0 5 JUN 2006 DESCRI PTI ON Conpound Sem conductor Wafer and Manufacturing

Met hod Thereof 5 Technical Field The present invention relates to a conpound
sem conductor wafer for a near- infrared sensor for food, nedical 9? N
environnmental inspection, as well as to a nmethod of manufacturing Hw ggﬁe.
10 Background Art As a near-infrared sensor having sensitivity in the

near-i nfrared wavel ength range of 1.7 pmto 2.6 m one having such a
structure has been known in that a p-type sem conductor |layer is forned by
di ffusing zinc in an epitaxial wafer having an In. G _ BAs | ayer
(hereinafter referred to as an InGaAs |layer) with large lattice constant as
a 15 light receiving layer, and positive and negative el ectrodes are
arranged on upper and |ower surfadeBSEREIESN Many substances surrounding
us, including organic substances, water, gas and the |ike absorb waves
havi ng the wavel ength in the near-infrared range of 1.7 mto 2.6 m and

therefore, such &caa8Rl SkRIRKBRILEWHG ABNE WA ARPVEGRHITHREJN the field
of environnental inspection, nmedical 1 nspection, food analysis, tenperature

20 detection and the like. In the near-infrared sensor described above, on
an Ing sub trate1 ap InGaAs light receiving |layer having a | attice constant
| ar ger’ tha sihugal Bield he 1 nP substrate is forned. Therefore, the difference

inlattice cons ' j s < b : trate and
e | nGaas |1 ont BT PG T o O AP APVEY ST PeT Gh PhyEle e bur ar 25

| ayer for mafratdieseasny foofded, inadicsindr@atirvwrhéntdlnfspbstidreewell Antepnisthdddf waf er
having a lattice constant different fromthat of the substrate is referred
to as a | alen¢actyiingiccsymet ype epitaxial wafer. The structure in which the
step layers and a buffer |ayer are inserted between the substrate and the
i ght receiving | aver descri bed above has been -1 0 5 JUN 2006

10 Background Art

As a near-infrared sensor having sensitivity in the near-infrared wavelength range
of 1.7 um to 2.6 um, one having such a structure has been known in that a p-type
semiconductor layer is formed by diffusing zinc in an epitaxial wafer having an In,Ga;.
.As layer (hereinafter referred to as an InGaAs layer) with large lattice constant as a

15 light receiving layer, and positive and negative electrodes are arranged on upper and
lower surfaces thereof Many substances surrounding us, including organic substances,
water, gas and the like absorb waves having the wavelength in the near-infrared range of
1.7 um to 2.6 pum, and therefore, such a sensor is expected to have wide applications in
the field of environmental inspection, medical inspection, food analysis, temperature

20 detection and the like.

In the near-infrared sensor described above, on an InP substrate, an InGaAs light
receiving layer having a lattice constant larger than that of the InP substrate is formed.
Therefore, the difference in lattice constant is adjusted by providing, between the InP
substrate and the InGaAs light receiving layer, a plurality of step layers and a buffer

25 layer formed thereon to be in contact with InGaAs laver.  An epitaxial wafer having a
lattice constant different from that of the substrate is referred to as a lattice mismatch
type epitaxial wafer. The structure in which the step layers and a buffer layer are

inserted between the substrate and the light receiving laver described above has been
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proposed repeatedly (for exanple, in Japanese Patent Laying-Open Nos.

2001- 156324, 2001-102620 and 06-216403), since it has been found that the

I nGaAs | ayer has sensitivity in the near-infrared range. 5 D scl og8rgnofios
the Invention In a ternary conpound sem conductor consisting of (group
3/group 3/group 5) elenents, a band gap is determ ned uniquely by its
conposition or by the lattice constant that is determ ned by the
conposition. Therefore, the ratio of elenments of InAsP constituting each of
the step layers and the buffer layer is varied to gradually increase 10 the
lattice constant as descri bed above SO that t he Iattice constant is varied

fromthat of L%:>subs eto ired lattice con Ee |QC€%

i ght recelpt'/‘?ﬂ?@e EF)VE?"E 4 S8R dln ]apadt,e HEa- AV E%“ §r?|9b 0y

epi t axi al %6?&0‘36#0 Ify ’9'*?640 WdcBt E@Jhsf)ahnd‘(@g@ﬁ @%ﬁ%'l@ ePRaSuch as
a (‘Vapor Ph

OWPE (Organo Metallic ase I tax ase Epitaxy)

has been krgmmwu&rmngﬁejagﬁﬁrarémﬁng@t hod 15 is known to have high growh
rate. However, even when the light receiving layer of InGAs is formed with
t he step | ayers provided to have gradually increasing lattice constant as

descr|5ﬁ i)bsc%gs itftkﬂai Jegen difficult to stably manufacture an | nGaAs

| ayer “havi d %'5&? 8 ’?c?lngorérystal characteristic. This results in |arge
dark current, ang a&&at@f&hqmuhhl@aﬁlbom@ta cetglatr@,dof%@r&@rﬁgtroﬁf @tgrbgyvs,)
sensitivity could be obtai ned, stable, highly sénsitive and | ow no

products c @lshnbntsoa bl gdgt midatetminad umlqpeig by afs cohpopities enby thevamte oonstamtt 0

provi de a conpo sem conduct or . waf er. and nuf act ng rret hod t her eof
that enabl &ha¢ %q YAiOR GPEIPFGH I%ﬁ@rﬁ W%‘Orog@t@fr\?f‘ﬁ@ & havi ng

Super ! of, XSl GNALRSH B! Sl fycrfBad 1€ pREESADL L NEA L PRy llESl L

conpound sem con tct or water as a

| ayerlOf or melek laﬂtcamoﬂmﬁtt&lstldﬁid’rﬁh@abdﬂhesol\ﬂhfiﬂhellimb@d@&tanan Jafiés Bbratiat ep | ayer
consisting of a Pl urality of layers (x differs laver by |ayer) formed in
contact wi P sirats tp Releping latfisscpnttant oafhe s Aghprecevpgiiavss. | ayer

positioned in * Ias a method of grewing a lattice mismatch tvpe epitaxial wafer for the near-
infrared sensor, vapor deposition such as OMVPE (Organo Metallic Vapor Phase
Epitaxy) or VPE (Vapor Phase Epitaxy) has been known. Among these, VPE method
15 1s known to have high growth rate.

However, even when the light receiving layer of InGaAs is formed with the step
layers provided to have gradually increasing lattice constant as described above, it has
been difficult to stably manufacture an InGaAs layer having a satisfactory crystal
characteristic. This results in large dark current, and therefore, though near-infrared

20 sensors of low sensitivity could be obtained, stable, highly sensitive and low-noise
products could not be obtained.

An object of the present invention is to provide a compound semiconductor
wafer and manufacturing method thereof that enable stable manufacture of an InGzAs
light receiving layer having superior crystal characteristic.

25 The present invention provides a compound semiconductor wafer including an
InGaAs layer as a light receiving layer formed on an InP substrate. The wafer includes
an InAs,P,., step layer consisting of a plurality of layers (x differs laver by layer) formed

in contact with and on the InP substrate, and an InAs,P,., buffer layer positioned in



0O 5 'UN 2006 contact with and on the step | ayer, sandw ched between the |InP
substrate and the I1nGaAs |ayer. The plurality of step layers and the buffer
| ayer have nutually different lattice constants that gradually bebQu 2006
closer fromthat of the InP layer to that of the InGaAs |ayer. Further, the
maxi mum val ue of PL |light em ssion intensity at the 5 interface of each of
the plurality of step layers and the buffer layer is, at every interface,
smal l er than 3/10 of the maximum PL |ight em ssion intensity of the buffer

| ayer. The PL light emi ssion intensity reflects crystal characteristic of
the portion that emts light, and the PL Iight em ssion intensity becones

hi gh t ti h t.al h i.stic. t t
GeScri bod BDE WEhand by detel HiFm stATCEs SerepEe 1 MFSHF J8000 t ho st ep
| ayers a”dlﬁ@z?AP}éP&er 'l*k?ey]ﬁﬁrahﬁlcen e;g ﬁ&@&ﬁm@%ﬁ@g Q'}&lu@ﬁ'ﬁttdaﬂ?%xf?é?gnt

t hreadi ng di sl ocations are co l e the rysta characteristic in
t he buffer latﬂlee/emstasxtst thaegrativatysbeosmerologerfr ghelfat tofi e InRdayeoto theof tiker f ace,
as indi cated %(K PL light enission |nten5|t%Enn In such a stacked, structure,

t

misfit di sFERs mer ardrist the masimn gdue of Bimlighleemuiggion migeity ¢ HRe upper
layer '%Thatlntélji}?ce"gfséal:ﬁ oﬁ'{r% )P‘i’&? iy o?%te ePSOE@ @g%ﬁ&g 1 éi‘ é Qs ﬁ,g H&Hﬂ%@er

| ayer "has been confired he“inve res i'nvention

i nspect i on sl & tREM /(OB inasintin EL%@hwﬁas%mr@@:@Qmthelbfuﬁéhﬁyéml ckness of
the wupper layer is not larger than a prescribed thickness, good crystal

characteristic %ﬁcrﬂﬁ ligiteerm spparcintsiecidage cofstal barditsnitided thet partien it er f ace

as an underlyin thickness is | arge,enough not

"5t Fuenced By TREY AT HBR eHe TP By bSO SHOPOHOB BRTBE FEPeT | | m
having ver seqmmh&wt%hahc CHARRE hRlchiE dEscFiBBd BB R d}?ﬁal ciﬁyrabt%ﬁ!;t Yat thdre

t hi ckness of the buffer layer nentioned above is’ ab tw ce that of each
st ep Ilayer intégadecofithe steptiyermandahe buftdr ldyee isRietériqghtederiedsd disiocaitommand y, the

PL light e [e) ensity of a prescrib d area of a wafer asur ed.
The neasur élawim% Htjlﬂcat*%ﬁ g |°8ﬁ°ei“HPTe§sWP‘§F e cystd Sherpelaristicrp %taﬁg?eft en

level s, a”‘i’ay@P a:}{xf‘er ic es’ '&r‘c‘?re% htepﬁaaﬁ 198Fthe 1%@&%&/ &ls iddM2058) YL igpused as

t he maxi mum va cor anot aspect resent 1 nvention
provi des aeﬁmmunﬂns@emImudu@tsmke&esmr:tummuuﬁlﬂ dlgoaﬂxolnﬁlﬁi&Aﬁ)t trayserred a

i ght receiving |ayer forned on an _

from the inferface to the upper layer. That the misfit dislocations are not transferred to

15 the upper layer has been confirmed by the inventors of the present invention by
mnspection with TEM (Transmission Electron Microscopy).  If the thickness of the
upper layer is not larger than a prescribed thickness, good crystal characteristic cannot
be expected because of the disorder at the interface as an underlying layer. If the
thickness is large enough not to be influenced by the disorder of the interface, however,

20 an epitaxial fiim having very high crystal characteristic can be obtained. Typically, the
thickness of the buffer layer mentioned above is about twice that of each step layer.

As to the maximum value of the PL light emission intensity, the PL light
emission intensity of a prescribed area of a wafer is measured. The measured PL light
emission intensity is classified into about ten levels, and an average value of the highest

25 level intensity is used as the maximum value.
According to another aspect, the present invention provides a compound

semiconductor wafer including an InGaAs layer as a light receiving layer formed on an

inP substrate. The wafer includes an InAs,P;., step layer consisting of a plurality of



I nP substrate. The wafer includes an InAs.Pl., step |ayer consisting of a
plurality of 05 AN 2006 | ayers forned in contact with and on the |InP
substrate, and an InAsyPi_y buffer layer positioned in contact wi t{sgog e
the step layer, sandw ched between the InP substrate and the InGAs layer.
The plurality of step layers and the buffer |ayer have nutually different

| attice constants that gradually becone closer fromthat of the InP layer to
that 5 of the InGAs |ayer. Further, the nmaxi num value of PL |ight em ssion
intensity of the step layers is, in every layer, not larger than 7/10 of
the maximum PL |light emssion intensity of the buffer layer. This structure

is assenbled in view of crystal haracteristic inside t t ayers and
e bor 1 o e Garniie Spa S prE Onte e P et e i DU BRLTES | st e
the ste : d i NS f han in
L Convent | b SR cOabilh bPHhe LB 1B | Shay PUEd paSRATES PSSl NAT !

i NP subst r aidethbdsGhes lager. Critetphiralitg bdk@p i@kt sindaht baffertiber dtepmliayliys t hat
are thinner _and closer to the InP substrate. According to a further aspect,

t he presendiffereptlitticsroppients dex sseduaiybrromesdenet Eaaubaoe! thafndt layerciouliting an

