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ANALOGUE MISFET.WITH THERESHOLD VOLTAGE ADJUSTER

BACKGROUND OF THE INVENTION.
The present invention relates to a MIS (metal-
_iﬁsuiator—éemiconductor) device (including MISFET (metal-
insulator-semiconductor field-effect-transistor) and CCD
(charge-coupied-device) structures), an analogue MISFET using
- MIS device, a threshold voltage correcting method using MIS
device, a potential adjusting method using MIS device, a bias
circuit using MIS device, a charge transfer device using MIS
device, a solid-state imaging device using MIS device and a
charge detecting apparatus using MIS dévice.

More particularly, this ihvention relates to.a MIS -
device in which a threshold voltage or channel potential can be
controlled in an analogue fashion.

This invehtion relates to a method of correcting a
threshold voltage in which a fluctuation of a threshold voltage
between MIS devices of a semiconductor integrated circuit
composed of a plurality of MIS devices can be corrected.

This invention relates to a method of adjusting a
channel potential in which a channel potential of a MIS device
can be adjusted.

This invention relates to a bias circuit in which an
output bias can be set in an analogue fashion.

This invention relates fo a charge transfer device
using é CCD.

This invention relates to a solid-state imaging
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device, such as a CCD solid-state imaging device and an
amplifying-type solid-state imaging dévice.l

| This invention relates to a charge detecting device
used in a solid-state imaging device.

CCD solid-state imaging devices have an imaging region
composed of an n-type semiconductor substrate, a p-type well
region formed on the n-type semiconductor substrate and a
plurality of n-type photoelectric.conversion portions, i.e.,
light-receiving portions formed on the p-type well region in a
matrix fashi&n.

In the above CCD solid-state imaging device, an
allowable amount of signal charges e accumulated in the light-
receiving portion when light becomes incident on the light-

the light-receiving portion is determined by a height of a

potential barrier ¢, of an overflow barrier OFB composed of the

p-type well region as shown in potential distribution diagrams
of FIGS. 1A and 1B. Specifically, if the signal charges e
accumulated in the light-receiving portion exceeds the amount of

signal charges treated by the light-receiving portion, then

extra charges are overflowed through the potential barrier ¢, of

the overflow barrier OFB and discharged to the n-type substrate
forming an overflow drain OFD.

The amount of signal charges treated by the light-

- receiving portion, i.e., the height of the potential barrier ¢,

of the overflow barrier OFB is controlled by a bias voltage
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applied to the n-type substrate forming the overflow drain OFD,

i.e., so-called substrate voltage Vgy. However, according to

this device structure, since device structures are frequently

fluctuated when they are manufactured, the height of the

potential barrier ¢, of the overflow barrier OFB is frequently

fluctuated as shown by a dotted line height ¢, in FIG. 1A.

Therefore, each time devices are manufactured, different

substrate voltages Vg, Vgu' have to be set, respectively.

In the CCD solid-state imaging device, as shown in
FIG. 2, a floating diffusion region FD for converting electric
charges into voltagéé is formed at the succeeding stage of a
horizontal transfer register 1 through a horizontal output gate
portion HOG. There are provided a reset gate portion 2 and a
reset drain region 3 for resetting signal charges transferred to
the floating diffusion region FD at every pixel.

The horizontal transfer register 1 is composed of an
n-type transfer channel region 5 formed on the surface of the p-
type well region 4, for example, a gate insulating film and a
plurality of transfer electrodes 6 [6A, 6B]. The adjacent two

transfer electrodes 6A and 6B are paired. Two-phase horizontal

drive pulses ¢H, and ¢H, are applied to every pair of transfer

electrodes 6 [6A, 6B] and every other pair of transfer

- electrodes 6 [6A, 6B]. A p-type region 7, for example, is

formed on the transfer channel region 5 under each second
transfer electrode 6B by implantation of ions thereby to form a

transfer portion including a storage electrode formed of the
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first transfer electrode 6A and a transfer portion formed of the
second transfer electrode 6B.

The horizontal output gate portion HOG is composed of
the gate insulating film (not shown) and a gate electrode 8
formed thereon through the gate insulating film. A ground
potential is appiiéd to the gate electrode 8. The floating
diffusion region FD is formed of an n-type semiconductor region,
for example, and connected to a charge detector 9 whose detected

output signal is obtained at an output terminal t;. The reset

drain region 3 is formed of an n-type semiconductor'region, for

example, and a reset voltage Vyp, €.g., a power supply voltage
Vpp is applied to the reset drain region 3.

The reset gate portion 2 is composed of the gate

insulating film (not shown) and a gate electrode 10 formed
thereon through the gate insulating film. A reset pulse ¢pg is
applied to the gate electrode 10.

In recent CCD solid-state imaging devices, a driver

circuit for applying the drive pulses ¢H,, ¢H, is incorporated in

the horizontal transfer register 1 and a driver circuit for

applying the reset pulse ¢ps is incorporated in a timing
generator. Moreover, in order to reduce a power consumption, an
amplitude of a pulse is lowered. .

Since an operation point of the reset pulse ¢pg is
determined depending on the power supply voltage Vpp which is

the reset voltage Vgp, there is then the problem that a
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potential under the reset gate portion 2 is fluctuated (shown by

a dotted line in FIG. 2). To solve this problem, a DC bias

value of the reset pulse ¢z has to be set to a desired value for

every device. The DC bias value of the reset pulse ¢z is set by

an external circuit (i.e., so-called bias circuit). When the

driver circuit for applying the reset pulse ¢ge is incorporated

within the timing generator, the DC bias value of the reset

pulse ¢pg is digitally set in a so-called phasé-cut fashion.

Further, an amplifying type solid-state imaging device

is known as a solid-state imaging device. The amplifying type

solid-state imaging device accumulates photoelectrically-

converted holes "(signal charges) in a p-type well region of an
n-channel MOS (metal-oxide-semiconductor) transistor and outputs
a change of channel current based on a potential fluctuation
(i.e., potential change in the back-gate) in the p-type well
region as a pixel signal. An n-type well region is formed on a
p-type substrate and the p-type well region in which signal
charges are accumulated. This amplifying type solid-state
imaging device also has to set a substrate voltage.

On the other hand, there is known an ultraviolet-
light-erasure ROM (read-only memory) having a gate insulating
film formed of an SiN film to memorize data by controlling a
potential. - FIG. 3 shows an example of such ultraviolet-light-
erasure ROM. As shown in FIG. 3, a p-type region 11 has an n-
type source region 12 and an n-type drain region 13 formed on

its surface. A gate electrode 17 made of polycrystalline
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silicon, for éxample, is formed between the n-type source region
12 and the n-type drain region 13 through a gate insulating film
16 composed of a silicon oxide film 14 and a silicon nitride
film 15. Electrons or holes are accumulated in the silicon
nitride film 15 to achieve a memory effect. However, this ROM
can be turned on and_off in a digital fashion. Therefore, when
the SiN layer and the gate electrode contact with each other,
injected electric charges e' tend to be leaked to the gate
portion and a DC bias of this ROM cannot be controlled in an
analogue fashion. |

Although CCD solid-state imaging devices are products
using a potential 6f a so-called MIS device, the potential of
the MIS device is difficult to be controlled and hence
manufactured products of the CCD-solid—state.imaging devices are
not uniform in potential. The potential shift has heretofore
been avoided by controlling a bias applied from the outside.
The same assignee of this application has previously proposed a
method in which a fluctuation of potential is measured and
adjusted selectively forcibly. The aforesaid ROM is known as
the MIS_device whose operation point can be changed later. This
ROM can be operated in a digital fashion and therefore a
potential cannot be adjusted in an analogue fashion.

SUMMARY OF THE INVENTION

In view of the aforesaid aspects, it is an object of
the present invention to provide a metal-insulator-semiconductor
(MIS) device and a solid-state imaging device using the MIS

device in which a potential need not be adjusted from the
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outside, a setting of a DC bias voltage used upon resetting

need not be adjusted from the outside and in which a setting of

~ a substrate voltage need not be adjusted from the outside.

It is another object of the present invention to
ptovide a charge transfer device and a charge detecting device

using the above MIS device which can be applied to a solid-state

Aimaging device.

It is a further object of the present invention to

provide a bias circuit using the above MIS device which can set

.a bias value of a solid-state imaging device.

It is a yet further object of the present invention to
provide an analogue MISFET (metal-insulator-semiconductor field-
effect-transistor) using the above MIS device which can be
applied to an analogue circuit.

It is a still further object of the present invention
to provide a threshoid voltage correcting method using the MIS
device in which fluctuations of threshold values between the MIS
devices and a channel potential adjustment method using the MIS
device in which a channel potential of MIS device can be
adjusted.

According to a first aspect of the present invention,.
there is provided a metal-insulator-semiconductor (MIS) device
which is comprised of a semiconductor layer, a gate electrode
formed on the semiconductor layer, and a gate insulating film
formed between the semiconductor layer and the gate electrode,
the gate insulating film holding electric charges to adjust a

threshold voltage or a channel potential.
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According to a second aspect of the present invention,
there is provided a method of adjusting a threshold voltage of a
MIS device of é semiconductor integrated circuit composed of a
plurality of MIS devices. This method comprises the step of
injecting electric charges into a gaté_insulating film so as to
correct fluctuations of threshold voltages between the MIS
devices.
| According to a third aspect of the present invention,
there is provided a method of adjusting a channel potential of
a MIS device. This method comprises the steps of comparing a
channel potential of a MIS device with a reference value, and
injecting electric charges for correcting a difference between
the channel potential and the reference value into a gate
.insulating film of the MIS device.

