20 June 2006 1 SEM CONDUCTOR DEVI CE HAVI NG A LIGHT-RECEIVIgﬁ ELE%ng
OPTI CAL  PI CKUP DEVI CE AND METHOD OF MANUFACTURI NG A SEM DEVI- CE
HAVI NG A LI GHT- RECEI VI NG ELEMENT BACKGROUND OF THE | NVENTION Field of the
| nvention The present invention relates to a sem conductor device having a
light-receiving el enent, an optical pickup device and a nethod of

manuf acturing a sem conductor device having a light- receiving el enent.
Description of the Related Art Photodl odes available as a |ight-receiving
el enent capable of converting a light signal into an electrical signal are
wi dely wused as a control light sensor in a variety of photoelectric
converters, e.qg. a sensor_for detecting, an_i i i.gnal_ (hereinafter
Cererreq EEcmRaRRoPEius miTd oA o R tark Or PG At b rga Ry er r o
si gnal Ok | dikf e afip Sl 8F RkERYuREAKUR sHfdciBulaiR Biived! 1Y
recording or reproducing or for effecting both of optical recording and
reproduction on an optiBAVINEOLUGRP-REGEIVING HiEMENT ght -recei vi ng el ement
is mounted on the sane semi conductor substrate in a mxed state together
with other circuit el eneBREKGROUND QFvENE cENVEMITIONr cuit el enents such as a
bi polar , transistor, a resistor, a capacitor or the |like, thereby being
confi gar8Yda:t e IREEP e Phhot 0- 1 C (optical integrated circuit). Such

phot o1 C TS - 0eael 3 LYo R AGLIEE A dThAECEL AaNGE M uB ol HUYRE! UT T NG
rtran as the above-

met hod of a bi'po sIstor serving
having a light-receiving element, an optical pickup device and a

method of manufacturing a semiconductor device having a light-
receiving element.
Description of the Related Art
Photodiodes available as a light-receiving element capable
- of converting a light signal into an electrical signal are widely
used as a control light sensor in a variety of photoelectric
converters, e;g. a sensor for detecting an information signal
(hereinafter referred to as an RF signal), a tracking error signal,
a focusing error signal or the iike in a so-called optical pickup
device for optically recording or reproducing or for effecting both
of optical recording and reproduction on an optical recording
medium.

This light-receiving element is mounted on the same
semiconductor substrate in a mixed state together with other circuit
elements, e.g. a variety of circuit elements such as a bipolar

~transistor, a resistor, a capacitor or the like, thereby being
configured as a so-called photo-IC (optical integrated circuit).

- Such photo-IC is generally manufactured ihraccordance with a
manufacturing method of a bipolar transistor serving as the above-

mentioned. other ecircuit elements.




mentioned other circuit elenents. 20 June 2006 2 In a phot %ﬁl C h?@d
hi gh- speed and hi gh-sensitivity |ight-receiving el enent, drae 6groposed
such one having a high- resistance epitaxial sem conductor layer. FIG 1 is
a schematic cross-sectional view of a conventional this kind of a photo-IC
in which a photodi ode PD serving as a light- receiving elenent and a

bi polar transistor TR are nounted in a,m xed state. In this exanple, there
is configured a bipolar transistor available as"a photo-1C in which an
npn-type transi stor TR and an anode-comon type phot odi ode PD are forned
on the same sem conductor substrate 1. In this bipolar IC, a high inpurity

concentration patypghotyHiceHavanera Righ-$pudiednanhigr-sdialieisuef ace of one
maj or surface of a p-type Si sem conductor base 2, and a low inpurity
concentlﬂeﬁhtoﬁeﬁeww fgliement entlyied det Propaspsy SBQhCGH@rh@ilﬁg anhiginode

4 f .th hot 0 t | | t hi b d | 3.
Than, | &K BT SE R BREISTTER8b) 16T  buri ed region 5 is forned on
(hrs s se"gsgpgﬁcisora BKBhadils Bosb( SoROILLONL B, W Gf cLREahLANSISLOT

TR i s forned. I npuri concen on buried separating region 6 is
sel ect i mielsy xdepost t £ bhdigi-weenn RASRACHI MRotddicdet pel e8BMirfy aBda O dHie-
separating portion of the photodi ode PD, which will be described |later on,
etc. Al S@ﬂeialtinghelmmt tande at higolaur tednsipamatiRngreegopwrted is aeposid ed, a
p-type hIrTRU ty concentration buried region 8.is_ forned under a

cont act ?ﬁ) dWd Ce| BRGSO AE ?O?Q%{qe@eat Bippian HERBaLBERE PD.

available as”a photo-IC in which an npn-type transistor TR and an
anode-common type photodiode PD are formed on the same semiconductor
substrate 1.

In this bipolar IC, a high impurity concentration p-type
buried layer 3 is formed on the whole surface of oné major surface
of a p-type Si semiconductor base 2, and a low impurity
concentration p-type first semiconductor layer 31 comprising an
anode region 4 of the photodiode PD is epitaxially grown on this
buried layer 3. Then, a high impurity concentration collector
buried region 5 is formed on this first semiconductor layer 31 at
its portion in which the transistor TR is formed. A high impurity
concentration buried separating region 6 is selectively deposited
between respective circuit elements and on the separating portion of

. the photediode PD, which will be described 1ater‘on, etc. Also, at
the same time this buried separating region 6 is deposited, a p-type
high impurity concentration buried region 8 is formed under a
contact portion of an anode electrode 7 relative to the photodiode
PD.

. On the first semiconductor layer 31, there is further

epitaxially deposited a low impurity concentration n-type second




On the first sem conductor |ayer 31, there is further epit %@I%g
deposited a low inpurity concentration n-type second 20 Ju 0%

sem conductor |ayer 32 form ng a cathode region 9 of the photodi ode PD and
a col-lector region 10 of the transistor TR On the surface of the S

sem conductor substrate 1 in which the first and second sem conduct or

| ayers 31 and 32 are epitaxially deposited on the sem conductor base 2,
i.e. the second seniconductor |ayer 32, there is deposited a separating
and insulating layer 11 nmade of Si 2 between electrically-separated

sem conductor circuit elenments or regions by a |ocal heat oxidation, i.e.-
So- cal bedid¢®EStofl dagbr G datrindng oéd Githaienxegiop-2 yyfe thegphotgajiadey
concentration separating region 12 is formed between the separating and

i nsul aFPn@nt & &oliecheri Fgionndf) af i vee didnsdshsePhatThg portion formed
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and the burie separatrng region forme el"'ow t'he "separa

i nsul athB0fi 4AY @nd BeBbAR JIMREbhEYCEOPCRR AL wnalpdt:moearaneg&ﬂfaclﬁ&ode_
deriving region 13 is deposited on the hi'gh inpurity concentration “buried

| ayer 8epasifceai hirgthenpeamnidondoencenbasé i Hn iaekodehe wdcid seritardubdors
deposited on the anode el ectrode deriving region. A p- type high inpurity
concentlREeF of? seihwrgt iAgderapisedl3e sepakedugiat end brsuledipgr laver ddi on 6
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(Local Oxidation of Silicon).

A p-type high impurity concentration separating region 12 is
formed between the separating-and insulating layer 11 at the
insulating and separating portion formed between the circui£
elements below the separating and insulating layer 11 and the buried
separating region 6 formed below the separating and insulating |
layer. A high impurity concentration p-type anode electrode
deriving region 13 is deposited on the high impurity concentration
buried layer 8, and a high impurity concentration anode contact
region 14 is deposited on the anode electrode deriving region. A p-
type high impurity concentration separating region 30 is deposited
on the bqried region 6 formed on the separated portion of the anode
region 4 in contact with this region 6.

Then, an n-type high impurity concentration collector
electrode deriving region 15 and a p-type base region 16 are
‘deposited on the collector region 10. An n-type emitter region 17
is deposited on the base region 16.

Also, on each ancde 4 of the photodiode PD, there is

deposited a high impurity concentration cathode region 18 to which a




is deposited on the base region 16. Al so, on each anode 4 g@gthe &gﬁtodiode
PD, there is deposited a high inpurity concentration cathdfed P84 18 to
which a 20 June 2006 cathode el ectrode 19 is contacted in an ohm c fashion.
On the surface of the sem conductor substrate 1, there is deposited an
insulating layer 21 nmade of such as SiQ2 or the like. This insulating

| ayer has forned therethrough el ectrode contact- w ndows to which the
emtter, the base and the collector efectrodes 20E, 20B and 20C of the
transi stor TR are contacted, respectively. Then, on the insulating |ayer,

there i s deposited an interlayer insulator |layer 22 such as Si Q2 or the

li ke. FAFROIG&deckyede %4 gPvragtaibdinnan ehgrieedashépron a | i ght - shi el di ng
|.ayer 23 made 4.0 I the i and .havi.ng_a |ight-recejvi wi ndow. A
prot ecti ng fiqnmft5§ ?‘glrfc?é%oglktége S PPRARF YR S %F%Fﬁf‘?‘\ 'I&?’gi’:? ¥hen, the

| nsul agiepgsityerns sendidd AaferSAd e SPIIA! LeCkiopn &i ki $9xthat a
detection light is irradiated on the photodi ode PD through the

| i ght - Thtei ning adingolayefr hhe Foghdd theireticuyh ayect2dde Yoaatphetodi ode PD
in the above-nmentioned | C may be arranged as a sensor for detecting an RF
si gnal ¥1Bdeys 89 whieh e smahber arfde pasgcard dheocodiegnkor iedeghropes cal

. pi ckup Vi i.ch.LS le to optically record, reproduce or both record
and-re%ggﬂu%(gB \agplildog?{:coaqa ¥ e%ﬁ?’&ﬁ#gt%gf{uﬁfe {SOtELERPr eFegPREELYAL hows a
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detecting {he RF si g?\al , t%g ??%ﬁkﬁrgg&eeggg#é%géﬁgﬁ glflldﬁ%t%gl?g%ﬁs error

si gnal insuldeomiyeal 2pistichpas IS COr €1 18%30P| thid AnkBir-sagae@npl e, three

| i ght spots of a center
insulator layer has formed thereon a light-shielding layer 23 made
of Al or the like and having a light-receiving window. A protecting
film 24 is deposited on this light-shielding layer.

Then, the insulating layers 21 and 22 are used as
antireflection films so that a detection light is irradiated on the
photodiode PD through the light-receiving window of the light~
shielding layer 23.

The photodiode PD in the above-mentioned IC may be arranged
as a sensor for detecting an RF signal, a tracking error signal and
a focus error signal in an optical pickup device which is able to
optically record, reproduce or both record and reproduce an optical
recording medium, for example.

FIG. 2A shows a plan pattern view of the photodiode PD
available as the sensor for detecting the RF signal, the tracking
error signal and the focus error signal in the optical pickup
'device, for example. In this example, three light spots of a center
1light spot SPy, and side spots SPg; and SPg, on both sides from an
optical recording medium, e.g. optical disk are irradiated bn a

quadrant photodiode PD,, for example, and photodiodes PDg; and PDg, on




i ght spot SPo and side spots SPS1 and SPS2 on both sides L%Ogﬂ;aagoof)opti cal
recording medium e.g. optical disk are irradiated on a (q fi

- phot odi ode PDO, for exanple, and photodi odes PDS1 and PDS2 on 20 June 2006
5 both sides, whereby the focus error signal is obtained by a calculation
of (A+C)-(B+D) where A to D respectively represent outputs

phot o-el ectrically-converted at respective portions AL B, C and D of the
guadr ant phot odi ode PD, the tracking error si gnal is obtained by a
calculation of (E-F) where E and F respectively represent the outputs of
ot her two photodi odes PDS1 and PDS2 and the signal read-out output, i.e.
RF si gb9th sides aiviedeby bheafaaisaproar wign@A+BsCeipjained ByG: 2B sinilarly

h | fot h [ PD  which i lied t tical
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A, B an@ p &t .tHe duhligasaSghotddieabwep phateodiradRi RYrd S sBgnf and B, C
at the center of the respective photodi odes are forned as extrenel y-narrow
st ri peAbtRaned oy aér walehlanigmasi (ERF) fwlremex &nphd. F Timspeottiealput put s of

the respective portions A, Dand A, B, , D of the respective

B, C 3 C
phot odi"S®EES PRI OBBPULF °F PELT PRI Bhofesindast BPgeand BDs: @ndDtasd A’

