DESCRI PTI ON Conpound Sem conduct or Wafer and Manufacturing Method Thereof 5
Techni cal Field The present invention relates to a conpound sem conduct or
wafer for a near- infrared sensor for food, nedical or environnental

i nspection, as well as to a nmethod of manufacturing the same. 10 Background
Art As a near-infrared sensor having sensitivity in the near-infrared

wavel ength range of 1.7 mto 2.6 pm one having such a structure has been
known in that a p-type sem conductor layer is fornmed by diffusing zinc in
an epitaxial wafer having an In2G, _ ,As |ayer (hereinafter referred to as
an InGaAs layer) with large lattice constant as a 15 |light receiving | ayer,
and positive and negative el ectrodes are arranged on upper and | ower
surfaces thereof Many substances sOESTREPMONUS, including organic
substances, water, gas and the |ike absorb waves having the wavel ength in
the near-infrared range of 1.7 mto 2.6 trn, and therefore, such a sensor

is expected to have wi de _applicatio in he field of enyLronngntal

i nspection, nedi %m%&ﬁé&&&@ﬁ,“@% aEﬁﬁéP?@flfg’P @Bﬁﬁé?\g?tﬁ?%lrgﬁeggt ection and
the like. In the near-infrared sensor described above, on an InP substrate,
an InGAs light receiving |ayer having a lattice constant |arger than that
of th& I nPTeuhstdl@tetdi s formed. Therefore, the difference in lattice
constant is adjusted by providing, between the InP substrate and the | nGaAs
| i ght recei vi ng Thaypeesenanysntipar¢letps bf & serapoungysemcoaderter Wefer &y azgal-ayer

f d ther be i tact with InGaAs I . A |t axi al f havi
2 1'atti oo HORed SAEOeT FeEROREDErIGHePHAR B e P Edintt Pl B o PENPRd o s 3

lattice m gnmbebyHh¥REe SRl axi al wafer. The structure in which the step

| ayers and a buffer~laver are inserted between the substrate and the |ight
recei ving |l aver described above has been -1 proposed repeatedly (for

exanpl e, in Japanese Patent Laying-Open Nos. 2001-156324, 2001-102620 and
06- 218403) Baskgiewnd rhas been found that the InGaAs | ayer has

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 pm, 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 iayers and a buffer

[n)
wn

layer formed thereon to be in contact with InGaAs layer.  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 laver are

inserted between the substrate and the light receiving layer described above has been
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sensitivity in the near-infrared range. 5 Disclosure of the Invention In a
ternary conpound sem conductor consisting of (group 3/group 3/group 5)

el enents, a band gap is determ ned uniquely by its conmposition or by the

| attice constant that is determ ned by the conposition. Therefore, the
ratio of elements of |InAsP constituting each of the step |layers and the
buffer layer is varied to gradually increase 10 the |attice constant as
descri bed above, so that the lattice constant is varied fromthat of InP
substrate to a desired lattice constant of the InGAs |ight receiving

| ayer. As a nethod of growing a lattice msmatch type epitaxial wafer for
the near- infrared sensor, vapor deposition such as OWPE (Organo Metallic

Vapor Phaseropfcped gepgatediy (M?Ex(mﬁap,on JRinase Mapdt &ayhedtsn Meen2&he W3 2AMong
these, VPE nethod 15 is known to have high growmh rate. However, even when

the |ight ﬁ@@hlozé@ 4@m2kﬁ40Ph@@A§ﬁhgsbfeﬁnrf@w%h@hthﬁﬂ@GWelﬁyerﬁ&yers provi ded
to have gradu r easi lattice constant as descri bed above, it has
been diffi ¢t Wf% 1%[155]6?; W@%[ﬁde{é?gfre an 1 nGaAs | ayer having a satisfactory
crystal characteristic. This results in large dark current, and therefore,

t hough near-infrared 20 sensors of |ow sensitivity could be obt ai ned,

stabl &, hi @htgosenst the eveanish | ow- noi se  products could not be obtained, An
obj ect of the present invention is to provide a caonpound sem conductor

waf er and manuf 48 RUPTATY SPEPRYE] SHBFRSIHCIOR APNYHAB 08 (STPHD P ET Nt BERPUYe of an

prosont | nd T e BFOL PGS CEertpsonac SERY bEhaTht Sl arlf Ry,

I nGaAs | ay?ﬁatfi‘sgdé%erlnhﬂé?fbyrgﬁg%b%b@:guérﬁyeﬂ’he?é%ﬁeﬁw%ué‘ﬂfélE!ﬁ’en@HPﬁMs?t e. The
waf er incl udes ; Step layer consisting of a plurality of

| ayers (x dohfteaing aykof the siepyieyers wtheduﬁ"errlammm;tedm ptadagl) wooretdee | NP
substrate, and an InAs, Pl _} , buffer % positioned in 2 contact wiith and
on t & st ephs e, Coéﬁiﬁﬂ\ﬁﬁ@ﬁ%@b%w@éfﬁq @ thy PUdGarOnsiaRtds yaeed frem thay@ias

lj??‘/fe(ra r e-rl;[]e Itr{lL subskra%eyto a desued3 !a{ geccrjr?staa}l?%f he%@%‘; lght rgé/e?vmé] %\fgr mutual l'y