According to a fourth aspect of the present invention,
there is prbvided a biaé circuit which is comprised of a load
resistor and a MIS field effect transistor connected in series
between first and second potentials, wherein the MIS field
effect transistor has a gate insulating film into which electric
charges for adjusting a channel potential are injected thereby
to adjust a threshold voltage of the MIS field effect
transistor. |

According to a fifth aspect of the present invention,
there is provided a method of adjusting a bias circuit having a
load resistor and a MIS field effect transistor connected in
series between first and second potentials. This method

comprises the steps of adjusting a channel potential by



injecting electric charges into a gate insulating film of a MIS
field effect transistor, and setting said MIS field effect
transistor in the enhancement mode after the adjustment process.

' According to a sixth aspect of the present invention,
there is provided a charge transfer device which is comprised of
a charge transfer portion, a floating capacitot for accumulating
electric charges transferred by the charge transfer portion, a
reset transistor for setting a potential of the floating
capacitor to a predetermined potential, and a bias circuit for
generating a bias voltage supplied to a control electrode of the
reset transistor, wherein the bias circuit includes a load and a
MIS field effect transistor connected in series between the first
and second potentials and the.MIS field effect transistor has ai
gate insulating film into which electric charges for adjusting a
channel potential are injected. _

In accordance with a seventh aspect of the present
invéntion, there is provided a solid-state imaging device which
is comprised of a plurality of pixels, means for outputting
signals obtained from the pixels, a discharge means for
discharging unnecessary signals of the pixels, and a bias circuit
for generating a control voltége to control a discharge operation
of the discharge means, wherein the bias circuit includes a load
resistor and a MIS field effect transistor connected in series
between first and second potentials and the MIS field effect
transistor has a gate insuléting film into which electric:charges

for adjusting a channel potential are injected.
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In accordance with an eighth aspect of the present

invention, there is provided a charge detecting device which is
| comprised of a floating capacitor for accumulating signal
charges, a detecting circuit for detecting signal charges
accumulated in the floating capacitor, and a MIS field effect
transistor for resetting a potentiai of the floating capacitor to
a predetermined potential, the MIS field effect transistor having
a gaté insuiating film into which electric charges of a
predeterminea amount are injected. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a potentiai diagram-showing signal charges
accumulated in the substrate when a light-receiving portion of a
CCD solid-state iﬁaging device réceives light and showing
measured results of a height of a potential barrier before a
substrate voltage is adjusted;

FIG. 1B is a.potential diagram.shbwing measured results
of a height of a potential barrier after a substrate voltage is
adjusted;

fIG. 2 is a schemétic diagram showing a main portion of
a CCD solid-state imaging device; )

FIG. 3 is a schematic cross-sectional view showing an
example of an ultraviolet-light-erasure read-only memory (ROM);

FIG. 4 is a schematic cross-sectional view showing a
metal-insulator-semiconductor (MIS) device according to an
embodiment of the present invention; |

FIG. 5 is a schematic cross-sectional view used to

explain a potential shift operation of an n-channel MIS device
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according to the present invention;

FIG. 6 is a schematic cross-séctional view used to
explain a potential shift operation of a p-channel MIS device
according to the presenf invention;-

FIG. 7 is a schematic plan view showing an example of
a CCD solid-state imaging device according to the present
invention; |

FIG. 8 is a cross-sectional view taken through the
line VIII - VIII in FIG. 7;

. FIG. 9 is a cross-sectional view taken through the
line IX - IX in FIG. 7;

"FIG. 10 is a schematic diagram including a potential
distribution diagram used to explain how to adjust a potential
in'a reset gate portion of the CCD solid-state imaging device;

FIG. 11A is a circuit diagram showing an example of a
.source~follower bias circuit according to the present_invention{

FIG. 11B is a circuit diégram shoWing another example
of the source-follower bias circuit according to the present
invention; .

FIG. 12 is a schematic diagram showing a main portion
of a CCD solid-state imaging device using the bias circuit shown
in FIG. 11A or 11B according to the present invention;

FIG. 13 a circuit diagram of a circuit used to explain
the present invention;

FIG. 14 is a circuit diagram showing an equivalent
circuit obtained after a potential in the circuit shown in FIG.

13 has been adjusted;
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FIG. 15 is a characteristic graph showing measured
results of voltagé versus current characteristics in the
equivalent circuit shown in FIG. 14;

FIG. 16 is a circuit diagram showin§ an example of a
bias circuit composed of a number of MIS transistors connected
in series; .

FIG. 17 is a circuit diagram showing an example of an
invefter-type bias circuit according to the present invention;

FIG. 18 is a circuit diagram showing another example
of an inverter-type bias circuit accqrding to the present
invention;

FIG. 19 is a circuit diagram showing a bias circuit
according to another embodiment of the present invention:

FIG. 20 is a circuit diagram showing a bias circuit
according to still another embodiment of the present invention}

FIG. 21 is a circuit diagram showing a bias circuit
according to a further embodiment of the present invention;

FIG. 22 is a flowchart to which reference will be made
in explaining an operation of a potential adjustment system
using a pulse amplitude modulation accordiﬁg to the present
invention; | |

FIG. 23 is a flowchart to which reference will be made
in explaining an operatidn of a potential adjustment system
using a pulse width modulation system according to the present
invention;

FIG. 24 is a cross-sectional view showing an example

of a pixel metal oxide semiconductor (MOS) transistor in an
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amplifying type solid-state imaging device according to the
present invention; and
FIG. 25 is a potential distribution diagram showing
potentials obtained when the amplifying type solid-state imaging
device shown in FIG. 24 is read out and reset.
DETAILED DESCRIPTiON OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will hereinafter
be described with reference to the drawings.

Initially, a device having a metal (electrode)--
insula;or—semiconductor structure, i.e., so-called MIS device
according to an embodiment of the present invention will be
described. The MIS device according to this embodiment can set

a potential or a threshold voltage Vi, under the gate in an

analogue fashion by controlling an amount of signal charges,
such as electrons and holes, accumulated in a gate insulating
film, in particular, a'nitride film in an analogue fashion.

FIG; 4 is a cross-sectiénal view showing an inventiﬁe
MIS device applied to a MISFET by way of example.

As shown in FIG. 4, a MISFET 21 according to this |
embodiment has a first conductivity-type (e.g., n-type or p-
type) semiconductor region (semiconductor well and semicohductor
" base) 22 on which major surface there are formed second |
cohductivity-type (p-type or n-type) source region 23 and drain
region 24. Then, a gate insulating film 25 having a three-layer
structure is formed by laminating an 6xide film, e.g., silicon

oxide film (SiO;) 26, a nitride film, e.qg., silicon nitride film |

(SiN) 27 and an oxide film, e.g., silicon oxide film (SiO,) 28,
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in that order. This gate insulating film 25 is formed on the
semiconductor region 22 at its major surface corresponding to
the semiconductor region between the source region 23 and the
drain region 24. A gate electrode 30 made of a polycrystalline
silicon, for example, is formed on the gate insulating film 25.
A source electrode 31 and a drain electrode 32 are formed on the
source region'23 and tﬁe drain regiqn 24, respectively.

In the MISFET 21 having a so-called MONOS (metal oxide
nitride oxide semiconductor) structure, if electrons are
accumulated in the silicon nitride film 27 in the gate
insulating film 25, then this becomes equivalent Fo the fact
that an offset of a predetermined negative potential is applied

to a gate voltage Vg. Therefore, if the MISFET 21 is of the n-

channel type, then potentials under the gate are moved in the
so-called enhancemenf direction (direction in which potential
becomes shallow). If on the other hand the MISFET 21 is of the
n-channel type, then potentials under the gate are moved in the
so-called depletion direction (direction in which potential
become deép). Conversely, if holes are accumulated in the
silicon nitride film 27 in the gate insulating film 25, then
this becomes equivalent to the fact that an offset of a
predetermined positive potential is applied to the gate voltage

Vg. iherefore, if the MISFET 21 is of the n-channel type,

potentials under the gate are moved in the depletion direction.
If on the other hand the MISFET 21 is of the p-channel type,

then potentials under the gate are moved in the enhancement

direction.
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When tﬁe MISFET 21 is modified as én n-channel MISFET
21N having the MONOS structure as shown in FIG. 5, if é high
voltage is applied to an interface between the gate electrode 30
and a channel region formed beneath the gate electrode 30, by

wﬁy of example, if a source voltage Vg and a drain voltage Vo

are both set to 0V (p-fype semiconductor region 22 is, however,
grounded) and a positive (+) high gate voltage (voltage higher
than a nérmal drive voltage) is applied to the gate electrode 30
for a predetermined period of time, then electrons e of a
certain constant amount are injected into the silicon nitride
£film 27 from the n* layers forming the source region 23 and the
drain region 24. The injected amount of electrons e depends on

the voltage Vg applied to the gate electrode 30 and a time
during which the voltage Vg is applied to the gate electrode 30.
Therefore, it is possible to inject electrons e of a desired

amount into the silicon nitride film 27 by controlling the

voltage Vg appliéd to the gate electrode 30 and the time during
which the voltage Vg is applied to the gate electrode 30.

