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SEMICONDUCTOR DEVICE AND METHOD FOR
FORMING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an insulation gate
type semiconductor device such as a thin film transistor
(TFT) having a thin film active layer (ie., an activated
region or a channel region) formed on an insulation sub-
strate. A field to which the invention pertains is a semicon-
ductor integrated circuit, a liquid crystal display device, an
optical reading device or the like.

[0003]

[0004] Recently, researches and developments have been
made as to insulation gate type semiconductor devices
having thin film active layers on insulation substrates. In
particular, continuous efforts have been made on so-called
thin film transistors (TF1s). These TFTs are intended to be
used for controlling respective image elements of matrix
structure in a display device such as an LCD. Depending
upon a material 1o be used and a crystalline condition of the
semiconductors, TFTs are classified into amorphous silicon
TFTs and polycrystal silicon TFTs. However, recently, a
material having an intermediate condition between the poly-
crystalline condition and amorphous condition has been
studied. This is called a semi-amorphous condition and is
considered as a condition where small crystals are floated on
an amorphous formation.

1. Field of the Invention

2. Description of the Prior Art

[0005] Also, in a single crystal silicon IC, a polycrystal
silicon TFT is used as a so-called SOI technique. For
instance, this is used as a load transistor in a highly inte-
grated SRAM. However, in this case, an amorphous silicon
TFT is hardly used.

[0006] In general, an electric field mobility of a semicon-
ductor under the amorphous condition is small, and it is
therefore impossible to use the semiconductor as TFTs
which need high speed operation. Also, in the amorphous
silicon, the electric field mobility of P-type is small, and it
is impossible to produce a P-channel type TFT (TFT of
PMOS). Accordingly, it is impossible to form a complemen-
tary MOS circuit (CMOS) in combination with N-channel
type TFT (TFT of NMOS).

[0007] However, TFTs formed of amorphous semiconduc-
tors have a feature that their OFF current is small. Therefore,
such TFTs have been used where an extremely high speed
operation is not needed like a liquid crystal active matrix
transistor, one-way conductive type TFTs may be satisfac-
torily used and TFTs having a high charge holding capacity
are needed.

[0008] On the other hand, a polycrystal semiconductor has
a larger electric field mobility than that of an amorphous
semiconductor. Therefore, in this case, it is possible to effect
high speed operation. For example, with TFIs using a
silicon film recrystallized through a laser anneal technique,
it is possible to obtain a large electric field mobility of 300
em?/Vs. This value is considered very high in view of the
fact that the electric field mobility of a regular MOS tran-
sistor formed on a single crystal silicon substrate is approxi-
mately 500 em?/Vs. In addition, the operation speed of the
MOS circuit on the single crystal silicon substrate is con-
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siderably limited by an inherent capacitance between the
substrate and wirings. In contrast, since the TFT is located
on the insulation substrate, such a limitation is no longer
needed and a considerably high speed operation is expected.

[0009] Also, it is possible to obtain PTFTs as well as
NTFTs from polycrystal silicon, and hence it is possible to
form a CMOS circuit thereby. For example, in a liquid
crystal display device, a so-called monolithic structure is
known in which not only active matrix portions but also
peripheral circuits (such as drivers or the like) are formed by
polyerystal CMOS TFTs. This point is noticed also in the
TFTs used in the aforesaid SRAMSs. In this case, PMOSs are
formed by TFTs and are used as a load transistor.

[0010] However, in general, the polyerystal TFTs have an
increased leak current and a poor performance of holding the
clectric charge of image elements of the active matrix since
the electric field mobility of the polyerystal TFTs is larger
than that of amorphous TFTs. For example, in the case
where the polycrystal TFTs are used as the liquid crystal
display elements, since conventionally, the size of the image
clements is several hundreds of micrometers square and the
image element capacities are large, there have been no
serious problems. However recently, the fine image elements
have been used in accordance with a high resolution, and the
image eclement capacities become small. The conventional
image elements would be insufficient for stable static dis-
play.

[0011] There have been several solutions for the current
leakage problems inherent in such polycrystal TFTs. One of
the methods is to thin an active layer. It is reported that the
OFF current would be small by the method. For instance, it
is known that a thickness of the active layer is 25 nm
whereby the OFF current might be less than 107°A. It
would be however very diflicult to crystallize a thin semi-
conductor film and it is actually known that the thin semi-
conductor film could not easily be crystallized.

[0012] The method in which the active layer is thinned
leads to the phenomenon in which a source/drain region is
thinned. This is because the semiconductor film is formed so
that the source/drain region is produced simultaneously with
the formation of the active layer in accordance with a
conventional production method and the source/drain region
and the active layer have the same thickness. This would
also lead to the increased resistance of the source/drain
region.

[0013] For this reason, a method is used in which a
thickness of almost all the source/drain region is increased.
This means that a mask process is additionally used. This is
undesired from the view point of productive yield.

[0014] Also, according to the present inventors’ knowl-
edge, in the TFTs where a thickness of the active layer is 50
nm or less, a MOS threshold voltage is largely shifted, and
this phenomenon is remarkable in case of NMOS’s. The
threshold voltage would be zero or negative values. If, thus,
the CMOS is formed by the TFTs, the operation would be
unstable.

[0015] On the other hand, if the thickness of the active
layer would be increased, the leakage current would be
increased. The magnitude thereof is not in proportion to the
thickness of the active layer. It is therefore reasonable that
the leakage current would be increased in a non-linear
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manner due to some causes. The present inventors have
studies and found that almost all the leakage current of the
TFTs where the active layer is thick may How through a part
of the active layer on the substrate side in a bypass fashion.
Two causes thereol might be found out. One cause is that
there is a charge fixed to an interface energetic position
between the substrate and the active layer. The other cause
is that movable ions such as sodium or the like enter from
the substrate into the active layers to thereby make conduc-
tive the part of the active layer on the substrate side. The
later cause may be overcome by increasing a performance of
the cleaning process.

[0016] However, whatever the interface between the sub-
strate and the active layer was made clean, it was impossible
to overcome the problem of the former cause. For example,
the direct formation of the active layer on the substrate
would lead to raising the interface energetic position.
Accordingly, it was impossible to obviate the problem of the
leakage current even if an oxide layer (such as heat oxide
film of silicon) having a high quality to the same extent as
that of the gate oxide film was used as an underlayer and the
active layer was formed thercon. Namely, it has been found
that it is difficult to remove the fixed charge.

