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PHOTO SENSOR AND METHOD FOR FORM NG THE SAME BACKﬁ%éJNIB OF
THE | NVENTI ON Field of the Invention The pre&entoi*y
i nvention relates to a sem conductor photosensitive device and a
sem conductor device which are optinmum for application into an optical
pi ckup, for exanple, of optical disc apparatus and a nethod for formng
such devi ces. Description of-Related Art A phot o
sensor is generally used for an optical pickup of an optical disc
apparatus such as a conpact disc apparatus and m nidi sc appar at us.
Moreover, as the recent technol ogy, a photosensitive elenment such as
phot odi ode and a sEHQTMBENSOR ANDEMETHORNBOR cFORMINGeFHEL 8AMENt 0 one
chip. In the case of wusing a discrete photosensitive elenment, wirings are

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a
semiconductor photosensitive device and a semiconductor
device which are optimum for application into an optical
pickup, for example, of optical disc apparatus and a
method for forming such devices.

Description of Related Art

A photo sensor is generally used for an
optical pickup of an optical disc apparatus such as a
compact disc apparatus and minidisc apparatus.
Moreover, as the recent technology, a photosensitive
element such as photodiode and a semiconductor element
tend to be integrated into one chip. 1In the case of
using a discrete photosensitive element, wirings are
required for connecting such photosensitive element to a
photodetecting circuit. However, such wirings are
easily influenced by external disturbances from power
supply, electrical appliances such as television
receiver, etc. and electronics apparatuses. Since a

minute current flows through the photosensitive element,

a signal from the photosensitive element receives a



required for connecting such photosensitive elenent to a photodetecting
circuit. However, such wirings are easily influenced by external
di sturbances from power supply, electrical appliances such as televi

recei ver,

etc. and el ectronics apparatuses. Since a mnute current f

t hrough the photosensitive elenent, a signal fromthe photosensitive

el ement receives a -2 - -2-
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i nfluence from external disturbances. Integration of the photosensit
el ement and sem conductor elenment into one chip enables reduction in
of an optical pickup and increases allowance for external noise

di st urbanceslarge influende séromoexivernal pibsbuchancese elagestatdore
for an optical pickup of a conpact disc apparatus, (hereinafter, it i
soneti nes c#f cthe photeserattbve ehementnand; gemicepductrs, edementt

appar at us)

IS enerally conposed of _six, photosensitive regi ons A,
inté’one chzﬁ eggbles reductign &n size o% an Op QCal

pickup and increases allowance for external noise
disturbances.

A semiconductor photosensitive element to be |
used for an optical pickup of a compact_disc apparatus
(hereinafter, it is sometimes called a semiconductor
photosensitive element for compact disc apparatus) is
generally composed of six photosensitive regions A, B,
C, D, E, and F as illustrated in the schematic layout of
Fig. 1A. Four photosensitive regions A, B, C, and D are
provided for detecting a focus error signal and a
digital signal. Meahﬁhile, the photosensitive regions E
and F are provided for detecting a tracking error
signal. The characteristics required for the
photosensitive regions A, B, C, and D and that required
for the photosensitive regions E and F are different.
That is, the excellent frequency characteristic is
required for the photosensitive regions A, B, C, and D
in order to detect digital signal. Meanwhile, such
frequency characteristic is not so much important for
the photosensitive regions E and F because these

photosensitive regions detect the tracking error signal
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C, D E and F as illustrated in the schematic |ayout of Fig. 1A Four

phot osensitive regions A, B, C, and D are provided for detecting a focus
error signal and a digital signal. Meanwhile, the photosensitive regions E
and F are provided for detecting a tracking error signal. The
characteristics required for the photosensitive regions A, B, C, and D and
that required for the photosensitive egions E and F are different. That
is, the excellent frequency characteri-stic is required for the

phot osensitive regions A, B, C, and D in order to detect digital signal.
Meanwhi | e, such frequency characteristic is not so much inportant for the

phot osensi t i of cegiparatively Adedneguanewe priteadnsthe exeellent det ect
the tracking error

conparativeIpHQﬁQQ£2§¥;§QAFOHWﬁﬁ&§Rﬂ qhar askan dehic %ﬁmﬁ?ﬁﬂ%@$¢i€°r0f

conversion CT%gmgﬁggégéﬁg£€EJ§K¥£Jf§%£CE and F because these regions
are irradiated with the light having comparatixg}y low
intensity. '

A semiconductor photosensitive element used
for optical pickup of a minidisc apparatus (hereinafter,
it is sometimes called a semiconductor photosensitive
element for minidisc appatatus) is generally composed of
eight phbtosensitive regions A, B, C, D, E, F, G, and H
as illustrated in the schematic 1ayoht of Fig. 1B.
Unlike the semiconductor photosensitive element for
compact disc, four photosensitive regions A, B, C, and D
are provided in the semiconductor photosensitive element
for minidisc apparatus for detecting a focus error
signal. The photosensitive regions E and F are provided
for detecting a tracking error signal. Moreover, the
photosensitive regions G and H are provided for
detecting a digital signal. Excellent photoelectric
conversion characteristic is required for the
photosensitive regions E and F because these regions are
irradiated with the light beam having comparatively
lower intensity. Meanwhilé, excellent frequencf

characteristic is required for the photosensitive



t he photosensi'tive regions E and F because these regions are irradiated

with the |ight having conparatively low intensity. A
sem conduct or photosensitive el enent used for optical pickup of a mnidisc
apparatus (hereinafter, it is sonetines called a sem conductor

phot osensitive elenment for mnidisc apparatus) is generally conposed of

ei ght photosensitive regions A B, C, DAE F, G and H as illustrated in
the schematic layout of Fig. 1B. Unlike the sem conductor photosensitive
element for conpact disc, four photosensitive regions A, B, C, and D are
provided in the sem conductor photosensitive element for mnidisc

appar at us f glegdeCiG hd H ctoisdetedt a sdbgital Thkgphdt osHowetexrg regi ons E
and F are provided for detecting a tracking error signal. Mreover, the
phot osensi t ihighreayiphct d@ beck Hareconpverws ten ¢haradbesdstiag andigita

signal . Excellent photoelectric conversion characteristic is required for
the phot osdirgquency characieristicperaunett hrequiredi 685 &he irradi ated
with the |ight beam having conparatively _|ower inkensity. Meanwhi | e,

excel | ent f RhRkaR8ns Ry k@91 ars cAr sBr eGui ABE PoPerpusgnéssensitive

regions are radiated with the light beam having higher
intensity and the focus error signal has comparatively
lower frequency.

As explained above, different characteristics
are required for respective photosensitive regions of
the semiconductor photosensitive element used for
optical pickup of optical disc apparatus. However,
since the photoelectric conversion characteristic and
frequency characteristic are in the trade-—off
relationship, when the photoelectric conversion
characteristic, for exaﬁple, is raised, the frequency
characteristic is lowered. Therefore, a semiconductor
photosensitive element, mainly having improved the
photoelectric conversion characteristic, is used for
optical pickup.

Furthermore, when a photosensitive element and
a semiconductor element are integrated into one chip,
there rises a problem that such photosensitive element
is limited in its characteristic in comparison with a

discrete photosensitive element. Namely, since higher



-4- Tegions G and Hto detect a digital signal. However, higher
phot oel ectric conversion characteristic and frequency characteristic are
not required for the photosensitive regions A, B, C, and D because these
regions are radiated with the |ight beam having higher intensity and the
focus error signal has conparatively |ower frequency. As
expl ai ned above, different characteristiBs- are required for respective
phot osensitive regions of the sem conductor photosensitive el enment used
for optical pickup of optical disc apparatus. However, since the
phot oel ectric conversion characteristic and frequency characteristic are
in the tradeperformange dsshigguiniedh fidre ghetsrmiganductonelenent, a
characteristic, for exanple, is raised, the frequency _ characteristic is

| ower ed. ThepBpP$esensisdvie @lemandy hash o RhfENRA ALRSE wHEhARY having
| mproved the ) ) .
changing the manufacturing process of the conventional

semiconductor integrated circuit. Therefore{migris
difficult for a photosensitive element to give and
improve the predetermined characteristic. 1In such a
case, improvement in characteristics of a photosensitive
element can be realized by adding intrinsic
manufacturing process for formation of the
photosensitive element. But, such addition of
manufacturing process results in increase of

manufacturing cost.

SUMMARY OF THE INVENTION
The first object of the present invention lies

in providing a semiconductor photosensitive element
which simultaneously satisfies the characteristics sudh
as the photoelectric conversion characteristic and
frequency characteristic in the trade-off relationship
and in providing a method for forming the same element.

. The second object of the present invention
lies in providing a semiconductor device including a
semiconductor photosensitive element which can éasily

integrate a photosensitive element and a semiconductor



phot oel-ectric conversion characteristic, is used for optical pickup.
Furt hernore, when a photosensitive elenment and a sem conductor el enent are
integrated into one chip, there rises a problemthat such photosensitive

element is limted inits characteristic in conparison with a discrete
photosensitive elenment. Nanely, since higher

-5- performance is required for the sem conductor elenent, a
phot osensitive el enent has to be forned al nbst wi thout changing the
manuf acturi ng process of the conventional sem conductor integrated

circuit. Therefore, it is difficult for a photosensitive elenent to give
and i npr ovelementy al@asthividthawkrehanging | the |parpEaciuriige, i nprovenent

in characteristics of_ a photosensitive elepent. can be,realized_by adding
intrinsic M%ﬂﬂ%ﬁﬁtﬂﬁrﬁﬁ%nQRﬂﬁﬁﬁﬁ¥9n4¥w?ﬁﬁ+%ﬂn5?°€ﬂ5 inkegrated

circuit and moreover simultaneously satisfies the
characteristics such as photoelectric conversion
characteristic and frequency characteristic in the
trade-off relationship and also in providing a method
for forming the same element.

The above-mehtioned objects of the present
invention may be attained by a semiconductor
photosensitive element of the present invention,
comprising a first and a second photosensitive regions,
which is characterized in that the first photosensitive
region has a structure different from that of the second
photosensitive region and the first photosensitive
region has the photoelectric conversion characteristic
and frequency charécteristic different from that of the
second photosensitive region.

According to the first profile of a
semiconductor photosensitive element of the present
invention, (A) a first photosensitive region is composed
of a high concentration impurity region of a first
conductivity type formed on a semiconductor substrate of
the first conductivity type and a photoelectric

conversion layer of a second conductivity type formed on



phot osensitive el enent. But, such addition of manufacturing process
results in increase of manufacturing cost. SUMWARY OF
THE | NVENTI ON The first object of the present invention lies in
provi ding a sem conduct or photosensitive element which sinultaneously
satisfies the characteristics such as the photoelectric conversion
characteristic and frequency characteridtirc in the trade-off relationship
and in providing a nethod for formng the sanme el enent. The
second object of the present invention Ilies in providing a sem conductor

device including a semni conductor photosensitive el enent whjch can, easily
i ntegrate a phehodmpyrditye regdemit (Bid 3 sesand Rhgkssensitive reglon

- 6- el ement al nost wi t hout changing .the nanufactuﬂn&& Progess of the
convent i onal 18eFPEBREES OF anPhgtaed@ctric conversion layer oL a

second conductivity type which is formed thicker than
the photoelectric conversion layer forming thgwfirst

photosensitive region on the semiconductor substrate;
and (C) an element isolation region is formed between
respective photosensitive regions.

In the f£irst profile of a semiconductor
photosensitive element of the present invention, it is
preferable that thickness of the photoelectric
conversion layer forming the first photosensitive region
is set to 1 to 3 um, and thickness of the photoelectric

" conversion layer forming the second photosensitive
region is set to two to ten times that of the
photoelectric conversion layer forming the first
photosensitive region.

