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SEMICONDUCTOR DEVICE, LIQUID CRYSTAL
DISPLAY, AND ELECTRONIC EQUIPMENT
INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a semiconductor
device, liquid crystal display and electronic equipment
including these, and, more particularly, to a semiconductor
device which is used in an environment exposed to external
light.

BACKGROUND ART

[0002] In general, when a semiconductor circuit is irradi-
ated with light, an electric current is generated in the
semiconductor circuit causing a malfunction. Therefore, in
order to prevent such occurrence of an electric current due
to light in a semiconductor circuit, a mounting form for
packaging the semiconductor circuit to shade it from light
has been basically adopted. Specifically, an IC chip on which
a semiconductor circuit has been formed is mounted on a
circuit board such as a molded material to be packaged, and
a liquid crystal display is formed by connecting the pack-
aged circuit board and an LCD panel substrate by a heat seal.
Alternatively, the liquid crystal display is also formed by
connecting a TCP (Tape Carrier Package) in which an IC
chip is mounted on a tape with a conductive film to the LCD
panel substrate.

[0003] In such a mounting form (TCP or packaged circuit
board), it is possible to shade light with a molded material
at a mounted position.

[0004] However, in the form of a mounting module
referred to as a COG (Chip On Glass) in which an IC chip
is mounted on a side of a LCD panel substrate, the IC chip
is mounted on a glass substrate constituting the LCD panel
substrate, so that the IC chip can not be packaged and also
light can not be shaded.

[0005] The reason will be described in more detail using,
for example, a liquid crystal drive circuit indicated in FIG.
19. An example of a drive circuit for a COG (Chip On Glass)
type of general liquid crystal display is indicated in FIGS.
19A and 19B. A semiconductor circuit used in an environ-
ment exposed to external light is hereinafter referred to as “a
principal circuit”.

[0006] In FIG. 19A, a liquid crystal LC is enclosed
between a transparent glass substrate 1381 and an LCD
panel 1382. A pixel electrode array 1383 (a layer for forming
the pixel electrode array) is formed on the glass substrate
1381. In addition, a principal circuit 1384 which is com-
posed of semiconductor elements such as IC chips is also
formed on the glass substrate 1381. The principal circuit
1384 includes, for example, a shift register circuit, drive
circuit, and power supply circuit. Hereinafter, a power
supply circuit will be used as an example of this principal
circuit.

[0007] FIG. 19B shows a partially enlarged portion of the
principal circuit shown in FIG. 19A. The principal circuit
1384 is mounted on the glass substrate 1381 through an
anisotropic dielectric film (AFC) 1385. Incidentally, a ter-
minal pulled out from the principal circuit 1384 is connected
to an external circuit through a flexible connector, which is
not shown. Furthermore, the principal circuit 1384 is cov-
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ered with an opaque resin layer 1386 for circuit protection
and an aluminum film for a shield, not shown. Therefore, the
principal circuit 1384 is not exposed to direct light from the
upper side of FIGS. 19A and 19B.

[0008] However, a part of the light passing through the
LCD panel 1382(for example, light from back light and
natural light) irradiates the principal circuit 1384 through the
inside of the glass substrate 1381 along a path indicated by
the arrow F in FIG. 19A. Thus, carriers based on this light
are light excited in addition to a usual drive current in the
principal circuit 1384 to generate an unnecessary current
(hereinafter, this current is referred to as “a light excited
current”).

[0009] In order to remove such a disadvantage, it is
conceivable to prevent the occurrence of the light excited
current described above by shading based on the methods of
making the anisotropic conductive film 1385 completely
opaque and incorporating pigment in the anisotropic con-
ductive film 1385.

[0010] However, when an alignment mark is formed on
the surface of the glass substrate 1381 to mount the principal
circuit 1384 formed in an IC chip, the alignment mark will
be hidden by the anisotropic conductive film 1385 when the
IC chip is bonded to the glass substrate, so that it is
impossible to align the principal circuit 1384 and the glass
substrate 1381.

[0011] Moreover, even if the alignment can be performed
advantageously by making the anisotropic conductive film
1385 opaque, the electric and chemical characteristics of the
semiconductor circuit may deteriorate because of the pig-
ment.

[0012] In addition, when the anisotropic conductive film
1385 is depressed in the vertical direction, included metal
particles are caused to contact each other to make the
depressed portion electrically conductive. For this reason, if
a thick anisotropic conductive film 1385 is formed in order
to improve the shading function, the mutual contact of the
metal particles due to depression is not performed advanta-
geously, so that electric conduction can not be assured.

[0013] Next, a circuit configuration of the principal circuit
1384 will be explained. In this case, a power supply circuit
constituting the principal circuit typically has a bias circuit
with outputs of Voutl to Vout5 in multiple stages, for
example, five stages in order to drive an LCD panel and
LCD drive circuit by using a voltage drop method or MLS.
Problems when the light excited current described above is
generated in the power supply circuit will be explained
below with reference to FIGS. 20A and 20B.

[0014] FIG. 20A is a circuit diagram showing a conven-
tional power supply circuit. This power supply circuit is
composed of a multistage connection circuit in which
n-type-FETs 1391 to 1395 are connected in multistage, and
a bias voltage VDD is applied to one end and a voltage V1
is applied to the other. In addition, voltages Vout® and Vout5
are output from both ends of this multistage connection
circuit. Each of the voltages Voutl to Vout 4 is output
through voltage follower circuits Al to A4 from between a
source electrode of FET1391 and a drain electrode of
FET1392, between a source electrode of FET1392 and a
drain electrode of FET1393, between a source electrode of
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FET1393 and a drain electrode of FET1394, and between a
source electrode of FET1394 and a drain electrode of
FET1395, respectively.

[0015] FIG. 20B is a cross-sectional view of the structure
of a portion of the FETs 1391 and 1392 in the power supply
circuit. The FETs 1391 and 1392 are formed on an n-type
substrate 1401. P-type well regions 1402 are formed in the
n-type substrate 1401, and n-type drain regions 1403 and
n-type source regions 1404 are formed in the p-type well
regions 1402. Additionally, gate electrodes 1405 are formed
above and between the n-type drain regions 1403 and n-type
source regions 1404 through an insulation layer not shown.
A voltage VDD is applied to the gate electrode 1405 of the
FET 1391, n-type drain regions 1403, and the n-type sub-
strate 1401. The VDD is also connected to an output
terminal Voutl, and the n-type source region 1404 of the
FET 1391 and the n-type drain region 1403 of the FET 1392
are connected to an output terminal Voutl.

[0016] The connections between the FETs 1392 and 1393,
FETS 1393 and 1394, and FETs 1394 and 1395 are similar
to that between the FETs 1391 and 1392, so that the n-type
source electrodes of the FETs in the front stages are con-
nected to the n-type drain regions and gate electrodes of the
FETs in the later stages. Further, the connection lines for
each FET are connected to output terminals Vout2 to Vout4
through the voltage followers A2, A3, and A4, respectively.

[0017] FIG. 20B shows that external light having an
energy of hv irradiates the back side of the n-type substrate
1401, where h is Planck’s constant and v is ¢/h (c is the
velocity of light and ) is the wavelength). When this external
light (hereinafter, external light is referred to as “hv”) is
irradiated, holes are generated in an n-type substrate region
1406 of the n-type substrate 1401 in accordance with
wavelength ingredients (hvA) of some range in hv. On the
other hand, electrons are generated in the p-type well regions
1402 in accordance with wavelength ingredients (hvB) of
some range in hv. As a result, a part of the holes generated
in the n-type substrate region 1406 exceeds a boundary
between the n-type substrate region 1406 and p-type well
region 1402 to reach the p-type well region 1402. Also, a
part of the electrons generated in the p-type well region 1402
exceeds the boundary described above to reach n-type
substrate region 1406. In FIG. 20B, the light excited elec-
trons generated at this time are designated by “~” and the
light excited currents in the FET1391 and FET1392 are
designated by Thval and Thva2, respectively.

[0018] On the other hand, holes are generated in the n-type
drain regions 1403 and the n-type source regions 1404 in
accordance with wavelength ingredients (hvC) of some
range in hv, and a part of the holes reaches the p-type well
regions 1402. In addition, a part of the electrons generated
in accordance with the wavelength ingredients of some
range indicated by hvB described above reaches the n-type
drain regions 1403 and the n-type source regions 1404. In
FIG. 20B, light excited currents generated at this time in the
FET1391 and FET1392 are indicated by Ihvb and Ihvc,
respectively.

[0019] FIG. 21A is an equivalent circuit of FIG. 20A
when light is not shone and FIG. 21B shows an equivalent
circuit of FIG. 20A when light is irradiated. When light is
not shone, as shown in FIG. 21A, resistance values of
equivalent resistances 1491, 1492, 1493, 1494, and 1495
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between the drain and source of the respective FETs 1391 to
1395 are the same, and the values of the voltage drop in each
of the FETs 1391 to 1395 are kept constant.

[0020] However, when light is shone, as shown in FIG.
21B, equivalent resistances 1491, 1492, 1493, 1494, and
1495 between the drain and source of the respective FETs
1391 to 1395 have substantially different values. That is, the
light excited currents Ihvb and Thvc described above have
substantially the same value and flow in a direction such that
the currents cancel each other, therefore the resistance
values of the equivalent resistances 1491, 1492, 1493, 1494,
and 1495 are not affected. However, the light excited cur-
rents Thval and Ihva2 described above and further light
excited currents Ihva3, Ihva4, and Ihva$5 in the FETs 1393,
1394, and 1395 not shown in FIG. 20B flow between the
voltage terminal VDD and the p-type well region 1402 of
FETs 1391 to 1395, respectively. Accordingly, the balance of
the voltage drop between each drain and source of the FETs
1391 to 1395 may collapse, and a problem may occur
whereby the voltage between the drain and source becomes
larger as a FET is farther from the VDD terminal.

[0021] Thus, when light irradiates the FETs 1391 to 1395,
the lower the currents flowing through these FETs, the more
they increase, making the impedance of each FET uneven,
so that each electric potential of Vout0 to Vout5 is caused to
fluctuate.

[0022] When light is incident on high impedance portions
in this manner, currents due to the light may be generated,
causing the bias to increase, so that incorrect operation may
result, such as the display screen becoming black even
though the characters on the screen are visible.

