stor can be operated as a Iategf) NP bi pol ar transi stor

Fig. 14 is a plane schematic | ayout i e sem conduct or devi ce of
t he seventh enbodi nent of the 20 present invention. This enbodi nent
constitutes only a | at eral bipolar transistor instead of MOSFET.
Nanel y, as shown in Fig. 14, the ‘el ectrodes 500 are patterned

as a base pull-out electrode. In the sane way as with the sixth
enbodi nent nenti oned above, the el ectrodes 25 500 are connected to the
sides of the SO |ayer 100.
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- 20 - The emtter region and coll ector region can be

selectively.fornmed inside the SO |ayer by the well - known ion

i npl antati on using the opening nmask patterns 300 and 310 as a mask.
5 Fig. 15 is a plane schematic | ayout of the sem conduct or
device of the eighth enbodi nent of the present invention.

As shown in Fig. 15, it is possible t3/a13ange t he active region
(SO layer) 100 in a ring shape on an 10 insulating film(not shown in
the drawi ng) and forma device. This device can be applied, for
exanpl e, as an | nput protection diode (PN junction diode) of SO -

FIG. 4
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MOSFET. Nanely, the P-conductivity type diffused |ayer 300 is
selectively fornmed on the N-conductivity type 15 SO |ayer 100 so as to

reach the insulating film Wth the side wall inside the

ri ng-shaped SO | ayer 100 on whi ch the P-conductivity type

hi gh- concentrati on impurity diffused |ayer 300 is forned, the

el ectrode 500 is in contact. THé18ain surface of the electrode 20
500 and the nmain surface of the SO |ayer are covered with a |ayer
insulating film(not shown in the drawi ng) and contact holes 600 are
arranged on the | ayer insulating film As shown by dotted |ines,
anode lines MA and MK are connected. 25 According to this

enbodi nent, the electrode 500 is

FIG. 6
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21 in contact with the side wall inside the ring-shaped

' SC] Iayer opposite to the whole PN junction, so that it Is possible
to send a surge current uniformy. Next, a manufacturing nethod
of anot her 5 sem conductor device which is a ninth enbodi ment wll
be shown in Figs. 16 to 18. The cross sectional views shown in
Figs. 16 to 18- correspond to 5yd8s sectional views in the cutting
direction of the line A-A. 10 When the | ower gate |ayer 550 shown
in Fig. 9is to be processed, a silicon nitride film925 is
deposited on the |l ower gate |ayer 550, and the silicon nitride film
925 and the | ower gate |ayer 550 are etched, and the processing is

st opped once at the gate

FIG. 8
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15 insulating film910. Next, by a spacer formng art in whi ch

the known CVD nethod and dry etching (ani sotropic etching) are

conbi ned, a spacer 920 can be formed on the sides of the |ower gate
| ayer 550 (Fig. 16). 20 Next, the SO |ayer 100 is processed
using the silicon nitride fil'm925 and the spacer 920 as a mask
(Fig. 17). Next, by renovi@g18he spacer 920 and the silicon
nitride film925 and performng ion inplantation using 25 t he | ower

gate | ayer 550 as a mask, P-conductivity
- 22 -

FIG. 11
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type high-concentration inpurity diffused |ayers 330 can be provided

on a self-alignnment basis in the peri pheral area of the SO | ayer
100. Hereafter, when the form ng process (gate etching) of the first
5 enbodi ment shown in Fig. 10 is perforned, an el enent can be
obtained (Fig. 18). Wen this process is perfornmed, even if a
netallic material is used as the- 7/ 13ipper gate layer 500, it can be
made conductive with the SO |ayer with a | ow resi stance w t hout
having a 10 schottky barrier. In the structure of the
present invention, it is obvious that a gate can be forned by
| am nati ng different materials and a conbi nation thereof can be
designed so as to obtain a necessary gate resistance. 15 The gate
constitution of 2 layers is nmentioned above. However, for exanpl e,
It is possible that the | ower FIG 13
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gate conprises a lamnated filmof N type pol ycrystal line silicon

