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SOLID-STATE IMAGING DEVICE AND METHOD OF MANUFACTURING THE SAME

FIELD OF THE -INVENTION

This invention relates to a solid-state imaging device
used, for example, for a television camera and fufther relates to
a method of manufacturing the same.

BACKGROUND OF THE INVENTION

A solid-state imaging device is a ‘television camera
compfising a pho{osensitive taréet surface which is formed by a
CCD (charge coupled device) array. According to the principles
of this device, a minor number of carriers among electron-hole
.pairs which cOrrgspond to the projected light intensity are '
stored inside a well of CCD electrode potential, and these stored
charges are transferred to a non-photosensitive part of the CCD
and further forwarded to .én output device to be converted. to
video signals.' The transfer is controlled +to Dbe in
synchrbnization with a horizontal and a vertical retrace line
period.

FIG. 11 is a cross-sectional. view showing an element of a
conventional solid-state imaging device. In FIG. 11, reference
numeral 1 represents an n-type subsfrate; 2 represents a light-
intercepting part; 3 represents a p-type buried diffusion layer;
4 represents a p-type impurity layer; 5 represents a transfer

part; 6 repreééntsﬁafp:type readout control part; 7 represents
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a .channel stopper; 8 represents an insulating film; 9
represents a conductive-type electrode; and 10 represents a p-
type well.

The n-type substrate 1 has the p-type well 10 .inside, and
the p-type well 10 inclﬁdes the n-type light-intercepting part 2
which produces and stores signal charges, the p-type impurity
layer 4 which is positioned next to fhis light-intercepting part
2, and the n-type transfer part 5§ which transfers signal charges
stored inside this p-type impurity layer 4, wherein all these
parts are formed in array. This structure is hereinaftep

referred to as a wvertical OFD structure. The readout -side

. between the light-intercepting part 2 and the transfer part 5 is

separated_by the p-type readout control part 6 which is installed
to control threshéld voltage (Vt), and the non-readout side is
separated by the channel stopper 7. The insulating film 8 is
formed on the light—intercépting part 2 and on the transfer part
5, and charges of the light-intercepting part 2 are read out to
the transfer part 5 by the conductive-type electrbde 9. Also,
for the purpose of preventing dark current from arising, the p-
type buried diffusion'léyer 3 is formed at the interface of the
light-intercepting part 2 and the insulating film 8.

When formed in the vertical OFD structure, it is possiblé
to discharge (excess) charges which are stored in the 1light-

intercepting part 2 to the backside of the substrate by changing
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the substrate voltage.

FIG. 12 is:a cross—-sectional view showing an element of a
conventional solid-state imaging device using a p-type substratél
In FIG. 12, reference numeral 2 représénts a light-intercepting
part; 3 represents a p—type buried diffusion layer; 4 represents
a p-type impurity léyer; 5 represents a transfer part; 6
represents a p-type readout control part; 7 represents a channel
stopper; 8 represents an insulating film; 9 represents a

conductive—~type electrode; 11 represents a p-type substrate; 12

‘represents a horizontal excess charge control part; and 13

represents an n-type drain part.

The p-type substrate 11 inpludes the n-type 1light-
intercepting part 2 which produces and stores signal charges, the
p—typé impurity layer 4 whidh is positioned next to thié light-
intercepting part 2, the n-type transfer part 5 which transfers
signal charges stored inside this p-type impurity lafer 4, and
the n-type drain part 13 for discharging (excesé) charges, and
which is positioned next to the t:ansfer part 5. This strpcture
is hereinafter referred to as a horizontal OFD structure. The
light-intercepting part 2 and the transfer.part 5 are separated
by the p-type readout control part 6 which is installed to
cpntrol threshold vbltage (Vt), and the transfer part 5 and the n-
fype drain part 13 are separated by the channel stopper 7, and

furthermore, the light-intercepting part 2 and the n-type drain
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part 13 are separated by the horizontal excess charge control

part 12 which is installed to control threshold voltage (Vt) for
reading out (excess) charges. lThe insulating film 8 is formed omn
the light-intercepting part 2 and the transfer part 5, and also
on the light-intercepting part 2 and the n-type drain part 13.
Charges of the light—intercepting part 2 are read out to the
transfer part 5 by the conductive-type electrode 9, and (excess)

charges of the light-intercepting part 2 are read out to the n-

-type drain part 13. Furthermore, for the purpose of preventing

dark current from arising, the p-type buried diffusion layer 3 is
formed at the interface of the light-intercepting part 2 and the
insulating film 8.

"“When formgd in the horizontal OFD structure, it is
possible to discharge (excess) charges which are stored in the
light-intercepting part 2 to the n-type drain part 13 by changing

the voltage of the conductive-type electrode 9 between the light-

-intercepting part 2 and the n-type drain part 13. See U.S.

