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ANALOGUE MISFET WITH THRESHOLD VOLTAGE ADJUSTER 

BACKGROUND OF THE INVENTION· 

The present invention relates to a MIS (metal­

insulator-s.emiconductor) device (including MISFET (metal­

insulator-semiconductor field-effect-transistor) and CCD 

(charge-coupleq-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 device. 

More particularly, this invention relates to a MIS 

device in which a threshold voltage or channel potential can be 

controlled in an analogue fashion. 

This invention 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 adjust~ng 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 to a charge transfer device 

us1ng a 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 device. 

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 fashion. 

In the above CCD solid-state imaging device, an 

allowable amount of signal charges e accumulated in the light­

recei ving portion when light becomes incident on the light~ 

receiving portion, i.e., an amount of signal charges treated by 

the lig~t-receiving portion is determined by a height ~f a 

potential barrier 'a of an overflow barrier OFB composed of the 

p-type Well region as shown in potential distribution diagrams 

of FIGS. lA and lB. 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 'a 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 'a 
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 v sub. However, according to 

this device structure, since device structures are frequently 

fluctuated.when they are manufactured, the height of the 

potential barrier 'a of the overflow barrier OFB is.frequently 

fluctuated as shown by a dot~ed line height 'a' in FIG. lA. 

Therefore, each time devices are manufactured, different 

substrate voltages Vsubi Vsub' have to be set, respectively. 

In the CCD solid-state imaging device, as shown in 

FIG. 2, a floating diffusion region_FD for co~verting electric 

charges into voltages is formed at the succeeding stage of a 

horizontal transfer register 1 through a horizontal output gate 

portion BOG. 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 elect~odes 6 [6A, 6B]. The adjacent two 

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

drive pulses cj>H1 and cj>H2 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 applied 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 t1. The reset 

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

example, and a reset voltage V1m, e.g., a power supply voltage 

V00 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 cl>RG is 

applied to the gate electrode 10. 

In recent CCD solid-state imaging devices, a driver 

circuit for applying the drive pulses ~H1 , 'H2 is incorporated in 

the horizontal transfer register 1 and a driver circuit for 

applying the reset pulse ~ 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 cl>RG is 

determined depending on the power supply voltage V00 which is 

the reset voltage V1m, there is then the problem that a 
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potential under the reset g~te portion 2 is fluctuated (shown by 

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

value of the reset pulse ct>BG has to be set to a desired value for 

every device. The DC bias value of the reset pulse cl>BG is set by 

an external circuit (i.e., so-called bias circuit) •. ~en the 

driver circuit for applying the reset pulse cl>BG is incorporated 

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

pulse ct>BG is digitally set in a so-called phase-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) i~ a p-type well region of an 

n-ch~nnel 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 d~ta 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 example, 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 ~lectrode 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 ccn·solid-state imaging devices are products 

using a potential of 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 an~ in which a setting of 

a substrate voltage need not be adjusted from the outside. 

It is another object of the present invention to 

provide a charge transfer device and a charge detecting device 

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

.imaging 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 threshold 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 

4evice 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 a semiconductor integrated circuit composed of a 

plurali:ty of MIS devices. This method comprises the step of 

injecting electric charges into a gate.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 provided a bias circuit which is comprised of a load 

resistor and a MIS field effect transistor connected in series 

between first and second potentials, wherein tne 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 provid~d 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 

.. 
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injecting electric charges into a gate insulating film of a MIS 

field effect transistor, and setting said MIS fiel~ effect 

transistor in the enhancement mode after the adjustment process. 

According to a sixth aspect of the present invention, 

there is ~rovided a charge transfer device which is comprised of 

a charge transfer portion, a floating capacitor 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 a. 

gate insulating film into which electric charg_es for adjusting a 

channel potential are injected. 

In accordance with ~ seventh aspect of the present 

invention, 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 voltage to control a discharge operation 

of the discharge me_ans, w~erein 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 insulating film into which electric charges 

for adjusting a channel potential are injected. 