Specifically, the potentials are moved in the enhancement
direction and therefore the desired potential or the threshold

voltage Vi, can be obtained..

Conversely, when a - (negative) high gate voltage Vg

is applied to the gate electrode 30 of the n-channel MISFET 21N.
if a p-type hole supply source is provided near the gate, then
holes h are injected from the p-type hole supply source into the

silicon nitride film 27 so that potentials are moved in the
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depletion direction.

When. the MISFET 21 is modified as a p-channel MISFET
21P having a MONOS structure as shown in FIG. 6, if the high
voltage is similarly applied to the interface between the gate
electrode 30 and the chahnel region formed beneath the gate

electrode 30, by way of example, then the source voltage Vg and
the drain voltage Vp are both set to 0V (n-type semiconductor

region 22 is, however, applied with a predetermined positive

voltage) and a - (negative) high gate voltage Vg (voltage higher

than a normal drive voltage) is applied to the gate electrode
30, then holes.h are injected into the silicon nitride film 27
in the gate insulating film 25 from p* layers forming the source
region 23 and the drain region 24 and potentials are moved in
the enhancement direction so that a desired potentiai or the

threshold voltage Vg, can be obtained.

Also in this p-channel MISFET 21P, when the +_ '

(p051t1ve) high gate voltage Vg is applied to the gate electrode

30, if an n-type electron supply source is disposed near the
gate, then electrons e are injected into the silicon nitride
film 27 from the p-type electron supply source so that
petentials are moved in the depletion direction.

Signal charges, such as electrons and holes that had
been injected into the silicon.nitride film 27 are sandwiched by
the lower and upper silicon oxide films 26 and 28 of the silicon
nitride film 27 and difficult to escape from the silicon nitride
film 27. when the MISFET 21 is driven by a normal drive

voltage, the signal charges injected into the silicon nitride
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film 27 cannot cross the potential barrier and held in the
silicon nitride film 27 permanently.
The MISFET 21 thus arranged can set the channel

potential or the threshold.voltagg Ven in an analogue fashion by

céntrolliné the amount in which signal charges are injected into
the silicon nitride film 27 in the gate insulating film 25.
Therefore, it becomes possible to use the MISFET 21 in an
analogue circuit as an analbgue MISFET.

The MIS device having the MONOS structure in which the

potential or threshold voltage Vi, can be set in an analogue

fashion is not limited to the application of MISFET and can be
applied to an analogue memory device, a bias circuit for
obtaining an output bias of a desired value or the like.

The MIS device having the MONOS structure can be
applied to a reset gate portion of a solid-state imaging device,
a charge transfer device or a charge detecting device or a
transfer portion of a CCD transfer register.

Furtheiﬁore, the MIS device having the MONOS structure
can be applied to setting a substrate voltage and a reset gaﬁe
bias in the solid-state imaging device, the charge transfer
device and the charge detecting device.

FIGS. 7, 8 and 9 show an example of a CCD solid-state
imaging device according to the present invention. In this
~embodiment, a potential.of a reset gate portion is controlled by
using, in particular, the MIS device, i.e., MIS device having
the MONOS structure.

FIG. 7, 8 and 9 show the case that the MIS device
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having the MONOS structure is applied to a CCD solid-state
imaging device of an in£erline transfer system. This CCD solid-
state imaging device has a so-called vertical overflow structure
wherein saturated electric charges are discharged in the
substrate direction, i.e., in the longitudinal direction.

| As.showh in FIG. 7, a CCD solid-state imaging device
41 includes an imaging region 44 composed of a plurality of
light-receiving portions (pixels) 42 arranged in a matrix
fashion and a vertical transfer register 43 having a CCD
structure disposed on one side of each column of the light-
receiving portions 42, a horizontal transfer register 45 having
CCD structure connected with the final stage of each vertical
transfer register 43 and an output circuit connected to the
output sidelof the horizontal transfer register 45, i.e., a

charge detecting circuit 46 whose detected output is obtained at

an output terminal t,.

As shdwn in FIG. 8, in the imaging region 44, an n- -
type impurity diffusion region 50 forming the light-receiving
portion 42, an n-type transfer channel region 51 forming the
vertical transfer register 43 and a p-type chénnel £egion 52 are
formed within a second conductivity-type, i.e., p-type well
region 49 formed on a first conductivity-type, e.g., n-type
silicon semiconductor substrate 48. A p-type positive charge
accumulation region 53 is formed on the n-type impurity
diffusion region 50 aﬁd a second é—type well region 54 is formed

beneath the n-type transfer channel region 51. -

The light-receiving portion (photoelectric conversion
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portion) 42 is formed of a photodiode PD composed of a pn
junction formed between the n-type impurity diffusion region 50
aﬁd the p-type well region 49. A gate insulating film 59 of
three-layer strucfure is formed by laminating a silicon oxide

£ilm (Sioz)'SG, a silicon nitride film (Si3Ny) 57 and a silicon
oxide film (SiO,) 58, in that order. This gate insulating film

59 is formed over the transfer channel region 51 forming the
vertical transfer register 43, a channel stopper region 52 and a.
read-out gate portion 47. A plurality_of transfer electrodes 61
each formed of first and second polycrystalline silicon layers
are arranged on the gﬁte insulating film 59 along the transfer
direction. The transfer channel region 51, the gate insulating
film 59 and the transfer electrode 61 constitute the vertical
transfer register 43.

The vertical transfer register 43 is driven by four-

phase vertical drive pulses ¢V, ¢Vz, ¢V; and ¢v,.

On the other hand, as shown in FIG. 9, the horizontal
transfer register 45 is composed of an n-type transfer channel
region 51, the gate insulating film 59 of three-layer structure

formed of the silicon oxide film (SiO;) 56, the silicon nitride
film (SisN;) 57 and the silicon oxide film (SioO;), a plurality of

first transfer electrodes 65A each formed of a first léyer
polycrystalline silicon layer and a plurality of second transfer
elecfrodes 65B each formed of a second layer polycrystalline
silicon layer, the first and second electrodes 65A and 65B being

alternately arranged on the n-channel transfer region 51 through
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the gate insulating film 59 along the transfer direction.

In this horizontal transfer register 45, the adjacent

two transfer electrodes 65A and 65B are paired and two-phase

horizontal drive pulses ¢H;, ¢H, are applied to every pair of the

transfer electrodes 65 [65A, 65B] and every other pair of the
transfer electrodes 65 [65A, 65B]. In the transfer channel
regioﬁ 51 formed beneath each of the second transfer electrode
65B, second conductivity-type, i.e., p-type semiconductor
regions 66 are formed by implanting ions of impurity thereby to
form a transfer portion which includes a storage portion using
the first transfer electrode 65A as a storage electrode and a
transfer portion using the,second transfer electrode 65B as a
transfer electrode. |
Upon normal operation, in the gate insulating film 59,
the silicon oxide film 58 prevents electric charges fromwﬁeing
injected into the silicon nitride.film 57 from the
polycrystalline silicon electrode to avoid the occurrence of
potential shift.
| As shown in FIG; 9, a horizontal output gate portion
HOG having a gate electrode 67 formed of a second layer
polycrystalline silicon film through the gate insulating film 59
is formed behind the transfer portion of the final stage of the
horizontal transfer register 45. A fixed 6utput gate voltage,
e.g., ground potential (GND) is applied to the horizontal output
gate portion HOG. A charge detecting device 80 is formed at the
succeeding stage of the horizontal output gate portion HOG. The

charge detecting device 80 includes a floating diffusion region
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FD adjoining the horizontal output gate portion HOG and which is
formed of an n-type semiconductor region to accumulate signal
charges, a reset gate portion 82 adjoining the floating
diffusion region FD to reset signal charges accumulated in the
fioating diffusion region FD, a reset drain region 81 and an
output circuit (deﬁecting circuit) 46 connected to the floating
diffusion region FD to detect signal charges accumulated in the
floating diffusion region ¥D. A detected output from the'output

circuit 46 is supplied to the output terminal t,.

The reset drain region 81 is formed of an n-type

semiconductor layer to which a reset voltage Vyp (€.9g., power'
supply voltage Vyp) is applied. A reset pulse ¢z is applied to

the reset gate portion 82.

In this embodiment, the reset gate portion 82 is
-composed of the p-type well region 49, a gate insulating film 84
of three-layer structure formed by laminating the silicon oxide

film (SiO;) 56, the silicon nitride film (SisN;) 57 and the
silicon oxide film (SiO,) 58, in that order, at the same time

when the gate insulating film 59 of the vertical and horizontal
transfer rggisters 43, 45 is formed, and a gate electrode 85
made of a polycrystalline silicon film formed on the p-type well
region 49 through the gate insulating film 84. Specifically,
the reset gate portion is formed as the MIS device having the
MONOS structure. In this case, the reset gate portion 82, the
floating diffusion region FD and the reset drain region 81

constitute the MIS device having the MONOS structure, i.e,
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MISFET.