[0023] There were problems such that data displayed on a
liquid crystal display panel might be transformed, originat-
ing from such voltage fluctuation and, further, the voltage of
analog circuits in the liquid crystal display might be shifted
or an oscillation circuit in the same might be stopped.

[0024] Furthermore, if an LCD driver is not provided with
light resistance to some extent, light may be incident on the
LCD driver, resulting in malfunction, so that the LCD panel
may fail to display. On the contrary, there was a problem that
the LCD panel can not display without light. In this way,
there was a limitation to the display without incorrect
operation in the conventional configuration.

[0025] In addition, even if the mounting form based on a
TCP is adopted, light from the front or side surface can be
intercepted as mounting is performed on the front and side
surfaces, but light from the rear side can not be intercepted,
so that there is the possibility that the same problem as
described above may arise.

[0026] Moreover, in liquid crystal displays, from the view-
point of low power consumption, a low voltage specification
is likely to become a mainstream, so that a power supply
circuit with less voltage fluctuations has been required as
small voltage fluctuations may significantly influence dis-
play operation in liquid crystal displays on which a power
supply is mounted.

[0027] The present invention is made to solve the above
mentioned technical problems, and the object is to provide
a semiconductor device, liquid crystal display, and elec-
tronic equipment including these, in which, even if external
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light irradiates the principal circuit to generate light excited
carriers, malfunction can be prevented by canceling or
reducing the influence of the light excited carriers without
adopting any optical shading means, and display can be well
achieved.

DISCLOSURE OF THE INVENTION

[0028] The semiconductor device according to the present
invention comprises at least one first semiconductor circuit
in which a first current excited by external light is generated.
Further, the semiconductor device is also provided with at
least one second semiconductor circuit which is electrically
connected to said first semiconductor circuit and is excited
by said external light and in which a second current is
generated to cancel a part or all of the voltage fluctuations
produced by a current increment of said first current when
said external light is shone.

[0029] Inventors of the present invention found that, when
carriers were excited in a first semiconductor circuit due to
irradiation by external light, the influence upon any external
circuit or load produced in the first semiconductor circuit
could be canceled or reduced by producing a second current
to cancel a part or all of the voltage fluctuation produced by
the current increment of the first current due to the carriers
by another second semiconductor circuit based on the exter-
nal light, causing the second current to flow into the first
semiconductor circuit.

[0030] A substrate which constitutes the first semiconduc-
tor circuit is generally transparent or translucent, although in
some cases it is opaque. In the present application, the term
“translucent” refers to a degree of light penetration in which,
when carriers are excited by external light in the first
semiconductor circuit, the carriers any influence operation
of the first semiconductor circuit. Further, the external light
includes both natural and artificial light, and it may be
visible or invisible light.

[0031] Furthermore, the first semiconductor circuit may
include other circuits or elements, such as a MOSFET or
MOS diode. The second semiconductor circuit may include
other circuits or elements, such as a MOSFET, diode, or
p-type or n-type resistor. Therefore, the second semiconduc-
tor circuit used when the first semiconductor circuit is
composed of MOSFETS is not necessarily to be MOSFETs,
but may be diodes.

[0032] In addition, the second semiconductor circuit, as
described above, produces the second current which cancels
the first current produced by the first semiconductor circuit.
In this case, the kind of carriers produced as the second
current in the second semiconductor circuit may be the same
or different kinds of carriers produced as the first current in
the first semiconductor circuit. That is, when the first semi-
conductor circuit produces electrons due to external light,
the second semiconductor circuit may produce electrons or
holes. On the contrary, when the first semiconductor circuit
produces holes due to external light, the second semicon-
ductor circuit may produce holes or electrons. For example,
when the first semiconductor circuit is an n-type MOSFET,
surplus electrons are produced by irradiation of external
light. In this case, the second semiconductor circuit may be,
for example, an n-type MOS element or p-type MOS ele-
ment, so that carriers produced by such an element due to
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external light cancels the influence (influence on a circuit
operation) of the above electrons produced by the n-type
MOSEFET.

[0033] Further, when at least one first semiconductor
circuit in a plurality of first semiconductor circuits formed in
the semiconductor device is not substantially influenced in a
circuit operation by carriers produced due to irradiation of
the external light, the first semiconductor circuit is not
required to be provided with the second semiconductor
circuit. Also, in the case where a plurality of first semicon-
ductor circuits is formed in the semiconductor device, one
second semiconductor circuit is not necessarily provided
with one first semiconductor circuit. For example, currents
produced by plural first semiconductor circuits when irra-
diated by the external light, may be canceled by the current
produced by one second semiconductor circuit. On the
contrary, a current produced by one first semiconductor
circuit may be canceled by the currents produced by plural
second semiconductor circuits.

[0034] It is preferable that the first semiconductor circuit
according to the present invention increases voltage due to
the first current, and that the second semiconductor circuit
decreases voltage due to the second current.

[0035] When the voltage fluctuation originating from the
first current in the first semiconductor circuit is increased,
the second semiconductor circuit may be formed to lower
the increased voltage. This method prevents the voltage
fluctuation in the first semiconductor circuit to maintain the
voltage to be constant, so that a malfunction in the first
semiconductor circuit can be prevented.

[0036] Additionally, it is preferable that the first semicon-
ductor circuit according to the present invention decreases
voltage due to the first current and that the second semicon-
ductor circuit increases voltage due to the second current.

[0037] When the voltage fluctuation originating from the
first current in the first semiconductor circuit is decreased,
the second semiconductor circuit may be formed to raise the
decreased voltage. This method prevents the voltage fluc-
tuation in the first semiconductor circuit to maintain the
voltage to be constant, so that a malfunction in the first
semiconductor circuit can be prevented.

[0038] Moreover, the second semiconductor circuit in
accordance with the present invention is preferably disposed
adjacent to the first semiconductor circuit.

[0039] When the external light does not irradiate the first
semiconductor circuit evenly, the first ssmiconductor circuit
should be located as close as possible to the second semi-
conductor circuit. This causes the second current to be
substantially equal to the first current to ensure the cancel-
lation. However, when the external light is irradiated evenly,
the first semiconductor circuit need not be necessarily
located close to the second semiconductor circuit for can-
celing the carriers generated by light excitation in the first
semiconductor circuit.

[0040] Additionally, it is preferable that the first semicon-
ductor circuit of the present invention may include a high
resistance circuit.

[0041] In a high resistance circuit, the magnitude of a
drive current flowing through the circuit inevitably becomes
small. Therefore, when the second semiconductor circuit is
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not formed, the current which is increased in the circuit
becomes large under the influence of the first current,
resulting in frequent malfunctions. Then, in the present
invention, malfunction based on an overcurrent in a high
resistance circuit can be prevented by connecting a second
semiconductor circuit to such a high resistance circuit which
tends to cause malfunction and by canceling a first current
with a second current to reduce the first current due to light
excitation in the first semiconductor circuit, i.e., in the high
resistance circuit.

[0042] Moreover, the first semiconductor circuit according
to the present invention preferably includes an operational
amplifier. Further, the second semiconductor circuit is pref-
erably connected to an output terminal of the operational
amplifier.

[0043] When the first semiconductor circuit is composed
of an operational amplifier, malfunction of the operational
amplifier can be prevented by forming the second semicon-
ductor circuit at its output terminal to cancel the first current
in the operational amplifier with the second current.

[0044] Furthermore, it is preferable that the first semicon-
ductor circuit according to the present invention further
includes a voltage dividing resistance formed at the output
terminal of the operational amplifier, and the second current
with a magnitude to cancel the voltage fluctuations due to
the first current and a current generated at the voltage
dividing resistance.

[0045] When the output terminal of the operational ampli-
fier is provided with a plurality of resistances, the current
which is, in addition to the drive current and the first current,
increased due to the resistances is generated in the first
semiconductor circuit. For this reason, it is preferred that the
second semiconductor circuit have a circuit configuration in
which the second current is set so as to cancel the first
current and the above increment current.

[0046] Furthermore, the first semiconductor circuit
according to the present invention preferably includes a
dynamic type operation circuit and further charging and
discharging means which are connected to an output termi-
nal of the dynamic type operation circuit to charge and
discharge current. It is preferred that the second semicon-
ductor circuit be connected to the output terminal and be
constituted so as to cause the second current to flow toward
the charging and discharging means.

[0047] A holding operation is performed by charging an
electric charge with the charging and discharging means
connected to the output terminal in the dynamic type opera-
tion circuit. Thus, when the first current which is excited due
to external light is generated in the dynamic type operation
circuit during usual operation, an electric charge which is
charged because of this first current in the charging and
discharging means becomes insufficient. Then, the second
current is caused to flow toward this charging and discharg-
ing means from the second semiconductor circuit to com-
pensate for the insufficiency of electric charge in the charg-
ing and discharging means, so that a malfunction in the
dynamic type operation circuit can be prevented.

[0048] In addition, the first semiconductor circuit accord-
ing to the present invention may include switching means.
Furthermore, it is preferred that the second semiconductor
circuit be provided in the switching means.
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[0049] When the first current is generated in the switching
means, the originally intended ON/OFF operation is not
performed exactly, so that various malfunctions are caused,
such that an OFF operation is performed in spite of the ON
state in the switching means or an ON operation is executed
in spite of the OFF state in the switching means. Then, in the
present invention, the second semiconductor circuit is pro-
vided in the switching means, so that the ON/OFF operation
of the switching means can be performed properly and
malfunctions, whereby an OFF operation is performed
although it is originally intended to perform an ON opera-
tion, or an ON operation is performed although it is origi-
nally intended to perform an OFF operation.

[0050] Additionally, the switching means according to the
present invention is preferably formed of a plurality of
transmission gates. Further, it is preferred that the second
semiconductor circuit be provided in each of the plural
transmission gates.

[0051] Therefore, second semiconductor circuits are
formed for each of the transmission gates, so that stepwise
ON/OFF control can be performed.

[0052] Furthermore, it is preferred that the second semi-
conductor circuit according to the present invention be
composed of a junction diode.

[0053] The second current can be produced by using a
simple element such as a junction diode. As a result, it is
possible to form the second semiconductor circuit without a
complex circuit configuration to contribute to high integra-
tion for semiconductor circuit with a reduced occupation
area.

[0054] In addition, the first semiconductor circuit accord-
ing to the present invention preferably includes at least one
first conductive type transistor. Further, the second semi-
conductor circuit preferably include at least one second
conductive type transistor with conductivity opposite to that
of the first conductive type transistor. In addition, it is
preferred to form a complementary relationship between the
first and second conductive transistors.