B, C gi a UsS. . € i i iy . ulatio (B+O) -
(AFD) _51(13(11 %-lfcé‘%fb%(tm&i%{’?f', R LN ﬁ% Bhe8158 el o8lelaeibing by a
cal cul aifi qa+atc{py,.B+C +D') - (C+D+A +B') and an RF signal is obtained by a
cal cul ation of (A+B+C+D) + (A +B'+C +D'). In the sem conductor device

havi ng t he phofbéi @®e sdimilaely shows an example of the photodiode PD
~which is applied to an optical pickup device, for example. In this
exampie, spots S5P; and SP; are irradiated on the photodiodes PD; and
PD; which are respectively parallelly divided by four to provide
photodiode portions A, B, C, D and A‘, B', C', D'. In.this case,
the two photodiode portions B, C and B', C' at the center of the
respective photodiodes are formed as extremely-narrow stripe-like
patterns of 14 (m pitch, for example.. Then, when outputs of the
respective portions A, B, C, D and A', B', C', D' of the respective
photodiodes PD;, and PD, are respectively assumed to be A, B, C, D and
A'y B', C', D', a focus error signal is obtained by a calculation of
(B+C) - (A+D) - {(B'+C') - (A'+D')}, then a tracking error signal is
obtained by a calculation of (A+B+C'4D') - (C+D+A'+B') and an RF
signal is obtained by a calculation of (A+B+CH+D) + (A'+B'+C'+D').
In the semiconductor device having the photodiode divided
‘into a plurality of portions like the above-mentioned guadrant
photodiode, as shown in FIG. 1, the cathode region 9 is separated
along the whole thickness by the separating region 30 and the buried

separating region 6 formed below the separating region.




into a plurality of portions |ike the above-nentioned quadrgn Baﬁ%OdiOde’
as shown in FIG 1, the cathode region 9 is separated aloﬁ@ URE | e

t hi ckness by the separating region 30 and the buried separating region 6
formed bel ow the separating region. 20 June 2006 6 That is, in the
arrangenment of the conventional sem conductor device, when the photodi-ode
PD is not operated under the condition that the reverse bias voltage is
not applied to the photodiode PD, thé cathode region 9 is conpletely
separated by the separating region 30 and the buried separating region 6
formed bel ow the separating region. Then, when the photodiode PDis
oper at ed, by Thet rievenisethe asrrachenget apblthed convéltionahot odi ode,

depl etion, quers are- spread in the anode region 4 and the cathode region
9 fromefREeRdRCEImdeVdfice ot $ba Blﬂowfbwawoge is g9 opesated mndegat hode
region a . D- N .unctio ri f.,.the separating. region 30 and
the cathsdaondlfidl GreiEhL ML bISE {Rpsan® FRoto aeaiaed s Pha' 1
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el enent formed of the. above-nentioned arra ments of and 2B

i . e. seeparheinghegi-onC30safidruiedbaniédaegadratlihghtegismois fated beadwat ed
over the respective portions of AA BB C Dand A, B, C, D, i.e. the
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and paraSitic resistance (R), a tine Tn which carriers trave
from the p-n junction comprised of the anode region 4 and the
‘cathode region 9 and the p-n junction comprised of the separating
region 30 and the cathode region 9 as shown by dot-and-dash lines a
and a' in FIG. 1.
However, when the semiconductor device including the light-
receiving element formed of the above-mentioned arrangements of
FIGS. 2A and 2B, i.e. so-called photo-IC is formed so that the light
spots are irradiated over the respective portions of A, B, ¢, D and
A'y B', C', D', i.e. the respective separating region 30 and the
buried separating region 6 formed below the separating region, a
frequency characteristic of the photodiode is deteriorated.
The frequency characteristic in the photodiode is mainly
determined by a CR time constant dependent on its parasitic capacity
(C) and parasitic resistance (R), a time in which carriers travel
within the depletion layer in the photodiode and a time in which
-carriers are diffused in the semiconductor layer which is not
depleted.
Accordingly, in the above-mentioned quadrant photodiode, for

example, the frequency characteristic changes at the position near




within the depletion layer in the photodiode and a tine in 'chzo(%arri ers
are diffused in the sem conductor |ayer which is not depl ne
Accordingly, in the above-nentioned quadrant photodi ode, for exanple, the
frequency characteristic changes at the position near 20 June 2006 7 the
separating region 30 and the buried separating region 6 and at the
position sufficiently distant fromt hle above-nentioned position. This wll
be described with reference to FIG X. In mnority carriers, i.e. electrons
e generated 'within the buried separating region 6 and the nearby anode
region 4 by a light irradiation, the potential of this buried separating
regi ornhé separataingarbgion 30 agdi bhé blhieisl eepavasig akgtiba & 01 idey
carriers so  that these electrons e are forced so as to nove away fromthe
depl etP8nPPEifelom SUdhdGieilvadishany. fyen fheeabpve-nensd oneflcpegigion. e

cannot linearly.tr | ,.f0,the. letjon_| ayer and ce.trayel along the
curved route.‘hég t“ﬁ‘éﬁoP%ec}e%gﬁg,gge é%ﬁr%en@%nﬁ‘%n%? d & e position
suf f i glzaBRLk ¥ dd fromt ' € ' Hely . not
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t r avelsepawatiing heeqiepl 6tamh dhayacatbpeaidde asgshown byby afghws c. That is,
the el ectrons generated in and near the buried separating region 6 should
t r aveArrpdipbhep ditdeanetentowdr ¢f thaés deptisyd eapirgteimgagegdopat exbbsi th t he

el ectrons at _the posi.tion. sufficiently distant fromthe buried separating
Fegi of %63 AREHIToPERIRSE VI SIGREFPE Sfoh HhFi BHOTIEY SERURES 5  hat a

freq“%ﬁh‘é%q’%ﬂééécél%rdt%hg ¢ 2rleBLEREALE s TACHEIO  fray?ErBR EASNED before,

when t he quadrant
depletion layer as shown by arrows b. As a result, these electrons

e cannot linearly travel to the depletion layer and hence travel
along the curved route. On the other hand, electrons e generated at
the position sufficiently distant from the buried separating region
6 are not influenced or hardly influenced by this potential so that
these electrons travel toward the depletion layer linearly as shown
by arrows c¢. That is, the electrons generated in and near the
buried separating region 6 should travel the long distance toward
the depletion layer as compared with the electrons at the position
sufficiently distant from the buried separating region 6.
Therefore, a diffusion time of carriers is extended so that a
frequency characteristic is deteriorated.

Therefore, as mentioned before, when the quadrant
photodiode, for example, is used and light spots are irradiated on
the regions including the buried separating region 6 and hence the
separated regions, since the area of the separated regions occupies
a large part of the light irradiated area, there arises a problem in
the frequency characteristic. 1In particular, since the RF signal is

detected as a sum signal from the respective separated regions, the




phot odi ode, for exanple, is used and |light spots are irradigted t he
regions including the buried separating region 6 and hence:gkgneggﬁhrated
regions, since the area of the separated regions occupies a large part of
the I'ight irradiated area, there arises a problemin the frequency
characteristic. In particular, since the RF signal is detected as a sum
signal fromthe respective separatedgregions, the 20 June 2006 8
deterioration of the frequency characteristic becones a serious problem
Al so, this becones quite serious in the RF signal whose high speed

ef fici enteirsooaei g dfhenB0ste @It @Rk ri S 1RNRN LS c o IMVARY v 95 J HE
| NVENTI ON Aﬁcording to enbodi nents of the present invention, even when a

light i 5P 501 attlPen thRE BROVET Gdétei SeTiqufe 18ephr akBPiwldIireRd
porti onwieh tPpeed igiHichieasy Vit FeRhe askt REBeAERY rLAfitdABStst he
frequency characteristic nmay be inproved. Accorgﬁng to enbodi nents of the
present invention, in a senconductor device having a |ight-receiving

el enent and an optical pi AﬁgvPEeT%%iH@VFHFgGEeniconductor devi ce
“having the |i ghicot@try vidgnelogirehts tde theapeksage dirsicanees, ofvdd nority
carriergﬂ7 energtgﬂhmhen a Ilg t.is iﬁrad'ate on the light- receiving
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be avoided. .S ecificgllé in a sem conductor deyice having a |ight-
recei vi by & 8ent "B FGFEPRECY CHAHE FPELRI C iV Rl SMPTR"$9 ght - r ecei vi ng
el enent is formedoating SeMGondutbats SMbSheabeebynt ifweneiban pPordion

. conprised of

semiconductor device having a light-receiving element and an
optical pickup device using this semiconductor device having the
light-receiving element, the traveling distances of minority
carriers generated when a light is irradiated on the light-
receiving element are made substantially uniform, and the
occurrence of the potential barrier for causing the minority
carriers to make a detour may be avoided.

Specifically, in a semiconductor device having a light-
receiving element according to the present invention, a light-
receiving element is formed on a semiconductor substrate by a
junction portion comprised of

a first conductivity-type first semiconductor portion and a
. second conductivity-type second semiconductor portion, a second
conductivity-type separating region is formed on a part of said
first semiconductor portion and that said first semiconductor
~portion ‘is separated into a plurality of portions by a junction
portion comprising said light-receiving element with an
application of a reverse bias voltage lower than a reverse bias
voltage applied to said junction portion when said light-
receiving element 1s operated and by a portion of a depletion
layer spread from the junction portion by said separating
region,
wherein said separating region is formed on said first
semiconductor portion at its position distant from said

second semiconductor portion with a predetermined interval.




a first conductivity-type first sem conductor portion and ec
conductivity-type second sem conductor portion, a second 2%%@882&%1ty-type

separating region is formed on a part of said first sem conductor portion
and that said first sem conductor portion is separated into a plurality of
portions by a junction portion conprising said |light-receiving el enent
with an application of a reverse bi®as voltage | ower than a reverse bias
voltage applied to said junction portion when said |light- receiving el ement
is operated and by a portion of a depletion |ayer spread fromthe junction

portion by sabdos@Daf ald BY£it 0l ibeMNBECLHe SHLLSRPRAMLANG S, €8hePe1 S
formed on said first  sem conductor portion at its position distant from

said seCoRECEEIRTAAUREBIOPARUEERPWEPR & Prddererni new isdeBeal . 20 June

2006 9 Acenedi W 4 0 @nfcbilu@shRechinetrihe, RRSERhct NEYd R ont here s
provided a junction portion for a light-receiving element fornmed on a

seni condt&Pbt>Ebstrate, the junction portion conprising: a first
conductivity-tgge first sem conductor gortion and a secon
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conductivity-t
separ at isegon@ gi@tuick iQE ety s& copar el cSrivdtbir sbrs@yd,conduct or portion
and wherein said junction portion is arranged such that said first

sem conduct op persndrronsiusepal at-agprient epargt iurealnetyy oof i s plartriednsnwi t h

20D Lorkhon OF AiPesiae A alLRge LAl aghunetion portion in an

operati hg state of sai -Téec
wherein said junction portion is arranged such that said

first semiconductor portion is separated intoc a plurality of
portions with application of a reverse bias voltage to said
Junction portion in an operating state of said light-receiving
element by a portion of a depletion layer spreading from the

junction portion around said separating region;

and such that without application of the reverse bias
voltage to said junction portion in a non-operating state of said
light-receiving element said first semiconductor portion is not

separated into the plurality of portions.

According to a second aspect of the present invention, there
is provided a method of manufacturing a junction portion for a

light-receiving element, characterized by comprising the steps of:

forming the junction portion comprising a first
.conductivity~type first semiconductor portion and a second
conductivity-type second semiconductor portion in a facing
relation to one major surface of a semiconductor substrate or on

one major surface of a semicenductor substrate,

forming a second conductivity-type séparating region on a

part of said first semiconductor portion and

wherein said junction portion is formed such that first
semiconductor portion is separated into a plurality of portions

with_application of a reverse bias voltage to said junction




el ement by a portion of a depletion |ayer spreading fron1t§$1,'u$@%;on
portion around said separating region; and such that w tho H%% ation of

the reverse bias voltage to said junction portion in a non-operating state
of said light-receiving elenent said first sem conductor portion is not
separated into the plurality of portions. According to a second aspect of
the present invention, there is providetya nethod of manufacturing a
junction portion for a light-receiving elenent, characterized by
conprising the steps of: formng the junction portion conprising a first
conductivity-type first sem conductor portion and a second

conduct ipgrttyony pe e cwrdasény coreduc odr spod t1ioyhti-meaeiatinglemehat bprnat o one

e or s ofr%(}.gnoggaa S&?l%%?chfa erSlégﬂs:Elragt §q % thg.neun i%rn S%'isgg‘ge. of a
sem conductor substrate, formng a econd. ondﬁct|V|?y-?ype §bpara?|ng
regi on @roandpaatd ofersaiadifigrstgiseni conduct or portion and wherein said
junction portion is formed such that first sem conductor portion is
separ at ed i n89%SpFurdlat yibroporaRRidsatweR ohpis &8VFB8E d1ia8 rever se bi as

vol t age wioa tagkded UGd gandPidti 2308 10 PAHIH-QRekhr BRYy CREAL bRYssiat e of
said light-receiving elenent by a portion of a depletion |ayer spreading
fromth lngEEF?B?ﬁ‘ﬁgﬂ EORMeR} AATE §ér’fats%‘?i5]r%ﬁnidﬁ{jtiaégﬁ"b?ﬁl°§ndssﬂ€g t hat
mﬁthouts@@akhe@aLﬁﬂxpkhbhplﬁﬁy@mgeobiﬁgrtﬂghyage to said junction portion
in a non-operating state of said light-receiving elenent said first

sem conductor portion is not separated into the plurality of portions.

