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SOLID STATE IMAGER. DEVICES

This. invention relates to solid state imager devices, and to

methods of utilizing a solid state imager device as an electronic
5 shutter, for example, for an electronic camera such as a video camera
or an electronic still camera. ,

It has been required that a solid state imager'device be able to
control its exposure time by electronic means provided therein, so
that when the imager device is used in, for example, a video camera,

10 the use of a mechanical shutter as hitherto proposed, is unnecessary.
Without a mechanical shutter, a video camera could be made smallef,
llghter, and more cheaply.

There has already been proposed a solid .state 1mager device which
permits selection between two exposure times, one long and one short.

15 This imager device has one of the two exposure times chosen to be
1/30 second, which is equal to one frame period in the NTSC television
system, and the other exposure time_chosen to be about 1/2000 second,
whicﬁ is equal to a vertical blanking period.

In this imager device, when the 1/30 second exposure time is

20 selected, signal charges accumulated in the light receiving section
during one-frame period are read out as an image signal. On the other
hand, when the 1/2000 second exposure time is selected, signal charges
accumulated before a vertical blanking period are read out to a
vertical register section and discharged by a high speed transfer,

25 while signal charges newly accumulated only during the vertical

6 blanking period are read out as an image Signal.

Howeveb, this imager device is limited in that it only allows
selection between two exposure times so that, even when a video camera
is equipped with such an imager device, it still requires a mechanical

30 shutter. Moreover, since a high speed transfer is required to
discharge the signal charges accumulated before a vertical blanking

period to the vertical register, the imager device consumes excessive
electric power.

Accordlng to the present invention there is provided a solid
35 state imager devxce comprising:
a semiconductor substrate of first conductivity type;
a region of second conductivity type formed on said substrate; and
.
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ﬁmulating region to said substrate. ,

According to the present invention there is also provided a
method of utilizing a solid state imager device as an electronic
shutter for an electronic camera, comprising the step of applying

10 Voltage potential aeross a semiconductor substrate of a first
conductivity type and a region of a second conductivity type formed on
said substrate, thereby to discharge signal ‘charges accumulated in a
signal charge accumulating region formed on a surface side 6? said
second conductivity type region to said substrate. ,

15 The finvention will now be described by way of example with
reference to the accompanying drawings, in which:

Figure 1 is a cross-sectional view showing an embodiment of solid
state imager device according to the present invention;

Figure 2 is a graph showing potentials of respective regions of
20 the imager device of Figure 1 in the depth direction thereof;
Figures 3A and 3B are timing charts for explaining a shutter
function of‘ the imager device; and
- Figures 4A to 4E are timing charts for explaining another shutter
function of the imager device. .
{ 25 - The .solid state image device of Figure 1 comprises an N type
' silicon substrate 1 upon which a light receiving section 4, a vertical
register section 5, a horizontal register section (not shown) and an
output section (not shown) are formed, so as to constitute a so-called
interline transfer charge coupled device (CCD) type imager device. On
30 the surface of the substrate 1 there is deposited, for exzample, by
epitaxial growth techniques, a P type region 2. An N~ type region 6
is deposited on the surface of the P type region 2.
The light receiving section 4 is formed of a shallow P** type
region 7 formed in a surface region of the N~ type region 6 and an
35 N* type region 3 is formed beneath the P** type region 7 to
constitute a signal charge accumulating region. There is also z P*
type region 8 constituting a channel stopper section formed adjacent

-
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a?oﬁ‘ﬁlgtlg d%dd%ta%?itb?ggg{gngﬂggeiog 10, which constitutes a read-out
gate region. A transfer electrode 13 made of polysilicon and another
insulating layer 12 made of Si3Ny are formed above the N* type
region 11 within the Si02 insulating layer 9. One end . portion of
the transfer electrode 13 is also used as a read-out gate electrode
134, AP typé region 1 is formed, for preventing smear, beneath the
N* .type region 11, an ‘aluminium layer 15 for shielding light is
deposited above the transfer el_ectrode '13 above the insulating layer
9. | _

Althotfgh only two of the transfer electrodes 13 are illustrated
in Figure 1, there are disposed a predetermined number of transfer
electrodes 13 such that the vertical register section § is driven in
known manner by a four-phase drive., The horizontal register section
and the output section which are not illustrated in the drawing, are
of known form. |

In the embodiment of Figure 1, the negative voltage terminals of
direct current (DC) power supply sources 16 and 17 are comonlx
connected to the P type region 2 and earthed. The pqsini.ve voltage
terminals of the sources 16 and 17 are connected to first and second’
fixed contacts 18& and -188, respectively, of a switching circuit 18,
A movable contact 18C of the switching circuit 18 is connected to the
substrate 1. '

