PHOTO SENSOR AND METHOD FOR FORM NG THE SAME R%VM@AQ&QEﬁ?ND OF
THE | NVENTI ON Field of the Invention : he pres

i nvention relates to a semconductor photosensitive device and a

sem conductor - device which are optinmumfor application into an optical

pi ckup, for, exanple of optical disc apparatus and a nethod for form ng
such devi cesy 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 apparat us.

Mor eover, as the recent technol ogy, a photosensitive elenent such as

phot odi ode and a scPHQTMISENSOR cANDEMETHOR NEOR oFQRMING cGHEt 8AMENt 0 one
chip. In the case of wusing a discrete photosensitive elenment, wirings are
requi red for connecting such photosensitive elenent to a photodetectlng

circuit. However, such wirings are easil |nfluencis by ext ernal
di st ur bances fron1pomer d%§¢§5 @W@Et??c Eaﬁ%??%ﬂ N Such as tel evision

recei ver, etc. and el e(‘itj‘r?é_rgec arlat us Since a mnute current fl ows
t hrough t he phot osensit fromthe photosensitive

el ement receives a The present invention relates to a

semiconductor photosensitive deviée ahd a semiconductor.
device which are optimum for applicatioﬁ.into an optical
pickup, for example, of optical disc apparatus and a
methbd for forming such devices. '
Deséription_of Related Art
A photo sensor is generally used for an
-opticallpickup of an optical disc apparatus such as a
compact disc apparatus and minidisc apparatus.
Moreover, as the recent technology, a photosensitive
element éuch as photodiode and a semiconductor element
tend to be integrated into one chiﬁ. In the case of
using a discrete photosensitive element, wirings are
required for connecting such photosensitive element to a
photodetecging circuit. However, such wirings are
easily influenced by exfernal 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



-2-, | arge influence fromexternal disturbances. Integration of the
phot osensitive el enent and sem conductor elenent into one chip enables
reduction in size of an optical pickup and increases all owance for
external noise disturbances. _ A sem conduct or phot osensitive
element to he wused for an optical pickup of a conpact disc apparatus
(hereinafter; it~is sonetines called a semi conductor photosensitive

el enent for conpact disc apparatus) is generally conposed of six

phot osensitive regions A, B, C .D, E and F as illustrated in the
schematic | ayout of Fig. 1A Four photosensitive regions A, B, C, and D

are provided lfa@igeddiirfliuditbed frsm Seidfiialsidittiurbahces di didtdgra e .
Meanwhi | e, the photosensitive regions E and F are provided for detecting a
tracki ng errowf signghotbeemdistian clatems aml)denicbdmdudtior element

phot osensitive regions A, B, C, and D and that required for the

phot osensi t i véntegicoves dhipherfabiles diddugttion imisize Hf tare apldigdlent
frequency characteristic is required for the photosensitive regions A B,
C, and D in ®iekun @ndetinaressss allawande Hatamyhemal nAsq requency
characteristic,is not so nuch inportant for the photosensitive regions E
and F because &iitdgbances.

A semiconducﬁor photosensitive element to be
used for an optical pickup of a compact disc apparatus
(hereinafter, it is sometimes called a semiconducto;
photosensitive element for compact disc apparatus) is
generall§ composed of six photosensitive regions A, B,
Cc,. D, E, and F as illustfated 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. Meanwhilé, the photosensitive-regions E
and F are provided for detectiﬁg a tracking error
signal. The characteristics required for the
photosensitive regions A, é, C, and D and that required
for the photosensitive fegions 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 cﬁaracteristic is not so much important for
the photosensitive regions E and F because these

photosensiti&e regions detect the tracking error signal



phpt osensitive regions detect the tracking error signal
3 of conparatively |ow frequency. Instead, the excellent photoelectric
conversion characteristic is required for the photosensitive 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 df a minidisc apparatus {Beceinafter, it is sometines
call ed a sem conductor photosensitive elenment for mnidisc apparatus) is
general ly conposed of eight photosensitive regions A, B, C D, E F, G
and H as illustrated in the schematic |ayout of Fig. 1B. Unlike the
seni conduct orofp hexmpsaadi iviely dosndirteduencyconinstedidsc tieolexqgiotesensi tive
regions A, B, C, and D are provided in the seni conductor photosensitive
el enent for phoﬁaﬂsaﬂaapammmcma@aat@ram“ermuuﬁ@r@r The
photosen5|t|ve re ions E and F are provided for detecting a tracking error
si gnal . Moredh® S%ﬁit"dé’@s}'elgl\ﬁélsr &yiaas Fobargugenthefe regkrns,
detecting a |taI nal ;, Excel |l ent phot electrlc conver si_on

2k drraliiiad st

characteristi e Jighds baning, comparati e L dL9¥ pecause

t hese reglonsin ensfr;fK“aIEd mnth_the-llght beam havi ng conparatively

A semiconductor photosensitive element used
for optical pickup of a minidisc apparatus (hereinafter,
it is sometimes called a semiconductor photosensitive
element for minidisc apparatus) is generally composed of

" eight photosenéitive regions A, B, C, D, E, F, G, and H
as illustrated in the schematic layoht of Fig. 1B.
Unlike the semiconductor photosensitive element for
compact disc, four photosensitive regions A, B, C, and D
are provided in the semicondﬁctor 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 frequency

characteristic is required for the photosensitive



| ower intensity. Meanwhil e, excellent frequency characteristic is required
for the photosensitive - 4- regions G and Hto detect a
digital signal. However, higher photoelectric conversion characteristic
.and frequency characterlstlc .are not required for the photosensitive
regions A, B, C,_and D because these regions are radiated with the |ight
beam havi ng=hi gh&r intensity and the focus =error signal has conparatively
| ower frequency. As expl ai ned above, different characteristics
are required for respective photosensitive regions of the sem conductor
photosensitive el ement used for optical pickup of optical disc apparatus.
However, sinaedivhdtatd tto cdsvsversi digibal agsignalbt i cHowedvet | equency

characteristic are in the trade-off relationship, when the photoelectric
conversion cldrgimrepixitoeldotr ba arpriver s bon acbaractéristbquandy
characteristic is lowered. Therefore, a sem conductor photosensitive

el enent, nalmﬁﬁﬁﬁnﬁnﬁy|Oﬁﬁlﬂﬂ£ﬁ!iﬁ$l¢ﬁﬁﬂ@mﬂQ&trﬁ@utbm@ef@tohhe
characteristic, is used for optical pickup Furt hernore, when a
phot osensi t i vohqtasansidive xegiony ucﬁorcel‘m%n? Reeause cEReS@d i nto one
?hlp’ 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 characteristi¢ are in the trade-—off
relationship, when the photoelectric conversion
characteristic, for example, 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



* there rises a problemthat such photosensitive element is linmted inits

i characteristic in conparison with a discrete photosensitive el enent.

: Nanel y, since higher -5- per f or mance
is required for the sem conductor elenent, a photosensitive elenment has to
be fornmed al nost without changing the manufacturing process of the
conventional $emiconductor integrated €idreuit. Therefore, it is difficult
for a photosensitive elenent to give and inprove the predeterm ned
characteristic. In such a case, inprovenent in characteristics of a

phot osensitive element can be realized by adding intrinsic _manufacturing

process for fRPRRPFBANGE imcreghbredciry (the stmherrdugker ’1eReRldi i on of
e ! SCaRERERRRe TV Ernhen L e EEPMAALHRRAE b

: L on 1 o i i cond b whi ch
il t ancous! oPeadi B, Eaé enBrafuE O i kel OF G ot B0RRL, 1'C °

ConverSion'Ch@éﬁ§&§%a%é£8rafgteéfﬁgﬁﬁg%?#égfgfunfﬁéé ¢§fép {@e%érade-off

relationship ~an rovi ding orm ng e Sane el enent.

The second obgegk;@h1t hEoP  £SEROtOSMEEE A 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 such
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 easily

integrate a photosensitive element and a semiconductor
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lieés in providing a sem conductor device including a sem conductor

phot osensitive el enent which can easily integrate a photosensitive el enent
and a sem conduct or -6- el ement

al nost wi thout chanrgi ng the manufacturing process of the conventi onal

sem conduct or |ntegrated circuit and.-nmoerg@aver sinultaneously satisfies the
characteristics such as photoel ectric conversion -characteristic and
frequency characteristic in the trade-off relationship and also in
providing a nethod for form ng the sane el enent. The

2251Y§0$3£:%j oot it Vel éﬁéﬁ&ws‘z?ﬁi“%#%2@%5‘3#%’95%%38‘%“ef'cﬁﬁrp?. si ng
That the 1 BRGNS 2 oHES CEohpeFLbRRL BamictHatdeb? ERPEAERERAT L oy
of the secon%ﬁmﬁe%@uﬁay&wﬂ'ﬁm@féaﬁésu;wsgaeﬁgfeésnéhai ve region

has the phOt oelectric conversion characteristic requency
characteri st 'éhéi’éét%ﬁ%tié@r‘%ﬁmtagfpﬁ@&eﬁéé@f'ﬂcpBQﬁOé?Q%h' ve region.

According to the first profile of a ‘sem conductor photosensitive el enent
of the preserdharduientistic (Md afféqeénPpotecactétr yetiegianthé conposed
trade-off relationship and also in providing a method
for forming the same element.