As described above, in the device according to embodiments
of the present invention, the light-receiving element is separated
by the depletion layer generated by the reverse-bias voltage
applied when this light-receiving element is operated. According
to this arrangement, the existence of the separating regions makes
it possible to avoid the occurrence of the potential barrier for
detouring the traveling of minority carriers generated when a

..1light is irradiated on the semiconductor portion of the light-

receiving element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a
conventional device;

FIG. 2A and 2B are pattern diagrams of examples of
photodiodes, respectively;

FIG. 3 is a schematic cross-sectional view of a device
according to an embodiment of the present invention;

FIG. 4 is a schematic cross-sectional view of a main
portion of a device according to other embodiment of the present
invention;

| FIG. 5 is a schematic cross-sectional view of a main
portion of a device according to other embodiment of the present
invention;

FIG. 6 is a graph showing an impurity concentration
dependency of a relation between a reverse bias voltage and.

~ spreading of a depletion layer in a p-n junction;




As descri bed above, in the device according to enbodi nents g‘r th resent
invention, the light-receiving elenent is separated by t he?% é‘ﬁ'f’%&q n | ayer
generated by the reverse-bias voltage applied when this |ight-receiving

el enent is operated. According to this arrangenent, the existence of the
separating regions nmakes it possible to avoid the occurrence of the
potential barrier for detouring the traveling of mnority carriers
generated when a light is irradiated on e sem conductor portion of the

i ght- receiving el enment. BRI EF DESCRI PTI OF THE DRAWNGS FIG 1 is a
schematic cross-sectional view of a conventional device;, FIG 2A and 2B
are pattern dia N6 0 | o] - di cti ; Fl 3is a
schematic cr oss%gét?o{lséleg(\%\%gg %hcggl\?%tcg bgg%‘sg? d:{eﬁ%%%oggﬁgg%%n itr%ent of

t he presantenbpddnenonef AIhG pAepsnh botemridione sndss-sectional view of a main
portion of a devige afcAlflsRd.t0 SO, LHAGLIRN Ol WARPLESR g
invention; FIG 5 is a schematic ctross-sectronal view of a main “portion of
~a device according to other enbodi ment of the present invention; FIG 6 is
a graph showi ng an inpurity concentration dependency of a relation between
a reverse bias voltage and. spreading of a depletion layer in a p-n
‘junction; 20 June 2006 11 FIG 7 is a diagram show ng a pickup device
according to




an enbodi rent of the present invention; and FIG 8A and 8B re@g ocess
di agranms of a manufacturing 20 June 2006 12 net hod accordir?@J 0

enbodi ment of the present invention. DESCRIPTION OF THE PREFERRED

"EMBODI MENTS An enbodi nent according to the present invention will be
described. In a sem conductor devicephaving a light-receiving el ement
according to the present invention, a light-receiving elenment is fornmed on
a sem conductor substrate by a junction portion conprised of a first
conductivity-type first sem conductor portion and a second

conduc triethby- Ay@erdienoRd S€rintoadHeAOT 0P WHel BResénte inReRtibyNCtion. Then, a
second conductivity-type separating region is forned on a part of the

first sem conduct or RFHCRIBRION " fTHES PREESERREPO BMBODINENTSI ti on i s separat ed
into a plurali of partions by a junction portion conprising the

|i ght -recei vi n%‘Ye eWtEfF"é%dlBBpF? cHts aresenty inwestien pridd bel t age

| over tfap. pLeverse bias voltage applied to the junction portion,
specificalry, .3V to 11.0v, further typically, 0.5V to 1.5V when the

li ght -recei vi ngn #|si@BbndEc1ICHAYEE AN B, 8 POsH-9Rcat lGbhen 1ayer
spread fromthe junction portion by thejgébaraﬁéng rggﬁgﬁgg$ﬁgﬁ%bgst

seni corggordingord ithe pseswit Sapanaied, intldght-peelialingye émdi@! tisons by the
depl eti_on Iayer under, the condition that only a voltage which is

suffi ci.fé’ﬁﬂ“_fa PRV IHERNAUT e FEBSBr3ke Ribkt dyecioisnapectivheronpirdsed
odn s ROR! Bl SR PORSER 8048 silondiele porcion anda POt 0"
second conductivity-type second semiconductor portion, i.e. p-n
junction.

Then, a second conductivity-type separating region is formed
on a part of the first semiéonductor portion. The first
semiconductor portion is separated into a plurality of portions by a
Jjunction portion comprising the light-receiving element with an
application of a reverse bias voltage lower than a reverse bias
voltage applied to the juncﬁion portion, specifically, 0.3V to
11.0v, further typically, 0.5V to 1.5V when the light-receiving
element is operated and by a portion of a depletion layer spread
from the junction portion by the separating region.

The first semiconduétor portion is not separated into a
plurality of portioﬁs by the depletion layer under the condition
that only a voltage which is sufficiently lower than a reverse bias
'voltage obtained when the light-receiving élement is operated is
-applied to the junction portion comprising the light-receiving

element.

To this end, the separating or dividing region is formed on

the first semiconductor portion at its position distant from the




element. To this end, the separating or dividing region is fqrne n the
. first sem conductor portion at its position distant fron1tﬁ@ A e 2006
13 second sem conductor portion with a predeterm ned interval.
Alternatively, the separating region is formed at a position of the first
sem conductor portion displaced toygrd the side of the second '

sem conductor portion. Alternatively, the separating region is fornmed on
the first -sem conductor portion at its limted internmediate portion in a
t hi ckness direction thereof. A high inpurity concentration third

sem conductor portion having the sane conducting type as that of the first
seni coRgoerdrsergoondontes doortied witl he predste SRIAGDIAYEEPL] Substrate at
its surfaces qf portions separated by the depletion |ayer. A thickness of
this third serﬁ%éﬁlmeew?llbortﬁlﬁoﬁewt@'@g segien ai¢ ifiormedamge pbsfieosn 0. 01

pmto fourtk ] conductor poy.tion having. a high inpurity
concentgfg‘ftP%]nﬂggtc%ﬁp{ng?éE WCh Pﬂ’é‘fl%‘? drr’ﬁBg"é‘% nPveeH EbRdticieopt petion is

f or meds@Bohdl &SRR S £ nghor substrate at its side opposite to the
junction portion conprising the [ight-receiving element in such a manner

as to becone adjteceatitelyheheesopdratsion eoGasictiyy #Remhbi ol tha Ftﬂ,g case, a
l ength fromthe surface of the sem conductor substrate to the ourth
sem coREMEERAYSHOL pArt ok @tedtedlimitesl ihaermeditaian papt édisapphi on | ength

of an LRELARNS |di9Bbe 00, (iR bt - recel ving el ement.

A high impurity concentration third semiconductor portion
having the same conducting type as that of the first semiconductor
portion is formed on the first semiconductor substrate at its
surfaces of portions separated by the depletion layer.

A thickness of this third semiconductor portion may be
selected in a range of from 0.01 pm to 0.2 um.

A fourth semiconductor portion having a high impurity
concentration as compared with that of the second semiconductor
portion is formed on the second semiconductor substrate at its side
opposite to the junction portion comprising the light-receiving
element in such a manner as to become adjacent to the second
semiconductor portion.

In this case, a length from the surface of the semiconductor

.substrate to the fourth semiconductor portion is selected to be
larger than.an absorption length of an incident light on the light-
receiving element.

Also, an optical pickup device according to the present
invention is an optical pickup device having a semiconductor light-
.emitting element, a semiconductor device having a light-receiving

element and an optical system. The semiconductor device having a




Al so, an optical pickup device according to the present inventi s an
.optical pickup device having a sem conductor |ight- enittiﬁ@ @P%ﬁ@%i, a
sem conductor device having a light-receiving elenentand an opti cal

system The sem conductor device having a 20 June 2006 14 |ight-receiving
elenment is arranged as the sem condugfor device having the |ight-receiving
el ement according to the present invention. Myreover, according to the
present invention, there is provided a nmethod of manufacturing a

sem conductor device having a |light-receiving elenment conprising the steps
of for diightarsseonchg ebatket iis by rayged hisgkhi npani dohduenee ddwiideon buri ed

| ayer in one major surface of a_sem conductor substrate or on one ngjor
sur f ac®aVénd atheniidbidueseivigubslraert FoePFiAng ateddimprseenttonduct or | ayer
conpriﬁhng gigecond conductivity-type first sem conductor portion formng
a Iight-V g |v?hg el ement on the high inpurity concentration buried

region, T orm NioRReondoSal GRNAUCLAL pglae\sshtcgﬂvéﬁéi 2he a;.rgi;st

conductivity-type first sem conductor portion formng t'he t-rebeiving

el emenproritibe &aehddsefi fontaetarihqyL semi&oh@sttoeldevi 88 Madng gecond
conductivity-type separating or dividing region, which separates the

i ght - Adgbitviege ianeeienento compirisahg ttheostepghef r emiingng sdomimeEnt S, on
the first sem conductor,  layer while | eavi a part of a thickness of the

first SORCBERIGEEGTYPRADigN  HIRNTLY cCPRCRNEFIESPRI PRELE fp¥er in one

COMUC G ¥Rl s LR oBRRCI Tl Nl e SIS cPor L o
i's oblor BedeniSORARIBIUSHINE LA, CRoPRMIIA BcbbAA! sdRiCRnihAELL 1aRRt
- comprising a second conductivity-type first semiconductor portion
forming a light-receiving element on the high impurity concentration
buried region, forming a sécond semiconductor layer comprising a
first conductivity-type first semiconductor portion forming the
light-receiving element on the second semiconductor layer,-
selectively forming a second conductivity-type separating or
dividing region, which separates the 1ight¥receiving element into a
plurality of light-receiving elements, on the first semiconductor
layer while leaving a part of a thickness of the first semiconductor
layer, and selectively forming a first conductivity-type high
impurity concentration third semiconductor portion on or near the
surface of the first semiconductor portion, whereby there is
‘obtained a semiconductor device having a light-receiving element
according to the present invention.
A semiconductor device having a light-receiving portion
according to an embodiment of the present invention will be
described with reference to FIG. 3. However, the device according

to the present invention is not limited to this arrangement.




according to the present invention. A sem conductor device ﬁVi n %
li ght-receiving portion according to an enbodi ment of the 43r8eeH°

invention will be. described with reference to FIG 3. However, the device
according to the present invention is not limted to this arrangenent. 20
June 2006 15 FIG 3 is a schematic asoss-sectional viewillustrating the

case in which the present invention is applied to the photo-1Cin which
t he phot odi ode PD serving as the light-receiving el enent and the bipolar

transistor TR unted in a mxed state simlar|ly tQq. FIG 1. Moreover,.
in this exanpl gf,g‘t grléc‘ Fss‘g}%d‘gdcﬁoﬁ?b%efcﬁ'ﬁopé ‘é’e%/“\’/i’ﬁt}“%r?‘{ﬁ’él%l’f@?o- ICin

whi ch @R sBPRnt WPECH [eS peéQint! RndBHL #8n ﬁﬁ%gglﬁgg‘;g@-gﬁr%ﬂgﬁgbglf@ii%de PD are

formed on the sanme seni conductor substrate 'S case, the

phot odiwhdehPEhé splibtddiede Pt seraiphuasl thiey 10GhporédOnsims c3BMNY. idhgFl G 2A
or 2B. FIG 3 shows the state in which the photodiode is divided into two
porti othe PAPeheEs Wignsligtor GR @aecampunypd i§ asmikednshidtcosibiberly t.  one

‘maj or rface of a substrate 2, there is wholly deposited a high inpurity
concen?iigt" gh PN SFur ilﬁaterpﬁyé’?‘a%@g%r rSEEn AP T ¥angase 2 BippEafAC oned

|
o SRS VARRTAU LA ROELLAD 4 dUniBh S RS b8Y Elan i ICHE A% SRl 12X A1 LY

deposite concentrati on p- | ayer 31

conpr i sindgeadommomleryRgphttdditide Pheaps ofeie@den L& WdnRs BRSNS o-he
af orenenti oned second sem conductor portion. Then, a high inpurity
concentsudsitoatechb! | dienr, Durtidsd regepnthe iphotodimde @D tild fifidsd into
sem conducgtor_ . layer 31 at its portion in which the transistor TR is

f or med. @ RIRPHALY il MOLY1eRH @h ERGWRoAD DIRG-cdRs@Ph adBut | TG edi ShowE itdef or ned
state in which the photodiode is divided into two portions.