An output voltage V| from the source 16 is selected to be a
value, for example, 10 volts, such that when the voltage V, is
applied to the substrate 1, the potential in the P type region 2
becomes slightly lower than the potential of the shallow P** type
region 7 on the su'rface of the N* type region 3, as shown by a solid
line X in Figure 2, so that signal charges can be accumulated in the
N* type signal charge accumulating region 3 and blooming can be
effectively suppressed. An output voltage Vy from the source 17 is
selected to be a value, for example 30 vo'lts, such that when the
voltage Vy is applied to the substrate ', the potential in the p
type region 2 becomes lower than the potential in the signal charge |

-
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Ibn of second conductivity type formed on said substrate; and
&= the replacenent sheet
charge accumul ating region fornmed on a surface side of said

'}

accumulating region 3, as is shown by a broken line Y in Figure 2, so
that the signal charges accumulated in the signal charge accumulating
region 3 can be discharged to the substrate 1. Switching of the
switching circuit 18 can be controlled by a control signal supplied
5 thereto through a control signal input terminal 19.

' In this embodiment, when a read-out pulse Pp, as shown in
Figure 3A, is supplied to the read-out gate electrode 13A while the
output voltage Vi from the source 16 is applied to the substrate 1,
signal charges accumulated in the signal charge aceumulaﬁing region 3
10 are read out to the vertical register section 5. Therefore, in the
present embodiment, the read-out pulse Py is supplied to the read-

out gate electrode 13A at every field within the vertical retrace.
After the read-out pulse P, has been supplied to the read-out
gate electrode 13A, if the switching circuit 18 is controlled so as to
15 supply the substrate 1 with the 30 volts pulse, that is supplying a
' discharging pulse Py at a desired time within one field period as
shown in Figure 3B, signal charges accumulated in the signal charge
accumulating region 3 for a period tp, that is a period from the
time the proceeding read-out pulse P> is applied to the read-out

20 gate electrode 13A to the time the current discharging pﬁlse Py is
applied to the substrate 1, are transferred to the substrate 1.
. Therefore, when the next read-out pulse P> is supplied to the read-
out gate electrode 13A, signal charges accumulated in the signal
charge accumulating .region 3 for the period ty, that is a ‘period
{ 25 from the ‘supply of the present read-out pulse Py, are read out to
.the vertical register section 5.

As described above, the exposure time of the imager device
becomes the period ty, so that a desired exposure time can be
obtained by selecting the time of supply of the discharging pulée Pq

30 to the substrate 1. Accordingly, when this imager device is used in a
video camera, it does not have to be provided with a mechanical
shutter, so that it is possible to reduce the size, weight and
manufacturing coét of the camera.

Furthermore, for discharging the signal charges, the imager

35 device does not have Co operate the vertical register section 5 at a
high speed as do the previously proposed solid state imeger devices.

The present imager device only requires, for example, a pulse of
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5 In thls method, after signal charges accumulated in the signal

charge accumuléting region 3 for the preceding field period have been
read out by the read-out pulse Pp shown in Figure U4A (the same as
that shown in Figure 34) to the vertical register section 5, the
voltage Vy (30 volts) is applied from the source 16 through the
10 switching circuit 18 to the substrate 1 so as to discharge the signal
charges accumulated in ‘the signal charge accumulating region 3 in such
a manner that an arbitrary number of the horizontal blanking periods,
each being set at 63.5 miéroseconds, are successively selected.
During the horizontal blanking periods thus selected, the switching
15 circuit 18 is controlled by the control signal applied thereto from
the terminal 19 So that the movable contact 18C engages the second
fixed contact 18B. In other words, after the signal charges have been
read out by the read-out pulse Pp, the voltage Vy (30 volts) -is
applied to the substrate 1 at every horizontal blanking period to

20 discharge the signal charges accumulated in the signal charge

accumulating region 3 immeciately before the exposure is started.

During the expdsure time period ty (Figure 4B), the voltage Vi

(10 volts) is applied from the source 16 through the switching circuit

18 to the substrate 1 to accumulate signal charges in the signal

( 25 charge acpumulatin’g region 3. Figure UC shows a horizontal clock

signal while Figure 4D shows a horizontal blanking signal, and Figure

4E shows the voltages to be applied to the substrate 1 within the
! horizontal blanking period.

With the method just described, the exposure time ti can be

30 changed in a range between 1/60 and 1/10000 of a second by selec_ting

the number of horizontal blanking periods for discharging the signal

charges accumulated in the signal charge accumulating region 3, as

shown in Figure 4B.