According to the second profile of a
semiconductor photosénsitive element of the present
invention, (A) a first photosensitive region is composed
of a high concentration impurity region of the second
conductivity type formed on the semiconductor substrate
of the first conductivity type, a photoelectric
conversion layer of the second conductivity typé formed

on such impurity region and a first conductivity type



circuit and noreover sinultaneously satisfies'the characteristics such as
phot oel ectric conversion characteristic and frequency characteristic in
the trade-off relationship and also in providing a nethod for formng the
sane elenent. The above-nenti oned objects of the present
i nvention may be attained by a sem conductor photosensitive el enent of the
present invention, conprising a first-®&nd a second photosensitive regions,
which is characterized in that the first photosensitive region has a
structure different fromthat of the second photosensitive region and the
first photosensitive region has the photoe]ectric conversion
char act er i siliayeraf@rmesy@ndhe phakaelkeatsric FPpEeERton baveRat (B the
second photosensitive region. , . According to thg first profile of
a sem condu@esonsh@hataagnsiteive errﬁgl’c°'bf1§h‘é°’58‘é§%ﬂt° Rnvention, (A a
first photosensitive region is conmposed of _a_high congentration inpurity
regi on of aﬁQQ§ﬂgleQﬁiﬁﬁuﬁ94N?§F{%hmi%¥ﬁ¥mﬁﬁo 8 28fPBBnduct or substrate
of the first gonductivity type. and, a I ' % ion |layer of
a second corﬁﬂi’c‘f‘* "tvti%/p%‘}/?%r‘%é a&bnls POEhas! ERLEkE:r ARRYERR

photoelectric conversion layer forming the first

photosensitive region on the semiconductor substrate;

(C) an element isolation region is formed between

respective photosensitive regions. -

In the second profile of a semiconductor
photosensitive element of the present invention, it is
preferable that thickness of the photoelectric
conversion layer forming the first photosensitive region
is set to 1 to 3 m, and thickness of the photoelectric
conversion layer forming the second photosensitive
region is set to two to ten times that of the
photoelectric conversion layer forming the first
photosensitive region.

A semiconductor device to attain the objects
explained above is composed of a semiconductor
photosensitive element and a semiconductor element
explained above. In this case, a semiconductor element

may be a bipolar transistor which is formed on a high

concentration impurity region of a second conductivity



-7- 'such inpurity region; (B) a second photosensitive region is
conposed of a photoelectric conversion |layer of a second conductivity type
which is formed thicker than the photoel ectric conversion |ayer form ng
the first photosensitive region on the sem conductor substrate; and (O
an elenent isolation region is forned between respective photosensitive
regi ons. In the first profile%f a sem conductor photosensitive
el enent of the present invention, it is preferable that thickness of the
photoel ectric conversion layer formng the first photosensitive region is
set to 1 to 3 [err]m and thickness of the photoelectric conversion |ayer
form ng the $¥PEnFPFMebana t9emicondpairy sukgtrate RF 13 £2RSEi nes t hat
of the photoelectric conversion |layer formng the first photosensitive

r egi on. conductivd®yyi%¥P_o the second profile of a

A method for forming a semiconductor
photosensitive element as a first profile ofJEEgapresent
invention to attain the objects explained above
comprises the steps of:

(A) forming a high concentration impurity
region of the first conductivity type and an element
isolation region on a semiconductor substrate of the
first conductivity type; and

(B) forming a semiconductor layer of the
second conductivity type on the semiconductor substrate
and the high concentration impurity region, thereby to
form; (a) a first photosensitive region formed of the
high concentration impurity region formed on the
semiconductor substrate and a photoelectric conversion
layer consisting of the semiconductor layer formed on
such impurity region, and (b) a second photosensitive
region formed of a photoelectric conversion layer
consisting of the semidonductor layer formed on the
semiconductor substrate.

A method for forming a semiconductor

photosensitive element as a second profile of the



sem conduct or photosensitive el enent of the present invention, (A a first
phot osensitive region is conposed of a high concentration inpurity region
of the second conductivity type forned on the sem conductor substrate of
the first conductivity type, a photoelectric conversion |ayer of the
second conductivity type formed on such inpurity region and a first
conductivity type - 10 - - 8- | ayer forned on
t he photoel ectric conversion layer; (B) a second photosensitive region is
conposed of a photoelectric conversion |ayer of the second conductivity
type which is formed thicker than the photoelectric conversion |ayer

forni ng t he piriessnt photerseion ttoattainntbe obiectsi espdained shioyer at e;
(C© an elenment isolation region is forned between respective
phot osensi t icpmprigesmsthe steps of: | n the second profile of a sem conductor

(A) forming a high concentration impurity
region of the second conductivity type and an element
isolation regidn on a semiconductor substrate of the
first conductivity type; and

(B) forming a first semiconductor layer of the
second conductivity type on the semiconductor substrate
and the high concentration impurity region and then
forming a second semiconductor layer of the first
conductivity type on the first semiconductor layer above
the high concentration impurity region; thereby to form;
(a) a first photosensitive région formed of the high
concentration impurity region formed on the
semiconductor substrate, a photoelectric conversion
layer consisting of the first semiconductor layer formed
on such impurity region and the second semiconductor
layer formed on the photoelectric conversion layer; and
(b) a second photosensitive region formed of the
photoelectric conversion layer consisting of the first
semiconductor layer formed on the semiconductor
substrate.

A method for forming a semiconductor

photosensitive element as a first profile of the present



phot osensitive el enent of the present invention, it is preferable that

t hi ckness of the photoelectric conversion |layer formng the first

phot osensitive region is set to 1to 3 [err]m and thickness of the

phot oelectric conversion |layer form ng the second photosensitive region
Is set to tw to ten tines that of the photoelectric conversion |ayer
formng the first photosensitive regionll - A sem conductor device
to attain the objects explained above is conposed of a sem conduct or
phot osensitive el enent and a sem conductor el enent explained above. In
this case, a sem conductor element may be a bipolar transistor which is
formed on a Hinyentdemndm ratttiaim ithairohjects)iexplained cabPweconductivity
-9- type fornmed on a sem conductor substrate of a first conductivity
type. comprd SR8 H&e faeBHrMfhg a seni conduct or

(A) forming a first high concentration
impurity region of the first conductivity tygg“fgd an
element isolation region on a semiconductor substrate of
the first conductivity type and forming also a second
high concentration impurity region of the second
conductivity type:

(B) forming a semiconductor layer of the
second conductivity type on the semiconductor substrate
and first and second high concentration impurity
regions, thereby to form; (a) a first photosensitive
region formed of a first high concentration impurity
region formed on the semiconductor substrate and the
photoelectric conversion layer consisting of the
semiconductor layer formed on such impurity region; and
(b) a second photosensitive region formed of the
éhotoelectric conversion layer consisting of the
semiconductor iayer formed on the semiconductor
substrate; and

(C) forming a semiconductor element to the

semiconductor layer on the second high concentration

impurity region.



phot osensitive elenent as a first profile of the present

attain the objects explained above conprises the steps of:

form ng a high concentration inpurity
type and an el enent
first conductivity type; and

of the

hi gh concentration inpurity region, thereby to form (a) a first

phot osensitive region forned of the

formed on the sem conductor substrate and a photoel ectric conversion
| ayer consisting of t ke meahodbSbhictformiayera fsembecbmwductsoch i npurity

regi on,

and (b) a second photosensitive

conver si on phposensidiiste rej enferitheas ari serahd tprof blerofothed on the
sem conduct or substrate. A net hod for forning a seni conduct or
a

phot osensi t P¥@sendndmvent ion &k taiol i the pbieets exp

ined above
comprises the steps of:

(A) forming a first high concentration
impurity region and a second high concentration impurity
region of the second conductivity type and an element
isolation region of the first conductivity type on a
semiconductor substrate of the first conductivity type:

(B) forming a first semiconductor layer of the
second conductivity type on the semiconductor substrate
and first and second high concentration impurity
regions; thereby to form; (a) a second photosensitive
region formed of the photoelectric conversion layer
consisting of the first semiconductor layer formed on
the semiconductor substrate;

(C) forming a semiconductor element on the
first semiconductor layer above the second high
concentration impurity region and then forming a second
semiconductor layer of the first conductivity type on
the first semiconductor layer above the first high
concentration impurity region; thereby to form (b) a
first photosensitive region formed of the first high

concentration impurity region formed on the

i nvention to

region of the first conductivity
i sol ation region on a sem conductor substrate of the

(B) formng a sem conductor | ayer
second conductivity type on thejsem conductor substrate

hi gh concentration inpurity region

(A)

and t he

region formed of a photoelectric



- 10 -~ present invention to attain the objects explained above

conpri ses the steps of: (A) formng a high concentration
impurity region of the second conductivity type and an el enent isolation
regi on“on a semiconductor substrate of the first conductivity type; and
(B) formng a first sem conductor Iaye[_gg the second conductivity type on
the sem conductor substrate and the high concentration inpurity region and
then formng a second sem conductor |ayer of the first conductivity type
on the first sem conductor |ayer above the high concentration inpurity
region; thereby to form (a) a first photosensitive region fornmed of the
hi gh concersenitcenducker i sybstrabe, f thecphehoehectLifi EBRYEEEIPDsubst rat e,

a photoel ectric conversion |ayer consistin% of tae Eirs semi ondu%{or
| ayer fornmedla¥gr scensishingt9f rtaeohingl BRBLCEREHETOLN-B¥RIuLPEMEY ayer

formed on the photoe]ectric conversion_|l ayer: and .a_S n
phot osens t 19 FUgH GHIPGFHEY BRIEHE and Ehe' selBfa bahiBoRdRRS:

layer formed on the photoelectric conversion Eizir.

In the method for forming a semiconductor
device of the first and second profiles of the present
invention, a semiconductor element may be formed of a
bipolar transistor. .

~ In the present invention, a silicon
semiconductor substrate or a gallium arsenic compound
semiconductor substrate may be used as a semiconductor
substrate. Moreover, a photoelectric conversion layer
(or a semiconductor layer or a first semiconductor layer
forming such photoelectric conversion layer) is
preferably formed of a single crystal silicon in such a
case that the semiconductor substrate is composed of a
silicon semiconductor substrate. In addition, it is
preferably formed of a gallium arsenic.compound single
crystal in such a case that the semiconductor substrate
is éomposed of a gallium arsenic compound semiconductor
substrate.

In the method of manufacturing a semiconductor
photosensitive element or the method of manufacéuring a

semiconductor device of the present invention, the high



phot oekectric conversion | ayer consisting of the first sem conductor |ayer
formed on the sem conductor substrate. A nethod for formng a
sem conduct or phot osensitive elenent as a first profile of the present
invention to attain the objects expl ained above conprises the steps of:
(A) forming a first high concentration inpurity region of the first
conductivity type and an elenent isol atilén region on a sem conductor
substrate of the first conductivity type and formng al so a second high
concentration inpurity region of the second conductivity type;

(B) formng a sem conductor |ayer of the second conductivity type on the
seni conduct ocoseestratédonaddpurisy xedioacand lelgnerdhdaakatiomh inpurity

region may be formed, for example, by diffusion or ion
implantation of impurity. A semiconductor layer or a
first semiconductor layer may be formed, for.Efsgple,
through epitaxial growth by the CVD method. Moreover, a
second semiconductor layer may be formed, for example,
by diffusion or ion implantation of impurity.

A semiconductor photosensitive element or a
semiconductor device in the présent invention is
provided with a first photosensitive region and a second
photosensitive region. The first photosensitive region
is formed of a high concentration impurity region and a
photoelectric conversion layer formed thereon.