SUMMARY OF THE INVENTION

[0017] In order to solve the above-noted defects or diffi-
culties, according to the present invention, an additional gate
electrode (hereinafter referred to as a bottom side gate
electrode) is formed between a substrate and an active layer,
and this gate electrode is kept at a suitable potential whereby
the stationary charge described above may be cancelled.

[0018] According to the present invention, in a field effect
type device having a thin film-like active layer, there is
provided a thin film-like semiconductor device comprising a
top side gate electrode on the active layer and a bottom side
gate electrode connected to a static potential, the bottom side
gate electrode being provided between the active layer and
a substrate.

[0019] According to another aspect of the invention, in a
ficld effect type device having a thin film-like active layer,
there is provided a thin film-like semiconductor device
comprising a top side gate electrode on the active layer and
a bottom side gate electrode (rear clectrode) electrically
connected to only one of a source and a drain of the field
effect type device, the bottom side gate electrode being
provided between the active layer and a substrate.

[0020] According to still another aspect of the invention,
there is provided a thin film-like semiconductor device
comprising a bottom side gate electrode (rear electrode) on
a substrate having an insulating surface, a semiconductor
layer having N-type and P-type impurity regions for cover-
ing the bottom side gate electrode, and two gate electrodes
provided on the semiconductor layer, one of the last-men-
tioned gate clectrodes being located out of the bottom side
gate electrode. A p-type transistor is provided on the insu-
lating surface and comprises an active region and a gate
electrode provided on the active region. An n-lype transistor
is provided on the insulating surface and comprises another
active region and another gate electrode provided on the
another active region. The active region of only one of the
p-type transistor and the n-type transistor is provided on the
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rear electrode. The rear electrode is kept at a potential of the
source of the only one of the p-type transistor and the n-type
transistor.

[0021] Preferably, the gate electrode of P-channel type
transistor is located out of the bottom side gate electrode.

[0022] According to the invention, there is provided a
method for producing a thin film-like semiconductor device,
comprising the following steps: selectively forming a first
semiconductor coating film, having a first conductive (con-
ductivity) type, on a substrate having an insulating surface;
forming a first insulating coating film on the first semicon-
ductor coating film; forming a second semiconductor coat-
ing film for covering the first insulating coating film; form-
ing a second insulating coating film on the second
semiconductor coating film; forming at least two gate elec-
trode portions on the second insulating coating film; dis-
persing impurities for the first conductive type into the
second semiconductor coating film in a self-alignment man-
ner relative to the gate electrode portions; and after the
dispersing step, in a self-alignment manner relative to at
least one of the gate electrode portions, dispersing impurities
for a conductive (conductivity) type opposite the first con-
ductive type in the second semiconductor coating film below
which the first semiconductor coating film is not present.

[0023] According to the invention, there is provided a
method for producing a thin film-like semiconductor device,
comprising the following steps: forming, on a substrate
having an insulating surface, a first conductive coating layer
made of one selected from the group essentially consisting
of semiconductor and metal; forming a first insulating
coating film on the first conductive coating film; forming a
first semiconductor coating film on the first insulating coat-
ing film; forming a second insulating coating film on the first
semiconductor coating film; forming an etching mask mate-
rial on the second insulating coating film; forming a hole in
the etching mask material; forming a contact hole in the
second insulating coating film in accordance with an isotro-
pic elching process while using the etching mask material as
a mask, that is, through an opening of the etching mask;
forming a hole (an opening) in the first semiconductor
coating film in accordance with an anisotropic etching
process while using the etching mask material as a mask;
and forming a hole (an opening) in the first insulating
coating film in accordance with one of the isotropic etching
process and the anisotropic etching process while using the
ctching mask material as a mask, thereby forming an elec-
trode connected between the first conductive coating film
and the first semiconductor film.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

[0025] FIGS. 1A and 1B are illustrations of inventive
concept of TFIs according to the invention;

[0026] FIGS. 2A and 2B are cross-sectional views show-
ing examples of TFTs;

In the accompanying drawings:

[0027] FIGS. 3A to 3H are illustrations showing the
operation of the TFTs according to the invention;

[0028] FIG. 4 shows the operation of the TFTs according
to the prior art;
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[0029] FIGS. 5A to 5F show the steps for producing the
TFTs according to the present invention;

[0030] FIGS. 6A 1o 6F show the application of the TFTs
according to the invention; and

[0031] FIGS. 7A to 7E show the process for manufactur-
ing the TFTs according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The present invention will now be described with
reference to the accompanying drawings.

[0033] FIGS. 1A and 1B show an inventive concept of the
present invention. Reference character A denotes a gate
electrode which is well known in the art. Reference char-
acter B denotes a gate electrode provided on a bottom side.
Such a bottom side gate clectrode B may be disposed so as
to be overlapped with the face surfaces of source/drain
regions as shown in FIG. 1A. However, in this arrangement,
additional capacitances between the source/drain regions
and the bottom side gate electrode would be increased. In the
case where the high speed operation or the like is required,
as shown in FIG. 1B, it is possible to take the arrangement
where the bottom side gate electrode B is located so as not
to overlap with either one or both of the source region and
the drain region. In any case, it is important that the bottom
side gate electrode is overlapped with at least a part of the
active layer. In order to insure the advantage of the inven-
tion, it is located so as to transverse the active layer as much
as possible.

[0034] For instance, in a conventional NMOS, in the case
where the electric potentials of the source and the gate are
kept at zero and the potential of the drain is kept at 10V, the
drain current have to be zero in an ideal condition. However,
the fixed charge on the substrate cause the active layer to be
kept in a weak inversion state. Therefore, the drain current
will low by a thermal excitation. This is shown in FIG. 4.
Namely, in a conventional TFT, a weak inversion region is
formed by the fixed charge on the substrate side as shown in
FIG. 4. Since the fixed charge is present without any change
whatever voltage is applied to the gate electrode, it becomes
a source of the leakage current. However, in the case where
a thickness of the active layer is extremely decreased, the
affect of the gate electrode is applied also to the substrate so
that this weak reversed region will be obviated by the
potential of the gate. It is assumed that various reports that
the leakage current may be reduced by thinning the active
layer without any good reason may be based upon the
foregoing reasons. However, in the models shown in FIG. 4,
it has been found that the threshold voltage is readily shifted,
and the conventional method is not an essential solution.