In this bipolar IC, on a p-type Si semiconductor base, i.e.
one major surface of a substrate 2, there is wholly deposited a high
impurity concentration p-type buried layer 3 corresponding to the
aforementioned fourth semiconductor portion. On this buried layer
3, there is epitaxially deposited a low impurity concentration p-
type first semiconductor layer 31 comprising an anode region 4 of
the photodiode PD corresponding to the aforementioned second
semiconductor portion. Then, a high impurity concentration
collector buried region 5 is formed on this first semiconductor
layer 31 at its portion in which the transistor TR is formed. A
high impurity concentration buried separating region 6 is formed
between respective circuit elements.

However, in this case, unlike the conventional structure
‘shown in FIG. 1, the buried region 6 is not formed in the divided
portions of the photodiode PD.

A p-type high impurity concentration buried region 8 is

formed beneath the portion in which an anode electrode 7 for the




bet ween respective circuit elenents. However, in this case,_unlike the
conventional structure shown in FIG 1, the buried region:@JWEe%gm'forned
in the divided portions of the photodi ode PD. A p-type high inpurity
concentration buried region 8 is fornmed beneath the portion in which an
anode el ectrode 7 for the 20 June 209@ 16 photodiode PDis fornmed. On the
first sem conductor |ayer 31, there i's epitaxially deposited a |ow

i mpurity concentration n-type second sem conductor |ayer 32 formng a

cat hodepnegidinedd ob iHerdiheizodi ode PD corresponding to the aforenentioned
first sem conductor portion and a collector region 10 of the transistor

TR In this ma@nethetfitrs: isemfoombdticre 1Ses e, conduat 9§ ezgﬁ'égﬁiéﬁf 1in
which the first and second semi conductor layers 31 and 3Z are epitaxially
deposi t SPBH e 2s LAY CHIRWELr cordrittratéon . n-t@pe Second f smE condect@n t he

second ' d r layer .32, there is deposited an Si Q2 separating and

‘i nsul at;f%gﬁc%%er%%%%g/ %ﬁ@tﬁﬁﬁr‘a%ﬁ\/@eﬂfs‘é}ﬁ PoREgeiede B cuit el enents or
the regtenNesmdngnd’ € L elkhi PURYe] fromeach other. A p-type high
i npurity corf\ggnt r g?i on separ at ?’%‘{t?ié"é‘?gnﬁﬁ% sse“?'S?Prélch%ﬁ \B@Eﬁl‘frﬁé‘“do

separ ata ngpldregtonspégiomnd ol a¥efhd kransk Bor Ifsul ati ng and separati ng

portion between the circuit elenments beneath the separating and insul ating
layer 11 of théRskbbhdrannesi cobrustior thayed 32 stdséhecdnideedr separ at i ng
(20100 SulRhatl hey) I3 AL L9 2d Separaling Laver. OnLhe b gh | purity
e|eCtr0£KH'§2i§re epitaxially deposited on the semiconductor substrate 2.
On its surface; i.e. on the second semiconductor layer 32, there is
deposited an SiO; separating and iﬁsulating layer 11 by the 1LOCOS
between semiconductor circuit elements or the regions which are
electrically isolated from each other.
A p-type high impurity concentration separating region 12 is
formed between the separating and insulating layer 11 in the
insulating and separating portion between the circuit elements
beneath the separating and insulating layer 11 of the second
semiconductor layer 32 and the buried separating region 6 below the
insulating and separating layer. On the high impurity concentration
buried region 8 below the portion in which the anode electrode 7 is
disposed, there is formed a p;type impurity concentration anode
electrode deriving region 13 on which a high impurity concentration
anode contact region 14 is deposited.
| Then, in the device according to the present invention, a p-
type separating or dividing region 40 having a high impurity’
concentration as compared with that of the anode region 4 (second

semiconductor portion) is deposited on the photodiode PD at its




di sposed, there is formed a p-type inpurity concentration %Qﬁde 2@%iectrode
deriving region 13 on which a high inpurity concentration 5o nt act

region 14 is deposited. Then, in the device according to the present
invention, a p- type separating or dividing region 40 having a high
inmpurity concentration as conpared with that of the anode region 4 (second
sen conductor portion) is deposited bh the phot odi ode PD at its 20 June
2006 17 divided position. The plan pattern of this separating region 40 is
a cross pattern if the photodiode PDO of FIG 2A is arranged when the
separatln gion is divided into four portions as shown in FIG 2A and 2B
s g1 ﬂ?%& Qﬁﬁ%ﬂ39ﬂ° strlpe pattern if the photodiode PD1 or PD2 shown

|n FIG. 2B is en t.hese separated re |ons O.are forned at the
position dlstfﬁééﬁl nP?Relg%gﬁ gﬁt@ %ébafaqlng Bhd Vs dii & STAFEL or

porti opatbyra pf adet @h@t@@ﬁbd@ %b@r&?ckﬁ 9ROYE éﬁa%'g@d wherd YhetXanpl e.

Alternatively., as shown in FIG which is a cross- sectlona view of a

mai n peepaomtxﬂgtﬂugydavmsediuma@ﬂdiﬂﬁotfbdﬂﬂpo@t@éﬁﬁﬂaslsﬂ%ﬁﬂtid”FIGLhQA
separating region 40 is displaced to the anode region (second

seni coRBdct® r°’|"9 ort ifhreq paraddel vetyipapaditenn if theGphotedicte iP5, a
Cross- sec%h vi,ew_of mgi n_portion of the device according to the
present 10 FIG < 2B t5t #HPH98% on 40 is formed in the cathode

S 5 o, e ke O e LA
separ adisganeofiin des afde RYGBnt he 58 f aeRoRl éélﬁ.cfdnﬁﬁétor portion
by a predetermined distance d as shown in FIG. 3, for example.

Alternatively, as shown in FIG. 4 which is a cross-sectional
view of a main portion of the device according to the present
iﬁvention, the separating region 40 is displaced to the anode region
(second semiconductor portion).

Alternatively, as shown in FIG. 5 which is a cross-sectional
view of a main portion of the device according to the present
invention, the separating region 40 is formed in the cathode region
9, i.e. in the first semiconductor portion at its intermediate
portion of the thickness direction, i.e. at the portion in which the
separating region does not reach the surface of the first
semiconductor portion and also does not reach the anode region 4
{second semiconductor pqrtion). In FIGS. 4 and 5, elements and
parts identical to those of FIG. 3 are marked with the same
reference numerals and its overlapping explanation will be omitted.

Then, on the collector region 10, as shown in FIG. 3, there
are deposited an n-type high impurity concentration collector
electrode deriving region 15 and a p-type base region 16. An n-type

emitter region 17 is deposited on the base region 16.




sem conductor portion and al so does not reach the anode regkgn 4 w%fecond
semi conductor portion). In FIGS. 4 and 5, elenents and par®sP8EM cal to
those of FIG 3 are marked with the sanme reference nunerals and its
over | appi ng explanation will be omtted. Then, on the collector region 10,
as shown in FIG 3, there are deposited an n-type high inpurity
concentration collector electrode db?lVlng region 15 and a p-type base
region 16. An n-type emtter region 17 is deposited on the base region 16.
20 June 2006 18 Also, on each anode region 4 segnented by the separating
region 40 of the photodiode PD, there is deposited a high concentration
cat hode regi onAl$o haxi egch angde iragioht ¥ capearedaby Othe 38pafaPaied W th

t he cat hode reglon 9 and which is equivalent to the aforenentioned third

seni coffiddCsr 4portitdie PAOEQ@% P&reé@%‘élelsl@eP%l%%taadtlad to this cathode
regi on f i h surface of .t sem conduct or substrate
1, therdgﬁcgﬂtggg%(gnt e%’rﬂgnel hedit ﬁr?gHF%?%? % pig cﬁm%%rjﬁyofoﬂ?e‘ﬁf@qlioﬁe

This g o aegdl@y@{ cfas 3%5@ bR! Y AHIIELRC Cle M, pdows
to which thebenltter t he %ase and Pﬁe col t%? gl%%qgﬁ'ggmégﬁfx? € and
20C of afivremeansosédrthiRdasenbenidcted, pdSﬁSJﬁﬁCt | NetathoHee Bl eOProddg 9
insulating layer, there is deposited an interlayer insulator |ayer 22 such
as Si 0Z2-Sorconkactedeto Hhils ¢ﬁt1e¢deayr@|glpnsm a@noohhagefastias .f or ned t hereon a
l'i ght-shieldin o the like having a |ight-receiving

wi ndow. A pr ot gﬁtﬂeg sfuir%ﬁf’?4°$ rlfeﬁ&%‘ﬂ-?‘é uckHort ARRsEIRRR lahtbekr i | ayer .
Then, Q§§¥£qighaé+r¥h$d¥£%ﬁﬁ?f a&ﬂgzézsgéfﬁg§%goﬁsorqa§|re&lect on films so

that a ction 'S
insulating layer has formed therethrough electrode contact-windows

to which the emitter, the base and the collector electrodes 20E, 20B
and 20C of the transistor TR are contacted, respectively. Then, on
the insulating layer, there is deposited an interlayer insulator
layer 22 such as §i0; or the like. This interlayer insulator 1ayef
has formed thereon a light-shielding layer 23 made of Al or the like
having a light-receiving window. A protecting film 24 is deposited
on this 1ight~shielding layer.

Then, the insulating layers 21 and 22 are used as
antireflection films so that a detection light is irradiated on the
photodiode PD through the light-receiving window of the light-
shielding layer 23. |

In the above-mentioned arrangement, when the photodiode PD

. is operated, a predetermined reverse bias voltage is applied across
the anode electrode 7 and the cathode electrode 19. 1In the device
raccording to the present invention, under the condition that this
reverse bias voltage is applied, in the voltage lower than this
reverse bias voltage, the cathode region 9, i.e. the first |

semiconductor portion is separated into a plurality of portions,




phot odi ode PD through the light-receiving wi ndow of the I|i - sz&ﬁéﬂing
| ayer 23. In the above-nmentioned arrangenent, when the phot0di"B% is
operated, a predeterm ned reverse bias voltage is applied across the anode
el ectrode 7 and the cathode el ectrode 19. In the device according to the
present invention, under the conditiyn that this reverse bias voltage is
applied, in the voltage |ower than this reverse bias voltage, the cathode
region 9, i.e. the first sem conductor portion is separated into a .
plurality of portions, 20 June 2006 19 i.e. separated with respect to the

respectiye luideda RAGKOLLOHES: b +RelpliRIdka0e! Q¥ adk onSBONLAYS
dot -and-dash lines a and a, spreag froma p-n junctloﬁ | between fhe
separ a4 edbplegion Idyandlt hehowatbyodetregi-atash alifles P- mnduactspread bet ween
the cathode region 9 and the anode region 4. However, under the condition
t hat tfeom ghera- derttiored beteser: thicasepunatederpgionptihmpdi e i .e. under
the conditjon that the photodipode PDis nhot operated, .the posjtion and

dept h BFERME SEFAPRILFTedi BrR 4TSRS RFFERRe SRR CatiPIPmRRA 191 O
concent fatiians hiot g 3t LRG0, SEMGANANGROL; AP EENEy | - €.