As described .above, the exposure time is controlled by changing

35 the voltage applied to the substrate 1. Since the voltage Vy is

applied to the substrate 1 within the horizontal blanking period, even

although a buffer amplifier and other devices forming the output
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re 1 is a cross-sectional view show ng an enbodi ment of solid state
er device according to the present invention; Figure 2 is a graph
i ng potentials of respective regions of the inager device of Figure 1
the depth direction thereof; Figures 3A and 3B are timng charts
Lexplaining a shutter function of thegi nmager device;

and Fi gures 4A
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dependent on the characteristics of a solid staté lmager device such
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deposited on the surface of the P type region 2. The |i ght

%ei ving section 4 is formed of a shallow P[err] type region 7 formed in a
2f ace region of the Ntype region 6 and an Nerr] type region 3 is
rmed beneath the Plerr] type region 7 to constitute a signal charge
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1. A solid state imager device comprising:
a semiconductor substrate (1) of first conductivity type-

5 -"a region (2) of second conductivity type formed on said substrate
(1); and
a signal charge accumulating region (3) formed on a surface side of
said second conductivity type region;

~ characterized by:

10 means (16 to 18) for applyl.ng a predetermined voltage to said
substrate (1) thereby to discharge signal charges accumuiated in said
signal charge accumulating region (3) to said substrate (1).

2. An imager device according to claim 1 wherein said predetermined

15 voltage is applied to said substrate (1) within a horizontal blanking
period so as to cause the signal charges acéumulated in said signal
charge accumulating region (3) to discharge to said substrate (1)
within the horizontal blanking period.

20 3. A method of utilizing a solid state imager device as an

electronic shutter for an electronic camera, comprising the step of
applying voltage potential across a semiconductor substrate {!) of a
first conductivity type and a region (2) of a second concuctivity .type
. formed on said substrate (1), thereby o discharge signal charges
25 accumulated in a signal charge accumulating region (3} formed on a
surface side of said second conductivity type region (2) to said
substrate (1).

y, & method according to claim 1 wherein said predetermined voltage

30 is applied within a horizontal blanking period so as to cause said
signal charges accumulated in said signai charge accumuléting region
(3) to discharge to said substrate {1) within said horizontal blanking
period.
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3. tothe Plerr] type region 7 and the N err] type region 3. An
insulating layer 9 made of Si2 is deposited on the P[err] type region 7.
The vertical register section 5 is formed such that an N err] type region
11, which constitutes a signal charge transfer region, is forned adjacent
tora P type region 10, which constitutes a read-out gate region. A transfer
el ectrode 13 nade of polysilicon and another insulating |ayer 12 made. of
Si.3N4 are formed above the Nerr] type redon. 11 within the SiQ insulating
| ayer 9. One end portion of the transfer electrode 13 is also used as a
read-out gate electrode 13A. A P type M88TRMT14 is fornmed, for preventing
snmear, beneath the o,

SOLID STATE IMAGER DEVICES

5 A solid state imager device having an electronic shutter
function, and suitable for use in a video camera or an electronic
still camera, has a semiconductor substrate (1) of a first
conductivity type, a region (2) of second conductivity type formed on
the substrate (1), and a signal charge accumulating region (3) formed

10 on the surface side of the second conduct1v1ty type region (2). a
predetermined voltage is applied to the substrate (1) of the first

_ conductivity type, and t_'.he. signal charges accumulated in the signal
O charge accumulating r-egion (3) are discharged to the substrate (1),
whereby the exposure time of the solid state imager device can be

15 controlled.
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type region 11, An alun1n|un1layer 15 for shielding light Is
g t ed above the transfer el ectrode 3 above the insul ating |ayer 9. (Q)
. }'gh only two of the transfer electrodes 13 are illustrated in Figure

fere are di sposed a predeterm ned nunber of transfer el ectrodes 13 such
fthe vertical register section 5 is driven in known manner by a
P phase drive. The horizontal register section and the output section
fh are not illustrated in the drawing, are of known form In the

pdi ment of Figure 1, the negatg |tage,termnal s of direct current
& poper supply sources 16 andf#7, compnly connected to the P type

{ﬁon 2 and earthed. The positive voltage termnals of the sources 16 and
.are connected to first and second fixed contacts 18A and 18B,

?',pectlvely, of a switching circuit 18. A novable contact 18C of the
tching circuit 18 is connected to the
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— substrate 1. An out put vol tage V[err] fron1the source 16'fs‘selected

to be a value, for exanple, 10 volts, uch that when the voltage VL

“is applied to the substrate 1, the potentlal in the P type region 2 becones
"slightly Iower than the potential of the shallow Plerr] type region 7 on
“the surface of the N+ type region 3, as shown by a solid line Xin Figure