[0055] When the first semiconductor circuit is a first
conductive type transistor, the first conductive type transis-
tor and the second semiconductor circuit to cancel the
carriers generated by light excitation of the first conductive
type transistor can be formed as a CMOS structure. That is,
one CMOS operates as the first semiconductor circuit and
the other operates as the second semiconductor circuit.

[0056] As an aspect of the present invention, a semicon-
ductor device may comprise a first element of a second
conductive type which is formed in a first region of a first
conductive type formed in a semiconductor substrate and
includes a gate electrode, a source region of a first impurity
region of a second conductive type and a drain region of a
second impurity region of the second conductive type, the
source and drain regions are electrically connected to the
first region and has a conductivity opposite to the first
region. Further, the semiconductor device comprises a sec-
ond element which is formed in the semiconductor substrate
and includes at least a third impurity region of the first
conductive type formed in the vicinity of the first region, the
third impurity region being electrically connected to at least
the first region.
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[0057] When the first element is irradiated by external
light from the rear side of the semiconductor substrate,
carriers are generated in the first region. In addition, carriers
are also generated in the third impurity region of the second
element. The carriers generated in the first element can be
canceled by the carriers in the second element by electrically
connecting the first region and the third impurity region. As
a result, even when the first element is irradiated by external
light, a current in the first element due to the carriers
generated in the first element is prevented, so that a mal-
function in the first element itself and periphery circuits
connected to the first element can be prevented.

[0058] At this time, in the first element, although carriers
are generated toward both the first impurity region and the
first region, these carriers cancel each other in the first
region, so that the generation of carriers at junctions of the
first and second impurity regions and the first region need
not be taken into consideration.

[0059] Furthermore, it is necessary to set up groove depths
of the first region and the third impurity region so as to
cancel each other based on the external light from the front
and rear sides of the semiconductor substrate and on spectral
sensitivity characteristics corresponding to the kind of exter-
nal light.

[0060] In addition, in the present invention, an external
light preferably irradiates from one side of the semiconduc-
tor substrate in which the first, second, and third impurity
regions are not formed. Further, the first element of the
second conductive type is preferably ormed with an n-type
transistor. It is preferred that the third impurity region in the
second element is formed to be larger than the first or second
impurity region in the first element of the second conductive

type.

[0061] Voltage fluctuation can be prevented without pro-
ducing an excessive current in the first element by making
the carriers generated in the second element greater than or
substantially equal to the carriers generated in the first
element.

[0062] Additionally, in the present invention, an external
light preferably irradiates from one side of the semiconduc-
tor substrate in which the first, second, and third impurity
regions are not formed. Further, the third impurity region in
the second element is preferably formed to be such a size
that the amount of carriers produced in the third impurity
region due to the external light is substantially equal to the
amount of carriers produced in the first or second impurity
region in the first element of the second conductive type.

[0063] This can certainly and substantially cancel the
carriers in the first element with the carriers in the second
element to prevent voltage fluctuation.

[0064] Furthermore, in the present invention, a distance
between the third impurity region and the second impurity
region is preferably formed in the minimum size under the
design rules.

[0065] In the cross section structure, the small size of the
layout area provides a semiconductor device which is com-
pact, low cost, and has a significantly small chip area.

[0066] In addition, the third impurity region of the present
invention is preferably formed like a ring around the first and
second impurity regions.
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[0067] Also in the planar structure, the small size of the
layout area can realize the optimal shape of the second
element to contribute to the small size of the chip area.

[0068] Furthermore, in the present invention, an external
light preferably irradiates from one side of the semiconduc-
tor substrate in which the first, second, and third impurity
regions are not formed. Additionally, the first element of the
second conductive type is preferably formed with an p-type
transistor. Further, the third impurity region in the second
element is preferably formed to be smaller than the first or
second impurity region in the first element of the second
conductive type.

[0069] When the first element is formed with the first
conductive type, this can make the amounts of carriers
generated in the first and second elements substantially
equal to perform the cancel operation well.

[0070] A liquid crystal display device according to the
present invention comprises a liquid crystal display panel
including a transparent or translucent substrate. Further, it
includes the semiconductor device described above which is
formed on the same substrate as the liquid crystal display
panel.

[0071] When a semiconductor device is formed with a
semiconductor chip or the like, the semiconductor device is
mounted on a transparent or translucent substrate. In this
way, the semiconductor device can be applied to the liquid
crystal display device, even when it is mounted on a
transparent or translucent substrate.

[0072] A liquid crystal display according to the present
invention incorporates the semiconductor device described
above in a liquid crystal drive circuit which drives pixel
electrodes disposed in a matrix-like pattern of a liquid
crystal display panel.

[0073] Although the semiconductor device described
above is to be placed on a substrate, when the substrate is
composed of materials suitable for forming a semiconductor
layer (such as glass or the like), the semiconductor device is
formed directly on the substrate. In this manner, the liquid
crystal display device applying the semiconductor device
described above can be provided, even when the semicon-
ductor device is formed directly on the substrate.

[0074] Note that the semiconductor devices incorporated
in a liquid crystal drive circuit are preferably applied to high
resistance circuits managing analog signals, such as a power
supply circuit, A/D converter, regulator, operational ampli-
fier, DRAM, and SRAM.

[0075] The electronic equipment according to the present
invention comprises the above described liquid crystal dis-
play. This allows malfunctions resulting from voltage fluc-
tuation due to light, such as transformation of characters
displayed or halting of an oscillation circuit, to be prevented,
thereby providing electronic equipment usable in strong
sunlight in summer or under fluorescent lamps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0076] FIG. 1 is a circuit diagram of a power supply
where a pn junction between an n-type substrate region and
p-type well region is taken into consideration, showing one
embodiment of the semiconductor device according to the
present invention;
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[0077] FIG. 2A is a cross-sectional representation of the
structure of an n-type MOSFET in the power supply circuit
in FIG. 1;

[0078] FIG. 2B is a cross-sectional representation of the
structure of the carrier cancel element in the power supply
circuit in FIG. 1;

[0079] FIG. 3A is a plan view of another embodiment of
the structure of the power supply circuit in FIG. 1, showing
the layout of the structure;

[0080] FIG. 3B is a cross-sectional view of the cross-
sectional structure corresponding to FIG. 3A;

[0081] FIG. 4A is a cross-sectional view for explaining
the cross-sectional structure of the carrier cancel element in
the power supply circuit in FIG. 1, showing when a p+
region is equal to an n+ region;

[0082] FIG. 4B is a cross-sectional view for explaining
the cross-sectional structure of the carrier cancel element in
the power supply circuit in FIG. 1, showing when a p+
region is larger than an n+ region;

[0083] FIG. 5 is a circuit diagram showing an embodi-
ment where the semiconductor device according to the
present invention is applied to an operational amplifier in a
drive circuit in a liquid crystal display;

[0084] FIG. 6 is a circuit diagram showing another
embodiment where the semiconductor device according to
the present invention is applied to an operational amplifier in
a drive circuit in a liquid crystal display;

[0085] FIG. 7 is a circuit diagram showing another
embodiment where the semiconductor device according to
the present invention is applied to an operational amplifier in
a drive circuit in a liquid crystal display;

[0086] FIG. 8A is a circuit diagram showing an embodi-
ment where the semiconductor device according to the
present invention is applied to a dynamic hold circuit in a
drive circuit in a liquid crystal display;

[0087] FIG. 8B is a timing chart showing the operation of
FIG. 8A;

[0088] FIG. 9A is a drawing where external light irradi-
ates the front surface of a chip constituting a layer structure
in which a p-type well region is formed in an n-type
substrate and an n-type region (n+) is formed in this p-type
well region;

[0089] FIG. 9B is a drawing where external light irradi-
ates from the rear surface of a chip constituting a layer
structure in which a p-type well region is formed in an
n-type substrate and an n-type region (n+) is formed in this
p-type well region;

[0090] FIG. 10 is a graph showing the relationship
between a wavelength 3 of the absorbed external light and
a current Ihv produced at this time in a semiconductor chip
with the structure shown in FIGS. 9A and 9B;

[0091] FIG. 11 is a circuit diagram showing an embodi-
ment where the semiconductor device according to the
present invention is applied to an operational amplifier with
a high impedance resistance;

[0092] FIG. 12 is a circuit diagram showing details of the
trimming circuit of FIG. 11,
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[0093] FIG. 13 is a plan view showing details of the
structure of the transmission gate in FIG. 12;

[0094] FIG. 14A is a plan view showing detail of a layout
where the transmission gate in FIG. 12 is provided with an
Nch high withstand voltage structure;

[0095] FIG. 14B is a cross-sectional view corresponding
to FIG. 14A;

[0096] FIG. 14C is a circuit diagram when the structure in
FIG. 14A is expressed with a functional circuit configura-
tion;

[0097] FIG. 15 is a cross-sectional view for explaining a
cross section structure of a carrier cancel element and
MOSFET in the power supply circuit;

[0098] FIG. 16 s a block diagram of electronic equipment
to which the present invention is applied,

[0099] FIG. 17 is a perspective view of a pager to which
the present invention is applied;

[0100] FIG. 18 is a perspective view of a cellular phone
to which the present invention is applied,;

[0101] FIG. 19A is an illustration showing a forming state
of a drive circuit of a conventional COG type of a liquid
crystal display;

[0102] FIG. 19B is an enlarged view of the power supply
circuit in FIG. 19A;

[0103] FIG. 20A shows a conventional power supply
circuit;

[0104] FIG. 20B is a partial illustration of the power
supply circuit in FIG. 20A;

[0105] FIG. 21A is a circuit diagram showing an equiva-
lent circuit of the power supply circuit in FIG. 19A when
light is not being shone; and

[0106] FIG. 21B is a circuit diagram showing an equiva-
lent circuit of the power supply circuit when light is shone.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0107] The embodiments where the present invention is
applied to a power supply circuit will hereinbelow be
described specifically with reference to the accompanying
drawings.

[0108] [Embodiment 1]
[0109] (Circuit Configuration)

[0110] FIG. 1 is a circuit diagram showing an example
where the semiconductor device according to the present
invention is applied to a power supply circuit in a liquid
crystal drive circuit. In this example, the power supply
circuit is, as in FIGS. 19A and 19B, formed on a glass
substrate.