and titaniumnitride (Ti N) on the N type polycrystalline silicon and
t he upper gate 20 conprises P type polycrystalline silicon. Nanely, a
| am nated | ayer gate structure such as a polyside gate or a salicide
gate which is devel oped so as to reduce the resistance of the gate
and set a threshold vol tage cag /@ used as it is. 25 Fig. 19
shows the 10th enbodi ment in which an -
23 - insulating film930 is |ocated between the upper gate
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500 and the | ower gate 550. By doing this, a floating gate menory

cell can be obtained easily. Therefore, a sem conduct or
integrated circuit 5 device in which a MOSFET which has a two-I|ayer
structure conprising an upper gate layer and a | ower gate layer like
t he af orenenti oned enbodi ment (for exanpl e, the first enbodi nent)
and is in contact with the sid341& the upper gate |layer and of the
active 10 region and the aforenentioned floating gate nenory

cell are loaded in the SO |ayer 100 can be forned. Figs. 20 and
21 show the el eventh enbodi nent and the twel fth enbodi ment
respectively and show t he MOSFET of the previous enbodi nent as well
as a 15 def ormati on exanple of a PN junction di ode which can be
formed on the SO |ayer 100. The di ode shown in Fig. 20
conprises PN junction bet ween the P-conductivity type SO | ayer

(substrate) FIG. 17
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100 and the N type layer 370. The form ng nethod of 20 this diode wll

be described briefly hereunder. Firstly, no gate insulating film
is put on the surface of the substrate 100 and the | ower gate |ayer
550 and the upper gate |ayer 500 are deposited. Concretely, the gate
insulating film910 shown in Fig. 25 g is formed and then a part of the
gate insulating 10/1 - 24 - film
910 fornmed on the surface of the substrate 100 where a diode is to
be formed is renmoved. Then, the | ower gate | ayer 550 and the upper

gate layer 500 are

FIG. 20
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deposjted. Since the gate insulating filmis not found, 5 t he
substrate 100 can be etched at the gate el ectrode patterning
process. Using the level differences of the sides generated at this
time, insulating fil m spacers- 960 are fornmed. Tungsten 710 is

sel ectively deposited on the exposed polycrystalline silicon 500 and
the 10 substrate 100. Phosphorugii/si§ on-inplanted into the

substrate 100 before tungsten deposition and the specified N type

| ayer 370 is fornmed by the insulating filmspacers 960. Nuneral 360
I ndicates a P type i mpurity |ayer diffused from 550 because there is
no 15 gate insulating film Thi s enbodi nent can forma PN
junction diode sel ectively using two-1ayer gate pattern etching.

In the CMOS process, both N type and P type are used for

pol ycrystalline silicon for the gates. By 20 using it, a diode can be
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typical |ayout. Contact takes place

active region (P-conductivity SO |a
type region and contact from

- P-conductivity type 25 regi on ca
- 25 - The N-conducti

i npl ant ati on of arsenic ions using tl
The contact between the gates and th
present invention (hereinafter

fromthe left side . (CNT1) of the

yer) 100 to the N-conductivity

the right side (CNT2) to the

n be obtai ned.

vity type region 300 is fornmed by
ébening mask 300A.

e substrate 5 (SO | ayer) of the

FIG. 25
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referred to as the substrate contact) is valid when t he gates extend
over a plurality of active regions. - Nanely, the present invention
has a structure suited to high integration. Figs. 25, 26, and 27
show the 10 thirteenth, fourteenth, and fifteenth enbodi ments
respectively. Arrangement exanples of typlcal active regi ons 100 and
gate 500 which are used in an LSl ar$3/13 shown respectively.