2, so that signal charges can be accunulated in the N err] type signal

" .charge accumul ati ng region 3 and bl ) can he effectively suppressed:
An output voltage V[err] fromthe séﬁ?té?l? i@é?elected to be a value, for

exanpl e 30 volts, such that when th age Is applied to the substrate

‘I, the potential in the P type region 2 becomes |ower than the potential in

the signal charge This is
t he repl acement sheet
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figgcaccunul ating region 3, as i s shown bg a broken line Y in Figure 2, so
31331 t he signal charges accunul at ed i #/8he si gnal charge accunul ati ng
.gi on 3 can be discharged to the substrate 1. Swi t chi ng of the
@i t ching circuit 18 can be controlled by a control signal supplied
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thereto through a control signal input term nal 19, In this
when a read-out pulse P2, as shown in Flguﬁﬂqgfgmﬂ§W§§H@F

“enbodi ment ,
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or an electronic still camera.

It has been required that a solid state imager device be able to
control its exposure time by electronic means provided therein, so
that when the imager device is used in, for example, a video camera,
the use of a mechanical shutter as hitherto proposed, is unnecessary.
Without a mechanical shutter, a video camera could be made smaller,
lighter, and more cheaply.

There has already been proposed a solid state imager device which
permits selection between two exposure times, one long and one short.
This imager device has one of the two exposure times chosen to be
1730 second, which is equal to one frame period in the NTSC television

" system, and the other exposure time chosen to be about 172000 second,

which is equal to a vertical blanking period.

_ In this imager device, when the 1/30 second exposure time is
selected, signal charges accumulated in the light receiving section
during one frame period are read out as an image signal. On the other
hand, when the 1/2000 second exposure time is selected, signal charges
accumulated before a vertical blanking period are read out to a
vertical register section and discharged by a hléh-speed transfer,.
while signal charges newly accumulated only during the vertical
blanking period are read out as an image signal.

However, this imager device is limited in that it only dllows
selection between two exposure times so that, even when a video camera
is equipped with such an imager device, it still requires a mechanical
shutter. Moreover, since a high speed transfer is required to
discharge the signal charges accumulated before a vertical blanking
period to the vertical register, the imager device consumes excessive
electric power. '

According to the present invention there is provided a solid
state imager device comprising:

a semiccenductor substrate of first conductivity type;

a region of second conductivity type formed on said substrate; and

ng
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géte el ectrode 13A to the tinme the current discharging pulse Plerr] is

< applied to the substrate 1, are transferred to the substrate 1.

Therefore, when the next read-out pulse P2 is supplied to the read- out
gate el ectrode 13A, signal charges accumul ated in the signal charge
accurul ating region 3 for the period t[egr], that is a period fromthe
supply of the present read-out pulse P2,“are read out to the vertical

regi ster secji i be V, exp, td
I mager devi gge s(t}g'c'%;'lrrecsha F %ee%%%lgnﬁzgﬁtn?e'?erﬁq?'?s@rT%J;t% "aédée%% %g%l geiggo&fsépfi me
can be obt ai $eegnd\cobduetdvityytypeeregion; of supply of the discharging pul se
Plerr] to tt‘@,ag.g@&t,rigg@b}: Accordingly, when this imger device is used in
a video canera, It does_not have to be provided with a nechanical shutter,

so that it iRe39§sEM|APPLYNGCR RIEdeYeEmined voltagg o FAlM MyRstrate ubhergbtost of
the canmera. to diseHarBer Bgmal f eMarges Chedupiledheirsi gand sh@nagescharge

| mager accumulating region to said substrate.

According to the present invention there is also provided a
method of utilizing a solid state imager device as an electronic
shutter for an electronic camera, comprising the step of applying
voltage potential across a semiconductor substrate of a first
'conductivity type and a region of a second conductivity type formed on
said substrate, thereby to discharge signal charges accumulated in a
signal charge accumulating region formed on a surface side 6!‘ said
second conductivity type region to said substrate. '

The invention will now be described by way of exampie with
reference to the accompanying drawings, in which:

Figure 1 is a cross-sectional view showing an embodiment of soliﬂ
state imager device according to the presen't invention;

Figure 2 is a graph showing potentials of respective regions of
the imager device of Figure 1 in the depth direction thereof;

Figures 34 and 3B are'timing charts for explaining a shutter
function of the imager devicé: and '

Figures 4A to UE are timing charts for explaining anéther shutter
function of the imager device. .