I nGa | ayer,. a ight receivi | ayer forne n,. 15. I nP. substrate. The
waf e'rA%i ncl ?frcf}elgiéﬁa‘%‘%%g?rm%ﬁhg%@% T%@S}@Pmcvc?i%e’l ‘(%jt‘tﬁh]égqgfmgssbqnd?%f‘flfyyoé € ayers
formed in genfageds inid Bv@thyen nbhRrded haaibsd bALR mAREuRAPL KAS ¥Rissorbuf f er

| ayer positioned in contact with and on the step |ayer, sandw ched between

the | nP subtengisit ef thabdffehleydrnGaAs | ayer. The plurality of step layers and

t he buffer | ayer, have nutual | i.fferent lattice constant,s that graduall
become cl oseryf ?B%SFHBY”%’F’ afsi%"bll%P“ I"We?ttct%“?lh%’fmfﬁ?”é‘f‘c pfde F}?‘FC%Q&%IYQVH. ¥he

maxi mum Plgld @b, g8 lﬁ%rﬁnﬁhgﬁ'ﬁ[bslgettwcéhf thetpr] l%%mis%nriﬁtéﬁty?ﬁs‘?& theaygy that

is in contact with the InP substrate anong the plurality of step layers is
smal 18r t hesrs 14 fliQat ofsidehbe bwXeriayer Picomeyhimaker thai mre comvemsinhlyexainidqie buf f er
| ayer. In the above descriped structure, defects are concentrated in a |ayer

or |layers Tl&‘F Feang Hhat He uflpr Lygdaragrdram e 188 supgrae pastbediegryFaher that is
' Somsct e NIEoE 25 B Sy PRI RS G0 g e
|l ayer, and not peepapatied fahéhspapahe bagest . inistian hesidds a cdmpound
semiconductor wafer including an InGaAs layer as a light receiving layer formed on an
15 InP substrate. The wafer includes an InAsP;.x step layer consisting of a plurality of
layers formed in contact with and on the InP substrate, and an InAs/P,., buffer layer
posittoned in contact with and on the step layer, sandwiched between the InP substrate
and the InGaAs layer. The plurality of step layers and the buffer layer have mutually
different lattice constants that gradually become closer from that of the InP layer to that
20 of the InGaAs layer. The maximum PL light emission intensity of at least the first step
layer that is in contact with the InP substrate among the plurality of step layers is smaller
then 1/10 of the maximum PL light emission intensity of the buffer layer.
In the abave described structure, defects are concentrated in a layer or layers
close to the InP substrate such as the first step layer that is in contact with the InP
25 substrate, both inside the layer and at the interface. Therefore, distortion is released at
least in the first step layer, and not propagated to an upper layer. As a result, an

epitaxial film having superior crystal characteristic can be formed at the buffer layer or

light receiving layer as the upper layer, whereby dark current resulting from crystal



epi taxial film having superior crystal characteristic can be fornmed at the
buffer layer or light receiving | ayer as the upper |ayer, whereby dark
current resulting fromcrystal -4 0 5 JUN 2006 defects can be suppy i®$ﬂm€nd
a highly sensitive near-infrared sensor can be obtained. The PL | %

em ssion intensity of the second step |ayer positioned on and in contact
with the first step layer may al so be snmaller than 1/10 of the peak PL |ight
em ssion of the buffer layer. 5 According to a still further aspect, the
present invention provides a conpound sem conductor wafer including an

In, Gal., As Iayer as a light receiving | ayer fornmed on an InP substrate. The
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the InP substrate ayer. Ity of step layers
and the butdmuact Ivayetrhe iast &taplibpeinkdy alddi Hef seiadlpi tHaatll 10cef the pedkaPil ghthat

gradual | y becone cI oser_fromthat of the InP layer to that of the
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the corresgaemebdmhck? vadimagidingan n@tsiapz,@sf]a di Qs alidpt }eeylerngtlaf& fbgnddnorcont act
with the interface of interest on the e of the InP substrate and that of

the step | eryblP Stulbaitratﬁs The wefer andudgs e ImmseP st Bep Jaggregonsisiing dlce plugditnpf t he

| nP substr this structure S ers.ar

conpositio geraéinr&ée[déa copfagiw t}ba“%\?li‘gh &“‘hﬁ&&sﬁ Pglafl?%% Enet%'{f{fmﬁﬁayﬁom t he

| NP subst r gé&idradtih €okibidtiikn W&{ she Wiip! 18y ek mena&m%@me%}e& HSInBlsubfifate

interfaces are reverse to such adjustnent. As the conposition is in

one- 19- onearslthe dsfandenlagerwi Thetphealitaof step layerssararthe bufferflajer bwge mnatally he
the interface_ are adv rse to resultlng in

| att 1 h ot
masf: tC edlcgqril ?&an fﬁﬁtw@d‘ﬁeeﬁﬁséw&ﬁadaeﬂy E?f@merﬁeserér@e &aﬁeﬁﬁ E@ laver fath
di sl ocati Oeﬁhegﬁl : %ﬁa &at qq %alz éb%%p&hf‘ornf&ﬁ@,ofms?%a}m djeSk fé%?ﬁt(:)rgéﬂts in the

step layers an uf fer ecrease, and ere ore
interface between each of the plurallty of step layers and the buffer layer is closer to the

corresponding composition ratio of the InP substrate than the corresponding '

15 composition ratio of the step layer that is in contact with the interface of interest on the
side of the InP substrate and that of the step layer that is in contact with the step layer
on the side of the InP substrate.

In this structure, the step layers are formed with compositions adjusted so as to
attain matching lattice constant from the InP substrate to the buffer layer, while the

20 compositions at the interfaces are reverse to such adjustment.  As the composition is in
one-to-one correspondence with the lattice constant, it follows that the lattice constants
at the interface are adverse to each other, resulting in misfit dislocation concentration at
the interface. When the misfit dislocations are concentrated at the interface, misfit
disiocations in the step layers and in the buffer layer decrease, and therefore, a light

25 receiving layer having superior crystal characteristic can be obtained.

The present invention provides a method of manufacturing a compound
semiconductor wafer that includes an InGaAs laver as a light receiving layer formed on

an InP substrate, an InAs,P1., step layer consisting of a plurality of layers formed in



25 receiving layer having superior crystal characteristic can be obtained.
The present invention provides a nethod of manufacturing a conpound

sem conductor wafer that includes an InGaAs |ayer as a |light recei vl BQuNaMg"
formed on an InP substrate, an InAs.Pl., step |layer consisting of a
plurality of layers formed in -5 0 5 JUN contact with and on the InP
substrate, and an InAs"P, , buffer |ayer positioned in contact wth and on
the step layer, sandw ched between the InP substrate and the I nGaAs | ayer.
The plurality of step |layers and the buffer |ayer have nutually different

| attice constants that gradually becone closer fromthat of the InP |ayer

to that of _t |1 I o 5 f act i .
Sem conducPBIELRE N g i 4y R oA Rs p iR SRERSS rcomiact i i ¢y
of step | ayiek anc@Bfl ife\CePllérefanlddy@led bervfh TRIIMPASL R GAPWeNnGR AL MyRF I Upt ed

as descri bed above, steephess in conposition variation that vary layer by
| ayer anonbhe pleraftyeqf stepyleys s andithetvmifoufzf erhavayetualyrdifieentddiice kbgharts The

steep transition of conpositions at the interface of C ayer alsq 10

i ncr eases %te%ﬁﬂé"’i@ bFFP’P%F‘PFQfé"%ﬂ?(‘ SEEhe\/@%’ i?%’tef %Ehabﬂfgt%’? E%¢@¥%[a§?r-i tilacts to
suppress [ r j - [ row h
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time peri ogich bothegaailyerfens layansiil Be bhfedeyer iafodmebe wafer is held in that
state. Specifically, the growh is stopped by stopping supply of the
mat eri al gas toAf He gswiliissnterupted gp deggcohehaliaye, HeqpnessdnicBB@osIfiaR peri od,

the material. gas..to be.supplied to th ubstrate, is,adjusted to surely have
 oresor 1 bt nElr R SRR ING tRete P TRdR ATHT 8RB R b R Rl o1
~gas to thenghddst Tat 6tebS trafSHTESE coBpoiliehs 8 @WidielfiteIfelEt 1208 al@n i nterface
can be obtained at which conposition and lattice constant vary steeply. The
f or elfdi ng 1aerdasss heepwis aciatice centtant ogriatagpend themidread \zatsttageppress t he present

20 invention w |l becone .m)rF %ﬁarent.m mthe follow ng detailed
descri pt i o SEIPHRE PropaseteR of ARfert Ao %fken in conjunction with the

acconpanyi ng drgwienggwiBittefrRestCrefdt {PDsBfe ih R BWWAYR stopped for a
prescribed time period, for example one minute or longer, and the wafer is held in that
state.  Specifically, the growth is stopped by stopping supply of the matenal gas to the

15 substrate for growth for a prescribed time period, the material gas to be supplied to the
substrate 1s adjusted to surely have a prescribed composition during that period, and the
supply of the material gas to the substrate is resumed. By such growth interruption, an
interface can be obtained at which composition and lattice constant vary steeply.

The foregoing and other objects, features, aspects and advantages of the present

20 invention will become more apparent from the folicwing detailed description of the

present invention when taken in conjunction with the accompanying drawings.

Brief Description of the Drawings
Fig. 1 represents a near-infrared sensor incorporating a compound
25 semiconductor wafer in accordance with the present invention.
Fig. 2 represents a film forming apparatus used for manufacturing 2 compound
semiconductor wafer in accordance with an embodiment of the present invention.

Fig. 3 is a transmission electron microscopic photograph showing a cross section

-6-



Fig. 1 represents a near-infrared sensor incorporating a conpound 25

sem conduct or wafer in accordance with the present invention. Fig. 2
represents a filmform ng apparatus used for manufacturing a corrpourﬂ% JUN 2006
sem conductor wafer in accordance with an enbodi nent of the present
invention. Fig. 3 is a transmssion electron m croscopic photograph show ng
a cross section 6 0 5 JUN 2006 of a conpound sem conductor wafer (Sanple 1)
in accordance with the present invention. Fig. 4 is a transm ssion el ectron
m croscopi ¢ photograph showing a portion near the step |ayer of Sanple 1. 5
Fig. 5is a transm ssion electron m croscopi c photograph showi ng a portion
near the |ljLght receiving |l ayer is.a transm ssion

el ectron rrP%‘? BUBRRANE SEREO8E ‘r’%tﬁ’nwéi%\g\ﬁad’@?]%l1bt9ratCF%rrilaﬂ%faW1thf}WePr§ieé‘b | ayer of a
conparativg exanple (Sanple 2). Fig. 7 is a transm ssion electron

m croscopi ¢ phot ograph showi ng a portion near 10 the |light receiving |ayer

of Sanple 2. Fi gig. 8 ishanssnitbsidr @Bdtr@MnRfdsebpic Phefdgrdph dbsidd Dpdriien nefr t he
conmpound sem conductor wafer in accordance with the present invention

(Sanpl e 1) the spEpdayey o fempleAL | i ght enission intensity di st r| buti on of the

conpound sem conductor wafer .of the conparat.ive exa le 2 Fig

0 AP ee- di menaf Bai § rERSHA B T TR Car 6 AP KA P9 Ve POBGEIGH of L he
conpound seRlGANAUELRE INAE 8f shfipgacor dance with the present invention. Fig.
11 represents rel ati on between I%L light em ssion intensity ratio and
contrast nunbeFigr ésu tramgnifsioneleétsimmicrasoopin phbegsdphpshbayey a péitgn né&
represents reI ation Fb)etvveen the PL |IE§[ em ssion wavel ength of light 20
recei vi ng MEPEP 1a¥ obarcp@paratye pxa5pple Radédbund seni conduct or waf er,

speci fying t he 12948, linMLidh biGrd rqrttoscsﬁeprbrt%rtp@ys%wh@sa SURBRInRkr

crystal characte
10 the light receiving layer of Sample 2.

Fig. 8 shows PL light emission intensity distribution of the compound
semiconductor wafer in accordance with the presertt invention (Sample 1).
Fig. 9 shows PL light emission intensity distribution of the compound
semiconductor wafer of the comparative example (Sample 2).
15 Fig. 10 three-dimensionally shows PL light emission intensity distribution of the
compound semiconductor wafer in accordance with the present invention.
Fig. 11 represents relation between PL light emission intensity ratio and contrast
number resulting from distortion in the step layer.
Fig. 12 represents relation between the PL light emission wavelength of light
20 receiving layer and buffer layer of the compound semiconductor wafer, specifying the
range in which the light receiving layer has supertor crystal characteristic.
Fig. 13 shows a result of SIMS analysis of Sample 1 in accordance with the
present invention.

Fig. 14 shows a result of SIMS analysis of Sample 2 of the comparative example.