[0035] The purpose of the present invention is to remove
the affect of the fixed charge by providing the above-
described bottom side gate electrode and keeping the poten-
tial of the bottom side gate electrode (rear electrode) at zero
or negative values. FIGS. 2A and 2B show examples of the
present invention in which a bottom side gate electrode (a
rear electrode) is electrically connected to a source region
through a contact hole provided in a portion of an insulating
film so that the bottom side gate electrode may be always
kept at the same potential as that of the source. In FIG. 2A,
the bottom side gate electrode 9 is overlapped exactly with
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the source region 6 and the drain region 5. In this case, the
manufacture process would be relatively simple and yield is
high since no stepped portion would be formed in the gate
electrode 9.

[0036] In order to produce an element having such an
arrangement, the following steps should be carried out.
Namely, a coating film to be the bottom side gate electrode
9 and an insulating film 8 are formed on the substrate. A
contact hole 10 is formed in the insulating film 8 and a
semiconductor layer is formed therein. These components
are subjected to a patterning process. Then, the gate insu-
lating film 4 and the gate electrode 1 are formed and the
drain region 5 and the source region 6 are formed in a
self-alignment manner. Parts where no impurities are doped
will become the active layer 7. Finally, a drain electrode 2
and a source electrode 3 are formed thereon. The number of
the masks used in the foregoing steps is four (five in the case
where the source electrode 3 and the drain electrode 2 are
not simultaneously formed).

[0037] On the other hand, FIG. 2B shows the example
where the bottom side gate electrode 19 is not overlapped
with the drain region 15. The step of the bottom side gate
clectrode causes an adverse affect to be applied to the gate
electrode 11. For this reason, there would be a fear that the
exfoliation or removal problem would be applied to the gate
clectrode. Also, the number of processing steps is increased
in comparison with the case shown in FIG. 2A. Namely, first
of all, the bottom side gate electrode 19 is patterned, and
subsequently, the insulating film 18 is formed to form a
contact hole 20. Then, the semiconductor layer is formed
and is patterned. Then, the gate electrode 11 is patterned.
The source region 14, drain region 15 and active region 17
are formed in a self-alignment manner. The source electrode
13 and the drain eclectrode 12 are formed thercon. The
number of the masks used in the foregoing steps is five or
six. It is an ideal condition that the additional capacitance is
reduced and the bottom side electrode is formed in the
self-alignment manner with the source region and the drain
region in order to simplify the process.

[0038] The material for the bottom side gate electrode 9,
19 should be selected in view of the process to be applied to
the material. For instance, in the case where the gate
insulation film is formed in accordance with the thermal
oxidation method, the material should stand the high tem-
perature corresponding to the method and the dispersion of
the different harmful elements from the bottom side gate
material to the active layer should be avoided. For example,
if the active layer is formed of silicon and the gate insulation
film is a thermal oxidation film of silicon, in general, the
maximum processing temperature exceeds 1,000° C.
Accordingly, a doped polysilicon is desired as the material
for the bottom side gate electrode.

[0039] Also, in a low temperature process in which the
maximum processing temperature is about 600° C., it is
possible to use the doped silicon but it is more preferable to
use lower resistance substances such as chrome, tantalum
and tungsten. Of course, any other material may be used as
a design choice as desired.

[0040] FIGS. 3A to 3H show the operation of the thus
constructed TFT. FIGS. 3A to 3H show the case of an
NMOS. However, in case of a PMOS, the inequalities used
in these figures should be directed opposite those shown.
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First of all, the explanation will be made as 1o the case where
the gate potential V,, is equal to cither lower one of the
source potential Vg or the drain potential Vi, In this case, as
shown in FIG. 4, since the potentials of the source and the
drain are not symmetric with each other, the state depends
upon the magnitude of the potential V,. When the relation,
V4<Vp,, is established, as shown in FIG. 3A, the gate
clectrode, the bottom side gate electrode and the source are
kept at the same potential so that the electrons are discharged
from these regions to form depletion regions or accumula-
tion region. Inversely, when the relation, Vg<V,, is estab-
lished, as shown in FIG. 3B, the gate clectrode side is a
depletion region but an inversion region is formed on side of
the bottom side gate electrode to allow the drain current to
flow. The above discussion is very rough and more strictly,
the threshold voltage should be considered but the discus-
sion would be used to understand the concept of the present
invention.

[0041] Under the condition, V,>Vg and V<V, is given,
the depletion region expands over all the active layer (see
FIG. 3C), whereas under the condition, V>V and V>V,
is given, the inversion region is formed on the gate electrode
side (see FIG. 3D). Also, under the conditions, V,<V and
V<V, the inversion region is formed on the bottom gate
electrode side 1o allow the drain current to flow (see FIG.
3E), whereas under the conditions, V<V and V5>V s, the
inversion regions are formed on both sides (see FIG. 3F).

[0042] The state will become more complicated in the case
where V, is equal to or substantially equal to Vg. Namely,
in this case, since there are no lines of electric force flowing
from the source to the drain (or from the drain to the source),
the affect of the fixed charge on the bottom gate electrode
side causes a weak inversion region to be formed to generate
the leakage current as in the conventional TFTs (see FIGS.

3G and 3H).

[0043] It is practically convenient that the bottom side gate
clectrode is kept at the same potential as that of the source
or the drain. If it is impossible to meet this requirement, it
is sufficient to keep the bottom gate electrode at the same
potential as that of other power supply (other power source).
Also, even if it is kept at the same potential as that of the
source or drain, if the potential is kept unchanged, there is
little adverse affect 1o the operation characteristics of the
element.

[0044] For example, in the case where the amount of
leakage in the OFF condition is reduced, and the ON/OFF
operation is carried out by the TFT, the potentials are
selected so as to realize the states shown in FIG. 3A or 3C
(OFF condition) and FIG. 3D or 3F or FIG. 3H (ON
condition). Also, it is possible to use the element to form a
CMOS inverter circuit.

[0045] The problem of the fixed charge is remarkable
mainly in the NMOS. Therefore, the PMOS is made in the
same manner as in the conventional method and the present
invention may be applied only to the NMOS. However, in
the case where the charge is negative, the charge causes a
problem even in the PMOS and hence it is preferable to
apply the invention for both cases.