[0111] The power supply circuit 1 of this example, as
shown in FIG. 1, roughly comprises a first semiconductor
circuit 2 and a second semiconductor circuit 3 which is
electrically connected to the first semiconductor circuit 2.

[0112] The first semiconductor circuit 2 produces first
currents Thva (Ihval to Ihvad) which are excited by an
external light, and comprises a multistage connection circuit
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10 in which a plurality of, for example five, first elements
which functions as resistors in a high resistance circuit, that
is, n-type MOSFETs 11 to 15 as semiconductor elements for
a principal circuit are connected in multistage and a plurality
of, for example four, voltage follower circuits Al to A4
which are connected between the source and drain of each
of n-type MOSFETs 11 to 15 and output terminals from
which voltages Voutl to Vout4 are output. Incidentally, in
the circuit of FIG. 1, for convenience of discussion, np
Junctions between n-type substrate and p-type well region of
each of the MOSFETs 11 to 14 are designated by diodes 111,
121, 131, and 141. A cross section structure including these
will be explained later.

[0113] The second semiconductor circuit 3 produces sec-
ond currents Ihvb (Ihvbl to Thvb4) to cancel a part or all of
the voltage fluctuation produced by the current increment of
the first currents Ihva (Ihval to Ihva4) during irradiation by
the external light, and comprises a plurality of, for example
four, second elements, that is, diodes 101 to 104 as carrier
cancel elements. Incidentally, the second currents Ihvb
(Ihvbl to Ihvb4) are excited based on the external light same
as which produces the first currents Ihva (Thval to Ihvad4).

[0114] Furthermore, although the power supply circuit 1 in
this example adopts a configuration where, for example, six
levels of voltages Vout( to Vout6 are output in order to drive
a liquid crystal display panel using the voltage drop method,
however, depending on the size of the liquid crystal display
panels, the first semiconductor circuit 2 and second semi-
conductor circuit 3 can be formed to output various voltage
levels.

[0115] TFurther, the liquid crystal drive circuit can be
constituted so that a bias voltage can be changed under a
reduced current state by making the n-type MOSFETs 11 to
15 a high resistance circuit in order to reduce the power
consumption.

[0116] In addition, as current flows in only one channel out
of the three channels in the MOSFETs 11 to 14, the same
characters can be collected at one terminal.

[0117] Incidentally, as the current flows only when light is
shone, under external light, such as fluorescent lamps, the
brightness is approximately 700 1x, so that the light excited
current is not increased. When the flash of a camera occurs
or a liquid crystal display panel is brought to just below the
fluorescent lamps, the brightness is approximately 50,000 Ix,
and under a sunbeam, the brightness is approximately 100,
000 1x. In these cases the light excited current may flow.
Therefore, it is sufficient that a malfunction is prevented
only when strong light is shone. On the contrary, in the case
of weak light, a liquid crystal display panel is invisible, so
that countermeasures are not required.

[0118] The bias voltage VDD is applied to one end of the
multistage connection circuit 10 and V1 is applied to the
other end. Also, the voltages Vout0 and VoutS are output
from both ends of the multistage connection circuit 10. The
voltages Voutl to Vout4 are output through voltage follower
circuits Al to A4 from between the source of the MOSFET
11 and the drain of the MOSFET 12, between the source of
the MOSFET 12 and the drain of the MOSFET 13, between
the source of the MOSFET 13 and the drain of the MOSFET
14, and between the source of the MOSFET 14 and the drain
of MOSFET 15.
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[0119] Incidentally, as will be explained in FIG. 2A, each
of the MOSFETs 11 to 14 is constituted so that a p-type well
region is formed in an n-type substrate and, further, an
n-type drain region and an n-type source region are formed
in this p-type well region. Also, in this embodiment, as will
be explained in FIG. 2B, the diodes 101 to 104 which serve
as carrier cancel elements made by forming n-type regions
in the p-type well regions and correspond to the MOSFETs
11 to 14, respectively, are provided.

[0120] In FIG. 1, ecach of the cathodes K of the diodes 101
to 104 is connected to the input terminal of each of the
voltage follower circuits Al to A4, and each of the anodes
A is connected to the V1 terminal.

[0121] (About Cross Section Structure)

[0122] FIGS. 2A and 2B are cross-sectional views show-
ing structures of the MOSFETs and carrier cancel elements
in the power supply circuit described above. In FIG. 2A, the
MOSFET 11 is formed in an n-type substrate 28. P-type well
regions 22 are formed in the n-type substrate 28, and n-type
drain regions 23 and n-type source regions 24 are formed in
these p-type well regions 22. Additionally, gate electrodes
25 are formed through insulation layers, not shown, which
gate electrodes 25 are above and between the n-type drain
regions 23 and n-type source regions 24. VDD is applied to
the gate electrode 25, n-type drain region 23, and n-type
substrate 21 of the MOSFET 11. This VDD is connected to
the output terminal of Vout0, and the n-type source region 24
of the MOSFET 11 and the n-type drain region 23 of the
MOSFET 12 are connected to the output terminal Voutl.

[0123] As for the connections between the MOSFET 12
and the MOSFET 13, between the MOSFET 13 and the
MOSFET 14, and between the MOSFET 14 and the MOS-
FET 15, as with the connection between the MOSFET 11
and the MOSFET 12, the n-type source electrode of the front
stage MOSFETs is connected to the n-type drain region and
the gate electrode of the rear stage MOSFETSs. Further, each
connection line of MOSFETs is connected to the output
terminals Vout2 to Voutd4 through the voltage follower
circuits A2, A3, and A4.

[0124] FIGS. 2A and 2B show when external light with
an energy of hv is irradiated on to the rear side of the n-type
substrate 21.

[0125] In addition, the output voltage (Vout2 to Vout4)
terminals to A2, A3, and A4, and terminals a2 to a4, in which
the diodes 102 to 104 shown in FIG. 2B are connected to
cathode terminals b2 to b4, are pulled out from each line.

[0126] FIG. 2B shows that the diodes 101 to 104 are
formed in the n-type substrate 21. Each of the diodes 101 to
104 is made by forming an n-type region in the p-type region
26. Voltage V1 is applied to each p-type region 26 (i.e., each
anode A of the diodes 101 to 104), and the terminals bl to
b4 (which are connected to the terminals al to a4 in FIG.
2A) are pulled out from each n-type region (cathodes K of
diodes 101 to 104 in FIG. 2A).

[0127] Next, the flow of the current (carriers) based on the
light excitation when light is shone will be explained.

[0128] In FIG. 2A, when the external light hv is shone on
to the rear side of the n-type substrate 21, for example in the
MOSFET 11, a bias current Ibias tends to increase by the
current Thval as the first current due to light excitation by
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electrons generated in the p-type well region 22. On the
other hand, the external light hv also irradiates the diodes
101 to 104 shown in FIG. 2B. By this external light hv,
electrons are generated in the p-type well region 26 to
produce the current Ihvbl as the second current, for
example, in the diode 101.

[0129] At this time, as shown in FIG. 2A, when the
current Thval is generated in the p-type well region 26 in the
n-type MOSFET 11, the current Ihval flows toward a node
al (bl), so that the potential of, for example, the node al
(b1) tends to increase by the current increment. On the other
hand, when the current Ihvbl is generated in the p-type well
region 26 of the diode 101, as shown in FIG. 2B, the current
Ihvbl flows from the anode A of the diode 101 to V1. That
is, in the circuit diagram in FIG. 1, by causing the current
to flow Thval from the n-type MOSFET 11 to the node al
(b1), although the potential of the node al. (bl) rises, by the
flow of the current Ihvbl from the anode A in the diode 101,
the potential of the node al (bl) is lowered.

[0130] Therefore, when the current Ihval is substantially
equal to the current Ihvbl, the current Ihvbl acts as if
canceling the current Thval. As a result, the potential of the
node al (bl) can be maintained at a stable because of
constant potential without fluctuation, and even when the
current Thval due to light excitation is produced in the
MOSFET 11, the potential of the output terminal Voutl can
be made stable to always maintain the desired potential
value.

[0131] Similarly, even when light excited currents Thva2
to Thva4 are generated in the MOSFETs 12 to 14, each
potential of the nodes a2 (b2) to a4 (b4) can be maintained
constant by the light excited currents Thvb2 to Thvb4 pro-
duced in the diodes 102 to 104. Therefore, as the potentials
of the output terminals Voutl to Vout4 can be maintained
constant, the potential of, for example, scan lines or data
lines of a liquid crystal display panel connected to the output
terminals Voutl to Vout4 can be raised constantly, regardless
of light irradiation, to drive the liquid crystal display panel
well.

[0132] (About the Position in the Cross Section of the
Carrier Cancel Element)

[0133] Next, some considerations to specify the positional
relationship in the cross section between the diode 101 and
the MOSFET 11 will be explained. It is preferred that the
positions of the diodes 101 to 104 be arranged close to the
MOSFETs 11 to 14. The reason is that, when the diode 101
is formed at a distance from the position where the MOSFET
11 is formed, the diodes 101 and MOSFET 11 are not
irradiated by the same kind of light with the same light
intensity and spectral sensitivity characteristics, so that the
current Thval can not be formed substantially equal to the
current Thvbl, making it impossible to cancel the voltage
fluctuation. Therefore, both elements are preferably
arranged within the range of the external light to be shone,
and more preferably arranged in the same position.

[0134] One example where the diode 101, which is the
second element and serves as a carrier cancel element, is
formed in the vicinity of the MOSFET 11 is shown in FIGS.
3A and 3B.

[0135] Asshown in a cross-sectional view in FIG. 3B, the
p-type well 22 is formed in the n-type semiconductor
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substrate 21. In the p-type well 22, the n-type drain region
23 and n-type source region 24, which are high impurity
density regions, and n+ type impurity layers are formed in
a spaced relation. And, on the surface of the n-type semi-
conductor substrate 21, field oxide layers 29 for separating
elements are formed in a spaced relation. In a region which
is above the p-type well 22 and specified by the field oxide
layer 29, the polysilicon gate electrode (G) 25 is formed with
a floating gate through an insulation layer. Moreover, at the
rear face of the field oxide layer 29, a channel stop layer Pst
28 is formed as the reverse stop impurity layer.

[0136] The diode 101 is composed of an n-type region 27,
which is an n+ type impurity layer, and a p-type region 26.
Wire is formed on the gate electrode 25. As shown in FIG.
3, the n-type drain region 24 and the p-type well region 24
of the MOSFET 11 and the p-type region 26 of the diode 101
are electrically connected by wire.