Patent No. 5,233,429.

However, the vertical OFD structure in the conventional
system has the problem of causing deterioration of sensitivity
charagteristics, because the signal charges produced by the
absorption of long waveiengthilight in the substrate depth part

of the light-intercepting part 2 are discharged to the side of

the n-type substrate 1.
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Furthermore, the probiem with the horizontal OFD
structure in the'conventional system is that unit cell areas of
the light;intercepting part 2 and the transfer part 5 etc..tend
to become large in'géneral since tﬁe n-type drain part 13 is
needed for discharging (excess) charges. This is disadvantageous
to miniaturization and is also accompanied by deterioration in

the sensitivity and saturation characteristics along with the

- miniaturization.

SUMMARY OF THE INVENTION

An object of this linvention is to solve the above-
mentioned problems in the conventional systems by providing a
solid-state imaging device formed in the structure which is
capable of discharging excess charges stored in the light-
intercepting part. According;y, sensitivity characterisitcs on
the long wavelength side can be improved, and the miniatﬁrization
can be performed easily. Another object of this inventibn is to
provide a method of manufacturing this solid-state imaging
device.

In order to accomplish these and other objects and
advantages, a first solid—sfate imagiﬁg device of this invention
comprises at least a semiconductor substrate, a fi€st conductive—
tyﬁe impurity layer formed thereon, and a light-intefcepting part
formed inside the impurity layer for storing signal charges

produced through incident light. A second conductive-type drain
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part is provided in a region 6f the substrate that exéludes the
light-intercepting part for discharging eicess charges of the
light-intercepting part. |

It is 'preferable that the light-intercepting pért
comprises a second conductive-—type. |

Furthermore, it is 'preferable | that the substrate
coﬁprises a p-type semicondubfor substrate, and that the light-
intercepting_ part comprises _an n-type semiconductbr which
produces and stores signals.

-. In addifion, it is_preferable that the first conductive-
type impurity layer is present on the side of and apart from the
light-intercepting part from the cross-sectional viewpoint, that
a second conductivé—type transfer part is present for
transferring signal charges stored inside the first conductive-
type impurit& layer, and that a drain part is present under the
transfer part.

Also, it is preferable that the réadout side between the
light-iﬁtercepting part and the transfer part is separated by a

first conductive-type readout control part which is installed to

‘control- threshold voltage (Vt), and that the non-readout part is

separated by a channel stopper.
It is preferable that an insulating film is formed 6n the
light-intercepting part and the transfer part, wherein charges of

the light—interceﬁting part are read out to the transfer part by
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a conductive-type electrode.

Furthermore, it is preferable that a first conductive-

type buried diffusion layer is provided at the interface of the

light-intercepting part and the insulating film for. preventing
dark current from arising.
In addition, it is preferable that a distance between the

transfer part and the drain part is determined at least such that

excess charges of the light-intercepting part can be discharged

at the drain part and that punch-through can be prevented from
occurring between the transfer part and the drain part. In this

instance, the punch-through refers to a phenomenon in which a p-

type impurity layer 24 becomes an air layer and a channel is-

formed between the transfer part and the drain part.
Furthermore, the . distance of not allowing pﬁnch—thfough from
occurring between the transfer part and the drain part is
preferably more than 200 nm.

Also, it is preferable that a bonding depth with the
first conductive-type impurity layer is formed shallower than a
bonding depth of the light-intercepting part. - The bonding depth
of the first conductive~type impruity layer is preferably formed
about 10 to 2000 nm shallower than thg bonding depth of the light-
intercepting part. |

It is preferable that a readoutlcontrol part is provided

between the light-intercepting part ‘and the transfer part, and

- .
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that a buried readout control part is provided between the light-
intercepting part and the drain part.

‘Next, a ‘secoﬁd solid-state .imaging device of this
invention compris_es at least a semiconductor substrate, a first
conductive-type impurity léyer formed thereon, and a light-.
intercepting part formed inside the impurity layer for storing
signal charges produced through incident light, wherein the solid-
state imaging device is provided with the first conductive-type
impurity layer, an intercepted light transfer part ‘which is
formed inside the impurity layer to store sigral charges produced
by the incident light and to transfer stored signal charges, and"
a second conductﬁre—type drain part which is formed in a region

of the substrate that excludes the intercepted 1light transfer

part for discharging excess charges of the intercepted light

transfer part.

Preferably, the _intércepted light transfer pért comprises
a second conductive-type. In addition, it is préferable that a
distance between the intercepted light transfer part and the
drain part is determined sﬁch thét at least excess bharges of the
intercepted light tranfer part can be discharged at the drain
part, and that p‘unch-through can be prevented ffom occurring
between the intefcepted light transfer part and the drain part.