Best Modes for Carrying Out the Invention
In the following, an embodiment of the present invention will be described with

reference to the figures. Fig. 1 is a cross sectional view showing a near-infrared sensor



Fig. 13 shows a result of SIMS analysis of Sanple 1 in accordance with the
present invention. Fig. 14 shows a result of SIMS analysis of Sanple 2 of

t he conparative exanple. 25 Best Mdes for Carrying Qut the InventﬂQﬁJUN?%d“3
fol l ow ng, an enbodi ment of the present invention will be described wth
reference to the figures. Fig. 1 is a cross sectional view show ng a
near-infrared sensor -7 0 7 JUN 2006 using a conpound sem conductor wafer in
accordance with the present invention. In conpound sem conductor wafer 50,
on an InP substrate 11, a step layer 12 of InAsP is forned, and a buffer

| ayer 13 of InAso.6Po.4 is further arranged thereon. Step Iayer 12 and

buf fer Iayer 13 are arra ere attice

constant 5° bt HEXRP; 55ﬁ§’copg8%t|0{/ ﬁgﬂ I“h%f’rdfﬂc%’f”dthﬁge Epf “ise % 0Bt he | nP
substrate. c&&ﬁﬁnh%&’ﬁfooﬁ&dt&c\l\fﬂféggo aorféh”i‘ﬂ?%u%tra!t@YWassteﬁIWetcpﬁ@pﬁlAtqu’@ of
each layer is selected such that a |ayer closer to the I'ight receiving
| ayer comefried,ade Hudfiegkyed B of Ind\s,. gon &t farther drrarfgied theteort hStémlpgersi2ar e

denoted by 12a, 12b, 12c, ... fromthe one closer to  huffer layer 13 toward
the I nP sulsthuffeslayeii srerarrapaed %t@hkq wRath theadiffprenpe i lattign eepstt 10 and in

cont agt W ihuLhe, KAR SURSHL BLE: | PoARIOKRM. A%, N4 Ab Gl aver B and 2

;
second st s ar act e first step
layer. In the estepday&emt mudebe nuﬁfb@ﬁ@ﬂﬁydrﬂ\éﬂﬂfcb%osmabfb&hllﬁm@ﬁi ant is
whet her PL |ight em ssion occurs in the first step layer F and the second
st ep | ayersectgdpuehirat allwet h@sednrﬁbmhght sensivinghlapen enmeadd deveolrger kdtigsr esent

enbodi nent is t erfac of the ayer.s and the 15
buf f er Iay%?nvﬂﬂé slfsttfl tjers pre a,qggegttiyrh—g,rf%b “ar e?rﬁ%‘ﬁ}& 8%6 H9536%, 300,

30c, ... tsdfematylaﬁti)wa% theM syb@YRE d Eibiehet r‘tﬁe%ﬁé?%;?e@tﬂ?at isposltidRy ogmM ssion
occurs when portions of conpound sem conductor Ois irradiated with

| i ght0 | n aenpoetserwitie tieddP reebdtratd elenmoed avimfivsl st lafer P, ahd gheconé Fiepsi on
LB]E ]? 2?‘ ty %;[(ertsh 1es alrrg;[tgegdf c?ncgndoltl c%%gatlt 1t(z?il:th tthheeﬁrFs)tI S%Er:p? 1a|yt[3ry OI]; tﬁe[ grrplboda gxgtsof tﬂd the
present invention, what is important is whether PL light emission occurs in the first step
layer F and the second step layer S.  Further, in the compound semiconductor wafer of
the present embodiment, what is important is the interface of the step layers and the
15 buffer layer. As shown in Fig. 1, these interfaces are denoted by 30a, 30b, 30c, ...
fromn the buffer layer toward the InP substrate.
PL light emission occurs when portions of compound semiconductor wafer 50 is
irradiated with light. In the present embodiment, the maximum value of PL light
emission intensity at the interface of each of the plurality of step layers and the buffer
20 layer is, at every interface, smaller than 3/10 of the peak intensity of PL light emission of
the buffer layer.
As a modification, the maximum value of PL light emission intensity of the
plurality of step layers may be not higher than 7/10 of the maximum value of PL light
emission of the buffer layer.
25 Further, as another modification, the maximum value of PL light emission
intensity of at least the first step layer positioned on and in contact with the InP

substrate among the plurality of step layers is smaller than 1/10 of the peak intensity of

PL light emission of the buffer layer. In this case, the maximum value of PL light



20 layer is, at every interface, smaller than 3/10 of the peak intensity of
PL |ight emssion of the buffer layer. As a nodification, the nmaxi mum val ue
of PL light em ssion intensity of the plurality of step Iayers may be not
hi gher than 7/10 of the maxi mum value of PL light emission of the Baf Jub2006
| aver. 25 Further, as another nodification, the maxi rumvalue of PL |ight
em ssion intensity of at |least the first step |ayer positioned on and in
contact with the InP substrate anong the plurality of step layers is

smal ler than 1/10 of the peak intensity of FL |ight em ssion of the buffer
layer. In this case, the maxi numvalue of PL light - s 0 5 JUN 2006

em ssion intensity of the second step |ayer positioned on and |n_contact
with the fF‘F‘@%lon gty 89‘8}35&%\% dosershaygr | noBiticRgthon AadIGTontack WS ke fifit ensi ty of

PL 11 ght e fer)tg%gﬁallep Wl elrllé e peapm?é’ng? gﬁLlﬁgﬁt gh? Qk' Bl

sem conduc escri above nea rare sensor, first, a
Zn diffusrwﬁ‘dm@lgr_r S arranged on a w ndow I ayer 16. Thereafter, an n-type
electrode 22 is forned to be in ohmc contact with a rear surface of InP
substrate 11, ahrdordelptortysp@omlpeumcr saecatucor fnafered dascrteediabovh g @nwm act

wth ndow yer e anti-reflection fil rred
ther ebn ' oR EatOsPash: S A ITFSr BT S RIERE PRt et T oullfer

layer 16, Qx{‘ﬁ‘tygrécéléc%%déez% ﬁ%E@EbS?é[i'B&h% \é@ﬂt@&%t}?é?&r'sﬁf&de%ﬁlapece' V' “9

| ayer 14. Consequently, a current etvveen type electrode 21 and
n-type el eenIbrsmmte 122and op-aypecdlectidie 2f1ursnfz;trmem@bea1dsieatconnatrrxanlemmOr. Fi g.
2 shows a rret hod of manufacturing the conmpound sem conductor wafer in

accor dance!a#t . t Heepragseip aptivelfaction filnTj ISaf@praﬁcém%E@rf@rmmreﬁaﬁ g. 2is a

chi.oride 15 vanar SERAS Aol DBRYAIN AR RIAIN0LG tGafllgfLde et hod

hydrogen is as a carrier P S o be forrred
AsCl 30i s i Elbétﬂﬂidﬁﬁﬂletﬁlénhﬁbarﬁﬂﬂaﬂ’gﬁﬁﬂé&ewrhﬁlIiylaﬁlﬁppﬁbﬂ-ieQ§ent}9~S§&@rr&ﬂd]oH% are

thermal |y deconposed to Asa and HCl.
between p-type electrode 21 and n-type electrode 22, to attain the function of a near-
infrared sensor.
Fig. 2 shows a method of manufacturing the compound semiconductor wafer in

accordance with the present invention. The apparatus shown in Fig. 2 is a chloride

15 vapor deposition apparatus. According to the chloride method, hydrogen is used as a
carrier gas, and when an InGaAs film is to be formed, AsCl; 1s introduced to the
apparatus. In the apparatus, AsCl; and H; are thermally decomposed to Ass and HCL
HCl separately reacts to Ga and In, generating GaCl and InCl, whereby an InGaAs film
can be formed on the substrate. 'When the composition is to be varied, the amount of

20 AsClsy to be reacted with Ga or the amount of AsCls to be reacted with In is changed.
When an InAsP film is to be formed, hydrogen gas is used as a carrier gas as in the case
described above, and separate reactions to AsCl; and PCl; are induced, so that an InAsP
film is formed on the substrate. Compositions of As and P of the InAsP film are
controlled by adjusting the amount of supplied material gas.

25 In the chloride method, the growth rate is as high as 5 times that of the
conventionally used OMVPE (Organo Metallic Vapor Phase Epitaxy) method.
Therefore, it is advantageous in forming a thick layer, and a film having good crystal

characteristic can be obtained.



HCl separately reacts to Ga and In, generating GaCl and I nCl, whereby an
InGAs film can be fornmed on the substrate. Wen the conposition is to be
varied, the amount of 20 AsC 3 to be reacted with Ga or the amount df3 ASCHES
to be reacted with In is changed. Wen an InAsP filmis to be forned,
hydrogen gas is used as a carrier gas as in the case described above, and
separate reactions to AsCl3 and PCl 3 are induced, so that an InAsP filmis
formed on the substrate. Conpositions of As and P of the InAsP filmare
controlled by adjusting the amount of supplied naterial gas. 25 In the
chloride method, the gromh rate is as high as 5 tines that of the
conventional ly ed OWPE (Organo (<] &(I1.C VaVor Phase Epitaxy) nethod.
Therefore, it igﬁ%mmt%bm ‘Pﬁ:lil-o’f]i*ﬁsﬁéegf’ P'ﬁ“%ﬁ(chaé%?r,’snégd a filmhaving
good crystal char .St t Qb e T ,Appar at us
shown in Fig. Zhﬁédgﬁlt grﬁx}%csg\%mégng&gﬁgﬁégs? gfr%?lsffls s?.pat%ﬁf'g% %ﬁlﬁﬁo}gﬁﬁ ng space
for the | n#ab farlhe IGae@amabed séreamtyelgatktttidnor m ng  space for the I nGaAs

film by a screen-tyg;_partition. (2) At the time of filmformation, it is
possi bl e to i ndepdrdentimg of Gipfernation ibts ragsibls tp mdeperdsntly fowm & AMPI 1P t he

substgate I ed i Lt her one of the f.ilmforn spaces. . Particularly,
T < poss i e SR B kB i b e I A BB RS mine Bt

t her eaf t er pArfici L 1 i Bbssail O FormAhe bikp Sayiet BBa pfi€risddRstinipdtfsRion @RdWhi ch t he
filmhas just been fornmed, nmay be covered by a protection plate to quickly

shield fr of_rhﬁtelaﬁerrtmi&ne'rrapt grgash. Thetlef wne, the nebstriateg opevtiduthe _tﬁirwﬁas hust he
Var ed canb e TORTEh fat 8 SONER 0 fiGFHeG @ BBl MG e AT OFErE Bt e Bhpos! L1 on
koo et e Ak e o ke b s comenLigni o
pl at €0 may Which eompedtiand belhe wsite chabe ganinagdsuch can be supplied to the
substrate. 15 Consequent | %/e, tfg st eie nenss in c_o,rrgosi ti onrr;]/ar ia?tgi Ol’e] at the
i nterface can bdext, when a sfep layer of a different composition is to be formed, after th
adjustment of matenial gas composition is finished and prescribed desired composition is
attained, the protection plate may be removed and the material gas as such can be
supplied to the substrate.
15 Consequently, the steepness in composition variation at the interface can be
improved, and therefore, steepness in the lattice constant variation can also be improved.
As a result, msht dislocations and the like can be concentrated at the interface, so that
extension or propagation of dislocations and the like to an adjacent layer can be
prevented. Thus, a light receiving layer having superior crystal characteristic can be
20 obtalned.
(Examples)
Using the chloride VPE apparatus shown in Fig. 2, compound semiconductor
wafer 50 shown in Fig. 1 was manufactured. The object wavelength of the hight to be
received by the light receiving layer, that is, the PL light emission wavelength was, by
25 way of example, 2200 nm. The PL light emission wavelength of the buffer layer will be
indicated in Fig. 11, which will be described later.  Further, an n-type impurity is

introduced to be 1E+18 or higher, in the InAs.Py step layer 12 and i InAs,P,., buffer

layer 13.
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i nproved, and therefore, steepness in the lattice constant variation can

al so be inproved. As a result, msfit dislocations and the |ike can be
concentrated at the interface, so that extension or propagation of 05JUN2%6
di sl ocations and the |ike to an adjacent |ayer can be prevented. T

i ght receiving |ayer having superior crystal characteristic can be 20
obt ai ned. (Exanples) Using the chloride VPE apparatus shown in Fig. 2,
conmpound sem conductor wafer 50 shown in Fig. | was manufactured. The object
wavel ength of the light to be received by the light receiving |ayer, that
is, the PL |ight em ssion wavel ength was, by 25 way of exanple, 2200 nm The
PL |ight em ssion wavel ength of the buffer layer will be indicated in Fig.
11, which will bet@lﬁwn&rbé@twm&methﬁdwh@ﬂhe arepriayteypand thp brfierylay e are
introduced.to be | E+l 8.or in the | nAsPl step l.ayer 12 and

| As Py TS oW it pd i et R Do SRS, ot e SearI g

met hod, Vm@(ﬁné/&ﬁléltﬁﬂa lét%X@Eéns@zﬂl‘E‘ vhipRicAvh ﬁfeah%@s%nﬁ&?thﬁ?éf@?e‘flce% L is
|nterrupted ery tine layer is forned, so as to | nprove steepness of
conposi ti on andFigaBts maanmsm@mlema:m :atctmoplwhaiorgeaﬁhyshdmgra treds yéctibn
reference to qu 2. Fig. 3 is a transm ssion electron mcroscopic

phot o8r aphCisHERIAg § of the %@P@@étw@won@fct@a}wﬁ@@mﬁe Witlthe grigssinig vention.
d t t t
T rrer oRdn PuPERRLARGR o Pl BRSPS B e, AT APLRREY £ °

I ayers 12e1ap@rs Mat@m irerforfkd terfegAN. omhésegfeg |88 bhﬂb’relléﬁer Uk fermddayer 13
is formed, and light receiving |ayer 14 and W ndow | ayer 16 are further

provi ded. W IShirptcgvingolpyernle andexiafowilayee hé arsrfurther progided.eni ssion intensity
Cater. Reter i nf tRrg. o shopii et Bl ek SR r sttt ofdi PR AR GERT om a
di stgpti onracﬁvﬁ.ngelr Y4 rlse@é?g RighCss il RAdd3cribedtifef aCReBfinkNA%Fig B 1 . X step
| ayers. Such bright ness/ dar kriess contrast resulting froma distortion,
however, i Brighttess/dedgaiszedirast requdtingnfren faateobetvue elrarlynksyBized didatier | ayer
13 interface of InAs,P,., step layers.  Such brightness/darkness contrast resulting from a
distortion, however, is not recognized at the interface between InAs,P,., buffer layer 13
and InGaAs light receiving layer 14 or at the interface between InAsP window layer 16
15 and InGaAs light receiving layer 14,
Fig. 4 is a transmission electron microscopic photograph showing, in
enlargement, the step layers of Sample 1 in accordance with the present invention. In
Fig. 4, it can be recognized that contrast 36 representing high density dislocations is
formed at the mterface of each step layer and extended into the step layers. On the
20 contrary, in Fig. 5, the contrast at the interface between each of InGaAs light receiving
layer 14 and adjacent InAs,P,., buffer layer 13 and InAsP window layer 16 1s not clear,
mdicating that the density of dislocations 1s low.
Fig. 6 is a transmission electron microscopic photograph showing a cross section
of a2 compound semiconductor wafer of Sample 2, which was grown without growth
25 interruption, not considering steepness of composition variation at the interface between
each of the step layers. Referring to Fig. 6, extension of dislocations from each

interface of the step layers is not recognized, and the brightness/darkness contrast

resulting from dislocation density is low. The magnification of Fig. 6 is approximately