Thickness of the photoelectric conversion layer forming
the first photosensitive region is set thinner than that
of the photoelectric conversion layer forming the second
photosensitive region. For example, when a first
conductivity type is defined as p type and a second
conductivity type as n type, electrons genérated in the
photoelectric conversion layer of the first
photosensitive region move at a high speed in the
direction opposed to the semiconductor substrate within
the photoelectric conversion layer in the condiﬁion of a

depletion layer. Moreover, electrons generated in the



regions, thereby to form (a) a first photosensitive region forned of a
first high concentration inpurity region fornmed on the sem conductor
substrate and the photoelectric conversion layer consisting of the

sem conductor |ayer fornmed on such inpurity region; and (b) a second
phot osensitive region forned of the photoelectric conversion |ayer
consisting of the sem conductor |ayer-fibrared on the sem conduct or

substrate; and (C formng a sem conductor elenent to the
sem conductor | ayer on the second high concentration inpurity region.
- 12 - A nmethod for formng a sem conductor photosensitive

el enent as highceodcendtfriatd ool impmr ignesmgiomare i bmediatelyn t he objects
expl ai ned above conprises the steps of:

recombined. Therefore, the first photosensitive region

has a low photoelectric conversion chéracteristic

because of the small amount of electrons which will

become a photo current, but has, on the contrary, the

excellent frequency characteristic because of higher

speed of electrons.

Meanwhile, the second photosensitive region is
formed of the photoelectric conversion layer formed on
the semiconductor substrate. The photoelectric
conversion layer forming the second photosensitive
region is set thicker than the photoelectric conversiqn
layer forming the first photosensitive region. For
example, a first conductivity type is defined as p type
and a second conductivity type as n type, electrons
generated in the photoelectric conversion layer of the

second photosensitive region move at a high speed in.the
direction opposed to the éemiconductor substrate within
the photoelectric conversion layer in the condition of a
depletion layer. Moreover, electrons generated in the
semiconductor substrate having a low impurity
concentration move within the semiconductor substrate
while these are diffused therein. Therefore, the second

photosensitive region has a higher photoelectric



(A) forming a first high concentration inpurity region and a second high
concentration inpurity region of the second conductivity type and an

el ement isolation region of the first conductivity type on a

sem conductor substrate of the first conductivity type; (B)
formng a first sem conductor |ayer of the second conductivity type on the
sem conduct or substrate and first and sgeeond hi gh concentration inpurity
regions; thereby to form (a) a second photosensitive region formed of the
phot oel ectric conversion |ayer consisting of the first sem conductor |ayer
formed on the sem conductor substrate; (C formng a

sem conduct aorv€r@idn OthaP&ctétistisepecandecofr theydargeoasoundt s:e&:ond
high concentration inmpurity region and then form ng a second

seni conduct cgléeyeonsfwhbehfwitl beadmet avphptoypurgsentt bautf hast, on

sem conductor |ayer above the first high concentration inpurity region,

thereby to fihen ¢optraryirat lowerofeaguency chgrastesistd coacddisq r st hi gh
concentration inpurity region fornmed on the _
of lower speed of electrons moving within the

semiconductor substrate.

As explained above, different photoelectric
conversion characteristics and frequency characteristics
can be given to respective photosensitive regions by
forming the first and second photosensitive regions in
different structures.

In the first profile of a semiconductor
photosensitive element of the present invention, the
method for forming a semiconductor photosensitive
element depending on the first profile and the method
for forming a semiconductor device depending on the
first profile, a so-called common anode terminal type
(common cathode terminal type depending on the
conductivity type) photosensitive element can be formed
for both first and second phoﬁosensitive regions; On
the other hand, in the second profile of a semiconductor
photosensitive element of the present invention, the
method for forming a semiconductor photosensitive
element depehding on the second profile and the-method

for forming a semiconductor device of the second



- 13 -+ sem conductor substrate, the photoelectric conversion layer
consisting of the first sem conductor |ayer fornmed on such inpurity region
and the second sem conductor |ayer fornmed on the photoel ectric conversion

| ayer.’ In the nmethod for formng a sem conductor device of the
first and second profiles of the present invention, a sem conductor

el emrent may be fornmed of a bipolar trardistor. In the present

i nvention, a silicon semnm conductor substrate or a gallium arsenic conpound
sem conduct or substrate may be used as a sem conductor substrate.

Mor eover, a photoel ectric conversion |ayer (or a sem conductor |ayer or a

first sem cppefidlier, aapo~calded wpmmorh qatdicds eoerminabnvepsi on | ayer) is

preferably fornmed of a single crystal silicon in such a case that the

seni conduct gcommost Baode < exmipwsledye alepending eRntl@nduct or substrate.

In addition, it is preferably formed of a gallium arsenic conpound single

crystal in cosdugtisdn hapehehatnsensiiive elemenpiean be formed
for the first photosensitive :egion, while a common
anode terminal type (common cathode terminal type
depending on the conductivity type) can be formed for
the second photosensitive region. That is, polarity of
the signal outputted from the first photosensitive
region may be inverted. Therefore, a degree of freedom
for selection of an amplifier for amplifying the signal
outputted from the first photosensitive region and a
signal processing circuit can be widened or an inverter
for inverting polarity of signal can bé ruled out.

In the method for forming a semiconductor
photosensitive element or semiconductor device of the
present invention, the first photosensitive region
having excellent frequency characteristic and the second
photosensitive region having excellent photoelectric
conversion characteristic can be formed simultaneously
only by changing a little the conventional manufacturing

process of the bipolar transistor.

BRIEF DESCRIPTION OF THE DRAWINGS



I's composed of a gallium arsenic conpound sem conductor substrate.
In the nethod of manufacturing a sem conductor phot osensitive el enent or

t he met hod of manufacturing a  sem conductor device of the present
i nvention, the high - 14 -

concentration inpurity region and el enent isolation region nmay be forned,

for exanmple, by diffusion or ion inplant8tton of inpurity. A seniconductor
| ayer or a first sem conductor |ayer may be forned, for exanple, through
epitaxial growth by the CVD nmet hod. Mreover, a second senm conductor |ayer

may be formed, for exanple, by diffusion or ion inplgntation of inpurity.
A semi conduct or phot osEagBti ¥& apéndht age §°h§@ﬁ¢&gﬁédéﬁgﬁnﬁbvice in the

present invention is ,provided with a firstgﬁho%ﬁéquitive region and a
second phot bd&HELERFANE R8N 1ayRUL PEsR SEOREORTMGSRFe region is forned

of a high COgﬁggggghgggi%gp%&ghén%egko%h%nQéiated art used in an
optical pickup of a compact disc apparatus aq§¢ﬂznidisc
apparatus.

Fig. 2 is a schematic partial cross-sectional
view of the semiconductor photosensitive element oﬁ the
first embodiment of the present invention.

Figs. 3A and 3B are schematic partial cross-
sectional views of a semiconductor substrate for
explaining the manufacturing steps of the semiconductor
photosensitive element of the second embodiment of the
present invention.

Fig. 4 is a schematic partial cross-sectional
view of the semiconductor photosensitive element of the
third embodiment of the present invention.

Figs. 5A to 5C are schematic partial cross-
sectional views of a semiconductor substrate for
explaining the manufacturing steps of the semiconductor
photosensitive element of the fourth embodiment of the
present invention.

Fig. 6 is a schematic partial cross-sectional
view of the semiconductor device of the fifth eﬁbodiment

of the present invention.



phot oelFectric conversion |ayer fornmed thereon. Thickness of the
phot oel ectric conversion |ayer formng the first photosensitive region is
set thinner than that of the photoelectric conversion layer formng the
second photosensitive region. For exanple, when a first conductivity type
Is defined as p type and a second conductivity type as n type, electrons
generated in the photoelectric conversipn-ayer of the first
phot osensitive region nove at a high speed in the direction opposed to the
sem conductor substrate within the photoelectric conversion layer in the
condition of a depletion |layer. Mreover, electrons generated in the
- 15 - hi gh concentmiajsg oA rguuric yaregchemaei ¢ npadt aazl groseconbi ned.
Therefore, the first photosensitive region has a | ow photoelectric
conver si on geartdenal stiiews kEf ausemicomduchor | substinatef foect rons whi ch
wil |

explaining the manufacturing steps of the semiconductor

device of the sixth embodiment of the present ihvention.

Fig. 8 is a schematic partial cross-sectional
view of the semiconductor device of the seventh
embodiment of the present invention.

Figs. 9A to 9D are schematic partial cross-
sectional views of a semiconductor substrate for :
explaining the manufacturing steps of the semiconductor -
device of the eighth embodiment of the present

invention.

M W u

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will then be explained
on the basis of the preferred embodiments with references
to the accompanying drawings. The embodiment 1 relates

to a semiconductor photosensitive element and a method

. 9
for forming the same depending on the first profile of
the present invention. The embodiment 2 relates to a

1e
semiconductor photosensitive element and a method for \g

forming the same depending on the second profile of theie
present invention. The embodiment 3 relates to a )0

semiconductor device including a semiconductor 3)



becone “a photo current, but has, on the contrary, the excellent frequency
characteristic because of higher speed of electrons. Meanwhi | e,
t he second photosensitive region is formed of the photoel ectric conversion
| ayer fornmed on the sem conductor substrate. The photoelectric conversion
| ayer form ng the second photosensitive region is set thicker than the
phot oel ectric conversion layer formng 2he first photosensitive region.
For exanple, a first conductivity type is defined as p type and a second
conductivity type as n type, electrons generated in the photoelectric
conversion layer of the, K second photosensitivye regiorn nove at .a high speed
in the direP PBHSSBE6§éHet81ﬁﬂén§eﬁﬂéoﬁdmﬁ#§°q;ﬁﬁﬁ IDIRG e ﬁ#ﬁf
phot oel ectri ¢ conyersion lLayer_.in. the diti of _a | et.] r.
Mor eover, el é@??&ﬁ%néeﬁér 5’% d Ei g %h?rogoéﬁiec&;g[%&eop rsﬁ%?ﬁ a de‘p%atjvﬁrg' a | ow
I mpurity copgentratiqQn ve W thin t e whi | e
these are di &F‘ﬁs&&%f)ﬁépgﬁ. %Tﬁglt’tgft&s'e?% ergsegt{é'oryr%%fd‘%]t(%gér\‘;sl ?ve regi on
has a h'gheriRE&hﬁSB@CErE%miconductor photosensitive element and a

method for formihg the same depending on the second

profile of the present invention. 1In the embodiments

described hereunder, the p type conductivity is selected

as the first conductivity type and the n type

conductivity as the second conductivity type.

The semiconductor photosensitive element of

the present invention has a first and a second

photosensitive regions. The first photosensitive region

has a structure different from the second photosensitive

region and théreby has the photoelectric conversion

characteristic and the frequency characteristic

different from those of the second photosensitive

region. In more practical, the first photosensitive

region has the excellent frequency characteristic in

comparison with the second photosensitive region.

Meanwhile, the second photosensitive region has the

excellent photoelectric conversion characteristic in

comparison with the first photosensitive region.