As a method of growing a lattice mismatch type 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 is 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, 1t 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 InGaAs
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 layer by layer) formed

in contact with and on the InP substrate, and an InAs,Py., buffer layer positioned in
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| attice constants that gradually becone closer fromthat of the InP |ayer to
that of the InGaAs |layer. Further, the maxi mumvalue of PL Iight em ssion
intensity at the 5 interface of each of the plurality of step |ayers and the
buffer layer is, at every interface, smaller than 3/10 of the maxi mum PL
light em ssion intensity of the buffer layer. The PL |ight em ssion
intensity reflects crystal characteristic of the portion that emts |ight,
and the PL light em ssion intensity becones higher at a portion having

hi gher crystal characteristic. In the structure described above, the
crystal characteristic at the 10 interface of the step |layers and the buffer
| ayer is deteriorated as edge dislocations and threading dislocations are
concent r at edptawhvitle anden theystmlayohsndwicbed betingen thetInB swhstriaterandithyer is three

i hi gh h h f the i f i ndi by i gh
e 551 on | @A) By | PSP oY SR BB Che paTer st Pvedn SR ERY are not
transferr e(ljattiég r%Hs{aP?s th&?é?%\?a?lgggfégge?_@o#ﬁﬂ%';n Jhﬁ'y&f the H}al%%%rhg 118 %ff tHe

di sl ocations are not tra e upper 1 ayer een confirnmed by

the invent @iGa R labfie PFueHeNthd MeRtinoRiRYof AINGHR eidigidnuhtehsity BMHeTr ansmi ssi on
El ectron M croscopy). If the thickness of the upper laver is not |arger

than @ pr esueifbeditchilc khbe plurgiop of sey byels aot shel layei 1§, ¥ &rerytinteBeceex pect ed
because of thge djso r at the interface as. an underlyjn ayer. |If the

t hi ckness iS@a’ﬁ%{rtb@ %gdﬁ BRIy Lghtleaé%%’dﬂﬁg}%h%f th“r @iﬁ%iﬁryebf t he

i nterface, howe 72 t ial:. fi L Ny
characteristic gg%Igéﬁggggﬁﬁggaﬁ#g%ﬁggﬁ$%?a¥ﬁgﬂj¥ﬁ#%rﬁgggfﬁg¥§ﬁghﬁﬂ?fer

| ayer ment icamed ﬁ@@ﬁ@tHeSPIab%}hﬂeniiyﬁdiﬁmfehs’iity wtomachighérep alpayten Msinghighee
maxi mum val ue of the PL light emission intensity, the PL |ight em ssion
intensity ofystalghaseterigid dn ke ssucargadgseribgdsabona.dhie eystalreharapteistie abthpL | i ght

em ssjon intensity.is classified int bout ten | evels,, and, an.average val ue
of t 09 hi gRUER A thE iEp TRrend by Putter gy SeteElss s b ais™Sandor ai ng
to another t?@&ﬁ%dis‘&%ﬂ&{s@ﬁ?%ndeﬂ:\‘ﬁ@(ﬁ}vﬁﬂ]eﬁﬁ@y RHaPcifr SCTRAY BOLE BOF&ONnduct or
waf er including an InGAs layer as a light receiving layer formed on an InP
substrat e. 1dee iswafeenimdsciructes higher tharshaPbf thesttefadeayemdeeons ibg Pilnighof a
plurality of |layers fornmed in contact with and on the InP substrate, and an
| nAs, . P1_, enpifidrgptengi{per In such a stacked structure, musfit dislocations are not transferre
from the interface 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
inspection with TEM (Transmission Electron Microscopy).  If the thickness of the
upper laver is not larger than a prescribed thickness, good crystal characteristic cannot
be expected because of the disorder at the interface as an underlying layer  1f the
thickness is large enough not to be influenced by the disorder of the interface, however,
20 an epitaxial film having very high crystal characteristic can be obtained. Typically, the
thickness of the buffer Jayer mentioned above is about twice that of each step layer.
As to the maximum value of the PL light emussion intensity, the PL light
emnission 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

level intensity is used as the maximum value.

1o
e

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

1
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positioned in contact wwth and on the step |ayer, sandw ched between the

I nP substrate and the InGAs |ayer. The plurality of step |ayers and the
buffer |ayer have nutually different lattice constants that gradually
becone closer fromthat of the InP layer to that 5 of the InGaAs | ayer.
Further, the maxi mumvalue of PL light em ssion intensity of the step

| ayers is, in every layer, not larger than 7/10 of the maximum PL |i ght

em ssion intensity of the buffer layer. This structure is assenbled in view
of crystal characteristic inside the step layers and the buffer |ayer. The
ratio between the PL light emssion intensity inside the step 10 layers to
that inside the buffer |ayer becones snaller than in a conventional exanple.
Thi s neanslaybratfotnhes ibwbhiart Wiy end fratheAel sylsiet prd ammAsdubbulieitiaydias bett er

crystal characteristic than the step |l ayers th. re thinpner, and cl oser to
the | nP suBuvGRed in C%éﬁr‘ﬁﬁ%hﬁm?% ¢ SlspiHEE A %@‘@?ﬂﬁﬁ%e BEHH SRRUES: s on
provi des a 1LCO - [ i I s a
| i ght receﬁgf{r%qﬁg}g%?%fne gjﬁlﬁglg%ﬁjgei) H%E}ssﬁlg? %a?[eﬁekT e V\/<';‘{If£3’el-1;im ?%gﬁaudes an