In this CCD solid-state imaging device 41, a signal
charge, phétoelectrically converted by each light-receiving
portion 42 in response to an amount of light received by the
light-receiving portion 42, is read out to the vertical transfer
register 43 and transferred through the vertical transfer
register 43 to the hbrizontél transfer register 45. The signal
charge transferred to the horizontal transfer register 45 is
transférred at every pixel to the floating diffusion region FD
and converted by the output circuit 46 in the form of electric’
charge tolvoltage, whereafter it is read out from the output °*

terminal t; as a CCD output.

After the signal charge of one pixel has been read
‘out, the signal charge in the floating diffusion region FD is

discharged through the reset gate portion 82 to the reset drain
region 81 on application of the reset pulse ¢pz. Then, the
potential of the floating diffusion region FD is reset to the
potential of the reset drain region 81.

In the CCD solid-state imaging device 41 according to

this embodiment, as shown'by a potential distribution 89 (FIG.

10) obtained before a potential'shift is adjusted, when a

potential ¢, under the reset gate portion 82 becomes deep due

the potential shift in the manufactured product, the potential

is adjusted as follows.

Specifically, the potential ¢, (¢m) under the reset

gate portion 82 is detected and the detected potential ¢y is
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compared with a reference value ¢, (i.e., value of potential to
be set).
Then, electric charges of an amount that is large

enough to correct a difference between the detected potential ¢y

and the reference value ¢, are injected into the silicon nitride

film 57 of the gate insulating film 84. More specifically, the

reset voltage Vep Of the reset drain region 81 is set to 0V, a
predetermined + (positive) high voltage Vzp set in accordance

with the difference is applied to the gate electrode 85 of the
reset gate portion 82 for a predetermined period of time,

whereafter electrons of an amount suitable enough to correct the

difference between the detected potential ¢y and the reference

value ¢, are injected into and accumulated in the silicon

nitride film 57 of the gate insulating film 84.

In actual practice, observing a waveform of an image
output, electric charges are injected into the silicon nitride
£ilm 57 ﬁntil the waveform of the image output becomes correct.

By the electrons accumulated in the silicon nitride
film 57, the potentials obtained under the reset gate portion 82
can be moved in the enhancement direction, accordingly, in the

direction in which the potential becomes shallow from-the

potential ¢, obtained immediately after the CCD solid-state

imaging device was manufactured (before a potential is adjusted)

as shown by a potential distribution 90 (FIG. 10) obtained after
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the potential ¢yy was adjusted. Thus, the potential @ﬁ can be

adjusted to a normal potential ¢p;.

Since the terminal of the reset drain region 81 and
the terminal of the fesét gate portion 82 are external
terminals, it is necessary to avoid the potential from being
shifted due to a static electricity. It is customary that
protecting devices (e.g., diodes and transistors) are added to
these external terminéls in order to prevent a high voltage from
being applied to these external terminals._ Potentials cannot be
adjusted under the condition that the protecting devices are
added to the external output terminals.

Therefore, only when the potential is adjusted, the
protecting device is detached from the external output terminal
or a blocking ﬁoltage is réised to de-éne;gize the protecting
device, thus to make it possible to adjust the potential. After
potential has been adjusted, the protecting device is energized
by connecting the protecting device to the external output
terminal one ﬁore time. Thereafter, the adjusted value has to
be kept in this state.

A specific example of such protecting device will be
described with reference to FIG. 9. As shown in FIG. 9, a
-protecting device 86 is formed on the same semiconductor wafer
together with an imaging device body. The protecting device 86
is composed of a.pair of diodes PD connected in series. One end
of the protecting device 86 is connected to a power supply

voltage Vm,and the other end thereof is connected to the ground
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(GND). A junction between the two photodiodes PD is connected to
an external output terminal 87. Under the wafer state, the
external output terminal 87 connected to a gate electrode 85 of
the reset gate portion 82 and the protecting device 86 are

piaced in the disconnected state. When the CCD solid-state

imaging device is inspected in the wafer state, the potential ¢y

is adjusted. When the CCD solid-state imaging device is
assembled, the external output terminal 87 and the protecting
device 86 are connected by a wire bonding 88. Therefore, even
- when a static electricity is appliéd £b the external output
terminal 85 after the CCD solid-state imaging device was
shipped, the prdtecting device 86 can prevent the static
- electricity from being applied to the reset gate portion 82.
Thus, it is possible to protect the CCD solid-state imaging
devices from a trouble occurred after they have been shipped.
According to the CCD solid-state imaging device 41
shown in FIGS. 7 through 10, the reset gate portion 82 having
the MONOS structure includes the gate insulating film 84 of
three-layer structure composed of the silicon oxide film 56, the
silicon nitride film 57 and the silicon oxide film 58. Electric
charges of é desired amount are injecte& into and accumulated in

the silicon nitride film 57 of the gate insulating film 84 in an

analogue fashion, whereby the potential ¢, under the reset gate

portion 82 can be adjusted in an analogue fashion.
Therefore, the potential need not be adjusted after .
the CCD solid-state imaging device has been completed unlike the

prior art in which the potential has to be adjusted by an
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external circuit or the like after the CCD solid-state imaging

device has been completed. Moreover, the amplitude of the reset

pulse ¢pz can be lowered in order to reduce a power consumption.

When the substrate voltage Vg, of the CCD solid-state

imaging device is set, éinqe the CCD solid-state imaging device
has the substrate having the pn junction and is not formed as
the MIS transistor,.the potential cannot be adjusted directly
unlike the reset gate portion 82.

In that case, an adjusting circuit, i.e., a bias
circuit for adjusting a potential is additionally provided.
This bias circuit is composed of the MIS device having the ﬁONOS
structure. An output bias value from the bias circuit is
adjusted by adjusting a channel potential of the MIS device.
Then, this output bias value is applied to the substrate 48 of

the CCD solid-state imaging device.

While the potential ¢, under the reset gate portion 82

is directly adjusted as described above, the present invention

is not limited thereto and the potential ¢n can be adjusted

indirectly. Because the potential shift ¢m can be considered to

be the same as the shift of the DC bias Vrs applied to the gate
electrode 85, the DC bias Vg applied to the gate electrode 85

of the reset gate portion 72 may be controlled by the above bias
circuit.’
FIG. 11A shows an example of a bias circuit. As shown

in FIG. 112, a bias circuit 91 is of a source-follower ciréuit
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type composed of a drive MIS transistor 92 and a load resistor
93.

The drive MIS transistor 92 is formed of a MISFET
having the MONOS structure shown in FIG. 4, e.g., the n-chaﬁnel
MISFET 21N shown in FIG. 5.

The drain D of the drive MIS transistor 92 is
connected to a power supply terminal 96 to which the power

supply voltage Vpp is applied. The other end of the load

resistor 93 is connected to the ground (GND). An output terminal

t3 of this bias circuit 91 is led out from the source S of the
drive MIS transistor 92.

The gate G of the drive MIS'transistor 92 is connected

through a resistor R; to the drain D (power supply source) so

that a particular gate bias is applied to the gate G.
FIG. 11B shows another example of a bias circuit 91°'.
As shown in FIG. 11B, the gate G of a drive MISFET transistor

92' is connected through a resistor R;' to the ground (GND) so

that a particular gate bias is applied to the gate G.
Since the bias circuits 91 and 91' shown in FIGS. 11A
and 11B differ from each other only in the connections of the

resistors R; and R;', in FIG. 11B, like parts corresponding to

those of FIG. 11A are marked with the same references with
dashes and therefore need not be deScribed.in detail.

Although it is customary that the gate G is directly
connected toc a power supply source and the ground (GND) without
a resistor if a circuitlis formed on a semiconductor chip, when

a high voltage is applied to the gate G, the drain D is held at
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0V and a high voltage is applied to a gate terminal 95 as will

be described later on. Therefore, the resistor R; is required

in order to protect the MIS transistor 92 from being broken even
when a high voltage is applied to the MIS transistor 92. .

Inasmuch as.the resistor R; can withstand a high.VOltage, the
resistor R; might be formed of a variety of resistors, such as a
polycrystalline silicon resistor, a diffusion resistor or a MIS
resistor.

In the bias circuit 91, an initial output (potential)

of the drive MIS transistor 92 is set such that the gate voltage

Ve becomes nearly eQual to the source voltage Vg (i.e.,
threshold voltage Vi, is held at 0V). In the bias circuit 91°,
an initial output.of the drive MIS transistor 92' is set such
that the initial output becomes nearly equal to the power supply
voltage (Vpp) (Ven = - Vpp) when the gate voltage Vg is equal to
0V. Then, Vpp = Vgu, (Or Vpg) = 0OV (i.e., the power supply
terminals 96, 96' and the outpu£ terminals t3, t3' are held at
0V) and the high voltage is applied to the gate terminals 95,
95', whereafter the potential under the gate can be adjusted to

be a desired one by injecting electric charges into the silicon

nitride film 27 of the gate insulating film 25.