The above-mentioned objects of the present

- invention may be attained by a semicohductor
photosenéitive 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 photosensitiQe 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

N

conversion layer of a second conductivity type formed on



of ,a high concentration inpurity region of a first conductivity type
formed on a seniconductor substrate of the first conductivity type and a
phot oel ectric conversion |ayer of a second conductivity type formed on

-7- such inmpurity region; (B) a second photosensitive region is
conposed of, a photoel ectric conversion |ayer of a second conductivity type
which is forned thi cker than. the photoelectric conversion |ayer formng
the first photosensitive region on the senm conductor substrate; and (C
an el-enent isolation region is forned between respective photosensitive
regi ons. In the first profile of a sem conductor photosensitive

el ement of thaudl dagir ity @¥givh; (B) 2 socond phictddeaisiltiveknesfiod the
phot oel ectric conversion |layer formng the first photosensitive region is
set to 1 to 3d wonjposehidbf i ghtoelectirtic poaveeisdohr ilayexomferasi on | ayer
form ng the second photosensitive region is set to two to ten tines that
of the phot cecond ieorstuoitdnsityn dypee whiiohniisg folrmed tdickerottdwansiti ve
region. According to the second profile of a sem conductor

phot osensi t i whes|phataelgcthe naawension layer forming the first

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

In the first profile of a semiconductor
photosensitive element of the present.invention, it is
preferable that thickness of the photoelectric
cohversion 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 photosensitive 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 thé first conductivity type, a photoelectric
conversion layer of the second conductivity type formed

on such impurity region and a first conductivity type



I nvention, (A) a first photosensitive region is conposed of a high
concentration inpurity region of the second conductivity type fornmed on

t he sem conductor substrate of the first conductivity type, a
phot oel ectric conversion |ayer of the second conductivity type forned on
such inpurjty region and a first conductivity type .

-8- | ay'er formed on the photoel ectricgconversion |ayer; (B) a second
phot osensitive region is conposed of a photoelectric conversion |ayer of
the second conductivity type which is formed thicker than the
phot oel ectric conversion |layer formng the first photosensitive region on
the seni conddeyer formedapa; theCphatoelechnid semdmsiondglayers (B ned
between respective photosensitive regiaons. In the second
profile of aaségceopddbbotosepsdtiyensieginn disemampased ief @ esent

i nvention, it _is grefe[able t hat t hi ckness of the photoelectric
conversi on | Rpgtoe Pﬁ’\tﬁdct ﬁ@nﬂetfﬁl%hé@é@énﬁft ithe r&iﬁ is set to 1to 3

econd phot oSSREMEEIE Ere 5iDe MBISH: eCt?ﬂﬁB‘e%g%?‘t ESARARST the
phot oel ectri %h%%‘é?i %t‘% ¢ BRver21Tn"9a42% Horiind MHLERE ' Ve region.
photosensitive region on the semiconductor substrate;
(C) an element isolation region ié 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 gm, 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 semiconductoi
photosensitive element and a semiconductor element
explained above. 1In this case, a semiconductor element
may be a bipolar transistor whiéh is formed on a high

concentration impurity region of a second conductivity



A sem caonductor device to attain the objects explained above is conposed
of a sem conductor photosensitive elenent and a sem conductor el enent
expl ai ned above. In this case, a sem conductor element nmay be a bipol ar
transistor which is formed on a high concentration inpurity region of a
second conductivity -9- - type forned
on a sem conductor substrate of a first- econductivity type. A
met hod for form ng a sem conductor photosensitive elenment as a first
profile of the present invention to attain the objects explained above
conprises the steps of: (A) form ng a high concentration
inpurity regtypeofothedfonsa semilconduwetor tsiisstrakeroflenkitsti sol ati on
region on a sem conductor substrate of the first conductivity type; and
(B) form ng acerducbinikyotypeyer of the second conductivity type on the
sem conductor substrate and the high concentration inpurity region
thereby to form (a) aAfmetho@dhfevnsterming a raqRigPndIGhar of the high
concentration inpurity, region formed on the sem conductor substrate and a
phot oel ect ri PROFQREeR$bRive element as a first profile of the present
invention to attain the objects expléined 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 fegion, thereby to
form; (a) a first photosensitive region formed of the
high concentration impurity region formed on the
semiconductor substrate and a photoeiectric conversion
layer consisting of the semiconductor layer formed on
such impurity region, and (b) a second photosensitive
regibn formed of a photoelectric conversion layer
consisting of the semiconductor layer formed on the
semiconductor substrate.
A method for forming a semiconductor

photosensitive element as a second profile of the



| ayer consisting of the sem conductor |ayer formed on such inpurity
region, and (b) a second photosensitive region forned of a photoelectric
conversion |layer consisting of the sem conductor |ayer fornmed on the

sem conductor substrate. A nmethod for formng a sem conduct or
phot osensitive el ement as a second profile of the

-10 - present I nvention to attain thelobfects explai ned above conprises
the steps of: (A) formng a high concentration inpurity region
of the second conductivity type and an elenent isolation region on a

sem conductor substrate of the first conductivity type; and (B)
formng a fi teseart donventiion |tay arttdin vhe irjeck < cexplld ived yabype on the
sem conductor substrate and the high concentration inpurity regi on and
then fornm ngonpriciesl Wweristepucifor | ayer of the first conductivity type
on the first sem conductor |ayer above the high concentration inpurity
regi on; thereby to forn(lA) (Eorming r%thlyﬂi'btmttlﬁﬁém%g}@##thmd of the

hi gh concentratlon ur|t region formed ,on the q&conductor substrat e,
a phot oel ect rrecgltﬂih "é%}%r %”r@%%tt‘i"ﬂd‘yoftﬂ‘% 304 AN HeBBRBuct or

ayer fOrrmd:.solatlon region on a semiconductor substrate of the

first conductivity type; and

(B) forming a first semiconductor layer of the
second'cpnductivity type on the sem;conductor substraté
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 impurify region; thereby to form;
(a) a first photosénsitive region formed of the high
concentration impurity region formed on the
semiconductor substrate, a photoelectric conversion
layer consisting of the first semiconductbr layer formed
on such impurity :egion and the second semiconductor
layer formed on the photoelectric conversion layer; and
(b) a second photosensitive regioq 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



on such.inmpurity region and the second sem conductor |ayer forned on the
phot oel ectric conversion |ayer; and - (b) a second photosensitive region
formed of the photoelectric conversion |layer consisting of the first

sem conductor |ayer forned on the sem conductor substrate. A
met hod for_ forning a sem conductor photosensitive elenment as a first
profile of the present I nveniien to attain the objects
expl ai ned above conprises the steps of: (A formng a first

hi gh concentration inpurity region of the first conductivity type and an
el enment isolation region on a sem conductor substrate of the first
conductivityihypatdon fter gttainakhe abjectsdexplghnednaboteati on i npurity
region of the second conductivity type; (B) formng a

seni conduct ocompydsesf thiee stepsonf:conductivity type on the seni conduct or
substrate and first and second high concentration inpurity regions,
thereby to form (a) a(®)rSorpiogosefdrstyvbighegpnaensrabéonf a first high
concentration inmpurity region formed on the sem conductor substrate and
the phot oel é@wrét&oﬁ\%rl@mo@f| sher fé6ﬁ§| spnAycEiviky type and an

element isolation reglon 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
seqond conductivity'type on thé semiconductor substrate
and first and Second high concentration impuritj
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
photoelectric conversion layer consisting of the
semiconductor layer formed on the semiconductor
substrate; and

(C) forming a semiconductor elemen£ to the
semiconductor layer on the second high concentration

impurity region.



sem conductor |ayer formed on such inpurity region; and (b) a second
phot osensitive region forned of the photoelectric conversion |ayer
consi sting of the sem conductor |ayer formed on the sem conductor
substrate; and : (C formng a sem conductor elenent to the
sem conductor |ayer on the second high concentration inpurity region.

- 12 - A method for form ngia sem conductor photosensitive

el enent as a second profile of the present invention to attain the objects
expl ai ned above conprises the steps of: (A formng a first

hi gh concentration inpurity region and a second high concentration
inmpurity region of tha srthvd Fordfrmingy a wemizathduttdrenent isolation

region of the first conductivity type on a seniconductor substrate of the
. first conductphatiosengidive element agBp fBecondg parofiilet oferilmnduct or | ayer
of the second conductivity type on the sem conductor substrate and first
and second hiRfeseRtcdmvention itepatitain thei objectseexplaingdrahove) a
second photosensitive region fornmed of the photoelectrlc conversion | ayer

comprlses 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 typé on a

semiéonductor substrate of the first conductivity type;

| (B) forming a first semiconductor layer of the

second conductivity type on the semiconductor substrate

and first and secdnd 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 tfpe on

the firsE semiconductor layer above the first high

concentration impufity region; thereby to form (b) a

first photosensitive regibn formed of the first high

concentration impurity region formed on the



consisting of the first sem conductor |ayer formed on the sem conductor
substrat e; (© formng a sem conductor elenent on the first
sem conductor | ayer above the second high concentration inpurity region
and then form ng a second sem conductor |ayer of the first conductivity
type on the first sem conductor |ayer apgve the first high concentration
inmpurity vegion; thereby to form(b) a first photosensitive region forned
of the first high concentration inpurity region forned on the

- 13 - sem conductor substrate, the photoelectric conversion |ayer

I sti f.t.he i ' d or, | f X h I [ [
and the cecaruBndishrl iiSEHRe o duan SRS R etk AT oler oion
{ivet and sGEHeF ST W A AGR eR SRMEAY adler WGR " 1°

el ement my&?%ﬁﬁ%ﬁ{r cyb:.l M atsrfjcﬁr\?ﬂétégcond senri]conddé’tcw? present

invgntion, a silicon “sem c¢on tor stratg or a galliumarseni c conpound
sem conduct Qla O Fdrded B tie URRSE L eteeiB (Ut diion SIpd Y at e.