cat hode Tt egion an € anode regi dn are selec I'n such a manner that

the regpeedinedtdbrédab Rkl Biss GfollRge PIWIRA agpl bEl Y. o . NRhdLe t3RPar at ed
by the separating region 40. The thickness o the cathode region (first

sem condnditgion pbatite photediedediedsi notla opewgéedf thomo8ibion antd pm for
exanple, and its inpurity concentration is selected in a range of from1l x
1011 t@epthk afptheatepayatied. reeecn Mk RAdsEhothinEnaasere andgiBpuyKetond
sem Coggxl{géﬁ)trrations of the first and second semiconductor portions, i.e.
cathode region 9 and the anode region 4 are selected in such a
manner that the respective divided portions of the photodiode PD may
not be separated by the separating region 40.
The thickness o the cathode region (first semiconductor
portion) 9 is selected in a range of from 0.01 to 10 pm, for
example, and its impurity concentration is selected in a range of
from 1 x 1011 to 1 x 1016 atoms/cm3.
The thickness of the anode region (second semiconductor
portion) 4 is selected in a range of from 0.01 to 600 um, for
example, and its impurity concentration is selected in a range of
from 1 x 1011 to 1 x 1016 atoms/cm3.
The thickness of the high concentration cathode region
(third semiconductor portion) 18 is selected in a range of from 0.01
to 0.2 um, for example, and its impurity concentration is selected
"in a range of from 1 x 1015 to 1 x 102! atoms/cm3.
‘The thickness of the buried layer (fourth semiconductor

portion) 3 is selected in a range of from 1 to 30 pm, and its

impurity concentration is selected in a range of from 1 x 1016 to 1 X




portion) 4 is selected in a range of fromO0.01 to 600 pm f@rJ éél(%p and
its impurity concentration is selected in a range.of from“< X% to 1 X
1016 atons/cnB. The thickness of the high concentration cathode region
(third sem conductor portion) 18 is selected in a range of from0.01 to
0.2 pm for exanple, and its inpuritygconcentration is selected in a range
~of from1l x 1015 to 1 x 1021 atons/cnB. The thickness of the buried | ayer
(fourth sem conductor portion) 3 is selected in a range of from1 to 30
pm and its inpurity concentration is selected in a range of from1 x 1016
to 1 X1%91Ja] gﬁsgg%gs 20 1021 atons/cnB. The thickness of the buried _
separating layer Is selected in arange of fromO0.01 to 10 pm and its

inpurity concefid alHieRknkss Sel@e!l 8eridy & f 0.1 x 1021
atons/cnB. In the al;ovg ITSEI’I'[I oned arrangéa QPQ@lﬁ] larr‘%g %tﬁ%gs%taé gt8 gepl etion

| ayer 41 ﬁayan@erpifetfe‘byt Oepl etce 10 hem arde it gimiu i tys eeanent s Tbaopgduct or
portion) may deplete the anode region up to the portion of the

buri ed SIEQ@EFG@ ¥t GureRIS et dapdudt Brifibrid dnk, 10Me atbmplent.y concentration
of the second l_strg m,conduct or ortl n_shoul d referably be selected to be

l ess than 2 x A PEET T AAREERERE y , 11 PIGedethathdhe he depl eti on
por 11 onyPLERion et U “p"‘%cen? %%&3%*5%%??%6 R eI GPGoRe | on
shoul d skeeisehdod et pb@tb@nj,eSnSet hidy 2ep180d4:d URI Begldh WY %OCﬁHQECti on,
an inpurity concentration dependence of a relationship bet ween the reverse
bi as a@prpgqnvqﬁtﬁnggbanuedrﬂayer 3 (fourth semiconductor portion), the
impurity concentration of the second semiconductor portion should
preferably be selected to be less than 2 x 1014 atoms/cm®. More
preferably, in order that the depletion layer may completely deplete
the cathode region 9 (first semiconductor portion), £he impurity
‘concentration of the first semiconductor portion should be selected
to be less than 5 x 1014 atoms/cm3.
In this connection, an impurity concentration dependence of
a relationship between the reverse bias applied voltage and the
spreading of the depletion layer in the p-n-junction is well known
as shown in FIG. 6 of “OPTICAL. COMMUNICATION ELEMENT OPTICS", P329,
written by Yonezu, published by KOGAKU TOSYO KABUSHIKI KAISHA, for
example, etc.
Also,.the distance from the surface of the semiconductor
| substrate to the fourth semiconductor portion is selected to be
longer than an absorption length of an incident light on the light-
receiving element so that a photo-electric conversion may be carried
out effectively.
According to the above-mentioned device of the present

invention, upon operation, the photodicde PD is divided by the




spreading of the depletion layer in the p-n-junction is wel no&@ as
shown in FIG 6 of "OPTI CAL COMMUNI CATI ON ELEMENT OPTI CS", €200 it t en
by Yonezu, published by KOGAKU TOSYO KABUSHI KI KAI SHA, for exanple, etc.

Al so, the distance fromthe surface of the sem conductor substrate to the
fourth sem conductor portion is selected to be |onger than an absorption

| ength of an incident light on the I2ight- receiving elenent so that a
phot o-el ectric conversion may be carried out effectively. According to the
above-nenti oned device of the present invention, upon operation, the
~phot odi ode PD is divided by the 20 June 2006 21 depletion layer 41 into a
pl ural idepletiporidyens 4iLigdd a plubsl el adfedopbidme. dindigtiediportions, i.e.
the portions in which the separating region 40 is forned or the nearby
porti odrradpEsl o the iniﬂﬁéipﬂﬁ§h0m$maiﬂenoth?yPQ%#iQH§r§P vhich éhectrons e

t hi | e, . ted in th d ' 4 in this divided
I oAU RS OTR LS IE ] LD BN LS00 el Dol B v ded
bur | ed.ﬁ.GQEQQn%ﬁé}btt@l'estﬁc\r/fﬂ cRPELEOD, shawneh LG L iﬁs«ahfé"o"m by a
route in an arrow b, the electrons nay be Ilnear?y di rec ed Toward the

depl et icampagerarsl gundirhesd Vid @nel eadbdONSegdoni £ € aegeaad ed in ot her
portions as shown by arrows c¢c. Accordingly, a difference between the

t r avel ippgtdest afwe exefipie norincg ther petenigedebateter nis dotmbgriesl dyoi ded,
t her eby  maki ' possi ble to inmprove_a frequency characteristic. Wile

t
the trdm§ ?ngefiisr%lme& b tHE aHDed RAFHAGRIBREEH 10§86t rhe 51 t oget her

Wi th ttgﬁdwhgg§-£ef§ﬂég E% §%€g¥¥gﬂ’bL'ghe electroﬁs may be linearly
directed toward the depletion layer 41 similarly to electrons e
which are generated in other portions as shown by arrows c.
Accordingly, a difference between the travelingAdistances of
minority carriers generated inside may be avoided, thereby making it

. possible ﬁo improve a frequency characteristic.

While the transistor is formed on the common semiconductor
substrate 1 together with the light-receiving element, i.e.
photodiode as other circuit element as described above, the present
invention is not limited thereto, and may be formed as an IC in
which an npn-type transistor, a resistor element, a capacity and the
like comprised of a semiconductor region are formed as other circuit
elements together with a light-receiving element.

While only one photodiode PD which is divided into a
plurality of portions is illustrated as the light-receiving element
in FIG. 3, as shown in FIGS. 2A and 2B, the present inveniion may be

i applied to the photo-IC or the like in which a photodiode that is
not divided or a plurality of photodiodes comprised of divided
photediodes are formed on the common semiconductor substrate 1

together with one divided photodiode.




phot odi ode as other circuit el enent as described above, th %res§ak
invention is not limted thereto, and may be fornmed as an | © i ch an
‘npn-type transistor, a resistor elenent, a capacity and the |ike conprised
of a sem conductor region are fornmed as other circuit elenents together
with a light-receiving elenent. Wile only one photodi ode PD which is
divided into a plurality of portioﬁ@ is illustrated as the |ight-receiving
elenent in FIG 3, as shown in FIGS. 2A and 2B, the present invention nay
be applied to the photo-1C or the like in which a photodiode that is not
di vided or a al4 ' sqLomri sed. of  di.vi.ded. photodiodes are
formed on thept%)&n%mjn%g%tscg%%?‘ %?ggu%%# at eE? al?oogfg:tl\égg %?lﬁupoﬁlgvaf’%i ded
phot odicddéhe 20rekere A0EnL Lol that 718 hevvst iduseheppid<ind agsam of an opti cal
pickup device_ of the present invention that is configured by using the
seni cofTeCeRAMRRAL dleyigenbaving thght iglitcaierrhying ertemenacamratidiggt 8o t he
presen%:inventionu Thi s ,optical pickup device includes a so-called |aser
CouplerhﬁoPﬁ%ﬂe%@'*Wﬁﬁgﬁﬂa fng a sem conductor light-emtting elenent, e.g.
sem conduct or Mk ] ci.or yice 52 ayi a

4 éﬁgﬁcgﬂg%%?ﬁﬁﬁhggfﬁ%llHCIuggs i %Qﬂﬁﬁﬁﬁ?%ﬁﬂgﬁﬂﬂ an opti cal

light-receiving e nt a I'ng 10 The presen

Ssyst emdoaipler efoiie Byl YAtéRingN8 SGIH CRRAVELL 1 SRV-GRi Pl comprised of
t he -sem conduct or dggzce 0 theEpresent inventioﬁﬂﬁh mﬁf%ﬁukﬁo

phot odied@adsnPpie ¢nd sePdcandudtunmidses Shamd ansdhiGondBotbprdeiaBpbe.
SpecificaLJé, in this case, there is prepared the sem conductor device 52
i n whi RVERE prhbtBti-3e€sirpY signenk, aqennddagstenther pyesent invention

and an optical system 53, i.e. objective lens.

The semiconductor device 52 is comprised of the
semiconductor device of the present invention in which two
photodiodes PD; and PD; are formed as shown in FIG. 2B, for example.
Specifically, in this case, there is prepared the semiconductor
device 52 in which the photodiodes PD1 and PD2, formed similarly to
the photodiode PD in FIG. 3, are formed on the semiconductor
substrate 1 together with other circuit elements. On the
semiconductor substrate 1, there is mounted a block 57 in which a
semiconductor laser 51, for example, and a monitor photodetection
element 54 for monitoring the output of the semiconductor laser for
detecting backward emitted light, e.q. ordinary photodiode are
assembled or mounted.

On the other hand, a micro-prism 55 is mounted on the
semiconductor substrate 1 of the semiconductor device 52 at its
‘portion in which the respeétive photodiodes_PDl'and.PDz are disposed.

Then, a forward laser light L emitted from the semiconductor
laser 51 is reflected on an inclined face S5M formed on the micro-

prism 55 and irradiated on an optical recording medium 56, e.q.




" the photodiode PDin FIG 3, are fornmed on the sem conduct go su?@ﬁrate 1
together with other circuit elenents. On the sem conducto JUBE e 1,
there is mounted a block 57 in which a sem conductor |aser 51, for

exanpl e, and a nonitor photodetection elenment 54 for nonitoring the out put
of the sem conductor |aser for det gﬁti ng backward emtted light, e.g.

ordi nary photodi ode are assenbled nounted. On the other hand, a
mcro-prismb55 is nounted on the sem conductor substrate 1 of the

sem conductor device 52 at its portion in which the respective phot odi odes
PD1 and PD2 are disposed. Then, a forward laser light L emtted fromthe
sen comgptdtal diagerchzbuyh tief l@atiedl ogysubn BGli negs fragarasd if%ﬂ{eqson the
-mcro- prismb55 and irradiated on an optical recording nediums6, e.g. 20
June 266&uzBedpinty|the BERCEPTIUGR bhe kgt byl thgsimrhifidd Fase rsstumadad | i ght
is retu o. the Cro: m 55, bent by the inclined face 55M and

i nt rodl}@égglg‘ﬁ%%é tJrPé:OpFF‘]?nP’éﬁﬁég’%t fgt thet b’é:cgr?rﬁgm?%cirrﬂ"éﬁenﬁno‘brﬁéle phot odi ode

POL of (HBRCASBE M o ISR delbectes LahL i odioed o

t he ot phot odi ode optical recordrng " mediu o
thereors fiatréx@gy Gntd £RE WthoidphbtodiBdd Oh,. Pithe BpHiLLY&dBqPRS i Ni NG
a tracking signal and the |ike. ccordingly, by calculating the

af or emmediiomedlt rlespdorined themmens Aortexdlpld, horddordial ansodefaehed by
introducing the returned light therefrominto the photodi odes PD1 and PDZ,
it is FofsiBl ¥V OHCE AOTRHRING AckF RIS G198pYmNd threlikeus error signal
the optiear fely by S leuTtrRh bena GOURACARYS TeRReC CEP U taacEdPat 6 oh
this +to D, A' to D' that are detected by introducing the returned light
therefrom into the photodiodes PD; and PD,, it is possible to obtain
the tracking error signal, the focus error signal and the RF signal.
Then, although not shown, by the tracking error signal, the optical
recording medium and the position of laser light irradiated on this
optical recording medium is controlled according to a well-known
method. Also, the position of thé optical system 53 is adjusted by
the focus error signal, thereby resulting in the focusing being
centrolled.

On the other hand, the backward emitted light from the
semiconductor laser 51 is introduced into the monitor photodetection
element 54. An output of forward laser beam I is detected in
accordance with an output.from the monitor photodetection element,
whereby a drive voltage aﬁplied to the.laser 51 is controlled so
that the output of the laser is set to a predetermined output.