An output bias voltage supplied to the outpﬁt termiﬂal
t3' of fhe bias circuit 91' is applied to the substrate as the
substrate voltage Vg, of the CCD solid-state imaging deviée.

As a consequence, the value of the substrate voltage

Vsup C€an be varied in a range from the power supply voltage Vpp
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to a voltage of +aV. Specifically, if the drive MIS transistor

92' is set in the depletion 'state where Vy, = - Vpp, then the

output of the drive MIS transistor 92' becomes. the power supply

voltage Vpp. Then, the output is progressively lowered as the
potential is adjusted in the enhancement direction. If the
potential on the Si (silicon) surface of the drive MIS

transistor 92' is fixed, then the output reaches near +aV and

can be varied in a range of from about Vpp to +aV.

The output bias Voltage supplied to the output

terminal t; of the bias circuit 91 is applied to the reset gate
electrode as the DC bias Vs of the reset gate portion of the

CCD solid-state imaging device.

As a result, the value of the DC bias voltage Vgg

applied to the reset gate portion can be varied in a range of

from the power supply voltage Vpp to OV. Specifically, if the

drive MIS transistor 92 is set in the depletion state and turned
on, then the output thereof becomes the power supply voltage

Vpp- Then, as the potential is adjusted in the enhancement

direction, the output of the drive MIS transistor 92 is lowered.
If the drive MIS transistor 92 is turned off completely, the
output thereof becomes 0V and can be varied in a range of from

the power supply voltage Vp, to 0V.

~ The load resistors 93, 93' forming the source-follower
circuits are not limited to the load resistors and might be

formed of constant current sources 97, 97' as shown by dashed



30

line in FIGS. 11A,_11B. If the load resistors 93, 93' are formed
of the constant current sources, a linearity of input and output
characteristics can be improved more. |

When the adjusting circuits, i.e., the bias circuits
91, 91° are'incorporated in the semiconductor chip of the CCD .
solid-state imaging device, the gate terminals 95, 95' of the
drive MIS transistor 92 whose potential haé to be adjusted need
not be led out to the outside. Therefore, if the potentials
under the gates of the drive MIS transistors 92, 92' are
adjusted when the semiconductor wafer is inspected, then the
protecting devices need not be added to the gate terminals 95,
95' when or after the CCD solid-state imaging devices are
assembled. 1In this case, however, the power supply terminals
96, 96' need protecting devices.

Inasmuch as the input gate of the bias circuit 91' is
grounded so that an output of the bias circuit 91' is difficult
to be fluctuated even when the power supply voltage is
fluctuated, the bias circuit 91' becomes suitable for thé bias
éircuit for applying the substrate voltage Vsub toO the CCD solid-
 state imaging device.

In the above bias circuit 91, the output bias is
fluctuated substantially similarly with the fluctuation of the

power supply voltage Vp,. Accordingly, when the bias circuit 91
is used to supply tﬁe substrate potential Vg té the CCD solid-
state imaging device, if the power supply voltage Vm;js
fluctuated, thén the substrate voltage V., also is fluctuated,

resulting in a height of an overflow barrier being fluctuated.
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There is then the risk that the amount of electric charges
treated at the light-receiving portion is changed considerably.
When on the other hand the bias circuit 91 is used to

adjust the DC bias Vys of the reset gate portion 82, if the
power supply voltage Vpp which becomes the reset drain voltage
Vesp is fluctuated, then the gate voltage Vg of the drive MIS

transistor 92 of the bias circuit 91 also is fluctuated with the
result that the output bias value, accofdingly, the DC bias
value of the reset gate is fluctuated with the same fluctuated

amount as that of the power supply voltage Vpp, which therefore

briﬁgs about an advantage.

Specifically, the bias circuit can follow the power
supply voltage more satisfactorily and the source-follower type
bias circuit 91 becomes the best bias circuit for applying a
potential adjustment DC bias to the resét gate portion.

FIG. 12 is a circuit, partly in cross-sectional form,
diagram showing the embodiment wherein the above bias circuit 91
is applied fo the case that a potential of the reset gate
portion 82 of the CCD solid-state imaging device is adjusted
(i.é, DC bias is adjusted). In FIG. 12, elements and part
identical to those of FIGS. 7 to 9 are marked with the same
references and therefore need not be described in detail.

-In a CCD solid—staﬁe imaging device 101 according to
this embodiment, as shown in FIG. 12, a semiconductor chip 97
fdrming the CCD solid-state imaging device.101 incorporates the
above source-follower type bias circuit 91. The drain of the

drive MIS transistor 92 is connected to the power supply
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terminal 96 connected to the reset drain region 8l1. The power

supply voltage Vpp which becomes the reset drain voltage Vgp is

applied to the reset drain region 81 through the power supply
terminal 96.

_fhe source of the drive MIS transistor 92 is connected
to the gate electrode 85 of the reset gate portion 82 and

further conneéted through an external capacitor 99 disposed

outside the semiconductor chip 97 to a reset pulse generator

100. In FIG. 12, reference numeral 98 designates an external
terminal.

The resét gate portion 82 does not need a.speciai gate
insulating film because electric charges need not be.injected
into the gate insulating film. Therefore, the gate insﬁlating
film might be an insulating film of the above three~layer
structure or insulating films of other structures.

According to the embodiment shown in FIG. 12, the

potential ¢, under the reset gate portion 82 is measured when
the wafer is inspected. If the measured potential ¢y, is

different from the reference value ¢y;, then the channel

potential of the drive MIS transistor 92 is adjusted by
injecting electric charges of an amount sufficient enough to
correct such difference of potentials into the gate insulating
film of the drive MIS transistor 92 in the bias circuit 91 by
the above-mentioned method. Thus, an output bias voltage of a
désired value can be output from the bias circuit 91 and applied

to the reset gate portion 82 as the DC bias voltage Vg,
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resulting in the potential ¢, under the reset gate portion being

adjusted.

The reset gate electrode 85 is applied with a reset

pulse ¢z with a reset pulse high frequency component

superimposed thereon from the reset pulse generator 100.

Inasmuch as the drive MIS transistor‘92 is driven in

the enhancement state after the potential ¢, has been adjusted,

if a load current i is minimized, then the bias circuit 91
becomes equivalent to a low-clamping circuit 98 formed of a

diode D as seen from the terminal tj3 (see FIGS. 13 and 14).

FIG. 15 is a chafactefistic graph of voltage versus current
characteristics of the equivalent circuit 98 shown in FIG. 14.
If the drive MIS transistor 92 is driven ih the depletion state,
. then the drive MIS transistor 92 does not act as the diode D and
is given a resistance characteristic. As a result, the drive MIS
transistor 92 become an averagé—value clamping circuit so that a
reset gate voltage is fluctuated as the amplitude and duty ratio
of the reset pulse.are fluctuated. There are then the-problems
that the floating diffusion region FD suffers from the
insufficient amount of the saturated signals and that the reset
gate pulse becomes unsatisfactory. If however the low-clamping
circuit 98 is used as the bias circuit 91; then even when the
amplitude and duty ratio of the reset gate pulse are fluctuated,
the low-level voltage of the reset gate pulse becomes constant,
thereby preventing the amount of the saturated signals from

becoming insufficient.
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Therefore, according to the CCD solid-state imaging
device 101, since the potential under the reset gate portion 82

also is shifted as the power supply voltage Vp, is fluctuated,
even when the power supply voltage Vp, is fluctuated, a

potential difference between the potential under the reset gate
portidn 82 and the potential in the reset drain region 81 can be
prevented from being shifted.

In the bias circuit 91, if the potential shift amount

is large, then Vg » V5. Therefore, a gate-source potential

difference increases and there is the problem whether the bias
circuit 91 can withstand a high voltage when the bias circuit 91
is operated in actual practice. In the bias circuit 91', in the

initial stage, Vs < Vp is satisfied and a gate-drain potential

difference increases and there is then the similar problem
whether the bias circuit 91' can withstand a high voltage. 2

fluctuation of the substrate voltage Vg, for example, is as

large'as several Volts and has to be adjusted in a range from
nearly 10v.

| FIG. 16 shows an example of a bias circuit according
to the present invention wherein the above-mentioned problem can
be solved. As shown in FIG. 16, a bias circuit 102 according to
this embodiment is a source-follower type bias circuit composed
of a number of (three in this embodiment)_the drive MIS
transistors 92 having the MONOS structure connected in series
and the load resistor 93 connected to the source of the drive

MIS transistor 92 of the final stage. This bias circuit 102
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supplies its output to an output terminal ti;. The resistor R;

is connected between the gate and the drain of each drive MIS
transistor 92. Gate terminals 95 [95A, 95B, 95C] are
respectively led out from the gates of the drive MIS transistors
92. |

When a channel potential of each drive MIS transistor
92 is adjusted, the drain of eacy drive MIS transistor 92, the

power supply terminal Vp, and the output terminal t; are grounded

as shown by a dotted line to apply a desired high voltage to
each of the gate terminals 95 [95A, 95B, 95C] thereby to adjust
the channel potential of each drive MIS transistor 92.
According to the bias circuit thus arranged, a
potential shift amount 6f the drive MIS transistor 92 per stage
can be reduced, i.e., the adjustment range can be reduced with
the result that a total amount of a potential shift,
accordingly; the adjustment rénge can be expanded.
- Simultaneously, it is possible to avoid the drive MIS transistor
92 from being deteriorated in withstanding é high voltage among
the gate-source and drain when the drive MIS transistor 92 is
operated in actual préctice. |
Specifically, if all drive MIS transistors 92 are set
in the depletion state.and turned on, then the initial output

from the output terminal t; becomes the power supply voltage Vpp.