INAs. Pi _, dBfeednt lANSS cci9gisShingadvhllpbdrbiealldsey frof thaydtise hdriaed té thacont act
with and on the InP substrate, and an InAsyP1 ,, buffer layer positioned

i n colt act ofhen@nds ayet. hdusthep theaperimumamdive CHEdighe evsaian ixensity pbtheubst r at e
and the InGa | ayer.. The . pluralijt f ers.and e. puffer |ayer have
mitual by SePRRERIE. i s e et ons i St gt B T LR EPESE 1 o hat
of the I ”Pirlté%,ﬁ?o el thdter %gelof the InGaAs |l ayer. The maxi mum PL |i ght

enmi ssion intensity of at |least the first step layer that is in contact with

the | nP subst r atTéisesmmegurt beaspdmbial intvievodf syep dhaspetesistisinsdmthestep leyeen 1110

of the maxi num PL Iif;ht em ssion intensity of the buffer. | ar}/e .. I'n the above
descri bed 809 thetwber layew e Jihe TalQDEYRHLINE Pht et PRISHIOP AFENSILy} Sld[fy}g? &§€Pcl ose to

t he P bst r.at - t i | hat . Sad ith th
e 28 subdEPhtE Erditidh REPhE, et Phoh SRy A confob BB WAAEE e,

di stortion Tk h&ine %R dhaBuffer @3St fahfertien the BiP sab&fud Bytdeiteradrgstalot  propagat ed
to an upper layer. As a result, an epitaxial film haw};g superior crystal

char act er i shirectensiichtbar rersep lagert thet dretifiener lang sioserrto the htsupsease.vi ng | ayer
as the upper | a%crcbrdvi@ge{oeab %n%grr gspgcl%,r {he ggesgxﬁslg‘!féniﬁgg pIorwo(@s %rc%?ntp%{m& 4
semiconductor wafer including an InGaAs layer as a light receiving layer formed on an
15 InP substrate. The wafer includes an InAscP,.; step layer consisting of a plurality of
layers formed in contact with and on the InP substrate, and an InAs,P,., buffer layer
positioned 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 Jayer. 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 above described structure, defects are concentrated in a layer or layers
ciose 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 resuit, 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




defects can be suppressed and a highly sensitive near-infrared sensor can be
obtained. The PL light em ssion intensity of the second step | ayer
positioned on and in contact with the first step | ayer nay al so be snall er
than 1/10 of the peak PL light emssion of the buffer layer. 5 According to
a still further aspect, the present invention provides a conpound

sem conduct or wafer including an 1n2Gl.2As |layer as a |ight receiving

| ayer fornmed on an InP substrate. The wafer includes an InAs,P,, step |ayer
consisting of a plurality of |layers formed in contact with and on the InP
substrate, and an InAs,,Pl.}, buffer layer positioned in contact wth and
on the step | ayer, sandw ched between the I nP substrate 10 and the

| n, , Ga2_ZAslefeciyan be Topredsed and & Yigbly ssnsatpvel reye nsrasancsensve chubé ebtalrager have
mutually different lattice constants that gradually become closer fromthat
of the InP | ayer-f‘%t'fttjpl-t]|‘1%{"LI emgssiopytensity ofghe sepand st ayer PasBiopehrn aBhiFosi ti on
rati o of I t_.on i nt erfage t ea of .t he

pl ural i tyAgP H‘E?‘/e‘gﬁ]i‘ glfceﬁrrga%ﬂjdﬁ?%emaguﬁ?oel‘?e 4 lgrr |a§q&0\é\@gﬂe P%a%ttm'eﬂght

cor r espondieRgssAraFesd bifen l4yati o of the InP substrate than the corresponding
15 conposition ratio of the step layer that is in contact with the interface
of interest on tArsordiigie aftiltfghé¢radpettbe pesentamentibaprovides heosipepnd ayer
that is in contact with the atep lLayer on the ﬁj ge of. .thfgad,I ngﬁsugstrate. In
this structfPEOPMHEISYEE PEYENS 28 i Rer oY hitf  I8BNSSEHIE ST UGS OBd so as
to attain [ at k he, - e ffer

| ayer, whi Iagq %lﬁgd H%ga%brrgggﬁaﬁgﬁgélgc{&tahé&?gﬁ%Exr%taﬂgggér;%&zlglétg}\ge?ftsagp%%ﬁt uch

adj ust ment layés foheedmnpasict ivth ahé oh the IaR8ubgrads) @nd an Iesppndefeclanet h t he
| attice constant, it follows that the lattice constants at the interface
are adver s@°pgoRsciR contagl with aad,p thegtapayar sfangwirhed betaterwthednh sebiiet i on at

the imnpterf t he,.m sfit, dislocations are o rated, at the
ntertace, a0 s POy AR I hne et 3 SRR R P R TR BN PP ayer
decrease, a@ftbrtMeABEOEShstadrs thiYradiiall) SERIME Agseh BRI 1hAAYI RO VARG @7 thA" YSt al
characteristic can be obtained.” The present Invention provides a nmethod of
manuf act ur iohghedngaarpds rger. s efieqeald uarhpositwaf ratio bhal andol Bdéat rastlonGaAs | aver

as a light receiving | ayer Iormed on _an |nP substrate, an InAs,,P, ,, step
| ayer cons PEES @Fé:l:@fw%;nrﬂa&lp g ’ih[ey‘)ht;;hty Qijgpglaygxfsr@g thg,bufler layer i1s 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 lavers 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 18 in
one-to-one correspondence with the lattice constant, 1t follows that the Jattice constants
at the interface are adverse to each other, resulting in musfit dislocation concentration at
the interface. When the misfit dislocations are concentrated at the interface, misfit

dislocations in the step layers and in the buffer layer decrease, and therefore, a light