The embodiment 1 relates to a semiconductor

photosensitive element and a method for forming the same



- 16 -- conversion characteristic because of the | arge anmount of

el ectrons which will becone a photo current but has, on the contrary, a
| ower frequency characteristic because of |ower speed of electrons noving
within the sem conductor substrate. As expl ai ned above,

di fferent photoelectric conversion chargcteristics and frequency
characteristics can be given to respective photosensitive regions by
formng the first and second photosensitive regions in different

structures.

phot osensitive el enent of the present invention, the nethod for formn

In the first profile of a sem conductor

¢ \ g
sen conduct dependioge s ttihee £igtstimpnoficke el ithePresenrtr saveRELPRe and

t he nmet hod

f or ned

for form ng a sem conductor device depending on the first
profile, a @osshiematicmantidlbrressT5ertiofdk vie¥nRbndcat hode ternina

type dependi ng on the conductivitgié¥£§) hotosengiLLve eL%H?HEn%aQ be

semiconductor photosen element © e em
is shown in Fig. 2. The first photosensitive region is
composed of a high concentration impurity region 10 of a
first conductivity type (p+ type) formed on a
semiconductor substrate 1 of the first conductivity type
(p type) and a photoelectric conversion layer 11 of a
second conductivity type (n type) formed on the high
concentration impurity region 10. Meanwhile, the second
photosensitive region is formed of a photoelectric
conversion layer Zi of the second conductivity type (n
type) which is formed, on the semiconductor substrate 1,
thicker than the photoelectric conversion layer 1l
forming the first photosensitive region. The
photosensitive regions are isolated by an element
isolation region 30 formed therebetween. 1In Fig. 2, a
couple of the first photosensitive regions and a couple
of the second photosensitive regions are illustrated.
Thickness of the photoelectric conversion
layer 11 forming the first photosensitive region is set,
for example, to 2 gm, while thickness of the

photoelectric conversion layer 21 forming the second

photosensitive region is set, for example, to 4um.

a



for both first and second photosensitive regions. On the other hand, in
the second profile of a sem conductor photosensitive elenment of the
present invention, the nethod for form ng a sem conductor photosensitive
el enent dependi ng on the second profile and -the method for formng a
sem conduct or device of the second

- profile, a so-called common cat hode 22eF ni nal type (comon anode
term nal type depending on the conductivity type) photosensitive el ement
can be fornmed for the first photosensitive region while a coomobn anode

- 17

term nal type (common cathode term nal type on the conductivity
type) can beMpsepE@rrofAn ﬂm@“§é$dhﬁq&ﬁﬁﬂiﬁ§ﬁ%q \é?jéﬁ% 8 €
polarity of naI Qut putted from.t |§st osen egi on may
be invert ed. S’Fgélté 1 3sgspted s X cmf brwgéﬁ%cﬁﬁoghﬁﬁgﬁ%m ifier

;gé anllfyln%nkg%t%a T%n é%“éﬂgthlgﬁ'é%ﬂééﬁ%gdif%nrqm$&§f9§'Qéﬂfoﬁeg'0”
10 to 5 x 1018/cm3 and an impurity concentration of the
photoelectric conversion layers.ll and 21 to 5'§‘
1015/cm3, Therebf, it has been confirmed that the first
photosensitive region operates with the frequency up to
30 MHz. However, the photoelectric conversion
characteristic of the first photosensitive region has
been 0.2A/W. Meanwhile, the photoelectric conversion
characteristic of the second photosensitive region was
0.4A/W. However, it has also been confirmed that the
first photosensitive region operates only with the
frequency under -3 MHz.

In regard to the six photosensitive regions A,
B, C, D, E, and F of the semiconductor photosensitive
element for compact disc apparatus shown in Fig. 1A,
four photosensitive regions A, B, C, and D correspond to
the first photosensitive region. Meanwhile, the
photosensitive regions E and F correspond to the second
photosensitive region. 1In regard to eight
photosensitive regions A, B, C, D, E, F, G, and H of the
semiconductor photosensitive element for minidisc

apparatus, the photosensitive regions G and H correspond



signal “processing circuit can be w dened or an inverter for inverting
polarity of signal can be rul ed out. In the nethod for formng a
sem conductor photosensitive el ement or sem conductor device of the
present invention, the first photosensitive region having excellent
frequency characteristic and the second photosensitive region having
excel | ent photoel ectric conversion cha2dcteristic can be forned

simul taneously only by changing a little the conventional manufacturing

process of the bipolar transistor. BRI EF DESCRI PTI ON OF THE
DRAW NGS 18 - Figs. 1A

and 1B are t@hMMHiﬁinﬁﬁnphﬂﬁbséﬂéitﬂveutegﬁéMe whjbet thé a sem conduct or
phot osensitive el enent of the related art used in an optical pickup of a
conpact di sphaomensistisrel regiahisE and F correspond to the second
photosensitive region. The photosensitive regions A, B,
C and D are irradiated with an intensive light beam and
the focus error signal has a comparatively lower
frequency. Therefore, higher photoelectric conversion
characteristic and frequency characteristic are not
required for such photosensitive regions. Accordingly,
the photosensitive regions A, B, C, and D may have the
structure of the first photosensitive region or the
second photosensitive region.
The embodiment 2 of the present invention
disclosing a method for forming a semiconductor
photosensitive element as the embodiment 1 wiil be

explained with reference to a schematic partial cross-—

sectional view of a semiconductor substrate shown in
Figs. 3A and 3B.
[Step 100}

First, a high concentration impurity region 10
of the first conductivity type (p+ type) and an element
isolation region 30 are to be formed on a silicon
semiconductor substrate 1 of the first conductivity type
(p type) (refer to Fig. 3A). For this purpose, a mask,

provided with an aperture (not illustrated) in the



appar at us. Fig. 2 is a schematic partial cross-sectional view
of the sem conductor photosensitive elenent of the first enbodi nent of the

present invention. Figs. 3A and 3B are schenmatic partial cross-
sectional views of a sem conductor substrate for explaining the

manuf acturi ng steps of the sem conductor photosensitive elenent of the

second enbodi nent of the present invent2ém Fig. 4 is a
schematic partial cross-sectional view of the sem conductor photosensitive
el ement of the third enbodi ment of the present invention. Fi gs.

5A to 5C are schematic partial cross- sectional views of a seniconductor
substrate foregdey sherey thee highuicanaan i i singut Hey seegEematet or
phot osensitive el enent of the fourth enbodi ment of the f$wes nt,invention

Fig. 6 is a dKefdementisoliatdansegian dhare (o Pef eQentBonduct or.

device of th%é?&@&‘é% (ﬁg'2ﬂ¥facéﬁoér¥iéwééﬁﬁgoﬁ Hgigfcghbstrate 1,

Thereafter, a high concentration p type impuriﬁyr(for
example, boron) is diffused or ion implanted tb the
semiconductor substrate 1 to form the high concentration
impurity region 10 of the first conductivity type (p*
type) and the element isolation region 30. This high
concentration impurity region 10 is a buried type.

[Step 110]_

Thereafter, a semiconductor layer 40 of the
second conductivity type (n type) is formed (refer to
Fig. 3B), for example, by the CVD method on the
semiconductor substrate 1 including the element
isolation region 30 and the high concentration impurity
regién 10. The semiconductor layer 40 is composed of an
n-type single crystal silicon epitaxially grown by the
CVD method. 1In the CVD method, the SiH,/H, gas is used,
for example, as the raw gas, while AsH3 gas as the

. doping gas. The semiconductor layer 40 is formed on the
semiconductor substrate 1 in the thickness of 4 um,
While the semiconductor layer 40 is epitaxially grown, a
part of the semiconductor layer 40 above the high

concentration impurity region 10 and the element



- 19 -~ Figs. 7TAto 7C are schematic partial cross- sectiona
views of a sem conductor substrate for explaining the manufacturing steps
of the_ sem conductor device of the sixth enbodi nent of the present

i nventi on. Fig. 8 is a schematic partial cross-sectional view of
t he sem conductor device of the seventh enbodinment of the present
I nventi on. Figs. 9A to 9D ar@e5sehematic partial cross-

sectional views of a sem conductor substrate for explaining the
manuf acturi ng steps of the sem conductor device of the eighth enbodi nent
of the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS isolation rédisomri®eromesventhavewkthe £hestbeooduckiivdty on t he
basis of the preferred enbodinents with reference to the acconpanying
drawi ngs. THpeTbipir kype) due stesouter adiEfnsdanuandr apkerdoniang iafe
el ement- and a nethod for formng the sane depending on the first profile
of the p type impurity. As a result, the semiconductor
layer 40 of the second conductivity type (n type) above
the high concentration impurity region 10 and the
element isolation region 30 is reduced in thickness to
about 2 um.
[Step 120]
Thereafter, in order to complete the element
isolation region 30, a mask (not illustrated) is
provided on the semiconductor layer 40 above the element
isolation region 30 and then boron is ion-implanted
thereto. As explained above, a first photosensitive
region formed of the photoelectric conversion region 1l
composed of the high concentration impurity region 10
formed on the semiconductor substrate 1 and the
semiconductor layer 40 formed on the impurity region 10
and a second photosensitive region formed of the
photoelectric conversion layer 21 composed of the
semiconductor layer 40 formed on the semiconductor
substrate 1 are formed (refer to Fig. 2). Thereafter,
an anode terminal and a cathode terminal (not

illustrated) are formed with aluminum or aluminum alloy

to each photosensitive region by the known method and



t he présent invention. The enbodinent 2 relates to a sem conductor
phot osensitive elenent and a nethod for formng the sane dependi ng on the

second profile of the present invention. The enbodinent 3 relates to a
sem conduct or device including a sem conductor

- 20 - phot osensitive elenent and a nethod for form ng the sane
depending on the first profile of the preeent invention. The enbodi nent 4
relates to a sem conductor device including a sem conductor photosensitive
element and a nethod for form ng the sane depending on the second profile
of the present invention. In the enbodi nents described hereunder, the p
type conduct ithe surfaes aiff ashchaphdtogensitivomoxegiont st gpeendd the n
type conductivity as the second conducti vi

vity type. The
seni conduct owigfivto owsring ma temial ofnok hieilbi%gé%ﬁe‘?hv%ﬂ?i BRehas a first
and a second ) _

protection purpose.

The embodiment 3 relates to a semiqgg?yctor
photosensitive element depending on the second profile
of the present invention and a method for forming the
same. A schematic partial cross-sectional view of a
semiconductor photosensitive element of the embodiment 3
is shown in Fig. 4. The first photosensitive region is
composed of a high concentration impurity region 12 of
the second conductivity type (n* type) formed on a
semiconductor substrate 1 of the first conductivity type
(p type), a photoelectric conversion layer 13 of the
second conductivity type (n type) formed on the high
concentration impurity region 12 and a first
conductivity type layer (p* type layer) 14 formed the
photoelectric conversion layer 13. Meanwhile, the
second photosensitive fegion is formed of a
photoelectric conversion layer 21 of the second
conductivity type (n type) formed, on the seﬁiconductor
substrate 1, thicker than the photoelectric conversion
iayer 13 forming the first photosensitive region.

Moreover, the photosensitive regions are isolated by an

element isolation region 30. Fig. 4 illustrates a



phot osénsitive regions. The first photosensitive region has a structure
different fromthe second photosensitive region and thereby has the
phot oel ectric conversion characteristic and the frequency characteristic
different fromthose of the second photosensitive region. In nore
practical, the first photosensitive region has the excellent frequency
characteristic in conparison with the_ ond phot osensitive region.
Meanwhi | e, the second photosensitive region has the excellent
phot oel ectric conversion characteristic in conparison with the first
phot osensi tive region. The enbodinent 1 relates to a

sem conduct qgﬁﬁi-i HKIESE t 889toh 8 ahar & Boguble sane
- 21 - dg%élr?ﬁg%n t eftﬁlsfcsfﬁ profi?lgé]g?%ﬁg %?esent inventio?l).tl A
schemati c P itHe Wethisnd PHEEenyi €ivel régionsi conduct or phot osensitive

el ement of the enmbodiment 1 is shown in Fig. 2. The first photosensitive

region is The photoelectric conversion layer 13 forming
the first photosensitive region is formed, for example,
in the thickness of 2 um, while the photoelectric.
conversion layer 21 forming the second photosensitive
region is formed, for example, in the thickness of 4 um.
Moreover, the semiconductor substrate 1 is given the
impurity concentration of 3 x 10}5/cm3, while the high
concentration impurity region 10 is given the impurity
concentration of 5 x 1018/cm3 and the photoelectric
conversion layers 13 and 14 are given the impurity
concentration of 7 x 1017/cm3, respectively.

The embodiment 4 of the present invention
disclosing a method for forming a semiconductor
photosensitive element as the embodiment 3 will be
explained with reference to a schematic partial cross-
sectional view of the semiconductor substrate shown in
Figs. 5A to 5C.