Then, the output is progressively lowered as the potential is
adjusted in the enhancement direction (direction in which the
potential becomes shallow). If each drive MIS transistor 92 is

completely turned off, the output becomes 0V. Therefore, the
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potential can be adjusted in a wide range from the power supply

voltage Vpp to OV and the problem that the drive MIS transistor

92 cannot withstand a high-voltage can be solved.

The bias circuit 91 of the first stage of the drive
MIS transiQtor 92 shown in FIG. 11A is suitable for adjusting a
potential of the reset gate portion wherein a fluctuation of
potential is small and a potential shift amount also is small.

The bias circuit 102 composed of the drive MIS
transistors 92 connected in multiple stages is suitable for
adjusting a potential of a portion in which a fluctuation of

~ potential is large, such as the substrate voltage Vg,,. However,

the problem of the fluctuation of voltage cannot be avoided yet.

FIG. 17 shows another example of a bias circuit. This
bias circuit can adjust a potential in a wide range . In
particular, this bias circuit is an amplifying type bias circuit
which can obtain a large change of an 6utput with a small
potential shift amount.

A bias circuit 105 according to this embodiment is an
invérter type bias circuit which includes a drive MIS transistor
106 and a load resistor 107. A drain D of the drive MIS
transistor 106 is connected through the load resistor 107 to a

power supply terminal 109 to which the power supply voltage Vpp

is applied. The source S of the drive MIS transistor 106 is
grounded. The gate G of the drive MIS transistor 106 is used as
an input side and an output terminal t, is led out from the
drain D of the drive MIS transistor 106.

- The drive MIS transistor 106 might be formed of the
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MISFET having the MONOS structure, e.g., the n-channel MISFET

21N shown in FIG. 4. A resistor 122 similar to the resistor R,

is connected between the gate G and the source S of the drive
MIS transistor 106.

in.this inverter type bias circuit 105, in the initial
state; the drivé MIS transistor 106 is placed in its on-sﬁate.
Then, if the drive MIS transistor 106 is driven in the
enhancement direction and completely turned off by effectively
utilizing the potential shift relative to the drive MIS
transistor 106 according to the above-mentioned example, then an

output bias from the output terminal t, is changed in a range
from OV to the power supply voltage Vp,. Therefore, this bias

circuit 105 is of the inverter type to obtain a large adjustment
range by a small potential shift amount. The bias circuit 105,
however, cannot remove the influehce exerted when the voltage is
.fluctuated.

FIG. 18 shows a further example of aﬁ inverter type
bias circuit which can be protected'from'being affected by the
fluctuation'bf voltage. '

A bias circuit 110 according to this embodiment is of
the inverter type, i.e., the bias circuit 110 includes the drive
MIS transistor 106 and the load resistor 107. The drain D of
the drive MIS transistor 106 is connected through the load

resistor 107 to the power supply voltage Vpp and the source S

thereof is grounded. The gate G of the drive MIS transistor is

used as the input side and the output terminal t4 is led out to

the side of the drain D. In addition to the above-mentioned
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circuit arrangement, according to this embodiment, there are
provided resistors Ra and Rb which divide the power supply

voltage Vpp. Resultant divided voltages are applied to the gate

G of the drive MIS tranéistor 106. A dividing ratio is made
equivalent‘to a gain of the inverter. The drive MIS transistor
106 might be the MISFET having the MONOS structure, e.g., the n-
channel MISFET 21N shown in FIG. 4.

The source of the inverter need not be directly
connected to the ground (GND) but may be grounded through a
feedback resistor R as shown in an enlarged circle 111 shown in
FIGS. 17 and 18. It is desirable that the feedback resistor R

is provided in response to a required gain. If the gain is

lowered properly, then the potential ¢, can be adjusted more

easily. Moreover, the feedback resistor R might be any one of
the polycrystalline silicon resistor, the MIS resistor and the
diffusion resistor.

The load resistor 107 might be a constant current
source similarly to the source-follower type bias circuit.

Further, the resistors 122, R, and Ry, might be formed of any one

of the polyerystalline silicon resistor, the MIS resistor and
the diffusion resistor so long as they can ﬁithstand a high
voltage.

According to the bias circuit 110, if the power supply

voltage Vpp is fluctuated, a gate bias (gate bias at a point a

in FIG. 18) applied to the gate is fluctuated by a shift amount

of (1/gain) of the power supply voltage Vp,. This fluctuated
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amount of the gate bias is amplified, inverted by the amount of
the gain and'then supplied to the output side so that the

fluctuated amount of the power subply voltage Vpp applied to the

. drain is absorbed so as to cancel the fluctuated amount out.

in this bias circuit 110, as far as the drive MIS
transistor 106 is turned on by the gate bias applied to the.gate
of the drive MIS transistor 106, thé ouﬁput becomes 0V in thé
initial stage and the drive MIS transistor 106 is driven in the
enhancement state by the injection of electrons. Therefore, the

output can be varied up to the power supply voltage Vpp.

Thus, the bias circuit 110 can obtain a large change
of output by a small shift amount and can be brotected from .
being affected by the fluctuation of the power supply voltage
Vop. Therefore, this bias circuit 110 becomes a best adjusting
circuit for setting the substrate voltage Vg, of the CCD solid- _
state imaging device.

FIGS. 19, 20 and 21 show further examples of bias
circuits. A bias circuit 125 shown in FIG. 19 differs from the
inverter type bias circuit 110 shown in FIG. 18 in that a
source-follower circuit composed of a drive MIS transistor 126
and a load resistor 127 is connected to the output of the

inverter type bias circuit 110 and that an output terminal ts is

led out from the source of the drive MIS transistor 126 to
thereby lower the output impedance.

| A bias circuit 130 shown in FIG. 20 differs from the
inverter type bias circuit 110 shown in FIG. 18 in that an

emitter-follower circuit composed of a drive bipolar transistor
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131 and a load resistor 132 is connected to the output of the
inverter type bias circuit 110 shown in FIG. 18 and that an

output terminal ts is led out from the emitter of the bipolar

transistor 131. According to the bias circuit 130, the output
impedance éan be lowered and the solid-state imaging device can
withstand a higher voltage when a shutter pulse is applied to
the_solid-staté imaging device so as to start an exposure.

A bias circuit 140 shown in FIG. 21 differs from the
bias circuit 125 shoﬁn in FIG. 19 in that an emitter-follower
circuit coﬁposed of a drive bipolar transistor 131 and a load
resistor 132 is connected to the output of the bias circuit 125

shown in FIG. 19 and that an output terminal t; is led out from

the emitter of the drive bipolar transistor 131. According to
this bias circuit 140, since the emitter-follower circuit is
additionally connected to the final output stage, the output
impedance can be lowered and the solid-state imaging device can
withstahd a higher voltage when a shutter pulse is applied to
the solid-state imaging device so as to start an exposure.

| Specific processes for shifting a potential of the MIS
element will be described below. In.this éase, how to shift the
potential in the n-channel MIS device, for example, will be
described.

As earlier noted in FIG. 5, the eléctrons e are filled
on the channel surface by holding both or either of the source
region 23 and the drain region 24 at OV to thereby hold the
channel potential at OV. In this state, if the (+) positive

- high voltage Vg is applied to the gate electrode 30, then a
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strong electric field is applied to the gate insulating film 25
and the electrons e on.the silicon surface are moved through the
barrier of the silicon oxide film 26 and entered into the
silicon nitride film 27. A total amount of electrons e entered
into the silicon nitride film 27 is determined on the basis of
the electric field applied to the silicon oxide f£ilm 26 and a
time during which the electric field is applied to the silicon
oxide film 26. An amount of voltage applied to the gate
insulating f£ilm 25 should be selected in proportion to a film

thickness d; of the gate insulating film 25.

Accordingly, the voltage applied to the gate
insulating £ilm 25 or the time during which the voltage is
applied to the gate insulating film 25 are controlled in order
to obtain a desired potential.

Since the potential value is nearly equal to the
output voltage of the source-follower (or the inverter) circuit,
an output value is read out by applying a pulse voltage to the
gate and then judged. This operation is repeated.

As a systeﬁ for adjusting a potential of. a MIS device
having a MONOS strﬁcture, there are known two systems using a
pulse amplitude modulation and a pulse width modulation. FIG. 22
is a flowchart, partly in circuit form, showing an example of a |
potential adjustment system using a pulse amplitude modulation.
Similarly to FIGS..llA and 11B, the MIS element having the MONOS
structure is ﬁsed as the drive MIS transistor 92 and the drive
MIS transistor 92 and the load resistor 93 constitute the

source-follower circuit.
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Referring to FIG. 22, an output voltage V.. of the

source-follower circuit is detected in the first step I. Then,
the processing proceeds to the next combarison step II, whereat

the detected output voltage V,,+ is compared with a reference
value (desired voltage value). If the output voltage Vou is
agreed with the reference value (i.e., Vgt < reference value),
then it is determined that the potential of the MIS device is
properly set to the desired potential. Then, the processing
proceeds to step III, whereat a potential adjustment is'stopped.