Next, this invention includes a méthod of manufacturing a

solid-state imaging device at least comprising a semiconductor
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substrate, a first conductive-type impﬁrity "layer formed thereon,
and a light-intercepting part formed inside the impurity layer
for storing signal charges produced through inéideh_t light. A
first manufacturing method comprises the steps of forming a light-
intercepting part which stores signal charges produced through
incident 1light by injecting an- impurity j::omprising a second
conductive-type into the first conductive-type impurity layer,
and forming a second conductive-type drain 'pa.rt in a region of
the substrate that excludes the light-intercepting part, where
the second conductive-type drain part discharges excess charges-
of the light-intercepting part.

Iﬁ the above-mentioned manufacturing method, it is
preferable that a step of forming a second conductive-type
transfer part which transfers signal charges stored inside the
light—intercepting part is performed between~'the steps of forming
the light-intercepting part and the drain part.

Furthermore, it is préferable that the transfer part and
the drain part are formed through ion injection using the same
resist mask.

In addition, it is preferable tﬁat a réadou_t control part
is formed between the light-intercepting part and the transfer
part after the drain part is formed, and that a control part is
formed between the light-intercepting part and -the drain part.

Also, it is prefer.able that the control part and the
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- readout control part are formed through ion injection using the

same resist mask.

Next, a second method .of manufacturing a solid-state
imaging - device which comprises at least a éemiconductor
substrate, a first conductive-type impurity layer formed thereon,
and a light-intercepting part formed inside the impurity layer.
for storing signal charges produced through incident 1light,
comprises the steps of forming the first conductive-type impurity
léyer and a second conductive~type intercepted' light transfer
part which stores signal charges produced through incident . light
and traﬁsfers stored signal charges inside said first conductive-
type impurity layer, and fdrming a second conductive-type drain

part in a region of the substrate that excludes the intercepted

. light transfer part which discharges excess charges of the

intercepted light transfer part.

Furthermore, it is preferable-that a distance between the
intercepted light transfer part and the drain part is determined
at least such  that excess charges of fhe intercepted. light
tranfer part can be discharged at the drain part; and that punch-
through can be pre%ented from occurring between the intercepted
light transfer part and the drain part.

According to the solid-state imaging device and the
manufacturing method thereof of the invention, .the conductive-

type drain part is formed under the transfer part with a
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predetermined distance therebetween for discharging excess
charges of the ligh.t-iﬁtercepting part. As a result, excess
charges stored in the 1ight—intéfcepting pért can be discharged,
while éensitivity characteristics on the long wavelerigth side are
improved, and miniaturization is performed easily.

In addition, according to the configuration of this
invention, siﬁce fhe drain part comprising an (excess) charge’
discharging part is formed, for example, as the n-type buried
drain part under the traﬁsfer part, the drain part is mnot
necessary in a unit celi structure, which is different from the
conventional horizontal OFD structure. As a result, the size per
unit cell can be reduced as much as the size of the drain part,
so that the aperture érea on the light-intercepting part can be
enlarged when the unit cell has the same size. Accordingly,
physical incident light can be increased rela.tive to a horizontal
OFD structure, so that the sensitivity per unit cell area can be
enhanced. By contrast, when the aperture area is determined to
be the same, the chip area can be reduced as much as the size of
the drain part, which is advantageous to miniaturization.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross—sectional view showing a solid-state
imaging device in a 'f:-irst embodiment of this invention.

FIGS. 2 (a) and 2_(5) are graphs showing a difference in

wavelength sensitivity characteristics according to a different
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type of substrate impurity.

FIG. 3 is a c_rdss—sectional. view showing a solid-state
imaging device in a second embodiment of this invention. |

FIG. 4 is a cross-sectional view showing a _solid-state
imaging device in a third embodiment of this invention.

FIG. 5 is a cross—-sectional view shoning a soiid—state
imaging device in-a fourth embodiment of this invention.

FIG. 6 is a cross—-sectional view showing a step in an
embodiment of a method of manufacturing a solid-state. imaging
device of this invention.

FIG. 7 is a cross-sectional view showing a step in a
method  of manufacturing a solid-state imaging device in one _
embodiment of Fhis invention.

FIG.'_B is a cross-sectional view showing_ a step in a
method of manufacturing a solid-state imaging device in one
embodiment of this invention.

FIG. 9 is a cross-sectional vieW'.showing a step in a
method of manufacturing a solid-state imaging device in one
embodiment of this invention. |

FIG. 10 is a cross-sectional view showing a step in a
method of manufacturing a solid-state imaging device in one
embodiment of this invention. |

FIG. 11 is a cross—sectional view showing a conventional

solid-state imaging device.



