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BACKGROUND OF THE INVENTION
Field of the Invention

5 The present invention relates to a photoelectric
conversion apparatus having a light-receiving element
formed in a semiconductor substrate, and an image
sensor.
Related Background Art

10 In recent years, in the field of linear
photoelectric converters, CCDs using a reduction
optical system, and equal-magnification image sensors
that mount a plurality of semiconductor photosensor
chips have been extensively developed.

15 A light-receiving element in such photoelectric
conversion apparatus normally comprises a photodiode
formed by a pn junction of semiconductors. For
example, as disclosed in'Japanese Patent Application
Laid-Open No. 55-154784, a structure in which a region

20 having the same conductivity type as that of a
substrate and higher impurity concentration than the
substrate is formed in a substrate surface portion
where no pn junction is formed so as to reduce the dark
currents produced on the substrate surface has also

25 been proposed. On the other hand, as a light-receiving
element for a linear photoelectric conversion

apparatus, various structures such as a structure which




chibs have been extensively devel oped. 15 _ A light-receiving el enent

in such photoelectric conver si on *apparatus normally conprises a
phot odi ode formed by a pn junction of sem conductors. For

exanpl e, as disclosed in Japanese Patent Appl ication Lai d- Open No.
55- 154784, a structure in which a region 20 havi ng the sane
conductivity type as that of a substrate and hi gher inpurity
concentration than the substrate is formed in a substrate surface
portion where no pn junction is formed so as to reduce the dark
currents produceteduceshetlts pinaitisrs odpae tasca | Kormé&d by degam proposed.
On the other hand, as a light-receiving el enment for a linear

phot oel ectri c cawgiam as disgigeeditin, @d0iouviapanese Fatentch as a

structure which ] . -2-
Application Laid-Open No. 61-264758, a structure which

reduces the dark currents resulting from the scribed

5 chip edge, as disclosed in Japanese Patent Application
Laid-Open No. 1-303752 and so on, have been proposed.
A photodiode formed by a pn junction is generally
known.

However, when such light-receiving element is

10 applied to an amplifier type photoelectric conversion
apparatus which accumulates photocarriers in a pn
junction, and reads out a signal voltage using a
charge-voltage conversion means, high sensitivity
cannot be obtained.

15 In case of the amplifier type photoelectric
conversion apparatus, the light output is given by:

Vp = Qp/Cs | (1)
where Qp is the amount of charge accumulated on the pn
junction, and Cs is the capacitance of the

20 photoelectric conversion portion.

In case of, e.g., an amplifier type photoelectric
conversion apparatus comprising a photodiode, MOS
source-follower circuit, and reset MOS circuit, the
capacitance Cs of the photoelectric conversion portion

25 is given by:

Cs = Cpd + Ca (2)

where Cpd is the pn junction capacitance of a pn



reduces the junction capacitance formed by a pn junction, as

di sclosed in, e.g., Japanese Patent i Appl i cation Laid-Open No.

61- 264758, a structure which reduces the dark currents resulting

fromthe scribed 5 chip edge, as disglgsed in Japanese Patent

Appl i cation Lai d- Open No. 1-303752 and so on, have been proposed.

A phot odi ode fornmed by a pn junction is generally known.

However, when such light-receiving element is 10 applied to an

anplifier type photoelectric conversion appar atus whi ch accunul at es

phot ocarriers irploimdiode, andirgd iien arttthdreaspaniltancd gurinattdd@ o USi ng
char ge-vol tage conversi on neans, high sensitivity cannot be

obtalned 15 the PhQHOQiﬂn;nﬁbtdunwﬁqﬂndn(ﬂoonunJNHhxnﬂ(uapaaltance

conversi on apparatus,_the |ight output is given by: Q/ Cs
(1) wher ngHydes Hhengania @PW%%@IWS&tWSMm which

forms the MOS source-follower circuit, and the
5 source/well junction capacitance, source/gate
overlapping capacitance, wiring capacitance, and the
like of a MOS transistor that forms the reset MOS
transistor.
Hence, in order to realize high sensitivity,

10 photocarriers must be effectively accumulated, and the
capacitance of the photoelectric conversion portion
where the photocarriers are accumulated must be
minimized.

However, in a contact image sensor which uses a

15 photodiode obtained by forming in a semiconductor
substrate a region having a conductivity type opposite
to that of the semiconductor substrate, since the pixel
pitch at a resolution of, e.g., 300 dpi is around 84.7
microns, a pn junction having an area nearly equal to'

20 the opening is required to effectively read out
photocarriers, but then the pn junction capacitance Cpd
of the photodiode portion in equation (2) increases.

On the other hand, when the pn junction area is
decreased to reduce the pn junction capacitance Cpd of

25 the photodiode portion, photocarriers accumulated on
the pn junction region decrease.

Japanese Patent Application Laid-Open



junction, and Cs is the capacitance of the 20 phot oel ectric conversion

portion. In case of, e.g., an anplifier type photoelectric
conversi on apparatus conprising a photodi ode, MOS source-fol | ower
circuit, and reset MOS circuit, the - gapacitance Cs of the
phot oel ectric conversion portion 25 I's given by: Cs = Cpd +
Ca (2) where Cpd is the pn junction
capaci tance of a pn - 3-

phot odi ode, and Ca is another capacitance connected to t he

phot oel ectri c co.ertli-@647G8 iddsclusiesh aC aeahiriauee for formimgyg wies t he
gate capacitance of a MOS transistor which
accumulation portion having an annular shape or
partially cutaway annular shape so as to reduce the
junction capacitance of the accumulation region.

5 However, when a region having the same
conductivity type as that of the substrate and higher
impurity concentration than that of the substrate is
formed in the substrate surface for the purpose of
suppressing the dark currents produced on the substrate

10 surface, as disclosed in Japanese Patent Application
Laid-Open No. 55-154784, the depletion layer narrows
down around the junction, and the circumferential
length dependence of the pn junction capacitance
increases, as shown in Fig. 2 of Japanese Patent

15 Application Laid-Open No. 55-154784.

Hence, the structure disclosed in Japanese Patent
Application Laid-Open No. 61-264758 can hardly attain
high sensitivity, since the capacitance value of the pn
junction cannot be sufficiently reduced due to an

20 increase in circumferential length although the pn
junction area decreases.

On the other hand, along with development of
recent micropatterning techniques of semiconductor
elements, a technique that uses Ti, TiN, or the like as

25 a barrier metal, i.e., a wiring material that contacts
a semiconductor diffusion layer is normally used.

Hence, in order to obtain a satisfactory ohmic



forirs the MOS source-follower circuit, and the 5 source/wel |l junction

capaci tance, source/gate over | appi ng capaci tance, W ring

capaci tance, and the li ke of a MOS transistor that forns the reset
MOS transi stor. Hence,_ig order to realize high
sensitivity, 10 photocarriers nust be etfectively accunmul ated, and the
capaci tance of the photoelectric conversion portion wher e the
photocarriers are accunul ated nust be ~ minimzed.

However, in a contact image sensor which uses a 15  photodi ode obtai ned
by form ng in aceftseaneiehoa p-type FUFFusdon dayedi,ortheavinigirt ty
conductivity type opposite to that of the sem conductor substrate,
since the pixel concentrpitiion @f &heesemicomdugftore dj.£fu3(®rdliayexr arusind
84.7 mcrons, a pn junction having an area nearly equal to 20

the opening is b@q@ulg@@rt ¢henf dhaity wheny ddd isuused as gphdmicwr riers, but
then the pn junction capacitance Cpd of the phot odi ode portion in
equation (2) infa&esdal.

5 However, in the prior art, when the impurity
concentration of a p-type region of the photodiode
portion is increased, the dark currents increase and
they also vary to a large extent.

These dark currents are probably produced by an
10 increase in crystal defects present in a depletion
layer as a result of an increase in impurity
concentration of the p~type layer in the junction
between p- and n-type regions, and the junction between
p- and n-type regions formed to suppress dark currents
15 at a semiconductor/oxide layer interface, or are
probably produced by a high electric field locally
produced in the vicinity of the junction.
When the impurity concentration of the p-type
region is decreased to suppress the dark currents, the
20 contact resistance in the p-type region increases, and
its variation also becomes large, resulting in larger
characteristics variations of photoelectric conversion
apparatuses.
That is, upon application of a general
25 micropatterning technique to the prior art, problems of

increases in dark current and variations of dark

currents are posed.



On the'other hand, when the pn junction area is decreased to reduce

the pn junction capacitance Cpd of 25 t he phot odi ode porti on,

phot ocarriers accunul ated on the pn junction region decrease.
Japanese Patent Application Laid-Open _

-4- No. 61-264758 discloses a te&%ﬁTque for formng an
accumul ati on portion having an annul ar shape or partially cutaway
annul ar shape so as' to reduce the junction capacitance of the
accurul ati on region. 5 However, when a regi on having the sane
conductivity typgMMarhIr aus ervaasionat e and hi gher I mpurity
concentration than that of the substrate is formed in the substrate

surface for the purpaxe i®f an object of the present invention to
provide a photoelectric conversion apparatus having a
high-sensitivity light-receiving portion, and an image
5 sensor.

It is another object of the present invention to
provide a photoelectric conversion apparatus which can
reduce dark currents, and an image sensor.

In order to achieve the above objects, according

10 to the present invention, there is provided a
photoelectric conversion apparatus comprising a
light-receiving element having a semiconductor
substrate of a first conductivity type, a first
semiconductor region of a second conductivity type,

15 formed on a surface of the semiconductor Substrate, a
transparent insulating layer formed on the
semiconductor substrate, and a light-shielding layer
formed on the insulating layer and having an opening
with an area larger than the first semiconductor

20 region, wherein the light-receiving element has a
plurality of first semiconductor regions equivalent to
the first semiconductor region in a single opening,'and
the plurality of first semiconductor regions in the
single opening are electrically connected to each

25 other.

Also, according to the present invention, there is
provided an image sensor formed by mounting on a

circuit board a plurality of photoelectric conversion,



suppressing the dark currents produced on the substrate 10 surface, as
di scl osed in Japanese Patent Application - Laid-QOpen No. 55-154784,

t he depletion | ayer narrows down around the junction, and the
circunferenti al | engt h dependence of,the pn junction capacitance

I ncreases, as shown in Fig. 2 of Japanese Patent 15 Application
Lai d- Open No. 55-154784. Hence, the structure disclosed in
Japanese Pat ent Application Laid-Open No. 61-264758 can hardly
attain hi gh sensitivity, since the capacitance value of the pn

junction cannot wersdifd ikictntdfy vhedypaetaldayt @ Aphotdeledtidicease in
circunferential |ength although the pn junction area decreases.