If on the other hand it is determined in the

comparisén step II that the detected output voltage V., is not
agreed with the reference value (i.e., Vg > reference value),

then the processing proceeds to the next step IV, whereat the
power supply terminal 96 of the drain side is held at 0V and a

high voltage (i.e., pulse voltage whose amplitude is modulated

by a constant pulse width) ¢y proportional to the difference

between the reference value and the detected output voltage Vg,

is applied to the gate of the drive MIS transistor 92 to thereby
inject electrons of a desired amount into the gate insulating
film.

Then, the procéssing returns to the step I, whereat

the output voltage Vg, of the source-follower circuit is

detected. The processing then proceeds to the next comparison’

step II, whereat the detected output voltage V., is compared

with the reference value. Steps I and II are repeated until the
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output voltage Vg, is agreed with the reference value.

FIG. 23 is a flowchart, partly in circuit form,
showing a potential adjustment operation according to the pulse
width moduiation system.

éimilarly to FIG. 22, the drive MIS transistor 92 is
composed of the MIé device having the MONOS structure and the |
drive MIS transistor 92 and the load resistor 93 constitute the
source-~follower circuit. |

Referring to FIG. 23, the output voltage V., of the

source-follower circuit is detected in the first step 1I.
Then, the processing proceeds to the next comparison

step II, whereat the detected output voltage Vgu is compared

with the reference value (desired voltage value). If the

detected output voltage Vo, is agreed with the reference value
(i.e., Vou < reference value), then it is determined that the

potential of the MIS transistor 92 is properly set to a desired
potential. Then, the processing proceeds to step III, whereat
the potential adjustment is stopped; .

If on the other haﬁd it is determined in the
comparison step II that the detected output voltage Vg, is not

agreed with the reference value (i.e., Vour > reference value),

then the processing proceeds to the next step IV, whereat the

power supply terminal 96 of the drain side is held at OV and the

pbulse voltage ¢y is applied to the gate for a time proportional

to the difference between the reference value and the output

voltage Ve, i.e., pulse voltage ¢y whose pulse width is
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adjusted by a constant voltage (amplitude) is applied to the
gate to thereby inject electrons of a predetermined amount into
the gate insulating film.
Then, the processing returns to step I, whereat the

odtput voltage Vout Of thé source-follower circuit is detected.

Then, the processing proceeds to the comparison step II, whereat

the detected output voltage Vg, is compared with the reference

value. Steps I and II are repeated until the detected output

voltage Vo is agreed with the reference value.

In this way, the poteniial of the MIS device having
the MONOS structure can be set to a desired value.

When the inverter circuit is used, it is possible to
set a potentiallto é‘desired potential by repeating the similar
processes after an output voitage of the inverter circuit has
been detected.

While the bias circuit according to the present
invention is applied'to the CCD solid-state imaging device of
the interling transfer system as described above, it is needless
to say that the present invention is not limited thereto and can
be applied to a CCD solid-state imaging device of a frame-
interline transfer system.

While the bias circuit according to the present
invention is used to set the substrate voltage of the CCD solid-
state imaging device and the reset éate bias as described above,
the present invention is not limited thereto and the above bias
circuit can set a control voltage applied to the substrate of

other amplifying-type solid-state imaging device.
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The amplifying-type solid-state imaging;device
accumulates photoelectrically-converted holes (signal charges)'
in a p-type potential well of an n-channel MOS transistor and
outbuts the change of a channel currént based on a potential -
fluctuation (i.e., potential shift in the so-called back-gate)
in the p-type potential well.

FIG. 24 is a schematic cross-sectional view showing a
semiconductor structure of a unit pixel in an amplifying-type
solid-state imaging device. In FIG. 24, reference numeral 120
denotes a p-type substrate, 121 an n-type well region and 122 a
p-type well region in which there are accumulated
pho;oelectrically—converted holes (signal charges) 123. An n-
type source region 124 and an n-type drain.region 125 are formed
on the p-type well region 122. A gate electrode 126 is formed
between the two regions 124 and 125 through a gate insulating
film (not shown). A plurélity of the above unit pixels are
arranged in-a matrix fashion. Then, though not shown, gateé of
the unit pixels are connected to a vertical scanning line of a
vertical scanning circuit and sources are connected to a signal
line. One end portion of a signal line is connected to a load
MOS transistor, and the other end of the signal line is
connected to a horizontal signal line through a_samplé and hold
circuit for sampling and holding a pixel signal and a switching
MOS tramsistor. A gate of each switching MOS transistor is
connected to a horizontal scanning circuit. A drain of each
unit pixel is connected to a power supply and a switching MOS

transistor for resetting is connected to the power supply and
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the signal line, though not shown.

Holes 123 accumulated in the p-type well region 122 of
the unit pixel control the channel region used when a signal is
:ead out, whereby a potential at the source terminal in the‘
source-follower circuit composed of the unit pixel and the load
MOS transistor is changed. This change of potential is output
through the sample and héld circuit to the horizontal signal
line as the pixel signal.

FIG. 25 is a potential diagram. In this amplifying-
type solid-state.imaging device, when.the pixel is scanned, a

substrate voltage Vgy, (e.g9., 0V) is applied to a substrate

terminal Sub as shown by a solid line in FIG. 25. When the
amplifying-type solid-state imaging device is reset so as to
start an exposure (or when an exposure is starﬁed based on an
operation of an electronic shutter), as shown by a dotted line
.in FIG. 25, the same gate voltage as that used when the pixel is
scanﬁed is applied to the gate and a desired substrate voltage

VsuwR (e.g., about -6V to -1OV) is applied to the substrate

termina; Sub. The holes (signal charges) 123 are discharged to
the substrate 120. The aforesaid bias circui£s 91, 102, 105 or
110 can be uséd to set the substrate voltage VgyuR used when the
'amplifying—type solid-state imaging device is reset (or when the
electronic shutter is energized).

The present invention can be applied to a method of
correcting fluctuated threshold values among MIS devices in a
semiconductor integrated circuit composed of a plurality of ﬁIS

devices. In this example, each MIS device has a so-called MONOS
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structure having a gate insulating film of a three-layer
structure wherein a silicon oxide film, a silicon nitride film
and a silicon oxide film are laminated, in that order. A channel
potential of each MIS device is detected and the detected
channel poténtial is compared with a reference value. Then, the
source and the drain are held at 0V and the high voltage is
applied to the gate, whereby electric charges of an amount large
enough to correct a difference between the channel potential and
the reference value are injected into and accumulated in the
silicon nitride film of the gate insulating film by the similar
charge injection method. Thus, it is possible td correct
fluctuations.of the threshold voltages of the MIS devices.

| The present invention can be applied to a meﬁhod of
adjusting a channel potential of MIS device. Also in this
example, the MIS device has the ﬁONOS structure having the gate
insulating film of three-layer structure in which the silicon
oxide film, the silicon nitride film and the silicon oxide film
are laminated, in that order. The channel potential of the MIS
device is compared with the reference value and electric charges
of an amount large enough to correct the difference between the
compared channel botential and the reference value are injected
into the silicon nitride film of the gate insulating film of the
MIS device by the similar method. Thus, the channel potential
of the MIS device can be adjﬁsted.

Other embodiment of the present invention can be

applied to CCD charge transfer devices applied to a solid-state

imaging device or the like. The charge transfer device
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according to this émbodiment includes a charge transfer portion
in which a plurality of transfer electrodes are arranged on a
semiconductor substrate through a gate insulating film in the
transfer direction, a floating capacitor for accumulating
electric charges transferred thereto from the charge transfer
portion, i.e., a so-called floating diffusion region formed of a
first conductivity type semiconductor region, and a reset
transistor for resetting a pbtential of the floating capacitor to
a predetermined potential. The reset transistor is composed of a

so-called reset drain region formed of a first conductivity type

. semiconductor region applied with a predetermined potential, a

floating capacitor and a reset gate portion having a MIS
structure formed between the reset drain region and the floating
capacitor. A bias voltage supplied to the reset transistor,
i.e., the gate electrode (control electrode) of the reset gate

portion can be obtained by the aforesaid bias circuit 91, 102,

105 or 110.

The inventive'ﬁIS device generally refer to a CCD
structure, a CCD transfer regisfer, a MISFET or the like.

A gate insulating film of the CCD transfer register,
for example, can be formed as a three-layer structure composed of
a silicon oxide £ilm, a silicon nitride film and a silicon oxide
film and a channel.potential under the transfer portion can be
set by accumulating electric chargés in the silicon nitride film.

As described above, according to the embodiments of the
present.invention, the value of the potential or gate bias in the

MIS device can be finely set in an analogue fashion.
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Accordingly, in the case of the CCD solid-state imaging device,
for example,'in particﬁlar, the reset gate portion and the
substrate voltage need not be adjusted and the amplitude of the
reset pulse can be lowered, thereby reducing a power
cdnsumpﬁion}

If the bias circuit is used, there are brought various
advantages from a protecting device standpoint such that a part
of.protecting device can be moved.