The .solid state image device of Figure 1 comprises an N type
silicon substrate 1 upon which a light receiving section 4, a vertical
register section 5, a horizontal register section (not shown) and an
output section (not shown) are formed, so as to constitute a so-called
interline transfer charge coupled device (CCD) type imager device. On
the surface of the substrate 1 there is deposited, for . example, by

, epitaxial growth techniques, a P type region 2. An N type region 6
is deposited on the surface of the P type region 2.

The light' receiving section 4 is formed of a shallow P** type
region 7 formed in a surface region of the N~ type region 6 and an
N* type region 3 is formed beneath the P** type region 7 to
constitute a signal charge accumulating region. There is aiso z P*
type region 8 cor_!stitutirlg a channel stopper'section formed ad jacent
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devi ce does not have to operate the vertical register section 5 at a high
. speed as do the previously proposed solid state i nager devices. The
present inmager device only requires, for exanple, a pulse of

This is the replacenent sheet
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to the P** type region 7 and the N* type region 3. An insulating
layer 9 made of Si0O> is deposited on the P** type région T.

The vertical register section 5 is formed such that an N* type
region 11, which constitutes a signal charge transfer region, is
formed adjacent to a P type region 10, which constitutes a read-out
gate region. A transfer electrode 13 made of polysilicon and another
insulating layer 12 made of SigNy are formed above the N* type
region 11 within the Si0 insulating layer 9. One end portion of
the transfer electrode 13 is also used as a read-out gate electrode
13A. A P type region 14 is formed, for preventing smear, beneath the
N* type region 11. . An aluminium layer 15 for shi.elding light 1is
deposited above the transfer electrode 13 above the insulating layer
9.

Although only two of the transfer electrodes 13 are illustrated
in Figure 1, there are disposed a predetermined number of transfer
electrodes 13 such that the vertical register section 5 is driven in
known manner by a four-phase drive. The'horizontal register section
and the output section which are not illustrated in the drawing, are
of known form.

In the embodiment of Figure 1, the negative voltage terminals of
direct current (DC) poper supply sources 16 and 17 are commonly

- connected to the P type region 2 and earthed. The positive voltage
terminals of the sources 16 and 17 are connected to first and second
fixed contacts 18A and 18B, respectively, of a switching circuit 18.
A movable contact 18C of the switching ecircuit 18 is connectéed to the
substrate 1. -

| An output voltage Vi from the source 16 is selected to be a
value, for example, 10 volts, such that when the .voltage VL is
applied to the substrate 1, the potential in the P type region 2
becomes slightly lower than the potential of the shallow P** type
region 7 on the su'rf‘ace of the N* type region 3, as shown by a solid
line X in Figure 2, so that signal chargés can be accumulated in the
N* type signal charge accumulating region 3 and blooming can be

- effectively suppressed. An output voltage Vy from the source 17 is
selected to be a value, for example 30 volts, such that when the
voltage Vy is applied to the substrate 1, the potential in the P
type région_z becomes lower than_the potential in the signal charge
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5 30 volts to be applied to the substrate 1, so that the electric power

necessary for the exposure control can be substantially reduced Wth
reference now to Figures 1 and 4A to 4E, another nethod for controlling the
exposure tinme of the imager device wll be expl ai ned. In this nethod,

after signal charges accunulated in the g{gnal charge accunul ating region 3
for the preceding field period have been tead out by the read-out pulse P2

shown in Fig re evertical
register sec %%ﬁ?ﬂﬁé&%aeﬁ?@ﬁa;e %/%( 56 b‘l‘:éslgg ]In%g%l %’pﬁ heséoét?r ce 16
through the $bat &he rRjgeak @b&qze§8a¢@mulfete§ubstthat%iemahcﬁhagsq @cawéaaﬂgﬁe t he
si gnal char geﬁ%@acgm&@ts@ di@cmeal eaatn&mfbgeraae@curml «'smmuhggwnu?e in

such a manner that an arbitr n er e horizontal bl an rj ods,
Gach being SBvItEPLw rrr JBcunae. captroLleit sion, Bripreb siefah, Aibeiied
thereto through a control signal input terminal 19,

In this embodiment, when a read-out pulse Pp, as shown in
Figure 3A, is supplied to the read-out gate electrode 13A while the
output voltage Vi from the source 16 is applied to the substrate 1,
signal charges accumulated in the signal charge accumulating region 3
are read out to the vertical register section 5. Therefore, in the

. present embodiment, the read-out pulse P, is supplied to the read-
out gate electrode 134 at every field within the vertical retrace..