[A]
o

receiving layer having superior crystal characteristic can be cbtained.
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,P ., step layer consisting of a pluraiity of layers formed in
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5 contact with and on the JnP substrate, and an [nAsP]-), buffer |ayer
positioned in contact wth and on the step |ayer, sandw ched between the
| aP substrate and the InGaAs layer. The plurality of step layers and the
buffer layer have nutually different lattice constants that gradually
becone closer fromthat of the InP layer to that of the InGaAs layer. In 5
manuf acturing such a conpound sem conductor wafer, growh is interrupted
every time each of the plurality of step layers and the buffer layer is
formed. As the gromh is interrupted as described above., steepness in
conposition variation that vary |layer by |layer anong the step | ayers and
the buffer |ayer can be made higher. The steep transition of conpositions
at the int epftagevigf ansherhthie dyR pubsireis. 201 imloreds ¢ bulerdayenesgtipred incontget
constant varjati,on,. and therefore, it acts o suppress t ensi on. or
propagat i o8N NdRs ?Til%’&ﬁ* SEvIchisg etV esatae | r%‘gitﬁatf’ ﬁ‘fiﬁ‘?ﬁb@?‘gﬁ]aﬁ’@f ers to
a state in i [ t i el 1

xanpl o ond opraray SRy kEeR AZRERER iBer PRESAL R ELPR IRREL Plhoier®

- Speci fi cal khat gtddealdy asbmeickossit Dppekaty st RPPiRE tShAPLHthe InGdres lavdrer iml gas
to the 15 substrate for growth for a prescribed tinme period, the nateri al
gas t& be supplerwang sughhecompmst semEonduche] wafte grawthdumtdrynpiedevesy prnescr i bed

CAGWPGCsi tion durd t hat ri od, and,th upply of the material Ras to th
substrate F%C%r‘gléggﬁlﬂ?a%@ygéﬁ%gé‘?ré\%%t}}e_ﬁl”gé?’?}B‘Fi%% sk i nterface cZn ge ©
obtai ned at whi 9{%’[89%@%}1“ it ﬁ@f’ed'a@tdké&fﬁeﬁmaﬂéep%gEs%n%Bﬁg@éié{ n The

foregoi ng and ot her ] ects, f'e tures, aspects and advant ages o? t he present

- 90 i nvent ivaxfatiginlthatb@eolaperiyrigysrppane tHe depoiayers bieiht dhifemang cdsbanladed
description of the present invention when taken in conjunction with the
acconpanyi hgher avk hsgécepRranatiomes epmprsitims of thetemrcgwifggeh IByg.also represents a

near -i-nfrared sensor inco orati?{g a c.oﬁrg)ounéi 2% segi cor%ductor wafer in
accordance i = REPArEdR B N2 ) i o Rl ther T 8SERTS SR TPm f or mi ng
appar at us ‘é%ﬂsi&%r ﬂ%@%@ﬁh%ﬂ@ﬂc@d@%@&‘%vep sem ponduct or wafer in
accordance with an enbodi nent of the present 1nvention.

Here, growth interruption refers to a state in which growth is 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 material gas to the

15 substrate for growth for a prescribed time period, the material gas to be suppled to the
substrate is adjusted to surely have a prescribed composition during that penod, 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 following 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 zccordance with an embodiment of the present invention.

Fig. 3 is a transmission electron microscopic photograph showing 2 cross section
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Fig. 3 is a transm ssion electron m croscopi c photograph showi ng a cross
section - 6 of a conpound sem conductor wafer (Sanple 1) in accordance with
the present invention. Fig. 4 is a transni ssion electron mcroscopic

phot ograph showi ng a portion near the step layer of Sanple 1. 5 Fig. 5is a
transm ssion el ectron m croscopi ¢ photograph showi ng a portion near the
light receiving |layer of Sanple 1. Fig. 6 is a transm ssion el ectron

m croscopi ¢ phot ograph showing a portion near the step |layer of a
conparative 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. Fig. 8 shows PL light emission intensity distribution of the
conpound sémicompouet emivaidector wake ¢Samida ¢ einvdcttrdaine witlegentresenvent i on
(Sanple 1). Fig. 9 shows PL light em ssion intensity distribution of the
conpound séicEBAIuct or wafer of the conparative exanple (Sanple 2). 15 Fig.
10 three-di mensiongl.| ¥tshows PL L] 2ht em ssi.on. int ensi éé di st r({fguti on of the
conpound seni conduct'dF NREPRPSPH S5 %}Ia‘é‘fﬁ%séo%ctpﬁoﬁolgéap%‘rs Bhe 4RR78R P6h. Fi g.
| 1 represeg nﬁgﬁ%&gdmnﬁ%wen PL light em ssion intensity ratio and
contrast nu r resulting fromdistortion in the step layer. Fig. 12
represents rel athigns ibetwaanisiibe elPtirdd @itioseopis phongrapheshewgichs mirtibn gédr 20
receiving layer and buffer |ayer of the conpound sem conductor wafer,
speci f yi ng thdleght repsyeng layamef amplsel. | i ght recei ving | ayer has superi or
crystal characteristic, Fig. .13 shows a result, of Sl anal ysis .of Sanple |
'n accor dance. wirth & T2BPEEAY SRAVERTICEHCORE ghOpE R REV T S AR BT S| s
anal ysi s ofySapplagerofaf cdiRr 4RERAASIE (Sarpanpl €. 25 Best Modes for Carrying
Qut the Invention

