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SOLID-STATE IMAGING DEVICE AND METHOD OF MANUFACTURING THE SAME 

I. • 

FIELD OF TIIK·-INVENTION 

This invention relates to a solid-state imaging device 

used, for example, for a television camera and further relates· to 

a method of manufacturing the same. 

BACKGROUND OF THE INVENTION 

A solid-state imaging device is a television camera 

comprising a photosensitive target 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 correspond 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 an output device to be converted. to 

video signals. The transfer is controlled to be in 

synchronization with a ·horizontal and a vert~cal 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 substrate; 2 represents a light-

intercepting part; 3 represents a p-type buried diffusion layer; 

4 repres_entts a .. p-type impurity layer; 5 represents a transfer 
L 

part; 6 repre~~nts .. ·1a ·:p-type readout control part; 7 represents 
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a channe 1 stopper; 8 represents an insulating film; 9 

represents a conductive-type electrode; and 10 represents a p-

type well. 

Then-type substrate 1 has the p-type well lO_inside, and 

the p-type well 10 includes the n-type light-intercepting part 2 

which produces and stores signal char-ges. the p-type impurity 

layer 4 which is positioned next to this light-intercepting part 

2, and the n-type transfer part 5 wh~ch transfers signal charges 

stored inside . this p-type impurity layer 4. wherein all these 

parts are formed in array. This structure is hereinafter 

referred to as a vertical 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 threshold_ voltage (Vt) , and the non-readout side is 

separated by the channel stopper 7. The insulating film 8 is 

formed on the light-intercepting part 2 and on the transfer part 

5. and charges of the light-intercepting part 2 are read out to 

the transfer par~ 5 by the conductive-type electrode 9. Also, 

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 formed in the vertical OFD structure, i~ is possi~le 

to discharge (excess) charges which are stored in· the light-

intercepting part 2 to the ba_ckside 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 substrate. 

In FIG. 12, reference numeral 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 

represents a p-type readout control part; 7 rep~esents 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 dra-in part. 

The p-type substrate 11 includes the n-type light-

intercepting part 2 which produces and stores signal charges, the 

p-type impurity layer 4 which is positioned next to this light-

intercepting part 2, the n-type transfer part 5 which transfers 

signal charges stored inside this p-type impurity layer 4, and 

the n-type drain part 13 for discharging (excess) charges, and 

which is positioned next to the transfer part 5. This structure 

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 

control threshold voltage (Vt), and the transfer part 5 and then-

type drain part · 13 are· separated by the channel stopper 7, a,nd 

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. The insulating film 8 is formed on 

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 formed in the horizontai 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 s·tructure in the conventional 

system has the problem of causing deterioration of sensitivity 

characteristics, because the signal charges produced by the 

absorption of long wavelength light 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 problem 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 general since the 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 

mi-niaturization. 

SUMMARY OF THE INVENTION 

An object of this invention 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. Accordingly, sensi ti vi ty characterisi tcs on 

the long wavelength side can be improved, and the miniaturization 

can be performed easily. Another object of this invention 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-state imaging device of this invention 

comprises at least a semiconductor 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 light. A second conductive-type drain 
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part is provided in a region of the substrate that excludes the 

light-intercepting part for discharging excess charges of the 

light-intercepting part. 

It is preferable that the ligh~-intercepting part 

comprises a second conductive-type. 

Furthermore, it is preferable that the substrate 

comprises a p-type semiconductor substrate, and that the .light-

intercepting part comprises an n-type semiconductor which 

produces and stores signals . 

.In addition, it is preferable that the first conductive-

type impurity layer is present on the side of and apart from the 

light-interce_Pting part from the cross-sectional viewpoint, that 

a second conductive-type transfer part is present for 

transferring signal charges stored inside the first conductive-

type impurity layer, and that a drain part is present under the 

transfer part. 

Also, it is preferable that the readout side between the 

light-intercepting 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 on the 

light-intercepting part. and" the transfer part, wherein charges of 

the ligh~-intercepting part are read out to the transfer part by 
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a conductive-type electrode. 

THIS SHEET HAS BEEN !\ 
REPLACED 

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 punch-through 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 :i,mpurity layer is formed shallower than a 

bondi~g 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 the bonding depth of the light-

intercepting part. 