) 
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In accordance with an eighth asp~ct 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 potential of the floating capacitor to 

a predetermined potential, the MIS field effect transistor having 

a gate insulating film into which electric charges of a 

predetermined amount are injected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a potential diagram showing signal charges 

acc.umulated in the substrate when a light-receiving portion of a 

CCD solid-state imaging device receives light and showing 

measured results of a height of a potential barrier before a 

substrate voltage is adjusted; 

FIG. lB is a potential diagram.showing measured results 

of a height of a potential barrier after a substrate voltage is 

adjusted; 

FIG. 2 is a schematic 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-insulat~r-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-sectional view used to 

explain a potential shift operation of a p-channel MIS device 

according to the present 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 cco solid-state imaging device; 

FI.G. llA is a circuit diagram showing an example of a 

. source-follower bias circuit according to the present invention;' 
. . 

FIG. llB is a circuit diagram 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. llA or llB 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 voltage versus current characteristics in the 

equivalent circuit shown in FIG. 14; 

FIG. 16 is a circuit diagram showing an example of a 

bias circuit composed of a number of MIS transistors connected 

in series; 

FIG. 17 is a circuit di~gram showing an example of an 

inverter-type bias circuit according to the present invention; 

FIG. 18 is a circuit diagram showing another example 

of an inverter-type bias circuit according 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 according to the present 

invention; 

FIG. 23 is a flowchart to which reference will be made 

in ~xplaining an operation 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 



13 

amplifying type solid-state imaging device acc~rding 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 

Embodiment~ of the present invention will hereinafter 

be described with reference to the drawings. 

Initially, a device having a metal (electrode)-· 

insulator-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 vth 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-sectional view showing an inventive 

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 semiconductor 

··base) 22 on which major surface there are formed second 

conductivity-type (p-type or n-type) source region 23 and drain 

region 24. Then, a gate insulatipg film 25 having a three-layer 

structure is formed by laminating an oxide film, e.g., silicon 

oxide film (Si02 ) ·26, a nitride film, e.g., silicon nitride film 

(SiN) 27 and an oxide film, e.g., silicon oxide film (Si02 ) 28, 



14 
.. . 

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 the drain regi~n 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 to 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 enhancem~nt direction (direction in which potential 

becomes shallo~) • 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 deep). 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. Therefore, 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 th_e enhancement 

direction. 



15 
':t• ""' 

When the MISFET 21 is modified as an n-channel MISFET 

21N having the MONOS structure as shown in FIG. 5, if a high 

voltage is applied to an interface between the gate electrode 30 

and a channel region formed beneath the gate electrode 30, by 

way of example, if a source voltage Vs and a drain voltage Vo 

are both set to OV (p-type semiconductor region 22 is, however, 

grounded) and a positive .C+) high gate voltage (voltage higher 

than a normal 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 applied to the gate electrode 30 and the time dur~ng 

which the voltage VG is applied to the gate electrode 30. 

Specifically, the potentials are moved in the enhancement 

direction and therefore the desir·ed potential or the threshold 

voltage vth can be obtained. 

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

is applied to the gate electrode 30 of the n-channel MISFET 21N. 

if a p-type hole supply source is provided nea·r the gate, then 

holes hare 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 simifarly applied to the interface between the gate 

electrode 30 and the channel region formed beneath the gate 

el~ctrode 30, by way of example, then the source voltage Vs and 

the drain voltage Vn are both set to OV (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 potential or the 

threshold voltage vth can be obtained. 

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

(positive) high gate voltage Va 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 

potentials 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 qf 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 voltage vth in an analogue fashion by 

controlling 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 analogue MISFET. 

The MIS device having the MONOS structure in which the 

potential or threshold voltage Vth can be set in an analogue 

fashion is riot 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. 