[0137] In addition, the p-type region 26 of the diode 101
is formed at a position which is the main face of the n-type
semiconductor substrate 21 in the MOSFET 101 and is a
boundary face between the p-type well region 22 and the
n-type semiconductor substrate 21. By forming in such a
positional relation, each of the p-type region 26 of the diode
101 and the p-type well region 22 of the MOSFET 11 can be
irradiated by the same kind of light, so that the current Thval
and the current Ihvbl described above can be made sub-
stantially equal to surely prevent the voltage fluctuation.

[0138] This structure can be fabricated in the following
sequential steps of: forming a p-type well region 22 in an
n-type semiconductor substrate 21, forming n+ type impu-
rity layers 23 and 24 in the p-type well region 22, forming
a p+ type impurity layer 26 at the boundary between the
p-type well region 22 and the n-type semiconductor sub-
strate 21, forming an insulating layer on the semiconductor
substrate 21, and forming a floating gate (G) 25 on the
insulating layer. More specifically, forming the n+ type
impurity layers 23 and 24 by the ion implantation method in
the p-type well region 22, forming the p+ type impurity layer
26 by the same method, forming an interlayer insulating
layer on the semiconductor substrate to cover a control gate
(G) 25 and the n+ type impurity layers 23 and 24, and
selectively removing the interlayer insulating layer to
expose the control gate (G) 25, the n+ type impurity layers
23 and 24, and the p+ type impurity layer 26. Then, wire is
formed to electrically connect the n+ type impurity layer 24,
the p+ type impurity layer 26, and the p-type well region 22.

[0139] Note that, the steps described above can be set
independent of an n-type or p-type semiconductor substrate
and rear or front irradiation of the external light. That is,
when a p-type semiconductor substrate is used, the point is
that n-type region of a diode is formed on a principal face of
the p-type semiconductor substrate and at the boundary
region between an n-type well region and a p-type semi-
conductor substrate.

[0140] (About Planar Structure and Layout)

[0141] According to this example, the layout area for
MOSFET can be reduced significantly by minimizing the
distance Xb between the mutually adjacent diodes 101 and
102 which serve as the carrier cancel elements, the distance
between the n-type source region 24 and the p-type region
26, and other relevant distances, shown in FIG. 3B, based on
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the design rules, while securing a high ESD withstand
voltage. As a result, a compact and low-cost semiconductor
device becomes available. Particularly, the smaller layout
area decreases the chip area significantly.

[0142] In particular, in order to respond to the layout, it is
desirable that the p-type region 26 of the diode 101 formed
at the boundary between the p-type well region 22 and the
n-type semiconductor substrate 21 be formed like a ring
around the MOSFET 11, as shown in FIG. 3A. Additionally,
it is also desirable that the distances Xa and Xb, shown in
FIG. 3A, of the ring-like p-type region 26 be as short as
possible. Furthermore, it is preferred that the light-excited
carriers hb be moved as much as possible toward the guard
ring of the p-type well region 22 (in the direction of the
arrow H in the cross-sectional representation of FIG. 3B).
However, when the potential of the p-type well region is
equal to that of the n-type semiconductor substrate, Xb is
preferably short to the extent that parasite PNP bipolar
transistors are not switched ON by incident light. In addi-
tion, it is preferable that at the boundary between the n+
region and the p-type well region, the n+ light guard rings
Xa and Xb shown in FIG. 15 be as short as possible.

[0143] (About the Size of the Carrier Cancel Element on
a Cross Section)

[0144] Next, some considerations to specify the structure
of the p-type region 26 of the diode 11 (the area, groove
depth, etc. of the p-type region 26) will be explained.

[0145] The diodes 101 to 104 are determined in consid-
eration of the sizes of the p-type well region and n-type
region of MOSFETs 11 to 14. The diodes 101 to 104 are
usually so designed that the currents [hvbl, Thvb2, Thvb3,
and Ihvb4 are substantially equal to the currents Ihval,
Ihva2, Thva3, and Ihvad, respectively.

[0146] In other words, it is preferable that both spectral
sensitivity characteristics be substantially equal in order to
cause the currents Ihvbl to Thvb4 to be substantially equal
to the currents Ihval to Ihva4.

[0147] This reason will be explained with reference to the
cross-sectional representation of FIGS. 4A and 4B. When a
vibrating light enters the silicon crystal lattice of a semi-
conductor substrate, light with a long wavelength (for
example, 1100 to 1200 nm or more) passes through the
crystal lattice and the semiconductor substrate because of its
long wavelength, and does not affect the semiconductor
substrate significantly. Light with a wavelength of 400 to
1100 nm collides with the crystal lattice because of its short
wavelength, and is absorbed at the collision point depending
upon the light absorption coefficient. Here, the light absorp-
tion coefficient is defined as a ratio indicating what percent-
age of light energy (wavelength) is absorbed, namely, the
probability of collision of the vibrating light with the crystal
lattice. Accordingly, if the upper, middle and lower layers
are designated, with the top facing the incident light, the
light having the short wavelength (about 400 nm) is
absorbed at the top surface. Light with a wavelength of 600
nm is absorbed in the upper layer of the silicon substrate.
Light having a wavelength of 800 nm is absorbed in the
middle layer of the silicon substrate. Light with a wave-
length of 1100 to 1200 nm passes through the silicon
substrate. In this way, the substrate has the spectral sensi-
tivity characteristics as shown in FIG. 10 in the depth
direction of the pn junction.
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[0148] Accordingly, for example, in the case of an n-type
MOSFET where the p-type well region is formed on the
n-type semiconductor substrate and the n-type region is
formed on this p-type well region, if a light is incident on the
rear side of an n-type semiconductor substrate(FIG. 9B), the
light with the spectral sensitivity characteristics (d) shown in
FIG. 10 is affected between the surface and the middle layer
of the p-type well layer. Light having other wavelength
components is not affected. In this way, the range of influ-
ential wavelength components of light depends upon
whether it involves p-type, n-type, rear side irradiation, or
front side irradiation, or upon the depth from the surface.
Incidentally, a detailed explanation of these theories will be
given later.

[0149] In consideration of this point, for example, in case
of the n-type semiconductor substrate 21, when the rear side
is irradiated by the external light, the spectral sensitivity
characteristics differ, depending upon whether a p-type or an
n-type is involved, even when the pn junction area of the
n-type region 24 is equal to the pn junction area of the p-type
region 26.

[0150] For this reason, as shown in FIG. 4A, the spectral
sensitivity of the n-type region 24 in the depth direction
belongs, for example, to the light wavelength range of 400
nm, and therefore the carrier generation region 24a in the
p-type well region 22 due to the n-type region 24 generated
by the incidence of light is located in the middle region
between the p-type well region 22 and the n-type region 24.
On the other hand, the spectral sensitivity of the p-type
region 26 of the diode in the depth direction belongs, for
example, to a light wavelength range of about 1000 nm, and
therefore the carrier generation region 26a on the n-type
semiconductor substrate 21 due to the p-type region 26, as
shown in FIG. 4A, is formed larger than the carrier gen-
eration region 24a. Therefore, even when the pn junction
area of the n-type region 24 is equal to the pn junction area
of the p-type region 26, the p-type region 26 generates more
current. The same current cannot be generated and the
voltage fluctuation cannot be resolved effectively.

[0151] Furthermore, the carrier generation region differs,
depending also upon the type of light, for example, the
wavelength of fluorescent lamps and that of incandescent
lamps, and complete cancellation is difficult.

[0152] Consequently, as shown in FIG. 4B, the size of the
p-type region 26 which is formed on the n-type semicon-
ductor substrate 21 is at least made smaller than that of the
n-type (drain or source terminal) region 24 so that the
spectral sensitivity characteristics of each region may be
substantially equal. In other words, as shown in FIG. 4B, the
size of the p-type region 26 is smaller than the size of the n+
type impurity layer so that the carrier generation region 24b
of the n+ type impurity layer 24 may be substantially equal
to the carrier generation region 26b of the p-type region 26.
Thus, the value of current generated by the n+ type impurity
layer 24 is equal to the value of current generated by the
p-type cancel element 26, and complete cancellation
becomes possible. Furthermore, this formation also saves
space, resulting in higher area efficiency.

[0153] Additionally, in the case of rear side irradiation,
and when the n-type region as a carrier cancel element is
formed on the p-type semiconductor substrate, it is neces-
sary to make the n-type region larger than the p-type region
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on the MOSFET, from the viewpoint of spectral sensitivity
characteristics described above.

[0154] As described above, in this embodiment 1, it is
possible to make the current flowing between the drain and
the source of the MOSFETs 11 to 15 substantially equal. It
is possible to suppress the inconvenience that the current
flowing between the drain and the source of the MOSFETs
11 to 15, becomes larger at the lower stage in the conven-
tional art. Accordingly, the voltage drop between the drain
and the source of the MOSFETs 11 to 15 does not become
imbalanced. It is also possible to keep the impedance of each
MOSFET constant. In this way, the error of output voltage
Vout0 to VoutS can be prevented, and if any of it, it is very
small.

[0155] Additionally, in this example, the diode as a carrier
cancel element is formed corresponding to a number of
MOSFETs, but the configuration is not limited to this
example. The point is that one or more elements for gener-
ating the second current should be formed so that the
increment of the first current generated by each of plural
MOSFETs may be decreased.

[0156] [Embodiment 2]

[0157] FIG. 5 shows the embodiment 2 where this inven-
tion is applied to an operational amplifier incorporated in the
crystal drive circuit. As shown in FIG. 5, the diode 33a as
the second semiconductor circuit is connected to the output
terminal Vout of the operational amplifier 30 as the first
semiconductor circuit.

[0158] The operational amplifier 30 has a first circuit 31
and a second circuit 32. The first circuit 31 has a CMOSFET
312 and a balance circuit 313. The CMOSFET 312 has a
constant current source 311, a non-reverse input terminal (+)
and a reverse input terminal (-). The second circuit 32 has
a constant current source (load transistor) 321 and a n-type
MOSFET 322. One output terminal (FET having the non-
reverse input terminal (+)) of the CMOSFET 312 is con-
nected to the control terminal of the balance circuit 313,
while the other output terminal (FET having the reverse
input terminal (-)) of the CMOSFET 312 is connected to the
gate of the n-type MOSFET 322. The junction point of the
p-type constant current source 321 and the n-type MOSFET
322 is the output terminal Vout.