&

4

13
FIG. 12 is a cross-sectional view showing a conventional
solid-state imaging device using a p¥type substrate.
DETAILED DESCRIPTION OF THE INVENTION |
- This invention will be explained in detail b& refe:ring:
to the following examples and attached figures. The exampies are
illustrative aﬁd. should not be construed as limiting the
invention in any way. |
Example 1
A first embodiment of a solid-state imaging device in
this invention will be .explained by referring to a cross-
sectional view of FIG. 1.. |
'In FIG. 1, reference numeral 21 represents .a. p—type
substrate; 22 represents a light—intercepting part; 23

represents a p-type buried diffusion layer; 24 represents a p-

type impurity layer; 25 represents a transfer part; 26
represents a p-type readout control part; 27 represents a
channel stoppers; 28 represents an insulating film; 29

represents a conductive-type electrode; and 30 represents an n-
type buried drain part.

The p-type substrate 21 includes the n-type 1light-

‘intercepting part 22 which produces and stores signal charges,

the p-type impurity layer 24 which is positioned next to the

.light-intercepting part 22, and the n-type transfer part 25 which

transfers signal charges stored inside the p-type impurity layer

-
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24, Furthermore,'the n-type buried drain part 30 for discharging
(excess) charges is formed under the transfer part 25 via the p-
type impurity layer 24. The above-mentioned stfucture is
hereinafter referred to as a BHOD (Bupied. Horizontal Overflow
Drain) strﬁcture. The readout side between the | light-
intercepting part 22 and the transfer part 25 is separated by the
p-type readout control part 26 which is installed to .control
threshold voltage (Vt), and the non-readout side is separated by
the channel stopper 27. The insulating film 28 is formed on the
light-intercepting part- 22 and on the transfer part 25, and
charges of the light-intercepting part 22 are read out to the
transfer part 25 by the conductive-type electrode | 29.
Furthermore, for preventing dark current from arising, the p-type
buried diffusibn layer 23 is formed at thé interface of the light-
intercepting part 22 and the insulating film 28.

At this time, the transfer part 25 and the n—type.buried
drain part 30 are separated at least by a distance that enables
discharging (excess) charges inside the light—intercepting part
22 at the n-type buried drain part'SO. and also preventing punch-
through from occﬁring' when (excess) charges are discharged
between the transfer part 25 and the n—type buried drain part 30.
In particular, the distance between the transfer part 25 and the
n-type buried drain part 30 is about 500 nm.

Accdrding to the BHOD structure, by changing the voltage
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applied to the n-type buried drain part 30, the (excess) charges

stored in the light-intercepting part 22f-can be discharged to the
n-type buried drain part 30. _
Furthermore, the use of the p-type substrate 21 in the
BHOD structure enables diffusing of signal charges produced by
absorption of long wavelength 1light not in the substrate
direction, but toward the light-intercepting part 22 comprising
an n-type area or toward the n-type buried drain part 30. As a
result, sensitivity characteristics on the long wavelength side
improve, 'as.,shown in FIG. 2 (b), that is, sensitivity improves
particularly on the long wavelength side compared with the
vertical OFD structure using an n-type substrate. In general,
sensitivity of the light-intercepting bart 22 can be obtained
with the following formula (Formula 1) in which the semsitivity
is attained as a definite integral wvalue of the sensitivity

(vertical axis) with each wavelehgth shown in FIGS. 2 (a), 2 (b)

‘against a wavelength inside a visible light area (horizontal

axis).

[Formula 1]

. A2
Qs =AxAytf HA n (2 ) (hc/2)da
. A . '

1

In this formula, AxAYy represents an aperture area of a light-

intercepting part; » (1) represents a quantum efficiency; t
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represents a storage time; c¢ represents a light speed; A
repfésents a light wavelength; h represénts Planck' s éonstant; H2A
represents a light strength; j'and hc/A represents a 'ﬁhoton
energy. .
When formed in the BHOD structure, sensitivity
characteristics with the same apertufe area impréve about 1.5
times compared with the ﬁértical OFD structure.

In addition, accordihg to the BHOD structure, since the .
drain part comprising an (excess) charge discharging part is
formed aé.the n-type buried drain part 30 uhder the transfer part
25, the drain part is not needed in a unit cell structure, which
is different from the horizontal OFD stfucture. As a result, fhe
size per unit cell can be feduced as much as the size of the
drain part, so that the aperture area on the light-intercepting
part can be enlarged when the unit cell has the same size.
Accordingly, physical incidént light can be increased than with
the horizontal OFD structure, so that theléensitivity per unit
cell area can be enhanced. On the contrary, when the aperture
area is determined to be the same, the chip area can be reduced
as much as the size of the drain part, which is advantageous to
miniaturization. |
Example 2

A second embodiment of a solid—étate imaging device in

this invention will be explained by referring to a cross-
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sectional view of FIG. 3.