It is preferable that a readout control 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 ·second solid-state imaging device of this 

invention comprises at least a semiconductor 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 light, wherein the solid-

state imaging devic~ is prov,ided with the first conductive-type 

impurity layer, an intercepted light transfer part which is 

formed inside the impurity layer to store signal charges produced 

by the incident light and to transfer stored signal charges, and· 

a secon~ conductive-type drain part which is formed in a regi~n 

of the substrate that excludes the intercepted light transfer 

part for discharging excess charges of the intercepted light 

transfer part. 

Preferably, the intercepted light transfer part comprises 

a second conductive·-type. In addition, it is preferable that a 

distance between the intercepted ~ight transfer part and the 

drain part is determined such that at least excess charges of the 

intercepted light tranfer part can be discharged at the drain 

part, and tha~ punch-tJ:lrough can be prevented from occurring 

between the intercepted light transfer part and the drain part. 

Next, this invention includes a method of manufacturing a 

solid-state imaging device at least comprising a semiconductor 
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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 light. A 

first manufacturing method comprises the steps of forming a light­

i~tercepting part which stores signal charges produced through 

incident light by injecting _an· impurity _comprising a second 

conductive-type into the first conductive-type impurity layer, 

and forming a second conductive-type drain part 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-i~tercepting part. 

In 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 

ljght-intercepting part is performed between·. the steps of forming 

the light-intercepting part and the drain part. 

Furthermore, it is preferable that the transfer part and 

the drain part are formed through ion injection using the same 

resist mask. 

In addition, it is preferable that a readout 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 preferable that the control part and the 
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r~adout control part are formed through ion injection using the 

same resist mask. 

Next, a second method of manufactur.ing a solid-state . 
imaging . device which comprises at least a semiconductor 

substra~e. 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 light, 

comprises the steps. of forming the first conductive-type impurity 

layer and a second conductive-type intercepted light transfer 

part which stores signal charges produced through incident.light 

and transfers stored signal charges inside said first conductive-

type impurity layer, and forming 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 aricj the drain part is determined 

at least such that excess charges of the intercepted light 

tranfer part can be discharged at the drain part, and that punch-

through can be prevented 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 forme~ under the transfer part with a 
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predetermined distance therebetween for discharging excess 

charges of the light-intercepting part. As a result-, excess 
. . 

charges stored in the light-intercepting part can be discharged, 

while sensitivity characteristics on. the long wavelength side are 

improved, and miniaturization is performed easily. 

In addition, according to the configuration of this 

invention, since the drain part comprising an (excess) charge 

discharging part is formed, for example, as the n-type buried 

drain part under the transfer par·t, the drain part is not 

necessary in a unit cell 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 area on the light-intercepting part can be 

enlarged when the unit cell has the same size. Accordingly, 

physical incident light can be increased relative 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 first embodiment of this invention. 

FIGS. 2 (a) and 2 (b) are graphs showing· a difference in 

wavelength sensitivity characteristics according to a different 



12 

type of substrate impurity. 

FIG. 3 is a cross-sectional view showing a solid-state 

imaging device in a second embodiment of this invention. 

FIG. 4 is a cross-sectional view showing a _ sol°id-state 

imaging device in a third embodiment of this invention. 

FIG. 5 is a cross-sectional view showing a solid-state 

imaging device in a fourth embodi~ent 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 this invention . . 
FIG. 8 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 ~anufacturing 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. 
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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 by referring · 

to the following examples and attached figures. The examples are 

illustrative and 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. l, 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 

represents a conductive-type elec:trode; and 30 represents an n-

type buried drain part. 

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

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 structure is 

hereinafter referred to as a BHOD (Buried Horizont9l Overflow 

Drain) structure. 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 conductiv~-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 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 30, and also preventing punch­

through from occuring 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. 

According 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 22 ·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 light 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 part 22 can be obtained 

with the following formula (Formula 1) in which the sensitivfty 

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). 

[Formula 1] 

In this formula, .6.x.6.y represents an aperture area of a light­

intercepting part; TJ (.A ) represents a quantum efficiency; t 
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represents a storage time; c represents a light speed; A 

represents a light wavelength; h represents Planck' s constant; HA 

represents a light strength; and he/ A represents a photon 

energy. 

When formed in the BHOD structure, sensitivity 

characteristics with the same aperture 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 transfer part 

25, the drain part is not needed in a unit cell structure, which 

is different from the horizontal OFb 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 enlarged when the unit cell has the same size. 