-Moreover, a photoelectric conversion |ayer (or a sem conductor |ayer or a
first sem conductor |ayerthe 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 manufacturing a

semiconductor device of the present invention, the high



t form ng 'such photoel ectric conversion layer) is preferably forned of a
single crystal silicon in such a case that the sem conductor substrate is
conposed of a silicon sem conductor substrate. In addition, it is
preferably fornmed of a galliumarsenic conpound single crystal in such a
case that the sem conductor substrate ii conposed of a gallium arsenic
conmpound semi conductor substrate. - ~ In the nethod of

manuf acturirng a sem conductor photosensitive el enent or the method of
manuf acturing a sem conductor device of the present invention, the high

for red, d?SPceéléﬁn%%ﬁt"Pw‘%Ff ARy it %ﬂ‘iﬁs% a“o"#‘wp%c?r?{;’”f n b
o o ot mESEHEL 1y be 24P REP s | 3 hd&%sﬁi%%& °n g econd
sen CO”dUCtorlrhﬁWﬂté‘l?i’orpeof Ofmléfr Y i miﬁ{:tfis{1 aon

|nplantat|on of " I npurit sem conduct or senS|t|ve el ement

or a seni corﬂnes@rséim&ﬂmétwq&yésw iy FYrined ssoﬂoréayaxﬂi% th a
first photosensitive region and a second” photosensitive region. The first

phgt osensi ti vehragglorepi tadidIRfr oWt by GheC Qe Matdiodn iMGrEdder § egi on
ana a

second semiconductor layer may be formed, for examﬁle,
by diffusion or ion implantation of impurity.

A semiconductor photosensitive element or a
semiconductor device in the present 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 generated 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 condition of a

depletion layer. Moreover, electrons generated in the



phot oel €ctric 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 conver st dA Tayer 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

T8 R ghPgR BRNERTRE RS AR AR (P AR MR LRI on'i ned
Therefore, the fi t 4 | toel ectyic
conversi on chersandl . THEFaRn (Y Padl biibe AR B o
will beco”Eh%sp'&C’tl%vPFHhrqg:’Hele@ér:'T*@%o Eél%ncgdg\ta[r]?iéﬁertﬁ%icexce' | ent

frequency characteristi'c because of higher speed of electrons. "

Meanuhi | e, t bacaeEen PR EAL IatfourftdidE diect UnB GificH RA1ANOL 0l ectric
conversion |ayer forned on the sem conductor substrate. The photoelectric
conver si on | apeonied ATphdtid @urdEitd, M afR)Sidn Whe 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
converéion layer forming the second photosensitive
region is set thicker than the photoelectric conversion
layer forming the first photosensitive region. For
example, a first conductivity type is defined as p type
and a second conductivit& 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 semiconductor 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



region is set thicker than the photoelectric conversion |ayer formng the
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 photoel ectric conversion |ayer of the second

phot osensi tive region nove at a high speed in the direction opposed to the
sem conduct or substrate within the photoH ectric conversion |ayer in the
condition of a depletion |ayer. Mreover, electrons generated in the

sem conductor substrate having a low inpurity concentration nove within

t he sem conductor substrate while these are diffused therein. Therefore,
the second penvexsion icharactendkisc bedayss gfhdihee|lantge amount of

- 16- conversion characteristic because of the |arge amount of electrons
which will betlftrephobichrviekk hagonea pheta mu@nt Hyt hasowrn
frequency characteristic because of |ower speed of electrons noving within
the senicondtRq FOREAREY¥ a2, lower frequency ShAraGkar fove PeFFYLR ent

phot el €0t 1| coe P SOl N2 At et LS S IR ot er st o8
second phOtO%&mﬁééﬁﬁhé€ '%%%éékaégjferent structures

As explained above, different photoelectric
conversion characteristics and frequency characteristics
can be given to respective photoseﬁsitive 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 éemiconductor device depending on the
firsﬁ profile, a so—caligd common anode terminal type
(common cathode terminal tyée depending on the
conductivity type) photosensitive element can be formed
for both first and second photosensitive regions. On
the other hand, in the second profilé of a semiconductor
photosensitive element of the present invention, the
method for forming a semiconductor photosensitive
element depending on the second profile and the method

for forming a semiconductor device of the second



In the first profile of a sem conductor photosensitive elenent of the
present invention, the nethod for formng a sem conductor photosensitive
el ement depending on the first profile and the nethod for form'ng a

sem conduct or device depending on the first profile, a so-called comon
anode termnal type (common cathode term nal type depending on the
conductivity type) photosensitive el enenti7zcan be formed 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

met hod for form ng a sem conductor photosensitive elenent depending on the

second profi peogidet,ha @e-ad1ediconion kéthaterniuelortygryi ce of the
second - 17 - profile, a so-called

.common cat hodeommoni anlodey e rminaInyype dbpdamiingan thhyee dependi ng on t he
conductivity type) photosensitive element can be formed for the first

phot osensi t i cendagitanityhityped photosenmiddee @lement toane e dammed at hode
term nal type depending on the conductivity type) can be forned for the
second phot ofemsithevirsdi @hotpsensiisiveiragian owhidiee aigammonut put t ed
fromthe first photosensitive .

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.semiconducto;
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



region may be inverted. Therefore, a degree of freedom for selection of an
anplifier for anplifying the signal outputted fromthe first

phot osensitive region and a 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 hot osensi tive el ement or

sem conduct or *device of the present inv $t1on, the first phot osensi tive
region having excellent frequency characteristic and the second

phot osensitive region having excell ent photoelectric conversion
characteristic can be fornmed sinultaneouslz only, by_changing a little the
conventional manufact uFLE§. pRoBBYEs1BfarRe ﬁ?ﬂ%?€}°t¢h$%¥ Br.

BRI EF DESCRI PJ1 ON, OF, THE NGS .
Erus LA andiIAUBFEREIRG ERPLIAYSHEAAE 2 PRRECPRRNRECT he | ayout of a

serm conduct oL PHRRRSERSLL] USCRERICHE Ofo! PELLELA! gl AUleoEd 4f on

optical pickup of a Cco s and mnidrsc —apparatus.

Fig. 2is a I 53 [ r ~sect | I | ) uct or
phot osensi 1 VB SF EkchiCRb Bt Sf BORpACE A002 apMARILiy L B AREE T on
Figs. 3A andagBapafus¢henatic partial cross-

- 18 -

Fig. 2 is a schematic partial cross-sectional
view of the semiconductor photosensitive element of 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 ére 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 embodiment

of the present invention.



sectional views of a sem conductor substrate for explaining the
manuf acturing steps of the sem conductor photosensitive elenent of the

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

5A to 5C are schematic partial cross- septi-onal views of a sem conduct or
substrate for explaining the manufacturing steps of the sem conductor
photosensitive el enent of the fourth enbodi ment of the present invention.
Fig. 6 is a schematic partial cross-sectional view of the sem conductor
device of the fifth enifdjsrerta @ 1thange exchematilenpaobial cross-
- 19 - Figs. 7Ato 7C-are schematic partial cross- sectional
views of a saectdrohalt oriewshsifr & esemircorsiysttomnisupstwavanfdnct uri ng st eps
of the sem conductor device of the sixth enbodiment of the present _
i nvention. explainingrithe ganifacturdng istens 194l the osenkeendeptPr view
of the sem conductor device of the seventh enbodi nent of the present
i nvention. device of the sixth embodiment of the present iavention.
| 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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will then be explained

on the basis of the preferred embodiments with reference
to the accompanying drawings. The embodiment 1 relates
to a semiconductor photosensitive element and a method
for forming the same depending on the first ﬁrofile of
the present invention. The embodiment 2 relates to a
“semiconductor photosensitive element and a method for
forming the same depending on the second profile of the
present invention. The embodiment 3 relates to a |

semiconductor device including a semiconductor



Figs. 9A to 9D are schematic partial cross- sectional views of a

sem conduct or substrate for explaining the manufacturing 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 The present
invention will then be explained on the basis of the preferred enbodinments
with reference "to the acconpanyi ng dr awi2fgs. The enbodinent 1 relates to
a sem conduct or photosensitive elenent and a nethod for formng the sane
depending on the first profile of the present invention. The enbodi nent 2
relates to a _seniconductor photosensitive el enent and a nethod for

formng the MW&W Q‘?ﬁé"‘séﬁ#\(ﬂ ﬂ‘ﬁﬁl’}qde for farningdhe sa®Rnti on.