EXAMPLE 1

[0046] A method for producing crystallized silicon TFTs
through a high temperature process according to the present
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invention will now be described. In this example, the gate
clectrode as well as the bottom side gate electrode was made
of doped polysilicon. The manufacturing process is well
known in the art, i.e., conventional processing techniques for
various semiconductor integrated circuits and hence the
detailed discussion thereof will be omitted.

[0047] A polyerystal silicon film which was doped with
phosphorus of 10" to 5x10°° em™, for example, 8x10'°
em™ was formed on a quartz substrate 21 with a thickness
of 100 to 500 nm, for example, 200 nm according to a low
pressure CVD process. This was thermally oxidized in an
oxygen atmosphere kept at 1,000° C. to form a silicon
coating film 22 and silicon oxide film 23. A thickness of the
silicon oxide was in the range of 50 to 200 nm, preferably
at 70 nm. In this case, a silicon film which is doped with no
impurity may be formed and then the impurity may be doped
into the silicon film or otherwise the impurity may be doped
thereinto after the silicon film has been thermally oxidized.

[0048] Thereafter, the amorphous silicon film 24 which
was not doped with impurities was accumulated to have a
thickness of 100 to 1,000 nm, for example, 300 nm. During
the accumulation, a temperature of the substrate was kept in
the range of 450 to 500° C., for example, 480° C. Also, the
material gas was monosilane or polysilane (disilane, trisi-
lane). However, disilane was stabler than polysilanes over
the trisilane and might cause the better film to be formed
than the monosilane. The crystal had been slowly grown at
600° C. for twelve hours. The arrangement until this step is
shown in FIG. 5A.

[0049] Subsequently, the patterning was effected so that
island-like semiconductor regions (i.e., silicon islands) and
the rear electrodes (the bottom side gate electrodes) there-
under were formed. A silicon oxide film 25 which was to be
a gate insulating film was formed to have a thickness 50 to
500 nm, for example, 150 nm by thermal oxidation in the
oxygen atmosphere. This condition is shown in FIG. 5B.

[0050] Further, a polycrystal silicon film doped with phos-
phorus was formed to a thickness in the range of 300 to
1,000 nm, for example, 500 nm according to the low
pressure CVD method, and the film was subjected to the
patterning technique to form the gate electrode 26. An ion
injection was effected in a self-alignment manner by using
the gate electrode as a mask and was annealed at 1,000° C.
to form the source region 28 and the drain region 27. An
active region (a channel) was then formed in the island-like
semiconductor region between the source region 28 and the
drain region 27. An insulating material 29 was formed in
accordance with a plasma CVD method of TEOS and a
contact hole was provided to the insulating material to form
the drain electrode 30. This state is shown in FIG. 5C.

[0051] Thereafter, the source electrode was formed. This
process was peculiar. Thus, the process will be described in
detail. After the drain electrode had been formed, an insu-
lating material 31 to be interposed between layers was
formed. A photoresist 32 was formed by a spin coating
process. A hole 33 was formed for forming a contact hole of
the source electrode.

[0052] Subsequently, the intermediate insulating layer and
the gate insulating coating (both made of silicon oxide) were
¢tched by an isotropic etching technique such as an isotropic
dry etching process or an isotropic wet etching process. In
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this case, it is desired to selectively and solely etch the
silicon oxide coating. For example, it is preferable to use a
hydrofluoric acid as an etchant. In a relatively long period of
ciching time, the etching expanded to side walls of the
contact hole. The contact hole 34 which was larger than the
hole 33 was formed. This state is shown in FIG. 5D.

[0053] Then, an anisotropic etching process such as an
RIE (reactive ion etching) was effected so that the source
region 28 was etched substantially corresponding to the hole
33 1o form a contact hole 35. This state is shown in FIG. 5E.
Thereafter, a thin silicon oxide layer present between the
source region and the bottom side gate electrode was
removed.,

[0054] After the photoresist had been removed, the source
electrode 36 was formed of metal wiring material. Namely,
by the above-described two-stage etching process, a suffi-
cient contact of a sufficient contact hole was made between
the source region and the bottom side gate electrode. This is
shown in FIG. 5F. Thus, the TFT was completed. As shown
in FIG. 5F, an insulating film exists between the rear
electrode and the active region.

[0055] A CMOS inverter circuit was constituted by com-
bining the TFTs of the thus formed NMOS and PMOS as
shown in FIG. 6A. A circuit diagram of the circuit is shown
in FIG. 6B. In this inverter circuit, the bottom side gate
electrode is always kept at a potential of the source (Vi in
case of the PMOS and V, in case of the NMOS). Namely,
in a static condition, if Vin is Vy; (i.e., Vout is V,), the
NMOS was in the condition shown in FIG. 311 and the
PMOS was in the condition shown in FIG. 3A. Inversely, if
Vin is V{_ (i.e., Vout is Vi), the NMOS is in the state shown
in FIG. 3A and the PMOS is in the state shown in FIG. 3H,
thereby extremely suppressing the leak current on the sub-
strate side.

[0056] The reason why the leak current may be reduced
only by keeping the bottom side gate electrode at the same
potential as that of the source will be explained hereunder.

[0057] Namely, assume that the drain 61 is higher in
potential than the source 63 in the NMOS as shown in FIG.
6C. If there would be no bottom side gate electrode or even
if there would be the bottom side gate electrode but if the
bottom side gate clectrode 64 would be in a floating state,
lines of electric forces from the drain to the source trans-
verses the active region 62 straightforwardly as shown in
FIG. 6C. However, if the bottom side gate electrode is kept
at the same potential as that of the source, the part of the
electric force lines which would inherently be directed to the
source is attracted toward the bottom side gate electrode and
is curved as shown in FIG. 6D.

[0058] As a matter of fact, since a fixed charge is present
on an interface between the active layer region and the
insulating coating, the state is complicated. Namely, if there
would be no bottom side gate electrode or it would be in the
floating state, the electric force lines would be affected by
the fixed charge (whose polarity is positive) so that electric
force lines having a component directed from the insulating
coating (or the bottom side gate electrode) to the active layer
are generated. Since the pattern of the electric force lines
means that the potential of the insulating film (or the bottom
side gate electrode) is higher than that of the inner side of the
active layer, the electrons will be attracted by the potential
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so that a weak inversion region is formed close to the
insulating film interface. Since this weak inversion region is
continuously generated from the drain to the source, it
causes the leak current.