In FIG. 3, reference numefal 21 represents a p—type
substrate; 27 represents a channel stopper; 28 represents an.
insulating film; 29 represents a conductive-type electrode; 30
représents an n—-type buried drain part; and 31 reprééeﬁts an
intercepted light transfer part.

The p-type suﬁstnate 21 inclﬁdes the n-type intercepted
-light transfer part 31 which produces, stores, and transfers
signal charges, and the channel stopper 27 which is.positioned
next to the intercépted light transfer part 31. Furthermore, the
n-type buried drain part 30 for discharging (excess) charges is
formed under the channel stopper 27. The insulating film 28 is
formed.on the intercepted'light transfer paft 31 and also on the
channel stopper 27, and charges of the intercepted light transfer
part 31 are transferred by the conductive-type electrode 29.

At this time, the intercepted light transfer part 31 and
the n-type buried drain part 30 are. separated at least by a
distance that énables discharging (excess) charges of the
intercepted light tramnsfer part 31 at the n~type buried drain
part 30, and also preventing punch-through from occuring when
(excess) charges are discharged between the intercepted iight
transfer part 31 and the n—type buried drain part 30. |

According to the BHOD structure, by changing the applied

voltage to the n-type buried drain part 30, the (excess) charges
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stored at the intercepted light transfer bart 31 can be
discharged to the n—typé buried drain part 30.

Furthermore, the use of the p-type substrate 21 in the
BHOD structure enables diffusing signal charges produced by
absorption of long wavelength light mnot in the substrate
direction, but toward the infercepted light transfer part 31
comprising‘an n—-type area or toward the n—typé buried drain part
30. As a result, sensitivity characteristics on the long
wavelength side improve, as shown in FIG. 2 (b), that is,
sensitivity. improves particdlarly on the long wavelength side
compared with the wvertical OFD structufe using an n-type
substrate. In general, sensitivity of the intercepted 1light
transfer part can be obtaiﬁed with Formula 1 in which the
sensitivity is attained as a definite integral value of the
sensitivity (vertical axis) with each wavelength shown in FIGS. 2
(a), 2 (b) against a wavelength inside a visible light area-
(horizontal axis). When formed in the BHOD structure,
sensitivity characteristics ﬁith the same cell area.improve about
1.5 times compared with the vertical OFD structure.

In addition, according to the BHOD structure, since the
drain part comprising an (excess) charge discharging part is
formed as the n-type buried drain part 30 under the intercepted
light transfer part 31, the d;ain part is not needed in a unit

cell .structufe, whiéh 'is different from the horizontal OFD
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structure. As a result, the size per unit cell can be reduced as
much as the size of the drain part, so that the aperture area on
the light-intercepting part can be enlapged when the unit cell
has the same size. Accordingly, physical incident light can be
increased relative to the horizontal OFD structure, so that the
sensitivity per unit cell area can be enhanced.
Example 3

A third embodiment of a solid-state imaging device in
this invention will be explained by referring to a cross-—
- sectional view of FIG. 4.

In FIG. 4, reference numeral 21 represents a p-type
substrate; 22 represents a light-intercepting' part; 23

represents a p-type buried diffusion layer; 24 represents a p-

type impurity layer; 25 represents a transfer part; 26
represents a p-type readout control part; 27 represents a
channel stopper; 28 represents an insulating film; 29

fepresents a conductive—-type electrode; and 30 represents an n-
type buried drain part.

The p-type substrate 21 includes the n-type 1light-
intercepting part 22 which produces and stores signal charges,
the p-type impurity layer 24 which is positioned next to the
light-intercepting part 22, and the n-type transfer part 25 which
transfers signal charges stored inside the p—type.;mpurity layer

24. Furthermore, the n-type buried drain part 30 for discharging



THIS SHEET HAS BEE
REPLACED

]

|

20

(excess) charges is formed under the transfer paft 25 via.the p-
type impurity layer 24.

At this time, the tfansfer part 25 and the n-type buried
drain part 30 are separated at least by a distance that enables
discharging (excess) charges of the light-intercepting part 22 at
the n-type buried drain part 30, .an.d also pfevents puﬁch—through
from qccuring when (excess) charges are discharged between the

transfer part 25 and the n-type -buri_ed drain part 30. At the

same time, as for depths (D) of bonding between the light-

.intercepting part 22 and the p-type substrate 21, and between the
n—-type buried drain part 30 and the p-type substrate 21, the
bonding depth between the light—-intercepting part 22 and the p-
type substrate 21 is made to become larger. The. bonding depth
(D) is preferably from 1000 to 3000 nm.