The enbodi ne t | ates t cond t ce incl uydi
seni conduct o deng on t%e St proti fdet\{' esenq: &{&%ﬂﬂtlve

of ‘the. p?QSeﬂf#%e g et S Bankh 3 SN ds‘u%tﬁo@ t%%r#céﬁéuﬁi or
form ng the dusabddsrd ﬁsgéﬁﬁﬁme B, B L e el 3" 0 O
In the embodiy®Hod for forming the same depending on the second

profile of the present invention. In 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 photosensitiﬁe_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 thereby 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 photosénsitive region has the
excellent photoelectric conQersion characteristic in
comparison with the firét photosensitive region.

The embodiment 1 relates to a semiconductor

phoﬁosensitive element and a method for forming the same



descri bed hereunder, the p type conductivity is selected as the first
conductivity type and the n type conductivity as the second conductivity
type. The sem conduct or photosensitive elenment of the present
i nvention has a first and a second -photosensitive regions. The first
photosensi tive region has a structure dififerent fromthe second

phot osensitive region and thereby has the photoel ectric conversion
characteristic and the frequency characteristic different fromthose of
t he second photosensitive region. In nore practical, the first
photosensitive region has the excellent frequency characteristic in
conpari son wdwwgns@m@tmcﬁmmmﬁele drhe pregenti liovenkiereond
phot osensitive regi on has the excellent photoelectric conversion

char act eri st it $oheRdRariad t4r gt g9qtdonio e Qf ide region.

The enmbodinent 1, relates to _a sem conduct or hot os itive element and a
met hod forfkﬁ?W+EF? ggﬁnphotosens1é£ve eleﬂ%nt ofa¥%e embodimsnt f

part 8l or e SERIBRAT ) &-°a T AR RN SRR SRR AL Hrent of
e oo T oot 81 U A doncen B St A A S
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 2i of the second conductivity type (n
type) which is formed, on the semiconductor substrate 1,
thicker than the photoelectric conversion layer 11
forming the first photosensitive region; The |
photosensitive regions are isolated by an element
isolation region 30 formed therebetween. In 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 um, while thickness of the

photoelectric conversion layer 21 forming the second

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



first conductivity type (p+ type) forned on a sem conductor substrate 1 of
the first conductivity type (p type) and a photoel ectric conversion |ayer
11 of a second conductivity type (n type) forned on the high

concentration inpurity region 10. Meanwhile, the second photosensitive
region is formed, of a photoelectric conversion |ayer 21 of the second
conductivity type (n type) which is form@d- on the sem conductor substrate
1, thicker than the phetoelectric conversion layer 11 formng the first
phot osensitive region. The photosensitive regions are isolated by an

el ement isolation region 30 fornmed therebetween. In Fig. 2, a couple of
the first phoorsever, \ah rieguritprmbrcantydttiomfof hehe esembcphduoténsi ti ve
regions are illustrated. Thi ckness _of the photoelectric
conversion Isapstrate dr dimgeathdd i3 %t IS/esdnswhile mogiiopurdtyet, for
exanple, to 2 [err]m while thickness of the photoelectric conversion

| ayer 21 for gongemtaatdam®f s diiglsiconeentugion simpurityrregi®pl e, to
4[err]lm 18 /.3 . L -22- Mor eqver, an_inpurity
concent r at i ofOoitt Fe X C4rAICARE aBuhBppELEYCcPRceptrasign, of the

pur 1y T eqRAtoR} ack 6, ST AYST B FPE P £ yS chncent rati on of
the 105/cm3, Thereby, it has been confirmed that the first
photosensitive region operates with the frequency up to
30 MHz. BHowever, 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, B, 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. In regard to e}ght
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



phot oel ectric conversion layers 11 and 21 to 5 x 10[err]/cnferr]. Thereby,
It has been confirned that the first photosensitive region operates with
the frequency up to 30 MHz. However, the photoel ectric conversion
characteristic of the first photosensitive region has been 0.2A W
Meanwhi | e, the photoelectric conversion haracteristic of the second

phot osensi‘ti ve ‘regi on was 0.4A/ W Fbmeva It has al so been confirned that
the first photosensitive region operates onIy with the frequency under 3
VHz . In regard to the six photosensitive regions A, B, C D E
and F of the sem conductor photosensitive elenent for npact di sc
appar at us sh&®n the ﬁﬂéSthhotﬂﬁﬁpsﬁﬁ&FSSéﬁSFPPVeW é&FoﬁgeA B C, and D

correspond tg he fir hotosen5|§|ve ra

hot osens! t | PROEEGRS L Va4 SBI00%: s BOAT GOFRESBRBENG® G BEEREL i ve
region. In 1 agaidla gl MULASeNBLI YRoLE0LANS AP Lol s By B, & and

H of the cong phot Si'tive efenen ¢ appar at’'us, the
photosen5|t|&ea Q9DOA% eCid a7t el GIRANEN inte sva 1i bt beam and
-23- to the tirst photosen3|t|ve regi on, e 8 otosen3|t|ve

regions E angne Q@bh@SEQQ@rtglbﬁﬁlsﬁﬁgnﬁ cBﬂﬁhQéEﬂ%élyVio&@Q'on The
photosen5|t|ve regions A, B,
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 will 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 fype (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



Cand D are irradiated with an intensive |light beamand the focus error
signal has a conparatively |lower frequency. Therefore, higher
phot oel ectric conversion characteristic and frequency characteristic are
not required for such photosensitive regions. Accordingly, the
phot osensitive regions A, B, C, and D nsy have the structure of the first
phot osensitive’ region or the second phdtosensitive region. The
enbodi ment 2.of the present invention disclosing a nmethod for formng a
sem conductor photosensitive el enent as the enbodinment 1 will be '

explained with reference to a schematic partial ¢r i..S konalk ~vi ew of a
segiconductoﬁe%{Q%tVQEEFSﬁRﬁwP+9P goRcenisya ﬁﬁn3ﬁ983?§$¥p?§éé§ﬂ 10 _

Fi t, hi gh t ti i it i i ductivit
Tore (oo tyoad BEAEAC LatatPo iR 70 48s Bf BPcebEhal, FRacLCt Vi LY
Y . N ot e . R t
Crefort o) FiESPREY SR CBYSUE fhde Tof! theCath] Sn8RBEYE | bbGXraYEAL, (P 1 VPC)
(not i"UStr@%EPAafEEEPQa.high concentration gotype impurity24for region

where the high concentration™inpurity region and el ement isolation
region 30 argximple, TW6FEN) isSdiffused or ion implanted to 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 regioh 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
semicoﬂductor substrate 1 including the element
isolation region 30 and the high concentration impurity
reéion 10. The semiconductor layer 40 is composed of an
n-type single crystal silicon epitaxially grown'by the
CVD method. In the CVD method, the SiH,/H, gas is used,
for example, as the raw gas, while AsH; gas as the
dopiﬁg gas. The semiconductor layer 40 is formed on the
semiconductor substrate.l 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



formed on the surface of the semiconductor substrate 1. Thereafter, a high

concentration p type inpurity (for exanple, boron) is diffused or ion

i nplanted to the sem conductor substrate 1 to formthe high concentration
impurity region 10 of the first conductivity type (p[err] type) and the

el ement isolation region 30. This high_ g$qpentration I mpurity region 10 is
a buried type.” [Step 110] Theteafter, a sem conductor |ayer 40

of the second conductivity type (n type) is formed (refer to Fig. 3B),
for exanple, by the CVD nethod on t'he senmi conductor substrate 1 including

th | t iSOl Al | | trati | 4

rogi on 10, THE PR LA SRR o8 Sl 16 WU IR BRI o
tal sili i ' : ; TR I fod,

ThL S or 1) RS NP WS Bldde 4R e AT

ASH err] gas tife tdeyptoiniirdasy. T $€FHeaNHClitte lstllcofductdor med on
the sem conductor substﬂg?% ?@;n t he thicknggs of 4 [err]lm Wile the

seni conduct orldyererd ¥ ®f thwidevord loonduewiviay Ryde (n typededbAduct or
| ayer 40 above the high concentration inpurity region 10 and the el enent
- 25- i sol &heohiglyiconcdh tratdon drpard tiyhe elgiiost 100acdc the t y

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 11
composed of the high concentration impurity region 10
formed on the semicohductor 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



type (p+ type) due to outer diffusion and auto-doping of the p type

I mpurity. As a result, the sem conductor |ayer 40 of the second
conductivity type (n type) above the high concentration inpurity region 10
and the elenent isolation region 30 is reduced in thickness to about 2
[errim [Step 120] Thereafter, in order to conplete the el enent
i solation-regi 6n 30, a mask (not iIIusrTaﬁed) Is provided on the

sem conductor | ayer 40 above the elenent isolation region 30 and then
boron is ion-inplanted thereto. As explained above, a first photosensitive