Furthermore, the MIS device having the MONOS structure 

can be applied to setting a substrate voltage and a reset gate 

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 interline 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 shown in FIG. 7, a CCD solid-sta~e 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 side of the horizontal transfer register 45, i.e., a 

charge detecting circuit 46 whose detected output is obtained at 

an output terminal t 2 • 

As shown 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 channel region 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 and a second p-type well region 54 is formed 

beneath the n-type trqnsfer 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 

and the p-type well region 49. A gate insulating film 59 of 

three-layer structure is formed by laminating a silicon oxide 
. . 

film (Si02 ) 56, a silicon nitride film (Si3N4 ) 57 and a silicon 

oxide film (Si02 ) 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 gate 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-

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 (Si02 ) 56, the silicon nitride 

film (Si3N4 ) 57 and the silicon oxide film (Si02 ), a ·plurality of 

first transfer electrodes 65A each formed of a first layer 

polycrystalline silicon layer and a plurality of second transfer 

electrodes 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 



20 

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 cpH1 , cpH2 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 

region 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 from being 

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 pf the final stage of the 

horizontal transfer register 45. A fixed output 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 
. . 

floating diffusion region FD, a reset drain region 81 and an 

output circuit (detecting circuit) 46 connected to the floating 

diffusion region FD to detect signal charges accumulated in the 

floating diffusion region FD. A detected output from the output 

circuit 46 is supplied to the output terminal t2. 

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

semiconductor layer to which a reset voltage VRD (e.g. , power 

supply voltage Voo) is applied. A reset pulse cl>RG 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 (Si02 ) 56, the silicon nitride film (Si3N4 ) 57 and the 

silicon oxide film (Si02 ) 58, in.that order, at the same time 

when the gate insulating film 59 of the vertical and horizontal 

transfer registers 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, photoelectrically converted by each light-receiving 

portion 42 in response to an amount of light received by the 
. . 

light-receiving portion 42, is read out t~ the vertical transfer 

register 43 and transferred through the vertical transfer 

register 43 to the horizontal transfer register 45. The signal 

charge transferred to the horizontal transfer register ·45 is 

transferred at every pixel to the floating diffusion region FD 

and converted by the output circuit 46 in the form of electric· 

charge to voltage, whereafter it is read out from the output · 

terminal t 2 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 <Pm· Then, the 

potential of the floating diffusion region FD is reset to the 

potential of the reset drain ~egion 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 c1>zn under the reset gate portion 82 becomes deep due 

the potential shift in the manufactured product, the potential 

is adjusted as follows. 

sp.ecifically, the potential c1>zn ( c1>zni) under the reset 

gate portion 82 is detected and the detected potential ci>zn1 is 
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compared with a reference value <1>in:z (i.e., value of potential to 

be set). 

Theri, electric charges of an amount that is large 

.enough to correct a dif terence between the detected potential <!>mi 

and the reference value cl>nl2 are injected into the silicon nitride 

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

reset voltage VRD of the reset drain region 81 is set to ov, a 

predetermined + (positive) high voltage VRD 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 <!>mi and the reference 

value %12 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 

film 57 until 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 +mi 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 ~ was adjusted. Thus, the potential cl>mi can be 

adjusted to a normal potential «Pna· 

Since the terminal of the reset drain region 81 and 

the terminal of the reset gate portion 82 are external 

terminals, it is necessary to avoid the p~tential from being 

shifted due to a static electricity. It is ·customary that 

protecting devi~es (e.g., diodes and transistors} are added to 

these external terminals 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 voltage is raised to de-ene~gize the protecting 

device, thus to make it_possible to adjust ~he potential. After 

potential has been adjusted, the protecting device is energized 

by connecting the protecting device to the external output 

terminal one more 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 PP connected in series. One end 

of the protecting device 86 is connected to a power supply 

voltage V00 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 
. . 

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

imaging device is inspected in the wafer state, the potential <!>in 

is adj.usted. When th~ CCD solid-state imaging device is 

assembled, the external output terminal 87 and the protecti~g 

device 86 are connected by a wire bond~ng 88. Therefore, even 

when a static electricity is applied to the external output 

terminal 85 after the CCD solid-state imaging device was 

shipped, the protecting 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 a desired amount are injected into and accumulated in 

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

analogue fashion, whereby the potential <Pm 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 ~ can be lowered in order to reduce a power consumption. 