Fig. 7 is a transmission electron microscopic photograph showing a portion near
10 the light recerving layer of Sample 2.
Fig. 8 shows PL light emission intensity distribution of the compound
semiconductor wafer in accordance with the present 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 Jight 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 superior crystal charactenistic.
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 secticnal view showing a near-infrared sensor
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In the follow ng, an enbodi mrent of the present invention will be described
with reference to the figures. Fig. | is a cross sectional view show ng a
near-infrared sensor 7 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
I nAsO. 6PO. 4 is further arranged thereon, Step layer 12 and buffer |ayer
133 are arranced to nake snooth the difference in lattice constant 5
between a light receiving |layer 14 of Ino.82Gao.1sA s and the InP
substrate. Step layer 12 includes a nunber of |ayers, and conposition of
each layer is selected such that a layer closer to the |ight receiving

| ayer conesising shaweohiad genicbmtuciwevaferanst@ndance mithithe p)te,sertt Iimrehm/rer dnare
denoted by 12a, 12b, 12c, ... fromthe one closer to yer B toward
the I nP suls§fpaned sqnueqnﬁiémort“wéeré@een P&msupﬁa%teﬂé HEEP hyernb’doglﬁf\iﬁlsand in
contact with t tratel a first ste nd a
cecond st eporel ad oRINES o Tk T AT efratet i e Y e ey
llayer. In thebebodierantarOhrridied t@ﬁﬁﬁ@%oétﬂ%ﬁ@@1ﬁ@fénc%@5tub§cérﬁp&l’it ant is
whet her PL |ight em ssion occurs in the first step layer F and the second
step lGayer bBtwdenktlpaiireceivingtiaey e d Ao lng.: G iAG and tiot lnk swhfteate. of the present
enbodi ment, what is inportant is the interface of the step |ayers and the 15
buf fer |ayer. ASEhBYE wnﬁpees qnur@bﬁé@é@ﬁﬁe@ﬂﬂé@é@@éwen&gﬁfb‘béwebgﬁ 30a, 30b,

30c, from uf f.e a nP. subtra ion
occurs V\henstepgtre ? stlhf‘)tfal?:é @) hlg'nhgl&t AUt % a\X/;iféo‘?n% }r;%'e(lecrigt t?(‘.t%ed wth
light In t%nﬁaﬁsemﬁ Fi%ﬂ‘@om\en@@;s,afe e @by TR Y2 Uecof f?bm'thgbﬁe cl8gHr $§i ON
intensity at the interface of each of the pl urallty of step layers and the
buffer 20 Itmﬁerlay@'babwaubmy InPsarstrace, an’aérlélestdpdlyaltm igfositheep enk
|ntenS|ty of PL light emssmn of the buffer ]ayer. dification, the

maxi mn valaé I%FOTPECT Migrite &R %Sgﬁ‘ellh@“é‘ﬁk‘idtaf adyr Sttsl*@J lab‘frtfﬁ and & yespd stegp
TR I W ST RN e
maxi mum valpieseaf 1n5’é—ntl|oh9@hatqmr§}§dr&'ﬂt 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¢, ...
from the buffer layer toward the InP substrate.

PL light emission occurs when portions of compound semiconductor wafer 50 1s
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 lavers and the buffer

20 laver 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
ermission of the buffer laver.

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




intensity of at least the first step |layer positioned on and in contact with
the Inp substrate anong the plurality of step layers is smaller than 1/10
of the peak intensity of PL Iight em ssion of the buffer layer. In this
case, the maxi mumvalue of PL light 8 em ssion intensity of the second step
| ayer positioned on and in contact with the first step layer may be smaller
than 1/10 of the peak intensity of PL |ight em ssion of the buffer |ayer.
In order to use conmpound sem conductor wafer 50 described above as a near 5
infrared sensor, first, a Zn diffusion mask is arranged on a w ndow | ayer
16. Thereafter, an n-type electrode 22 is fornmed to be in ohm c contact
wth a rear surface of InP substrate 11, and a p-type electrode 21 is
formed to bgiskion @heisty @O Heastondi sidp Iwhenglowtiohaly®t arlion cdmesieaithi g, firan
anti-reflection filml Sis formed thereon for coverage. Near-infrared

i nci dent | sighiaypamerbe sthalten granvli Hefwhe agekrintegsityaefdPlekehit eassspn aditket rons in

t he valencg§€aqd in light receiving | ayer 14. Consequently, a current flows
bet ween p- PYPe '‘Bl%ectrode 21 and n-type el ectrode 22, to attain the function

of a near- infraf&hSRNSQcombbEnd _%nﬁaﬂggctﬁr DBfal efcrRd Ul ALt dagr-t he

compound sem conductor wafer in accordance wth the present i1nvention. The
appar at us #fiawd densdr] frst, 2 Arsdiffudén paikde arrddpedaghod witdpasSkfdr 6. adhereafers.
According to the chloride nmethod, hydrogen is used as a carrier gas, and
when an | n@pndyrd ¢leatiosie2d ipformed trekk inabaiaconsadt withodigeesiriase ohEY appar at us.
oo PP 1574 30 BRI e BRSBTS, e
film can meg}, K ; ot | ted bSob0 be varied,
the ampant 57 30 Age ST e SpaHTILACHE AR PR L O anTRREh LRSS S 1o b
reacted with | nNear-pifargedcidenigh @ssel st imolslated lbearfdogxeires hydr ogen
gas is used as a carrier gas as in the case described above, and _separate

r eactlifons elscirem is thancalepce bangkia hightdigeaving tayet Wat Genseassny, & gurignf 8oWsr med on
the substrate. Co

adj usti ng ﬁtéwegﬂﬂﬁg]?es %}%fi:tgq?%&ﬁ{a@@snl;ﬁgeg?lgggdﬁgg?tA zillt'tbgllla tgeidxx%t%gu%f %%régrr-()l led by
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 chlonde