-region forne OﬁfcﬁtPhﬁ hotq | ec riﬂi,o%%nsvers.i an %re;‘g%%ééirﬁc%%g?e of the
hi gh concentr 'lfr%iﬁi eraé%\ ey C r

b 1 P . 4Q f | [ [
10 and a seditt M SRR MFDaA0 Hos dasUsBiain ) or S 7o "

conversion | t fayqyﬁ?ﬂ$§g_the sem conductor layer 40 fornmed on the
sem conduct o substrat are fornmed (refer to Fig. 2). Thereafter, .an

anode terminal and a caholaHdHd ¥ M¥latidd WS Rldut GRadOEsRd W th

al umi numor alumnumalloy to each photosensitive region by the known
nmet hod and photosensitive element depending off-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 photoelectrié 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 region is formed of a
photoelectric conversion layer 21 of the second
conductivity type (n type) formed, on the semiconductor
substrate 1, fhicker than the photoelectric conversion
layer 13 forming the first photosensitive region.
Moreover, the photosensitive regions are isolated by an

element isolation region 30. Fig. 4 illustrates a



the surface of each photosensitive region is covered wth a covering
material (not illustrated) for the ‘protection purpose. The
enbodi ment 3 relates to a sem conductor photosensitive el ement dependi ng
on the second profile of the present invention and a nethod for formng
the sane. .A schematic partial cross-sectional view of a sem conductor
phot osensitive el enent of the enbodiment 23 -is shown in Fig. 4. The first
phot osensitive region is conposed of a high concentration inpurity region
12 of the second conductivity type (n+ type) formed on a sem conductor
substrate 1 of the first conductivity type (p type), a photoelectric
conversion | epaple3off thee £ivetophodosemsti vteyrtegpen@namﬂpe) cowpled on the
high coneentration inpurity region 12 and a first conductivity type |ayer
(p+ type | ayef) the secend mhotosensddlivet megiepsver sion | ayer 13.

Meanwhi | e, the second photosensitive region is forned of _a hot,oel ectric
conversion | ayer 21 of phateed ectsdguoonverpioppd ayer: y3eFOrBiA, on

the sem conductor . substrate 1, i cker than ,th photoelectrlc cqnver si on
| ayer 13 forﬁﬁﬁgfﬂﬁ tﬂﬂﬁﬂﬁi£3M§ Fiegd e 4 |o% mﬁﬂve59 3

photosenst 1142 L2 90 iteds S Y WHLLe" VI Bhd 3Tk °01 o0 30

conversion layer 21 forming the second photosensitive
region is formed, for examplg, in the thickness of 4 pm;
Moreover, the semiconductor substrate 1 is given the
impurity concentration of 3 x 1015/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 107/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



- 27 - couple of the first photosensitive regions and a couple of the
second phot osensitive regions. The phot oel ectric conversion

| ayer 13 forming the first photosensitive region is fornmed, for exanple,
in the thickness of 2 [err]m while the photoelectric conversion |ayer 21
form ng the secqgnd photosensitive region is formed, for exanple, in the
thickness of 4 [err]m Moreover, the serggconductor substrate 1 is given
the inpurity concentration of 3 x 10[err]/cnferr], while the high
concentration inpurity region 10 is given the inpurity concentration of 5
x 10[err]/cnferr] and the photoelectric conversion |ayers 13 and 14 are
gi ven the inpsubstyraterc et ritie @it condifditdrwilty ype | (p regpeyti vel y.
The enbodi nent 4 of the present invention disclosing a nethod for formng
a sem conduct prefehdtaRigd t5A)k. elRorerthiss punposthod mask provided
explained with reference to a schematic partial cross- sectional view of
the sem condiith anmapertureHowthen regipn whene e highep 200]

First, a high concentration inpurity region 12 of the second conductivity

type (n+ typeoReRPErAtiamempur ity nagden dg i o &e thprmed sinot

conductivity | ¥PsdPated )Y formed on the Burface of the SO conductor
semiconductor substrate 1. Thereafter, a high
concentration n tybe 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]



- 28 - 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 formed (not
illustrated) is forned on the surface of the sem conductor substrate 1.
Thereafter,. a high concentration n type_ inmpurity (for exanple, arsenic) is
diffused or ion-inplanted to the seni contfict or substrate 1 to formthe
hi gh concentration inpurity region 12 of the second conductivity type (n+
type). Next, a mask provided with an aperture in the region where the
el ement isolation region 30 is to be formed (not illustrated) is forned on
the surface of the sesubsedueinylulsifiaist benllvondhicter, layerghl
concentration p type inpurity (for exanple, boron) is diffused or
i on-i npl ant edft éhieh sesemdc aomhduotri vsEitys thygpee (nl tiypefods Loraledyefior
isolation region 30 of the first conductivity type (p[err] type). Here,
the formati ofxanpdeendy &het IGVDhimgthosh o tthe: isemicgnductprr egi on 12  and
el ement isolation region 30_may be inverted. This _ high concentration
i mpurity regPukstzate df ined % ¢he piement 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. In the CVD method, SiH,/H, gas, for

example, is used as the raw gas, while the AsH; gas as

the doping gas. The first semiconductor layer 41 is

formed on the semiconductor substrate 1 in the thickness

of 4 m. 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])



- 29 - . Subsequently, a first sem conductor |ayer 41 of the
second conductivity type (n type) is formed, for exanple, by the CVD

nmet hod on the sem conductor substrate 1 including the elenent 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 grown by the0CvD nethod. In the CVD nethod,.
SiHerr]/Herr] gas, for exanple, is used as the raw gas, while the AsH3
.gas as the doping gas. The first sem conductor layer 41 is fornmed on the
sem conductor substrate 1 in the thickness of 4 [err]m Wile the first

semi conductor |ayer 41 Next £na tdecond Ysaiivondacbert 1afet haaf bESthe

sem conductor |ayer 41 above the high concentration inpurity region 12

and el ement . ifiotsit i condwat oni 39 oypes(p’o tpe) tie Sexmed oxotbecfivsty type
“(n[err] type) and the-first conductivity type (p[err] type) due to the

out er diffusisemigahdugtor kayenglbfahdwe pche peighpooncgntrationesul t,, the
first semconductor |ayer 41 of the second conductivity type _(n type)
above the hi gHMR\bHdShtFegiom 13plrefigr rq)ibig 125Chnd Bhensaeondol ati on

region 30 is reduced in the thickness to about 2 [errlm
- 30 - semiconductor layer 42 may be formed by diffusion or

ion~implantation of the p type impurity (for example,
boron) into the first semiconductor layer 41l.
[Step 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 6n the impurity region and
the second semiconductor layer 42 (first conductivity
type layer 14) formed on the photoelectric conversion
layer 13. 1In addition, the second photosensitive 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



Next, a second sem conductor |ayer 42 of the first conductivity type
(p[err] type) is fornmed on the first sem conductor |ayer 41 above the high
concentration inpurity region 12 (refer to Fig. 5C). The second

sem conductor |ayer 42 nmay be formed by diffusion or ion-inplantation of
the p type_inpurity (for exanple, boron) into the first sem conductor

| ayer 41. [Step 230] Thereaf3drs-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 elenent isolation region 30 and
boron is ion-inplanted to the mask. Thereby, the first photosensitive

region is fanRtHatd®) e £OMENERd4vh ipHBtiddend Bgive degid®r med on

t he sem conductor substrate 1, the photoelectric conversion |ayer 13
conposed of fwWitH aluemimmidictgluminyimi allldwbeclon Kiown methdd tegi on and
t he second sem conductor |ayer 42 (first conductivity type |ayer 14) :
formed on t hegtexrt diecul taconfredchn piohagensitive akgiomwithea second
phot osensitive region fornmed of the photoelectric conversion |ayer 21
conposed of QAvering makelishdinetri lnatratedorfan e protestiarwnduct or

substrate 1 is also formed (refer, to Fig. 3)., An anode ternminal and a
cat hode t er nib¥gPqEfyt 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 depénding 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
Fig. 6. The structures of the first and second
phbtosensitive regions are the same as the structure of
each photosensitive 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).



- 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 isolati.on region 30 may be executed before the [Step 220].

The enbodinment 5 relates to a sem conducior 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 tive regi onsAamethbé Sarefasmihg theusemiconfluctarhdevice

phot osensi tive region explained with respect to the enbodinent 1 and
detai |l expl apfit the embodimentshristsubstantiakilyt theheame ASeaseni conduct or

device of the enbodinent 5 is defined as a bipolar transistor, in nore
practical, amQEF?ﬂcﬁPrnﬁﬂrmyBQ %hﬁoﬁaﬂlﬁPaﬂﬁFEPBrPF@Fﬁﬁénséﬁlﬁﬁe hi gh

Cype) 1 or modSbRRBHE ¥phALaR. a8 orhe BBbPaFBeR of -1 RECRPES EOZoRICt i vi 1y
type (p typgglnt that the manufacturing step of the semiconductor
element is included. A method for forming the
semiconductor devicé of the embodiment 5 will be
explained with reference to Figs. 7A to 7C.
[Step 300]

Flrst, a high concentration impurity region 10
of the first conduct1v1ty type (n* type) and an element
isolation region 30 are to be formed on a 5111con
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 aperture in

the region where a second high concentration impurity



- 32 -

A nmethod for formng the sem conductor device

enbodi nent 5 is substantially the sane as a nethod for formng the
sem conduct or photosensitive elenment explained as the enbodi ment 1

for the

poi nt that the manufacturing step of the sem conductor

of the

, except

el enent

S

i ncluded. A nmethod for formng the sem conductor device of the enbodi nent

S wll be

First, a high concentration inpurity region 10
type (n[err] type) and an el enent

a silicon

type). For thtegion BGeis atotisk formedetnaott hlhuwst epeed)risi fotmedregi on

“explained with reference to Figgs~ 7A to 7C. [Step 300]
of the first conductivity
i solation region 30 are to be forned on

sem conductor substrate 1 of the first conductivity type

where the high concentration inpurity region 10 and el ement isol at
regi on 30 arethe surfdce nefl (hetsénicondaced) sybdiorakeel bn tAchighnface
t he sem conductor substrate 1. A high concentration type inpurity (for
exanpl e, bor crgngentnaticed ckypenimpunptan( £or texanplecnaraenie) ot s

substrate 1 to formthe

(p

i on

of

hi gh concentration inpurity region 12 of the first

conduct i vi ty B8R diifused 9ndonmimplanted kot the demiepnduePon 30. Next,

a nmask provide ith a erfure in ‘the reqi wher e secpnd hi gh
concent Fr)at?/:)r?‘ﬂ?%%ﬁﬁ%?ri ai?o %grm tl:he seconggllaf&: concen rat:‘.)on '9

impurity region 50 of the second conductivity typé (n*
type) (refer to Fig. 7A). Formation of the first high
concentration impurity region 10 of the first
conductivity typé'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.