In the conventional substrate contact, it is 15 necessary to provide a
plurality of contact formng regions. However, according
to the present invention, the substrate contact is realized on the
side walls of the active y that the substrate contact
can 20 be easily realized fo ch?&m ons arranged as

shown in Fig. 25 to 27. Thggefore, a highly integrated senlconductor
integrated circuit device wnch is

Vce
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drivenat a | ow voltage can be obtai ned. Homev'rREpﬂAggmgﬂqegnggr
structure of the present 25 I nvention, the | eakage cufrent_lnocrea t%

a high - 26 - t

(V[err] =1.2 Vto 1.5 V), so that the structure [ ajté ?Eﬁégga
operation particularly at a [ ow voltage (VDL [err] 0.
Therefore, in a sem conductor Tndégrated circuit d V|ce (herelnafter
referred to as 5 IC) in which a SO .MOXSFET havi.ng no

and a SO . MOSFET havi ng substrate contacb [ i E? ' ent invention
are integrated, iB8EMIC E_AN
THEREOF : -

ABSTRACT

<

To suppress floating substrate in the thin
SOI.MOSFET formed on the SOI substrate, the gate
(electrode) has a two-layer structure and the upper
gate thereof is in contact with the sides of the SOI

layer (substrate).

FIG. 1
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‘a 'vbltag'e limter as shown in Fig. 28 |s provi ded in the IC and the
I pternal circuit which is operated by 10 the drive voltage VDL
conpri ses the aforenentioned SO . MOSFETs of,&hewphe sgﬁVen i on.

In Fig. 28, the 1§&Qﬁ§B&gR_1u$dR2 are set so as | REFLALEGEObLAIT t

ref erence voltaggﬂ§s i Synbol nadrcates al -
differenti al arrpl MH ||lI]EH|||(L“ "An-eRBodi ment i wm@m FETs
of the pre are used as a gatelp ot t

circuit element is shown in Fig. 29. In this et {7y
connecting a large invertor (CMOS I nvertor) jconprising the prdsent

I nventi on between the 20 bondi ng pad BP and the=rriteTial circuit 1, the
| C can be operated as a gate protective elenent. Nanely, the

gate el ectrodes gmarcoameaizont® tdhe power source V[err] or the
grounding cable V[err] respectively via the PN junction. As a

result, for exanple, nWher pdddridirtor device including a support
substrate having a main surface comprising an
insulator, a first conductive single crystalline
5 semiconductor layer patterned on said insulator main
surface, a gate insulating film formed on the main
surface of said single crystalline semiconductor layer,
a first gate layer patterned on said gate insulating
film, and a second gate layer connected to said first
10 gate layer, wherein said second gate layer is
connected at the sides éf said single crystalline
semiconductor layer.
2. A semiconductor device according to Claim 1,
:
wherein said support substrate comprises a single
15 crystalline semiconductor and an insulétor having a
silicon oxide film formed on the surface of said
semiconductor.
3. A semiconductor device iﬁcluding a support
substrate having a main surface comprising an
20 insulator, a first conductive single crystalline
semiconductor layer having a rectangle formed on said
insulator main surface, a gate insulating film formed
- on the main surface of said single crystalline
semiconductor layer, a first gate layer pattefned on

25 said gate insulating film, and a second gate layer

R
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' 25 surge voltage is applied to the bonding pad BP, it is

- 27 -

extracted to the grounding cable Verr] via the PN

junction of the

vol tage i s appl i @his SieeitHaeBdenRetilagl pa BP, it sﬁmncpmgp@ﬁ S.LQETh

groundi ng cable

V[
According to the é;“m““l
characteristic th

phot odet ect or

5

\‘s./
10
15

.
20
25

NMOS. On the other hand, when a —fegative surge

D

Pl\&j uncti on of { t he—PhEG—

M“ II operat es at a |§5vmvg )'? :Sgﬁsﬂ#@f@@

usi ng the photovoltaic effect ip

O U

connected to said first gate layer, wherein said
second gate layer is connected at both sides of said
single crystalline semiconductor layer which are
opposite to each othef. |

4. A semiconductor device according to Claim 3,
wherein said support substrate comprises a single
crystalline semiconductor and an insulator having a -
silicon oxide film formed on the surface of said
semiconductor.

5. A semiconductor device according to Claim 3,.
wherein said lower gate layer comprises a laminated
film of polycrystalline silicon and titanium nitride
and said upper géte layer comprises polycrystalline
silicon.