-11 -



and InGaAs light receiving layer 14 or at the interface between I nAsP w ndow
| ayer 16 15 and InGaAs |ight receiving layer 14. Fig. 4 is a transm ssion
el ectron mcroscopi c photograph showing, in enlargenent, the step §&aygr9gef
Sample | in accordance with the present invention. In Fig. 4, it can be
recogni zed that contrast 36 representing high density dislocations is

formed at the interface of each step | ayer and extended into the step

| ayers. On the 20 contrary, in Fig. 5, the contrast at the interface between
each of InGaAs light receiving |ayer 14 and adjacent InAsPl1_;, buffer [|ayer
13 and InAsP wi ndow | aver 16 is not clear, indicating that the density of
dislocations is low Fig. 6 is a transm ssion electron m_croscopic

phot ogr aphthg e agthat ef g@s 3 segtthengforpfbyathe sppewendevecadagc andlaf er of

Sanpl e 2, iLch S, grown, wi t hout ow h.25 i.nterruption, not consi.dering
st eepness %@rpc% ﬁ%\%ﬁsg PoFC) él_?tfa%%eo?fqé? \SIYEBP\ éaﬂeﬁtlghg_aé ed%B &oF }KECéJﬁngé‘c hﬁd? t he
step | ayer gotedicrelbfoha: Bribh@essRiarkndsS 8RRt 9 rediSihg G @BRrii&:PH each
interface of the step layers is not recogni zed, and the brightness/darkness
contrast rmresgiitddng InAgkh didfeodatr 0B density is | ow. The magnification of

Fig. 6 is approxipately -11 Q0 5 JUN 2006 the sane_as that of Fig. 3, and
therefore, by t ﬁéggr&ﬁp‘&rﬁ%-o%%%mﬁééﬁ"dqfkwﬁ CantEAsH3 B 1S TeQPEHA5En é’b&%’?‘%‘ﬁm at

each inter eggeggiﬁaatﬁ 94 Shbrl AURE S adeflndss onitaf 38 isbaf({fegggrpkzﬁq&nkg |a3¢r NOL ed,

P
however, t NESS ness contras resu romadi stortion 1s

recogni zedld.n Fuidey RBe yohtdst fprésayieig thad dishodBabedensiig at thefrhigrfacs of
bri ght ness/ darkness contrast 32 is re(_:ocg)g zed in InGaAs light _receiving

| ayer 14, SddtonibyHeniere/ dandmidsAsh mindosy lage josts Riaher thap slpsiof E8. Pn | nAsP

| ayer 16. [y rast representing the dislocati nsity at the
interface %{é&[ér‘fgg)ﬁiﬁt 1538563?%1#1 aﬁsaénfé? E)fgﬁjaencd) md% UpR erE"c\?vrl1 cﬁ’ g‘é& ‘1'93[';11f§°’/1£eilﬁj1 16 is

hi ghed t hagcbhtRbhc®ithitih present Bivestidd, @t ltis diklocatforaRasibvatatNintaifde®f! of the
conpound sem conductor wafer in 10 accordance with the present invention,
that the dihsistepdeveonisdughst thandiampde?, thedisidcatensafre extandesltinty taghetep layerhi gher

t han Sanpl e sl ocations.are extended . nt C ep lLa

andzthatt tlﬂg dgsilocatlon 1c;lenslty xsalower at t%e interface 0(% tl?gbur}fe?tlay}%r or %i'x%r ’
window layer adjacent to light receiving layer 14,
The PL light emission intensity distribution on the cross section of Sample 1 of
15 the compound semiconductor wafer in accordance with the present invention was
measured. Fig. 8 shows the measurement result. In Fig. 8, the abscissa represents
wavelength (nm) of PL light emission, and the ordinate represents length (nm) or
distance from a reference position.  Therefore, thickness of each laver can be known
from the ordinate. The intensity of PL light emission is generally represented by colors
20 in actual data. The intensity distribution, however, can be understood by biack-and-
white representation with the intensity level indicated by numerical values, as in Fig. 8.
In Fig. 8, the highest intensity of PL light emission corresponds to unit 8, and
unit 8 is divided into 10 levels, as shown in the figure with corresponding numerical
values. The unit of “unit 8” mentioned above is particular to the measurement
25 apparatus. Fig. 8 shows the wavelength range covering the emission wavelength of
InP substrate 11 to the emission wavelength of buffer layer 13. Specifically, the range
of 2200 nm, that is the wavelength of light receiving layer 14, is not covered. The

reason is as follows.  In order to measure the wavelength of 2200 nm, a near-infrared
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and that the dislocation density is lower at the interface of the buffer

| ayer or the wi ndow | ayer adjacent to |light receiving |ayer 14. The PL |ight
em ssion intensity distribution on the cross section of Sanple 1 of(3 18N 0te
conpound sem conductor wafer in accordance with the present invention was
measured. Fig. 8 shows the neasurenent result. In Fig. 8, the abscissa
represents wavelength (nm of PL |ight em ssion, and the ordinate
represents length (nn) or distance froma reference position. Therefore,

t hi ckness of each |ayer can be known fromthe ordinate. The intensity of PL
light emssion is generally represented by colors 20 in actual data. The

intensity distribution, however, gan be understood, by bl ack-and- white
repr esent atSH WS (HHEPIURE SHBICOY W‘%Q%Waﬁéhdb%ést%ﬁ 05%)%?18 iPEEE Vv al ues, as in

Fig. 8. IpJEl t j j [ ' ] S5 rresponds
tounit 8, Eg'g%ﬁh?‘%]ﬂsﬁﬁ‘ssg%r%@éﬁm ?trr\%%’%fg%fogégFj‘s?,ah‘gg@éﬁ%%‘%?rsl PRERS ] gure with
correspondgxﬂg;mum@agp@lial srabties. The unit of "unit 8" nentioned above is
particular to the neasurenent 25 apparatus. Fig. 8 shows the wavel ength

range covering Fraen Eigi 8sthe foNgwiak epgbhuwsterstped> substrate 11 to the enission
wavel gngt h of buf | ayer. 13. .Specifically he range -~of ,2200 nm that is
t he \/\ivel ength gafls ?f‘d'ﬁﬁ FEEE Y IOQ)?%—P'eAﬁf,th? g‘rsﬁ&epé%’%?él&q ECP%ason is

as fol | owssted ragerr sler ThOmBRamul eam@sfmwsﬂlt%ﬂmr%m%&@}%m baffieayeriiff r ar ed
-12 0 5 JUN 2006 sensor using a conpound sem conductor wafer, that is the

obj ect of teheespated bntevel Iy evitle ohns intarsity bEfingssel lagerdE sud becand atiegdaysadnat be
nmeasur ed unl ess, the sensor. is witched to a eci al sensor., FromFig. 8,
the fol | owiorigY daienid ’Eﬂﬁ%‘éﬂ%@@ﬂﬂﬁ tgreagh %"?JLLI i%ﬁ{gf‘@fﬁ’ gk"'ﬁ St PRUSHGE observed at
the first Si&giy R%EMdb ﬁﬁﬂle?hﬁnﬁg&??d step layer S. The naximum val ue of PL
light em ssionintensity of the burfer layer is represented by |evel 10,
whi | B0t he i nt en&i2) \t ofie ihietfate béteyreh aye el lant Dbcodd 2staap al digdfiteFaces, to

say the |l east, not high enough to reach level 1. Therefore, the |ight
em ssion PHVEMNSTYS/StER laxersfggtand fge (B Mapkmp ¥l aythe interface, that is, level 2,

is attained. The crystal characteristic at the interface 1s as small as 2/10, as compared
with level 10 corresponding to the maximum PL light emission intensity of the buffer
layer.

15 (a3) The PL light ermussion intensity within the step layers is level 3 at the highest,
that is, 3/10 of the highest value of buffer layer 13.

As a comparative example, the PL light emission intensity distribution of Sample

2 was measured, which sample of the compound semiconductor wafer was formed using
the chloride VPE apparatus shown in Fig. 2, with the step lavers and the buffer layer

20 formed without growth interruption.  The result of measurement is as shown in Fig. 9.
In the representation given in Fig. 9, 90 % of the highest intensity is regarded as unit 3.5.
Namely, the highest intensity corresponds to unit 3.89 (3.5 unit/0.9).  As to the unit,
the PL light emission intensity in the step layer is level 3 at the highest as described
above, which is smaller than that of buffer layer 13.  In Fig. 9, the highest intensity of

25 3.89 is classified into 10 levels, as shown in the figure with corresponding numerical
values. It may be considered that the sensitivity of measurement is improved in Fig. 9
than in Fig. 8. From the comparison of Fig. 9 with the example of the present

invention shown in Fig. 8, the following can be understood.
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10 (a2) At the interface between two step |layers 12b and 12c and at the
interface between two step layers 12d and 12e, the nmaxi mum val ue at the
interface, that is, level 2, 1is attained. The crystal characteri§iiﬁ t he
interface is as small as 2/10, as conpared wth |evel 10 correspo d %ghﬁo
the maximum PL |ight emission intensity of the buffer layer. 15 (a3) The PL
light emssion intensity within the step layers is |level 3 at the highest,
that is, 3/10 of the highest value of buffer layer 13. As a conparative
exanple, the PL light em ssion intensity distribution of Sanple 2 was
measur ed, which sanple of the conmpound sem conductor wafer was forned using
the chloride VPE apparatus shown in Fig. 2, with the step |lavers and the
buffer |ayer 20(&FAdighiemirsion 1resnerzedeven inheilbs. stamlayerds gnd thesecond

measur eme ngtel%a ?a&%rs g3 h?ﬁ?si&e@infg;;ﬁ? fsibgs'oluté Qfalhp Srbf Wrﬁtts eer%tsggﬁ 9112%%&\# ecﬂlsltrﬁsetﬁtlhg . 9,

90 % of the est ensr | regarded-as umi mery,” ghest
intensity g@ybespendsidR hidhet sehisi®it( 3. WhdRcbmPardd wiSthe didhae: itfdhtity dthe PL
light emission intensity in the step layer is level 3 at the highest as
descri bed thatwiler laytri bowewerstlra lintensity edifirst lstep layfer Bus fevel 2 aydkethaigtthen Fig. 9,
the hipghest intensity of D 3.89 is,classified into 10.I eyel S, shown in
the 1P gur o kPEh SEBIES BORA AgTer TRETAR0 39 SR iehet (ot o et ¥R ha
the sensi tjswi/iyagf 7/!?@,%5!’6%H@é7§. '§udh@feﬂ?ﬁ§@aﬁ5‘is’z dcglsidgrabylﬁﬁfefeﬂt fib@r the  From

t he conparison of Fig. w th” the exanp of the present invention shown in
Fig. 8, theafobfhaipngestanvdneionnaickioomkller thdd1/1@. 5 ! IN 2006 (b 1) PL |ight
em ssion is reco%ni zed even_in the first step_layer F and the second. step

|l ayer S. Consi d&F) Rgreres Hbkig Bt e juhge valuemt P ight emigsiod; b she intesfse sy, this
| t der | 1 hi . AR A ] d ~w. th
esull e sy 4o L SOEr BBV o W BRTE SR (e

| ayel0F iSsigﬁﬁeintlah@ﬂﬂrEH&ﬁfth@fatibl’Bi‘l@oﬁﬁl@@?&e&tiﬁ\ﬂenﬁ@ﬁer is level 7, and thus,
the ratio to the highest intensity of the buffer layer 1is 2/10 and 7/10,

respectively. S(dh ThatheghesttRL hghtiemisssorcipiensitieinsibe sheditdrf eyemds leydmltdle  val ue
of the pregent i NSl Lo MY SNl RihiBh R of 3R £430%13.  The ratio is 10/10,
thats, 1. This is a big difference between the example of the present invention and the
comparative example,

15 As to the PL light emission intensity of the light receiving layer, which 1s the
most important, 1s given by the ratio to the comparative example, in accordance with the
following equation.

(maxamum intensity of PL light emission intensity of light receiving layer 14 of
the wafer shown in Fig. 8)/(maximum intensity of PL light emission intensity of light

20 recetving layer of the wafer shown in Fig. 9) = 16/1.