- 33- . region 50 is to be forned (not illustrated) is forned on the
surface of the sem conductor substrate 1. A high concentration n type
impurity (for exanple, arsenic) is then diffused or ion-inplanted to the
sem conductor 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 concent3ation inpurity region 10 of the
first conductivity type and el enent isolation region 30 and fornation of
.the second high concentration inpurity region 50 of the second
conductivity type may be executed in the inverted sequence. These high
concentrati on7BypurThis regep may barskddutts® i e sdme imanagpeasThe
second high concentration inpurity region 50 provides a |ow resistance
pat h ext endi ngheo[Stér k10 ] enf orhé rembadimertt \le. r egi on of a bi pol ar

transi stor as the sem conductor elenent to be formed rater. [Step 310]
Next, a sem cbPtept320) ayer 40 of the second conductivity type (n type) is
formed on the sem conductor substrate 1 including the elenent isolation
region 30 and the firstTRerrakiend in grde e monniese i thrirelsmersi ons 10

and 50 (refer to_Fig. . . . .
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 conversioh layér 11 composed of thé
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. 1In 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



- 34 - « 7B). This step nmay be executed in the sane nanner as the [Step
110] of the enbodinent 1. - [Step 320] Thereafter, in order to
conplete the elenent isolation |ayer 30, a mask (not illustrated) is

provi ded on the sem conductor |ayer 40 above the elenent isolation region
30 and boron is ion-inplanted to the mask. Thereby, the first

phot osensitive region, formed of the phssoel ectric conversion |ayer 11
conposed of the .first high concentration inpurity region 10 forned on the
sem conductor substrate 1 and the sem conductor |ayer 40 fornmed on the
first high concentration inpurity region 10, may be formed. In addition,

t he second photdspiantiakd onegiforchieopmeypef impa rEigt ddicer texdamplennver si on

| ayer 21 consisting of the sem conductor |ayer 40 fornmed on the
sen1conductob°§99§tﬁa¢@ theapgemilcondustiosr hayer &lor tRommagiorcef [Step

330] with the nethod of the related arts, a sem conductor
el enent consﬁ§F|H§58f53 méﬁtP@aﬁopfpélﬂﬂﬂtﬂ&q&ﬂﬁiyth%u%ﬂQﬁ(N is to be
formed on the_ s onduct or_ .|l ayer 40 on ond hi gh cqnc ntratlon
impurity regd Wgﬁ g%at;&p efi bogery&8e com ﬂg %

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 regioh 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 semiconductof element and each photosensitive region
are electrically connected, as required, with a wiring

composed of a metal wiring material.



the p type conductive region is fornmed by diffusion or

- 35 - lon-inplantation of the p type inpurity (for exanple, boron)
into the sem conductor |ayer 40. Formation of the base 52 may be done
simul taneously by ion- inplantation of boron to conplete the el enent

Isolation region 30 in the [Step 320] (refer to Fig. 7C). Next, a

col l ector 51 and an emitter 53 consisting®of the n[err] type conductive:
region are formed by diffusion or ion- inplantation of the n type inpurity
(for exanple, arsenic) into the sem conductor |ayer 40 and a part of the
base 52. As expl ained above, the sem conductor device shown in Fig. 6 can
be nanufactured. [Sted Fmhematic partiatheregpreectipngdoyiemeafi nal and a
cathode termnal (not i]Jlustrated) are fornmed w_th alum numor al um num

al 1 oy by t he WfAFTHAMARGOT AoV 1980 O $BEs PIPPELRER O 4%d the surface of
cReh. PROLOSSHIue Lol G0 o OBt S BB BeCRLel Gl el Pt
L0 e ol Lot o 10, Pk B3R T gRuct o7 ot oot
electrical ly SQMARUAH oA %ddt PriotdseWsi®iFe M bh98n 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 thé

first conductivity type (p type).

A method for forming the semiconductor device

of the embodiment 7 may substantially be set similér to

the method for forming the semiconductor photosensitive

element explained with reference to the embodiment 3,

except for the point that the method 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 impurity

region 12 and a second high concentration impurity



copposed of a nmetal wiring material. - 36
- A schematic partial -cross-sectional view of the

sem conduct or device of the enbodinent 7 is illustrated in Fig. 8. The
structures of the first and second photosensitive regions are simlar to
the structure of each photosensitive region explained regarding the
enbodi nent 3 and detail explanation therdof is omtted here. The
sem.conductor element 6 of the enbodinent 7 is also defined as a bipol ar
transistor, in nore practical, a vertical npn type bipolar transistor
formed above the high concentration inpurity region 50 of the second
conducti vi ty degior rierof tHe/ Ecdnd reshdurt el tseniypmendust drypepandit e 1 of
the first conductivity type (p type). A nmethod for formng the
seni conduct oranielementofigdia o diegdan Bovof sihsstfinstal ¢gnductivityni | ar
to the method for formng the sem conductor photosensitive elenent

expl ai ned wi tt¥pefiD’era@elo anee tonibedifiermeds on exeddiiga®n the point that
the method for form ng the sem conductor device is included.,6 The net hod

for form ng SeRiconiuiRrauRstyated @f tHhe digik RApductiyiey tFEpe pe
expl ai ned w t(hp rte;gé)en(creeéeor Ft-log SFi’gg.A 9tAO) .gD'FoJ S{—Eheips 43191]pose, a mask '

(not illusfrated) 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 semicénductor substrate 1. The first
and second ﬁigh concentration impurity regions 12 and S50
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 elemént 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 concentrétion impurity regions 12 and 50 and

formation of the element isolation region 30 may be



First, a first high concentration inpurity region 12 and a second high
concentration inpurity - 37 - regi on
50 of the second conductivity type (n[err] type) and an elenment isolation
region 30 of the first conductivity type (p[err] type) are to be forned on
a silicon semconductor substrate 1 of the first conductivity type (p
type) (refer to Fig. 9A). For this purpb@é,‘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 formed is forned on
the surface of the sem conductor substrate 1. The first and second high
concent r at i'oinverited U n eheoforivdtdon sequehcehe Thesedhdghductivity type
(n[err] type) are formed by diffusion or ion-inplantation of a high
concent r at i ocomcentra tilopudmpp riftyr regdopise 12bendnb0i are olffe theeni conduct or
substrate 1. Next, a mask (not illustrated) provided with an aperture in
the region WeEied k¥p&.ement isolation region 30 is to be forned is
formed on the surface of the sem conductor substrate 1. Thereafter, the

el ement isol 45t8® Ad@ilon 30 of the first conductivity type (p[err] type)

e T st on e o AR SRl R, OG0 7
second conductivity type (n type) is formed on the
semiconductor substrate 1 including the element
isolation region 30 and first and second high
concentration impuiity 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 isolation 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 semiédnductor layer 41 formed on
the semiconductor substrate 1 is formed (refer to Fig.
9C).