After the read-out pulse P> has been supplied to the read-out
gate electrode 13A, if the switching circuit 18 is controlled so as to
supply the substrate 1 with the 30 volts pulse, that is supplying a
discharging pulse Py at é desired time within one field period as
shown in Figure 3B, signal charges accumulated in the signal charge
accumulating region 3 for a period tp, that is a period from the
time the proceeding read-out pulse P> is applied to the read-out
gate electrode 13A to the time the current discharging pulse P1. is
applied to the substrate 1, are transferred to the substrate 1.
Therefore, when the next read-out pulse Pp is supplied to the read-
out gate electrode 134, signal charges accumulated in the signal
charge accumulating region 3 for the period ty, that is a ‘period
from the supply of the presenﬁ read-out pulse Py, are.read out to
the vertical register section 5. '

As described abové, the exposure time of the imager device
becomes the period ty, so that a desired exposure time can be.
obtained by selecting the time of supply of the discharging pulsé Py
to the substrate 1. Accordingly, when this imager device.-is used in a

' video camera, it does not have to be provided with a mechanical
'shut:ter, so that it is possible to reduce the size, weight and
manufacturing cost of the camera.

Furthermore, for discharging the signal charges, the imager
device does not have to operate the vertical register section § at a
high speed as do the previously proposed solic state imeger devices.
The present imager device only requl-res, for example, a pulse of
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During the horizontal blanking periods thus selected, the switching circuit
18 is controlled by the control signal applied thereto fromthe term nal
so that the novable contact 18C engages the second fixed contact 18B. In

ot her words,
pul se P2,

in the
exposure

after the signal®* charges have been read out by the read-out

19

the voltage VH (30 volts) is_applied to the substrate 1 at every
hori zontal bl anking period to dischargé the signal charges accumulated-

30 s, ey BeEprigY [V e ARG R, o sp o B e, frfen®

the vol t agecessafy (Forothes pxpasugpptangrol nemnbteheutwam:'ells reduerdgh t he

sWi t ching ci r ik ,C@-e{.&,gehﬁo@l&sﬂ

si gnal charge accurrul at1 ng region %&-‘és gure 4C shows a hori zont al
whicPBEM 14 inge the) %“Iﬁ’ﬁﬁ\%" “atHPPr PQ&hea%m%Parﬂa"Agew@haHe exaintdyure 4E
shows the vol tl&QQ‘.ﬁlé OmdtRodpdfited §ignhhectanpes radeamdl ated him thize sbgalzont al

si gnal

bl anki ng

pgarge accumulating region 3 for the preceding field period have been
read out by the read-out pulse Py shown in Figure 44 (the same as
that shown in Figure 3A) to the vertical register section 5, the
voltage Vy (30 volts) is applied from the source 16 through the
switching circuit 18 to the substrate 1 so as to discharge the signal
charges accumulated in the signal charge accumulating region 3 in such

4B),

cl ock

a manner that an arbitrary number of the horizontal blanking periods,

each being set at 63.5 miéroseconds, are successively selected.
During the horizontal blanking periods thus selected, the switching
circuit 18 is controlled 'by the control signal applied thereto from
the terminal 19 so that the movable contact 18C engages the second
fixed contact 18B. In other words, after the signal charges have been
read out by the read-out pulse Py, the voltage Vy (30 volts) is
applied to the substrate 1 at every horizontal blanking period to
discharge the' signal charges accumulated in the signal charge
accumu;ating region 3 immediately before the exposure is started.
During the epr‘éure time period ty (Figure U4B), the voltage V_
(10 volts) is applied from the source 16 through the switching circuit
18 to the substrate 1 to accumulate signal charges in the signal
charge accumulating region 3. Figure 4C shows a horizontal clock
signal while Figure 4D shouws a horizontal blanking signal, and Figure
4E shows the voltages to be applied to the substrate 1 within the
horizontal blanking period.

With the method Jjust described, the exposure time t1- can be
changed in a range between 1/60 and 1/10000 of a second by selecting
the number of horizontal blanking periods for discharging the signal
charges accumulated in the signal charge accumulating region 3, as
shown in Figure 4B.

As described above, the exposure time is controlled by changing
‘the voltage applied to the substrate 1. Since the voltage Vy is
applied to the substrate 1 within the horizontal blanking period, even

falthough a buffer amplifier and other devices forming the output;

11 lafd AC LU GnctndPamethb@I S 1 n the
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Wth the nethod just described, the exposure tinme t[err] can be changed

I n a range between 1/60 and 1/ 10000 of a second by selecting the nunber of
hori zontal bl anking periods for discharging the signal charges accumul at ed
in the signal charge accunmul ating region 3, as shown in Figure 4B. As
descri bed above, the exposure tine is controlled by changing the voltage
applied to the substrate 1. Since the voltage V[err] is applied to the
substrate 1 within the horizontal blanking period, even although a buffer
anplifier and other devices form ng the out put

This is the replacenent sheet

section are caused to fluctuate by changing the voltage api)lied to the substrate 1, the
" reproduced image will not be influenced by the above change, so that it is possible to obtain
reproduced images with a constant contrast.