From the foregoing, it follows that hght receiving layer14 of the compound
semiconductor wafer in accordance with the present invention has 16 times higher light
receiving sensitivity than the light receiving layer of the comparative example. It is not
simply the case that the defect density of the example in accordance with the present

25 invention is reduced to 1/16 that of the comparative example. It 1s noted, however,
that the defect density in the light receiving layer of the present invention is remarkably
reduced from that of the comparative example, and the light recetving layer having

superior crystal characteristic is obtained. As a result, dark current can be reduced
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(b2) Referring to Fig. 9, the highest value of PL light em ssion at the
interface is level 4. Nanely, the ratio to the highest value of the buffer
| ayer is 4/10. This is 10 significantly higher than the ratio 2/10 EE t he
present invention. (b3) The highest PL light em ssion intensity ins ol UNHE6
step layers is level 10 of step 12e, which is the sanme as the highest |evel
of buffer layer 13. The ratio is 10/10, that is, 1. This is a big

di fference between the exanple of the present invention and the conparative
exanple. 15 As to the PL light emission intensity of the light receiving

| ayer, which is the nost inportant, is given by the ratio to the
conparative e a accordance wth, follown ti Xi mum
ot bns ty SeTraRy i B SSRHY b R P BP0 Hed B of the
waf er shown in ﬁ 910 és@%'tﬁ@’m,'llghﬁaﬁl's& n QkenShy ld Qﬂltre@mn%%‘sﬂaﬂal'rﬂ&rﬁgls' ty of
l'ight 20 rece|V|ngI yer of the wafer shown in F . From’t he

f oregoi ng, with t§edPll byl entissiod ingnbity el ekargple aymoﬂchanoé wuthehcpmseund

sem conductor wafer in accordance with the present_invention _has 16 tinmes

hi gher |.glﬁventweééwnrrgFrge‘ﬁ§iqttq¢|aﬂgz1&thaﬁelﬁﬁ@l #isghtThe dpBipr B B§%r of the
Co”pae%a“"&nﬁgﬁ ke%s%nthés gﬁa){ezls”}’do%tw%ggﬁsn{a%u&%@! gquce nsity of

e exanpl e in accordance w resent rnvention’i to 1/ 16

that of t higtepeifpaf tat b Ber@X¥piPhetchink th§rd@%s@ﬂat1&owﬁmgrs that the defect
density in the |light receiving Iayer of the present invention is renarkably

reduced from t hBig. bf rdphwecr@ repair &t invbeesptieg framddisthaidn ighbe el wisteg | ayer

havi n superi.or chara ter| stic | obt ai n resul t, .dark
corrom caRvHat  ottEa B 0E s St en TR A LT S IER IRt vi 1y

i the nearbRETRSEL (A ASAAL HELIIY PorlERNONET or Sihibies g £DT esent s

the PL |ight em ssionintensity in athre I mensi onal manner, with the PL
| i ghtOem sSimypie 2ng entsmptyurmlfsehhmmlmaﬂmphefarrmoabemmgiagltmthmmbsehhievm@sent
i nventi on s own in Fl plotted along.the vertical axis. The nmaxi mum PL

i ght ik .ls(ﬂ%mpﬁt sqftayy iBFOWihdnispruptiomgas injvehigh §6EPISES 9% OMAORE RaxXi mum
PL 11 ght evrgrﬁiﬁbl? B not so strictly managed as in Sample 1.

Referring to Fig. 11, the contrast number resuiting from distortion in the step
layer is in proporticn to the PL light emission intensity in the light receiving layer, and it
15 can be understood that the larger the contrast number resulting from distortion in the
step layer, the higher the PL light emission intensity in the light receiving layer. This
relation well matches the mechanism described above, that is, mishit dislocations in
layers lower than the light receiving layer are not transferred or extended to the light
recerving layer but locally held at the interfaces and inside the step layers, so that crystal
20 characteristic of the light receiving layer is improved and the PL light emission intensity
1s improved.
Fig. 12 represents relation between the PL light emission wavelength As of
InGaAs light receiving layer 14 and PL light emission wavelength Ab of InAsP buffer
layer 13, specifying the range in which the light receiving layer has high PL light
25 emission intensitv. The examples described above are also plotted as points within this
range. This range can be represented as s - 800 nm < Ab < As - 620 nm.  When this
relation is satisfied, it is considered that misfit dislocation 1s not likely between a lattice

of the InGaAs light receiving layer and the lattices of InAsP buffer layer as well a



intensity of the buffer layer, matching the representation of Fig. 8 Fig. 1
| represents contrast nunber resulting fromdistortion in the InAs.Pl.Y step
| ayer in a prescribed range on the abscissa, and represents PL IigrgtJUN 7006
em ssion intensity ratio of InGAs light receiving |layer 14 on the
ordinate, plotted for Sanples | to 3. 10 Sanple 2 is a conpound

sem conduct or wafer not belonging to the present invention, which is alnost
free of any growth interruption and in which steepness in conposition
variation is not so strictly managed as in Sanple 1. Referring to Fig. 11,
the contrast nunber resulting fromdistortion in the step layer is in
proporti oni{AQptRRdEly [hjeght em ssion intensity in the light receiving layer,
and it 15 can be undérstood that the larger the contrast nunmber resulting
from di st orti on Whentahmngtoepd bayieondude wafgherctuhly Rlantfagirede theswbfonthat
intensity in the light receiving layer. This relation well matches the
mechani sm @é@@?% the gangs Shevn {hEe | campespppulagtared thgough dhs illoWigesterst ower

than the |ight { . : d he |i ght
Fecei ving | ayer Rt Vol pERReR & IR J SERSLPL 6018 (B AOR0 B ke
| ayers, sodétbahined ysTiat is2dne befed eirdesdrintnadibn bh evaléightith he iRl objdg of eneer s

improved and the PL light emssion intensity is inproved. Fig. 12
r epr esent sS§6pat ifynthpetiie e ame apiderdrginatienpEdiedh behy emessipnhvaeleassth. | nGaAs

i ght bying. | and PL_|ight em ssjon. th Xh. of P buf f
ayer 15, DpseRyEor PG Bl et SR oRRE SR LA Bt o™
PL |i ght 2@;@%&@1&@&0}&@&%&1&@:1 IR EBh Rt APS 5 B@c@rrﬁi‘ﬂ@&’ﬁaﬁfa@%@' SO

plotted as points within this range. This range can be represenfed as Xs -
800 rim < 2,b (2)&Ldight &28sionh mavileegthtofibefferleyatldondetermiatd bdsedan Hig. i s

consifer ot hal mall Ll poation e Mptubikely, betveen g Laliice L of Lhe
R e L R S A
can be manufacirddedrihinedugh t he fol | ow ng steps.
(s3) From the lattice constant of the buffer layer determined in (s2) and from the
lattice constant of InP substrate, the number of step layers to be inserted and lattice
15 constants thereof are designed. The design of lattice constants also involves
composition design.
Through the steps (s1) to (s3) described above, the relation of PL light emission
intensity of the light receiving layer and the buffer layer shown in Fig. 12 can be satisfied.
As aresult, a light receiving layer having superior crystal characteristic can be obtained,
20 and a highly sensitive near-infrared sensor with small dark current can be obtamed.
The result of SIMS (Secondary Jon Mass Spectroscopy) on cross sections of
Sample 1 (present invention) and Sample 2 (comparative example) will be described in
the following. SIMS enables mass spectrometry of a small portion, and therefore, mass
spectroscopy of the interface at each step layer, which is important in the embodiment of
25 the present invention, 1s possible.  Fig. 13 15 a chart representing the result of SIMS
analysis of Sample 1 (present invention). Referring to Fig. 13, it can be seen that step

layer 12 includes step layers 12a, 12b, 12¢, 12d with compositions of InAs,P;  varied

layer by layer. Specifically, the composition ratio of P in InAs,P ). decreases from InP

- 16 -



(s 1) First, the wavel ength of light to be received by light receiving |ayer
14 is 5 determ ned. This is none other than determ nation of wavel ength as
the object of the sensor. Further, it is the sane as determi nati drb ¢ 206
PL I'ight em ssion wavel ength. Determnation of PL |ight em ssion wavel ength
is equivalent to determ nation of band gap, and therefore, conposition and
| attice constant are also determned naturally. (s2) PL Iight em ssion

wavel ength of buffer layer 13 is determ ned based on Fig. 10 12. This is
the sane as determination of PL |ight em ssion wavel ength of w ndow | ayer
16. Therefore, conposition and |lattice constant of the buffer |ayer and of
the w ndOV‘éubEt%‘L%rl1%%113@61%’15?‘1@9@%111& ﬁ@co’frﬁfb@?ﬂ%ﬁ@aﬁ@éf"A§§1 BARFH, aiHcrQfedt he
buffer |ayer determned in 2) and fromth | atti ce constant of InP

subst r at e, fretndnP watesrateof 1 E)tlmﬁer &yer §3.t oThe:s tnadmseﬂmeéatdcé adrstang gdgluelpnst ant s
t her eof a(r)i 25| gned. The desj gn of lattice constants al so invol ves
conposi ti oFeRdEl §ROStreEs butgrPuiiselayeebs (s 1) to (s3) described above, the

relation of PL J&'t tmﬁpﬂaéeﬁlg%g 3d]1?n§§£'5}0tdyan8f {xéhf éf&grge&se%clg¥éf ’E?A@X?r and

the buffer layer shown Tn an be sa alig

receiying doaymssitloavatigs @pﬁ@éﬂt%r:ﬁidﬂit’cﬂh Lhadaedeabithd temp@itidrev phatiah ned 20
and a hi ghly sensitive near-infrared sensor wwth small dark current can be

obt ai ned. eFﬁféque&QIV? ofpesifivally, Secprdaroprpiogitionaiss Spht bl abhe)inisiaey oss

t t t I
Wil be ded TRR s ARG PI st ko M BB e R et 1y of o
smal | por tigposaiyh rahiebeh9hRd I Dr&aﬁare&aﬁ@ts&ﬁﬂ@?@ytr@f ist M@ steptigyeraeRedby €ach .

step layer, which is inportant in'the enmb ment of 25 the present
i nvention, onestogbsl;riﬂaistéstrﬁag Al ghei 1steafac¢1&h¢ ccurep:rsamwiqemgm h@on@sqludnterm‘ SI VB

anal is o re i nv % E{ rrin it can be
seen hat FéB 598? g}i o %lt”ulaig H Lanerg hasd ?Lieé’e cE"T%C 12d with
conposi tions Ongn'f\ﬁ;asPal;hartVr@fiﬂe%tmtg‘H EfeshY of§ 5 an§2§§bf S&g}gllay” t he
conposition rati ¢ of Pin InAs, ecreases om [ 5 JUN 2006
substrat e (cothphativetkanpitlay #romh 3his wiulteit iche be ssvpaBattthahriae compbsifsn i n
| nNAs. P1, increases
ratio of As and P vary at the interface of a step layer, there is no interface of which
composition ratio peak value is closer to that of the InP substrate than that of a
15 preceding step layer.

It can be concluded from the comparison between Figs. 13 and 14, that the peak
of composition ratio of As and P at the interface of a step layer is closer to the
composition ratio of the InP substrate to the extent as described above, because of the
function of growth interruption.  The variation of composition ratio at the interface

20 results from the interruption of growth that caused steep composition variation between
each of the layers, and it involves concentration of misfit dislocations.

Specifically, the lattice constant and the composition ratio are in one-to-one
correspondence, and therefore, adverse variation in composition ratio at the interface

mentioned above also means adverse variation in laitice constant, establishing

concentration of misfit dislocations. When the misfit dislocations are concentrated to a

o
On

higher degree at the interface, the number of misfit dislocations decreases in the step
layers and in the buffer layer, facilitating formation of a light emitting layer having

superior crystal characteristic.
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fromInP substrate 11 to buffer layer 13. This is to adjust the lattice
constant gradually fromInP substrate 11 to buffer layer D. At the
interfaces 30a, 30b, 30c, 30d and the like of these step layers, P mhdymseg S
conposition ratios represent variations that are adverse to the conposition
variation described above. Specifically, the peak conposition ratio of As
and P at the interface of a step layer is closer to the conposition ratio
of the InP substrate than the conposition ratio of As and P of a preceding
step layer, that is, the step layer closer by one to the InP substrate. At
the interface, the conposition does not becone closer to 10 the conposition
of the buffer | aygdiibi dodidi8hs bt iREmEBmERYErse tendency. Fig. 14 is a
chart representing the result of SIMS analysis of Sanple 2 (conparative
exanpl e). From thinsthe @saskit, eniiodoeent beafseexumgiat thitvatigh all bétthedbjiosing on

ratio of As and P vary at the interface of a step layer, there is no

i nterface eANAEIBEKCLIdKpONavE SeendgsiPedeak value is closer to that of the

| NP substrate t - [ S | .aver .. cl uded
fromthe conpar @Qr\lﬁ %g{sﬁgfévﬁ?ﬁ%g?ﬁ%ﬁée%ﬁg‘gl?fffr'%?%%]t%feﬁseﬂp&etatﬁg{}’(t)%}?accg%osi tion
rati osof Asachnd ti® glurdlifeof siéehl@c endihedbusiee Bykbly et everychtogede, bMalldrehan
conposition ratio of the InP substrate to the extent as described above,
because of 34lAef thameximom BE Lightwmipsiomingansitipof & buffeelayesr i ati on of
conposition rati he interface 20 r | fromthe interrupti 0

growt h that caug‘%‘a%é?ftg%gﬁ“é” 10%? fﬁ%ﬁ“%?ﬁtﬁ%ﬁﬁmﬁé@ FPS“@Q%F'PC u{aﬁ.}gy ‘?f;yer s,
and it invakyeseRqDashfRl iR 7210 §AhE baxGhsh 2¢O BRIssioR BabASG e the

| attice constant and the conposition ratio are in one-to-one

cor r espondewfte laygnd t herefore, adverse variation in conposition ratio at the

interface nmentiaqn bave ,al sp neans a rse varjation in_lattic onst ant
esta bi shi ng zs@éﬁ‘géﬁfsrlamw § ML %ﬁ%ewﬁl@wer\mﬁfﬁhl@a%ﬁ@? fipst

di sl ocat i oggy, fdl’yt@r gc?sgk?@r%ro%ta%g it Qorflact WhighGE Ift'ﬂﬁ%k?st‘?ra%tan}&% th@b%‘%é}ﬁ?ﬁf %ttﬁge

nunber of m's ocat1 ons decreases In e ste ayers- an

buf fer | aykyersiaendliet atannig] ¢ of thatdaeimoh Pa lidhyletniwimntitiengcyl efytee bhfer iager.

superior cryst alIt i(s: ggtre%f: lggv[felavseg,ltgét the \]?'VZLfer of the present invention, in its broadest
scope, have only to satisfy one of the conditions (c1) to (c3).