[Step 436]
Next, with the method of the related arts, a

semiconductor element consisting of the vertical npn



substrate 1. Here, formation of the first and second high concentration
I mpurity regions 12 and 50 and formation of the elenent isolation region

30 may be - 38- inverted in the
formati on sequence. These high concentration inpurity regions 12 and 50
are of the burjied type. [Step 410] Next, a first sem conductor

| ayer 41 of the second conductivity typ%g(h type) is fornmed on the

sem conductor substrate 1 including the elenent isolation region 30 and
first and second high concentration inmpurity regions 10 and 50 (refer to
Fig. 9B). This step may be simlar to the [Step 210] of the enbodi nent 2.
[Step 420] bipolar traheisabreis to bedéormedconptbee filretel ement

i sol ation region 30, a mask (not illustrated) is provided onthe first
sen1conductoﬁemay@ndngtaboiéyehe4leabnvﬂtthsoﬁéppod hdghon 30 and boron is
then ion- inplanted thereto. Thereby, the_second photosensitive region
formed of thG°Bﬁ§F6éF§éPP|émEBﬁ9§YSFQEIP§y§p-21F°€oﬁ§ﬂ§tPH@P@FeUh@'f|rst

sem conduct o Iayer 41 formed on_ the sem conduc substrate 1.is forned
(refer to Flb 52 con51st1ng of the p type con uctlve region is

formed by diffusion or ion-implantation of the p type
impurity (for example, boron) into the fi{gt
semiconductor layer 4l1. 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
diffusioﬁ 6r idn—implantation of the p type impurity
(for example, boron) into the first semiconductor layer
41. Here, formation of éhe 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, 5ormed 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



9C). [Step 430] Next, with the nethod of the related arts, a
sen conduct or el ement consisting of the vertical npn

- 39 - bi pol ar transistor is to be fornmed on the first sem conductor

| ayer 41 above the second high concentration inmpurity region 50. For this
purpose, a base 52 consisting of the p yype conductive region is forned
by diffusion or ion-inplantation of the p type inpurity (for exanple,
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
concentrat i ot 4)mfinuned ranyithe photgekegtrisc mopveggionTdayasc may

sem conductor |ayer 42 may be forned sinultaneously with the base 52 by
di ff usi on or b qqﬂﬂ@ﬁnatlon of the type inpurity (for exanple, boron)

Lo conduetof 1 561 sy S e ol BB R P
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I mpurity reg%y1d¥%éugfgﬁjé¥]1on-1mplantatlon 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 or 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'fprmed to the collector 51, base 52
and emitter 53 of the semicénductor 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



t he sem conductor substrate 1, the photoelectric conversion |ayer 13
consisting of the first sem conductor layer 41 fornmed on the first high
concentration inpurity region 12 and the second sem conductor |ayer 42
(first conductivity type |ayer -40 -

14) fornmed on the photoelectric conversion layer 13, nmay be forned.

Next, the collector 51 and emtter 53 'c6h§15ting of the n[err] type
conductive region are forned by diffusion or ion-inplantation of the n
tyge inpurit¥ ngL exanpl e, boron) into the first sem conductor |ayer 41
and a part of the base 52. The sem _c¢onductor, devic i.llustrated in Fig. 8
may be for ne@x®dadngdyiife @aghoembodineat ggg]pract?cal mefﬁﬁ%tafter, ag

anode termngl, and a cathode, termnal, (not il lustrated) are forned to each
phgt osensi ti s&d Wit I?a:%huﬁl%ﬁé’mwgl"c Gﬁlenﬂrﬁ\%é:f:ﬁgf%gfﬂtyhéskr%%n net hod
and the surface of; each .phqtosensi td. reqi Is o\er Wi GR4er i ng
mlat eri alj (notexaf“ﬂ]ﬁ&'r aféﬁ%&o%@ﬁglﬁ&t&%&gﬁaﬁae (go\éégo tt-“;ﬂeé (?tlher hand,
el ectrodes arg _for . cql 1. bas It L g e t he
sem conduct orC%edge&rrc%ﬁ'&lté: dtél}%ee qge%%gfg'%gactagr i’e?&%ﬁt %?lglgmect r isce;bﬁﬂf
connected as gonductivity 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. In
the embodiments, moreover, a semiconductor element in
the semiconductor device has been explained only as an
example of the vertical npn type bipolar transistor, but
the semiconductor element is not limited théreto 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
photosensitive 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



required to each photosensitive region with a wiring 1 consisting of an
nmetal wiring material. The present invention has been :explained o
the basis of the preferred enbodi nents thereof. However, the present

i nvention is not
nodi fi cati ons_ of

limted thereto and allows, as required, various
nunmeri cal val ues - 42 -41-

expl ai ned i n each enbodi nent and practical-nethod di scl osed in each step
which are indicated only as the exanples. In the enbodi nents expl ai ned

above, the first

conductivity type is defined as p type, while the second

st conaudtPHTEgRaeResE oo ebands bivd L Hhnt R FOMEmANRE, (Vpe as

type. In t

sem conduct or devi ce has been expl ained only as an

di nents, noreover, a semni conductor elenent in the

npn type bipolar transigtghe ﬁ@éh°ahﬁ°feﬂ3£ﬁ?ﬂ%fﬁﬁﬁ SariEsHadSegwt limted

thereto and may

be explained as a variety o ar transistor such as

lateral pnp dewicdidp! Btie t prESeSE OinPénfor, ftieé hafifftudtimgsi stor.
The sem conduct or photosensitive elenment or sem conductor device of the

present inventocesLANEdE epamplepdofi the bipobar phedmsitor iof tiagi on .

havi ng

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

characteristic and the second 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 as 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

n

p

exanpl e of the vertical

a



excel l ent frequency characteristic and a second photosensitive region
havi ng excel |l ent photoel ectric conversion characteristic. Thereby, the
;operation characteristic of the sem conductor photosensitive elenent or
sem conduct or device can be optim zed, enabling inprovenent in total
characteristic of the -4 - 42 -

sem conduct or photosensitive el enent or seﬁ%éonductor devi ce.

In the method for form ng the sem conductor device of the present
rinvention, the manufacturing process, for exanple, of the bipolar

transi stor of Adigye T $Fa%9rmatio Jprocess of the el enent

i sol ation region 30 ?nggﬁeﬂ*‘%)errnéa i rpl"d%’(—?stg”g’fg RRlanidy afdignals ayer’
40 (or first sam bendudled duyyer 41) and the second sem conductor |ayer 42
may be introduced as the common process. Therefore, the first

phot osensitive regi on having excellent frequency characteristic and the -
second phot osensitive region having excellent photoel ectric conversion
~characteristic can be forned together wi'th the sem conductor elenent only
by nodifying a little the conventional nanufacturing process of the

bi pol ar transistor. Moreover, polarity of the signal outputted



fromthe first_photosensitive—+region can be changed by formng the first

phot osensitive region as the anode termnal common type otfje
t erm nal cOMUDThis ShygdHas BBk d the anplifier for anpl

outputted from sensitive region and th

circuit can be i der .

range or the inverter tor inverting pol-adéty of signals can be ruled out.
-44- WHAT IS CLAIMED I S: 1. - A sem conduct or photosensitive

el ement conprising a first and a second photosentitive regions, whereby
said first photosensitive regionis different fromsard second

phot osensitive regi on WHAThd SstOLADMBI: Ifisd t hereby said first

phot osensitive region has the photoel ectric conversion characteristic and
frequency charactieri stlic dissmigandugtary ahotosenaifdise Elerent second
phot osentitive regian; . said first photosensitive regionis
conposed of SORPEH SR éhifidstoand iaymacand phgtasensitive tegignfictivity

LB o e BeRehS s e, e R Y 1P
on said inpu&&%& E*¥dM§econd photosensitive region in the structure
and thereby said first photosensitive region has the
photoelectric conversion characteristic and frequengy
characteristic which are different from those of said
sécond photosensitive region.
2. A semiconductor photosensitive element as
recited in claim 1, wherein;
said first photosensitive'region is composed
of a high concentration impurity region of a first |
conductivity type formed on a semiconductor substrate of
the.first conductiyity type and a photoelectric
conversion layer of a second conductivity type formed on
said impurity region;
said second photosensitive region is composed
of a photoelectric conversion layer of the second
conductivity type, formed on said semiconductor
substrate, thicker than fhe photoelectric conversion
region consisting of said first photosensitive region;

and

* [ L M - *



sai d second._photosensi-tive-region i s conposed of a photgekeetri-e.
conversion | ayer of the second :.conductivity type, fornddTers SBEET HAS BEEN
sem conduct orrhxsehctHaaBTII@i{cs«er than the photoel ectridj conv@EALACEDegi on

consi sting of t osensitive region;
photosensitiv sol at ed by el enment isolation regi ons forned

t her ebet wee m cofdluct or phot osensi tive el enent
conprising a first and a second photosen3|t|ve regi ons, whereby said
first photosensitive region is different fromsaid second photosensitive
region in the structure and thereby said first photosensitive region has

the photoel ectric conveespestitar ppbebsehsitiveapdgionguapey isbaagederistic
which are different fromthose of said second phot osensitive region;

-45- bypi elément pbolattoni tegdéonsgformed thepebeliwebna hi gh
concentration inpurity region of the second conductivity type fornmed on a
sem conduct or substraBe oA semitonductondpbotosensippuweaeproensl ectric
conversion layer of the second conductivity type formed on said inpurity
region and arécited t@nelaimvilyywhepeinayer forned on said photoel ectric

conversion | ayer; sai,d second photgsensitive region is conposed of
a photoelectric conveF§F€an5§§rPBPtPﬁSn§éEbHE E8H4ORt 1§ CPMPOBRY f or med

d duct bst thicker th | ect
Conver i on 19bck BLBAnPRRSERF§aFEPE: LBRGFOE¥nLFE0B PEGRDR. ERRR.

respective pghasenshityery sy 283ndhCoho8! BbRTcBHahBECF' SUBME LR BF O

the first conductivity type, a photoelectric conversion
layer of the second conductivity type formed on said

impurity region and a first conductivity type layer
formed on said photoelectric conversion layer;

said second photosensitive region is composed
of a photoelectric conversion layer of the second
conductivity type, formed on said semiconductor
substrate, thicker than the photoelectric conversion
layer forming said first photosensitive region; and

respective photosensitive regions are isolated
by the element isolation regions formed therebetween.