[Step 200]

First, a high concentration impurity region 12
of the second conductivity type (n* type) and an element
isolation region 30 of the first conductivity type (p*

type) are to be formed on a silicon semiconductor



conposed of a high concentration inpurity region 10 of a first
conductivity type (p+ type) fornmed on a sem conductor substrate 1 of the
first conductivity type (p type) and a photoelectric conversion |ayer 11
of a second conductivity type (n type) fornmed on the high concentration
i mpurity region 10. Meanwhile, the second photosensitive region is forned
of a photoelectric conversion |ayer 21-08 the second conductivity type (n
type) which is formed, on the sem conductor substrate 1, thicker than the
phot oel ectric conversion layer 11 formng the first photosensitive region.
The photosensitive regions are isolated by an el enent isolation region 30
forned therebabgeeatel 1 bifgthe firstoupnduntivity itygie plptiogpekitive
regions and a couple of the second photosensitive regions are illustrated.
Thi ckness of (rlke€erhdpodigat 5A) .coFoar $ihds purpase i fash prentdedr st
photosensitive region is set, for exanple, to 2 [err]m while thickness
of the phowd&heany aperdwre dinortheayr@gion rheregEhe kg ond
photosensitive region is set, for exanple, to 4[err]m _

concentration impurity region 12 is to'be fo:ggg%(not

illustrated) is formed on the surface of the

semiconductor substrate 1. Thereafter, a high

concentration n type impurity (for example, arsenic) is

diffused or ion-implanted to the semiconductor substrate

1 to form the high concentration impurity region 12 of

the second conductivity type (n'* type). Next, a mask

provided with an aperture in the region where the

element isolation region 30 is to be formed (not

illustrated) is formed on the surface of the

semiconductor substrate 1. Thereafter, a high

concentration p type impurity (for example, boron) is

diffused or ion-implanted to the semiconductor substrate

1 to form an element isolation region 30 of the first

conductivity type (p* type). Here, the formation

sequence of the high concentration impurity region 12

and element isolation region 30 may be inverted. This

high concentration impurity region 12 is of the buried

type.

[Step 210]



- 22 - Moreover, an inpurity concentration of the sem conductor
substrate 1 is set to 3 x 10[err]/cnferr], while an inpurity concentration
of the_high concentration inpurity region 10 to 5 x 10[err]/cnferr] and an
i mpurity concentration of the photoelectric conversion layers 11 and 21 to
5 x 10[err]/cnferr]. Thereby, it has been confirnmed that the first

phot osensitive region operates with the2Prequency up to 30 MHz. However,

t he photoel ectric conversion characteristic of the first photosensitive
region has been 0.2A/W Meanwhil e, the photoel ectric conversion
characteristic of the second photosensitive region was O 4A/W However, it

has al so been confirmg,ddedudiiely ] i 4 Stiphet seanebhiverbeginayeepaiat es only
with the frequency under 3~ MHz. In regard to the six

phot osensi t igfe HRYisuortd cohddctiVvity eppeF(af tipe)seni Corted,orfor
phot osensitive elenent for conpact disc apparatus shown in Fig. 1A, four
phot osensi t iesansle prisy Ahd, CYD methddconr ehposdmicontinetbirr st

phot osensitive region. Meanwhile, the
substrate 1 including the element isolation region 30
and the high concentration impurity region 12 (refer to
Fig. 5B). The first semiconductor layer 41 is formed of
an n type single crystal silicon epitaxially grown by
the CVD method. 1In the CVD method, SiH,/H, gas, for
example, is used as the raw gas, while the'AsH3 gas as
the doping gas. The first semiconductor layer 41 is
formed on the semiconductor substrate 1 in the thickness
of 4 ym. While the first semiconductor layer 41 is
epitaxially grown, a part of the first semiconductor
layer 41 above the high concentration impurity region 12
and element isolation region 30 comes to have the second
conductivity type (n* type) and the first conductivity
type (p*'type) due to the outer diffusion and auto-
doping of the p type impurity. As a result, the first
semiconductor layer 41 of the second conductivity type
(n type) above the high concentration impurity region 12
and element isolation region 30 is reduced in the
thickness to about 2 um.
[Step 220]



" photoséensitive regions E and F correspond to the second photosensitive
phot osensitive regions A, B, C D E F, G and

region. In regard to eight
H of the sem conductor photosensitive elenent for mnidisc apparatus,

phot osensitive regions G and H correspond

- 23 - to the first photosensitive region, while the photosensitive

regions E and F correspond to the second30phot osensitive region. The
phot osensitive regions A, B, Cand D are irradiated with an intensive
| i ght beam and the focus error signal has a conparatively | ower
frequency. Therefore, higher photoelectric conversion characteristic and

frequency characteri st 'lsfe:ﬁ:r e Qgecgn@lgé,ﬁ%éﬁu&w

Accordi ngly,

t he photosen5|t|ve regions A, B, C and may have the

t he

PSENSHE | ¥Rel €01 ONS.

structure of gigtf Idosidmxﬁw%ytpé/qp‘egﬂy@b)oust ormet ol thetHsessi tive

r egi on.

semiconductor layer 41 above the high concentration
impurity region 12 (refer to Fig. 5C). The second
semiconductor layer 42 may be formed by diffusion or
ion-implantation of the p type impurity (for example,
boron) into the first semiconductor layer 41.

{Sstep 230]

Thereafter, in order to complete the element
isolation region 30, a mask (not illustrated) is
provided on the first semiconductor layer 41 above the
element isolation region 30 and boron is ion-implanted
to the mask. Thereby, the first photosensitive region
is formed of the high concentration impurity region 12
formed on the semiconductor substrate 1, the
photoelectric conversion layer 13 composed of first
semiconductor layer 41 formed bn the impurity region and
the second semiconductor layer 42 (first conductivity
type layer 14) formed on the photoelectric conversion
layer 13. In addition, the second photosehsitive region
formed of the photoelectric conversion layer 21 composed
of the first semiconductor layer 41 formed on the
semiconductor substrate 1 is also formed (refer to Fig.

3). An anode terminal and a cathode terminal (not



The enbodi nent 2 of the present invention disclosing a nethod for formng
a sem conductor photosensitive elenent as the enbodinent 1 wll be
explained with reference to a schematic partial cross- sectional view of
sem conductor substrate shown in Figs. 3A and 3B. [Step 100]

First, a high concentration inpurity region 10 of the first conductivity
type (p+ type) and an elenent isolatieBlregion 30 are to be formed on a
silicon sem conductor substrate 1 of the first conductivity type (p type)
(refer to Fig. 3A). For this purpose, a nmask, provided with an aperture

a

(not illustrated) in the - 24 -
regi on wher g 4ty '5%%? y b88na 9t iged relgammt
i sol ation rglgl gﬁs?o%br t f%‘#?f@edtgpélééﬁo?%gg onnt elsurfra?g' of the

sem conduct qfj fRetun fud - or aluminum alloy by the known method to
| cover the surface of each photosensitive region with a
covering material (not illustrated) for the protection
purpose. Here, the ion-implantation for completing the
element isolation region 30 may be executed before the
[Step 220].

The embodiment 5 relates to a semiconductor
device depending on the first profile of the present
invention and a method for forming the same. The
schematic partial cross-sectional view of the
semiconductor device of the embodiment 5 is shown in
FPig. 6. The structures of the first and second
photosensitive regions are the same as the structure of
each photésensitive region explained with respect to the
embodiment 1 and detail explanation about the structures
is omitted here. The semiconductor device of the
embodiment 5 is defined as a bipolar transistor, in more
practical, a vertical npn type bipolar transistor formed
on the high concentration impurity region 50 of the
second conductivity type (n* type) formed on the
semiconductor substrate 1 of the first conductivity type

(p type).



Thereafter, a high concentration p type inpurity (for exanple, boron) is
diffused or ion inplanted to the sem conductor substrate 1 to formthe
hi gh concentration inpurity region 10 of the first conductivity type
(p[err] type) and the elenent isolation region 30. This high
concentration inpurity region 10 is a buried type. [Step 110]

Thereafter, a sem conductor |ayer 40 of- ghe. second conductivity type (n

type) is fornmed (refer to Fig. 3B), for exanple, by the CVD nethod on the
sem conductor substrate 1 including the elenment isolation region 30 and

the high concentration inpurity region 10. The sem conductor |ayer 40 is
conposed of an n-type ssimg@vdrint doming drthepsemicandycgoowdevycehe CVD
nmethod. In the CVD nmethod, the SiH err]/Herr] gas is used, for exanple,

as the raw gaf thd lembddiment Fydss ssubstantiopl ky) the . sampeasedi conduct or
| ayer 40 is formed on the sem conductor substrate 1 in the thickness of 4

[err]m Wi methed fon fommingrthenaeniconduetrs Rhetesensbhhvea part of

t he sem conductor | ayer 40 above the high oncenftration jnpuri regi on 10
and t he e|emgﬁement)gxplained as the eébodfhent ’ exceanPor EXe g

point that the manufacturing step of the semiconductor
element is included. A method for forming the
semiconductor device of the embodiment 5 will be
explained with reference to Figs. 7A to 7C.

[Step 300]

First, a high concentration'impurity region 10
of the first conductivity type (n* type) and an element
isolation region 30 ate to be formed on a silicon
semiconductor substrate 1 of the first conductivity type
(p type). For this purpose, a mask provided with an
aperture in the region where the high concentration
impurity region 10 and element isolation region 30 are
to be formed (not illustrated) is formed on the surface
of the semiconductor substrate 1. A high concentration
p type impurity (for example, boron) is diffused or ion-
implanted to the semiconductor substrate 1 to form the
high concentration impurity region 12 of the first
conductivity type (p* type) and the element isolation
region 30. Next, a mask provided with an apertﬁre in

the region where a second high concentration impurity



- 25 - I solation region 30 cones to have the first conductivity type
(pt+ type) due to outer diffusion and auto-doping of the p type inpurity.
As a result, the sem conductor |ayer 40 of the second conductivity type (n
type) above the high concentration inpurity region 10 and the el enent

I solation region 30 is reduced in thickness to about 2 [err]m [Step 120]
Thereafter, in order to conplete the eLeygent isolation region 30, a mask
(not illustrated) is provided on the sem conductor |ayer 40 above the

el ement isolation region 30 and then boron is ion-inplanted thereto. As
expl ai ned above, a first photosensitive region forned of the photoelectric

conver si on reggsn 190 LoOMPOsHE Pobriwéd (hgb sdhaskrated)n iismiorimed roagi on 10
formed on the sem conductor substrate 1 and the sem conductor |ayer 40

forned on t hghé newr fage refi the 18embodndustoondupbarasendi.t i \Be hriggi on f or ned

of the concentration n type impurity (for example, arsenic) is
then diffused or ion~implanted to the semiconductor
substrate 1 to form the second high concentration |
impurity region 50 of the second conductivity type (n*
type) (refer to Fig. 7A). Formation of the first high
concentration impurity region 10 of the first
conductivity type.and element isolation region 30 and
formation of the second high concentration impurity
region 50 of the second conductivity type may be
executed in the inverted sequence. These high
concentration impurity regions 10 and 50 are of the
buried type. The second high concentration impurity
region 50 provides a low resistance path extending to

the collector from an active region of a bipolar

transistor as the semiconductor element to be formed

rater.