15 2. In the present embodiment, when the growth is to be interrupted, supply of
the material gas 18 stopped by using a protection plate, to increase steepness at the
interface. The method of interrupting growth is not kimited to this method, and any
method may be used provided that the material gas of different compaositions can be
supplied to the substrate for forming different step layers.

20 Modifications of the embodiment of the present invention will be briefly
described, also with reference to features already described in the embodiment above.

In every compound semiconductor wafer in which PL light emission intensity of

the buffer layer is defined to be higher by a prescribed value or more than the PL hight

emission intensity of other portions, the lattice constant of the buffer layer and the lattice

[ K]
o

constant of the light receiving layer may be determined such that the PL light emission
wavelength Ab of the buffer layer and the PL light emission wavelength As of the hght
recetving layer satisfy the relation of s - 800 nm < Ab < As - 620 nm.

When the relation of PL light emission intensity described above 1s satisfied

- 18-



05 JUN 2006 (Additional Comments on the Enbodinent) 1. In the present

enbodi nent, wafer exanples that satisfy all of the followwing conditions (c
) to (c3) have been described. (cl) Wafers in which maxi mum PL Iigﬂi

em ssion intensity at the interface of 5 each of the plurality of HJNZ%B
| ayers and the buffer layer is, at every interface, smaller than 3/10 of
the maxi mum PL |light emssion intensity of the buffer layer. (c2) Wafers in
whi ch the maxi mum PL |ight em ssion intensity of the plurality of step

| ayers is not |arger than 7/10 of the maxinmum PL |ight em ssion intensity of
the buffer layer. 10 (03) Wafers in which the maxi mum PL |ight em ssion

I ntensi t Y L @énoi n a;ﬁrl;’lg 'e{ ?ri]d thgltl gﬁ)t 1Je %’l Gin gyself %rﬂ'ﬂ;ﬁ%nqge ﬁgéjerf na_,lol?nt act

with the In rall ayers is >t han

1710 of t hie raxidRenN 1 Rkict bélman@ﬁbe‘iﬁb&ﬂth'e@hﬂéﬁ)hhyla%r iﬁaﬂh@ﬁéﬁtﬁrécéxﬁﬁeﬁayeﬂt i's
not ed, however, that the wafer of the Present Tnvention, Tnits br oadest

scope, haxﬁéd@mrrym@rbuslamlsfmnmhe rgfitiorhel Rlohight ¢ningor Mayelcrtgthc?%’ sglécting I n t he
resent enbodi nent,, t he.grow h i nterr ted

ot or i al -G0S CORPGH IS b e g Sherst ok e FEG B g [DeDt HEPRALE Seibness

A | ai{iac ong R, ML AARL0td ALEERUP B NGOE AN AN B BBkl L ARAL O LN S
nmet hod, and any net e use rovi de he matertal gas of

di fferent zcbowr@omdtbyemkmgmu&ielayampﬂxgmdedeomt@&ysmwtrroeshperi@rcrj‘mﬁlm ng
different step layers. 20 Modifications of the enbodi nent of the present
i nvent i on SRTACtesEnHEaE] @btala@%chh@erGasoal Bowoarhismet Kp®Hte to features

al ready descr bed, iy bhe, SR IBNLANONS vl BN, CAIROYNG 2T ERRAUCt o

wafer in which em ssi o ensit s detined to

be hi gher Iyt aeceirve@,qayeb@ﬁhs\f;améeel@ﬁormés@nb&tﬁabcwaethetstdpl Igks arfiihs Hhurer
intensity of other portions, the lattice constant of the buffer |ayer and

the 1t ti dever 28ist bistsunh compesieor] Segh@ncﬂéé@i eiahles| thy elatipmydeperitgdtaderé ned such
et e, PL L obl ATBR ARSI, 2o oo PHE B AN BRR TR ™
relation Ghaybe $700 398r MRogr. Ky lecting the &b diMon to attain the desired
wavelength, a near-infrared sensor can be obtained.
In every compound semiconductor wafer in which the peak value of composition
15 ratio of As and/or P at the interface is defined, at the interface between the buffer tayer
and the step layer, the peak value of composition ratio of As and/or P may be made
closer to the corresponding composition ratio of the InP substrate than that of a siep
layer that 1s in contact with the interface on the InP substrate side and that of a step
layer that is in contact with the step layer on the InP substrate side.
20 Further, both at the interface between the buffer laver and the step layer and at
the interface between step layers closer to that interface, the peak value of composition
ratio of As and/or P may be made closer to the corresponding composition ratio of the
InP substrate than that of a step layer that is in contact with the interface on the InP
substrate side and that of a step layer that is in contact with the step layer on the InP
25 substrate side. Further, at all three of the interface between the buffer layer and the
step layer, the interface between step layers closest to that interface and the interface
between step layers second closest to that interface, the peak value of composition ratio

of As and/or P may be made closer to the corresponding composition ratio of the InP
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When the relation of PL light em ssion intensity described above is
satisfied -1s 0 5 JUN 2006 between an underlying |ayer and the |ight
receiving layer formed on the underlying layer, the relation of h%tﬂhﬁﬁ%
constants between the underlying |layer and the light receiving layer 1s
determ ned uniquely fromthe relation of PL Iight em ssion wavel ength. By
selecting the conpositions of the buffer layer and of the |ight receiving
| ayer to satisfy the relation 5 of lattice constants that realizes the
relation of PL |light em ssion wavel ength descri bed above, and by stacking
such layers, a light receiving | ayer having superior crystal characteristic
can be obt.ail , i | : ] o) have the PL
light em g@isﬁﬁgﬂge gngﬁgg%%ag?ﬁ@\igﬁfl? E(?nt (g;\’vel?pgln tS#EI?eh(gp&lEiIg t receiving

| ayer sat piskiratehiierldahiataif adesclaydvadatabovenideh e/ithltRPstepyses ot Tnhe buf f er
10 | ayer nust have such conposition sequences that enables the relation
descri bedsubsiaaie sidehe PL |ight enission wavel ength of the |ight receiving

I d ib b be 17Q0 .| . B | ecti t
Composi 1 on CoAES e Bt P CURFAl G hCoMFREAES FLTSIFEE: SBIEdP can be
obt aned. b BUeTYe CRRAN Bthr SRBTGRRA W IFNHARF addxnWlightteblioinpeae: ¥al ue of

conposition 15 ratio’of As an at the I'nterface” i s defi , at the

i nterfacebbetweeed.t he buffer |ayer and the step |layer, the peak val ue of
conposition ratio of As and/or P be made closer to the correspondi ng
conposi tion rairi‘ BVeof CPRECY Fsegﬁwggépéwtaﬁ’éh“ Phieh Fds Light gpassion)inteadt ¢fat i s in

cont act M&mu&ﬂaﬁlagalisﬁém.te%eti et B 8%;!&%&5@&&@%}%@}%42%@% f 1igheSt €P

| ayer that is in contact with the st ayer on 't strate”side. 20
Further, beislioatintetsityiofodiet poridaet anden et dire chthpbertd $eyesndapthrtlugershep | ayer
and at the interface between step layers closer to that interface, the peak
val 48 of ¥81wHdbe Prasrvalyepficomprosingn sy of Apanigr Dat thadeediwsse fefingd; A

Cayer ¢ hat 18 FRORSRbEIO] B0\ PEiviadiodtBhe B "R o sl e and
that of ac&isRBnk ayafe giidalityl oF iy COREREI Woldahd'® Bt eRAd BY S ufRPIdyee | NP 25
substrate side. Further, at all three of the interface between the buffer
| ayer andIntipguction of the impurity suppresses extension and propagation of defects to adjacent
layers.
15 When the InAs,P)., step laver including the plurality of layers and the InAs,P,.,
buffer layer are formed, growth may be interrupted every time a layer is formed.
By the growth interruption mentioned above, the steepness of layer-by-layer
composition change can be tmproved., As a result, steepness in lattice constant
variation can also be improved. When the steepness in lattice constant variation
20 becomes higher at an mterface, it follows that the lattice constant varies stepwise from
one layer to the other layer. In such a case, musfit dislocations generated at a lower
layer are blocked at the portion where the lgttice constant varies stepwise, and prevented

from extending and propagating to the upper layer.

Therefore, different from an exampie in which growth is not interrupted and the

[\]
wn

composition varies continuously, the defect density is not released at the interface as the
underlying layer. However, an epitaxial film free of defect extension or propagation
from the underlying layer to the InGaAs light receiving layer can be obtained. Asa

result, an epitaxial laver having superior crystal characteristic can be obtained when the

[}
2
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step layer, the interface between step |layers closest to that interface and
the interface between step |ayers second closest to that interfaCﬁ, Eﬂﬁ@
peak val ue of conposition ratio of As and/or P may be nade cl oser éO* 06
correspondi ng conposition ratio of the InP -19 0 5 JUN 2006 substrate than
that of a step layer that is in contact wwth the interface on the InP
substrate side and that of a step layer that is in contact with the step

| ayer on the InP substrate side. As described above, as mi sfit dislocations
are concentrated at interfaces closer to 5 the buffer layer, crystal
characteristic of the buffer layer and the |light receiving |layer can be

i nproved. ﬁlkgphg}[/aﬁqeéégﬁfﬁg?& dsemf£Qnductor wafer in which PL Iight em ssion

intensity ayer 1Is defined to be higher by a prescribed val ue
or nore than t0@a aRkarl ugfate ofiNeI8P qubstrateesiPiobiye af thetfhat syrfuck ioanshiclatid i n
every conpound sem conductor wafer in 10 which the peak val ue of conposition
ratio of MPvaresaibeplight wecivingdayeaisdoimeddailaetnversres thosewpehe fpority of at

|l east |E + 18 may . be introduced to the |InAs., Pi st | ayer consisting of
the pluraf r%’)?e 81‘&¥Ib5$(_éﬁ”§edd_egllc‘5lﬁ %%8558%"3%%&?8_0?:% ‘V%ﬁs" Pi_"buffer |ayer.

I ntrgduction ofn fhBenet RRUSE hinm FHRPALSHE SoRBbERNS s cahcRi QRAGahi on of defects
to adjacent layers. 15 Wien the InAs, Pl _X step layer including the

pl ur al i t yawsbrdaagewsh slmdprebant imastdn, when bluef Tneys, B 1a\seap layse ahd theeldAsghiowt h may

be int ti I is.f d. By t i nt ti

et one b BhE et SRl ALY sy P b Bhinne oo be
i roved. : : : i 1) ri j - al so be
| r oved O PRt BRARAS, el |sUcebiel 6 OGS YAThBLIRREAE 2 00 her

at an i nt etdf @e®ing dpateofol wWhBh thwadubbthae Isattrbed GoORSTha Mlm feimifS sigdcepadse from
one_ | ayer to the other layer. In such a case, msfit dislocations generated
at &01 owerhen thgearovihds ko be ksernanted, fike prippousd seimegoadueier wafer thas ickaing ant

Y:;'eres St SRYM R G ured Wy B E RS frdhl BTSN FSAThE 9 229 RECHINBLAG to the upper
According to this method, steepness in composition variation can be improved
when a film is to be formed with its composition varied from that of the preceding layer.
Further, steepness in lattice constant variation can also be improved, and propagation or
15 extension of defects including misfit dislocations to an upper layer can be suppressed.
Further, when the InAs,P, step layer and the InAs,P,., buffer layer are formed,
a growing apparatus having two growth chambers may be used, and when the growth is
to be interrupted in each chamber, a protection plate may be placed so that matenal gas
supply te the substrate is stopped.
20 According to this method, the material gas can be supplied and stopped instantly,
and steepness in composition variation at the interface can easily be established.
Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to

be taken by way of limitation, the spirit and scope of the present invention being limited

25 only by the terms of the appended claims.