[0159] When the circuit of the configuration described
above is irradiated by the external light hv, two MOSFETs
of the CMOSFET 312 function so that the light excited
current of one MOSFET may be canceled by the light
excited current of the other MOSFET. Therefore, the influ-
ence of the external light hv described above on the light
excited current is relatively small.

[0160] However, in the case where the n-type MOSFET
322, is irradiated by the external light hv, the light-excited
current Ihvl flows in the direction to increase the operating
current. In case of a constant current source 321, when the
external light hv is irradiated the light-excited current Thv2
flows in the direction to increase the operating current.
Incidentally, because the constant current source 321 is
smaller than the n-type MOSFET 322, Ihv1 is smaller than
Ihv2.

[0161] For this reason, in this example the diode 33a is
formed at the output terminal Vout of the operational ampli-
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fier 30, with the anode A connected to the output terminal
Vout and with the cathode K to which a voltage of the same
potential as the bias voltage VDD of the current source 32
is applied. When this diode 33aq is irradiated by the external
light hv, it generates the light-excited current IThvC, to be
supplied to the output terminal Vout of the operational
amplifier 30 in this configuration.

[0162] Accordingly, when the diode 334 is not formed, the
potential of 22 output terminal Vout falls by the equivalent
of Thv2 and rises by the equivalent of Ihvl. However, the
relation of IThv1<Ihv2 keeps the potential drop at the equiva-
lent of Ihv2-Ihvl. On the other hand, connection of the
diode 33a cause IhvC to flow toward the output terminal
Vout so that it may cancel the potential drop equivalent to
Ihv2-Ihvl. Consequently, at the output terminal Vout, the
voltage fluctuation due to the light excited current does not
occur. Incidentally, in this case, the diode 334 should be so
designed as to satisfy the equation, [hvC=Ihv2-Ihv1.

[0163] When the relation is Ihvl=Ihv2, it is possible to
design the diode 33b so that it may satisfy the equation,
IhvC=Ihv1-Ihv2. In other words, in this case, the diode 336
is configured so that the cathode K may be connected to the
Vout side terminal and the anode may be connected to the
GND side terminal, as shown in FIG. 6. In this connection,
the current flows and the voltage tends to rise (fluctuate) due
to the current, Ihv2-Thvl. Even so, voltage fluctuation is
prevented, because the current IThvC can suppress the volt-
age which tends to rise.

[0164] [Embodiment 3]

[0165] FIG. 7 is a circuit diagram to show the embodi-
ment 3 of this invention. In this example, two n-type
MOSFETs 341 and 342 are connected in series to the
operational amplifier 30 which is similar to FIG. 5. The load
is the junction resistance of these MOSFETs 341 and 342. In
other words, the first semiconductor circuit is formed by the
operational amplifier 30 and a plural number of the voltage
dividing resistances 341 and 342.

[0166] Moreover, in the circuit shown in FIG. 7, similar to
FIG. 5, the diode 35 is formed at the output terminal T of
the operational amplifier 30, with the anode A connected to
the output terminal T, and with the cathode K to which
voltage of the same potential as the bias voltage VDD of the
current source 321 is applied.

[0167] When the circuit of the configuration described
above is irradiated by the external light hv, it generates the
light-excited current Thv3 in the MOSFETs 341 and 342.

[0168] Accordingly, when the diode 35 is irradiated by the
external light hv, it generates the light-excited current IThvC
which is large enough to cancel the voltage fluctuation at the
node T due to the light-excited current, Ihv2-Ihv1, and also
the voltage fluctuation at the n-type MOSFETs 341 and 342
generated by the light-excited current Thv3. In this case, it is
preferable that the relation should satisfy the equation,
IhvC=Ihv2-Thv1+Ihv3. When the relation is Ihvl<Ihv2+
Ihv3, then the diode 35 can be so designed as to satisfy the
equation, IhvC=lhv2+Ihv3.

[0169] [Embodiment 4]

[0170] FIGS. 8A and 8B show the embodiment 4 in
which the semiconductor device of this invention is applied
to the dynamic operation circuit.
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[0171] As shown in FIG. 8A, the dynamic operation
circuit 50 comprises the following: two p-type MOSFETs 51
and 52 formed on the n-type substrate; a series connection
circuit to two n-type MOSFETs 53 and 54; and the parasite
capacitance C which is-connected to the output terminal
Vout and which serves as the charging and discharging
means. One side of the series connection circuit is provided
with a power supply voltage VDD and the other side thereof
is ground potential.

[0172] Additionally, the clock CK is provided to the gate
terminal of the p-type MOSFET 54 at the power supply
voltage VDD side through the inverter 56 as the polarity
reverse element. The input signal sin is provided to each gate
terminal of the p-type MOSFET 52 and the p-type MOSFET
53.

[0173] In the dynamic operation circuit 50, as shown in
FIG. 8B, the input signal sin is subjected to the dynamic
hold by the parasite capacitance C under the timing of clock
CK in order to output Vout. Here, if the external light hv is
applied, the light-excited current Ihvl is generated in the
p-type MOSFETs 51 and 52, while the light excited current
Ihv2 is generated in the p-type MOSFETs §3 and 54,
resulting in a malfunction of the circuit.

[0174] For this reason, in the dynamic circuit 50 of this
example, the anode A is connected to the output terminal
Vout, and the second semiconductor circuit which is the
diode 55 as the carrier cancel element where the voltage
VDD of the same potential as the power supply voltage
VDD is applied, is formed at the cathode K.

[0175] By this configuration, the voltage fluctuation at the
output terminal Vout is prevented because the diode 55
supplies the current IThvC to the parasite capacitance C to
complement the insufficient charge (Ihv2-Ihv1) of the para-
site capacitance C, when the dynamic operation circuit 50 is
irradiated by the external light hv and the currents Thvl and
Ihv2 are generated.

[0176] [Embodiment 5]

[0177] The guideline for designing the above-mentioned
carrier cancel elements will be explained below. FIGS. 9A
and 9B show the state that the external light hv irradiate the
front and rear sides of a chip of layer structure, where the
p-type well region 62 is formed in the n-type substrate 61,
and the n-type (n+) region 63 is formed in this p-type well
region 62. As shown in FIG. 9A, when the front side of the
chip is irradiated by the light hv, the wavelength component
of 400 to 800 nm is absorbed at the boundary between the
n-type region 63 and the p-type well region 62, and the
light-excited carriers (in this case, positive holes) are gen-
erated. The relationship between the wavelength component
of the external light absorbed and the current Ihv generated
at this time is shown in Characteristics (a) in FIG. 10. The
wavelength component of 400 to 1000 nm is absorbed at the
boundary between the p-type well region 62 and the n-type
substrate 61 (shown by the n-type substrate region 64)
thereunder, and the light excited carriers (in this case,
electrons) are generated. The relationship between the wave-
length component of the external light absorbed and the
current [hv generated at this time is shown in Characteristics
(b) in FIG. 10.

[0178] Moreover, as shown in FIG. 9B, when the rear side
of the chip is irradiated by the light hv, the wavelength
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component of 700 to 1200 nm is absorbed at the boundary
between the n-type substrate region 61 and the p-type well
region 62, and the light-excited carriers (in this case, posi-
tive holes) are generated. The relationship between the
wavelength component of the external light absorbed and
the current Ihv generated at this time is shown in Charac-
teristics (d) in FIG. 10.

[0179] Incidentally, in FIGS. 9A and 9B, xn denotes the
depth of the n-type region 63; Xp, the depth of the p-type
well region 62; and Xs, the thickness of the n-type substrate
61. Here, it is preferable that Xp be 5 to 10 gm and that Xs
be 500 to 600 gm.

[0180] Here, when the light is irradiated onto the chip
front surface, the light current is expressed by the following
equation, at the boundary between the n+ region and the
p-type well region. In these equations, the light current
density is denoted by jp; wavelength of light, i; Planck’s
constant, h; absorption coefficient of silicon, a; incident light
energy, PO; electric charge, q; velocity of light, ¢; diffusion
length of positive hole, Lp; diffusion length of electron, Ln;
and quantum efficiency, n.

Jp={ (Mg PO)/(hC)}*exp{-aXn}*[exp(aLp)-exp{-

a(Xp-Xn)/2}] (Equation 1)

[0181] However, it is preferable that the diffusion length
of positive hole, Lp, be 0.3 to 0.5 um; the diffusion length
of electron, Ln, 30 to 40 um; and the quantum efficiency, 1,
1. Furthermore, at the boundary between the p-type well
region and the n-type substrate region

J'p={}(7vq'1’0)/(hc)}*exp{—am}*[exp(aLp)—eXP{—
Lp}]

aLp (Equation 2)

[0182] When light is irradiated onto the chip rear surface,
the light current at the boundary between the n+ region and
the p-type well region is expressed by the following equa-
tion.

(aLp)-

jp=i(?vq'PO)/(hC)}*eXp{—a(Xs—Xn}*[EXP (Equation 3
quation

exp{-a(XpxXn)/2}]
[0183] Furthermore, at the boundary between the p-type
well region and the n-type substrate region

J'p=E(K'q'PO)/(hC)}*eXp{—a(Xs—XP}*[eXp (alp)- ]

exp{-aln}] (Equation 4)
[0184] Accordingly, it is possible to approximately calcu-
late the groove depth, the surface area, etc. of the well region
of the MOSFET substrate, impurity region, impurity region
of carrier cancel element, etc. by using the equations 1 to 4
and the spectral sensitivity characteristics of equations 1 to
4, depending whether a p-type substrate, n-type substrate,
rear side irradiation, or front side irradiation is involved. The
carrier cancel element can be easily designed with reference
to these results of approximate calculations and the structure
of the MOSFET for the principal circuit.

[0185] [Embodiment 6]

[0186] FIG. 11 shows an application of the carrier cancel
element of this invention to the circuit to trim the input
terminal voltage of an operational amplifier etc. particularly
an operational amplifier which is used for an oscillation
circuit regulator incorporated in a liquid crystal display
device. In the operational amplifier OP1 as shown in FIG.
11, the output voltage Vo is expressed by:

Vo=(1+(Rb/Ra))* Vreg (Equation 5)
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[0187] Here, a first semiconductor circuit 70 has an opera-
tional amplifier OP1 and a trimming circuit 71 which trims
the input terminal (-) voltage of an operational amplifier
OP1. The trimming circuit 71 adjusts the voltage which is
input to one of the input terminals (-) of the operational
amplifier OP1, by changing the resistance values, Ra and
Rb.