[0059] On the other hand, in the case where the botiom
side gate electrode is kept at the same potential as that of the
source, even if the stationary charge is present between the
active layer and the insulating film (or the bottom side gate
electrode), since the electric force lines emitted from the
drain have a component toward the bottom side gate elec-
trode, both the electric force lines are cancelled by each
other so that almost no electric force lines are generated
from the bottom side gate clectrode to the active layer
surface. Also, even if the electric force lines having such a
component are partially generated, since the electric force
lines are not generated over all the region between the source
to the drain, there is almost no fear that the leak current will
be generated.

[0060] Thus, by keeping the bottom side gate electrode at
the source potential, it is possible to considerably reduce the
leak current. For example, in the case of the CMOS circuit,
the maintenance current in the static condition is kept
substantially at a sum of the leak currents of the NMOS and
the PMOS. However, in the conventional TFT5, if the drain
voltage is 5V, approximately 1 pA will flow. For example, in
a static RAM of 1 Mbits, there are about two millions of
CMOS inverter circuits, and in order to keep the memory, a
current of about 2 micron A will always flow.

[0061] However, according to the present invention, in
particular, the leak current was considerably reduced, and
the maintenance current for one CMOS inverter was reduced
to 0.01 to 0.1 pA. Thus, the holding current for 1 Mbit
SRAM was reduced to 0.02 to 0.2 micron A. In the case
where the present invention is applied to a non-volatile
memory provided a back-up battery for an SRAM, it is
possible to extend a service life of the battery 1010 100 times
longer than that of the conventional one.

[0062] 1t should be noted that there are inherent capaci-
tances C, and C; of the drain and the source through the
bottom side gate electrode in addition to the capacitance C,
of the gate electrode and the channel which capacitance is
incorporated as a design factor in the conventional CMOS
inverter circuit. The inherent capacitances serve as loads to
reduce the signal transmission speed during the operation of
the inverter and to increase the consumption power. Accord-
ing to the simple calculation, the signal delay time is in
proportion to the sum of C, and C5 and the consumption
power Is in proportion to a four order exponential value of
the sum.

[0063] Accordingly, it is desired to reduce the inherent
capacitances as much as possible. Actually, since the sta-
tionary charge is almost positive, it does not adversely affect
the PMOS. Accordingly, it is effective to use the PMOS
having the same structure as that of conventional ones and
1o apply the bottom side gate electrode according to the
present invention only to the NMOS. In a simple consider-
ation, it is possible to reduce the inherent capacitances 1o
half the ones comprising C, and C;, and accordingly to
reduce the power loss due to the inherent capacitances to one
sixteenth of the level.
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EXAMPLE 2

[0064] A method for producing a crystallized silicon TFTs
according to a high temperature process utilizing the present
invention will be described in the following example. In this
example, both the gate electrode and the bottom side gate
clectrode were formed of doped polysilicon. The manufac-
ture technique is well known as a process for various
semiconductor integrated circuits and hence detailed expla-
nation will be omitted.

[0065] A polyerystal silicon film doped with phosphorus
(n-type impurity) under the same conditions as those ol
Example 1 was formed on the quartz substrate (insulating
substrate) 71 and a patterning process was applied thereto to
form a bottom side gate electrode 72. The film was thermally
oxidized in an oxygen atmosphere to form a silicon oxide
film 73. Thereafter, under the same conditions as those of
Example 1, an amorphous silicon film 74 which had not
been doped with the impurities was accumulated thercon
and the crystallization was grown by a heal anncaling
process. This state is shown in FIG. 7A.

[0066] Subsequently, the patierning process was effected
on the film to form an island-like semiconductor regions
(silicon islands) and a thermal oxidized film 75 was formed
in the same manner as in Example 1. Furthermore, a gate
electrode 77 for an NMOS and a gate electrode 76 for a
PMOS were formed by the doped silicon, and N-type
impurity ions were injected into the island-like semiconduc-
tor region in a self-alignment; manner to form an impurity
region 78. In this case, although N-type impurities (for
example, phosphorus or arsenic) were injected into the
bottom side gate electrode, there was no problem because
the bottom side gate electrode itself is of an N-type. This
state is shown in FIG. 7B.

[0067] Then, a part on the right side of the shown TFT was
covered by photoresist or the like, and the P-type impurity
ions (boron or the like) were injected into a portion of the
silicon film 74 which is not provided on the bottom side gate
electrode 72. Through these steps, the source 79 and the
drain 80 of the PMOS and the source 82 and the drain 81 of
the NMOS were produced. This state was shown in FIG.
7C.

[0068] Thereafter, the photoresist 84 was applied over all
the surface of the article. Holes 85 to 87 were formed at
positions where contact holes were to be formed. Then, in
the same process as in Example 1, the contact holes (open-
ings) 88 to 90 were formed in the insulating layers between
the layers and the gate oxide film (both of which are formed
of silicon oxide) by the isotropic elching process. In any
case, the contact holes were expanded more than the holes
formed in the resist. Furthermore, according to the aniso-
tropic etching process, the silicon layers were etched to the
holes 85 to 87 and with respect to the contact hole 90, the
thin silicon oxide layer below the contact hole 90 was also
etched. The state is shown in FIG. 7.

[0069] Finally, the electrodes 91 to 93 were formed of
metal material as conductive regions. This state is shown in
FIG. 7E. As shown in FIG. 7E, the rear electrode is
clectrically connected with the source of the n-type transis-
tor. The electrode 91 was formed for a high potential, the
electrode 93 was formed for a low potential, and the
electrode 92 was formed for an output terminal to form an
inverter. There is a lear that the inverter thus produced would
have a large leak of the PMOS in comparison with that
according to Example 1. However, in general, the leak
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current of the NMOS according to the present invention was
reduced by one or two digits, whereas the leak current of the
PMOS was improved by about one digit or less. As a result,
even if the present invention was applied only to the NMOS,
the difference in leak current between the NMOS and PMOS
was reduced. Accordingly, the degradation of characteristics
of the CMOS inverter circuit was not particularly observed.