6. A semiconductor integrated circuit device

" including a support substrate having a main surface

comprising an insulator, first conductive single
crystalline semiconductor layers having a plurality of

rectangles formed on said insulator main surface, gate

insulating films formed on the main surfaces of said

respective single crystalline semiconductor layers,
first gate layers patterned on said respective gate

insulating films, and second gate layers which are

formed extending over said plurality of éingle

crystalline semiconductor layers and connected to said

Iy
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10 | ow voltage is inposed, for exanple, a solar cell and

SO . MOSFETs of the present invention can be integrated. _For._.exanmpl e,

the el ectronic card shown in Fig. 30 can be assenbléﬁ' n &g 30, a
photodetectorThl &nﬁu f rmed on a well prOV|ded qn YRE S Lieon
substrate 120 a8 hedded oxide film110jig formed in_a parft of
t he substratg edded oxid&lfilm 110, IUNRIBET df
the present in rmed. And, for ex | e, the silicgn
substrate 120 |s sealed by a transparent resinous substance 10. At
the corner of t he resi nous substance 10, an ex ' b is
provi ded. . It is possible to provide SO .MXSFETs of the
pr esent |nvent|on on one main surface of the substrate 120, provide
a phot odet ect or ﬁ%tﬁeg%td%eflaméfb SWHASIn Znid SOPO8AtGate 18pepBCaRBI N
surface, protect the ofne nmain
connected at the sides of said respective single
crystalline semiconductor iayérs.
7. A semiconductor device including a single
5 crystalline semiconductor layer mounted on an
insulator and an insulated gate field effect
L
transistor having a gate, a source, and a drain
electrode which are formed on said single crystalline
semiconductor layer, wherein said gate electrode has a
10 2-layer structure and the upper gate layer is
electrically connected to the channel forming region
of said insulated gate field effect transistor.
8. A semiconductor device according to Claim 7,
wherein the sides of said silicon single crystalline
15 layer and said gate electrode are in contact with each
N : other.
9. A semiconductor device according to Claim 7,
wherein said lower gate layer and the active region
are formed by the same pattern.
20 10. A manufacturing method of a semiconductor
device comprising a step of forming a gate insulating
film on a silicon single crystal on an insulator, a
step of depositing a gate layer on said gate
insulating layer, a step of patterning an active
25 region, a step of processing said gate layer and said
R

UL
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the other main surface with a transparent resinous subst ance.
As mentioned above, accordlng to the present 5 i nye ?UQQE‘E
el ectrodes ar eetectrtecatty—in contact. with thefs
accordi ngly pomer can be supplied to thelchannel, so -
hat a probl emThif Skieetdhat Bevg Replasd 1 at € €a¥R be suppr essefl. 19 JUN 2001

channel ,

10

15

20

25

surface with an opaque resinous substance, and protect

e . ate

3% |

NN

silicon single crystalline layer, a step of depositing

a second gate layer on said gate layer, said silicon,
and an insulating film substrate, a step of patterning
said gate and processing said first and second gate
layers, and a step of forming a predetermined impurity
region in said active region.

11. An electronic card characterized in that a

photodetector is formed on a semiconductor body, and a

semiconductor layver is formed on one main surface of

said body via an insulating film, a MISFET using said
semiconductor layer as a chamnel forming region is
formed on said-semiconductor layer, and the gate
electrode of said MISFET and said semiconductor layer
are electrically connected to each other, and said
semiconductor body is sealed by a resinous substance.

12. An electronic card according to Claim 11,
wherein said photodetector constitutes a solar cell
for driving said MISFET.

13. An electronic card according to Claim 12,
wherein said photodetector is sealed by a transparent
resinous substance.

14. An electronic card according to Claim 11,
wherein said photodetector is formed on another main

surface which is opposite to one main surface of said

body.