On the ot her hamshnvammigpnvddpatateisasnemiclafdes a lighdcemcalivdmgpat t er ni ng
t echni ques of sem conduct or el enents, a technique that uses Ti, TiN,
or the like as €l®menty Hewrimgem meEmlcondustora sauibs g teatost isal £ ifrtseit
contacts a sem conductor diffusion layer is normally used.
conductivity type, a first semiconductor region of a
5 second conductivity type, formed on a surface of the
semiconductor substrate, a transparent insulating layer
formed on the semiconductor substrate, and a
light-shielding layer formed on the insulating layer
and having an opening with an area larger than the
10 first semiconductor region, and wherein the
light-receiving element has a plurality of first
semiconductor regions equivalent to the first
semiconductor region in a singlé opening, and the
plurality of first semiconductor regions in the single
15 opening are electrically connected to each other.
Furthermore, according to the present inventibn,
there is provided a photoelectric conversion apparatus
comprising a light-receiving element having a first
semiconductor region of a first conductivity type, a
20 second semiconductor region of a second conductivity
type, formed on a surface of the first semiconductor
region, a third semiconductor region of the second
conductivity type, which is formed in the second
semiconductor region and has an impurity concentration
25 higher than the second semiconductor region, a first

conductive material electrically connected to the third

semiconductor region, a transparent insulating layer



Hence, in order to obtain a satisfactory ohmc

= 5- contact with a p-type diffusion |layer, the inpurity
concentration of the sem conductor diffusion | ayer nust be hi gher
than that when Al is used as a wiring - g material. 5 However ,
in the prior art, when the inpurity - concentration of a p-type region
of the phot odi ode portion is increased, the dark currents increase
and they also vary to a |large extent. These dark
currents are probably produced by an 10 increase in crystal defects

present in a depfetmedh on the fimset conducebes imaterdal ncamdsa in inpurity
concentration of the p-type layer in the junction

light-shielding layer formed on the insulating layer
and having an opening with an area larger tﬁan the
second semiconductor region.

5 Moreover, according to the present invention,
there is provided an image sensor formed by mounting on
a circuit board a plurality of photoelectric conversion
apparatuses, wherein each of the plurality of
photoelectric conversion apparatuses includes a

10 light-receiving element having a first semiconductor
region of a first conductivity type, a second
semiconductor region of a second conductivity type,
formed on a surface of the first semiconductor region,
a third semiconductor region of the second conductivity

15 type, which is formed in the second semiconductor
region and has an impurity concentration higher than
the second semiconductor region, a first conductive
material electrically connected to the third
semiconductor region, a transparent insulating layer

20 formed on the first conductive material, and a
light-shielding layer formed on the insulating layer
and having an opening with an area larger than the
second semiconductor region.

With the above arrangement, a high-quality image

25 can be obtained.



bet ween p- and n-type regions, and the junction between p- and
n-type regions forned to suppress dark currents 15 at a

sem conduct or/ oxi de | ayer interface, or are probably produced by a
high electric field locally producedyin the vicinity of the
junction. When the inpurity concentration of the p-type
region is decreased to suppress the dark currents, the 20 cont act

resi stance in the p-type region increases, and its variation also
beconmes large, resulting in |arger characteristics variations of
phot oel ectri ¢ c®RI&FSs DESCRIPTION OFa THEu DRAWINGS That is, upon
application of a general 25 m cropatterning technique to the prior art,
probl ens of i fdGeadeds @ gghereice Bl agn ¥ iear shovwdiyg dhedar k

currents are posed. . L. .
structure of a light-receiving portion of a

photoelectric conversion apparatus according to the
5 first embodiment of the present invention;

Fig. 2 is a schematic sectional view showing the
structure taken along a line 2 ~ 2 in Fig. 1;

Fig. 3 is a schematic sectional view showing the
structure taken along a line 3 - 3 in Fig. 1;

10 Fig. 4 is a view showing the light sensitivity
distribution in an opening;

Fig. 5 is a plan view showing the structure for
one pixel according to the secoﬁd embodiment of the
present invention;

15 Fig. 6 is a sectional view showing the structure
taken along a line 6 - 6 in Fig. 5 of the present
invention;

Fig. 7 is an equivalent circuit diagram for one
pixel in the second embodiment of the present

20 invention;

Fig. 8 is a plan view showing the structure for
one pixel according to the third embodiment of the
present invention;

Fig. 9 is a sectional view showing the structure

25 taken along a line 9 - 9 in Fig. 8;

Fig. 10 is an equivalent circuit diagram for one

pixel in the third embodiment of the present invention:
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present invention to

havi ng a
sensor .

provi de a photoel ectric conversion apparatus which can
currents, and an inage sensor.

SUMVARY OF THE | NVENTI ON It is an object of the
provide a photoelectric conversion apparatus

hi gh-sensitivity light-receiving portion, and an inage
It is another object_ofgthe present invention to

obj ects, according 10 to the present invention, there is provided a
phot oel ectri c conversion apparatus conprising a | i ght-receiving
el ement havi ng a seniFdgndudt drs a plan suilest ishioeriply dhfe regtrusonchectfion ty

type, a first

sem conduct or region of a second conductivity type,

15 f or med on ones Ppifede agicorisid nge roc dipgu dloovr thu lesthastignent of the
t ransparent |nsulat|n% | ayer formed on the

10

15

20

25

resent invention;

Fig. 12 is a sectional view showing the structure
taken along a line 12 -~ 12 in Fig. 11 of the present
invention;

Fig. 13 is a plan view showing the structure of a
light-receiving portion of a photoelectric conversion
apparatus according to the fifth embodiment of the
present invention;

Fig. 14 is a sectional view showing the structure
taken along a line 14 - 14 in Fig. 13 of the present
invention;

Fig. 15 is a plan view showing the structure of a
pixel portion according to the sixth embodiment of the
present invention; and

Fig. 16 is a seétional view showing the structure
taken along a line 16 - 16 in Fig. 15 of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic plan view showing the
structure of a light-receiving portion of a
photoelectric conversion apparatus according to the
first embodiment of the present invention, Fig. 2 is a
schematic sectional view showing the structure taken

along a line 2 - 2 in Fig. 1, and Fig. 3 is a schematic

reduce dark
In order to achi eve the above

5



sem conduct or substrate, and a |ight-shielding |ayer formed on the
insulating | ayer and having an openi ng with an area | arger than the
first sem conductor 20 region, wherein the light-receiving el ement has
a plurality of first sem conductar jregi ons equivalent to t he
first sem conductor region in a single opening, and the plurality of
first sem conductor regions in the single opening are electrically
connected to each 25 ot her . Al so, according to the present
i nvention, there is provi ded an i mage sensor fornmed by nounting on a
circuit board ssemtiaial wisdw Etewigigecthe cstoomviens: orgken along a line
-7- wherein each of the plurality of photoelectric
3 - 3 in Fig. 1.
An embodiment of the present invention will be
described below taking as an example of an n-type
5 semiconductor substrate. However, the present
invention is not limited to an n-type semiconductor
substrate, and can obtain the same effects even when a
p-type semiconductor substrate is used.
Referring to Fig. 1, openings 4, 4', and 4" are
10 formed in a light-shielding layer 3 to form a
light-receiving array. Inside the openings 4, 4', and
4", two each p-type regions 1, 1', and 1" are
respectively formed on the surface of an n-type
semiconductor substrate 5 to form pn junctions with the
15 n-type semiconductor substrate. A plurality of p-type
regions are formed in the single opening, and are
connected to each other via an interconnect 2.
Charge-voltage conversion means 10, 10', and 10"
respectively convert charge signals based on
20 photocarriers, which are produced in the n-~type
semiconductor substrate 5 and are accumulated in the
p-type regions 1, 1', and 1", into voltage signals.
For example, a MOS amplifier or MOS source-follower
circuit using MOS transistors is suitably used, and
25 photocharges are converted into voltage signals via

these circuits.

Referring to Figs. 2 and 3, an n-type



sem conduct or

conver si on apparatuses includes a |light-receiving el ement havi ng
substrate of a first conductivity type, a first
region of a 5 second conductivity type, fornmed on a

sen conduct or
surface of the

sem conductor subsiriaie, a transparent insulating

| ayer formed on the sem conductor substrate, and a

| ight-shielding |ayer fornmed on the insulating |ayer

opening with an area |arger than the 10 first sem conductor region,

wherein the

light-receiving elenent has a plurality of first

a

and havi ng an

and

sem conduct or rsapicrendugion|megicn 8 Hevingta higher sconcemtoationr egi on
i n a single opening, and the plurality of first sem conductor

regions in the
ot her.

han the 1sibstrafedi iy £omned con rthel syrfeemeef etheo each
Furthernore, according to the present invention,

‘there is provi REEPHRABEFWRIYGOR HIRT ST e app R uEransparerpnpri sing a

|l i ght-receivin
first conducti

5

10

15

20

25

-%ﬁ[@g@é‘ Vivkd & 'd8d 7 are sSSIRE PO 89 Aol 2
semiconductor substrate 5 and interconnect 2, and
between the interconnect 2 and light-shielding layer 3.

In the present invention, an n-type semiconductor
substrate 5 having an impurity concentration of around
10* to 10Y cm™® can be used. Preferably, the substrate
5 has an impurity concentration of around 10** to 10
cm™3,

Each p-type region 1 preferably has an impurity
concentration of around 10 to 10* ecm™. 1In Figs. 1, 2,
and 3, each p-type region is formed to be broader than
the interconnect region but may be smaller than the
interconnect region. Furthermore, in Figs. 1, 2, and
3, each p-type region is formed into a rectangular}
shape. Alternatively, in order to reduce the
circumferential length, each p-type region may be
formed into a circular shape or regions having
different shapes and sizes may be formed.

The n-type region 8 is formed on the surface of
the n-type semiconductor substrate 5 to reduce the dark
currents produced in the vicinity of the interface
between the substrate 5 and insulating layer 6, and
need only have an impurity concentration of about 10

to 10" cm™@ in its surface portion. The n-type region



20  second sem conductor region of a second conductivity type,
formed on a surface of the first sem conduct or region, a third
sem conductor region of the second conductivity type, which is
formed in the second sem conductor pggion and has an inpurity
concentration 25 hi gher than the second sem conductor region, a first
conductive material electrically connected to the third

sem conductor region, a transparent insulating |ayer

- 8- formed on the first conductive material, and a _

l'i ght - shi el di ngmiayy be fformed e thheni osdisett ngptl apedirectly aotithaxti ng an
opening with an area larger than the second sen1conductqr regi on.
5 Mor eo®8€h RedyPg Aggdon, herpmeyebe ifovaed om, the entire

surface without any offset when it has an impurity
concentration lower than that of the p-type region.

5 As for the transparent insulating layer 6 and 7
and interconnect 2, materials used in a normal silicon
process may be applied to the present invention.