[0070] Inthe CMOS inverter, under the high voltage input
condition (where the NMOS was turned on and the PMOS
was turned off), the leakage current depended upon the
leakage current of the PMOS, whereas under the-low volt-
age input condition (where the NMOS was turned off and the
PMOS was turned on), the leakage current depended upon
the leakage current of the NMOS. In the conventional TFTs,
the leakage current of the NMOS was greater 100 times or
more than that of the PMOS, and when this was applied to
the SRAM circuit, in a single memory cell, any inverter was
in the low voltage input condition (where the NMOS was
turned off and the PMOS was turned on). After all, the
leakage current of the SRAM circuit depended upon the
leakage current of the NMOS.

[0071] Accordingly, in a practical aspect, as in this
example, it was sufficient to reduce the leak current of the
NMOS by one to two digits by providing the bottom side
gate electrode only onto the NMOS. If the bottom side gate
electrode would be provided for both the NMOS and the
PMOS, almost all the leakage current would depend upon
the NMOS. Rather, in consideration of the demerit due to the
inherent capacitances of the bottom side gate electrode and
the drain, it is reasonable to provide no bottom side gate
clectrode onto the PMOS.

[0072] As described above, it was possible to produce the
TFIs having excellent characteristics with little leakage
current. Also, as shown above, it was possible to enhance the
characteristics of the CMOS by combining the TFTs. The
TFTs may be applied to the high speed memory and the high
speed logic circuit as well as liquid crystal displays and
image sensors. The present invention may be applied to
these equipments, and in addition, it is possible to enhance
the various characteristics such as reliability and power
consumption of these devices. In the specific examples, the
high temperature process was taken into consideration and
the specific method for being applied thereto was discussed.
It is apparent that the present invention may be applied to the
low temperature process. Incidentally, in the case where the
low temperature process is used, an anode oxidation process
as shown in Japanese Patent Application Laid-Open Nos
HEI 4-38637 and HEI 4-54322 which are by the present
applicants may be effectively utilized.

[0073] Also, the TFTS are used in a conventional monoc-
rystal integrated circuit. However, apparently, it is possible
to use the TFTs according to the present invention instead of
the regular MOS transistors to further enhance the charac-
teristics of the circuit rather than the conventional auxiliary
purpose. Thus, the industrial evaluation of the present inven-
tion is large.

What is claimed is:
1. A semiconductor device comprising:
a substrate having an insulating surface;
a semiconductor layer formed over said insulating sur-
face;
a pair of impurity regions formed in said semiconductor
layer;
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a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions, and

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region.

2. A semiconductor device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region, and

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region.

3. A semiconductor device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second electrode is overlapped with one of
said pair of impurity regions and said sccond gate
clectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode extends beyond a
boundary of one of said pair of impurity regions and
said channel region to overlap said channel region
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partially and said second gate electrode does not extend
beyond a boundary of the other of said pair of impurity
regions and said channel region, and

wherein said first gate electrode is overlapped with an
entire portion of said channel region.
4. A semiconductor device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to first said gate electrode,

wherein said second electrode is overlapped with one of
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate clectrode extends beyond a
boundary of said source region and said channel region
to overlap said channel region partially and said second
gale electrode does not extend beyond a boundary of
said drain region and said channel region, and

wherein said first gate clectrode is overlapped with an
entire portion of said channel region.
5. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said electronic device is a liquid crystal display
device.
6. An clectronic device comprising:

a substrate having an insulating surface;
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a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurily regions;

a first gate clectrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said electronic device is a logic circuit.
7. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
clectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said electronic device is a memory.
8. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent 1o one side of said channel
region; and
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a second gale electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said electronic device is a liquid crystal display
device.
9. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,,

wherein said second gate clectrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said clectronic device is a logic circuit.

10. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-

conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second



US 2002/0027249 Al

gale electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
and

wherein said electronic device is a memory.
11. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent 1o one side of said channel
region; and

a second gate clectrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second electrode is overlapped with one of
said pair of impurity regions and said second gate
¢lectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode extends beyond a
boundary of one of said pair of impurity regions and
said channel region to overlap said channel region
partially and said second gate electrode does not extend
beyond a boundary of the other of said pair of impurity
regions and said channel region,

wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said electronic device is a liquid crystal display
device.
12. An electronic device comprising:

a substrale having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate elecirode adjacent to one side of said channel
region; and

a second gate clectrode adjacent to the other side of said
channel region opposed to said first gate electrode,

wherein said second electrode is overlapped with one of
said pair of impurity regions and said second gate
clectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode extends beyond a
boundary of one of said pair of impurity regions and
said channel region to overlap said channel region
partially and said second gate electrode does not extend
beyond a boundary of the other of said pair of impurity
regions and said channel region,
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wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said clectronic device is a logic circuit.
13. An electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed 1o said first gate electrode,

wherein said second electrode is overlapped with one of
said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode extends beyond a
boundary of one of said pair of impurity regions and
said channel region to overlap said channel region
partially and said second gate clectrode does not extend
beyond a boundary of the other of said pair of impurity
regions and said channel region,

wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said electronic device is a memory.
14. A electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent 1o one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to first said gate electrode,

wherein said second electrode is overlapped with one of
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate clectrode extends beyond a
boundary of said source region and said channel region
to overlap said channel region partially and said second
gate electrode does not extend beyond a boundary of
said drain region and said channel region,

wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said electronic device is a liquid crystal display
device.
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15. A electronic device comprising:
a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to first said gate electrode,

wherein said second electrode is overlapped with one of
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode extends beyond a
boundary of said source region and said channel region
to overlap said channel region partially and said second
gate electrode does not extend beyond a boundary of
said drain region and said channel region,

wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said electronic device is a logic circuit.
16. A electronic device comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate clectrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to first said gate electrode,

wherein said second electrode is overlapped with one of
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode extends beyond a
boundary of said source region and said channel region
to overlap said channel region partially and said second
gate electrode does not extend beyond a boundary of
said drain region and said channel region,

wherein said first gate electrode is overlapped with an
entire portion of said channel region, and

wherein said electronic device is a memory.
17. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurily regions formed in said semiconductor
layer;
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a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate clectrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a liquid crystal display
device.
18. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate clectrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gale electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a logic circuil.