A
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VWHAT | S CLAI MED IS; 1. A

ce

m—eT=1VAN
including a support substrate having a main surfla®EPLACEMENTT 887N
insulator, a first conductive single crystalline 5 sEeTmrtomductor--—tayer

patterned on saildisiShestflaa Bean Replicad surface, a gate

formed on the mai ce of said single crystqll

| ayer, af r patterdikd-on said gatg
gate Tayer

Pﬁﬁi@hﬂ%&%h}' :

film and a secon onnected to said first {10 gate | ayer,
wherein said second gate layer is connected at tte-srdes—of~=urd
single crystalline sem conductor | ayer. :

S
N
10
15
W
20

15. A manufacturing method of a semiconductor
device having an insulated gate field effect
transistor on a single crystalline semiconductor layer
on an insulator comprising:

a step of depositing a first conductive layer on
said single crystalline semiconductor layver via a gate
insulating film; -

a step of patterning for specifyving the direction
of the gate width for said first conductive layer and
said single crystélline semiconductor layer;

a step of depositing a second conductive layer in
contact with the main surface and sides of said first
conductive layer and the sides of said single
crystalline semicoﬁductor layer on sald first
conductive layer and said single crystalline
semiconductor layer which are patterned;

a step of patterning for specifying the direction
of the gate length for said second conductive layer
and said first conductive 1ayer'and forming laminated
gate electrodes of said first gate layer and second
gate layer; and

a step of forming a source and a drain region

specified by said laminated gate electrodes.
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‘2. A semi conduct or deﬂ&&egqﬁ%@ﬁ&h&% daim 1, Mer'aiﬁwﬁmgﬁbﬁﬁﬁﬁ
' ”‘ rand an ]

substrate conprises a gi rystalline sem conduct prfand an
i nsul ator having a S’ "ﬂ m de filmformed on the puff aigmN ?gmd
sem conduct or. ! a

nductor_ggvice i ncl udi hg appor
substrate having a main surface conprising an”-20 I nsul ato Bt
conductive single crystalline . sem conductor | ayer haéLng a rectangle
forned on said }&sul &t semiEPRANGEPECEEVACaFEMPRAG RS TY T T T OT T

on the main surface of said single crgséalline . sem ¢onductor | ayer,
a first gate layer patternell 8HPPOEt Subsgkyagg: Bavisd) &t MRyNf FH¥EAGRd a

second gate | ayer . . )
REPLACEMENT SHEETCOmPrising an insulator;

a first conductive semiconductor layer
patterned on said insulator main surface;
_ a gate insulatiné filﬁ formed on the a surface
of said first conductive semiconductor layer;
a first gate layer patterned on said gate
insulating f£ilm; and
10 a second gate layer connected to said first
gate layer,
' wherein, said second gate layer is electricaily
connected.to said first conductive semiconductor layer at
a side of said first conductive semiconductor layer.
15 17. A semiconductor device comprising:
a substrate;
an insulating layer formed on said substrate;
a silicon layer patterned on said insulating
s layer;
20 a gate insulating film formed on a main surface
of said silicon layer; and
a gate layer patterned on §aid gate insulating
film, said silicon layer and said insulating layer, .
wherein, said gate layer is electrically
connected to said silicon layer at a side of said silicon

25
layer.

18. A semiconductor device according to claim 17,

wherein: S
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:conhected to said first gate |ayer, wherei n said ' REPLACEMENT SHEE! ]

is connected at both sides of said single crystalli SEeni conduct pr
Iéyer whi ch are opposite to each other. 5 ) ﬁg N 2001
sem conduct or device according to Claim 3, wher ei b "$ai éjL'I)ppor
substrate conprises a single cryst allihe seni condjc '

i nsul at or having a silicon oxide filmformed on the surface of said
sem conductor. 10 5. A sem conductor device accorgtrnmg~to T a m 3,
wherein said | ower gade;  ayel COPIApEs fnéftﬁﬁé‘@tﬁddlffus:.oﬁ' Lavet,

pol ycrystalline silicon and titani um nitrid and sai d upper gate

llayer conprisessPl V&1 ¥Hhsd bh NBayer andsdzéﬁt@@@t surface between said
silicon layer and said gate layer are arranged away from

each other.