[Step 310}

Next, a semiconductor layer 40 of the second
conductivity type (n type) is formed on the
semiconductor substrate 1 including the element
isolation region 30 and the first and second high

concentration impurity regions 10 and 50 (refer to Fig.



phot oel ectric conversion | ayer 21 conposed of the sem conductor |ayer 40
formed on the sem conductor substrate 1 are forned (refer to Fig. 2).
Thereafter, an anode termnal and a cathode term nal (not illustrated)
are formed with alum numor alumnumalloy to each photosensitive region
by the known net hod and - 26 - t he

surface of each photosensitive region is3overed with a covering materi al
(not illustrated) for the protection purpose. The enbodi nent 3
relates to a sem conductor photosensitive el ement depending on the second
profile of the present invention and a nethod for formng the sane. A
schemati c pamBi)al @hiss-step mayalbeyiexgcited igertilmrsAne grapmer odensitive
el enent of the enbodinent 3 is shown in Fig. 4. The first photosensitive
region is cdineodSterf 1A 0 ¢if ddrec embodiment purity region 12 of the
second conductivity type (n[err] type) fornmed on a

[Step 320]

Thereafter, in order to complete thgns}ement
isolation layer 30, a mask (not illustrated) is provided
on the semiconductor layer 40 above the element
isolation region 30 and boron is ion-implanted to the
mask. Thereby, the first photosensitive region, formed
of the photoelectric conversion layer 11 composed of the
first high concentration impurity region 10 formed on
the semiconductor substrate 1 and the semiconductor
layer 40 formed on the first high concentration impurity
region 10, may be formed. In addition, the second
photosensitive region formed of the photoelectric
conversion layer 21 consisting of the semiconductor
-layer 40 formed on the semiconductor substrate 1 may
also be formed (refer to fig. 7C).

[Step 330]

Next, with the method of the related arts, a
semiconductor element consisting of a vertical type npn
bipolar transistor is to be formed on the semiconductor
layer 40 on the second high concentration impurity

region 50. For this purpose, a base 52 consisting of

the p type conductive region is formed by diffusion or



sem conductor substrate 1 of the first conductivity type (p type), a
phot oel ectric conversion |ayer 13 of the second conductivity type (n type)
formed. on the high concentration inpurity region 12 and a first
conductivity type layer (p[err] type layer) 14 fornmed the photoelectric
conversion layer 13. Meanwhile, the second photosensitive region is forned
‘of a photoelectric conversion |ayer 2l3gf-the second conductivity type (n
type) formed, on the sem conductor substrate 1, thicker than the
phot oel ectric conversion layer 13 formng the first photosensitive region.
Mor eover, the photosensitive regions are isolated by an elenent isolation
regi on 30. Eiop-idnplldntstrisdresofi the p type impurity (for example, - 27 -
couple of the first photosensitive regions and a couple of the second

phot osensi t ibpgandgiiorte the semicondieteholayercé#Pic Fommatdiosnafayer 13

form ng
the base 52 may be done simultaneously by ion-
implantation of boron to complete the element isolation
region 30 in the [Step 320] (refer to Fig. 7C). Next, a
collector 51 and an emitter 53 consisting of the n* type
conductive region are formed by diffusion or ion-
implantation of the n type impurity (for example,
arsenic) into the semiconductor layer 40 and a part of
the base 52. As explained above, the semiconductor
device shown in Fig. 6 can be manufactured.
[Step 340]

Thereafter, an anode terminal and a cathode
terminal (not illustrated) are formed with aluminum or
aluminum alloy by the known method to each
photosensitive region and the surface of each
photosensitive region is covered with a covering
material (not illustrated) for the protection purpose.
Meanwhile, electrodes are formed to the collector 51,
base 52 and emitter 53 of the semiconductor element and
the semiconductor element and each photosensitive region
are electrically connected, as required, with a wiring

composed of a metal wiring material.



the first photosensitive region is forned, for exanple, in the thickness
of 2 [err]m while the photoelectric conversion |ayer 21 formng the
second. photosensitive region is formed, for exanple, in the thickness of 4
[err]m Moreover, the sem conductor substrate 1 is given the inpurity
concentration of 3 x 10[err]/cnferr], while the high concentration
impurity region 10 is given the inpurity 36oncentration of 5 x
10[err]/cnferr] and the photoelectric conversion |layers 13 and 14 are
given the inpurity concentration of 7 x 10[err]/cnferr], respectively.

The enbodi nent 4 of the present invention disclosing a nethod for formng
a seni conductor phot osersthenat i¢ cpartial cresenpedthenaliaview ofe

explained with reference to a schematic_partial cross- sectional view of
the seni condddi®rsaiirenduetengigvice ¢f gkhesembgdigent| 3t ip 200]

First, a high concentration ippurity region 12 of the, secqgnd condyctivity
type (n[err] Yyi5teatedin Eign8. i%%gafFBHCF%§?§n°gotEF gﬁésFiP

o et o 88d8nd Rt dsend 1RYe ¥ &gl 6n8 ar " §ER1 P8 %3 the®"

.

structure of each photosensitive region explained
regarding the embodiment 3 and detail explanation
thereof is omitted here. The semiconductor element 6 of
the embodiment 7 is also defined as a bipolar
transistor, in more practical, a vertical npn type
bipolar transistor formed above the high concentration
impurity region 50 of the second conductivity type (n*
type) formed on the semiconductor substrate 1 6f the
first conductivity type (p type).

A method for forming the semiconductor device
of the embodiment 7 may substantially be set similar to
the method for forming the semiconductor photosensitive
element explained with reference to the embodiment 3,
except for the point that the mefhod for forming the
semiconductor device is included. The method for
forming the semiconductor device of the embodiment 7
will then be explained with reference to Figs. 9A to 9D.
[Step 400}

First, a first high concentration impﬁrity

region 12 and a second high concentration impurity



- 28 -7 substrate 1 of the first conductivity type (p type) (refer to
Fig. 5A). For this purpose, a nask provided wth an aperture in the region
where the high concentration inpurity region 12 is to be fornmed (not
illustrated) is forned on the surface of the sem conductor substrate 1.
Thereafter, a high concentration n type inpurity (for exanple, arsenic) is
di ffused or ion-inplanted to the sem condlictor substrate 1 to formthe
hi gh concentration inpurity region 12 of the second conductivity type
(n[err] type). Next, a mask provided with an aperture in the region where
the elenent isolation region 30 is to be formed (not illustrated) is
formed on theegliohase of the seeohdoodnductiwityt type n'Thypedftaerd a high
concentration p type inpurity (for exanple, boron) is diffused or,
i on-i npl ant eant elehentehsodatidonoregibst 38t ©f theo Higah gondugtsiiity
i sol ation region 30 ,0f the first e

type (p* type) are to be formed on a silicon

semiconductor substrate 1 of the first condugtivity type

(p type) (refer to Fig. 9A). For this purpose, a mask

(not illustrated) provided with an aperture in the

region where the first and second high concentration

impurity regions 12 and 50 are to be formed is formed on

the surface of the semiconductor substrate 1. The first

and second high concentration impurity regions 12 and 50

of the second conductivity type (n* type) are formed by

diffusion or ion-implantation of a high concentration n

type impurity (for example, boron) into the

semiconductor substrate 1. Next, a mask (not

illustrated) provided with an aperture in the region

where the element isolation region 30 is to be formed is

formed on the surface of the semiconductor substrate 1.

Thereafter, the element isolation region 30 of the first

conductivity type (p* type) is formed by diffusion or

ion-implantation of the high concentration p type

impurity (for example, boron) into the semiconductor

substrate 1. Here, formation of the first and second

high concentration impurity regions 12 and 50 and

formation of the element isolation region 30 may be



conducfivity type (p[err] type). Here, the formation sequence of the high
concentration inpurity region 12 and elenent isolation region 30 may be
inverted. This high concentration inpurity region 12 is of the buried
type. [Step 210] _ - 29 -
Subsequently, a first sem conductor |ayer, 41 of the second conductivity
type (n type) is fornmed, for exanple, bfat he CVD net hod on the
sem conductor substrate 1 including the elenment isolation region 30 and
the high concentration inpurity region 12 (refer to Fig. 5B). The first
sem conductor layer 41 is formed of an n type single crystal silicon
epitaxially gnwertied inhéh@vBormatdedn slegquereeCy/D ThasedighH err]/Herr]
gas, for exanple, is used as the raw gas, while the AsH3 gas as the
dopi ng gas. Teacentgatiem dapmrditar negiansil] ang R3Geareof hkhe
sem conductor suybstrate 1 in the thickness

buried type.

[Step 410] .

Next, a first semiconductor layer 41 of the
second conductivity type (n type) is formed on the
semiconductor substrate-l including the element
isolation region 30 and first and second high
concentration impurity regions 10 and 50 (refer to Fig.
9B). This step may be similar to the [Step 210] of the
embodiment 2.

[Step 420]

Thereafter, in order to complete the element
isolation region 30, a mask (not illustrated) is
provided on the first semiconductor layer 41 above the
element isolafion region 30 and boron is then ion-
implanted thereto. Thereby, the second photosensitive
region formed of the photoelectric conversion layer 21
consisting of the fifst semiconductor layer 41 formed on
the semiconductor substrate 1 is formed (refer to Fig.
9C).

[Step 430]
Next, with the method of the related érts, a

semiconductor element consisting of the vertical npn



of 4 [err]m Wile the first semiconductor layer 41 is epitaxially grown,
a part of the first semi conductor |ayer 41 above the high concentration
impurity region 12 and elenent isolation region 30 comes to have the
second conductivity type (n[err] type) and the first conductivity type
(p[err] type) due to the outer diffusion_and auto- doping of the p type

I mpurity. As a result, the first seni Codduct or | ayer 41 of the second
conductivity type (n type) above the high concentration inpurity region 12

and el ement isolation region 30 is reduced in the thickness to about 2
[err]m [Step 220] -30 -

Next, a secdmipskat coransistoraysrtéZbef folemed§ ionsttheorfdratd vity type

(p[err] type) is forned on the first sem conductor |ayer 41 above the high

concentr at i semicpunducyoreyaperl12l( abbee theFisgcomd hiBhe second
concentration impurity region 50. For this purpose, a
base 52 consisting of the p type conductive region is
formed by diffusion or ion-implantation of the p type
impurity (for example, boron) into the first
semiconductor layer 41. Moreover, a second
semiconductor layer 42 of the first conductivity type
(p* type) is formed on the first semiconductor layer 41
above the first high concentration impurity region 12
(refer to Fig. 9D). The second semiconductor layer 42
may be formed simultaneously with the base 52 by
diffusion or ion-implantation of the p type impurity
(for example, boron) into the first semiconductor layer
41. Here, formation of the second semiconductor layer
42 may also be performed before or after the [Step 420],
instead of simultaneous formation with the base 52.
Thereby, the first photosensitive region, ﬁormed of the
first high concentration impurity region 12 formed on
the semiconductor substrate 1, the photoelectric
conversion layer 13 consisting of the first
semiconductor layer 41 formed on the first high
concentration impurity region 12 and the second

semiconductor layer 42 (first conductivity type layer



seni conductor |ayer 42 may be formed by diffusion or ion-inplantation of
the p type inpurity (for exanple, boron) into the first sem conduct or

| ayer 41. |[Step 230] Thereafter, in order to conplete the
el enent isolation region 30, a mask (not illustrated) is provided on the
first sem conductor |ayer 41 above the lement isolation region 30 and .

boron is ion-inplanted to the mask. Thereby, the first photosensitive
region is formed of the high concentration inpurity region 12 formed on

t he sem conductor substrate 1, the photoelectric conversion |ayer 13
conposed of first sem conductor |ayer 41 formed on the inpurity region and
the second sekildieumedronatie pliotéelectrbadeonversjont ipperajdr may
formed on the photoelectric conversion layer 13. In addition, the second
phot osensi ti VR rkQFm®eA. f ormed of the photoel ectric conversion |ayer 21

conposed of the first sem conductor_|layer 41 formed,on the_ sem conduct or
substrate 1 is also forle#t¢rehercoblecgor 83 and embhkercPdinal and a

cat hode ternqég%ségking of the n* type conductive region are formed

by diffusion or ion-implantation of the n type impurity
(for example, boron) into the first semiconductor layer
41 and a part of the base 52. The semiconductor device
illustrated in Fig. 8 may be formed as explained above.
[Step 440]

Thereafter, an anode terminal and a cathode.
terminal (not illustrated) are formed to each
photosensitive_region with aluminum §r aluminum alloy by
the known method and the surface of each photosensitive
region is covered with a covering material (not
illustrated) for the protection purpose. On the other
hand, electrodes are formed to the collector 51, base 52
and emitter 53 of the semiconductor element and the
semiconductor element is electrically connected as
required to each photosensitive region with a wiring 1
consisting of an metal wiring material.