Since its light-receiving element, i.e. photodiode has the
excellent frequency characteristic as mentioned before, the pickup
device of this arrangement is able to accurately carry out the

tracking_and the focusing, and may output an RF signal having a high




optical recording mediumis controlled according to a well - %g. t hod.
Al so, the position of the optical system53 is adjusted by2 Hee 2Y0us error
signal, thereby resulting in the focusing being controlled. On the other
hand, the backward emtted light fromthe sem conductor |aser 51 is
introduced into the nonitor photodetection elenent 54. An output of
forward | aser beamL is detected in 2accordance with an output fromthe
noni t or phot odet ecti on el enent, whereby a drive voltage applied to the

| aser 51 is controlled so that the output of the laser is set to a
predeterm ned output. Since its light-receiving elenent, i.e. photodiode
has t h&/Nexcel | ent frequency characteristic as mentioned before, the pickup
device of this arran enent is able to accurately carry out the tracking

and the focusi®My,eXTPiRat AIMEERCdnORMANSASEURIRG fdeasarigPEuciele 2006 24
oot g R EeIPhey flg TECh 00 HecBROHNE MY LRSS ST FIRES oosdiHa°

havi ng the recelvin I"ement s own 1 n

presentol BxE t@ébd/’é” bR £65 GlihDede Widdb igha! & ' t' "y, as
shown in FIG?§8A théﬁg IS preﬁéredea |r§1 fﬂﬁé%%??#§%?§%EF&b gg p-type

Si semi conduct tmitiaddy?. aFhemwnatin PEG desH,i hﬁeh@\dsﬂ@r%phf\é@@&&&sef about
120 nm for exanple, is deposited on its surface by thernmal oxidation,
thoughcﬁﬁﬁu§ﬁhﬁw¢Y twiRen, eagtxﬂﬂtﬁpﬁoﬁl(iﬂ@lqogduﬂtﬁzuhase 2n tTemhehe surface

of one urface of senlco tor ser 2 throu h the oxide film
at SOké{ﬁ %ﬁ %Vfélgaﬁbgﬁlﬁcw S5 3 /12 g fiore 65aP1Sy, 3Sn order to

acti valepblee8' 9N #¥ shPSce by thermal oxidation, though not shown.
Then, a boren ion (B+) is implanted on the whole surface of one
major surface of the semiconductor baser 2 through the oxide film at
30keV with a doze amount of 2.5 x 1015/cma2.

Subsequently, in order to activate the bofon ion thus
implanted, the product is annealed for 80 minutes in the atmdsphere
of N, at 1200°C.

Further, in order to remove a defect caused by a damage
brought about when the ion is implanted, the product is heat-treated
at 1200°C for 20 minutes in the atmosphere of so-called wet (WET)
0z. In this manner, there is formed a p~type buried layer 3.
Thereafter, the oxide film is removed by using hydrofluoric acid.

Then, on the semiconductor base 2 at its major surface in
which the buried layer 3 is formed, a p—typé first semicondﬁctor
layer 31 having the same conductivity-~type as that of the buried
layer 3 is epitaxially deposited with a thickness of 20 um, for
‘example, at a resistivity of 50Q- cm.

Then, although not shown, after an oxide film having a

thickness of 120 nm, for example, was formed by thermally oxidizing

the surface of this first semiconductor layer 31, a photo-resist




I npl anted, the product is annealed for 80 mnutes in the a%ggﬁgh d% of N2
at 1200C. Further, in order to renove a defect caused by a iég br ought
about when the ion is inplanted, the product is heat-treated at 1200C for
20 mnutes in the atnosphere of so-called wet (WET) 02. In this manner,
there'is formed a p-type buried layer_3. Thereafter, the oxide filmis
renmoved by using hydrofluoric acid. %ﬁen, on the sem conductor base 2 at
its major surface in which the buried layer 3 is forned, a p-type first
sem conductor |ayer 31 having the same conductivity-type as that of the

buri ed hd3¥gr aBPféd&%iﬂ@ﬁé@lﬁébt%%%%iis%_ﬁnggdt P)Pﬁshgiﬁc%gffez PFo 20 pm for

exanple, at "a resistivity of en, a DPwfter an

oxi de fddamilngving photiobirekiess wfctb2f 8fBodle 8XaANELFe1 WL 0" NRE Y
thermal |y oxidizing the surface of th??fi rst sem conduct 3? I e;r@%rn’Bl, a

phot o- ridsiSs Progugimhorgoseobsthais mged ps edetskyi ard amtdpeningsid or med on
this oxide fdi #m b,}’ coating the photo-resist, pattern exposure and
devel o Fentching away defe 0%l 61l foxmefisonsehe surfdagaskt tard an

openi ng;d - chj ng .away .the oxide filmforped on the surface of
t he s%rﬁnggg gg?ﬁ% ﬁé grE gjl ﬁ%’&r é&??@{ r iil}?epbﬂﬁ?bg?%’sq%tlsi EeRQdesired.  To

r enove 1 ecpBok Ot K€ Yhdko-fds i PQgsSibl e L. X€ Ql yti .0of a
hydr ogen per oxi de sy uti oirsléséinscsjt's&%f &rgi‘gosté%bg.a ?ﬁeﬁ%ét%e xgaoﬁgﬂﬁt&ﬁn& S

i npl ant@d aobythegqrerepheidé suintion andwhildhribeac ot agiegderis Hopbped and
t he separating portion of other circuit elenments at an inplanting energy
of 30 K&R &idet pdapbedian dheoperplienall postime.in which the

photodiode is formed and the separating portion of other circuit
elements at an implanting energy of 30 keV under the condition of
2.5 x 1015/cm2.

Subsequently, in order to activate the boron ion thus
implanted, the product is annealed at 1200°C for 80 minutes in the
”atmosphere of N,.

Further, in ofdef to remove a defect caused by a damage
produced when the ion is implanted, the product is oxidized at
1200°C for 20 minutes in the atmosphere of wet O,. In this manner,
there are formed the p-type buried separating region 6 and the
electrode~deriving high-concentration buried region 8 for the anode

- region of the photodiode.

Further, there is formed a photo-resist of a predetermined
pattern.having an opening bored through the position equivaiehtufoj
the transistor forming portion of the first semiconductoriléyezwii,j
‘This photo-resist is used as a mask, and an opening is fofmed though
the oxide film by etching away the oxide film formed on the surfaée‘
of the semiconductor layer 31. Thereafter,'the photo-resist is

removed. To remove the photo-resist, it is possible to use a mixed




Subsequently, in order to activate the boron ion thus inpl g:}t ed, the
product is anneal ed at 1200C for 80 mnutes in the at m)spl‘? B‘“E)?OOIQZ.
Further, in order to renove a defect caused by a damage produced when the
ion is inmplanted, the product is oxidized at 1200C for 20 m nutes in the
at nosphere of wet 02. In this manner, there are forned the p-type buried
separating region 6 and the electrogg-deriving high-concentration buried
region 8 for the anode region of the photodi ode. Further, there is forned
a photo-resist of a predeterm ned pattern having an opening bored through
the position equivalent to the transistor formng portion of the first
sen contidttderr phyarhydrogen paivsidehsvbutisi sndi Sulse Ascagrask, and an
opening is forgﬁg tr%ul%h the oxide filmby etching away the oxide film
formed on the SUTYace TNl he Quandsgafiermad thyengB1theTivaridaf fim t he

phot o- r@siostitk8 of SR &4n; &Rye photo-resist, it is possible to use
a mixed 20 June 2006 26 Isn(%f-'[(gltlclion \éf %gﬁfldirﬁdggnsﬁ(é?%‘ii%‘dé‘SItEtYJrWrtaF@@,

sul furiin ahiid. exdiyele, Pht9p8hediNecRBENLHRS; 0 the qxide film
deposited on the sem condggt or |ayer Biiﬁ!glaéd;ggg%%ﬁ%n%%f’ﬂ??? % 58t in

this extHifiveion-ayPedd ot of0 inieds riegiveang & SséDIdTRGuRY¥e hedlsy di f f usi on
at 1200(C for 60 m nutes bé%usi ng a solid source of Sbh2QC3. Ther eafier, the

oxide filmis ?’é‘?l’iﬁlaefd"e&y RBatokideafabnt is ysimoyedyily dgen frustidia,

Ther eafgsiy, g?yyp ' LG 8B, a second conductivity-type, i.e. n-type
second semgcggﬁﬁc or l%l)g% 3 s epitaxially deposited wth a thickness of

3 pmat a resisherddte?’, 382 HBwn 30 FXEMIE 2 second conductivity-type,

i.e. n-type second semiconductor layer 32 is epitaxially deposited
with a thickness of 3 Mm at a resistivity of 1Q-cm, for example,
thereby resulting in the semiconductor substrate 1 being fbrmed. At
that time, due to the heat generated when the second semiconductor
-layer 32 is epitaxially deposited, impurities are respectively
diffused from the respective high concentration collector buried
region 5, the buried separating region 6 and the high concentration
buried region 8 formed on the first semiconductor layer 31 into the
second semiconducﬁor layer 32, thereby resulting in the respective
regions 5, 6 and 8 being protruded into the second semiconductor
layer 32, respectively.

Then, the separating and insulating iayer 11 is formed by
the LOCOS. This separating and insulating layer 11 is formed as
follows. At first, an sioz pgidemfilm having a thickness of 20 nm,
for example, is deposited by thermally oxidizing the surface of the
second semiconductor layer 32,  Qn»this oxide filﬁ, there is piled a
silicon nitride film S10,MN, film haﬁing,a thickness.of 65 nm by a low
pressure CVD method. Then, the oxide film, the nitride film and the

second semiconductor layer 32 are selectively etched away by a RIE




thereby . resulting in the sem conductor substrate 1 being f?r ged. t hat
time, due to the heat generated when the second sem conduc 8 unff%\‘@tgr 32 is
epi-taxially deposited, inpurities are respectively diffused fromthe
respective high concentration collector buried region 5 the buried
separating region 6 and the high con§e7ntrati on buried region 8 forned on
the first sem conductor layer 31 intd‘the second sem conductor |ayer 32,
thereby resulting in the respective regions 5 6 and 8 being protruded
into the second sem conductor |ayer 32, respectively. Then, the separating
and i ns(teadtigel dpereddhirg)f eenlet hys stbR 4 GEEBerTRhat SERF abj NGe and
insulating layer 11 is fornmed as follows:. At first, an Si02 oxide-film
havi ng %r‘i%fﬁ 48tgf the) speends spmicondpreor | kawdapad2i breda epthhef natdut

oxi di Zi t Sk f of t second sem.conduct.qQr |l ayer 37. On-this oxide
film ther ern'?'s %:h géggters,l Iq"?l oﬁerﬁef:'tr}']in@enfrﬂéj%iféiﬂylfii‘F?ﬁq‘n&ﬁi A% a thickness
of 65 N {¥a 0 I d - 1 xi.de fil.m the nitride
film and theﬁdgeggﬁséggﬁjé‘%r?gﬁv(%%?t%}%yg?g%lg&alrng]ggﬁe%ﬁ%tﬁ'ngt WEE dday by
a R E 2fadimpe 2@B6cRieds QAT BOU e OFcet eRifie M @8 rhdd %f,ﬁ%néni@i!iff t hat
they may be protruded into the second sem conductor |ayér 32 by dept h of
about FoUlifmNgTREeead¢cend sehécomhmitorngayer rizdatf 1bs0 IS wSeHeas an

oxidatign resistin sk, and the separating and insulating |ayer 11.
havi ng &-F9HR ﬁ?s?gogg%db‘nm for exanmple, is formed by thermally

oxi di zing the ' dyctor. | r 32 at 1050C in the atnosphere of
wet 02. Ther ea?@ gfqegfﬁ%ﬂnﬁ;{%?l g%‘% em%ﬁgmsjeﬁ e I"}‘fe}]-ﬁ’ HEBWBYRIPY et chi ng
at 150G tuh E03RNOE0 Cc a6} GhobPhorAmRlie, Yhe'dhple! | fifidreby a first

conductivity-type, i.e. n-type high impurity concentration collector
electrode deriving region 15 is formed on a part of the collector
buried region 5 in the second semiconductor layer 32. when this
region 15 is formed, a phosphorous ion {P+) is impianted with an
energy of 70 kev at 1 x 1016/cm2.

' Then, a heat treatment for activating impurities is executed
at 1050°C for 60 minutes in the atmosphere of N,.

Also, there are formed a p-type high impurity concentration
separating region 12, an anode electrode deriving region 13, a
dividing or separating region 40 and an n-type high concentration
ancde region 18, respectively.