[0188] This trimming circuit 71 has, as shown in FIG. 12,
plural multi-stage series resistors R1 to Rn forming a high
resistance circuit, and plural transmission gate 72 (72-11+72-
21972-31+72-41+72-1272-22 . . . ) which serve as the
switching means with a matrix array arrangement to trim the
input voltage to the operational amplifier OP1 and which are
connected between the input terminal (-) of the operational
amplifier OP1 and the plural resistors.

[0189] Diodes 78 (84) as the second semiconductor circuit
and carrier cancel element, are provided at each of the
transmission gate 72 which serve as the plural switching
means. As a result, when the first light excited current is
generated at the transmission gate 72, the essential ON-OFF
function does not work correctly; for example, despite the
ON status of the transmission gate 72, the OFF function may
be performed; or despite the OFF status, the ON function
may be performed, resulting in various kinds of malfunction.
Therefore, in this invention, the diode 78 (84) is installed
within the transmission gate 72. Therefore, the transmission
gate 72 can perform the ON/OFF function correctly and it is
possible to prevent such a malfunction wherein the ON
function is mistaken for the OFF function, or the ON
function is mistaken for the OFF function.

[0190] The planar structure of the transmission gate 72
and the diode 78 (84) is shown in FIG. 13. The transmission
gate 72 is formed, as shown in FIG. 13, by a Pch transistor
part 74, and an Nch transistor part 80 which is provided
symmetrically to the Pch transistor part 74. Further, the Nch
transistor part 80 is slightly larger than the Pch transistor part
74. Additionally, an n+ region 78 which constitutes the diode
is formed like a ring around the Pch transistor part 74.
Furthermore, the p+ region 84 which constitutes the diode is
formed like a ring around the Nch transistor part 80.

[0191] The Pch transistor part 74 has a plural, for example,
two stage polysilicon layer 76 of planar square shape; a p+
region 75 which is formed in this polysilicon layer 76;
plural, for example, three channel stop layer nst regions 77
which are formed between these polysilicon layers 76; and
p+ regions 75 which are formed in these channel stop layer
nst regions 77.

[0192] The Nch transistor part 80 has a plural, for
example, two stage polysilicon layer 82 of planar square
shape; an n+ region 81 which is formed in this polysilicon
layer 82; plural, for example, three channel stop layer pst
regions 83 which are formed between these polysilicon
layers 82; and n+ regions 81 which are formed in these
channel stop layer nst regions 83.

[0193] In this way, in the transmission gate 72, the con-
figuration of the diode as the carrier cancel element is as
follows. For the Nch transistor part 80, the p+ region 84
which constitutes the diode is formed like a ring around the
Nch transistor part 80. For the Pch transistor part 74, the n+
region 78 which constitutes the diode is formed like a ring
around the Pch transistor part 74. In this configuration, the
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carrier cancel element for the transmission gate can be
formed with the minimum size based on the design rule, the
layout area can be significantly small, and high integration
and high density of chips are possible.

[0194] Incidentally, the transistors for the transmission
gate in this example are different from the ordinary transis-
tors shown in FIG. 3. In other words, the transistors shown
in FIG. 13 are two pairs of transistors for high withstand
voltage.

[0195] [Embodiment 7]

[0196] In FIG. 14, the structure of one pair of transistors
for high withstand voltage is shown. As shown in FIG. 14B,
an Nch part 90 of transistors for high withstand voltage has
the following: an n-type semiconductor substrate 97; a
p-type well 96 formed on the n-type semiconductor substrate
97, oxide film for separation of elements spaced and formed
on this p-type well 96; n+ impurity layers 91-1 and 91-2
formed on the surface of an N-type semiconductor substrate
97 of a p-type well 96 between this oxide film; a p+ type
impurity layer 95 which serves as carrier cancel element
formed on the surface of the N-type semiconductor substrate
97, at the boundary between the p-type well 96 and the
N-type semiconductor substrate 97; channel stop layers, nst
and pst, which serve as reverse stop layers and which are
formed on the rear face of the oxide film for separation of the
elements; and a polysilicon gate electrode 92 which is
formed between the central channel stop layers, nst and nst.

[0197] In FIG. 14A, the plan view of the Nch part 90 of
the high withstand voltage transistor having the above-
mentioned cross-sectional structure is shown. As shown in
this figure, a polysilicon gate electrode 92 is formed in the
middle, and oxide film 92 is formed around the polysilicon
gate electrode 91. Further, one pair of n+type impurity layers
91-1 and 91-2 of planar square shape are formed symmetri-
cally with respect to this metal-oxide 91 as the center.
Additionally, the guard ring of the p+ type impurity layer 95
which constitutes the carrier cancel element is formed.

[0198] FIG. 14C shows the circuit diagram of the nch part
high withstand voltage transistor and the p-type cancel
element of the transmission gate having this type of cross-
sectional and planar structures. As is clearly understood in
comparison of FIG. 14C with FIG. 14B, the n+ type
impurity layer 91-1 is the drain region and the n+ type
impurity layer 91-2 is the source region.

[0199] 1In this way, when the diode as the carrier cancel
element is formed on the high withstand voltage transistor,
the p+ type impurity layer 95 which constitutes the diode is
also formed like a ring around the transistor. In this con-
figuration, the carrier cancel element can be formed with
minimum size based on the design rules, the layout area can
be significantly small, and high integration and high density
of chips are possible.

[0200] [Embodiment 8]

[0201] Next, the embodiment of electronic equipment
using the semiconductor device described above will be
explained, using FIGS. 16 to 18.

[0202] The electronic equipment using the semiconductor
circuit including the power supply circuit described above
comprises the following, as shown in FIG. 16: a display
information output source 1000; a display information pro-
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cessing circuit 1002; a display drive circuit 1004; a display
panel such as a liquid crystal panel 1006; a clock generation
circuit 1008; and an LCD power supply circuit 1010. The
display information output source 1000 includes a memory
such as a ROM and RAM, and the tuning circuit which tunes
and outputs the TV signals etc., and it outputs a display
information such as video signals based on a clock from a
clock generation circuit 1008. The display information pro-
cessing circuit 1002 processes and outputs the display
information based on the clock from the clock generation
circuit 1008. This display information processing circuit
1002 may include the following: for example, amplification
and polarity reversal circuit; phase development circuit;
rotation circuit; gamma correction circuit; or clamp circuit
etc. The display drive circuit 1004 includes a scanning side
drive circuit and a data side drive circuit, and displays and
drives the liquid crystal panel 1006. Further, in FIG. 16,
when a drive circuit for a COG (Chip On Glass) type of
liquid crystal display is formed, the semiconductor circuit
including the LCD power supply circuit 1010, the display
drive circuit 1004, and the display panel 1006 are formed on
the same substrate, in hardware configuration.

[0203] Here, when an LCD power supply circuit is formed
by an IC chip ete., the LCD power supply circuit is mounted
on a transparent substrate or a translucent substrate. When
the transparent substrate is of suitable materials (for
example, glass etc.) for formation of the semiconductor
layer, the semiconductor circuit is formed directly on the
substrate, and the LCD drive circuit is incorporated in the
liquid crystal drive circuit which drives the pixel electrode
arranged in a matrix of the liquid crystal display panel.

[0204] In this case, the LCD power source circuit 1010
includes an electronic volume circuit and a boosting circuit
(not shown) in addition to the bias circuit and the voltage
follower circuit mentioned in the embodiment 1 described
above.

[0205] Further, in this example, the LCD power supply
circuit 1010 is used concurrently as the main power supply
circuit which supplies power to each circuit described above.
However, the main power supply circuit which supplies
power to each circuit described above may be installed
separately from the LCD power supply circuit which is used
exclusively for the display panel 1006. In this case, the bias
circuit and the voltage follower circuit described above are
used for the dedicated LCD power supply circuit, and
particularly mounted as an IC in the display drive circuit
1004.

[0206] Furthermore, as electronic equipment of a configu-
ration like this, the following can be listed: a multimedia
compatible personal computer (PC) and engineering work-
station (EWS), a cellular phone, PHS, word processor, TV,
electronic notebook, electronic dictionary, electronic desk-
top calculator, car navigation device, GPS, POS terminal,
device provided with touch panel, etc. As an example, the
pager 1100 shown in FIG. 17 has the following within the
metal frame 1102: a crystal display substrate 1103; a light
guide 1106 provided with a backlight 1106a; a circuit
substrate 1108, as the COG module, on which is mounted
one or plural IC chips 1109 having the semiconductor circuit
including the LCD power supply circuit described above;
first and second shield plates, 1110 and 1112; two elastic
conductors, 1114 and 1116; and film carrier tape 1118. Two
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electric conductors 114 and 116 and the film carrier tape
1118 connect the liquid crystal display substrate 1103 and
the circuit substrate 1108.

[0207] Here, the liquid crystal display substrate 1103 is
composed of liquid crystals sealed between two transparent
substrates, 1104 and 1104b. In this way, the liquid crystal
display panel of at least dot matrix type is composed. It is
possible to form the drive circuit 1004, as shown in FIG. 16,
or additionally the display information processing circuit
1002, on one of the transparent substrates. The circuit which
is not mounted on the liquid crystal display substrate 1103
becomes the external circuit of the liquid crystal display
substrate, and can be mounted on the circuit substrate 1108
in case of FIG. 17.

[0208] FIG. 17 shows the configuration of the pager, and
therefore, a circuit substrate 1108 is necessary in addition to
the liquid crystal display substrate 1103. However, when the
liquid crystal display device is used as a component of
electronic equipment and when the display drive circuit etc.
is mounted on the transparent substrate, then the minimum
unit of the liquid crystal display device is the liquid crystal
display substrate 1103. Alternatively, the liquid crystal dis-
play substrate 1103 which is fixed to a metallic frame 1102
as a housing can be used as the liquid crystal display device
as a component of electronic equipment. Further, in case of
the backlight type, the liquid crystal display substrate 1103
and the light guide 1106 provided with the backlight 1106«
can be incorporated in the metallic frame 1102 to compose
the liquid crystal display device.