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; is introduced to the
apparatus. In the apparatus, AsCl; and H; are thermally decomposed to Asq 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 AsCls to be reacted with Ga or the amount of AsCl; to be reacted with In 1s changed.
When an InAsP film is to be formed, hydrogen gas is used as a carrier gas as n the case
described above, and separate reactions to AsCl; and PCl; are induced, so that an [nAsP
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 (Organic Metal Vapor Plasma Enhanced) method.
Therefore, it ts advantageous in forming a thick laver, and a film having good crystal

characteristic can be obtained.




25 In the chloride nethod, the growth rate is as high as 5 tinmes that of the
conventionally used OWPE (Organic Metal Vapor Plasma Enhanced) nethod.
Therefore; it is advantageous in formng a thick layer, and a film having
good crystal <characteristic can be obtained. 9 The apparatus shown in Fig.
2 has the follow ng characteristics, (1) Afilmform ng space for the |InAsP
filmis separated froma film forrmng space for the I nGAs film by a
screen-type partition. (2) At the tine of filmformation, it is possible to
i ndependently forma filmor to 5 interrupt growth, with the substrate
arranged in either one of the filmformng spaces. Particularly, it is
possible to formthe step |layer of a prescribed conposition and thereafter
to interrupt grdhehppadiut byt inffeg. 2 ks tbafadibwategechacustenkiicsh t he fil m has j ust

been fornmed, mav.. be caovered by a protection plate to quickly shield from
the material ghb.A THefEmBrEsPatn PoritheiAsE Ailmds separptsdclopRdiefpEmpat e s

exposed to I I sition is being varied can be

el i m nat edsﬁ%g£§mh%%%%g@ﬁjeg§ Fég@%_gﬁgfgﬁwg'erent conposition is to be

formed, after tlme AdbusicEMHm Ibrmmber it &l poddble 6O Maepddemty fosmfd filinsdred and

prescribed desired conposition is attained, the protection plate may be

renoved andhtermept gateth aithghssubstrata@irangad iheitheswpplof &¢ filw fotming gparer at e, 15

Consequent Ly, . t eepness i 0Si Hi on vari ati at the i ntcgrface can be
t

he st co 0
Cmproved, BACEREY.SE BrRSSE 6 HiEs ©PIPIFE P %Plieéglbégﬁgfngﬂfm%ﬁ? tion can
al so be * | Gt oyRto infifndy bES! - ATHAL lihe 4 LAGALICH? WA hDBIK hiGugan be
a r so tha eX

concentrate e Int ace, ensi on” or propagation-o

di sl ocat i OBgerafaéméd1endyideolveredbyadiraeidn pla¥es qeRlykaieldfrevand adieridhus, a
i ght receiving |ayer having superior crystal characteristic can be Cgo
.2,

obt ai ned. gaExasrefene, thgsinmppariod 1o mhighi the suPEateappmcatds 1Hh SWtETiah2dsi
corrp(i nd seni ¢conduct or fer 50. aho i.n Fi % | was manufactured. The object
wavel gngt hv@f&tqg)éngcrﬁlaﬁp 1% Rppgavaried can e eliminated.

Next, when a step layer of a different composition 1s to be formed, after the
adjustment of material gas composition is finished and prescribed desired composition 1s
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, misfit 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 obtained.
(Examples)

Using the chioride VPE apparatus shown in Fig. 2, compound semiconductor
wafer 50 shown in Fig. 1 was manufactured.  The object wavelength of the light 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 fight emission wavelength of the buffer layer will be
indicated in Fig. 11, which will be described later. Further, an n-type impurity 1§
introduced to be 1E+18 or higher, in the InAs,P, step layer 12 and in InAs,P,., buffer

layer 13.
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received by the light receiving layer, that is, the PL light erruission.
wavel ength was, by 25 way of exanple, 2200 nm. The PL |ight erni ssi on
wavel ength of the buffer layer will be indicated in Fig. 11, which will be
described later. Further, an n-type inpurity is introduced to be 1E+1 8 or
hi gher, in the | nAs,Pl-,, step layer 12 and in 1rLks,,P1_, buffer |ayer
13. - 10 As to the manufacturing nethod, when the step layers and the buffer
| ayer are formed, growh is interrupted every tinme a layer is forned, so as
to i nmprove steepness of conposition and lattice constant variation, as

al ready described with reference to Fig. 2. Fig. 3 is a transm ssion

el ectron m croscopi ¢ photograph showing a cross section 5 of Sanple | of

the conpound semCnBYslaMifattlriag aREBANGReMHE RichNS P! ARIEORE bifftapidrare  On 1 nP
substrate 11, first step layer S and second step layer F are fornmed, and