The separating region 12, the anode electrode deriving
region 13 and the dividing region 40 are formed by selectively
implanting the boron ion (B¥) with an energy of 400 keVv at 1 x

-101/cm2. The high concentration cathode region 18 is formed by
implanting arsenic ion (As*) with an energy of 70 keV at 1 x 1015/
cm?. Then, the heat treatment for activating respective impurity

ions is executed at 1000°C for 30 minutes, thereby resulting in the




conductivity-type, i.e. n-type high inpurity concentrationzﬁgllg&h%r
el ectrode deriving region 15 is formed on a part of the col'dt% buri ed
region 5 in the second sem conductor |layer 32. Wien this region 15 is
formed, a phosphorous ion (P+) is inplanted with an energy of 70 keV at 1
x 1016/ cnR. Then, a heat treatnent for activating inpurities is executed
at 1050C for 60 mnutes in the atnosgthere of N2. Also, there are forned a
p-type high inmpurity concentration separating region 12, an anode

el ectrode deriving region 13, a dividing or separating region 40 and an
n-type high concentration anode region 18, respectively. The separating

r egi onPT33 p‘f‘hlél‘%hdﬁ@’uEF&tWQHHE?FW%gGEBaé@FéM FRoea LRe thejatiodg regi on

40 are Y, [ y - Lapl [ the boron i B+) with an energy
of 400°Fey Sroq aaygRY ¥egion 3P, BB A SdiRe e 30, hdetiS goPes | o
formedbligh comteidatdonr Seilicdel 88g{Ae Hls WMdilgafoaRkI.9y of 70 keV at 1 x
1015/ cnR. Then, the heat treatnent for activating respective inpurity
ions is executbu titis1009&, fadnthdGghi the gs-typBehefly impawliting. in the 20 June
2006 28 p-type high inpurity concentration separating region 12, the anode
el ect r&&gcaéﬁaﬁw PEGREM U Iregioni 14 dithy reglorel4gtandet ferivimgpe hi gh

concentration, cath region 18 being fornmed. In this case, although the
p-typegﬁgghgih%d?Ff%ﬁecgﬂ%ﬁﬁﬁgaf?%ﬁo éHhFﬁFiﬁ@“W%bF%ﬁmiE?n?Wﬁﬂahoége :

el ectr paeider oAyt ihg &y a t [ a\ndi ' O,are faornmed _
sinthaneéusI;%#thel' ur?%ﬁﬁggpgg%fgﬁaqP'gigﬁggﬁgﬁggg'é‘Rﬁﬁﬁ? a7¢&Rbr ati on
buri ed8r egeoprotirated AN rildedetShd 4418 RREABESS ABye@NdUChHO oy AR 32 bel ow

the portion in which the separating region 12 and the anode electrode
deriving region 13 are formed as mentioned before. Therefore, the
separating region 12 and the anode electrode deriving region 13 are
formed may be formed so as to contact therewith, and the dividing
region 40 may be formed with a depth such that it cannot reach the
anode region 4 composed of the first semiconductor layer 31. That
is, the dividing region 40 may be formed at the position spaced
-apart from the anode region 4 (second semiconductor portion) by a
predetermined distance.

Thereafter, the semiconductor device is manufactured in
accordance with an ordinary bipolar transistor IC manufacturing
process. Specifically, there is formed a lower insulating layer
such as an oxide film or the like formed on the surface of the

~ second semiconductor layer 32 of the semiconductor substrate 1.
Then, an opening'is formed through the base region forming portion
of the transistor by etching based on a photolithography. At the
-same time this opening is formed, an opening is also formed on the
ancde electrode deriving region 13, for example. Then, a first

polycrystalline semiconductor layer 61 is formed so as to close




portion in which the separating region 12 and the anode el ectrod eriving
region 13 are formed as nmentioned before. Therefore, the éﬁb@?ﬁ?@%ﬁ regi on
12 and the anode el ectrode deriving region 13 are forned may be forned so
as to contact therewith, and the dividing region 40 may be formed with a
depth such that it cannot reach the anode region 4 conposed of the first
sem conductor layer 31. That is, the¥ividing region 40 may be forned at
the position spaced apart fromthe anode regi on 40 (second sem conduct or
portion) by a predeterm ned .distance. Thereafter, the sem conductor device
is manufactured in accordance with an ordinary bipolar transistor IC

manuf acturing process. Specifically, there is formed a | ower insulating

| ayer SRRIP APearngsi deriiis Mivst tpwldrgetaDrimd sanitbg Baydrage of 4 he
second Sgg@fon%égior | ayer 32 of the semi conductor substrate 1. Then, an
openi ngt 1S For th¥ e CRASRTEG BnPfne AGPPOity orf hafht he

transi s¢@icdir8¢HBL N0 based on a photolithography. At the sanme tinme this
opening is formed, an opening is also forned on the anode el ectrode

deriving regiorhid, £i64t PARREEstaNGRe %ﬂ%ﬁduc?ﬁk%%&%@é?&%ig%qqﬁ,?g

sem conductor layer 61 is forned so as to cl ose

openi ng3¥ayTHlYs etFhing guisect pat lid iphotel b tigsjrdphyebobis i & AeaPQ! Y&y Ystal l'ine
silicon_containing a p-type inpurity of high concentration. This first
pol ycr ystHIg4Sher shase dirtiono forming pertien etuiecdleanmydd)ieet ¢hiqig based on

t he ph it ho to | eave the transistor base region formng
porti ogééltgﬁtg&elgféggﬁo%%ﬁdg:r vIREe SorEFERIs 1ferd B, regiomAddend tdet r ode

deri vi ngl dct@ionR éé&fVEhdlﬂ%rtion therefrom.

Also, an opening is formed on the base region forming
portion of the first polycrystalline semiconductor layer 61 at its
portion in which an intrinsic base region is formed to form an
intrinsic base region 16i by diffusing a p-type impurity. Further,
an Si0; layer or the like is formed, and a surface insulating layer
21 having a predetermined thickness is formed together with the
previously-~formed lower insulating layer. Then, an opening is
formed through the insulating layer 21 on the intrinsié base region
16i, and a second polycrystalline semiconductor layer 62 is formed
SO as to close this opening. This second polycrystalline
semiconductor layer 62 is a polycrystalline silicon layer having an
n-type impurity of high concentration.

Then, this second polycrYstalline semiconductor layer 62 is
etched away by etching based on photolithography so as to leave the
-emitter electrode deriving portion.

Then, a p-type high concentration graft base region 16g is
formed around the intrinsic base region 16i by diffusing impurities

from the first and second polycrystalline semiconductor layers 61

and 62 into the semiconductor layer 32. At the same time, a high




el ectrode deriving portion therefrom Also, an opening is f@rned @g;the
base region formng portion of the first polycrystalline JEHPe A0t or
| ayer 61 at its portion in which an intrinsic base region is formed to
forman intrinsic base region 16i by diffusing a p-type inpurity. Further,
an Si2 layer or the like is forned, and a surface insulating |ayer 21
having a predeterm ned thickness is aned together with the

previ ously-fornmed | ower -i nsulating |layer. Then, an opening is forned
through the insulating layer 21 on the intrinsic base region 16i, and a
second pol ycrystalline sem conductor layer 62 is formed so as to close

this opetideGitrhiisnSesans d%ﬂ'té(ﬁ% glfér?g.'ogﬂnaﬁn_igemﬁn%%dgﬁ?@{? éggﬁ;gﬁZ Is a

pol ycrystalline silicon |ayer ype | npuri

concentekdtodeTHenivig yeg@eanii paldy er nsyal ééﬂ&r&%ﬁ%ﬁ&ﬂ@#ﬁggé érﬁ‘%ﬁex:& is

et ched away b% et chi ng based on photolithography so as to | eave the

enm tt er*¥&% AddésdépFReh@npshe i bririnisén, base-tegienhigh. concentration graft

base regi on 16& is. formed around the intrinsic base region 16i by

di ffusing i npurifi &8SU139MGt AaYeY (&t hafdfesremhEhssrybrqughakleqtrode

sem conelifilah LAKaLS 64, 1 sgm gonduct or | ayer 32. At the

same time, a hig ZOS?%%éﬁggaéag%Q%gﬁ%ggfrgﬁégﬁ“§h88§'gﬁh%ﬁi%e?gﬂion 14 is

fornmed ereddiedasodor, €@ Wn@dgod &y \WhBOLE8RE P k3 Tangd-& Jhgh goncentration

n-type emtter region 17 is formed on the intrinsic base regron” 16i. The

i nsul at¥efpPeckjrelyl Hewerf,oasedhdeveriat FIGUgh, eizeﬁhléoﬁiﬁsul(lﬂﬂhgcia%ﬂf\dom to
E1

which the em tter, the base and the collector electrodes 2 OB and 20C
of the % 1St GRPPIRI AL agoAnteilayer insulator 22 such as SiO, or the

like. This interlayer insulator has formed thereon a light-
shielding layer 23 made of Al or the like having a light;receiving
window. A protecting film 24 is deposited on this light-shielding
layer.

Then, the insulating layers 21 and 22 are used as
antireflection films so that a detection light is irradiated on the
photodiode PD through the light-receiving window of the light-
shielding layer 23.

In this manner, there is formed the semiconductor device in
which the transistor TR and the anode-~common-type photodiode PD are
formed on the common (same) semiconductor substrate 1.

As described above, in the device according to the present
invention, the photodioae is divided intoc a plurality of portions by
the depletion layer from the junction J composed of the dividing
lregion 40 of its photodiode PD and the p-n juncﬁion J comprising the
photodiode. Specifically, the buried region 6 is not formed in this
separating portion unlike the conventional structure shown in FIG.
1. Thus, carriers generated by the photo-electric conversion with

the light irradiated on this separating or near the separating




respectively. Then, as shown in FIG 3, on the insulating I%yeré there is
deposited an interlayer insulator 22 such as SiQ2 or the 12UHnC 3Q465

i nterlayer insulator has formed thereon a |ight- shielding | ayer 23 nade of
Al or the like having a light-receiving w ndow. A protecting film24 is
deposited on this light-shielding layer. Then, the insulating |ayers 21
and 22 are used as antireflection f8lns so that a detection light is
irradiated on the photodiode PD through the |ight-receiving wi ndow of the
light- shielding layer 23. In this manner, there is fornmed the o

sem co LAr lce. ] | he tr istor, TR and the anode-conmmon-type
phot odi ogg' PDmgajf\ge ?g!r)?r%e or’f%i%hée% %\ﬁfgﬁiﬁy &% Pehebkidy bagbier ate 1.
‘As desebi hedtabmm, wap tHadevince PREUDBI & & i nvention, the
phot odi ode is divided into a plurality of ?)or‘% té:%grg%,ﬂ?étﬂéey &gﬁf'%?i‘i}?‘?layer
from t FBOFtAst | dkstancenfroged tef geherakingdpagi t fcvgiten A0 @plikgophot odi ode
PD and .t he p-n%éunction J comprising the photodiode. Specifically, the
buri ed 1P¥§Fon % iheTGEt the mweaing time ofstharcainigrpoayi e nadei ke t he

convent [ hown_i.n FI G . Thus, carriers generated by the
phot o- tg}l@%?ﬁl?#&%ég@%nre\g‘afﬁﬁfe%eoﬁ i%‘ﬁt Lightadirzrddabed thasdtdepar ati ng or

- near t hfe$8Paral idv@n2 06, 3: i may .be avoided from bei ng
af f ect edeby t he pot gn??%lwlggr%?i g? irs%a%%ggg% %%r?g‘ev\%lvf’&ﬁ%frﬁgﬁ?n'l%ref ore,

t he catheepBobmiddeare) ithds pbesilehd tdi SheGE theORy 4§ ;Eﬁnﬁa@iﬁ g position
to the depletion Ilayer, and hence the running time of ct’ e carrier may be

nmade. SabdEaREHAY yreqieaicyr ebardtessiasficshe |ight irradiated position.

While the bipolar transistor TR is of the so-called double
polysilicon structure using the first and second polycrystalline
silicon layers 61 and 62 as described above, the present invention
is not limited thereto, and:modifications may be possible such ag
when the bipolar transistor is of a so-called single polysilicon
emitter structure based on an ion implantation method or the like or
in which the emitter regibn is formed by ion implantation.

Moreover, the dividihg Tregion 40 is not always formed at the

“same time the separating region 12 is formed, and respective regions
may be formed by different processes.

Also, the second semiconductor portion (i.e.‘anode region 4
:in the above-mentioned example) is not always epitaxially deposited
but may be formed of the semiconductor base 2 itself.