The present invention has been explained on the
basis of the preferred embodiments thereof. However,
the present invention is not limited thereto and allows,

as required, various modifications of numerical values



- 31 -° Illustrated) are forned to each photosensitive region wth

al um num or alum num alloy by the known nethod to cover the surface of
each photosensitive region with a covering material (not illustrated) for
the protection purpose. Here, the ion-inplantation for conpleting the

el ement isolation region 30 may be executed before the [Step 220].

The enbodinment 5 relates to a sem conduc4ior device depending on the first
profile of the present invention and a nethod for form ng the sane. The
schematic partial cross-sectional view of the sem conductor device of the
enbodinment 5 is shown in Fig. 6. The structures of the first and second

phot osensi t i ¢@p18ThEASiAl BabRCeiBEBiAENthANE! Dr@lctieadl metdrda
phot osensitive region explained with respect to the enbodinment 1 and
detai | expl apbscbosedoih ehehsktept whésh areodindied ted @nlkhasetheonduct or

device of the enbodinent 5 is defined as a bipolar transistor, in nore

practical, aexampleal nfin thpeembpdimentsaespliadmefabave, the first
conductivity type is defined as p type, while the second
conductivity type as n type, but it is naturally
possible to define the first conductivity type as n
type, while the second conductivity type as p type. 1In
the embodiments, moreover, a semiconductor element in
the semiconductor device has been explained only as an
example of the vertical npn type bipolar tramsistor, but
the semiconductor element is not limited thereto and may
be explained as a variety of bipolar transistor such as
a lateral pnp type bipolar transistor or as a field
effect transistor.

The semiconductor photosensitive element or
semiconductor device of the present'invention can be
provided with a first photosensitive region.having
excellent frequency characteristic and a second .
photosenéitive region having excellent photoelectric
conversion characteristic. Thereby, the operation
characteristic of the semiconductor photosensitive

element or semiconductor device can be optimized,

enabling improvement in total characteristic of the



on the high concentration inpurity region 50 of the second conductivity
type (n[err] type) formed on the sem conductor substrate 1 of the first
conductivity type (p type). - 32 -

A nmethod for formng the sem conductor device of the enbodinment 5 is
substantially the sanme as a nethod for form ng the sem conduct or

phot osensitive elenment explained as the odi nent 1, except for the
poi nt that the manufacturing step of the sem conductor elenent is

i ncluded. A nethod for formng the sem conductor device of the enbodi nent
5 wll be explained with reference to Figs. 7A to 7C. [Step 300]

First, a higsewimmmucitonphotnsensitiveg ozldBenbf or heemiconduochductivity

type (n[err] type) and an elenent isolation region 30 are to be formed on
a silicon device.

In the method for forming the semiconductor
device of the present invention, the manufactgiigg
process, for example, of the bipolar transistor of the
related art, the formation process of the element
isolation region 30 and the formation process of the
semiconductor layer 40 (or first semiconductor layer 41)
and the second semiconductor layer 42 may be introduced
as the common process. Therefore, the first
photosensitive region having excellent frequency
characteriétic and the secbnd photosensitive region
having excellent photoelectric conversion characteristic
can be formed together with the semiconductor element
only by modifying a little the conventional
manufacturing process of the bipolar transistor.

Moreover, polarity of the signal outputted
from the first photosensitive region can be changed by
forming the first photosensitive region aé the anode
terminal common type or as the cathode terminal common
type. Thereby, the amplifier for amplifying the signals
outputted from the first photosensitive region and the

signal processing circuit can be selected from wider



sem conductor substrate 1 of the first conductivity type (p type). For
this purpose, a mask provided with an aperture in the region where the
hi gh concentration inpurity region 10 and el enent isolation region 30 are

to be formed (not illustrated) is fornmed on the surface of the
sem conductor substrate 1. A high concentration p type inpurity (for
exanpl e, boron) is diffused or ion- inplanted to the sem conduct or

substrate 1 to formthe high concentration inpurity region 12 of the first
conductivity type (p[err] type) and the el enent isolation region 30. Next,
a mask provided with an aperture in the regjion where, a segond hi%h
concentratiéﬁnBRpQFiF%e inverter for inverting polarity of_sagnals regi on
50 is to be forpged ot,illustrated) is formed on the surface of the
seniconduct&Pnsg%SF PUtx high concentration n type inpurity (for
exanple, arsenic) is then diffused or ion-inplanted to the sem conduct or



substrate 1 to formthe second high concentration inpurity region 50 of

the second conductivity type (n[err] type) (refer to Fig. 7A). Formation
of the.first high concentration inpurity region 10 of the first
conductivity type and el enent isolation region 30 and fornmation of the

second high concentration inpurity region 50 of the second conductivity
type nmay be executed in the inverted sequence. These high concentration
inpurity regions 10 and 50 are of the -Béried type. The second high
concentration inpurity region 50 provides a | ow resistance path extending
to the collector froman active region of a bipolar transistor as the
sem conductor elenent to be forned rater. [Step 310] Next

, a
sem conductor |ayer 40 of the second conductivity type (n type) is forned
on the sem conductor substrate 1 including the element isolation region
30 and the first and s

(refer to Fig. %" Al Alen6A"E8 g "R bbbt cbiRRLA 0 2N %0

photosensitive element comprisxng the steps of:

e ]

(A) forming a high concentration impurity
region of the first conductivity type and an element
isolation region on a semiconductor substrate of the
first conductivity type:;

(B) forming a semiconductor layer of the
second conductivity type on said semiconductor substrate
and high concentration impurity region, thereby to form;
(a) a first photosensitive region formed of a high
concentration impurity region formed on said
semiconductor substrate and a photoelectric conversion
layer consisting of said semiconductor layer formed on
said impurity region; and (b) a second photosensitive
region formed of said photoelectric conversion layer

consisting of said semiconductor layer formed said .
semiconductor substrate.

AR



- 34 ~ 7B). This step may be executed in the sane manner as the [Step
110] of the enbodinent 1. [Step 320] Thereafter, in order to

conplete the elenment isolation layer 30, a mask (not illustrated) is
provided on the sem conductor |ayer 40 above the elenent isolation region
30 and boron is ion-inplanted to the mnmask. Thereby, the first

phot osensitive region, fornmed of the photoelectric conversion |ayer 11
conposed of the first high concentration inpurity region 10 formed on the
sem conductor substrate 1 and the sem4onduct or | ayer 40 fornmed on the
first high concentration inpurity region 10, may be formed. In addition,
the second photosensitive region fornmed of the photoelectric conversion

|l ayer 21 consistingzof Bhanetstiod ofdticEormilmy el démiocomdtcvort he
sem conductor substrate 1 may also be formed (refer to fig. 7C). [Step
330] photosensikiyveniclendrt nevhpd isindchel stegsanfs, a

(A) forming, on a semiconductor substrate of
the first conductivity type, a high concentration
impurity region of the second conductivity type and an

element isolation region of the first conductivity type;
and

(B) forming, on the semiconductor substrate
and high concentration impurity region, a first
semiconductor 1aye; of the second conductivity type and
thep forming a second semiconductor layer of the first
conductivity type to the first semiconductor layer on

said high concentration impurity region, thereby to

form; (a) a first photosensitive region composed of said

high concentration impurity region formed on said
semiconductor substrate, photoelectric conversion layer
consisting of tﬁe first semiconductor layer formed on
said impurity region and a second semiconductor layer
formed -on said photoelectric conversion layer; and (b) a
second photosensitive region formed of the photoelectric
conversion layer consisting of the £irst semiconductor
layer formed on said semiconductor substrate.

3. A method for forming a semiconductor

device comprising steps of:

/ﬂﬁ,,,fff””’l’/’i

(A

S
* c L *



sem conductor el enment consisting of a vertical type npn bipolar transistor
I.s to be forned on the sem conductor |ayer 40 on the second high

concentration inpurity region 50. For this purpose, a base 52 consisting
of the p type conductive region is formed by diffusion or

- 35 - ion-inplantation of the p type inpurity (for exanple, boron)
into the sem conductor |ayer 40. For

' rniéon of the base 52 may be done
simul taneously by ion- inplantation ©f boron to conplete the el enent
isolation region 30 in the [Step 320]

(refer to Fig. 7C). Next, a
collector 51 and an emtter 53 consisting of the n[err] type conductive

region are formed by diffusion or ion- inplantation of the n type inpurity
L0E S5 gt rOATL ST SEcaBtoaicuet dboptimee o U
be manuf &Herreilrst conductivity type, a £irst high concentration

impurity region of the first conductivity type(1?n

element isolation layer and a second high qoncén£;ation

impurity region of the second conductivity type:

(B) a semiconductor layer of the second

conductivity type on said semiconductor substrate, first

and second high concentration impurity regions, thereby

to form; (a) a first photosensitive region formed of

said firsﬁlhigh concentration impurity region formed on

said semiconductor substrate and the photoelectric

conversion layer consisting of said semiconductor layer

formed on said impurity region; and (b) a second

photosensitive region formed of the photoelectric

conversion layer consisting of said semiconductor layer

- formed on said semiconductor substrate; and

(C) forming a semiconductor element on a

semiconductor layer above said second high concentration
impurity region. .
4 * A method for forming a semiconductor
device comprising the steps of:
(A) forming, on a semiconductor substrate of

the £irst conductivity type, a first high concentration

impurity region and a second high concentration impurity

* c L M S *



[Step;340] Thereafter, an anode term nal and a cathode termna
(not illustrated) are forned with al um num or

_ al um num all oy by the known
nmet hod to each photosensitive region and the surface of each

phot oSensitive region is covered with a covering naterial (not

il lustrated) for the protection purpose. Manwhile, electrodes are forned

to the collector 51, base 52 and emtter 53 of the sem conductor el enent
and the sem conductor el enent and each Qﬂptosensitive regi on

are
electrically connected, as required, with'a wiring conposed of a netal
wWiring material . - 36 - A
schematic partial cross-sectional view of

t he sem conduct or device of the
enbodinent 7 is

illustrated in Fig. 8. The structures of the first and
second phoggiensiofl Wwhe egeoofdaconduttivity thpe and an element

isolation region of the first conductivity type;

(B) forming a first semiconductor layer of the
second conductivity type on the semiconductor substrate
and first and second high concentration impurity regions
to form a second_photosensitive region formed of the
photoelectric converéion layer consisting of the first

semiconductor layer formed on said semiconductor
substrate; and

(C) forming a semiconductor element to the
first semiconductor layer on the second high
concentration impurity region and also forming a second
semiconductor layer of the first conductivity type to
the first semiconductor layer on the first high
concentration impurity region to form a first
photosensitive region formed of  the photoelectric
conversion layer consisting of the £irst high
concentration impurity region formed on said
semiconductor substrate and the first semiconductor
layer formed on said impurity region and a second

semiconductor layer formed said photoelectric conversion
layer.