When the substrate voltage Vsub of the CCD solid-state 

imaging device is set, since 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 MONOS 

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 «Pin under the reset gate portion 82 

is directly adjusted as described above, the present invention 

is not limited thereto and the potential «Pm can be adjusted 

indirectly. Because the potential shift <Pm can be considered to 

be the same as the shift of the DC bias VRG applied to the gate 

electrode 85, the DC bias VRG 'applied to the gate electrode 85 

of the reset gate portion 72 may be controlled by the above bias 

circuit.· 

FIG. llA shows an example of a bias circuit. As shown 

in FIG. llA, a bias circuit 91 is of a source-follower circuit 
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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., then-channel 

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 V00 is applied. The other end of the load 

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

t 3 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 R1 to the drain D (power supply source) so 

that a particular gate bias is applied to the gate G. 

FIG. llB shows another example of a bias circuit 91'. 

As shown in FIG. llB, the gate G·of a drive MISFET transistor 

92 1 is connected through a resistor R1
1 ~o 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. llA 

and llB differ from each other only in the connections of the 

resistors R1 and R1 ', in FIG. llB, like parts corresponding to 

those of FIG. llA 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 to a power supply source and the ground (GND) without 

a resistor if a circuit is 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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OV and a high voltage is applied to a gate terminal 95 as will 

be described later on. Therefore, the resistor R1 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 R1 can withstand a high voltage, the 

resistor R1 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 

VG becomes nearly equal to the source voltage Vs (i.e., 

threshold voltage Vth is held at OV). 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 (Von) (Vth !:; - V00 ) when the gate voltage VG is equal to 

OV. Then, Von = V~ub (or V.RG) = OV (i.e., the power supply 
. . 

terminals 96, 96' and the output terminals t 3 , t 3 ' are held at 

OV) 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 output terminal 

tJ' of the bias circuit 91'·is applied to the substrate as the 

substrate voltage Vsub of the CCD solid-state imaging device. 

As a consequence, the value of the substrate voltage 

Vsub can be varied in a range from the power supply voltage V00 
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to a voltage of +av. Specifically, if the drive MIS transistor 

92' is set in the depletion·state where vth = - V00 , then the 

output of the drive MIS transis~or 92' becomes.the power supply 

voltage VDD· 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 Veo to +av. 

The output bias voltage supplied to the output 

terminal t 3 of the bias circuit 91 is applied to the reset gate 

electrode as the DC bias VM of the reset gate portion of the 

CCD solid-state imaging device. 

As a result, the value of the DC bias voltqge VRG 

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

from the power supply voltage V00 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 

Vee• 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 OV and can be varied in a range of from 

the power supply voltage Veo to ov . 

. 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 
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line in FIGS. llA, llB. If the load resistors 93, 93' are formed 

of the constant current sources, q 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 h.as 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. In 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 the bias 

circuit for applying the substrate voltage Vsub to the CCD solid-

state imaging device. 

In the above bias circuit 91, the output bias is 

fluctuated substantially similariy with the fluctuation of the 

power supply voltage V00 • Accordingly, when the bias circuit 91 

is used to supply the substrate potential Vsub to the CCD solid­

state imaging device, if the power supply voltage V00 is 

fluctuated, then the substrate voltage Vsub 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 VRG of the reset gate portion 82, if the 

power supply voltage V00 which becomes the reset drain voltage 

vRD 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, accordingly, the DC bias 

value of the reset gate· is fluctuated with the same f_luctuated 

amount as that of the power supply voltage V00 , which therefore 

brings 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 reset gate portion. 

FIG. 12 is a circuit, partly in cross-sectional form, 

diagram showing the embodiment wherein the above bias circuit 91 

is applied to the case that a potential of the reset gate 

portion 82 of the CCD solid-state imaging device is adjusted 
. 