five step fpmnadr grovdth i ipteriptesreyefoimeal laybies éomedOrp astosmpatve ptdeayess sf
buffer layer 13 ..s fod'med, and light receivin Iaﬁ% 14 %nd W n Wiayer 16
are furt horOBPEYHBRAT RHICESABIEN oBfiomn & HreadR RS HYLHET SHeTcpEe iqdlé’at ~

em ssi on i ntensig I N V) LS LV I as
wll be describg%'fg%g;. e %F??ﬁ%“%gmﬁﬁgsbéf$g8#%% &ﬁéggygfﬁﬁééggbgﬂ%trast

resul ti ng fofSampledi sftibe tompoumi ehe@hbyctbeme@odrdetteatitteme hresemtigvdntion of
InAs,,P1 .,, step layers. Such brightness/darkness contrast resulting froma

di st orti on OmiaResiibstrate §1.rfost stercloyeri Zew sgrondneri ayerh aedomeadwerchiive figsyP1 . | |
buffer layer 13 . and.ln .ght receiving |ayer 14_or at the_.interface
et ween | mABEI 50w 2F Aeiorees Fonn O Hekarer s, PUEE g iagumeda. “ig.
4 s a trangfiisgi QPeifhg GlyEOU BEEAIE O fer Rl OQHARPNB0R¥ NG, N
enl argenment, the step Tayers of Sanple 1l in accordance wth the present
invention. |n FilgSadple It oftthn pbenesagior L lidhhemiwihnashsityof Ie@ieskgiti ng
hi gh density dislocations is. forned at the interface of each step |ayer and
ext ended i Ate irklarereld i agarhigh, @h wilhee gocubadiiatsr v, Refarrmggo F& 3t he cont r ast
at the interface between each of .J.nGAs |ight. receiving |ayer 14 and
20 acent |1 preB e PR BubRAR 4 HAbF R Repe e ot o ear,
i ndi cati ng jAbAhce dFAnAgRS] §t¥p Rfvedi SKOAPEA DA sd/8ark@Ws contrast resulting from a
distortion, however, is not recognized at the interface between InAs,P,., buffer laver 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 15 a transmission electron microscopic photograph showing, in
enlargement, the step layers of Sample | in accordance with the present invention. In
Fig. 4, it can be recognized that contrast 36 representing high density dislocations 1s
formed at the interface of each step layer and extended into the step layers.  On the
20 contrary, in Fig. 3, 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,
indicating that the density of dislocations 15 low.
Fig. 6 is a transmission electron microscopic photograph showing a cross section
of a 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 recogmzed, and the brightness/darkness contrast

resulting from dislocation density is low. The magnification of Fig. 6 is approximately
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Fig. 6 is a transm ssion electron m croscopi c photograph showi ng a cross
section of a conpound sem conductor wafer of Sanple 2, which was grown

wi t hout growth 25 interruption, not considering steepness of conposition
variation at the interface between each of the step layers. Referring to
Fig. 6, extension of dislocations fromeach interface of the step layers is
not recogni zed, and the brightness/darkness contrast resulting from

di sl ocation density is low. The nmagnification of Fig. 6 is approximtely -11
the sanme as that of Fig. 3, and therefore, by the conparison between Figs. 3
and 6, sharper contrast at each interface of the step layers in Fig. 3 can
be recognized. It is noted, however, that brightness/darkness contrast 3 1
resul ting fireosandisstthattof Big. 3sand theedore Zwdhe nomparAsy Between Fidsul fied 6] ayer N, 5
Referring to Fig. 7, brightness/darkness contrast 32 is recognized.in

| nGaAs | i ghbarpere@atrost i eackyaieriace oldhe sisp jayBtsie g d £Ak e 8acogpked adt 1933 i s

| I ized i I ~th : ) ' h
i <7 ocat  ocanat Uo'ebthetbe sy e bty S B B LR 1s' ana of

I NAsP wi ndeytdoaved inlak P, Nbafienaghan that of Fig. 5 Specifically, it is
observed in Sanple | of the conpound sem conductor wafer in 10 accordance

wi th Bhe preseniReforientd Big, 7 thahtritehed dksdse catirasn3 densidgpizat irebcieAsifgbr f ace
of the step layers is higher than Sanple 2, the dislocations. are extended
into each $E&pMLEsr 14, émfgbrfm65§/ﬁérka¢5§|ce&taﬁf &h ISfaTfsieEgeaed) %Mﬁjalﬁyft’he
interface t ff.er [ - i - J - | i-ght

recei vi ng ﬁgye?8?@5=#ﬁéobﬁxﬁf%ﬁ%“%ﬁﬁ%@%gﬁﬁﬁ%ﬁﬁﬁgéFgggf@ggﬁﬁﬁ‘Féﬁgon t he

cross sect iigRs,Bf., SEfPlRed1 Pind HnhbR weRimRONE 1%6%}3@&%@& eat WAFRr Sin
accordance with the présent invention was neasure Fig. 8 shows the

measur enentSpeaedlly, it isobBenyed 8) Sanhyse Alod dieswanpospd egeinerducigavedfengt h (nm)  of