Industrial Applicability

By the compound semiconductor wafer and manufacturing method thereof in

-21 -



Therefore, different froman exanple in which growmh is not interrupted and
the 25 conposition varies continuously, the defect density is not rel eased
at the interface as the underlying |ayer. However, an epitaxial filnhkéﬁe
of defect extension or propagation fromthe underlying |ayer to tﬂé s
i ght receiving |layer can be obtained. As a result, an epitaxial |ayer
havi ng superior crystal characteristic can be obtai ned when the -20_ 0 5 JUN
2006 filmhas at |east a prescribed thickness. On a rear surface of the InP
substrate opposite to the front surface on which the above-described |ight
receiving layer is fornmed, simlar layers as those on the front surface may
be forned. I tJ; r fa ot : d of
manuf act uraicggjd?%% Vglgp n%% dﬁ %@g%}%@%ﬁo&\a@ glr%flgﬁt Yl%%&gx(% %Felé gﬁ%:lggvﬁnﬁﬁﬁtb?he
present i rorgstdlicharactefigic foheed bAan BP sutsirate chayevbaiitd] el HenbsyBighyy buffer

| ayer are formed, such a filmform ng apparatus nmay be used that has a film
form ng spaediverneamindrirechienset with smaljdaskicyrrant @atbe pbtanadne Tdupstidat e f or
manuf acturj ng._..and_a. sayi S. to which th ubstrate is retreated from
the film fagPEncaﬁzéng%lg%l ,%éngarfﬁﬁ\%%gr‘?eﬁ%a%r%ﬁf e?’s to be interrupted, the
conpogind sem conductor wafer that is being manufactured nmay be retreated
fromthe filmformng space to the saving space. According to this nethod,
st eepness in conposition variation can be inproved when a filmis to be
formed with its conposition varied fromthat of the preceding | ayer.
Further, steepness in lattice constant variation can also be inproved, and
propagation or 15 extension of defects including msfit dislocations to an
upper |ayer can be suppressed. Further, when the InAs,P1 , step layer and
the InAs"Pj _y buffer layer are formed, a grow ng apparatus having two
growt h chanbers may be used, and when the growh is to be interrupted in
each chanber, a protection plate may be placed so that material gas supply
to the substrate is stopped. 20 According to this nethod, the material gas
can be supplied and stopped instantly, and steepness in conposition
variation at the interface can easily be established.



Al t hough the present invention has been described and illustrated in detail,
it is clearly understood that the sane is by way of illustration and exanpl e
only and is not to be taken by way of limtation, the spirit and sq]qong{mﬁ
the present invention being limted 25 only by the terms of the appended
clainms. Industrial Applicability By the conpound sem conductor wafer and
manuf acturing nmethod thereof in 21 0 5 JUN 2006 accordance with the
present invention, an InGaAs |ight recejving | ayer having superior crystal
characteristic formed on an I nP subst¥4fMScan be obtai ned: and hence a
highly sensitive near-infrared sensor with small dark current can be

obt ai ned. Thus wide applications nmainly for near-infrared sensor are
expected. 5 0 5I. Mrﬁlﬂﬂﬁd%ﬂcbﬁiubtorﬁvaﬁ@r[rﬂl)d@mﬁﬁgrhmhgﬁam&@rlay@ﬁ(IGD a{ #0)

including an I nGal As | ayer (14?1_# a receiving layer formed on an

| NP subst rh&f“ereﬂ‘ﬂ% %’Gﬁf?ﬁ’mﬁ‘i‘ﬁ’gm Sl“hﬁéa )@cg'ﬂ’B’BS‘P&yer consisting of a
plurality of 1 éﬁﬁr al with and on
said I nP substrate a% & l%ﬁ%sco & ?]pluré!i %{E@ ?2 pﬁlzo‘t;szlqtﬁgl5 gggd i n contact

wi th and dﬁe)fbﬁnﬁimmohﬁytemxh aﬁlﬂﬂmamﬁﬂ shigtareand aaldAd PR, wiffes layat @3) (11) and
said In,Gai _,As |ayer (14); wherein said pluralit ste(g | ayers and said
Sag

f
buf fer | ay)éﬁltlﬂ%ﬁijénﬁﬁ'@%ﬂ’fl  aadrondhessiep laxgr %a@éwwé%g?tg(ﬁ% B sybumifal | y
becone cI rsglql]}lr@at aggla?ﬁﬂi% Q}gc&:ﬁpstrate to that of said In,Gi _, As

| ayer; ocatl%n sald buffer layer (13) is nade smal | er
t han di sI ocatl Qiid pﬁﬁﬂﬂybﬁsteﬁ lagétslaﬂd edid B@f@er(l@@ﬁha\&(}butuaﬁcdlfﬁﬁdt lafiide) such
t hat maxi mum val ue of PL t o- Lum nescence) ht em ssion intensity at

an i nt er f &ERSIGHS @awa@pllyﬁécog;qﬁl%er frgmchat %F%ﬁmpaiﬁ@ﬁ@tf tothatgfgailhe buffer
| ayer is, IﬁlztG l_;/ﬁsrlxyérpmrface (30a, 30b, 30c, 30d, 30e),

dislocation density of said buffer layer (13) is made smaller than dislocation
density of an interface (30a, 30b, 30c, 30d, 30e) such that maximum value of PL
(Photo-Luminescence) light emission intensity at an interface of each of the plurality of
step layers (12) and the buffer layer is, at every interface (30a, 30b, 30c, 30d, 30¢),

smaller than 3/10 of the maximum PL light emission intensity of said buffer layer.

2. The compound semiconductor wafer according to claim 1, wherein

lattice constant of said buffer layer and the lattice constant of said light receiving
layer are such that the PL light emission wavelength Ab of said buffer layer and the
PL light emission wavelength As of said light receiving layer satisfy the relation of

As — 800 nm < Aib < As - 620nm.

3. The compound semiconductor wafer according to claim I, wherein

PL light emission wavelength of said light receiving layer is at least 1700 nm.

4. The compound semiconductor wafer according to claim 1, wherein
an n-type impurity of at least 1E + 18 is introduced to said InAssP, step layer
consisting of the plurality of layers and to said InAs,P;., buffer layer.
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smal ler than 3/10 of the maximum PL |ight em ssion intensity of said buffer

| ayer. 2. The conpound sem conductor wafer according to claiml1, wherein

| attice constant of said buffer layer and the lattice constant of sdldJUi @8
receiving layer are such that the PL |ight em ssion wavel ength Xb of said
buffer layer and the PL |ight em ssion wavel ength As of said |ight receiving
| ayer satisfy the relation of As - 800 nm<_ 7,b < As - 620nm 3. The
conmpound sem conductor wafer according to claim1, wherein PL |ight em ssion
wavel ength of sajd light receiving layer is at least 1700 nm 4. The
conpound seni cOndlEBRPANAS s5MISERAICIRF Hgter scordingdorclaihb MISFFiN an n- t ype

inpurity of at i LSl ] ] { Ty ep | ayer
consi sting of tgjﬁgﬁgﬁ%%gﬁnﬁlpglcﬁgyé?’é%e[agggﬁsg{%ﬁg%%?(f n%&jﬁgﬂ}f%’%lf“er | ayer.
-23 0 5 JUNp20R6 cénsisling of thephuality € kilyers and edicd In AsGH g rbufifechayel ng to clai m 1,
wherein growh is interrupted every tine a layer is formed, in formng said
1InAs. Pl x step |ayer consisting of the plurality of |layers and said

| NAsyPl1 y buffer ! G : :according to
claim1l1, wher e;%hﬂ(l)ér;l‘é/ogﬁproggcrl S%ﬁ??%@gwgéﬁwﬁ]ygﬁéﬁ{ai;e@{eg%%osi te to a front
surface provi ded awedrBurfseiof said Git subewate vpprgité vyefrontlsayfaseprovidéd witht o t hose
on the front surface are fornmed. 7. A conpound sem conductor wafer (50)

i ncl udi ng said light reasivingdayier Jaers similardg thoge pn gisrirang srfage A foEged £ or med on an
I nP substrate (11), conprising: an InAs.Pi _,; step layer consisting of a

plurality of |gyer &Y - - f in ith and on
said I nP subst ?a gﬁg%é@nseﬁ%glgéaﬁ@w%]?(fsg} a‘%gl)}}glrg%g’g%aff‘%srﬁlgg&?g&)ca\éﬂnt act with
and on t he IiphtRctioe/layes irshell 61 efl MPedubBedte Gah,dompHsiapbst rate  (11) and said
In. Gaj _, As | ayer (14%1; wherein said plurality of ste{) | ayers and said buffer
| ayer have nut aalnAs.Bi.fsteylayer consisting of a pbwalityof kye at2agit e d3¢.11¢dbecone

cl oser 1y hatpf S WALaRHSLIALS L0kt tha R TnREh blinGhyer S ' 2Ver:

positioned in contact with and on the step layer, sandwiched between said InP substrate
(11) and said In,Ga,;..,As layer (14); wherein

said plurality of step layers and said buffer layer have mutually different
lattice constants that gradually become closer from that of said InP substrate to that
of said In,Ga; ,As layer; and

dislocation density of said buffer layer is made smaller than dislocation
density of said step layer such that maximum value of PL (Photo-Luminescence) light
emission intensity of said step layers (12a, 12b, 12¢, 12d, 12e) is, in every layer, at

most 7/10 of the maximum PL light emission intensity of said buffer layer (13).

8. The compound semiconductor wafer according to claim 7, wherein

lattice constant of said buffer layer and the lattice constant of said light receiving
layer are such that the PL light emission wavelength Ab of said buffer layer and the
PL light emission wavelength As of said light receiving layer satisfy the relation of
As- 800 nm <Ab <As- 620 nm.
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di sl ocation density of said buffer layer is made smaller than dislocation
density of said step |layer such that nmaxi num val ue of PL

(Phot o- Lum nescence) light enm ssion intensity of said step |ayers (D]J%?HN 2006
12b, 12c¢, 12d, 12e) is, in every layer, at nost 7/10 of the maxi num

light emssion intensity of said buffer layer (13). 8. The conpound

sem conduct or wafer according to claim?7, wherein |lattice constant of said
buffer |ayer and the lattice constant of said |ight receiving |ayer are

such that "t he BLrhd gl il 3545l baRAhEofsihg B 15 # digr | ayer and the

PL light em ssion wavelength Xs of said |lig ecel ving layer satisfy the
rel ati on of X$L-lighemiseion wélielengls o Sihlight 1é&4ivinglayddis adeBt 9700mme conpound
sem conduct or wafer according to claim7, wherein PL |ight eni ssion

wavel ength of said light receiving |ayer is at |least 1700 nm 10. The

cormpound  serr Cqde Qmptahe fenREGRIALNGafePaChRlifl :clter St N type

inpurity of at |east 18 I's introduced to said InAs. Pi_, step |ayer
consi sting of tha-tgpainglurityofait ldastyldt ¢ 1 &isdntrodised th daiddanR,P,y dtepflhgar | ayer.

11. The conpaund sem conductor wafer according tq claim?7, wherein growh is
i nterrupt égg%ﬁlé‘ﬁﬁ‘lﬂ? “réﬂqyéﬂfi”ryefssan 69?%‘%1,01’4%[’ lfy&“%lehlﬁy%rai d InAs. Pl, step
| ayer consisting of the plurality of layers and said InAsyPi y buffer |ayer.

12. The conpound sem conductor wafer according to claim?7, wherein on a rear
surface of sai dll iR cnipetundseniopplastot eafepa@ofdinmnto cdumf7aeherpiovi ded wit h

said light receivi layer, layers simlar _to those on the frqnt surface are
forned. 13. A mg t%@ﬁ#ﬂé&ﬁ%wema lmré%f%@eés IR AT 968 Bl P s
| ayer (_14)layef“§01ﬁis't'hggf”thfe%ﬁf?&l}f& glagéﬁ{%d {04 Rd BN vAfrel AeSuUbStrate (11),
conpri sing:” an In,&s | X' step’ layér consisting of a plurality of |ayers

(12a, 12b, 12c, 12d, 12e) forned in contact wth and on said InP substrate

and an | nAsyP, buffer | ayer (13 posjtioned in contact wth and on the
step | ayer, saﬂévwll?r@&lpﬁél‘%ﬁé‘ﬁg%@g‘@qw et gsording 19 clamy. 3D n Gaj , As | ayer

, Wwherein on a rear surface of said InP substrate opposite to a front surface provided with

said light receiving layer, layers similar to those on the front surface are formed.

13. A compound semiconductor wafer (50) including an In,Ga;_.As layer (14)
as a light receiving layer formed on an InP substrate (11), comprising;

an InAssP| x step layer consisting of a plurality of layers (12a, 12b, 12¢, 12d,
12¢) formed in contact with and on said InP substrate and an InAs,P;., buffer laver (13)
positioned in contact with and on the step layer, sandwiched between said InP substrate
and said In,Ga,.,As layer ; wherein

said plurality of step layers and said buffer layer have mutually different lattice
constants that gradually become closer from that of said InP substrate to that of said
In,Ga;_,As layer; and

dislocation density of a first step layer is made larger than dislocation density of
said buffer layer such that maximum value of PL (Photo-Luminescence) light emission
intensity of at least the first step layer (F) that is in contact with and positioned on said
InP substrate among the plurality of step layers is smaller than 1/10 of the maximum PL
light emission intensity of said buffer layer (13).