The light-shield layer 3 may consist of a metal
which also serves as an interconnect, or may be formed
10 of other organic materials or inorganic materials.
Each opening 4 formed by partially removing this
light-shielding layer has a size of around 80 x 50 um
as one area region in case of a contact image sensor
having an optical resolution of 300 dpi or equivalent.
15 The effects of the present invention will be
explained below with reference to Fig. 4. Fig. 4 shows
the output obtained by irradiating a'portion I - II in
Fig. 4 with slit-beam light, and scanning the opening 4
in the horizontal direction, i.e., the light
20 sensitivity distribution in the opening 4 in the
horizontal direction. As can be seen from Fig. 4, in
the present invention, the photocarriers produced in a
depletion layer portion of the pn Junction are
effectively accumulated on each p-type region, but the
25 photocarriers produced in the neutral region in the
substrate are virtually isotopically scattered and

recombine, thus decreasing the optical output with



there is provided an i mage sensor fornmed by nounting on acircuit
board a plurality of photoel ectric conversion appar at uses, wherein
each of the plurality of phot oel ectri c conversi on appar at uses
includes a 10 i ght-receiving el enent hgving a first sem conductor
region of a first conductivity type, a second sem conduct or region
of a second conductivity type, formed on a surface of the first
sem conduct or region, a third sem conductor region of the second
conductivity 15 type, which is formed in the second sem conduct or
region and has admcrepsdiingy distrescer £roon thiegpbetypeamegion. The thésond
sem conductor region, a first conductive material electrically
connected to th@awhlﬁénce the opficandauitoutsegitorhea twoapspapent

i nsul ating | ayer formed on the first conductive material, and a

i ght - shleldlngrﬁgﬁgPsf&r&BdtBﬁ PH@“FHSuﬁaFFﬁg P&?era high OQﬁdcﬁ&V|ng an
opening with an_area semi gonduct or %e%gon

| h
Wth the above SPFRR 5e2§%?3 éaﬁlaﬁ gesrred ﬁﬁcon urality of

5 regions are formed.

Hence, since a plurality of p-type regions are
formed in each opening 4, the sum total of the
circumferential lengths of the p-type region can be
minimized, and the photocarriers produced in the

10 opening can be effectively accumulated.

Fig. 5 is a plan view showing the structure for
one pixel in the second embodiment of the present
invention, Fig. 6 is a sectional view showing the
structure taken along a line 6 - 6 in Fig. 5, and

15 Fig. 7 is the equivalent circuit diagram for one pixel
in Fig. 5.

In this embodiment, four pn functions are formed
in each opening 4. Four p-type regions 1 having a
sheet resistance of 280 Q are formed on the surface of

20 an n-type semiconductor substrate having a resistivity
of 1 Q-cm to respectively form pn junctions. An n-type
region 8 is formed on the surface of the substrate 5 to
have an offset from each p-type region. The surface
concentration of this n-type region 8 is approximately

25 5§ x 10*® cm™. An interconnect 2 and light-shielding
layer 3 are formed of Al. A transparent insulating

layer 6 has a two-layered structure of S$i0, and BPSG



25  can be obtai ned. -0-

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic plan

vi ew showi ng t he structure of a light-receiving portion of a

phot oel ectric conversion apparatus accordiyg 1o the 5 first enmbodi nent
of the present invention; Fig. 2 is a schematic sectional view
show ng the structure taken along a line 2 - 2 in Fig. 1;

Fig. 3 is a schematic sectional view show ng the structure taken
along aline 3 - 3inFig. 1; 10 Fig. 4 is a view show ng the

i ght sensitivi {BoroPhosphibSilidate cklass ansbhboanglass containing
boron and phosphorus), and a transparent insulating
layer 7 uses an Si0 layer. An SiN layer is formed as a
protection layer 9 on the light-shielding layer 3.
5 Referring to Fig. 7, in this embodiment, four
photodiodes 30 each serving as a light-receiving
element are formed per pixel. One photodiocde 30
corresponds to one pn junction in Fig. 6. The p-type
region 1 of the photodiode 30 is connected to a reset
10 NMOS transistor 31 and the input node of a PMOS
source-follower transistor 32, and its output is
charge-voltage~converted to obtain an output signal
Veoues
Eleven sensor chips each of which had a pixel
15 pitch of 84.7 um and 234 pixels each having the above
arrangement, were mounted on a glass epoxy substrate to
form a 21.8-cm wide, A4-size contact image sensor.
Note that upon formiﬁg a contact image sensor by lining
up a plurality of chips, the pitch of the junctions
20 between neighboring chips could be nearly equal to the
pixel pitch by reducing the size of each opening to be
smaller than the image reading resolution pitch. More
specifically, the pixel pitch for 300 dpi was set at
about 82.5 uym, and the opening pitch was set at about
25 50.0 pym. With this structure, the same resolution as
that in the chip can be obtained even at the junction.

The same applies to the following embodiments.



Fig. 5is a plan view showing the structure for one pi xel according

to the second enbodi nent of the present invention; 15 Fig.
6 is a sectional view showi ng the structure taken along aline 6 - 6
in Fig. 5 of the present invention;1g - Fig. 7 is an

equi val ent circuit diagramfor one pt xel in the second enbodi nent of
the present 20 I nventi on; Fig. 8 is a plan view showi ng the
structure for one pixel according to the third enbodi ment of the
present invention; Fig. 9 is a sectional view show ng the
structure 25 t aktUpoal segsd tiviey9dcomparisbngbeween this Fig. 10 is
an equivalent circuit diagramfor one pi xel in the third enbodi nent

of the present empediment and the prior art which is optimized by
placing p-type regions in an annular pattern to
maximize the sensitivity, the sensitivity of this
5 embodiment was approximately 1.3 times that of the
prior art.

In the first or second embodiment described above,
an n-type semiconductor region 8 having a higher
concentration than that of the substrate is formed on

10 the n-type semiconductor substrate'S, but is not always
requiréd. However, by forming the n-type semiconductor
region 8, dark currents can be reduced. -

Fig. 8 is a plan view showing the structure for
one pixel according to the third embodiment of the

15 present invention, Fig. 9 is a sectional view showing
the structure taken along a line 9 - 9 in Fig. 8, and
Fig. 10 is the equivalent circuit diagram for one
pixel.

In this embodiment, each opening 4 includes seven,

20 circular pn junctions having different sizes.

Seven n-type regions 101 are formed on the surface
of a p~-type semiconductor substrate 105 having a
resistivity of 10 Q«cm to form pn junctions. Also, a
p-type region 108 is formed on the entire surface of

25 the substrate 105, except for the n-type regions 101.
The surface concentration of this p-type region is

around 1 x 107 cm™3.



- 10 - Fig. 11 is a plan view showing the structure for

one pi xel accordlng to the fourth enbodi nent of the . pr esent

i nventi on; Fig. 12 is a sectional view showi ng the structure

5 t aken along a line 12 - 12 in Fig. 11 9f the present i nvention
Fig. 13 is a plan view show ng the structure of a l'i ght-receiving
portion of a photoel ectric conversion apparatus according to the
fifth enbodi nrent of the 10 present invention; ~ Fig. 14is a
sectional view show ng the structure taken along a line 14 - 14 in
Fig. 13 of the presemn intercdnméest i20Bind light-shieldighg hayiexr @ RIxan View
showi ng the structure of a 15 pi xel portion according to the sixth

enbodi nrent of tHermed of Al. A transparent insulating layer 6 has a
two-layered structure of Si0, and BPSG, and a
transparent insulating layer 7 uses an Si0 layer. An

5 SiN layer is formed as a protection layer 9 on the
light-shielding layer 3.

querring to Fig. 10, in this embodiment, sevén
photodiodes 40 serving as light-receiving elements are
formed per pixel. One photodiode 40 corresponds to one

10 pn junction in Fig. 8. The n-type region of the
photodiode 40 is connected to a reset PMOS transistor
43 and the input node of an NMOS source-follower
transistor 44. The PMOS transistor 43 is turned on to
reset any residual charges on the photodiode 40, and

15 after that, photocharges corresponding to the amount of
image light are accumulated for a predetermined period
of time. Then, the NMOS transistor 44 is turned on to
make charge-voltage conversion, thereby obtaining an
output signal V_,. using a constant current circuit as a

20 load in terms of the operation of the NMOS transistor
44.

Eleven sensor chips each of which had a pixel
pitch of 127 ym and 158 pixels each having the above
arrangement, were mounted on a glass epoxy substrate to

25 form a 22-cm wide, A4-size contact image sensor.
In the third embodiment described above, a p-type

semiconductor region 108 having a higher concentration



present invention; and Fig. 16 is a sectional view show ng the

structure taken along a line 16 - 16 in Fig. 15 of the present

i nvention. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Fig. 1 is a schematic plan view showi ng theg _ structure of a

| i ght-receiving portion of a phot oel ectri c conversion apparatus
according to the 25 first enbodi ment of the present invention, Fig.
is a schematic sectional view showi ng the structure taken

along aline 2 - 2in Fig. 1, and Fig. 3 is a schematic
sectional view $hen rrfpatthe£fstthec subs tiralten ial dogmed iome the p-type

semiconductor substrate 105, but is not always
required. However, by forming the p-type semiconductor
region 108, dark currents can be reduced.

5 Fig. 11 is a plan view showing the structure for
one pixel according to the fourth embodiment of the
present invention, and Fig. 12 is a sectional view
showing the structure taken along a line 12 - 12 in
Fig. 11.

10 This embodiment adopts a pixel arrangement in
which four pn functions are formed in each opening to
improve collection efficiency of photocarriers.

A first p-type region 12 having a sheet resistance
of about 1,000 Q@ is formed on the surface of an n-type

15 semiconductor substrate 11 having a resistivity of 8
Qecm to form a pn junction between the n-type
semiconductor substrate 11 and first p-type region 12.

Also, a second p-type region 13 having a sheet
resistance of about 70 Q is formed in the first p-type

20 region 12.

Furthermore, a first n-type region 14 is formed on
the surface of the substrate 11. The surface
concentration of this n-type region 14 is approximately
8 x 10'® cm™.

25 A metal interconnect to be connected to the second
p-type region has a two-layered structure of a TiN

layer 15 and Al layer 26, and electrically connects

2



3-3inFig 1. An enbodi ment of the present invention will be

descri bed bel ow taki ng as an exanple of an n-type 5 sem conduct or
substrate. However, the present invention is not limted to an
n-type sem conduct or substrate, andjean obtain the sane effects even
when a p-type sem conductor substrate is used. Ref erring
to Fig. 1, openings 4, 4', and 4" are 10 formed in a light-shielding

| ayer 3 to forma light-receiving array. |Inside the openings 4, 4',
and 4", two each p-type regions 1, 1', and 1" are

respectivel y forfigad disland-ddkeapan gungtion yegions forged dendinet or
substrate 5 to formpn junctions with the 15 n-type sem conduct or
substrate. A pRi&L-ty of p-type regions are forned in the single
openi ng, and are connected to each ot her via an |nterconnect 2.

Char ge-vol t age convefﬁFﬁFQﬁE%H?QR)lgﬁy YRy 16ver 17 Rasedectivel y

convert, charge 94 33ehasdeiorile o MHCEHE' Shs, "ihgNaare Produced in

5 transparent insulating layer 18 uses an SiO layer. A
light-shielding layer 19 is formed of AlL. An SiN layer
is formed as a protection layer 22 on the
light-shielding layer 19.