The above description relates to where the signal charges are discharged at every
horizontal blanking period immediately before the exposure is started. Apart from that,
modifications can be made dependent on the characteristics of a solid state imager device such
as where the signal charges are discharged only once within the horizontal blanking periods
before the exposure is started are selected to discharge the signal charges. In other words, the
number of discharges can be selected in accordance with the characteristics of each solid state

imager device.
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6 section are caused to fluctuate by changing the voltage applied to the
. substrate 1, the reproduced image will not be influenced by the above

change, sothat—it_is possible to obtain reproduced inmages with a constant
cont r ast

The above description rel ates to wher e the signal
char ges armmmm#ﬂﬁm,mmsver y
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THIS SHEET HAS BEEN
CLAIMS REPLACED

1. A& solid state imager device comprising:

a semiconductor substrate (1) of first conductivity type;

a region (2) of second conductivity type formed on said substrate
(1); and .

a signal charge accumulating region (3) formed on a surface side of
said second conductivity type region;

characterized by:

means (16 to 18) for applying a predetermined voltage to said
substrate (1) thereby to discharge signal charges accumulated in said
signal charge accumulating region (3) to said substrate (1).

2. An imager device according to claim 1 wherein said predetermined
voltage is applied to said substrate (1) hithin a horizontal blanking
period so as to cause the signal charges accumulated in said signal
charge accumulating region (3) to discharge to said substrate (1)
within the horizontal blanking period.

3. A method of utilizing a solid state imager device as an
electronic shutter for an electronic camera, comprising the step of
applying voltage potential across a.semiconductor substrate {(!) of a
first conductivity type and a region (2) of a second concductivity type
formed on said substrate (1), thereby to discharge s:ignal cﬁarges
accumulated in a signal charge accumulating region (3) formed on a

surface side of said second conductivity type region (2) to said
substrate (1).

y, A method according to claim 1 wherein said predetermined voltage
is applied within a horizontal blanking period so as to cause said
signal charges accumulated in said signal charge accumulating region

(3) to discharge to said substrate (1) within said horizontal blanking
period.

I
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hori zont al bl anki ng period i medi ately before the exposure is started.

Apart fromthat,

nodi fi cati ons can be nade dependent on the characteristics

of a solid state inmager device such as where the signal charges are

di scharged only once within the horizontal blanking periods before the
exposure is started are selected to discharge the signal charges. In other
wor ds, the nunber of discharges can be selected in accordance wth the

characteristics of each solid state imger device. 7
8
THIS SHEET HAS BEEN |
TRACT =
ABSTRACY L REPLACED

SOLID STATE IMAGER DEVICES

A solid state imager device having an electronic shutter

‘function, and suitable for use in a video camera or an electronic

still camera, has a semiconductor substrate (1) of a first
conductivity type, a region (2) of second conductivity type formed on
the substrate (1), and a signal phérgé accumulating region (3) formed
on the surface side of the second conductivity type region (2). A
predetermined voltage is applied to the substrate (1) of the first
conductivity type, and the signal charges accumulated in the signal
charge accumulating region (3) are discharged to the substrate (1),
whereby the exposure time of the solid state imager device can be
controlled. .

Figure 1
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CLAIMS 1. A solid state imager device conprising: a sem conductor
substrate (1) of first conductivity type; a region (2) of second
conductivity type forned on said substrate (1); and a signal charge’
accurul ating region (3) fornmed on a surface side of said second
conductivity type region; characterized by: nmeans (16 to 18) for applying a
predeterm ned voltage to said substrate (1) thereby to discharge signa
charges accunul ated in said signal charge accumulating region (3) to said
substrate (1); wherein said predeterm ned voltage |s applied to said
substrate (1) within a horizontal blanking

1/3
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period so as to cause the signal charges accunul ated in said signal charge
accunul ating region (3) to discharge to said substrate-(1) within the

hori zont al bl anki ng peri od. 2. A nethod of wutilizing a solid state
i mager device as an electronic shutter for an electronic canera,
conprising the step of applying voltage potential across a sem conductor
substrate (1) of a first conductivity type and a region (2) of a second
conductivity type forned on said substrat 3(1), t hereby to di scharge signa
charges accunul ated in a signal charge acclnulating region (3) fornmed on a
surface sjide of said second conductivity type region (2) to said substrate
(1); wherein said voltage potential is applied within a horizontal bl anking
period so as to cause said signal charges accunul ated in said signal charge
accunul ating region (3) to discharge F:figcisu trate (1) within said

hori zont al 4 .
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bl anki ng peri od. 8 3.