19. An electronic device comprising at least one thin film

transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and
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a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
clectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a memory.
20. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
clectrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gale clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a liquid crystal display
device.

21. An electronic device comprising at least one thin film

transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,
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wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate clectrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate clectrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a logic circuit.

22. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a pair of impurity regions formed in said semiconductor
layer;

a channel region in said semiconductor layer between said
impurity regions;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with one
of said pair of impurity regions and said second gate
electrode is not overlapped with the other of said pair
of impurity regions,

wherein said second gate clectrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a memory.
23. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,
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wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said conductive layer is grounded, and

wherein said electronic device is a liquid crystal display
device.
24. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent 1o one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said conductive layer is grounded, and

wherein said electronic device is a logic circuit.
25. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent 1o the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gale electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,
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wherein said conductive layer is grounded, and

wherein said electronic device is a memory.
26. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

-

semiconductor layer formed over said insulating sur-
face;

-0

source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and source region are
clectrically connected, and

wherein said electronic device is a liquid crystal display
device.
27. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer;

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and source region are
electrically connected, and

wherein said electronic device is a logic circuit.
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28. An electronic device comprising at least one thin film
transistor, said thin film transistor comprising:

a substrate having an insulating surface;

a semiconductor layer formed over said insulating sur-
face;

a source region and a drain region formed in said semi-
conductor layer,

a channel region in said semiconductor layer between said
source region and said drain region;

a first gate electrode adjacent to one side of said channel
region; and

a second gate electrode adjacent to the other side of said
channel region opposed to said gate electrode,

wherein said second gate electrode is overlapped with
said source region and said second gate electrode is not
overlapped with said drain region,

wherein said second gate electrode is overlapped with a
first portion of said channel region so that a second
portion of said channel region is offset from said second
gate electrode while said first gate electrode is over-
lapped with an entire portion of said channel region,

wherein said second gate electrode and source region are
electrically connected, and

wherein said electronic device is a memory.
29. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate clectrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said electronic device is a liquid crystal display
device.
30. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,
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wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said clectronic device is a logic circuit.
31. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said electronic device is a memory.
32. An electronic device comprising:

at least a p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a liquid crystal display
device.

33. An clectronic device comprising:

at least a p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a logic circuit.
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34. An electronic device comprising:

at least a p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode is grounded, and

wherein said electronic device is a memory.
35. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film thercbetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a liquid crystal display
device.
36. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate clectrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a logic circuit.
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37. An electronic device comprising:

at least p-channel thin film transistor and an n-channel
thin film transistor provided over a substrate having an
insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate clectrode is overlapped with said pair of
impurity regions and said channel region,

wherein said second gate electrode and said one of said
pair of impurity regions are electrically connected, and

wherein said electronic device is a memory.
38. An electronic device comprising:

a CMOS circuit comprising a p-channel thin film transis-
tor and an n-channel thin film transistor provided over
a substrate having an insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate clectrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said electronic device is a liquid crystal display
device.
39. An clectronic device comprising:

a CMOS circuit comprising a p-channel thin film transis-
tor and an n-channel thin film transistor provided over
a substrate having an insulating surface,

wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate clectrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said electronic device is a logic circuit.

40. An clectronic device comprising:

a CMOS circuit comprising a p-channel thin film transis-
tor and an n-channel thin film transistor provided over
a substrate having an insulating surface,
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wherein each of said p-channel thin film transistor and
said n-channel transistor comprises a pair of impurity
regions, a channel region provided between said impu-
rity regions, and a first gate electrode provided over
said channel region with a first gate insulating film
therebetween,

wherein only said n-channel thin film transistor further
comprises a second gate electrode below said channel
region with a second insulating film therebetween,

wherein said gate electrode is overlapped with said pair of
impurity regions and said channel region, and

wherein said electronic device is a memory.

41. The device of claim 1 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

42. The device of claim 1 wherein said substrate is a
quartz.

43. The device of claim | wherein said channel region is
formed of crystalline silicon.

44. The device of claim 1 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

45. The device of claim 2 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

46. The device of claim 2 wherein said substrate is a
quartz.

47. The device of claim 2 wherein said channel region is
formed of crystalline silicon.

48. The device of claim 2 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

49. The device of claim 3 wherein said sccond gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

50. The device of claim 3 wherein said substrate is a
quartz.

51. The device of claim 3 wherein said channel region is
formed of crystalline silicon.

52. The device of claim 3 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

53. The device of claim 4 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

54. The device of claim 4 wherein said substrate is a
quartz.

55. The device of claim 4 wherein said channel region is
formed of crystalline silicon.

56. The device of claim 4 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

57. The device of claim 5 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

58. The device of claim 5 wherein said substrate is a
quartz.
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59. The device of claim 5 wherein said channel region is
formed of crystalline silicon.

60. The device of claim 5 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

61. The device of claim 6 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

62. The device of claim 6 wherein said substrate is a
quartz.

63. The device of claim 6 wherein said channel region is
formed of crystalline silicon.

64. The device of claim 6 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

65. The device of claim 7 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

66. The device of claim 7 wherein said substrate is a
quartz.

67. The device of claim 7 wherein said channel region is
formed of crystalline silicon.

68. The device of claim 7 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

69. The device of claim 8 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

70. The device of claim 8 whercin said substrate is a
quartz.

71. The device of claim 8 wherein said channel region is
formed of crystalline silicon.

72. The device of claim 8 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

73. The device of claim 9 wherein said second gale
clectrode comprises a material sclected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

74. The device of claim 9 wherein said substrate is a
quartz.

75. The device of claim 9 wherein said channel region is
formed of crystalline silicon.

76. The device of claim 9 wherein said first gate electrode
is formed over said semiconductor layer with an insulating
film interposed therebetween.

77. The device of claim 10 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

78. The device of claim 10 wherein said substrate is a
quartz.

79. The device of claim 10 wherein said channel region is
formed of crystalline silicon.

80. The device of claim 10 wherein said first gate elec-
trode is formed over said semiconductor layer with an
insulating film interposed therebetween.

81. The device of claim 11 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.
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82. The device of claim 11 wherein said substrate is a
quarlz.