In this embodiment, in order to improve collection
10 efficiency of photocarriers which are produced in a
neutral region in the substrate and are isotopically
scattered, a plurality of small pn junctions are formed
in the pixel.
Eleven sensor chips each of which had a pixel
15 pitch of 84.7 pym and 234 pixels each having the above
arrangement, were mounted on a glass epoxy substrate to
form a photoelectric conversion apparatus that builds
an A4d-size contact image sensor.
Upon comparison of dark currents between this
20 embodiment and the prior art having no first p-type
region 12 as the characteristic feature of the present
invention in this embodiment, the dark currents of the
present invention were approximately 1/10 those of the
prior art.
25 In the above embodiment, photoelectric conversion
pixels have been exemplified. Photocharges obtained by

an efficient pixel in a planar area are



sem conduct or
1, 1', and 1",
MOS source-f ol | ower

and 25
circuits.
_12_

substrate 5 and are accunulated in the p-type regions

I nto vol tage signals. For exanple, a MOS anplifi

phot ocharges are converted intopgoltage signals via

Referring to Figs. 2 and 3, an n-type
sem conduct or region 8 having a higher concentration

than the substrate is formed on the surface of the n-type

sem conductor substrate 5, and transparent insulating | ayers 6
are forned betwsdhargee volibage-convertednbygneéudt.qr as wostnca-£di lackr

I nterconnect 2, and bet ween the interconnect 2 and |ight-shielding

| ayer 3.

10

15

20

25

circuit having a MOS structure to read out a voltage
onto an output line, and the difference between the
output voltage and dark currents is calculated. Then,
the difference signal is subjected to shading
correction, gamma correction, and the like, and the
-corrected signal is output as an image signal.

In the fourth embodiment, an n-type semiconductor
region 14 having a higher concentration than that of
the substrate is formed on the n-type semiconductor
substrate 11, but is not always required. However, by
forming the n-type semiconductor region 14, dark
currents can be reduced.

Fig. 13 is a schematic plan view showing the
structure of a light-receiving portion of a
photoelectric conversion apparatus according to the
fifth embodiment of the present invention, and Fig. 14
is a schematic sectional view showing the structure
taken along a line 14 - 14 in Fig. 13.

In Figs. 13 and 14, first p-type regions 12, 12',
and 12" are formed as second semiconductor regions on
the surface of an n-type semiconductor substrate 11
serving as a first semiconductor region to form
light-receiving elements as pn junctions together with
the n-type semiconductor substrate 11.

“Also, second p-type regions 13, 13', and 13"

having an impurity concentration higher than that of

er or

circuit using MOS transistors is suitably used,

t hese

and 7



In the present invention, an n-type sem conductor substrate 5 having
an inpurity concentration of around 10[err] to 10[err] cnferr] can
be used. Preferably, the substrate 10 5 has an inpurity concentration
of around 10[err] to 10[err] cnecrhy - Each p-type region
1 preferably has an inpurity concentration of around 10[err] to
10[err] cnferr]. In Figs. 1, 2, and 3, each p-type region is forned
to be broader than 15 the interconnect region but nmay be snmaller than

t he i nterconnect region. Furthernore, in Figs. 1, 2, and 3,
each p-type regitive ifdrsdr pedypet regioast argulfarmed as tdiape.

Alternatively, in order to reduce the circunferential |ength, each
p-type regi on n@gmiconductor megddnisntiea £hel fdstr psttype aregiegisnni havi ng
different shapes and sizes may be formed. ] The n-type region 8
is fornmed on thdZsur fRGe 14", and argneleatyicaddy comneatad dshoetale 5 to

reduce the dark, currents prodyced _in the vicinity of the interface
interconnect regions 16, 16', and 16" via ohmic

5 contacts (contact holes) 15, 15', and 15".

Furthermore, a first n-type region 14 having an
impurity concentration higher than that of the n-type
semiconductor substrate 11 is formed on the n-type
semiconductor substrate 11.

10 On the other hand, a first'transparent insulating
layer 17 is formed on the n-type semiconductor
substrate 11 via the first n-type region 14, and the
metal interconnect regions 16, 16', and 16" are
connected to the second p-type regions 13, 13', and 13"

15 via the contact holes 15, 15', and 15" smaller than the
second p-type regions 13, 13', and 13".
| Moreover, a second transparent insulating layer 18
is formed on the first insulating layer 17 and metal
interconnect regions 16, 16', and 16", gnd a

20 light-shielding layer 19 having openings 20, 20', and
20" larger than the first p-type regions 12, 12', and
12" are formed on the second insulating layer 18.

In the arrangement of the present invention, the
dotted line 21 in Fig. 14 indicates depletion upon

25 application of a reverse bias to the pn junction.

In the present invention, as the first

semiconductor region, the n-type semiconductor



25  between the substrate 5 and I nsul ating | ayer 6, and need only

have an inpurity concentration of about 1016 to 10[err] cnferr] in
its surface portion. The n-type region _

- 13 - may be formed with an otfget_not to directly contact

each p-type region, or nay be formed on the entire surface w thout
any offset when it has an inpurity concentration lower than that of
the p-type region. 5 As for the transparent insulating |ayer 6
and 7 and interconnect 2, materials used in a normal silicon
process may be §pb$¢@étﬁolﬂheaprepéMBXﬁn&ehayam.grown_on the hh¢ype
light-shield |ayer 3 may consist of a netal whi ch al so serves as an

i nt er connect, oFeR&gFoPEUCEPRegubstratef erhar strygfurenhesingl & or

I nor gani ¢ materh?'gﬁ'—concentration buried layer between the n-type
semiconductor substrate 11 and epitaxial layer may be

5 used. In order to obtain effects of improving

collection efficiency of photocarriers and decreasing
the junction capacitance by broadening the depletion
layer 21 of the pn junction, the impurity concentration
in the vicinity of the surface of the first

10 semiconductor region 11 is preferably set at around 10
to 10Y cm™® and, more preferably, at around 10%* to 10%
cm™3,

Each first p-type region 12 forms a pn junction

between the n-type semiconductor substrate 11 and first

15 n-type region 14. The first p-type region 12 is
preferably formed to minimize defects in the depletion
layer region of the pn junction and to prevent  any
excessive electric field. More specifically, the.
impurity concentration of the first p-type region 12 is

20 set at around 10Y7 to 10*° cm’?, and is formed in a
thermal process that can sufficiently activate the
impurity.

Each second p-type region 13 is formed to have a

concentration as relatively high as around 10! to 10%

25 cm™® so as to obtain a satisfactory ohmic contact with

the metal interconnect region 16 used for reading

photocarriers. Note that the second p-type region 13



Each obening 4 formed by partially renoving this
llayer has a size of around 80 x 50 pm

a contact image
equi valent. 15

sensor havi ng an optical resolution of 300 dpi or
The effects of thepgresent invention will be
expl ai ned below with reference to Fig. 4. Fig. 4 shows t he out put
obtained by irradiating a portion |l - Il in Fig. 4 with slit-beam
in the horizontal direction, i.e.

| ight, and scanning the opening 4

the light 20

sensitivity distribution in the opening 4 in the

| i ght-shi el di ng
as one area region in case of

hori zont al diredis dormésl daside tken fiiret b-gypé region 12 sihasproesent

I nvention, the photocarriers produced in a

of the pn junctipdevend the depdeftdon \lelyeradeom lexttemddmge &oh tret ype

regi on, but the

substrate are vi

25 photocarriers produced in the neutral region in the
Pit¥®eogrgarny bas: SUPRpressing dark eydHROAE t hus

decreasing the optic%%ep Lgyt W th

5

10

15
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irst n-type region 14 is formed to suppress

the dark currents produced at an interface between the
n-type semiconductor substrate 11 and first insulating
layer 17, and preferably has an impurity concentration

that can prevent the region from being depleted in the

vicinity of the interface and can reduce defects in the

junction with the first p-type region 12, more
specifically, around 10'® to 10!® cm™3.

The first n-type region 14 may be formed with an
offset so as not to directly contact the first p-type

region 12. However, when the region 14 has a

sufficiently lower impurity concentration than that of

the first p-type region 12, the region 14 is preferably

formed on the entire surface without using any offset
so as to enhance the effect of reducing dark currents
produced from the interface between the semiconductor
substrate 11 and first insulating layer 17.

The metal interconnect region 16 can use a
material used as a barrier metal in a normal silicon
process: more specifically, high-melting point metals
such as Ti, W, Pt, Mo, Hf, Co, and the like, and
compounds containing them as major components. 1In
Figs. 11 and 12, a metal interconnect region has a

single-layered structure, but may have a two-layered

depl etion | ayer portion



- 14 - increasing distance fromthe p-type region. In this

way, since the optical outputs at the two p-type regions 1 in the
opening 4 are high, a high optical out put |evel -can be assured when
a plurality of p-type 5 regi ons are_f ggmed. ~ Hence, since a
plurality of p-type regions are formed in each opening 4, the sum
total of the circunferential lengths of the p-type region can be

m nim zed, and the photocarriers produced in the 10 _openi ng can be
effectively accunul at ed. Fig. 5is a plan view show ng the
structure for wiringgEmictaire efi Hdes dagwd eanbediate@nd Al hemprasent

invention, Fig. 6 is a sectional yiem/shomﬁngithe structure taken

along a line 6 WiFing myjtidavexrdinpuding ghree on meregdiaygzst circuit

diagram for one pixeks the transparent insulating layers 17 and 8,
8i0,, Si0, SiN, and the like as materials used in a

5 conventional silicon process can be applied to the
present invention.

The light-shielding layer 19 may also serve as an
interconnect by using a metal, or may use other organic
materials, or inorganic materials. Each opening 20

10 formed by partially removing the light-shielding layer
19 has a size of around 80 x 50 um in case of a contact
image sensor having an optical resolution of 300 dpi or
equivalence. /

Also, the present invention can obtain the same

15 effect in case of a p-type semiconductor substrate,
which has a conductivity type opposite to that in this
embodiment. However, in view of compatibility with a
normal silicon process, the obtained effect is more
conspicuous when the first semiconductor region has n

20 conductivity type. |

Fig. 15 is a plan view showing the structure for
one pixel according to the sixth embodiment of the
present invention, and Fig. 16 is a sectional view
showing the structﬁre taken along a line 16 - 16 in

25 Fig. 15.

In this embodiment, an n-type buried layer 23 and

n-type epitaxial layer 25 are formed on an n-type



in Fig. 5. In this enbodi nent, four pn functions are forned

I.n each opening 4. Four p-type regions 1 having a sheet resistance
of 280 [err] are formed on the surface of 20 an n-type seni conduct or
substrate having a resistivity of _1pgerr].cmto respectively form pn
junctions. An n-type region 8 is forned on the surface of the
substrate 5 to have an offset from each p-type region. The surface
concentration of this n-type region 8 is approximately 25 5 x 10[err]
cnferr]. An interconnect 2 and |ight-shielding | ayer 3 are fornmed
of Al. A transp&esvicanigtain mypbstrate |ldyer Thehampurtiviey |lcayeveackrsttiient ur e
of SiJerr] and BPSG - 15 -

of the n-type semiconductor substrate 11 is about 10%!¢
cm™, that of the n-type buried layer 23 is about 10%®

* at maximum, and that of the epitaxial layer is

cm”
5 about 10% cm™.