[0209] In particular, when the semiconductor device
including the first and second semiconductor circuits
described above is applied to the power supply circuit of the
liquid crystal display panel COG-COF (Chip On Film) etc.,
it is possible to provide a liquid crystal display device which
drives the liquid crystal display panel with stable voltage. In
this way, it is possible to prevent such malfunction as
mutilation of displayed character and shut down of an
oscillation circuit which are caused by the voltage fluctua-
tion due to the light. Thus, it is possible to use the device
under bright summer sunshine and fluorescent lamps. Fur-
ther, the glass substrate may be located on the front surface
and the LCD panel substrate may be located on the rear
surface, while the glass substrate may be located on the rear
surface and the LCD panel substrate may be located on the
front surface.

[0210] Further, FIG. 18 shows a cellular phone 1200. This
cellular phone 1200 has a liquid crystal display device 1210
which incorporates one or plural IC chips 1212 comprising
a semiconductor circuit including the power supply circuit
described above, and an input key 1200. The above-men-
tioned electronic equipment is, for example, portable elec-
tronic equipment using a battery (including a solar battery).
It is preferred that the control means incorporated in such
electronic equipment comprise the following: CPU, oscilla-
tion circuit, frequency dividing circuit, timer, main assembly
power supply circuit for electronic equipment, ROM, RAM,
control circuit, input circuit and output circuit as commu-
nication interface circuit etc. (not shown).

[0211] Further, the above-mentioned liquid crystal display
device can be used for a personal portable information
equipment (a personal digital assistance), one piece of
electronic equipment, in addition to a cellular phone. In this
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case, the information equipment includes IC cards, a simul-
taneous interpretation system, hand writing screen, TV con-
ference system, map information system, data producing
system, etc. These image displays are performed by the
liquid crystal display device of the present embodiment.
Furthermore, it may form an input/output interface unit,
including a speaker, microphone, input pen, earphone, etc.

[0212] Additionally, this invention is not limited to the
above-mentioned embodiments, but can be modified within
the scope of the summary of this invention. For example, it
is not limited to an IC chip incorporating the carrier cancel
element of this example which is mounted on the same
substrate as the liquid display panel, and an IC for the power
supply circuits as the semiconductor device. It may also be
applied to various other kinds of IC chips, for example, a
shift register circuit, drive circuit, A/D conversion circuit,
regulator, operational amplifier, DRAM, SRAM, and other
high-resistance circuits handling analog signals etc.

[0213] Furthermore, the circuit configuration to which the
semiconductor device including the carrier cancel element
of this example is applied may be essentially a circuit
wherein the bias current is small and the resistance is high.
Such a high resistance circuit may include a DRAM,
E*ROM, resistance dividing voltage generator, junction with
driver attached to Pch, series ROM, COG with memory such
as ROM etc. mounted, etc.

[0214] Additionally, when a plurality of first semiconduc-
tor circuits formed in the semiconductor device is not
substantially affected in terms of circuit operation even if the
carriers are generated by the irradiation of external light,
then the first semiconductor circuit does not require an
installation of the second semiconductor circuit. Further,
when a plurality of first semiconductor circuits is formed in
the semiconductor device, it is not always true that one first
semiconductor circuit requires the installation of one second
semiconductor circuit. For example, the current generated
by a plurality of first semiconductor circuits when irradiated
by external light may be canceled by the current generated
by one second semiconductor circuit. Conversely, there may
be a configuration where the current generated by one first
semiconductor circuit is canceled by the current generated
by a plurality of second semiconductor circuits.

[0215] The LCD panel substrate may be transparent or
translucent. Further, the external light irradiated includes
both natural light and artificial light irrespective of visible
and invisible light.

[0216] Further, the first semiconductor circuit may include
other circuits and elements such as a MOSFET and MOS
diode. The second semiconductor circuit may include other
circuits and elements such as a MOSFET, diode, p-type or
n-type resistors,.

[0217] Besides, this configuration is also applicable to
other module forms, for example, a TCP (Tape Carrier
Package) which cannot shield the light irradiating the rear,
although the above description has addressed the configu-
ration of the COG.

[0218] Additionally, the first semiconductor circuit and the
second semiconductor circuit are formed on one IC, but,
depending upon the circumstances, the first semiconductor
circuit and the second semiconductor circuit may be formed
separately.
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[0219] Furthermore, the type of carrier generated as the
second current in the second semiconductor circuit may be
identical to or different from the type of carrier generated as
the first current in the first semiconductor circuit. In other
words, when the first semiconductor circuit generates elec-
trons due to irradiation by external light, the second semi-
conductor circuit may generate either electrons or positive
holes. Conversely, when the first semiconductor circuit
generates positive holes due to irradiation by external light,
the second semiconductor circuit may generate either posi-
tive holes or electrons.

[0220] For example, when the first semiconductor circuit
is the n-type MOSFET, electrons are generated excessively
from irradiation by external light. In this case, the second
semiconductor circuit may be, for example, a n-type MOS
element, a p-type MOS element, etc. The carriers which the
element generates from irradiation by external light cancel
the influence of the above-mentioned electrons generated by
the n-type MOSFET (the influence on the circuit operation).

[0221] Additionally, the second semiconductor circuit
may be connected to the first semiconductor circuit, irre-
spective of the method of connection, so that it may decrease
or increase the voltage and cancel the voltage fluctuation
partially or totally.

[0222] Further, if the external light does not uniformly
irradiate the first semiconductor circuit, it is preferred that
the first semiconductor circuit and the second semiconductor
circuit be arranged as close as possible. If the external light
is uniformly applied, it is not always necessary that the first
semiconductor circuit be arranged close to the second semi-
conductor circuit which cancels the carriers generated by the
light excitation in the first semiconductor circuit.

1. A semiconductor device comprising:

at least one first semiconductor circuit in which a first
current excited by external light is generated; and

at least one second semiconductor circuit which is elec-
trically connected to said first semiconductor circuit
and is excited by said external light and in which a
second current is generated to cancel a part or all of the
voltage fluctuations produced by a current increment of
said first current when said external light is shone.
2. The semiconductor device as defined in claim 1,
wherein: said first semiconductor circuit increases voltage
due to said first current; and

said second semiconductor circuit decreases voltage due
to said second current.
3. The semiconductor device as defined in claim 1,
wherein: said first semiconductor circuit decreases voltage
due to said first current; and

said second semiconductor circuit increases voltage due

to said second current.

4. The semiconductor device as defined in c¢laim 1,
wherein said second semiconductor circuit is disposed close
to said first semiconductor circuit.

5. The semiconductor device as defined in claim 1,
wherein said first semiconductor circuit includes a high
resistance circuit.

6. The semiconductor device as defined in claim 5,
wherein: said first semiconductor circuit includes an opera-
tional amplifier; and
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said second semiconductor circuit is connected to an

output terminal of said operational amplifier.

7. The semiconductor device as defined in claim 6,
wherein: said first semiconductor circuit further includes a
voltage dividing resistance formed at the output terminal of
said operational amplifier; and

said second semiconductor circuit provides said second
current with a magnitude to cancel the voltage fluctua-
tions due to said first current and a current generated at
said voltage dividing resistance.

8. The semiconductor device as defined in claim 35,
wherein: said first semiconductor circuit includes a dynamic
type operation circuit and charging and discharging means
which are connected to an output terminal of said dynamic
type operation circuit to charge and discharge a current; and

said second semiconductor circuit is connected to said

output terminal and is constituted so that said second

current flows toward said charging and discharging
means.

9. The semiconductor device as defined in claim 5,

wherein: said first semiconductor circuit includes switching
means; and

said second semiconductor circuit is provided in said
switching means.
10. The semiconductor device as defined in claim 9,
wherein: said switching means is formed of a plurality of
transmission gates; and

said second semiconductor circuit is provided in each of

said plural transmission gates.

11. The semiconductor device as defined in claim 10,
wherein said second semiconductor circuit is formed of a
junction diode.

12. The semiconductor device as defined in claim 5,
wherein: said first semiconductor circuit includes at least
one first conductive type transistor;

said second semiconductor circuit includes at least one
second conductive type transistor with a conductivity
opposite to that of said first conductive type transistor;
and

a complementary relationship is formed between said first
and second conductive transistors.
13. A semiconductor device comprising:

a first element of a second conductive type which is
formed in a first region of a first conductive type
formed in a semiconductor substrate and includes a
gate electrode, a source region of a first impurity region
of a second conductive type and a drain region of a
second impurity region of the second conductive type,
said source and drain regions are electrically connected
to said first region and has a conductivity opposite to
said first region; and

a second element which is formed in said semiconductor
substrate and includes at least a third impurity region of
the first conductive type formed in the vicinity of said
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first region, said third impurity region being electrically
connected to at least said first region.

14. The semiconductor device as defined in claim 13,
wherein: an external light irradiates from one side of said
semiconductor substrate in which said first, second, and
third impurity regions are not formed;

said first element of said second conductive type is
formed with an n-type transistor; and

said third impurity region in said second element is
formed to be larger than said first or second impurity
region in the first element of said second conductive
type.

15. The semiconductor device as defined in claim 13,
wherein: an external light irradiates from one side of said
semiconductor substrate in which said first, second, and
third impurity regions are not formed; and

said third impurity region in said second element is
formed to be such a size that the amount of carriers
produced in said third impurity region due to said
external light is substantially equal to the amount of
carriers produced in said first or second impurity region
in the first element of said second conductive type.

16. The semiconductor device as defined in claim 13,
wherein a distance between said third impurity region and
said second impurity region is formed in the minimum size
under the design rules.

17. The semiconductor device as defined in c¢laim 13,
wherein said third impurity region is formed like a ring
around said first and second impurity regions.

18. The semiconductor device as defined in ¢laim 13,
wherein: an external light irradiates from one side of said
semiconductor substrate in which said first, second, and
third impurity regions are not formed;

said first element of said second conductive type is
formed with an p-type transistor; and

said third impurity region in said second element is
formed to be smaller than said first or second impurity
region in the first element of said second conductive
type.

19. A liquid crystal display device comprising:

a liquid crystal display panel includes a transparent or
translucent substrate; and

the semiconductor device as defined in claim 1 which is
formed on the same substrate as said liquid crystal
display panel.

20. A liquid crystal display device, wherein the semicon-
ductor device as defined in claim 1 is incorporated in a liquid
crystal drive circuit which drives pixel electrodes disposed
in a matrix-like pattern of a liquid crystal display panel.

21. Electronic equipment, comprising the liquid crystal
display device as defined in claim 19.

22. Electronic equipment, comprising the liquid crystal
display device as defined in claim 20.

* * * * *
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