This Sheet Has Been Replaced
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‘15 6. A semiconductor integrated circuit device
support substrate having a nmain surface conpri si
first conductive single crystalline sem conduct
plurality of rectangles forned o, said insulato
20 insulating films forned on the nhﬂ%isurfaces of
respective single crystalline sem conductor | ayers,

i ncluding a
I pre—afr—+AsSt-at-ofs.
o} Rﬂﬂén&&h&wﬁdg é

r I'n surtace,

T 1920N,201

of

| ayers patterned on said respective gate i nsul at§ n

second gate |layers which are forned extending over said plurallty
single 25 crystalline sem conductor |ayers and connécCted to sard

31

ABSTRACT

To suppress floating substrate in

the thin

SOI.MOSFET formed on the SOI substrate, the gate

(electrode) has a two-layer structure

and the upper

5 gate thereof is in contact with the sides of the SOI

layer (substrate).
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first gate layers, wherein said second gate |ayers are qgg
the sides of said respective single crystalline sem copd f
l.ayers. 7. A sem conductor device including a singke
crystalline sem conductor |ayer nounted on an i nsul ato mQ ansiH 3851
I nsul ated gate field effect transi stor having a gate, & gource, and
a drain el ectrode which are forme#P on said single crysfalline

(-"’;: l\! i (}h"' T

Fa-SYY

sem conductor |ayer, wherein said gate electrode has a 10 p- | ayer
structure and the upper gate layer is el ectrically connected to the
channel form ng region of said insulated gate field effect

transi stor. . 8. A sem conductor device according to Claim?7,
wherein the sides of said silicon single crystalllne 15 | ayer and said

gate el ectrode ar@HA@ ggnpagmpbt Rgeach
1. A semlconductor_device including a support
substrate having a main surface comprising an |
insulator, a first conductive single crystalline
5 semiconductor layer patterned on said insulator main
surface, a gate insulating film formed on the main
surface of said single crystalline semiconductor layer,
a first gate layer patterned on said gate insulating
film, and a second gate layer connected to said first
10 gate layer, wherein said second gate layef is
connected at the sides éf said single crystalline
semiconductor layer.
2. A semiconductor device according to Claim 1,
wherein said support substrate comprises a single
15 crystalline semiconductor and an insulator having a
silicon oxide film formed on the surface of said
semiconductor.
3. A semiconductor device including a support .
substrate having a main surface comprising an
20 insulator, a first conductive single crystalline
semiconductor layer having a rectangle formed on said
insulator main surface, a gate insulating film formed
on the main surface of said single crystalline
:semiconductor layer, a first gate layer patterned on

25 said gate insulating film, and a second gate layer
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.ot her.

9. A sem conductor device accor di ng to Caim7,

wherein said |lower gate |ayer and the active region areR%P[ﬂaﬂ QVF%ﬂEET
I con uc?or

sane pattern.

25 regi on,
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20 10. A manufacturing nmethod of a sgm
device conprising a step of formng a gate insulating i{ mon
silicon single crystal on an insulator, a step of depdsiti g aﬁ@hﬁﬂm
| ayer on said gate insul ating | ayéf, —a step of patterny ng.an_active
a step of processing said gate | ayer and said

connected to said first gate layer, wherein said
second gate layer is connected at both sides of said
single crystalline semiconductor layer which are
opposite to each othef.

4. A semiconductor device according to Claim 3,
wherein said support substrate comprises a single
crystalline semiconductor and an insulator having é -
silicon oxide f£ilm formed on the surface of said
semiconductor.

5. A semiconductor device according to Claim 3,_
wherein said lower gate layer compfises a laminated
film of polycrystalline silicon and titanium nitride
and_said upper géte layer comprises polycrystalline
silicon.