First p-type regions 12 (12', 12"), second p-type
regions 13 (13', 13"), and first n-type region 14 are
formed in the surface portion of the epitaxial layer
25. The impurity concentrations of these regions are

10 respectively around 2 x 10*® cm™ in the vicinity of the
surface of the first p-type region, around 10%* cm™® in
the vicinity of the surface of the second p-type region
13, and around 5 x 10 cm™ in the vicinity of the
surface of the first n-type region 14. The junction

15 depth of the first p—tYpe region 12 is about 0.5 pm,
and that of the second p-type region 13 is about 0.3
pm.

In this embodiment, the first n-type region 14 is
formed by implanting an ion in the entire surface in a

20 pixel.

Also, in this embodiment, heavily-doped second
n-type regions 24 are formed in the vicinity of the
edges of each opening 20. The impurity concentration
of the second n-type region 24 is around 2 x 10Y° cm®

25 near the surface, and around 3 x 10 cm™® near the
junction with the n-type buried layer 23.

Hence, in this embodiment, as the epitaxial layer



(Bor oPhosphoSilicate G ass: silica glass containing boron and

phosphorus), and a transparent insulating | ayer 7 uses an Si O | ayer.
An SiN layer is forned as a protection |ayer 9 on the

|'i ght-shielding | ayer 3. 5 Refgr%gng to Fig. 7, inthis

enbodi nent, four phot odi odes 30 each serving as a |light-receiving

el enrent are fornmed per pixel. One photodi ode 30 corresponds to one
pn junction in Fig. 6. The p-type region 1 of the photodiode 30 is

connected to a reset 10 NMOS transistor 31 and the input node of a PMOS
sour ce-f ol | ower 26r dnsithieopiX2l dsdboundedt pyt ai *egion having an

charge-vol tage-converted to obtain an output signal V[err].
El even sensor chimpurddyhcohcenitrhtion highes tha® thagi odhtbe 84.7 [err]m
and 234 pixels each having the above arrangenent, were nounted on a
gl ass epoxy subSPiXp&ifd layer 2fgr thg phogoeprwilgss RFodugedcdnmt &ct i nage
sensor. ) Not e that upon form ng a _contact _i mage_sensor by |ining
up a plurality BPUtERSsreghenyinckhgt ephdarifdt 1gyer 2 can be

5 efficiently accumulated on the second p-type region 13.

Hence, each second p-type region 13 is formed to have a
small size and to reduce the junction capacitance, thus
providing a structure suitable for high sensitivity.
A metal interconnect 16 that contacts the second
10 p-type region 13 uses a two-layered structure of a Ti
layer 16 and Al layer 26.
A transparent insulating layer 17 formed on the
epitaxial layer 25 via the first n-type region 14 or
the first and second p-type regions 12 and 13 has a
15 two-layered structure of SiO, and BPSG, and a
transparent insulating layer 18 uses an Si0 layer.
Also, a light-shielding layer 19 uses Al, and an SiN
layer is formed as a protection layer 22 on the
light-shielding layer 19. In this embodiment, the size
20 of an opening 20 per pixel is around 80 pm x 50 pm.
Furthermore, a sensor chip having a pixel pitch of
84.7 pm, and 234 pixels each having the above-mentioned
arrangement was formed, and 11 sensor chips were
mounted on a glass epoxy substrate to form a
25 photoelectric conversion apparatus serving as an
Ad4-size contact image sensor.

As disclosed in the prior art, upon comparison of



20  between nei ghboring chips could be nearly equal to the pi xel

pitch by reducing the size of each opening to be snal l er than the

i mage readi ng resolution pitch. Mre specifically, the pixel pitch
for 300 dpi was set at about 82.5_[gkrrlm and the opening pitch was
set at about 25 50.0 pm Wth this structure, the sane resolution as
that in the chip can be obtained even at the junction. The sane
applies to the foll ow ng enbodi nents. _

- 16 - Upon sensitivity conpari son between this

embodi ment and degkpcugreats bhitwhens tbgsi empediment and aplkasieng p-type
regions in an annular pattern to maxi m ze the sensitivity, the

sensitivity of #hexrein no first p-type regions 12 as the
characteristic feature of the present invention are
formed, the dark currents measured in the present
5 invention were about 1/;0 those of the prior art.

In the fifth and sixth embodiments, an n-type
semiconductor region 14 having a higher concentration
than that of the substrate is formed on the n-type
semiconductor substrate 11 but is not always required.

10 However, by forming the n-type semiconductor region 14,
dark currents can be reduced.

To restate, according to the first to fourth
embodiments, since a plurality of pn junctions are
formed in each opening and are electrically connected

15 to each other, photécarriers are effectively
accumulated and the capacitance of the accumulation
portion can be reducéd. Hence, the sensitivity of the
photoelectric conversion apparatus can be improved as
compared to the prior art, and very remarkable effects

20 can be obtained.

According to the fifth and sixth embodiments, even
when a normal silicon process using a barrier metal is
applied to the photoelectric conversion apparatus, a
high-performance photoelectric conversion apparatus

25 that can reduce dark currents can be realized, thus
providing tremendous effects.

Many widely different embodiments of the present



5  enbodi nent was approximately 1.3 tinmes that of the prior art.
Ln the first or second enbodi nent descri bed above, an n-type

sem conductor region 8 having a higher concentration than that of
the substrate is fornmed on 10 t he n-Lygggsgniconductor substrate 5, but
is not always requi red. However, by form ng the n-type sem conductor,
region 8, dark currents can be reduced. Fig. 8 is a plan view
showi ng the structure for one pixel according to the third

enbodi nent of the 15 present invention, Fig. 9 is a sectional view
showi ng t hreveri tion Uney tlodk erorad tngeted | wittRout AdepaFting 8framdthe
Fig. 10 is the equivalent circuit diagramfor one pi xel-.

In this enbodi nespirthcindpescope <f i the upkssert einverbion. ci Ftushoupd
junctions having different sizes. Seven n-type regions 101 are
formed on the supe¢aerderstood gthat pthe meresent ohrvenbionubstretelimitadyi ng

a resistivitg of 10 [err].cmto formpn junctions. Al so, a
to the specific embodiments described in the

5 specification, except as defined in the appended

claims.



p-type region

forned of Al.

structure of SiJerr] and BPSG and a t ranspar ent |nsulat|ng Iayer

uses an SiOla
t he lig

108.is.fornmed on the entire surface of 25 the substrate
105, except for the n-type regions 101. ‘ ' -

s oo e 5 5T L

A‘trhnshbar®ent* i nsul ating layer 6 has a

7

yer. An 5 SiNlayer is forned as a protection |ayer 9 on

ht - shi el ding | ayer 3. Referring to Fig. 10,

in

t hi s enbodi mentWH2geigh CLAIMED Jisat odi odes 40 serving as |ight-receiving

el ements are

10

15

20

25

This Sheet Has Been R,

1. A photoelectric conversion apparatus
comprising:

a light-receiving element including

a semiconductor substrate of a first conductivity
type,

a first semiconductor region of a second
conductivity type, formed on a surface of said
semiconductor substrate,

a transparent insulating layer formed on said
semiconductor substrate, and

a light-shielding layer formed on said insulating
layer and having an opening with an area larger than
said first semiconductor region,

wherein said light-receiving element includes a
plurality of first semiconductor regions equivalent to
said first semiconduétor region in a single opening,
and said plurality of first semiconductor regions in
the single opening are electrically connected to each

other.

2. An apparatus according to claim 1, further
comprising:

a second semiconductor region of the first
conductivity type, which is formed on the surface of
said semiconductor substrate, and has an impurity

concentration higher than said semiconductor substrate.

T



formed per pixel. One phot odi ode 40 corresponds to ong=—lQ__.__pn |unct|on
in Fig. 8. The n-type region of the phot odi oc eTﬂQ;gﬁEgpgﬂg 0 a
reset 43 and the input node of NH@ﬁLACED

sour cemml nﬂ{mmﬂm III transi stor 44. The t ransitstes Sl n

*  §edet Many residual charges on thé& photodi ode 40, and 15

that, phot ocharges corresponding to the anount of
accurul ated for a predeterm ned period of tinme. Then, the NMOS

transistor 44 is turned on to make char ge-vol tage conversion,

t hereby obtaining an 3.
circuit as a 20

after

I mge |ight are

An @pfandtud Htdordielg ltd! 1R ICORHerEiur rent
load in terns of the operation of the 'NMOS transi st or

44. s jel/ effi reeeth SEmicioniuctnh refgidin dadhath agliatel shape. pitch
of 127 [err]m and 158 pi xels each having the above arrangenment, were
nounted on a gl ass epoxy substrate to 25 forma 22-cmw de, A4-size

cont act |n'age sensor.

a p-type

10

15

20

25

said first semiconductor region is electrically

connected to charge-voltage conversion means.

5. An apparatus according to claim 1, wherein
said first semiconductor region is electrically

connected to a gate of a MOS transistor.

6. An apparatus according to claim 1, wherein a
plurality of light-receiving elements equivalent to

said light-receiving element are formed.

7. An apparatus according to claim 2, wherein a
plurality of light-receiving elements equivalent to

said light-receiving element are formed.

In the third enbodi nent descri bed above,
seni dond Bt GPRaTEIF BT ardiing to lsHar loondanedar i on

8. An image sensor formed by mounting a plurality

of photoeledtric conversion apparatuses of claim 6 on a

circuit board.

9. An image sensor formed by mounting a plurality

of photoelectric conversion apparatuses of claim 7 on a

circuit board.

This Sheet Has Been Rep

i

i

i



- 18 - _ than that of the substrate is formed_on the p-type

.?eniponductor substrate 103 but is not almays 108, B@EN g,
R T T R o e ]

one pi xet atcdrdifngsto*the fourth embodi of the pr esent

I nvention, and Fig. 12 is a sectional view showi ng the structure

t aken along aline 12 - 12 in Fig. 11. 10 Thi s enbodi nment
adopts a pi xel arrangenent in whi ch four pn functions are forned in

each opening to 10. i Apse@N€ofOatestdngetdi €lenays pf whepeonasaiars.

first semiconductor region has an island shape.

11. A sensor according to claim 8, wherein said
5 first semiconductor region is electrically connected to

charge-voltage conversion means.

12. A sensor according to claim 8, wherein said
first semiconductor region is electrically connected to

10 a gate of a MOS tranmsistor.

13. A photoelectric conversion apparatus
comprising:

a light-receiving element including

15 a first semiconductor regién of a first
conductivity type,

a second semiconductor region of a second
conductivity type, formed on a surface of said first
semiconductor region,

20 a third semiconductor region of the second
conductivity type, which is formed in said second
semiconductor region and has an impurity concentration
higher than said second semiconductor region,

a first conductive material electrically connected

25 to said third semiconductor region,

a transparent insulating layer formed on said

first conductive material, and
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A first p-type region 12 having a sheet resistance of _about .1, 000

[err] is forned on the surface of an n-type 15 derRPeaEEt PhoBRR( fat e
11 hav” ﬁ"llmllﬁﬂmlm of 8 [err].cmto formija pn-ilgmkggb%bi}e%ﬁ en
the n- illbnduct or substrate_ldyand firSt=pebype—regian-i

Al so, a setortd P-type*region 13 having a sheet resi stance of about
70 [err] is formed in the first p-type 20 region 12.