Accordingly, physical incident light can be increased than with 

the horizontal OFD structure, so that the. sensitivity per unit 

ce 11 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-state 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 numeral 21 represents a p-type 

substrate; 27 represents a channel stopper; 28 represents an 

insulating film; 29 represents a conductive-type el_ectrode; 30 

represents an n-type buried drain part; and 31 represents an 

intercepte9 light transfer part. 

The p-type substrate 21 includes the n-type intercepted 

light transfer pa~t 31 which produces, stores, and transfers 

signal charges, and the channel stopper 27 which is . positioned 

next to the intercepted light transfer· part 31. Furthermore, the 

n-type buried drain part 30 for discharging (excess) charges is 

formed under the channel. stopper 27. The in~ulating film 28 is 

formed on the intercepted light transfer part 31 and also on the 

cnannel stopper 27, and charges of the intercepted lig~t 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 enables discharging (excess) charges of the 

intercepted light transfer 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 light 

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 part 31 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 signal charges produced by 

absorption of long wavelength light not in the substrate 

direction, but toward the intercepted light transfer part 31 

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 intercepted light 

transfer part can be obtained 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 with 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 (e~cess) charge discharging part is 

formed as the n-type buried drain part 30 under the intercepted 

light transfer part 31, the drain part is not needed in a unit 

cell structure, which 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 enlarged when the unit cell 

has the same size. Accordingly, physical incident l_ight 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 

represents a conductive-type electrode; and 30 repres.ents an n­

type buried drain part. 

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

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 

24. Furthermore, the n-type buried drain part 30 for discharging 
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(excess) charges is formed under the transfer part 25 via the p-

type impurity layer 24. 

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 of the light-intercepting part 22 at 

the n-type buried drain part 30, and also prevents punch-through 

from occuring when (excess) charges are discharged between the 

transfer part 25 ~nd the n-type buried 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 between the light-intercepting part 22 

and the transfer part 25 is separated by the p-type readout 

control part 26 · that is installed to control threshold voltage 

(Vt), and ~he 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 
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part 22 and the insulating film 28. 
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In the BHOD structure, it is already mentioned that 

signal charges which are produced by absorption of long 

wavelength light are not diffused in the substrate di~ection, but 

toward 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 between the the 1 ight-

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, the possibility .of diffusing the 

signal charges produced by the absorption of long wavelength 

light toward the n-type buried drain part .30· increases. 

This indicates that sensivitiy characteristics can be 

improved even more by forming the bonding depth between the light-

intercepting part 2 2 and the p-type substrate 2·1 to become larger 

than the bonding· depth between the n-type buried dr.ain part 30 

and the p-type substrate 21. 

Example 4 

A fourth embodiment of a solid-state imaging device in 

this invention 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 conductive-type electrode; 30 represent~ an n-type 

buried drain part; and 32 represents a buried p-type readout 

control part. 

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

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 

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

(excess) charges is for·med under the transfer part 25 yia the p­

type impurity layer 24. 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 ins~alled :to 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 the 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 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 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. 

Example 5 

A method of manufacturing a 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 represents a light-intercepting part; 23 

represents a p-typ~ buried diffusion layer; 2.4 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 re_presents an insulating film; 29 

represents a conductive-type electrode; 30 represents an n-type 

buried drain part; 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-intercepting part 22 

is formed by injecting an n-type impurity into the p-type 

substrate ·21. Then, after the p-type impurity "l_ayer 24 is formed 

next to the light-intercepting part 22 through inj_ection, 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 and the p-type impurity layer 24. 

Thereafter, as shown in FIG. 8, the channel stopper 27 is 

'formed on the non-readout side between the light-intercepting 

part 22 and the transfer part 25, and the p-type readout control 

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. 

Sub&equently, 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 by applying higher acceleration 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-type readout control part 26 
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and also between the light-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-intercepting part 22 can be read out to the 

transfer part 25. Furthermore, 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. 

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 p~rt in ·the n-type area. 

However, the same effects can be attained by using a subs~rate 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 rea~out control part between the 

light-intercepting part and the transfer part. However, as far 

as the readout part is concerned, any .readout structure can be 

used to attain the same effects. 

The .embodiments of 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-intercepting part, for example, by forming 

it in array under the channel stopper. 