(i.e, DC bias is adjus~ed). 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-state imaging device 101 according to 

this embodiment, as shown in FIG. 12, a semiconductor chip 97 

forming 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 81. The power 

supply voltage Voo which becomes the reset drain voltage VRD is 

applied to the reset drain region 81 through the power supply 

terminal 96. 

The source of the drive MIS transistor 92 is connected 

to the gate electrode 85 of the reset gate portion 82 and 

further connected through an external capacitor 9·9 disposed 

outside the semiconductor chip 97 to a reset pulse generator 

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

terminal. 

The reset gate portion 82 does not need a special gate 

insulating film because electric charges need not be injected 

into the gate insulating film. Therefore, the gate insulating 

film might be an insulating film of the above three~layer 

structure or insulating films of other structures. 

According to the eIJJbodiment shown in FIG. 12, the 

potential cl>in under the reset gate portion 82 is measured when 

the wafer is inspected. If the measured potential cl>in is 

different from the reference value cl>mz, 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 

desired value can be output from the bias circuit 91 and applied 

to the reset gate portion 82 as the DC bias voltage VRG, 
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resulting in the potential %t under the reset gate portion being 

adjusted. 

The reset gate electrode 85 is applied with a reset 

pulse cl>RG 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 %t 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 Das seen from the terminal t 3 (see FIGS. 13 and 14). 

FIG. 15 is a characteristic graph of voltage versus current 

characteristics of the equivalent circuit 98 shown in FIG. 14. 

If the drive MIS transistor 92 is driven in 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 average-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 V00 is fluctuated, 

even when the power supply voltage V00 is fluctuated, a 

potential difference between the potential under the reset gate 

portion 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> V6 • 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,_ VG< Vo 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. A 

fluctuation of the substrate voltage Vsubi for example, is as 

large as several Volts and has to be adjusted in a range from 

nearly lOV. 

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 t 3 • The resistor R1 

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 each drive MIS transistor 92, the 

power supply terminal V00 and the output terminal t 3 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 of the drive MIS transistor 92 per stage 

can be reduced, i.e., the adjustment range can be reduced ~ith 

the result that a total amount of a potential shift~ 

accordingly, the adjustment range can be expanded. 

Simultaneously, it is possible to avoid the drive MIS transistor 

92 from being deteriorated in withstanding a high voltage among 

the gate-source and drain when the drive MIS transistor 92 is 

operated in actual practice. 

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 3 becomes the power supply voltage V00 • 

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 OV. Therefore, the 
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potential can be adjusted in a wide range from the power supply 

voltage VoQ 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 transistor 92 shown in FIG. llA 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 Vsub• 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 output with a small 

potential shift amount. 

A bias circuit 105 according to this embodiment is an 

inverter 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 V00 

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 4 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., then-channel MISFET 

21N shown in FIG. 4. A resistor 122 similar to the resistor R1 

is connected between the gate G and the source s of the drive 

MIS transistor 106. 

In this inyerter type bias circuit 105, in the initial 

state, the drive MIS transistor 106 is placed in its on-state. 

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 4 is changed in a range 

from OV to the power supply voltage V00 • 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 influence exerted when the voltage is 

fluctuated. 

FIG. 18 shows a further example of an inverter type 

bias circuit which can be protected· from being affected by the 

fluctuation of 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 ~nd the load resistor 107. The drain D of 

the drive MIS transistor io6 is connected through the load 

resistor 107 to the power supply voltage V00 and the source S 

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

used as the input side and the output termina~ t 4 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 V00 • Resultant divided voltages are applied to the gate 

G of the drive MIS transistor 106. A dividing ratio is made 

equivalent to a gain of the i~verter. The drive MIS transistor 

106 might be the MISFET having the MONOS structure, e.g., then­

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 cl>ni 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-followe~ type bias circuit. 

Further, the resistors 122, Ra and Rb might be formed of any one 

of the polycrystalline si~icon resistor, the MIS resistor and 

the diffusion resistor so long as they can withstand a high 

voltage. 