-25-



said plurality of step layers and said buffer |layer have nutually different
| attice constants that gradually becone closer fromthat of said InP
substrate to that of said In,Gai_,As layer; and dislocation densit5atNa006
first step layer is nmade Iarger t han dislocation density of said buffer

| ayer such that maxi num val ue of PL (Photo-Lum nescence) |ight em ssion
intensity of at least the first step layer (F) that is in contact wwth and
positioned on said |InP substrate anong the plurality of step layers is

smal ler than 1/10 of the maximum PL light em ssion intensity of said buffer
| ayer (13). -25 0 5 JUN 2006 14. The conpound sem conductor wafer according
to claim 13, wherein PL (Photo-Lum nescence) light em ssion intensity of a
second step layer (S) positioned on and in contact with said first step
layer (F) is snpllepe E&%ﬂotﬁ{d]sgm%onﬁﬂﬁop%f& écoﬁ’&lngltalaﬁau@qbsv%a@mof sai d
buffer |ayer (13). e conpound senlconauctor waf er according to claim
13, wherein IBLt(Phetoelmmhamenm) light emibgibi entenlsxayef aa&ud:ndh&plla}etrl(ﬁp const ant
of said light receiving layer are such that th en ssi.on wavel ength
7,. b of sBEPYHUeRFAfErand Ay eentacigvithaaipfirst sigp |14ygh6“)éﬁf@sli%ﬁh%k/é¢ ShHfterpess of

Sa'dgl'gthfﬁﬁF§ﬁm§9nEF¥§H Eﬁ%ﬂ %yégae relation of Xs - 800 nnbkb

<Xs-620nm e oun SEM-CO ctor wafer according to claim13,
wherein PL light em ssion wavel ength of said |ight receiving |layer is at
| east 1700 nm 15 17. The conpound semi conductor wafer according to claim
13, wherein anlh-t Yhecompauridtsgmadonductbewsfer hetording 16 slaimtlp odbesew t o sai d

I nAs, P1_, step,layer cons of the p al.i aye nd to.said

I nAsij ybuffella‘ttl“%i{y:é’rnSt BoP 15§ldlbﬂgﬁf§ L’d m iaétu‘r‘r T&E’i%ﬁl a\‘/@l’%}t ra‘i?bvd‘?gdi ng to
claim13, 1, arr@'sﬁ'ch tgﬁtqt\l% @'L' ?ﬁh't @&%@foH%angleﬁ%ﬁr% d4 s%ﬁ ﬂ‘eﬂ'?r!ér At £ In
formng sa ayer consistl plurarity o yers and
sai d0l nAs Eﬁhtfeﬁ'iﬁisxdn&yﬁfelength As of said light receiving layer satisfy the relation of As - 800

nm < Ab € As- 620 nm.

16. The compound semiconductor wafer according to claim 13, wherein

PL light emission wavelength of said light recetving layer is at least 1700 nm.
15

17.  The compound semiconductor wafer according to claim 13, wherein

an n-type impurity of at least 1E + 18 is introduced to said InAs,P; step layer

conststing of the pluralitv of layers and to said InAs,P,., buffer layer.
20 18. The compound semiconductor wafer according to claim 13, wherein
growth is interrupted every time a layer is formed, in forming said InAs,P,., step

layer consisting of the plurality of layers and said InAs,P., buffer layer.

19.  The compound semiconductor wafer according to claim 13, wherein

o
o

on a rear surface of said InP substrate opposite to a front surface provided with

said light receiving layer, layers similar to those on the front surface are formed.

20. A compound semiconductor wafer (50) including an In,Ga; As layer (14)
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19. The conpound sem conductor wafer according to claim 13, wherein 25 on a
rear surface of said In? substrate opposite to a front surface provided with
said light receiving |layer, layers simlar to those on the front surface are
formed. 20. A conpound seni conductor wafer (50) including an In.cp.JUR006

| ayer (14) O 5 JUN 2006 as a light receiving layer forned on an InP
substrate (11), conprising: an InAs,Pl., step layer consisting of a
plurality of layers (12a, 12b, 12c, 12d, 12e) formed in contact with and on
said I nP substrate and an InAsPl _y buffer layer (13) positioned in contact
with and on the step | ayer, sandw ched between said InP substrate 5 (11)

d idln, As. | 14): wh ' i.d, pl lity of st I d
i o bu 1 R e e ine R for i P R A P oot e Tt gr adual 1 y
becore cl oser {4 mms{Ha Eteﬁflaﬁabgnéiﬂﬁfg%fla%ﬁrailit? of %y%ﬂa([uﬁ),rl%?il@'c, 1hg; Ga, _, As

| ayer; and peak conposition ratio off As and/or P of at |east one interface
bet ween ekkeh farined 10 comad vithuaral ort seidinPstubptritayed an {d2sP ARer 1@er (102d, 12e)

and said buffer layer (13) is closer to the correspondin sition ratio
of the | MSE{AREL iy Oé‘tac"?né"h‘)“taﬁ'é Qaght é@a&yamand‘%ﬁ%‘ﬁw'%}h%?%ﬁﬁgp trffe step

| ay th i Sod O C i i rface on the side of the InP
subgrat Z(tl&%d %ﬁcg t g‘fzkg\f{\ﬂyteﬁgﬂs‘gg&feg'yer that is in contact with the step

| ayer on the sidguniity dfstdpiRyaylad sdl euffdSaget halhpuoniipdiffdesdamiconduct or
waf er according to claim 20, wherein peak value of conposition ratio of As
and/ or P @msi@atsithateriduelly beqomeeslossaifpnbihiat ef saidaln®rsulptants 49 thas pEprif ayer s
cl oser toint¢e 0 res,pofﬂdi ng conposition ratio of the |InP substrate than
that of a's 3e‘ﬁ FL@'&?E‘P at is in contact with the interface on the InP 20

substrate si depRGokdpalitiff rRicSdfeRs ARAVETP bhatledsd ohdint@ficabbrdentatingr st ep
| ayer on the InP substrate side. 22. The conpound sem conductor wafer
acch? di ngsaicoplotaditynef2ep layres €123, 12b, 12¢, 12d, 12e) and said buffer layer (13) 1s closer
to the corresponding composition ratio of the InP substrate than the corresponding
composition ratio of the step layer that is in contact with the interface on the side of the
InP substrate (11) and that of the step layer that is in contact with the step layer on the
side of the InP substrate.
15
21.  The compound semiconductor wafer according to claim 20, wherein
peak value of composition ratio of As and/or P at an interface between said
buffer layer and said step layer is closer to the corresponding composition ratio of the
InP substrate than that of a step layer that is in contact with the interface on the InP

20 substrate side and that of a step layer that is in contact with the step layer on the InP

substrate side.

22, The compound semiconductor wafer according to claim 20, wherein
both at an interface between said buffer layer and said step layer and at an
25 interface between the step layers closest to that interface, peak value of composition
ratio of As and/or P is closer to the corresponding composition ratio of the InP substrate
than that of a step layer that is in contact with the interface on the InP substrate side and

that of a step layer that is in contact with the step layer on the InP substrate side.

-27 -



both at an interface between said buffer |layer and said step |ayer and at an
25 interface between the step |l ayers closest to that interface, peak val ue
of conposition ratio of As and/or P is closer to the correspondi g j N 2006
conposition ratio of the InP substrate than that of a step | ayer t%ag rsin
contact with the interface on the InP substrate side and that of a step

| ayer that is in contact with the step |ayer on the InP substrate side. _27
0 5 JUN 2006 23. The conpound sem conductor wafer according to claim 20,
wherein  at al bl N Egniloubd CrkiBhRLLBC G RPANSRMS BRI LabAyer and the step
| ayer, the interface tween step [ayers close to thaf interface and the

i nterface betwaeill threpf theaiyetfcsbtoesdh the bsffatlayeo anditht stepiaef,ale, t he peak
val ue of conposition ratio of As and/or P_. is closer to the correspondi ng

conposi t i deragebstwensice 19yep denssite Mabimtertiqe prehthe giterfacg befveen s¢Br that is in
contact w | I i de. . tep
Cayer t napepttfodd LG Bl AKVEhE DT Eompaifitid Sk Bled 1 20 s
The conpounicloserd the komespondingé@npmitvaratinef tholnPl sabstraBOthamtier ef aistepr n-t ype
inmpurity of at least |E + 18 is introduced to said |InAs.Pi x steg | ayer
consi st i ngX5f thahis ipFeptagt ith the infestpes an tigdnk srbstapig sids ARG Byat Ot a,8ieR kaver ayer .
25. The c e B i 50 claim 20, wherein growh
is int err3%%?2%9&82@59@%Hg&pé%f&?gle%@fﬁ%}g?ﬁlg%Fd ormng said InAs.Pi_, step
| ayer consisting of the plurality of layers and said InAsyP, vy buffer |ayer.

26. The conpound sem conductor, wafer according to claim 20, wherein on a
rear surface of4sHierompound sraiconductgppaier peeordingtorlaim2Vs Whese on whi ch sai d

| ight receivin e .S I . Sl J193 n ont
surface are fo?nnégﬂlﬁﬁﬂiﬁ%ﬁ%éstolgﬁgﬁﬁ?g@dt}?lé#éﬁg{ corrg’bfﬁ'ﬁé&gg%%onduct or
waf er w t koasistingf Gelplurdiityl cdYsers(ahd Yo ad mAs|RItbuffecaysri ng | ayer formed on an
| kP substrate (11), including an InAs.Pi, step |layer consisting of a
plurality of layers (12a, 12b, 12c, 12d, 12e) formed in contact with and on
sai d | nP subst pat poskil.ioned in contact
wi th and on thgg'sf%cg%ﬁ' ygrrl% %E%ADV(\LAH %tﬁgﬁg%g%c\f\:eb%%tgi(cﬁ lI)ﬂnzl9 %E%%nr ate

growth is interrupted every time a layer is formed, in forming said InAsP) .« step

layer consisting of the plurality of layers and said InAs,P,., buffer layer.

26. The compound semiconductor wafer according to claim 20, wherein
on a rear surface of said InP substrate opposite to a front surface on which said

light receiving layer is formed, layers similar to those on the front surface are formed.

27. A method of manufacturing a compound semiconductor wafer with an
In,Ga, .As layer (14) as a light receiving layer formed on an InP substrate (11), including
an InAs,P, « step layer consisting of a plurality of layers (12a, 12b, 12¢, 12d, 12¢)
formed in contact with and on said InP substrate and an InAs,P1., buffer layer (13)
positioned in contact with and on the step layer, sandwiched between said InP substrate
(11) and said In,Ga,_,As layer (14), wherein said plurality of step layers and said buffer

laver have mutually different lattice constants that gradually become closer from that of
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(11) and said In.Gl_,As |layer (14), wherein said plurality of step |ayers
and said buffer |aver have nmutually different lattice constants that i
gradual |y becone closer fromthat of -28 0 5 I UN 2006 said |InP subsgﬁaawgztlﬁé
that of said In.Gat_2As | ayer; said nethod conprising the step of
interrupting growth, every tine a layer of said plurality of step |ayers and
said buffer layer is formed, wherein the step of interrupting refers to a
state in which growth of said layer is interrupted by stopping supply of a
mat eri al r ora & S r ete | ayer
o the | nBroEr e BalRt Fia By chPord i e AR BN ptbpr e MG E
conposi t i antentiptidgegrowtigrevety 1ias aSlH}?HNdf&dldt slutatiey bhétes lhetsr @idesaid buﬁérr ed to
growth conposition of the material gas for the step layer or the buffer

| ayer to H@fefﬁrfﬁﬁﬂedne%?rem and thereafter growth of said layer is resuned by

| th t t 28. The
rsnlilrct)gf gi:'?gri ng gﬁe g{e %‘ rgﬁe& 5? {‘% i) hdlgﬁowt’?l ° éTlgoﬁy?fs wher ei n
sai d buf f gxtelraped bRr0psiak guﬂpil)gblta m&eahwgaagertarg% aataeﬁacp FSPaHe St hybhat

| attice constant of said buffer |ayer and the lattice constant of sai d
| i ght recdhesbuier layerrtoghe Iskishbstrateaand twhllPlsupplglof tieningtsrieh gawmisadteppgd,n 2W of

said buffer la er and the PL 1ight e[n si o henthAso(Lésaid i ght
recei vi ng “PEpEft 1%nat Jhe terialogaz; supRl ﬁft%st & Ab Vaneindo Bg%Y nm  29.
The met ho JspcTatl ﬁgqg to
claim 27, q:\/\/ﬁ%?el n ?ﬁﬁi g{rl%&%glj%ggl E&%;y%%? &Sﬂtﬂg%ﬁ ay \?@lj dlj}rlrégfgyPl _y

buffer | aymd theaedfict grdwah Bif Rgid 1ayepdy Rbusedby sigplvng I;Henmﬁteﬁﬂhghg tspi&cEPi N whi ch
a material gas is supplied to a substrate for nmanufacturing and a saving
space for sHeftiaiating fromsaid filmformng space is used, and in said
grow h interruption, said conpound sem conductor wafer that is being

manuf actured is retreated fromsaid filmform ng space to said savi ng space.

28. The method of manufacturing a compound semiconductor wafer according to
claim 27, wherein

said buffer layer and said light receiving layer are formed such that lattice
constant of said buffer layer and the lattice constant of said light receiving layer are such
that the PL light emission wavelength Ab of said buffer layer and the PL light emission
wavelength As of said light receiving layer satisfy the relation of As - 800 nm <Ab <2s -
620 nm.

29. The method of manufacturing a compound semiconductor wafer according to
claim 27, wherein

in forming said InAs,P,., step layer and said InAs,Py., buffer layer, a film forming
apparatus having a film forming space in which a material gas is supplied to a substrate
for manufacturing and a saving space for retreating from said film forming space is used,
and in said growth interruption, said compound semiconductor wafer that is being

manufactured is retreated from said film forming space to said saving space.

30. The method of manufacturing a compound semiconductor wafer according to
claim 27, wherein
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30. The nmethod of manufacturing a conpound sem conductor wafer according to
claim?27, wherein -29 0 5 JUN 2006 in form ng said I nAsyP, y step |ayer and
said InAsyP,.y buffer layer, a growi ng apparatus having two grown
chanbers is used, said two growing chambers are used to form one @%Tyﬂﬂhiﬂﬂﬁ,
and at said growth interruption in each chanber, a protection plate is
pl aced to stop supply of material gas to the substrate.
in forming said InAs,P;., step layer and said InAsyP,., buffer layer, a growing
apparatus having two growing chambers is used, said two growing chambers are used to
form one compound, and at said growth interruption in each chamber, a protection plate

is placed to stop supply of material gas to the substrate.
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