Also, FlGS. 1 to 10, which were used for explaining this 

invention, were schematic views serving for understanding this 

invention. Therefore, sizes of eaph 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 showri. in the figures. 

With regard to the explanation of the manufacturing 

method of this invention, the order ·of steps described. is only 

one example. The order of forming each structural component is 

not limited to the order explained in this invention .. 

Furthermore, concerning the explanation of the 

manufacturing method of this invention, injection was used as a 

method of forming each structural component . However, the ~ame 
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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 spirJ. t or essential characteristi_cs thereof. 

The embodiments disclosed in this application are to be 

c.onsidered in all respects as illustrative and not as 

restrictive. The scope of the ·invention is indicated by the 

appended 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-intercepting part formed jnside said 

impurity layer for storing signal charges produced through 

incident light, a second conductive-type drain part formed in a 

region of the substrate that excludes said light-intercepting 

part, wherein said second conductive-type drain part dis-charges 

excess.charges of said light-intercepting part. 

2. The solid-state imaging device as claimed in claim l, 

wherein said light-intercepting part comprises a second 

conductive-type light-intercepting part. 

3. The solid-state imaging device as claimed in claim l, 

wherein the substrate comprises a p-type semiconductor substrate, 

and the light-intercepting part comprises an n-type semiconductor 

which produces and stores signals. 

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

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 

fir.st conductive-type impurity layer, and a drain part is present 

in a position under said transfer part. 

5. The solid-state imaging device as claimed in claim 4, 
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wherein 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 said drain part and punch"""' 

through can be prevented from occurring between s&.id 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 readout side between the light-intercepting part and 

the transfer part is separated by a first conductive-~ype readout 

control part which is installed to control threshold voltage 
. 

(Vt), the non-readout part being separated by a channel stopper. 

8.· The solid-state imaging device as claimed in claim l, 

wherein an· insulating film is formed on the light-intercepting 

part and on the transfer par~. wherein charges of the light­

intercepting part are read out to the transfer part by a 

conductive-type electrode. 

9. The solid-state imaging device as claimed in claim l, 

wherein a first conductive-type buried diffusion layer is 

provided at the·interface of the light-intercepting part and the 

insulating film for prevent.ing dark current from arising; 

11111111111111 11111 1111111 1111 
* C L M S * 



---· 
THIS SHEET HAS BEEN 

REPLACED 

30 

10. The solid-state imaging device as claimed in claim l, 

wherein a bonding depth with the first conductive-type impurity 

layer is formed shallower than a bonding depth of the light-

intercepting part. 

11. A solid-state imaging device, comprising a 

semiconductor substrate, a first conductive-type impurity layer 

formed thereon, a light-intercepting part formed inside the 

impurity layer for storing signal charges produced through 

incident light, an intercepted light 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 light transfer part comprises a 

second conductive-type intercepted 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 light tranfer :r;>art can be discharged at the · 

drain part while punc~-through is prevented from occurring 

between said intercepted light transfer part and said drain part. 
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14. A method of manufacturing a solid-state imaging 

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 imP-uri ty layer 

for storing signal charges produced through incident light, 

comprising the steps of: 

forming a light-intercepting part which stores signal 

charges produced through incident light by fnjecting an impurity 

comprising a second conductive-type into a first conductive-type 

impurity layer; and 

, forming a second conductive-type drain part in a region 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 

charges 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 manufacturing 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 
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17. The method of manufacturing a solid-state imaging 

device as claimed in claim 15, further comprising forming a 

readout control part between the light-intercepting part and the 

transfer part after the drain part is formed, and forming a 

control 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 control part and the 

readout _control part are formed through ion injection using the 

same resist mask. 

19. A method of manufacturing a solid-state imaging 

device, ·the solid-state imaging device at least comprising a 

semiconductor 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 light, comprising the steps of: 

forming the first conductive-type impurity layer and a 

second conductive-type intercepted light transfer part which 

stores signal charges produced through incident light and 

transf~rs stored signal charges inside said first conductive type 

impurity layer; and 

:forming a second conductive-type drain part in a region of 

- the substrate excluding said interc.epted light transfer part, 
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~he second conductive-type drain part discha~ging excess charges 

of said intercepted light transfer part .. 

20. The method of manufacturing a solid-state imaging 

device as claimed in claim 19, wherein a distance _between the 

intercepted light transfer par~ 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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