According to the bias circuit 110, if the power supply 

voltage Voo 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 V00 • 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 supply voltage V0o applied to the 

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

In this bias circ~it 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, the output becomes OV in the 

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 Voo• 

Thus, the bias circuit 110 can obtain a large change 

of output by a small shift amount and can be protected from 

being affected by the fluctuation of the power supply voltage 

V00 • Therefore, this· bias circuit 110 becomes a best adjusting 

circuit for setting the substrate voltage Vsub of the CCD solid-

state imaging device. 

FIGS. 19 I 20 and 21 show further examples of b.ias 

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 t 5 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 t 6 is led out from the emitter of the bipolar 

transistor 131. According to the bias circuit 130, the output 

impedance can be lowered and the solid-state imaging device can 

withstand a higher voltage when a shutter pulse is applied to 

the.solid-state imaging device so as to start an exposure. 

A bias circuit 140 shown in FIG. 21 differs from the 

bias circuit 125 shown in FIG. 19 in that an emitter-follower 

circuit composed 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 7 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 

withstand 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 case, how to shift the 

potential in the n-channel MIS device, for example, will be 

described. 

As earlier noted in FIG. 5, the electrons 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 appl~ed 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 eon.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 film 26 and a 

time during which the ~lectric field is applied to the silicon 

oxide film 2 6. An amount of voltage applied to the gate 

insulating film 25 should be selected in proportion to a film 

thickness d1 of the gate insulating film 25. 

Accordingly, the voltage applied to the gate 

insulating film 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 system for adjusting a potential of.a MIS devic~ 

having a MONOS structure, 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 llB, the MIS element having the MONOS 

structure is used 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 V0 ut of the 

source-follower circuit is detected in the first step I. Then, 

the processing proceeds to the next comparison step II, whereat 

the detected output voltage V0 ut is compared with a reference 

value (desired voltage value). If the output voltage· Vout is 

agreed with the reference value (i.e., Vout :s: 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 

comparison step II that the detected output voltage Vout is not 

agreed with the reference value (i.e., .Vout >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 a 

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

by a constant pulse width) cj>w proportional to the difference 

between the reference value and the detected output voltage Vout 

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 processing returns to the step I, whereat 

the output voltage Vout of the source-follower circuit is 

detected. The processing then proceeds to the next comparison 

step II, whereat ·the detected output voltage Vout is compared 

with the reference value. Steps I and II are repeated until the 
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output voltage Vout 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 modulation sys~em. 

Similarly to FIG. 22, the drive MIS transistor 92 is 

composed of the MIS 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 Vout of the 

source-follower circuit is detected in the first step I. 

Then, the processing proceeds to the next comparison 

step II, whereat the detected output voltage Vout is compared 

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

detected output voltage Vout is agreed with the reference value 

(i.e., Vout ~ 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, wh~reat 

the potential adjustment is stopped. 

If on the other hand it is determined in the 

comparison step II that the detected output voltage Vout is not 

agreed with.the reference value (i.e., Vout >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 

pulse voltage cl>vG is applied to the gate for a time proportional 

to the difference between the reference value and the output 

voltage Vout, i.e., pulse voltage <Pw 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 

output voltage Vout of the source-follower circuit is detected. 

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

the detected output voltage Vout is compared with the reference 

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

voltage Vout is agreed with the reference value. 

In this way., the potential 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 potential to a desired potential by repeating the similar 

processes after .an output voltage 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 interline transfer system as described above, it is needless 

to say that the present invention is not limited thereto and can 

be applied to a cco 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 gate 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 
. 

outputs the change of a channel current 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 

photoelectrically-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 plurality of the above unit pixels are 

arranged in·a matrix fashion. Then, though not shown, gates 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.sample and hold 

circuit for sampling and holding a pixel signal and a switching 

MOS transistor. 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 

read 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 hold 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 Vaub (e.g., OV) 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 started based on an 

operation of an electronic shut~er), as shown by a dotted line 

in FIG. 25, the same gate voltage as that used .when the pixel is 

scanned is applied to the gate and a desired substrate voltage 

VsubR (e.g., about -6V to -lOV) is applied to the substrate 

terminal Sub. The holes (signal charges) 123 are discharged to 

the substrate 120. The aforesaid bias circuits 91, 102, 105 or 

110 can be used to set the substrate voltage VaubR 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 p+urality of MIS 

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 potential is compared with a reference value. Then, the 

source and the drain are held at ov 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 to correct 

fluct~ations of the threshold voltages of the MIS devices. 