4. A semiconductor device composed of a
semiconductor photosensitive element and a semiconductor
device as recited in any one of claims 1 to 3.

5. A semiconductor device as recited in claim

4, where a signal processing circuit is formed together

RO TR A 1



m}egions'forned_LhELebeLmeen+msa}d phot osensitive conversion |ayer of a
second conductivity type in said first photosen5|t|ve'
phot osensi ti veThlssma\HnsBeemRe}tl@y‘br of a second conducti Vit gTHARPH

BYIHE
second phot oseng]i t are a sane |ayer. REPLACED
of ‘a sem_cggduct or phot :
e

sen conductor d

and a seni conductor vice as recited in any one of clainms 1 to 2.

4. A sem conductor device as recited in claim3, where a signal
processing circuit is forned together -
46 - with said seniconductor photosensitive Iene on.the '
substrate usWhﬁhs§ﬁadséﬁﬂéSﬁHQEFgPrdEOPE@senSltlve e gmeg GBthgl pi ckup

device as recited ig claim4, co Li,SiN onduct Qr__devi ce form ng
said seri cofi@li€t BRPERER g@eH§FP9v§ épeﬁﬁﬂfcgﬁ ug% gﬁH&EPdr elenent are

formed in-the same sub traégdopﬁlgﬁéiRﬁgﬁugoﬁsglggthga&e § G @k | g an

r epr oduci ng devi ce as éci rising ¥ optlca plckup

devi ce. 0%31%|8f F ﬁRSIg}ﬁgngugaﬁgcggﬁhﬁﬁo§sdE%ﬁbEerrﬁl g@ig 3

conprising a oried above concent rati on
I mpurity regbQﬂlegnHUEtBQCBﬂQtSQEHHQEiVbtElement and semiconductor

element are formed in the same substrate,

7. An optical recording and reproducing
device as recited in claim 6, comprising said optical
pickup device.

8. A semiconductor device as recited in claim
4, comprising a bipolar transistor formed above a high
concentration  impurity region of the second conductivity
type formed on said semiconductor substrate of the first
conductivity type.

9. A semiconductor device as recited in claim
8, forming a signal processing circuit utilizing a
bip&lar transistor as said semiconductor element.
| 10. A semiconductor device as recited in
claim 4, forming a photodiode for detecting focus error,
tracking error or optical.signal utilizing said
semiconductor photosensitive element.

11. A semiconductor device as recited in

claim 9, comprising a current-voltage conversion circuit

__——---/
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type fornmed on-saird—senm-~conduct-er-substrate of the first conductivity
type. .8 A sen1conductor device as recited in claim

formng a S|gnal @@lt utilizing a b|pT—r~‘ An: ﬁA@BEBﬂ‘
sai d senlconducto I ' PO, IEXCEQ as
recited in- cl a photodlode for detect*ﬂ:__;ﬂL,. ————— -
tracking error or optlcal signal utilizt @ Sai d sem'tonduct or
phot osensitive el enent. 10. A sem conductor device as recited
in claim8, conprising a current-voltage conversion circuit
- 47 - within said signal processing circuit utilizing said
sem conduct oyieh¢eBaid signal prockbsifg eftricudlt Ritdlupicgvisaddas recited
in claim8 nmounting said sem conductor device. 12. An optica
recordi ng andemépoaducitoy @dememntas recited in claim8, conprising said
optical pickup device. - 48-

12. An optical pickup device as recited in

claim 9, mounting said semiconductor device.

13. An optiéal_recording and reproducing
device as recited in claim 9, comprising said optical
pickup device.

| 14, A method for forming a semiconductor
photosensitive element éompriéing 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:; |

(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 photqsensitiﬁe-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; énd (b) a second photosensitive
region formed of said photoeiectric conversion layer |
consisting of said semiconductor layer formed said

semiconductor substrate.

Lo



14.. A met hod forwiopﬁvﬂg-a—senfCGﬁdUctor phot osensi tive elenent conprising. .
the steps of: (A) for on a sem conduct or %i 'PHASE@@N

first conduct|V|tyh$ centratlon inmpurity r gT6ﬁ5 FD
second conduct|V|t | H el ement isolation regionipof th
conductivity type (B) forn1ng, on the sem conduct or

substrate and high concentratlon |npur1 Teglon, a first sem conductor

| ayer of the second conduct|V|ty type and then formng a second

sem conductor |ayer of the first conductivity type to the first

sem conductor layer on said high concentration inpurity region, thereby to
form (a) a first photasnsid imethodifer FoHmiRd Ofseddiconduidtior
concentration inpurity region formed on said sem conductor substrate,

phot oel ect r i phutrossTs idhi vea\elementn Totiprigivig tthe fsteps % conductor | ayer
formed on said inpurity region and a second sem conductor |ayer f or med
on said photoel ectric dévveimiming,apar a semiconductorsscdat nate asensitive
region formed of the photoelectric conversion |ayer consisting of the
first sem corfdictfdrst ganductiyikyd typesaiad ol congentaatdmstrate.

15. A met hod for formng.a sem conductor devi ce . conprising steps of:
impurity region of the second conductivity type and an

._.-.—-,-—-—'_' N

element isolation region of the first conductivity type;
and | ' |

(B) forming, on the semiconductor substrate
and high concentration impurity region, a first
semiconductor layer 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 regiqn composed of said
high concentration imburity region formed on said
semiconductor substrate, photoelectric conversion layer
consisting of the 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 forméd of the photoelectric
conversion layer consisting of the first semiconductor
layer formed on said semiconductor substrate.

16. A method for forming a semiconductor

device comprising steps of:

llIIlIIl [l lllll lllll Il



- 49 - -~ (A) forming, on a semiconductor substrate of the first

conductivity type, a first high concentration inpurityr ;ﬂmﬁéﬁEETHASBEEN"

conductivity type,,.a SHRRRejI@l ation | ayer and a secolld ' L

concentration i npy ce T the second conducti vityl{t ype; REPLAGED |
r‘ ﬂmﬁi\[ﬂH second conductivity type on sard

(B) a sem conductor

sem conduct or subst nd .secod® ki gh concentration inpurity
regions, thereby to form (a) a first photosensitive region forned of

said first high concentration inpurity region forned on said sem conductor
substrate and the photoelectric conversion |ayer consisting of said

senm conductor |ayer fdi®jedocomisy d dmpaurseniconguatomrsighrateesadnd

phot osensitive region formed of the photoelectric conversion |ayer

consi sti ng ofthéqifd rédnicondmetion tyatampe »f & fdd soh highy cangenhvakion
substrate; and form ng a sem conductor el enment on a

C
sem conduct or"-"'ﬂp&ﬂfértya.li&gé@giq)f Q{%rﬁi%bﬁm‘?‘éﬂ d¥Pes Murity region.
(A form ng. shement. Rt akioR s and @ SEcond S G AORGRRARA ATy ¢y pe,
a first hioh caucanty UL, dAU Ged:l Wbitbe R A"

concentratio

A

(B) a semiconductor layer of the second
conductiviﬁy type on said semiconductor substrate, first
and second high concentration impurity regions, thereby
to form; (a) a first photosensitive region formed of
said first high 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 forﬁed 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. |

17. A method for forming a semiconductor
device comprising thé steps of:

(A) forming, on a semiconductor substrate of
the first conductivity type, a first high concentration

impurity region and a second high concentration impurity

’ * c L M § *



- 50 - - regi-on of-the-seeond—conductivity type and an el enent __isol at

region of the first conductivity:type; (B) f Sl
sem conduct or T t fibs BoemRe %%nd conductivity type on hgmggéﬁ%xgﬁiﬁﬁﬁN
substrate and q ﬂn H H d high concentration inpur AS—ti-6

forma second p

ion

egion forned of the photoelectric conve

| ayer consisting of the first sem conduster |ayer forned on said

sem conduct or 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 o
| ayer of theregion ofntibet secondt gpaductivity typPetandnfBoRYEREBL | ayer on

the first hi
-phot osensi ti

consisting of the first

h concentration inEurigy region to, forma first
isolagion regien of the FhEEbeFRREVFELVIERNVEPE7on | ayer
[ concent

_ hlgh . COl ration lnguaitg region forngg on
seni conduct or subst r at éBdngOFRang; Ast 158k BBRUGREEHC °Fa33¥efopﬁe §n
Uy 1eglon et & SecRld, o SEULEORI EAS" sbALBEnAGEEY Babdrate

phot oel ect ri 8€€8

and first and second high concentration impurity regions
to form a second photosensitive region formed of the:
photoelectric conversion 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 layef 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'first high
concentration iméurity region formed on said
semiconductor substrate and the first semiconductor
1ayer formed on said impurity region and a second
semiconductor layer formed said photoelectric conversion

layer.

rsion

r

sai d
sai d

Ry I l!li _.




:- 51 - - 17 A wetrhodfor formng a seniconductor device

|

said sem conduct or

irecited in claim '- el enppt—izs=a==
bi pol ar transi st oa'ﬂ"siﬁiiﬂt,iliilﬂi’,inlll lill ' _ | THIS SHEET HASD BE
REPLACE
51

18. A method for forming a semicondiuctor
device recited in claim 16 or 17, wherein said

semiconductor element 'is a bipolar transistor.

* [ L M s *
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