The readout side .bet'ween the light—intercepting part 22
and the traﬁsfer part 25 is separated by the 'p-type readout
control part 26 that is installed to control threshold voltage
(Vt), and the non-readout side is separated by the channel
stopper 27. The insulating film 28 is formed on the light-
intercepting part 22 and on the transfer part 25, and- charges of
the light-intercepting part 22 are read out to the transfer part
25 by the conductive-type electrode 29. Furthermore, for
preventing dark current from arising, the p-type buried diffusion

layer 23 is formed at the interface of the light-intercepting

This Sheet Has Been Replaced
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part 22 and the inéulating film 28.

In the BHOD structure, it is already mentioned that
signal charges which are produped by absorption of 1long
wavelength light are not diffused in the substrate direction, but
towérd the light-intercepting part 22 comprising an n-type area
or toward the n-type buried drain part 30. In.addition to this

structure, by forming the bonding depth betweén the the light-

intercepting part 22 and the p-type substrate 21 to become larger

than the bonding depth between the n-type buried drain pért 30
and the p-type substrate 21, the possibili.ty of diffusing the
sig_nal charges produced by the absorption of long wavelength
light toward the n—tyi)e buried drain pért 30 increases.

This indicates that sensivitiy characteristics can be
improved even more by forming the bonding dépth between the light-
intercepting part 22 and the p-type substrate 21 to become larger
than the bonding depth between the n-type buried drain part 30
and the p-type substrate 21.

Example 4

A fourth embodi.ment of a solid-state imaging.device in
this inventibn will be explained by referring to a cross-
sectional view of 'FIG. 5.

In FIG. 5, reference numeral 21 represents a p-type

substrate; 22 represents a light-intercepting part; 23

represents a p-type buried diffusion layer; 24 represents a p-
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type 'impurity layer; 25 represents a transfer part; 26
represents a p-type readout control part; 27 represents a
channel stopper; 28 represents an insulating film; 29

represents a conducfive—type electrode; 30 represents an n-type
buried drain part; and 32 represents a buried p-type readout
control part. '

The p-type substrate 21 incIudes' the n-type light-
intercepting part 22 which produces and stores signal charges,
the p—typé impurity layer 24 which is positioned next to the
light-intercepting part 22, and the n-type transfer part 25 which
transfers signal charges stored inside the p-type impurity layer
24. Furthermore, the n-type buried drain part 30 for discharging
(excess) charges is forméd under thé transfer part 25 via the p-
type impurity layer 24. The readout. side between the iight—
intercepting part 22 and the transfer part 25 is separated by the
p-type readout control part 26 which is installed fo control
threshold voltage (Vt), and the non-readout side_is separated by
the channel stopper 27. Also, the light-intercepting part 22 and
the n-type buried drain part 30 are separated by the buried p-
type readout control 'part 32 which 'is installed to control
.threshold voltage (Vt) for reading out excess charges. The
insulating film 28 is formed on the light—intercepting part 22
and. on tﬁe transfer part 25, and -charges of the light-

intercepting part 22 are read out to the transfer part 25 by the
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conductive-type électrode 29. Furthefmore, for preventing dark
current from arising, the p-type buried diffusion layer 23 is
formed at the interface of the light-intercepting part 22 and the
insulating film 28. .

By forming the buried p-type readout control part 32 for
controlling the threshold voltage (Vt) to read out (excess) -
charges between the light-intercepting part 22 and the n-type
buried drain part 30, the. separation is ensured. Also, the
amount of handling charge in the light-intercepting part 22 and
also in the n-type buried drain part 30 can be increased.

EXamEIe 5

A method of manufacturing é solid-state imaging device of
this invention will now be explained in one embodiment by
referring to FIGS. 6 to 10, which are cross-sectional views
showing the steps.

In FIGS. 6 to 10, reference numeral 21 represents a P~
type substrate; 22 Irepresents a light;intefcepting part; 23

represents a p-type buried diffusion layer; 24 represents a p-

type impurity layer; 25 represents a transfer part; 26
represents a p-type readout control part; 27 represents a
‘channel stopper; = 28 represents an insulating film; 29

represents a conductive-type electrode; 30 répresents an n-type
buried drain pért; 32 represents a buried p-type readout control

- part; and 33 represents a resist mask.
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First, as shown in FIG. 6, the'light—interceptiﬁg part 22
is formed by injecting an n-type impurity into the p-type
substrafe'21. Then, affer the p-type impurity layer 24 is formed
next to the light—interceﬁfing part 22 through injection, the
resist mask 33 is used to form the transfer part 25 by injecting
an n-type impurity into the p-type impurity layer 24.

Next, as shown in FIG. 7, the resist mask 33 which formed
‘the transfer part 25 is used in the same condition, and by
applying higher acceleration energy than that for forming the
transfer part 25, the n-type buried drain part 30 is formed
through ion injection in an area that is deeper than the transfer
part 25 ana the p-type impurity layer 24.