The present invention can be applied to a method of 

adjusting a channel potential of MIS device. Also in this 

example·, the MIS device has the MONOS 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 potential 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 adjusted. 

Other embodiment of the present invention can be 

applied to CCD charge transfer devices applied to a solid-s.tate 

imaging device or the like. The charge transfer device 
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according to this embodiment 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 potential 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 p~tential, 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 MIS device generally refer to a CCD 

structure, a CCD transfer register, a MISFET or the like. 

A gate insulating film of the CCD transfer register, 

for example, ca~ be formed as a three-layer structure composed of 

a silicon oxide film, a silicon nitride film and a silicon oxide 

film and a channel potential under the transfer portion can be 

set by accumulating electric charges 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 cco solid-state imaging device, 

for example, in particular, th~ 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 
. . 

consumption. 

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 VRG 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 value can be set finely in an analogue fashion. 

Therefore, the inventive analogue MISFET is for use with an 

analogue circuit or the like. 

According to the inventive MIS device, a threshold 

value or a channel 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 outside. 

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 ~luctuations of the threshold voltag~s into the gate 

insulating film. 

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 channel potential of 

t_he 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 film of the 

gate insulating film. 

According to an inventive method of adjusting a 

channel potential of a MIS device, a channel potential of a MIS 

device is compared with a reference value and the channel 

potential can be finely adjusted in an analogue fashion by 

injecting electric charges of amount suitable for correcting a 

Ciif ference 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 threshol~ 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 c~annel potential 

has been adjusted by injecting electric charge~ into a gate 

insulating film of the MISFET, this bias circnit serves as a low­

clam.ping 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 Vac 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-~£ the reset transistor and 

the reset transistor can carry out a proper reset operation. 

~urther, according 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 

~ircuit, 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 set~ing of a substrate 

voltage in an amplifying-type solid-state imaging device need 
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not be adjusted. In addition, since the aforesaid 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 pref erred 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: 

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 s~id 

semic~nductor layer and said gate electrode, said gate 

insulating film 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 laminated, in 

that order, and said electric charges are injected into said 

nitride film. 

4. A method of adjusting a threshold voltage of a MIS 

device of a semiconductor integrated circuit composed of a 
.. 

plurality 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 aqcording to claim 4,·wherein said electric charges are 

injec~ed into said gate insulating film formed of a nitride 

film. 

6. A method of adjusting a threshold voltage of a MIS 

device according to claim 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 adjµsting a threshold voltage of a MIS 

·device according to claim 4, further comprising a step for 

detecting a channel potentfal 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 voltage of a MIS 

device according to claim 4, wh~rein said electric charge 

injection process is carried out in a process for applying a 

volta9e to an.interface between said gate electrode and a 

semiconductor substrate of said MIS device. 

I If l/ll///ll/1111/l Ill/I II llll 
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19. 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 correcting 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 MI$ field effect transistor has a 9ate insulating film into 

which electric charges for adjusting a channel potential are 

injected thereby to adjust a threshold voltage of said MIS field 

effect transistor. 

12. 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 comprising 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 said adjustment process. 

13. A charge transfer device comprising: 

a charge transfer portion; 

. \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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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 

connected.in series between said first and second potentials .and 

said MIS field effect transistor has a gate insulating f i~m 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; 

me~ns 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 which electric charges for adjusting a 

channel pote~tial are injected. 

15. A solid-state imaging device according to claim 

''''' mq "' 1~111111 .. 
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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 semiconduct~r 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 comprising: 

a floating capacitor for accumulating signal charges; 

a detec:::ting 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 M~S 

field effect transistor having a gate 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 order. 
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