Furthernore, a first n-type region 14 is forned on t he surface of
the substrate 11. The surface concentration of this n-type region 14
I S approxi mately a lighk-4Bjeildingnieye}. fo2ied on said @Apsulating

I nterconnect to be connected to the second p-type region has a

two- | ayered strlayereand having an opehipgrwithaad Arefajarges, thad

el ectrically connects
said second semiconductor region.

5 1l4. An apparatus according to claim 13, further
comprising:

a fourth semiconductor region of the first
cdnductivity type, which is formed on the surface of
said first semiconductor region, and has an impurity

10 concentration higher than said first semiconductor

region.

15. An apparatus according to claim 13, wherein
said insulating layer includes:

15 a first transparent insulating layer formed on
said first semiconductor region and having a contact
hole smaller than said third semiconductor region; and

a second transparent insulating layer formed on
said first insulating layer and said first conductive

20 material, and

said first conductive material is electrically
connected to said third semiconductor region via said

contact hole.

25 16. An apparatus according to claim 14, wherein
said insulating layer including:

~a first transparent insulating layer formed on

This Sheet Has Been Replaced
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- 19 -wo... . four island-like pn junction regions;foermed in the
Afransparent insulating |ayer 17 dBﬂQSHEETHAbBttNI}

e :tymmyl I 5575 5 %5, ) g,

is formed of "Ans Si*N | ayer is forned as a protection layer 22 on
t he | i ght-shielding | ayer 19. In this enbodinment, in
order to inprove collection 10 ef ficiency of photocarriers whi ch are
produced in a neutral region in the substrate and are isotopically
scattered, a pl gnald Fyiret semlitofdurtbet regiondr anfoha®ing a conitAckthe

pi xel . El even sensor chi ps each of which had a pixel 15

pitch of 84.7 phmodedstadlprxe¢hanegsalidh&hing skmiebodector regdpnangedent,
were nmounted on a gl ass epoxy substrate to
a second transparent insulating layer formed on
said first insulating layer and said first conductive
5 material, and
said first conductive material is electrically

connected to said third semiconductor region via said

contact hole.

10 17. An apparatus according to claim 13, wherein
the first conductivity type is n conductivity type, the
second conductivity type is p conductivity type, and
said first conductive material includes a material
selected from the group consisting of titanium,

15 tungsten, platinum, molybdenum, hafnium, and cobalt.

18. An apparatus according to claim 13, wherein a
junction depth between said third and first
semiconductor regions is larger than a junction depth

20 between said second and first semiconductor regions.

19. An apparatus according to claim 13, wherein an
impurity concentration of said first semiconductor
region is around 10! to 10'¢ cm3,

25 an impurity concentration near a surface of said
second semiconductor region is around 107 to 10 cm3,

an impurity concentration near a surface of said

This Sheet Has Been Rep
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form a photoelectri¢ ¢conversion apparatus that builds |

cor's” YR ARG $EMloa < ve o or art naying o 1
a

A ﬁkns:aHEté'hHsswam n

D 4-—.!
U

region I2 &s the'characteristic feature of3£h§ pr esent n
this enbodi nent, the dark currents of the present invention were
approxi matel y 1/10 t hose of the prior art. 25 In the above
enbodi ment, photoel ectric conversion pi xel s have been exenplifi ed.
Phot ochar ges obt ai ned by an efficient pixel in a planar area are
- 20 - therar gemyebhageteenyegied b¥, atolnd a0¥ouoca0fbldnoter
circuit having a MOS structure to read out a voltage

and

an impurity concentration near a surface of said

second semiconductor region is around 10*¢ to 10%® cm™.

20. An apparatus according to claim 13, wherein a
plurality of light-receiving elements equivalent to

said light-receiving element are formed.

10 21. An apparatus according to claim 14, wherein a
plurality of light-receiving elements equivalent to

said light-receiving element are formed.

22. An apparatus according to claim 15, wherein a
15 plurality of light-receiving elements equivalent to

said light-receiving element are formed.

23. An image sensor formed by mounting a plurality
of photoelectric conversion apparatuses of claim 20 on

20 a circuit board.

24. A sensor according to claim 23, wherein the
first conductivity type is n conductivity type, the
second conductivity type is p conductivity type, and

25 said first conductive material includes a material
seleéted from the group consisting of titanium,

__tqusten, platinum, molybdenum, hafnium, and cobalt.
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onto an-out-put. line, and the difference between the out put vol tage
and darP currents |§mcaiculated Then, 5 the diffg

R iy

i
correction, garma correcti t

subj ect
t he Enal i s output as_aggi hage si .....__ :
t he fourth enﬁodrnent n n-type sem conduct or region f

hi gher concentration than that of 10 the substrate is forned on the
n-type sem conduct or substrate 11, but is not always required.
However, by form ng the n-type sem conductor region 14, dark
currents can be redaéed. A sensor accokiddngl3oi slaiscl8yawhereianavi ew
show ng the 15 structure of a light-receiving portion of a
phot oel ectri c cdrwuetdpondepphr detryegocspddnghtigdt hed first fifth embodi ment
of the present .invention, and Fig. 14 is a schematic sectional view
showi ng the st r §emieenductor rardAngl dg largpge than a1 jupgticy. depth 20

In Figs. 13 and_14, first p-type regiqns 12, 12 and 12" are forned
as second sentcBﬁ&W@FBrSPé8|§ﬁ§°Bﬁ and first semiconductor regions.

5
26. A sensor according to claim 23, wherein an
impurity concentration of said first semiconductor
region is around 10 to 10 cm™3,
an impurity concentration near a surface of said
10 second semiconductor region is around 10 to 10' cm>3,
an impurity concentration near a surface of said

third semiconductor region is around 10 to 10% cm3,

and
an impurity concentration near a surface of said
15 second semiconductor region is around 10! to 10 cm3.
heet Has Been Replaced
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the surface of an n-type seniconductor substrate 11 T i =
first sem conductor region to form l'i ght -recei&ij’& %T’%ﬁ‘é'ﬁﬁ& BRENp
SU

junctions together with 25 the n-type sem conduc §FFﬁP§Dll. !
Al'so, second p-type regions 13, 13', and_13g . havi ng an TnpurTt
concentration higher than that of -
21 - the first p-type regions are forned as third

sem conductor regions in the first p-type regions 12, 12*, and 12",
and are electrically connected to netal i nterconnect regions 16,
16', and 16" vi ABSTRACT F THE ®@ISQLOSURIONt act hol es) 15, 15', and 15".
Furthernore, a first n-type region 14 having an I mpurity

concentration hi gher Thexme @rs pgovildedna phwtoelectric conversion
apparatus which comprises a light-receiving element
including a semiconductor substrate of a first
5 conductivity type, a first semiconductor region of a
second conductivity type formed on the surface of the
semiconductor substrate, a transparent insulating layer
formed on the semiconductor substrate, and a
light-shielding layer formed on the insulating layer
10 and having an opening with an area larger than the
first semiconductor region, and in which the
light-receiving element includes a plurality of first
semiconductor regions in a single opening, and the
first semiconductor regions in the single opening are
15 electrically connected to each other, and an image

sensor using the apparatus.
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seni conduct or substrate 11 is forned on the n-type sem conduct or

substrate 11. 10 On the other hand, a first transparent insul ating
| ayer 17 is fornmed on the n-type sem conduct or substrate 11 via the
first n-type region 14, and the netal interconnect regions 16, 16",
and 16" are connected to the second p-type regions 13, 13', and 13"
15 via the contact holes 15, 15", qqqZQS" smal l er than the second
p-type regions 13, 13', and 13". Mor eover, a second transparent
insul ating |ayer 18 is formed on the first insulating |ayer 17 and
met al I nt erconnect regions 16, 16', and 16", and a 20

| i ght-shielding |ay 18 haw ng \oper| ngs_ 2

20%\ ar ger
f onped\pN t he
second insul ating | . _ _ R nt\of the| present

I nvention, the {jon upon
25 application

1
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In the present invention, as the first sem conductor region, the
n-type sem conduct or ' - 22 -
substrate 11, an epitaxial |ayer grown on the n-type sem conduct or
substrate, or a structure having a hi gh-concentration buried | ayer
bet ween the n-type sem conductor{zubstrate 11 and epitaxial layer
may be 5 used. In order to obtain effects of inproving

coll ection efficiency of photocarriers and decreasing the junction
capaci tance by broadeni ng the depletion | ayer 21 of the pn junction,
the inpurity concentration in the vicinity of the surface of the
first 10 sem conductor region 11 is preferably set at around 1014

to 10[err] cnferr] and, nore preferFIG at20und 1014 to 1016

hv
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cnjerr]

region 14. The first p-type region
m ni m ze defects in the depletion
and to prevent any excessive
inpurity concentration of the first
around 10[err] to 10[err] cnfierr],

process that can sufficiently activate the
Each second p-type region 13 is forned to have a

FIG;

relatively high as around 10[err]
a satisfactory ohm c contact with
used for reading
13

phot ocarrie

12 is

3%

and is

Each first p-type region 12 fornms a pn junction
between the n-type sem conductor substrate 11 and first

15 n-type
preferably fornmed to

| ayer region of the pn junction

ric field. Moire specifically,
e region 12 is 20 set at
formed in a t her mal

i mpurity.

rr] 25

tal interconnect

t he

concentration as
cnferr] so as to obtain
region 16

th
te that the second p-type region
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- 23 - is formed inside the first p-type region 12 so as to
.prevent the depletion |ayer fromextending to the second p-type

regi on, thus suppressing dark currents. The first n-type region
14 is forned to suppress 5 the dark currents produced at an interface
bet ween t he n-type seniconduc&9q2§ubstrate 11 and first insulating

| ayer 17, and preferably has an inpurity concentration t hat can
prevent the region frombeing depleted in the vicinity of the
interface and can reduce defects i 10 junction with the first
p-type region 12, nore specf;'t Ly, dround 10[err] to 10[err]
cnjerr]. The first n-type region 14 may be fornmed with an

of fset so as not to directly, confact, t first p-typ region 12.
However, when the régipﬁpl h§§/;//{5/2§’gy(?bgfégyfilyfﬁ@y/i mpurity
concentration than thgt—of the fRrstp-typeTegron 12, the region 14
is preferably
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formed on the entire surface w thout using any of f set so as to

enhance the effect of reducing dark currents produced fromthe
interface between the sem conductor . 20 substrate 11 and first

i nsul ating | ayer 17. The metal interconnect region 16 can use a
material used as a barrier netal in§g120rnal silicon process: nore
specifically, high-nelting point netals such as Ti, W Pt, M, Hf

Co, and the like, and 25 conmpounds contai ning them as ngj or conponents.
In Figs. 11 and 12, a netal interconnect region has a

single-layered structure, but may have a two-|ayered

- 24 - Wring structure of the barrier metal and Al, or a

wiring multilayer including three or nore |ayers.