Thereafter, as shown in FIG. 8, the channel stopper 27 is
formed on the noh—rgadout side between the light-intercepting
part 22 and the transfer part 25, and the p-type readout controll
part 26 is formed through ion injection using the resist mask 33
on the readout side between the light-intercepting part 22 and
the transfer part 25. |

Subsequently, as shown in FIG. 9, the resist mask 33
which formed the p-type readout control part 26 is used in the
same condition, and b& applying highep‘accelerati9n energy than
that for forming the p-type readout control part 26, the buried p-
type readout control part 32 is formed through- ion injection in

an area which is deeper than the p—tyﬁe readout control part 26
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and also between the lighf—intercepting part 22 and the n-type
buried drain part 30.

Then, as shown in FIG. 10, after the insulating film 28
is formed, the conductive-type electrode 29 is formed so that
charges of the light—iﬁtercepting part 22 can be read out to the
transfer part 25. Furthermore, for preveﬁting dark'current from
arising, the p-type buried diffusion layer 23 is formed at the
interface of the light-intercepting part 22 and the insulating
film 28.

The above-mentioned  manufacturing method = enables
eliminating the masking step at the time when the n-type buried
drain part 30 and the buried p—type readout control .part 32 are
-formed.

The embodiments of this invention were explained by using
.the substrate of the p-type and the light-intercepting part, the
transfer part, and the buried drain part in ‘the n-type area.
However, the same effects can be attained by using a substrate of
the n-type and the light-intercepting part, the transfer part,
and the buried drain part in the p-type area.

Furthermore, +the embodiments of this invention were
explained by using the substrate of the p-type and the light-
intercepting part, the transfer part, and the buried drain part
in the n-type area. However, the same effects can be attained by

using a p-type MOS photodiode for the light—intercepting part.
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In addition, the embodiments of +this invention were
explained by using the p-type readout control part between the
light-intercepting part and the transfer paf‘t. However, as far
as the readbut part is concerned, any readout structure can be
.used to attain the same effects. |

The embodiments 6f- this invention were explained by
forming .the n-type buried drain part under the transfer part via
the p-type impurity layer. However, the same effects can be
attained by forming the n-type buried drain part in an area other
than under the light-inferceptiﬁg part, for example, by forming
it in arraj unaer the channel stopper. |

Also, FIGS. 1 to 10, which were used for explaining this
inﬁentibn, were schematic views serving for understanding this
invention. Therefore, sizes. of each structural component in the
figures as well as size ratios between each structural component
are schematically described. This invention is not limited to
the examples shown in the figures.

| With regard to the explanation of the maﬁufacturing
method of this invention, the order of steps déscribed. is only
one example. The order of forming each structural component is
not limited to the 6rder expl'aiﬂéd in this invention.

Furthermore, concerning the explanatioﬂ of the
manufacturing method of this invention, injection was used as a

method of forming each structural component. However, the same
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effects can be confirmed by using other conventional methods such
as thermal diffusion. |

The invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof.
The embodimeﬁts disclosed in this application are to be
considered in all respects as illustrative and not as
restrictive. The scope of the'-inventioﬁ is indicated by the
aﬁpended claims rather than by the foregoing description, and all
changes which come within the meaning and range of equivalency of

the claims are intended to be embraced therein.
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WHAT IS CLAIMED IS:
1. A solid-state imaging device, comprising a

semiconductor substrate, a first conductive-type impurity layer
formed thereon, a light-interdepting paft formed inside said
impurity layer for storing signal charges pfoduced through
incident light, a séqond conductive—fype drain part formed in a
region of the substrate that excludes said light-intercepting

part; wherein said second conductive-type drain part discharges

_ excess, charges of said light—ipterceptihg part.

2. The solid-state imaging device as claimed in claim 1,
wherein said light-intercepting part comprises a éecond
conductive-type light-intercepting part.

3. The solid-state imaging device as claimed in claim 1,
wherein the substrate comprises a.p-fype semiconductor substrate,
and the light-intercepting part compriseé an p—type semiconductor
which produces and stofes signals.

4. The solid-state imaging device as claimed in claim 1,

wherein the first conductive-type impurity layer is present  on

the side of and apart from the light-intercepting part from the

cross—-sectional viewpoint, a second conductive-type transfer part

'is present for transferring signal charges stored inside said

first conductive-type impurity layer, and a drain paft is present
in a position under said transfer part.

5. The solid-state imaging device as claimed in claim 4,

* c L M S *
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wherein a distance between the transfer part and the drain part
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is determined at least such that excess charges of the light-
intercepting part ban be discharged at said drain part and punch-
throﬁgh can be prevented from occurring between said transfer
part and said drain part.