83. The device of claim 11 wherein said channel region is
formed of crystalline silicon.

84. The device of claim 11 wherein said first gate elec-
trode is formed over said semiconductor layer with an
insulating film interposed therebetween.

85. The device of claim 12 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

86. The device of claim 12 wherein said substrate is a
quartz.

87. The device of claim 12 wherein said channel region is
formed of crystalline silicon.

88. The device of claim 12 wherein said first gate elec-
trode is formed over said semiconductor layer with an
insulating film interposed therebetween.

89. The device of claim 13 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

90. The device of claim 13 wherein said substrate is a
quartz.

91. The device of claim 13 wherein said channel region is
formed of crystalline silicon.

92. The device of claim 13 wherein said first gate elec-
trode is formed over said semiconductor layer with an
insulating film interposed therebetween.

93, The device of claim 14 wherein said second gate
electrode comprises a malterial selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

94. The device of claim 14 wherein said substrate is a
quartz.

95. The device of claim 14 wherein said channel region is
formed of crystalline silicon.

96. The device of claim 14 wherein said first gate elec-
trode is formed over said semiconductor layer with an
insulating film interposed therebetween.

97. The device of claim 15 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

98. The device of claim 15 wherein said substrate is a
quartz.

99. The device of claim 15 wherein said channel region is
formed of crystalline silicon.

100. The device of claim 15 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

101. The device of claim 16 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

102. The device of claim 16 wherein said substrate is a
quartz.

103. The device of claim 16 wherein said channel region
is formed of crystalline silicon.

104. The device of claim 16 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.
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105. The device of claim 17 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

106. The device of claim 17 wherein said substrate is a
quartz.

107. The device of claim 17 wherein said channel region
is formed of crystalline silicon.

108. The device of claim 17 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

109. The device of claim 18 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

110. The device of claim 18 wherein said substrate is a
quartz.

111. The device of claim 18 wherein said channel region
is formed of crystalline silicon.

112. The device of claim 18 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

113. The device of claim 19 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

114. The device of claim 19 wherein said substrate is a
quartz.

115. The device of claim 19 wherein said channel region
is formed of crystalline silicon.

116. The device of claim 19 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

117. The device of claim 20 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

118. The device of claim 20 wherein said substrate is a
quartz.

119. The device of claim 20 wherein said channel region
is formed of crystalline silicon.

120. The device of claim 20 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

121. The device of claim 21 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

122. The device of claim 21 wherein said substrate is a
quartz.

123. The device of claim 21 wherein said channel region
is formed of crystalline silicon.

124. The device of claim 21 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

125. The device of claim 22 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

126. The device of claim 22 wherein said substrate is a
quartz.

127. The device of claim 22 wherein said channel region
is formed of crystalline silicon.
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128. The device of claim 22 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

129. The device of claim 23 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

130. The device of claim 23 wherein said substrate is a
quartz.

131. The device of claim 23 wherein said channel region
is formed of crystalline silicon.

132. The device of claim 23 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

133. The device of claim 24 wherein said second gate
clectrode comprises a malerial selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

134. The device of claim 24 wherein said substrate is a
quartz.

135. The device of claim 24 wherein said channel region
is formed of crystalline silicon.

136. The device of claim 24 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

137. The device of claim 25 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
lungsten.

138. The device of claim 25 wherein said substrate is a
quartz.

139. The device of claim 25 wherein said channel region
is formed of crystalline silicon.

140. The device of claim 25 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

141. The device of claim 26 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

142. The device of claim 26 wherein said substrate is a
quartz.

143. The device of claim 26 wherein said channel region
is formed of crystalline silicon.

144. The device of claim 26 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed thercbetween.

145. The device of claim 27 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

146. The device of claim 27 wherein said substrate is a
quartz.

147. The device of claim 27 wherein said channel region
is formed of crystalline silicon.

148. The device of claim 27 wherein said first gate
electrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

149. The device of claim 28 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

150. The device of claim 28 wherein said substrate is a
quartz.
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151. The device of claim 28 wherein said channel region
is formed of crystalline silicon.

152. The device of claim 28 wherein said first gate
clectrode is formed over said semiconductor layer with an
insulating film interposed therebetween.

153. The device of claim 29 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

154. The device of claim 29 wherein said substrate is a
quartz.

155. The device of claim 29 wherein said channel region
is formed of crystalline silicon.

156. The device of claim 30 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

157. The device of claim 30 wherein said substrate is a
quartz.

158. The device of claim 30 wherein said channel region
is formed of crystalline silicon.

159. The device of claim 31 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

160. The device of claim 31 wherein said substrate is a
quartz.

161. The device of claim 31 wherein said channel region
is formed of crystalline silicon.

162. The device of claim 32 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

163. The device of claim 32 wherein said substrate is a
quartz.

164. The device of claim 32 wherein said channel region
is formed of crystalline silicon.

165. The device of claim 33 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

166. The device of claim 33 wherein said substrate is a
quartz.

167. The device of claim 33 wherein said channel region
is formed of crystalline silicon.

168. The device of claim 34 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

169. The device of claim 34 wherein said substrate is a
quartz.

170. The device of claim 34 wherein said channel region
is formed of crystalline silicon.

171. The device of claim 35 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

172. The device of claim 35 wherein said substrate is a
quartz.

173. The device of claim 35 wherein said channel region
is formed of crystalline silicon.
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174. The device of claim 36 wherein said second gate
electrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsien.

175. The device of claim 36 wherein said substrate is a
quariz.

176. The device of claim 36 wherein said channel region
is formed of crystalline silicon.

177. The device of claim 37 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

178. The device of claim 37 wherein said substrate is a
quartz.

179. The device of claim 37 wherein said channel region
is formed of crystalline silicon.

180. The device of claim 38 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

181. The device of claim 38 wherein said substrate is a
quartz.
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182. The device of claim 38 wherein said channel region
is formed of crystalline silicon.

183. The device of claim 39 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

184. The device of claim 39 wherein said substrate is a
quarlz.

185. The device of claim 39 wherein said channel region
is formed of crystalline silicon.

186. The device of claim 40 wherein said second gate
clectrode comprises a material selected from the group
consisting of a doped polysilicon, chromium, tantalum and
tungsten.

187. The device of claim 40 wherein said substrate is a
quartz.

188. The device of claim 40 wherein said channel region
is formed of crystalline silicon.
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