Moreover, while the first conductivity—tyée is n-type and
the second conductivity-type is p-type, i.e. the photodiode of the
light-receiving element is the anode common type arrangement in
which the cathode is disposed on the light-receiving surface side as
described above, the present invention is not limited to fhe above-

mentioned example such as when conductivity-type of each portion may




Therefore, even when light is irradiated on the dividing r Gon ﬁ&’ t he
phot odi ode PD, it is possible to obtain the RF signal haviﬁ% S éfactory
frequency characteristics. Wiile the bipolar transistor TRis of the
so-call ed double polysilicon structure using the first and second
polycrystalline silicon |ayers 61 and 62 as descri bed above, the present
invention is not limted thereto, ah2l nodifications may be possible such
as when the bipolar transistor is of a so-called single polysilicon
emtter structure based on an ion inplantation nethod or the like or in
which the emtter region is forned by ion inplantation. Mreover, the

di vi di g reeeddOr £haol i WaysefOfdmd %Betg@hiéﬁﬂ@%ﬁ%BPE%%JB%esﬁg?%@iing

region 12 is formed, and respective regions nmay be forned by di nt
pr ocestbe. 1igin,reckd vieg oeltbreani corgl uetintfapoti 1o rgithed &mpd@er €gion 4 in
t he above:nentioned exanple) is not always epitaxially deposited but may
be for RRELGH HEXIBNFEBHIR ASPIREG O itheePresamr doventiohidre nhe fir st

7okt P Ee” aPor B iGned (GelRIRg ol ement 1< 1he anode comron

fig el enent is the anode conmon

type arrangemeicdrdinyhis el @nsad NRdR: iicsicd] ed qqvbhesdd gtﬁlbﬁﬁﬁf%‘, ving

surface side as described above, the present Tnvenfion I's Ho ed to

t he aboperawimt, amedphssoiiciesEDh s W16GhEOPEHGN gt ¥1ExdR Qk each portion
may 20-June 2006 32 be reversed or the Iike. Therefore, the sem conductor
devi ceSRBIFHEPA timd0l pgRlurddalyyohgpatdpmst by i the wepleaconriaygrret hod and
the optical pickup device acggiding to the present invention are not

i mi t ed°¥" The “HB6Ve freht iRATEGOLR ofpIa¥91d the existence of the

potential barrier against the carriers generated by light irradiated
on and near the separating potion, carriers generated in any portion
of the semiconductor may be{diffused substantially uniformly.
Therefore, even when the seﬁiconductor device has the separated
arrangement, it is possible to configure the semiconductor device
having the light-receiving element with excellent frequency
characteristics. : |

Therefore, in the optical pickup device, when a light is
irradiated on the region including the separated regions of the
photodiode divided into a plurality of portions to thereby output an
RF signal which is required to become high-speed or when a light is
irradiated on the extremely;narrow stripe pattern used in the laser-
coupler, it is possible to realize satisfactory frequency
characteristics.

Then, when a semiconductor device according to the present
invention and an optical pickup device using such semiconductor
device are manufactured, the number of proéess is not increased as
compared with the prior art.

Having described preferred embodiments of the present




According to the above-nentioned present invention, upon it 0 i on,
the photodiode PD, i.e. light-receiving elenent is separa?@d“F%?@ﬂ%
plurality of portions by the depletion |ayer. However, since it is

possi ble to avoid the existence of the potential barrier against the
carriers generated by light irradiated on and near the separating potion,
carriers generated in any portion of33he sem conductor may be diffused
substantially uniformy. Therefore, even when the sem conductor device has
the separated arrangenent, it i's possible to configure the sem conductor
device having the light-receiving elenment with excellent frequency

char actisvestios .wilihereferencd Rot BBe Oftbd i =€ 3 Light is
irradi ated on the region including thecggkgggﬁég@ﬁﬂgyiné o%h?%éﬁ) ot odi ode
di vi de¥PPRESEPDIthaE the Bressott Loventiom Her eby Diijued as +RE figal whi ch
IS reqyi beco hi gh-speed or when a light is irradiated on the
extrene E/l-g%%}rlér)%v? ) Eﬂ%‘,‘%&%?ﬁh%s\é@wq Fhapge®rand owgiéicatiornss cpassi bl e

to reabkz i f ngcy. . characteristics. Then, when a
Son congueraticd A0y BEME"EE: 1 FAR A0 Bh 3 isherendaher aindogepual

pi ckuptHevspEr itSicig seUpd SEHhEOPELSE D! inq"éYlitESnaarlse d&%’l&{ESCtHrtﬁ%’ the number
of process is not increased as conpared wth the prior art* i ng

descr i Beaepded erladehsenbodi ments of the present 20 June 2006 33 invention
with reference to the acconpanying drawings, it is to be wunderstood that
the present invention is not limted to the above- nentioned enbodi nents
and that various changes and nodifications can o




be effected therein by one skilled in the art wi thout departi from the
spirit or scope of the present invention as defined in theZOéﬁg%ﬂﬁﬁh
clainms.. 20 June 2006 34 CLAIM5S 1. A junction portion for a light-receiving
el ement formed on a sem conductor substrate, the junction portion
conprising: a first conductivity-typstfirst sem conductor portion and a
second conductivity- type second sem conductor portion, a second
conductivity-type separating region is formed on a part of said first

sem condgtjagMportion and wherein said junction portion is arranged such
that said first sem conductor portion is separated into a plurality of

portions w thlapRhunetbh pertieh for alliHer&Rivih@Slem¥éRt foAgR dita Sehiodddidfli on .
portion in an operating state of said light-receiving elenent by a portion
of a depPubsirals, thajuctienpertion pMPFHEALt he | unction portion around said
separating region; and such that w thout application of the reverse bias
vol tage to saf &5t gprduchvity-pyoe firs semiroaderior Reskerandrapesens eondnctivityd

| i ght-regel\l i i.rst sem conductor portion is not separated
into theﬁ%kéé@ﬁﬁ%ﬁ@ﬂ%ugfo??gﬁ%@ 2. Ajunction portion according to claima1,
wherein said t e0, ' . ON. SA| L[St sem t or
portion at a %§€®%g$%E12% %Fogﬁﬁ%r%?ﬁ%é%g%@%{Jé%%&’l?@td(?rs’%gd;rﬂwon by a
pr edet ersemieshduntoeporibn a®d A junction portion according to clains 1 or 2,

wherein said separating region is formed on said first seniconductor
portion w th whelespiait gunetivn poridhdisaitmged dechothas adidl fistcatcaricwenduct or

Wher ei n TSR 1 SRR 50 TG OO WL RPUCEERR L & EPHEBNER L of
porti on wita@dtd SHi®fuBAbAidition in an operating state of said light-receiving element by
a portion of a depletion layer spreading from the junction portion around said
separating region; '
and such that without appliéation of the reverse bias VOltage to said junction
portion in a non-operating state of said light-receiving element said first

semiconductor portion is not separated into the plurality of portions.

2. A junction portion aécording to claim 1, wherein said separating region
is formed on said first semiconductor portion at a portion distant from said second

semiconductor portion by a predetermined interval.

3. A junction portion according to claims 1 or 2, wherein said separating
region is formed on said first semiconductor portion with a displacement toward one

side of said second semiconductor portion.

4. A junction portion according to any one of claims 1 to 3, wherein said
separating region is formed on said first semiconductor portion at an intermediate

portion with respect to a thickness direction of said first semiconductor portion.

5. A junction portion according to ‘any one of the preceding claims,

characterized by further comprising;




portion with respect to a thickness direction of said first ?fem géb%ductor
portion. 5. A junction portion according to any one of the 43rgdediity
claims, characterized by further conprising: 20 June 2006 35 a first
conductivity-type third sem conductor portion having a higher inpurity
concentration conpared to said first3sem conductor portion and formed at
the surface of said first sem conductor portion in areas of said portions
separated by said depletion layer in said operating state. 6. A junction
portion according to any one of the preceding clains, characterized by
further conprj siddQonduchiOdy. ] ' vlﬂ?% a. hi inmpurity
concentration corrg?ar gc} f'ﬁéiﬁgist sggg%gﬁﬁé%?ﬁr%%nﬁcﬁfg%or %E%hgrnﬂ#@?l%d on said
sen condewkatirationlgsmpared to asid firsti semitdndueof portios and famed mh ére ssfat® becone
verti cal | di acent. tq said .second sem conduyctor portion.. 7. A_junction
portion %%S@laﬁir%ﬁsﬁﬁen’tlﬁongipﬁtloﬁ?‘@fuo’é Hafaet %trrga%ie@q‘?flsts atﬁé k’@ ﬁﬁ}fiﬁepﬁl t he
surface m?erqgisﬁd%?maﬁﬁ)@g%;or substrate to said fourth sem conduct or
portion 1Is selected to be |arger than an absorption | ength of an incident
light on said light- receiving element. 8. A junction portion according to
claim5, chargcterhzgdeidh bB@RonSAedrdidl % anSCSHLHP AleeBabt iighshas a

thi ckness sel ected ijﬁgz rahge gf fcroné%. Olanl?n tg 8 %Tp 553 Aéj unctsi on

porti on detstetizedby tirtheycamprisirig: t he preceding clainms, characterized in
that said second sem conductor portion has an inmpurity concentration

rangi ng 1 x lifbutlo strmicchdiGontpombdc MAvinkOa Righeindinporityp @bhdeptrai@cor ding to
any one of th recedin | ai s, ( characterized in that said first and
second SEMPABRAIRES 5%?3{15 oifEuFpdECtomRertien, formude ent $aid | GRCHGRGPhg 1 x
Lol | 10 shivdtral0 16 a A RBEEHBIn dikh AR 1263 bBISHPerflEMly L1 £RAPI 'Y 2

junction portion according to
second semiconductor portion.

7. A junction portion according to claim 6, characterized in that a length
from the surface of said semiconductor substrate to said fourth semiconductor portion
is selected to be larger than an absorption length of an incident light on said light-

receiving element.

8. A junction portion according to claim 5, characterized in that said third

semiconductor pbrtion has a thickness selected in a range of from 0.01 pum to 0.2 pm.

9. A junction portion according to any one of the preceding claims,
characterized in that said second semiconductor portion has an impurity concentration

ranging 1 x 10" to 1 x 10'® atoms/em®.

10. A junction portion according to any one of the preceding claims,
* Characterized in that said first and second semiconductor portions have impurity

concentrations ranging 1 x 10" to 1 x 10'® atoms/cm®,

11.  An optical pickup device comprising a junction portion according to
any one of the preceding claims, a semiconductor light-emitting element and an optical

systemni.




any one of the preceding clains, a sem conductor |ight-emtj| nt and
an optical system 20 June 2006 36 12. A nethod of nanuf a(éduﬂ‘gﬁgb(gre

junction portion for a light-receiving elenent, characterized by
conprising the steps of: formng the junction portion conprising a first
conductivity-type first sem conduct® portion and a second
conductivity-type second sem conductor portion in a facing relation to one
maj or surface of a sem conductor substrate or on one major surface of a
sem conduct or Qubsty &hod gt magyfagtugag oniPnetiar werion foF-a Jighi-reepsingt i ng

regi on 0@1%£ﬂ%ha@5teﬁ%%&%in?ﬁ2% &?é}?dsf‘t;t or portion and wherein said

junction portron is for sem conduct or portion is
separ ated i nt @, ghikd Uial ik 1 O | P Lcatl an.of a reyense bias
voltage to said l}q%nct i ‘!)‘Irl#%%t OI’II&I{ n&zﬂrﬁﬂggggat ﬁir%t ;%E){é(?‘{e&tlo yglgléd\ﬁ%t

| i ght - r esehigomdpctirgroetian iyd a sgrond icomdwefivity-tytepleedridosentiegmducteppadidhng from
the junctio ortian around said_.separating region; and such that w thout
appl i cat f‘b‘?m%(‘}?ngtrﬁlé’%?’ég%?%eemﬂlioéé“%Pngfes%généf-‘ of BHPStERG AT OB GRE BT n a
non- oper girfddg of h dkicehdicddrdubdt@ht - receiving el ement said first

sem conductor portion is not separated into the plurality of portions. 13.

A net hod accofdivity hQe6dd Eondidetiviyalsd Seafliiflc @Rl ¢h 8 GRRNF said first

conductivity-type separating regi on conprises formng said second
conduct i samigondpgter pedisaraadi ng region in sel ected areas on said first
sem conductor layer while leaving a part of a thickness of said first
seni conduct or Wherpisr saidhygction partien is foimesh such thi Eirst wérnicondustor pogtoniispur i ty

concentrati t.hird_,sen cenductor.portion in.sel ected areas on or near the
ComCent | Gkl £ oA IL AP RS Spbl g b 3Rl 30
junction portion in an operating state of said light-receiving element by a portion of a

depletion layer spreading from the junction portion around said separating region;

and such that without appli:cation of the reverse bias voltage to said junction
portion in a non-operating state of said light-receiving element said first

semiconductor portion is not separated into the plurality of portions.

13. A method according to claim 12, wherein forming said second
conductivity-type separating region comprises forming said second conductivity-type
separating region in selected areas on said first semiconductor layer while leaving a
part of a thickness of said first semiconductor layer; and

forming a first conducfivity—type high impurity concentration third
semiconductor portion in selected areas on or near the surface of said first

semiconductor portion.