Furthermore, the source-follower type bias circuit is

suitable for the bias circuit for obtaining the DC bias Vys of

the reset gate portion of the CCD solid-state imaging device.
The inverter type bias circuit is suitable for the bias circuit
for obtaining the substrate voltage of the solid-state imaging
device.

According to the.inventive analogue MISFET, a
. threshold wvalue can be se£ finely in an analogue fashion.
Therefore, the inventive analogue MISFET ié for use with an
analogue circuit or the like.

According to the inventive MIS device, a threshold
valﬁe or a cﬁannel potential can be set finely in an analogue
fashion. Therefore, the inventive MIS device is for use with a
MISFET and a CCD structure (including a solid-state imaging
device or the like) or the like. When the inventive MIS device
is applied to a CCD solid-state imaging device, for example, a
potential under the reset gate portion need not be adjusted from

the outsidef

According to the inventive method of correcting a
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threshold voltage, it is possible to correct fluctuations of
threshold voltages obtained among MIS devices by injecting
electric charges of an amount corresponding to a difference
between the'fluctuations of the threshold voltages into the gate
insulating £ilm. |

Then, the gate insulating film is of the three-layer
structure of an oxide film, a nitride film and an oxide film.
When a threshold voltage is corrected, a chénnel potential of
the MIS device is detected and the detected channel potential is
compared with a reference value, whereafter a fluctuation of a
threshold voltage between the MIS devices can be easily
~ corrected with a high accuracy by injecting electric charges
corresponding to the difference into the'nitride £ilm of the
gate insulating £ilm.

According to an inventive method of_adjusfing a
channel potential of a MIS device, a channel potential of a MIS
device is compared with a reference value and the channel |
~potehtial can be finely'adjusted in an analogue fashion by
injecting eleétric charges of amount suitable for ccrrectiﬁg a
difference between the channel potential and the reference
value.

A bias circuit according to the present invention has
a circuit arrangement in which a load resistor and a MISFET are
connected in series between first and second potentials. Since
the MISFET is composed of a MISFET whose threshold voltage is
controlled by electric charges injected into the gate insulating

film, an output bias can be set finely in an analogue fashion.
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According to an inventive bias circuit, since a MISFET
is operated in the enhancement mode after its channel potential
has been adjusted by injecting electric charges into a gate
insulating-film of the MISFET, this bias circuit serves as a low-
clamping circuit having a diode characteristic when a load
current is reduced. Therefore, when a bias voltage of this bias

circuit is set to a DC bias Vi of the reset gate, even if an

amplitude of a reset pulse and a duty ratio are fluctuated,_a
low-level voltage of the reset gate can be held constant and a
saturated signal can be prevented from becoming insufficient.

According to an inventive charge transfer device, since
a bias voltage supplied to a control electrode of a reset
transistor which resets a potential of a floating capacitor is
generated by the above bias circuit, a desired bias voltage can
be supplied to the control electrode-of the reset transistor and
the reset transistor can carry out a proper reset opération.

Further, accorxding to an inventive solid-state imaging
device, since a control voltage supplied to a means for
discharging a pixel signal is generated by the aforesaid bias
circuit, a desired control voltage can be supplied to the pixel-
signal discharging means and the pixel signal discharging means
can discharge a pixel signal satisfactorily. For example, a DC
bias voltage applied to the reset gate portion and. the substrate
voltage need not be adjusted from the outside. Moreover, since
the amplitude of the reset pulse .is lowered, it becomes possible
to reduce a power consumption. The setting of a substrate

voltage in an amplifying-type solid-state imaging device need
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ﬁoﬁ be adjusted. 1In addition, since the aforeséid bias circuit
is fabricated into a chip of a solid-state imaging device, a part
of protecting devices can be reduced. _

Furthermore, according to an inventive charge detecting
device, it is possible to set a potential under the gate to a
proper value by injecting electric charges into a gate insulating
film of a reset MISFET which resets a potential of a floating
capacitor in which signal charges are accumulated, in particular,
a gate insulating film having a multi-layer structure composed of
an oxide film, a nitride film and an oxide film.

_ Having described.preferred embodiments of the invention
with reference to the accompanying drawings, it is to be
understood that the invention is not limited to those precise
embodiments and that various changes and modifications could be
effected therein by one skilled in the art without departing'from

the spirit or scope of the invention as defined in the appended

claims.
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' What is claimed is: ,EII
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1. A metal-insulator-semiconductor (MIS) device
comprising:

a semiconductor layer;

a gate electrode formed on said semiconductor layer;
and |

a gate insulating film formed between said
semiconductor layer and said gate electrode, said gate
insulating f£ilm holding electric charges to adjust a threshold

voltage or a channel potential.

2. A MIS device according to claim 1, wherein said MIS

device is an analogue MIS field effect transistor.

3. A MIS device according to claim 1, wherein said
gate insulating film has a multi-layer structure in which an
oxide film, a nitride film and an oxide film are 1éminated, in
that order, and said electric charges are injected into said

nitride film.

4. A method of adjustiﬁg a threshold voltage of a MIS
device of a semiconductor integrated circuit composed of a
pluralit& of MIS devices comprising the step of:

injecting electric charges into a gate insulating film

SO as to correct fluctuations of threshold voltages between said

MIS devices.
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5. A method of adjusting a threshold voltage of a MIS
device according to claim 4, wherein said electric charges are

~injected into said gate insulating film formed of a nitride

film.

6. A method of adjusting a threshold voltage of a MIS
device according to claiﬁ 4, wherein said electric charges are
injected into a nitride film of said gate insulating film
having a multi-layer structure in‘which an oxide film, a nitride

film and an oxide film are laminated, in that order.

7. A method of adjusting a threshold voltage of a MIS
"device according to claim 4, further comprising a step for

detecting a channel potential of said MIS device.

8. A method of adjusting a threshold voltage of a MIS
device according to claim 7, wherein said channel potential

detection step is a step for comparing a channel potential with

a reference value.

9; A method of adjusting a threshold volﬁage of a MIS
device according to claim 4, wherein said electric charge
injection process is carried out in a process for applying a
voltage to an interface between said gate electrode and a

semiconductor substrate of said MIS device.

o
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10. A method of adjusting a channel potential of a MIS

device comprising the steps of:

comparing a channel potential of a MIS device with a
reference value; and

injecting electric charges for corredting a difference
between said channel potential and said reference value into a

gate insulating film of said MIS device.

11. A bias circuit comprising:

a load resistor and a MIS field effect transistor
connected in series between first and second potentials, wherein
said MIS field effect transiétor has a gate insulating film into
which electric charges for adjusting a channel potential are
injected thereby to adjusf a threshold voltage of said MIS field

effect transistor.

12. A method of adjusting a Eias circuit having a load
resistor and a MIS field effect transistor connected in series
between first and second potentials comprising the steps of:

adjusting a channel potential by injecting electric
chargés into a gate insulating film of a MIS field effect
transisﬁor; and

setting said MIS field effect transistor in the

enhancement mode after said adjustment process.

13. A charge transfer device comprising:

a charge transfer portion;
. -

) O VA
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a floating capacitor for accumulating electric

charges ,transferred by said charge transfer portion;

.a reset transistor for setting a potential of said
floating capacitor to a predetermined potential; and

a bias circuit for generating a bias voltage supplied
to a control electrode of said reset transistor, wherein said
bias circuit includes a load and a MIS field effect transistor
cbnnected.in series between said first and second potentials and
said MIS field effect transistor has a gate insulating fi;ﬁ into

which electric charges for adjusting a channel potential are
injected.

14. A solid-state imaging device comprising:

a plurality of pixels;

means for outputting signals obtained from said pixels;

means for discharging unnecessary signals of said
pixels; and

a bias circuit for generating a.control voltage to
control a discharge operation of said discharge means, wherein
said bias circuit includes a load resistor and a MIS field effect
transistor connected in series between first and second
potentials and said MIS field effect transistor has a gate
insulating film into ﬁhich electric charges for adjusting a

channel potential are injected.

15. A solid-state imaging device according to claim

—
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14, wherein said pixel has a signal charge accumulation portion
formed of a first conductivity type semiconductor region and said
unnecessary signal discharge means includes a gate portion formed
of a second conductivity type semiconductor region adjacent to
said signal charge accumulation portion and a drain portion

formed of a first conductivity type semiconductor region adjacent

to said gate portion.

16. A solid-state imaging device according to claim 15,

wherein said control voltage is supplied to said drain portion.

17. A charge detecting device comprisings:
a floating capacitor for accumulating signal charges;
a detecting circuit for detecting signal charges. -
accumulated in said floating capacitor; and
| a MIS field effect transistor for resetting a potential
of said.floating capacitor to a predetermined potential, said MIS
field effect transistor having a gaﬁe insulating film into which

electric charges of a predetermined amount are injected.

18. A charge detecting device according to claim 17,
wherein said gate insulating film has a’ multi-layer structure in
which an oxide film, a nitride film and an oxide film are

laminated, in that oxrder.
_—

LU