shutter, the shutter conprising:

An electronic canera with an el ectronic
a solid state imagi ng devi ce having a

sem conductor substrate of a first conductivity type;

FIG. 4A

FIG. 4B,
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FIG. 4D
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a region of a second conductivity type formed on said substrate; afebagnaes
char ge Taccumutating—regtont forned on a surface side of said second

conduct i M Iage, and neans for applying a predeterm ned voltage to
sai d subﬁ'“mmmmﬂﬂa&iﬂm di scharge signal charges accunulated in said
signal charge accu g region to sdid substrate; wherein said neans for
appl ying said predetermned voltage is arranged to apply said predeterm ned
voltage to said substrate to determ EeflSstart point of an exposure tinme by
selecting the tinme of supply of a discharging pul se. 4. A et hod of

controlling an exposing time of an electronic camera, conprising the step
of applyi ng-a dr EAOCT AR SiP26%) BaHkee: PR LML onduct or substrate of a first
conduct i vi aysénipendievomnGubstirecs ¢m) aif afisst aoddedidityt ikypey type fornmed

thereon, — tRerehy (bf & SCRAAL SheldR1vI2LH6S RFHH YRG! fuderd@nal
charge accunu 19 né '?egl on
(1); and
a signal charge accumulating r-égion (3) formed on a surface side of
said second conductivity type region;
characterized by:
means (16 to 18) for applying a predetermined voltage to said
substrate (1) thereby to discharge signal charges accumulated in said
signal charge accumulating region (3) to said substrate (1); wherein said predetermined
voltage is applied to said substrate (1) uithi_n a horizontal blanking
period so as to cause the signal charges accumulated in said signal

charge accumulating region (3) to discharge to said substrate (1)
within the horizontal blanking period.

2. A method of utilizing a solid state imager device as an
electronic shutter for an electronic camera, comprising the step of
applying voltage potential across a.semiconductor substrate (1) of a
first conductivity type and a region (2) of a second conductivity type
formed on said substrate (1), thereby to discharge signal charges
accumulated in a signal charge accumulating region (3) formed on a
surface side of said second conductivity type region (2) to said

substrate (1); wherein said voltage potential is applied within a horizontal blanking
period so as to cause said signal charges accumulated in said signal charge

accumulating region (3) to discharge to said substrate (1) within said horizontal
blanking period.
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f or med ' said second conductivity type region to said

substrat gy ' a point during one field or one frane of
suppl yi nglww l!t %ﬂ”ﬂﬁul se to apply said predeterm ned voltage to said
substrat esl O¢ gnal charged accunul ated in said accunul ati ng

regi on before the point of supplying said discharging pul se and determ ne
a start point of an exposure tine.

3. An electronic camera with an electronic shutter, the shutter comprising:

a solid state imaging device having a semiconductor substrate of a first conductivity
type;

a region of a second conductivity type formed on said substrate;

a signal charge accumulating region formed on a surface side of said second
conductivity type region; and

means for applying a predetermined voltage to said substrate thereby to discharge
signal charges accumulated in said signal charge accumulating region to said substrate;
wherein

said means for applying said predetermined voltage is arranged to apply said
predetermined voltage to said substrate to determine a start point of an exposure time

by selecting the time of supply of a discharging pulse.

4, A method of controlling an exposing time of an electronic camera, comprising
the step of applying a predetermined voltage to a semiconductor substrate of a first
conductivity type -. having a region of a second conductivity type formed thereon,
thereby to discharge signal charges accumulated in a signal charge accumulating region
formed on a surface side of said second conductivity type region to said substrate; and

changing a point during one field or one frame of supplying a discharging pulse to
apply said predetermined voltage to said substrate to discharge signal charged
accumulated in said accumulating region before the point of supplying said discharging

pulse and determine a start point of an exposure time.
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ABSTRACT

SOLID STATE IMAGER DEVICES

A solid state imager device having an electronic shutter
function, and suitable for use in a video camera or an electronic
still camera, has a semiconductor substrate (1) of a first
conductivity type, a region (2) of second conductivity type formed on
the substrate (1), and a signal phArgé accumulating region (3) formed
on the surface side of the second conductivity type region (2). &
predetermined voltage is applied to the substrate (1) of the Ffirst
conductivity type, and the signal charges accumulated in the signal
charge accumulating region (3) are discharged to the substrate (1),
whereby the exposure time of the solid state imager device can be
controlled.

Figure 1
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