6. A semiconductor integrated circuit device

" including a support substrate having a main surface

comprising an insulator, first conductive single
crystalline semiconductor layers having a plurality of

rectangles formed on said insulator main surface, gate

insulating films formed on the main surfaces of said

respective single crystalline semiconductor layers,
first gate layers patterned on said respective gate
insulating films, and second gate layers which are

formed extending over said plurality of single

crystalline semiconductor layers and connected to said

R




.silicon single crystalline layer, a step of depositing a second gate

| ayer- on said gate |l ayer, said silicon, and an i nsul gti-Ag—+i-km
substrate, a step of patterning sai d gate and procesyi sl SKEET
and sefond gate 5 | ayers, and a step of form ng a preddt ermired

I mpurity region in said active region. 11| An B
card characterized in that a phoBgdet ector is fornedjor a‘?lzeSm *P%iﬁ
sem conduct or body, and a sem conductor |ayer is f or rfe d~om—ome—rai-n
surface of 10 said body via an insulating film a M SFE] using said
sem conductor layer as a channel forming region is f ormetomTSard
sem conductor layer, and the gate el ectrode of said M SFET and said
senhcogguctor | ayer are electrically connected to each other, and
sai sem ¢Qndyct q@agge

12. An electronﬁ%‘ggé acco alﬁg gaiesggeaﬁdsgaﬁéams§ers are

connected at the sides of sald respective single
crystalline semiconductor layérs.
_7. A semiconductor device including a single
5 crystalline semiconductor layer mounted on an
insulator and an insulated gate field effect
transistor having a gate, a source, and a drain
electrode which are formed on said single crystalline
semiconductor layer, wherein said gate electrode has a
10 2-layer structure and the upper gate layer is
electrically connected to the channel forming region
of said insulated gate field effect transistor. .
8. A semiconductor device according to Claim 7,
wherein the sides of said silicon single crystalline
15 layer and said gate electrode are in contact with each
N . other.
~ 9. A semiconductor device according to Claim 7,
wherein said lower gate layer and the active region
are formed by thé same pattern.
20 10. A manufacturing method of a semiconductor
device comprising a step of forming a gate insulating
film on a silicon single crystal on an insulator, a
step of depositing a gate layer on said gate
insulating iayer, a step of patterning an active

25 region, a step of processing said gate layer and said
-
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‘wherei n said photodetector constitutes a sol ar cell for.driving said

M SFET. 13. An electronic card according to C ai n Jgum s200mer curey
wherein sai d photodetector is sealed by a transparent resinous. -

-subst ance. 14. An el ectronic card according to C i 11 A
wherein said photodetector is fornmed on another main MIESE

IS opposite to one main surface of satd3225 body.
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silicon single crysfalline layer, a step of depositing
a second gate layer on said gate layer, said silicon,
and an insulating film substrate, a step of patterning
said gate and processing said first and second gate
layers, and a step of forming a prédetermined impurity
region in said active region.

11. 2An electronic card characterized in that a

photodetector is formed on a semiconductor body, and a

semiconductor layer is formed on one main surface of

said body via an insulating film, a MISFET using said
semiconductor layer as a channel forming region is
formed on said semiconductor layer, and the gate
electrode of said MISFET and said semiconductor layver
are electrically connected to each other, and said
semiconductor body is sealed by a resinous substance.

12. An electronic card according to Claim 11,
wherein said photodetector constitutes a solar cell
for driving said MISFET.

13. An electronic card according to Claim 12,
wherein said photodetector is sealed by a transparent
resinous substance.

14. An electronic card according to Claim 11,

wherein said photodetector is formed on another main

surface which is opposite to one main surface of said

body.
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15, A nanufaéturing met hod of a sem conduct or devi ce haminn an

i nsul ated gate field effect transistor on a single c yﬁ; | diicnerney ﬂgggf
sem conduct or | ayer on ‘an insul ator conpri sing: 5 SOUORP= TS =Y o Wil a)
depositing a first conductive |ayer on said single cry 3g£%_ _
sem conductor |ayer via a gate insulating film ia gﬁgf
patterning for specifying the directien33 - of the gate |

first conductive |ayer and 10 said single crystalline sgm conductor

| ayer; a step of depositing a second conductive Peyef—+a—

contact with the main surface and sides of said first conducti ve .

| ayer and the sides of said single crystalline sem conductor |ayer

on said first 15 conductive layer and said single crystalline

sem conductor |ayer VY_H: ChAaEn%n]?&ta Q:rurl%.%g method of & ssetrr? condt?gfgt grning
for specifying the direction

device having an insulated gate field effect
transistor on a single crystalline semiconductor layer
on an insulator comprising:

5 a step of depositing a first conductive layer on
said single crystalline semiconductor layer via a gate
insulating film; -

a step of patterning for spécifying the direction
of the gate width for said first conductive layer and

10 said single crystalline semiconductor layer;

a step of depositing a second conductive layer in
contact with the main surface and sides of said first
conductive layer and the sides of said single
crystalline semiconductor layer on said first

15 conductive layer and said single crystalline

N semiconductor layer which are patterned;

a step of patterning for specifying the direction
of the gate length for said second conductive layef
and said first conductive layer and forming laminated

20 gate electrodes of said first gate layer and second
gate layer; and

a step of forming a source and a drain region

specified by said laminated gate electrodes.

DO




-of the gate length for said second conductiVe | ayer | and| FHEMACEMENT SHEET

conductive layer and formng |am nated 20 gate el ectrodes 3f1s?id First

ate layer and second gate layer; and . a stepjo O, I

gour ce Zmd a drain region specified b)_/ﬁ@i d |l am nated ght ¢ 2 é”]uﬁ ﬁ“

el ectrodes. . - 34- +6-

A sem conductor device conpr|5|n a support pubstrate

having a main surface ! Ac&ﬁﬂ#F?Pﬁﬁcﬁﬁriﬁ@mlﬁﬁoFomPr151ng Coam -
first conductive sem conductor | ayer patterned on said insulator main

surface;

a QaFBPPH§GI &PPﬁ& rﬁFlenW#ﬁSd 3o Matife srd@eace

of said first conductlve sem conductor | ayer;
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comprising an insulator;

a first conductive semiconductor layer

patterned on said insulator main surface;
. a gate insulating filﬁ formed on the a surface

of said first conductive semiconductor layer;

a first gate layer patterned on said gate
insulating film; and

a second gate layer connected to said first
gate layer,

' wherein, said secon@ gate layver is electricaily
connected to said first conductive semiconductor layer at
a side of said first conductive semiconductor layer.

17. A semiconductor device. comprising:
a substrate;
an insulating 1§yer formed on said.substrate;
a silicon layer patterned on said insulating
layer;
a gate insulating film formed on a main surface
of said silicon layer; and
a gate layer patterned on §§id gate insulating
film, said silicon layer and.said insulating layer, .
wherein, said gate layer is electrically
connected to said silicon layer at a side of said silicon
layer. |
8. A semiconducfor device according to claim 17,

Y

wherein:
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:a first gate |ayer patterned on said gate i nsul ati ng L
a second gate | ayer connected to said first gate | ayer} REPLACEMENT SHEET
HEA |

wherein, said second gate |layer is electrically ' conne:trdtsfsa:u
first conductive sem conductor |ayer at _ a_si de of saij1i|2? JUN 2001
conductive sem conductor |ayer. 15 1P A sem conduft-or "device “

conpri si ng: a substrate; an | nsutattng-t+ayet
formed on said substrate; a silicon layer pptterned on said
i nsul ating layegaj328ilicon layer Sgﬁﬁeénﬁuh§tfﬂgign ]

mai n surface - of sard silicon [ayer; an _ o a gate |ayer

patterned ofnh§akbgi §agerEnsybal 18ger and EbhBhctabdrEhbiCcBBtiakar sand said

i'nsul ating | ayer, wherein, said gate layer is electrically
connect ed t®iBabénsSibyeépnahaysaidt gatei Uayet asedagirbhged 3kay from

each other.
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. layer. - 18. A sem conductor device according to claim17,

wher ei n: - -35- a '
layer includes a diffusion layer, and said diffusion |ayer ahgpiééﬁgﬁﬁk

SHEET

surface between said silicon |ayer anc&ésai d gate |l ayer are jarianged awa
from each other. =20~ 22 JUN

Yy
a1

ABSTRACT
To suppress floating substrate in the thin
SOI.MOSFET formed on the SOI substrate, the gate
(electrode) has a two-layer structure and the upper
5 gate thereof is in contact with the sides of the SOI

layer (substrate).