30
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As the transparent insulating |ayers 17 and 8, Sigerr], SIiQ SiN,
and the like as materials used in a 5 conventional silicon process can
be applied to the present invention. The |i ght-shi el ding
| ayer 19 nmay al so serve as an i nterconnect by using a netal, or may
use other organic material s, 3; Lporganic materials. Each opening 20
10 formed by partially renoving th (ﬂght-shielding | ayer 19 has a
size of around 80 x 50 [err]min case of a contact i mage sensor
havi ng an optical resolution of 300 dpi or equi val ence.

Al so, the present invention can obtain the sane 15 effect in case of a
p-type sem conductor substrate, whi ch has a conductivity type
opposite to that in this enbodi nrent. However, in view of
conpatibility with a nor mal syET prﬁsﬁss, the obtained effect is
nor e conspi cuous when the fir8t wcodect or region has n 20
conductivity type.

|—>9
////////

SN
\Y

101

SANNNNNNNNNNN..SN




Fig. 15 is a plan view show ng the structure for one pi xel according

to the sixth enbodi nent of the present invention, and Fig. 16 is a
sectional view showi ng the structure taken along a line 16 - 16 in
25 Fig. 15. In this enbodi nent, an n-type buried | ayer 23 and
n-type epitaxial layer 25 are forned on an n-type

- 25 - sem conduct or subs#r/diZ 11. The inpurity concentration

of the n-type sem conductor substrate 11 is about 1016 cnferr], that
of the n-type buried |ayer 23 is about 1018 cnferr] at maxi num and
that of the epitaxial layer is 5 about 10[err] cnferr].

First p-type regions 12 (12', 12"), second p-type

FIG. 9
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regions 13 (13", 13"), and first n-type region 14 are formed in the
surface portion of the epitaxial |ayer 25.- The inpurity '
concentrations of these regions are 10 respectively around 2 x 10[err]
cnferr] in the vicinity of the surface of the first p-type region,
around 10[err] cnferr] in the vicinity of the surface of the second
p-type region 13, and around &/ %210[err] cnferr] in the vicinity of
t he surface of the first n-type region 14. The junction 15 dept h
of the first p-type region 12 is about 0.5 [err]m and that of the

second p-type region 13 is about Frfﬁ 1Trr] m In this
enbodi nent, the first n-type regifo WS formed by inplanting an
ion in the entire surface in a 20 pi xel . Also, in this
enbodi nent heavily;déggd secon n-type pegipns 24 are fornmed in the
vicinity of the edgégcgfgeaéﬁ ning 20. e jMpupfty concentration
of the second n-typeAlegion 24 I's arou X err] cnfprr] 25 near
the surface, and aréund 3 x 10[err] c rr] near the

20

16, 26
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junction with the n-type buried |ayer 23. Hence, in this
enbodi nent, as the epitaxial |ayer -

26 - 25 in the pixel is bounded by a regi on having an
i mpurity concentration higher than that of the epi taxi al |ayer 25,
t he photocarriers produced in a neutral region in the epitaxial
| ayer 2 can be 5 efficiently ac@uhip ated on the second p-type region
13. Hence, each second p-type region 13 is forned to have a
smal | size and to reduce the junction capacitance, thus providing a
structure ‘suitable for high sensitivity. "~ A nmetal interconnect
16 that contacts the second 0 peN eghon 13 uses t -Ia(ered
structure of a Ti | &yer \16 aqd I 2?\%3;\ a\\if:::
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A transparent insulating |ayer 17 fornmed on the epi taxi al |ayer 25
via the first n-type region 14 or the first and second p-type
regions 12 and 13 has a 15 two-| ayered structure of SiJerr] and BPSG
and a transparent insulating |ayer 18 uses an Si O | ayer.

Al'so, a |light-shielding layer 19 usefgMjp and an SiN | ayer is fornmed
as a protection |ayer 22 on the I'Tght-shielding layer 19. In this
enbodi ment, the size 20 of an opening 20 per pixel is around 80 pm x 50
[err]m Furthernore, a sensor chip having a pixel pitch of

84.7 pm and 234 pixels each having the above-nentioned arr angemnent
was fornmed, and 11 sensor chips were nmounted on a gl ass epoxy
substrate to forma 25 phot oel ectri c conversion apparatus serving as an
A4d-si ze contact inage sensor. As disclosed in the prior art,
upon conparison of
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- 27 - dark currents between this enbodi nent and a case

wherein no first p-type regions 12 as the characteristic feature of
the present invention are formed, the dark currents neasured in the
pr esent 5 i nvention were about 1/10 those of the prior art.

In the fifth and sixth enbodi nents, an n-type sem conduct or region
14 having a higher concentration 11/12han that of the substrate is
formed on the n-type sem conductor substrate 11 but is not always
required. 10 However, by form ng the n-type sem conductor region 14,
dark currents can be reduced. To restate, according to the

first to fourth emodingents, S{nce a Pl urgl ity of\pn yunctions are
formed i n each openi ngNand™\areXel esg risal 'y cognected \ 15 *\N{\each ot her,
photocarriers are efﬁQgi\Zji
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accunul ated and t he capaci tance of the accunul ation
reduced. Hence, the sensitivity of the
apparatus can be inproved as

remar kabl e effects

20

fifth and si xth enbodi nents, even

using a barrier
apparatus, a

nmet al

trenmendous effects.

pr esent

be constructed w thout departing fromthe

portion can be

phot oel ectri c conversi on

conpared to the prior art,
can be obt ai ned.
when a nor nal

- 28 -

t hus

provi di ng
Many wi dely different enbodi nents of the
i nvention may

2 2
19
2 1 18
16
117
e A_14
N —7
ot 13 12 J 24
4 &
\ \J
123

P ]

and very
According to the
silicon process

app! 124120 t he phot oel ectric conversion
hi gh- per f ormance phot oel ectric conversi on apparat us
t hat can reduce dark currents can be realized,
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spffit;and scope of the present invention. It should

that the present invention is not linmited to the sp cBEPhAGENENHlSHEEB
described in the. 5 speci fication, except as defined in tire—appended

cl ai ns. " - 29 - VWHAT}I $ qqpkNﬁPtggg

1. A photoel ectric conversion apparatus co rising: S a

| i ght-receiving el enment including a region of ajfiTst
conductivity type, a first sem conductor region]of a second
conductivity type, formed on a surface of said region of a TITsT _
conductivity type, and a light-shielding | ayer having an opening

with an area | ar gepHdNOBLECTRIE | EGhVERST G BSARATHS WP IMAGE sEnsoNher ei n
said light-receiving elenment includes a plurality of first sem conductor

regions equivalent to said first sem conductor region in a single opening,
and said plurality of first sem conductor regions in the single opening are
el ectrically coRAMRGROUND &FCITHR TAWVENTION

Field of the Invention

5 The present invention relates to a photoelectric
conversion apparatus having a light-receiving element
formed in a semiconductor substrate, and an image
sensor.
Related Background Art

10 In recent years, in the field of linear
photoelectric converters, CCDs using a reduction
optical system, and equal-magnification image sensors
that mount a pluraiity of semiconductor photosensor
chips have been extensively developed.

15 A light-receiving element in subh photoelectric
-conversion apparatus normally comprises a photodiode
formed by a pn junction of semiconductors. For
example, as disclosed in.Japanese Patent Application
Laid-Open No. 55-154784, a structure in which a regioﬁ

20 having the same conductivity type as that of a
substrate and higher impurity concentration than the
substrate is formed in a substrate surface portion
where no pn junction is formed so as to reduce the défk
currents produced on the substrate surface has also

25 been proposed. On the other hand, as a light-receiving

| element for a linear photoelectric conversion

apparatus, various structures such as a structure which



2" The apparat us according to ck conpri sing: | REPLACEMENT SHEET

second sem conductor region of th THB&ﬂﬁﬁﬁﬂ@H§E ¥ type, whifch s formed
|vﬂ ;
b o

on the surface of said region of tihe flnsmeggguc ty type and hasg an;
i mpurity concentration higher tha f—af first dorlductivity
t ype. 3. The appar at us accordlng ég claim1l, wherein sard@ 1TrsT
sem conduct or region has an island shape. 4. The appar at us

according to claim il _wherein said first sen1conductor region 1S i

el ectrical |y coRHSHQELECIR ONVERSIONCAPPABATUS ANDAMAGE SENSOR 5. The
apparatus according to cIa|n11 wherein said first sen1conductor region is
electrically coppeeradrt oFaTgat prstrostykE transi stor. 6. The
apparatus according to claim1l, wherein a plurality of light-receiving

el ements equi val ent tThexa drki phbvidedi @i pyotbedentrdce cbaverdion
REPLACEMENT SHEET - 30 - 7. The
appar at us accor éppgratus| which, cahpraseasaa light-receiving element

including a semiconductor substrate of a first
5 conductivity type, a first semiconductor region of a

second conductivity type formed on the_surface of the
semiconductor substrate, a transparent insulating layer
formed on the semiconductor substrate, and a
light-shielding layer formed on the insulating layer

10 and having an opening with an area larger than the
first semiconductor region, and in which the
lighf—receiving element includes a plurality of first
semiconductor regidns in a single opening, and the
first semiconductor regions in the single opening are

15 electrically connected to eaéh other, and an image

sensor using the apparatus.

Figure 1
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plurality.of light-receiving elenents equivalent to said ﬁ%ﬁgﬁgﬁﬁ”ﬁ%ﬂ

el enrent are forned. 8. The inmage sensor forned by
pl ur alfi lﬂﬂ 'ﬁr I ri c conversion apparatuses accordi pgjto claim®6 on] a
ci rcui J!m w[' "m"?m? The i mage sensor formed by mount|ng & PIAGGREMY pf|

phot oel’ect’ri ¢ cbnversion apparatuses_q&gqfding to claim7{ob_a.circuit

boar d. 10. The imge sensor actording to claim8,|wherein said
first sem conductor region has an island shape. 11t _The image sensor
accor di nYHAT JlSaiCRAIMERh@Sei n said first sem conductor region is

el ectrically connected to charge-voltage conversion neans. = 12. The

i mage sensor accor & photoedpatmle, CONECEEROBARRPRATRERS SRPARBIRARI Or regi on
s electrical Iy copngqbid-taceigdhg BledelSihegaaingor. = 13 A
phot oel ectri c conversi dn apparatus conprisin a light-receiving

el enent including a region of ﬁif&FsFegPBﬁuﬁgiHiFYrEYpﬁonductivity type,
a second region of 2 r3eaendemoBeratic¥bky reyén beracdedsnd surface of said
first region, . N a tgird regron of %he segond. ondqgtivi y_type,
whi ch i sSPBOAREELVE tYataPEac SRTTESY PBn AT haSeaR% | FRLT I TSIt RhiF ati on
hi gher t ffarstaictmieadditggitype, and a first conductive materi al
electrically Connegiﬁﬂght-shielding layer having an opening with an
area larger than sald £irst semiconductor region,

wherein said light-receiving element includes a
plurality of first semiconductor regions equivalent to said
first semiconductor region in a single opening, and said
plurality of £irst semiconductor regions 1in the single
opening are electrically connected to each other. '

2. The apparatus according to claim 1, further
comprising:

@ second semiconductor reglon of the first
conductivity type, whlch is formed on the surface of said
region of the first conductivity type, and has an impurity
concentration higher than said region ¢f£ the first
conductivity type.