6. The solid-state imaging device as claimed in claim 4,
wherein a readout control part is provided between the light-
intercepting part and the transfer part, and a buried readout
control part is provided Between said'light—intercepting part and
the drain part.

7. The solid-state imaging device as claimed in claim 1,
wherein the readouf side between the light-interceptipg part and
the transfer part is separated by a first conductive-type readout
control part which is installed to control threshold wvoltage
(Vt), fhe non-readout part being'separated by a channel stopper.

8. The solid-state imaging device as claimed in claim 1,
wherein an insulating film is formed on the light-intercepting
part and on the transfer part, wherein charges of the light-
intercepting part ére read out to the transfer part by a
conductive—-type electrode.

_9. The solid-state iﬁéging device as c;aimed in cla;m 1,
wherein 'a first conductive—fype buried diffusion layer is
provided at the interface of the light-intercepting part and the

insulating film for preventing dark current from arising.

* c L | 1 *
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10. The solid-state imaging device as claimed in claim 1,
wherein a bonding depth with the first conductive-type impurity_
layer is formed shéllower. than a bonding depth of the light—
intercepting part. ' _

11. A solid-state imaging device, comprising' a
semiconductor substrate, a fifst conductive-type impurity layer
formed thereon, a light-intercepting part formed inside the
impurity layer for .storing signal chargés produced through
incident light, an intercepted 1light transfer‘ part which is
formed inside said first.conductive—type impurity layer to store
signal charges produced by the incident light and to transfer
stored signal charges, and a second conductive—type.drain.part
which is formed in a region of the substrate that excludes said

\

intercepted light transfer part for discharging excess charges of

.said intercepted light transfer part.

12.- The solid-state imaging device as claimed in claim

" 11, wherein the intercepted 1light transfer part comprises a

second conductive-type intercepied light transfer part.

13. The solid-state imaging device as claimed in claim
11, wherein a distance between the intercepted light transfer
part and the drain part is determined such that excess charges of
said- intercepted lighﬁ tranfer .part can be discharged at the-
drain part while punch-through is pre#ented from occurring

between said_intercepted light transfer part and said drain part.

* c L M S *
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14. A method of manufacturing a solid-state imaging

31

device, the solid-state imaging device comprising a semiconductor
substrate, a first conductive-type impurity layer formed thereon,
and a light-intercepting part formed inside said impurity layer

for storing signal charges produced through incident 1light,

~comprising the steps of:

forming a light—intercepting part which stores signal
charges produced through incident light by.ihjecting an impurity
comprising a second conductive-type into a first conductive—type
impurity layer; and
. forming a second conductive-type drain part in a'regidn of.
the substrate excluding said light-intercepting part, the second
conductive—type drain part discharging excess charges of said
light-intercepting part. |

15. The method of manufacturing a solid-state imaging

device as' claimed in claim 14, further comprising forming a

second conductive-type transfer part that transfers signal
chargeé stored inside said light-intercepting part, wherein the
step of. forming the second conductive-type transfer part is
performed between the steps of forming the light-intercepting
part and forming the drain part.

16. The method of manufécturing a solid-state imaging
device as claimed in claim 15, wherein the transfer part and the

drain part are formed through ion injection using the same resist

A
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17. The method qf manufacturing a. solid—staté imaging
device as claimed in claim 15, further coﬁprising forming a
readout controi part between the light-intercepting part and the
transfer part after the drain part is formed, and forming a
controi part between said light—intercepting part and said drain
' part; -

18. The method of manufacturing- a solid-state imaging
device as claimed in claim 17, wherein the coptrol part and the
readout control p;rt are formed through ion injection using the
same resisf mask.

19. A method of manufacturing a solid-state imaging
device, the solid-state imaging device at least éomprising a.
semiconductor substrate, a first conductive-type impurity layer
formed thereon, and a light-intercepting part formed inside the
imburity iayer for storing signal -charges produced through
iﬂcidént light, comprising the steps of:

forming the first conductive-type impurity layer and a
.second conductive-type intércepted light transfer part which
stores signal charges produced tﬁrough incident light_ and
transfers stored signal charges inside sai& first conductive type

impurity iayer; and
forming a second conductive-type drain part in a region of

the substrate ,excluding said intercgptéd light transfer part,

* ¢ L M 5 %
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the second conductive-type drain part discharging excess charges

33

of said intercepted light transfer part.

20. The method of manufacturing a solid-state imaging
device as claimed in claim 19, wherein a distence between the
intercepted light transfer part and the drain part is determined
such that excess charges of said intercepted light tranfer part
can be discharged at. said drain part while punch-through is
prevented from occurring between said intercepted light transfer
part and said drain part. |
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