-

A



strueture of each photosensitive region explained regarding the enbodi nent
3 and detail explanation thereof is omtted here. The sem conductor
‘element 6 of the enbodinent 7 is also defined as a bipolar transistor, in
nore-practical, a vertical npn type bipolar transistor formed above the

hi gh concentration inpurity region 50 of the second conductivity type
(n[err] type) formed on the sem conductor substrate 1 of the first
conductivity type (p type). -48-A nmethod for forming the

sem conductor device of the enbodiment 7 may substantially be set simlar
to the nethod for form ng the sem conductor photosensitive elenent
explained with reference to the enbodi nent 3, except for the point that

h hod f f ' ' d i i S 4 ded. _Th hod
for Torning the sem-corBBERROHoRtR ATERhBY R ARHARASEtor "Ten ne
| a . ! _ .
expl o neiath Tlelemhesho Sy 944 P Ry PS8
concent r ableddBY6tS¥ element is a bipolar transistor. _

. =



- 37 - region 50 of the second conductivity type (n[err] type) and an
el ement isolation region 30 of the first conductivity type (p[err] type)
are to. be forned on a silicon sem conductor substrate 1 of the first
conductivity type (p type) (refer to Fig. 9A). For this purpose, a mask
(not illustrated) provided with an aperture in the region where the first
and second high concentration inpurity regions 12 and 50 are to be forned
is formed on the surface of the semi coffidactor substrate 1. The first and
second high concentration inpurity regions 12 and 50 of the second
conductivity type (n[err] type) are fornmed by diffusion or

I on-inpl antation a high concentration n__type._i ri exanpl e,
boron) into the é%ﬂ?goﬁgﬁﬁ?%rAgabgp?EPB EQRNéﬁﬁylgﬁﬁégbg(%%@ﬁ i1l ustrated)
provided with an aperture in the region where the elenent isolation region

30 is to be formed is forned on the surface of the seniconductor substrate
1. Thereafter, the el emenfapsagiagiv OF M8MR PrsELGSukRe first conductivity

type (p[err] type) is formed by diffusion or
A semiconductor photosensitive element

comprises a first and a second photosensitive regions
and the first pﬁotosensitive region is different from -
the second photosensitive region in its structure and
thereby the first photosensitive region has
photoelectric conversion characteristic and frequency
characteristic which are different from those of the
second photosensitive region. A method for forming a
semiconductor photosensitive element comprises steps of
forming a high concentration impurity region of a first
conductivity type and an element isolation region on a
semiconductor of the first conductivity type, forming a
semiconductor layer of a second conductivity type on the
semiconductor substrate and high concentration impurity
region, thereby to form a first photosensitive region
formed of the high concentration impurity region 10
formed on the semiconductor substrate and the
photoelectric conversion layer consisting of the
semiconductor layer and a second photosensitive region
formed of the photoelectric conversion layer consisting

of the semiconductor layer formed on the semiconductor

substrate.

Figure 2



ion-inplantation of the high concentration p type inpurity (for exanple,
boron) into the sem conductor substrate 1. Here, formation of the first
and second high concentration inpurity regions 12 and 50 and fornation of
the el ement isolation region 30 nay be -
38 - inverted in the formati on sequence. These high concentration
inpurity regions 12 and 50 are of the MIHfied type. [Step 410]

Next, a first sem conductor |ayer 41 of the second conductivity type (n
type) is fornmed on the seniconductor substrate 1 including the el enent

isolation region 30 and first an tugﬁllggncentratlon inmpurity
regions 10 and 50 (refer to Fig. 98 S may be simlar to the

[Step 210] of the enbodi @E;&Téﬁb ART
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Thereafter, in order to conplete the element isolation region 30, a mask
(not illustrated) is provided on the first sem conductor |ayer 41 above
the elenent isolation region 30 and boron is then ion- inplanted thereto.
Ther eby, the second photosensitive region formed of the photoelectric
conversion layer 21 consisting of the first sem conductor |ayer 41 fornmed
on the sem conductor substrate 1 is f@vbked (refer to Fig. 9C. [Step

430] Next, with the nethod of the related arts, a sem conductor
el ement consisting of the vertical npn -
39 - bi pol ar transistor is to be formed on the first sem conductor

| ayer 41 above the second high concentration inpurity region 50. For this
pur pose, a base 52 consisting of the p type conductive region is
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formed by diffusion or ion-inplantation of the p type inpurity (for
exanpl e, boron) into the first sem conductor |ayer 41. Mreover, a second
sem conductor |ayer 42 of the first conductivity type (p[err] type) is
formed on the first sem conductor |ayer 41 above the first high
concentration inpurity region 12 (refer to Fig. 9D). The second

sem conductor layer 42 may be fornmed $/A&ltaneously with the base 52 by
diffusion or ion-inplantation of the p type inpurity (for exanple, boron)
into the first sem conductor |ayer 41. Here, formation of the second

sem conductor |ayer - 42 may als e perfor before or after the [Step
420], instead of sinultaneous %;faniﬁzimpfizﬁ base 52. Thereby, the
first photosensitive region, forned of é 1 rst high concentration
impurity region 12 formed on the sem conductor substrate 1, the

photoel ectric conversion |layer 13 consisting of the first sem conductor

| ayer 41 fornmed on the first high concentration inpurity region 12 and the
second senicondg&Sor | ayer 42 (first c&sductivity type Iayer:30
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- 40 - 14) fornmed on the photoelectric conversion |layer 13, may be

f or med. Next, the collector 51 and emtter 53 consisting of the
nferr].type conductive region are forned by diffusion or ion-inplantation
of the n type inpurity (for exanple, boron) into the first sem conductor

| ayer 41 and a part of the base 52. The sem conductor device illustrated
in Fig. 8 may be fornmed as expl ai ned abéthe. [ Step 440]
Thereafter, an anode term nal and a cathode termnal (not illustrated) are

formed to each photosensitive region with alum num or alum num all oy by
t he known nethod and the surface of each photosensitive region is covered
with a covering material (not illustrated) for the protection purpose. On
the other hand, electrodes are formed to the collector 51, base 52 and
emtter 53 of the sem conductor elenent and the sem conductor elenent is
el ectrically connected as required to each photosensitive region with a
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consisting of an netal wiring material . The present invention has
been explained on the basis of the preferred enbodi nents thereof. However,
the present invention is not limted thereto and allows, as required,
various nodifications of nunerical val ues

- 41 - expl ai ned in each enbodi nent and practical nethod disclosed in
each step which are indicated only as t exanples. In the enbodi nents
explaineﬂFﬁboteSEihe figﬁ}w conductivity type is defined as p type, while
the secordd cbn Biv pe as n type, but it is naturally possible to
define the first conductivity type as n type, while the second
conductivity type as:$0type. In the enbodiﬁ%nts, nnreovér, a senmi2@nduct or

el enent in the sem cpnductor device has befn expl ai ned ¢nly as an{ exanple
of the vertical npn_twpe bipolar trapsigtor\ byt the sefi conductor

is not linmted th reYﬁ)and may \Q§:§:§§:5t§tib\
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be explained as a variety of bipolar transistor such as a lateral pnp type
bi pol ar transistor or as a field effect transistor. The

sem conduct or photosensitive el enent or sem conductor device of the
present invention can be provided with a first photosensitive region
havi ng excellent frequency characterig}i& and a second photosensitive
regi on having excel |l ent photoelectric “conversion characteristic. Thereby,
the operation characteristic of the sem conductor photosensitive elenent

or sem conduct or ydevi ce can be optim zed, enabling inprovenent in total
characteristic ofZthe - 42 -

sem conduct or phedosensitive el enent or sem conductor device.
In the nmethod for=form ng the sem conductor device of the present
i nvention, the ufacturing process, for exanple, of the bipolar

transi stor of theu
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related art, the formation process of the elenment isolation region 30 and
the formati on process of the sem conductor |ayer 40 (or first

sem conductor |ayer 41) and the second sem conductor |ayer 42 may be

i ntroduced as the common process. Therefore, the first photosensitive
regi on having excellent frequency characteristic and the second

phot osensitive regi on having excellenfhﬁﬁotoelectric conver si on
characteristic can be fornmed together with the sem conductor elenent only
by nodifying a little the conventional mnanufacturing process of the

bi pol ar transistor. Mor eover, polarity of the signal outputted
fromthe first photosensitive region can be changed by formng the first
phot osensitive region as the anode term nal conmon type or as the cathode
term nal common type. Thereby, the anplifier for anplifying the signals
outputted fromthe first photosensitive region si gnal processing
circuit can be selected fromw der
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- 43 -7 range or the inverter for inverting polarity of signals can be
rul ed out. : -44- 1 A met hod
for foFmi ng a sem conductor photosensitive el enent conprising the steps

of : (A) formng a high concentration inpurity region of the
first conductivity type and an el enent isolation region on a sem conductor
substrate of the first conductivity tBdéd (B) formng a

sem conductor |ayer of the second conductivity type on said sem conductor
substrate and high concentration inpurity region, thereby to form (a) a
first photosensitive region formed of a high concentration inpurity region
formed on said sem conductor substrate and a photoel ectric conversion
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| ayer Eonsisting of said sem conductor layer formed on said inpurity
region; and (b) a second photosensitive region forned of said

phot oefectric conversion |ayer consisting of said sem conductor |ayer
formed said sem conductor substrate.

- 45- 2. A nethod for form ng a sem conductor photosensitive
el ement conprising the steps of: (A) formng, on a sem conductor
substrate of the first conductivity t?ﬁ%ﬁ a high concentration inpurity
region of the second conductivity type and an elenent isolation region of
the first conductivity type; and (B) formng, on the
sem conduct or substrate and hi gh concentration inpurity region,
sem conductor |ayer of the second conductivity type and
second sem conductor |ayer of the first

a first
then formng a
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condugfivity type to the first sem conductor |ayer on sai d high
concentration inpurity region, thereby to form (a) a first

phot osensitive regi on conposed of said hi gh concentration inpurity region
formed on said sem conductor substrate, photoel ectric conversion |ayer
consisting of the first sem conductor &6Yﬁ# formed on said inpurity
region and a second sem conductor |ayer ornmed on said photoel ectric
conversion layer; and (b) a second photosensitive region fornmed of the
phot oel ectric lonversion |l ayer consisting of the first sem conductor

| ayer fornmed on I d sem conductor substrate. 3. A nethod for
formng a sem co&gluct or devi ce conprising steps of:

- 46- i (A form ng, on a sem conductor substrate of the first

conductivity typeJ a first high concentration inpurit ion of the first

conductivity typk) an ——*"X_LBQLQ_"W
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el emenf isolation |ayer and a second high concentration inpurity region of
t he second conductivity type; (B) a sem conductor |ayer of the
secondy conductivity type on said sem conductor substrate, first and
second high concentration inpurity regions, thereby to form (a) a first
phot osensitive region forned of said first high concentration inpurity
region fornmed on said sem conduct or siiz%%ate and the photoel ectric
conversion |layer consisting of said sem ductor layer formed on said
inmpurity region; and (b) a second photosensitive region forned of the
phot oel ectric conversion |layer consisting of said sem conductor |ayer
formed on said sem conductor substrate; and (© formng a
sem conductor elenment on a sem conductor |ayer above said second high
concentration impurity region. 4 . A nethod for formng a
sem conduct or devi ce conprising the steps of: (A) form ng,

on a sem conductor substrate of the flrs vty type, a first high
concentration inmpurity region and a pecond high concentration inpurity
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-47- 2 region of the second conductivity type and an el enent isolation
region of the first conductivity type; (B) formng a first

sem conductor | ayer of the second conductivity type on the sem conductor
substrate and first and second high concentration inpurity regions to
forma second photosensitive region forpged of the photoelectric conversion
| ayer consisting of the first sem condt&br | ayer forned on said

sem conductor substrate; and (C formng a sem conduct or
element to the first sem conductor |ayer on the second high
concentration inpurity region and also formng a second sem conduct or

| ayer of the first conductivity type to the first sem conductor |ayer on
the first high concentration inpurity region to forma first

phot osensitive region forned of the photoelectric conversion | ayer

consisting of the first high conceptration i t yon forned on said
sem conduct or substrate and the firsi:§€ﬁ:30nductor
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| ay.er forned on said inmpurity region and a second
forred said photoel ectric conversion | ayer.

sem conductor |ayer -

- 48- ¥ 5. Anethod for formng a sem conductor device recited

in:claim3 or 4 wherein safd sem conduct or el enent
transistor. ' :
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