3. The apparatus accoxrding to claim 1, wherein said
first semiconductor region has an islard shape.

4. The apparatus according to claim 1, whexrein said
Ffirst semiconductor region is electriczlly connected to
charge-voltjage conversion means.

5. The apparatus according to claim 1, wherein said
first semiconductor region is electriczlly connected to a
gate of a MOS transistor.

6. The apparatus according to claim 1, wherein a
plurality of light-receilving elements equivalent to said
Jight-receiving element are formed.

AEo34So—
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to said third region,  and a |ight-shielding | ayer |hBEPLADEMENT SHEET

openi ] arger than said second region. 14—Fre—
appar Eﬂuﬂm tﬁlﬁiﬁ@ﬂl claim 13, further conpri sing: 49 0CT 2609
fourthns «1irst conductivity type, which is forngd jon t he

surface of the first region, and has af i-npurity concentratijon~figher Than

said first region. 15. The apparatus according to cld m13 further
conpri sing a tr.anspRisendpparativs iavgordiag ftor pkdinn2 s awbleresd

material, wherei.n satd jpsul at] M ol dgs+.4 hrst
t ranspar uxlear%ﬁ%t%é’r%sgr oep'qrr'étg@cl)%l?gll@yt% [ rg tl‘rrg%?%tr:l 5?1 :fé(il/i ng a
contact Hdghtmsdelvimgrekenent ianed foggiedn; and a second

conductl ve

transparent insulating |ayer forned on said first insulating | ayer and said

first conductive material, and said first conductive materia

el ectrical ly dbnhkcimege censor diggmed by BOURtAgapdPLBRRALtY ofe.

16. The

PP S SrALS Ok SH R d101C |appBrktulsest R8Rording to claim 6 on
a circuit beard.

9.The image sensor formed by mounting a plurality of
photoelectric conversion apparatuses according to claim 7 on
a circuit board.

10. The image sensor according to claim 8, whereln
said first semiconductor region has an island shape.

11. The image sensor according to claim 8, wherein
sald first semiconductor region is electrically connected to
charge~voltage conversion means.

12. The image sensor according t¢ claim 8, wherein
said first semiconductor region is electrically connected to
a gate of a2 MOS transistor.

13. A photoelectric conversion arparatus comprising:
a light-receiving element including
a First reglon of a first conductivity type.
a second region of a second conductivity type,
formed on a surface of said first regicn,

a third region of the second conductivity type.
which is Formed in said second region znd has an impurity
concentratiion higher than said second region,

a first conductive material electrically connected
to said thixd region, and

a light-shielding layer having an opening with an
area larger than said second region.

14. 'The apparatus according to claim 13, further
comprising:

S




CoﬁﬁFT§Tﬁg a transparent insulating |ayer formed on said fi

n sald I nsul ating | ayer includes:
tra mw i glayer formed on said first region an
cont ac than said third region; and

t ranspar ent |nsulat|ng layer formed onypaid first insulatin
first conductive material, and said first conduct
el ectrical ly connest Seurshszegioni e thei BArst asenductivhin
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ayer and said
ve material is
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17. The %ﬂ%ﬁaﬁ.gsf%%ﬁ@dd'oﬂgtiﬁ s{,ilfareé%fwﬁﬁéefnryeerégwﬁ canglugdd vity

type is n conductivity type, the second cond uct|V|t¥h5§£e I's_p conductivity

type, anénsaﬂﬁurﬂﬁ§tC@@ﬁ&ﬁ&?ﬁ&é°ﬁa¥é9¥ﬁ¥ Fhenygaid

rFe¥idRe ect ed from

t he group conS|st|ng of titanium tungsten, platinum nolybdenum hafnium

wherein a

and cobal t. The apparat us_ acco d|n aim

REPLACEMENT SHEET, rhe apparats accozding ofads 0335“ tlﬁ‘%u’ﬁct i on depth
bet ween &6tn§rﬂ.§tuh@ andranspareati onsulatinggkayehafosmedneni saidept h
betmeenn?%§ ecogpﬁ%ndéfh%%eriaglOgﬁerein sal&ginsumgtfggaig§&§ accor di ng

to clai
includes:

a Ffirst transparent insulating layer formed on

said first region and having a contact hole smallerx
said third region; and

than

a second transparent Ilnsulating layer formed on
said first insulating layexr and said first conductive

material, and

said first conductive material is electrically

connected to said third region via sald contact hole.

16. The apparatus according to claim 14 further

comprising a transparent insulating layer formed on

sald

first conductive material, wherein said insulating layer

includes:

& f£irst transparent insulating layer formed on
said first region and having a contact hole smaller than

said third region; and

a2 second transparent insulating layex formed on
said first insulating layer and said first conductive

material, and

gaid first conductive material is electrically

connected to said third reglon via said contact hole.

17. The apparatus according to claim 13, wherein the
first conductivity type is n conductivity type, the second
conductivity type is p conductivity tyre, and said first
conductive material includes a material selected from the

group consisting of titanium, tungsten, platinum,
molybdenum, hafnium, and cobalt.

18. The apparatus according to claim 13, wherein a



i npurity concéntration of said first region is around 1014‘tggggéﬁmmENT|%yEETﬂ.

cnferr] “ui m y concentration near a surface jof second
eoron o MMM 5ofcr et 3 "ene * 7 R e
L3, wherein.al

10[err] cnferr]. 20. The appa[agys_according to claijm|
plurality of light-receiving elenents &quivalent to said lijght-receiving

'_\

el emrent guachdomedeoth betweén sihid thpndatnd Hirst dregidns Al
wherein ral.J f ol -regelyin ng S. | '

light-r egglg-l \?llérlfg eé\taé’n%nghgr%ggl? or rrgh)éh geﬂ,gggzg;,g,lrﬁg%%%ﬁar%és%a%ﬁ ding to
cl ai m 15regionsi.n a plurality of |ight-receiving elenents equivalent to
said light-receiving el ement are forned. 23, An imge sensor forned
by mounting a plurality of photoel ectric conversion apparatuses according
to claim20 od% cilheuieppgsatys accordipg tqhelpingks sshered @ ding to

cl ai m 23 ey doneenitrait i68NB¥CERY At ¥1¥Peré §ion COO MK UNG t10' e, the
second conguctiyity type is p conductivity type, and said first conductive
mat eri al 1PncI¥es a material selected fromthe group consisting of

titanium tungstenanplifipuitiy cohyeteratilonaheatna sutfacdadt .said 25.
The | magg SeRred188 4" drblng! 20% 33 1WPEH na

an impurity concentration near a surface of said
third region is around 10*° to 10?° cm™.

20. 'The apparatus according to claim 13, wherein a
plurality of light-receilving elements eguivalent to said
light-receiving element are formed.

21. The apparatus according to claim 14, whereln a
plurality of light-receiving elements equivalent to sald
light-receiyving element are formed.

22. The apparatus according to c¢laim 15, wherein a
plurality cof light-receiving elements equivalent to said
light-receiving element are formed.

23, 2An image sensor formed by mounting a plurality of
photoelectric conversion apparatuses according to claim 20
on a clrcuit board.

24. 'The image sensor according tc¢ claim 23, wherein
the first conductivity type is n conductivity type. the
second conductivity type i1s p conductivity type, and said
first conductive material includes a meterial selected from
the group consisting of titanium, tungsten, platinum,
molybdenum, hafnium, and cobalt.

25. The image sensor according to claim 23, wherein a
junction depith between said third and first regions is
larger than a junction depth between said second and first



junction -depth . between said third and first regions i s lar

' T y
j unct i th between said second and first EﬁtdLA%EMENTlﬁHEET
-33 - R&ﬂy ‘mmuﬂﬂ . The inmage sensor according to clfi @23, Wiererm
an i npur ke SaJ n of said first region is around 1)[%111]3t{}13}1(2{}&r

cnerr], n*impurity concentyation near a surfacg ¢f said second
region is around 10[err] to 10[err] cn13err], and an 1 npurity
concent rgglonsear a surface of said third region is aroung _10[err] to

10[err] cnferr]. 27. A photoel ectric conversion apparatus

conpri si ng: a light-receiving el enent including a region of a
first conduct2®ityThgpbnage sensor acgaxding tho srlaim 23 .sahiexsiauanor

regi ons 0BG, CODEHEL I 3t Tofe laPha #FE G dh S AR 194 Ged €01 ON
of the flﬂ{%"?r%gﬁduct?w ty tjf/pe, and éc)j(}nnection means for
connect i¥® seRd.plurality of first sem conductor regions so that said

plurality of firstageimSORiLe ! Oon et MEic theedt G REHAtO o haaifd r st
conduct i vi t‘}/ %y e forr‘rf a_ pl ur(gldi(ﬁl); gf ﬂglgt oelsectri.c conversion portions
whi ch ar¥eePRLtFFELPr 2 o o E9ch’ot fi8r «i A®Parall el so as to perform
phot oel ectri c convaansimpurity concentration near a surface of said

third region is around 10*® to 10?° cm™.

27. A photoelectric conversion apparatus comprising:

a light-receiving element including a reglon of a
first conductivity type,

a plurality of first semiconductor regions of a
second conductivity type, formed on a surface of sald region
of the First conductlvity type, and

connection means for connecting said plurality of
first semiconductor reglons so that said plurality of first
semiconductor regions and said region of the first
conductivity type forms a plurality of photoelectric
conversion portions which are electrically connected to each
other in parallel so as to perform photoelectric conversion.

" 28. 'The apparatus according to claim 27, further
comprising a light-shielding layer including an opening with
an area larger than the first semiconductor region, wherein

said plurality of first semlconductor regions are
included in a single opening formed with said light-
shielding layer.

29. The apparatus according to claim 27, wherein said
connection means includes a conductive material.

30. 'The apparatus according to claim 29, wherein a
signal accumulated in the first semiconductor region is
output from said light-receiving element through said
conductive material.
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out put f mamdesdiad..l i ght-receiving el enent through said conductive material.
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PHOTOELECTRIC CONVERSION APPARATUS AND IMAGI%."SENSOR“‘“

ABSTRACT OF THE DISCLOSURE

There are provided a photoelectric conversion
apparatus which comprises a light-receiving element
including a semiconductor substrate of a first
conductivity type, a first semiconductor region of a
second conductivity type formed on the surface of the
semiconductor substrate, a transparent insulating layer
formed on the semiconductor substrate, and a
light-shielding layer formed on the insulating layer
and having an opening with an area larger than the
first semiconductor region, and in which the
light-receiving element includes a plurality of first
semiconductor regions in a single opening, and the
first semiconductor regions in the single opening are
electrically connected to each other, and an image

sensor using the apparatus.

Figure 1