PL IH@ht em ssi,on, and,the ordi nat.e r&&rgse ts | ength (mp or eé?glistagce from
a refi¥r encACHBERICE Hth thh BreseTERYenting. ¢ Ra1dRs g caonPEnSIDedt AU PR8N  from

t he ordi na Lt i f P }-SS | i r:ad| ted by
bolor s 90 e st EybRiTEE Y SdipiL b Bt dSfBcaorys SuBRRANAL dick A5 FREN

under st ood aby tHt aekdidacktiontdet ey epfes enthatinteracsi df bhd hefer yensi thy | evel

i ndi cated by numerical values, as in Fig. S
window layer adjacent to hight receiving layer 4.
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 layer 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 black-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 1s 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 laver 13, is not covered. The
reason is as follows. In order to measure the wavelength of 2200 nm, a near-infrared

212 -

<



In Fig. 8, the highest intensity of PL |light em ssion corresponds to unit 8,
and unit 8 is divided into 10 levels, as shown in the figure with
correspondi ng nunerical values, The unit of "unit 8" nentioned above is
particular to the neasurenent 25 apparatus. Fig. 8 shows the wavel ength
range covering the em ssion wavel ength of [InP substrate 11 to the em ssion
wavel ength of buffer |ayer 13. Specifically, the range of 2200 nm that is
t he wavel ength of light receiving layer 13, is not covered. The reason is
as follows. In order to neasure the wavel ength of 2200 nm a near-infrared -
12 sensor using a conpound sem conductor wafer, that is the object of the
present invention, nust be used, and such a range cannot be neasured unl ess
t he sensor sersor smig £ hedpioidaespenidattoswaeqrihat ks dunobjegt ofBthe phesedtol | owi ng can
be understood. 5 (a]). PL light em ssion is not observed at the first step

| ayer F and™eRdomns diishbe ussdend wpha roi2e TRENGYERR MeaiHr¢h Hpessghe MNspi i§ht eni ssi on
intensity of . the bufferlla er is represented by level 10, while the
intensity 8?”%??%%3%$P@Baﬁ &f F and second step layer Sis, to say the

lleast, not highreaaugh st helfBAGHInLRYEbe dndef1G6£f Ore, the light em ssion
intensity is at nost smaller than level 1. 10 (a2) At the interface between

two step | ayer s (1D[Plakght ¢Rcssends adt dhhervedbtahé Ace stepédyecEnnd Wwe step | ayers
12d and 12e, the maximum value at the interface, that is, level 2, is
attained. & le¥ey st all he mavumyme velye oE Phdight eamipsiqreinteasly olstha sulfsrdpyer iss 2/ 10,

as conpare i I I r |, i PL b em:. ssi on
intensity gﬁnp%%ﬁﬁJﬁngl%Q£§§%f3§g9§§g¥gﬁﬁ§t%@?ngﬁigﬁﬂ#@??%%gpk?gﬂéﬁiy
Wi thin the(gt8pthk 246 fiod Igh B¥RIgh3o ddach el ghERFefofeh e light edibdiOn of the

hi ghest val ue of buffer layer fB. As a conparative exanple, the PL |ight

em ssi on i miterstytiyatdnast sibllarithan lefel Sanpl e 2 was neasured, which sanpl e of

t he npound sem conduct or wafer was fornmed usjing ,the chloride \PE
appandt Us shown (1 % S IMErTaRe SRR PP SISPIaFEY Eomg R erg gt e & 20

‘;:io(;m;_d Wt RO e o0 QU VB! {340 e, (HRGnAXSiRh V2i0E 2l BRSHESIR M hal 5, RSeiSNOWN 1N
1s attained.  The crystal characteristic at the interface 1s as small as 2/10, as compared
with level 10 corresponding to the maximum PL light ermission intensity of the buffer
layer.

15 (23) The PL Light emission intensity within the step layers is level 3 at the highest,
that 1s, 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 layers 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 umit 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 Jayer 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 numericai
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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In the representation given in Fig. 9, 90 % of the highest intensity is
regarded as unit 3.5. Nanely, the highest intensity corresponds to unit
3.89 (3.5 unit/0.9). As to the unit, the PL light em ssion intensity in the
step layer is level 3 at the highest as described above, which is smaller
than that of buffer layer 1 3 . In Fig. 9, the highest intensity of 25 3.89
is classified into 10 |l evels, as shown in the figure with correspondi ng
nunerical values. It may be considered that the sensitivity of measurenent
is inmproved in Fig. 9 than in Fig. S. Fromthe conparison of Fig. 9 with

t he exanple of the present invention shown in Fig. 8, the follow ng can be
understood. -13 (b |) PL light em ssion is recogni zed even in the first step
| ayer F and t he(tslg@initght smespioh ayecoBizeCansi thahe Agt stee laiss bland ehevseconst of PL

light emssion intensity, this result may,. he .o‘gri ved from.hi %{;er
sensi ti vi t LD VHERS c okrpavdaaingitbhat Ry Rl Pl Reld sapssiergptentie UBYUFSYE | ayer,
however, the intensity of.first step | i v.el : : the 5

second st eFaP gﬁanYesd f?{%fgfgh 1:seg%ﬁwﬁiusﬁ%ﬁ}g&@%&ﬁ%&ﬁﬁ t%‘%}ggﬁ%éhng§%51t?%{ensi ty

- of the buf hrbumy fver, §1§w2‘le¥,0th@ﬂﬁeﬂyit?»%fﬁfs@%ﬁ@iyiez\fpHs)ﬂev@!l@hdithﬁtejﬁlhd y ratiois
considerably diffefent fromthe value of the present invention, which is

smal | 6r t haerobd 3@p 43RS IRet @y aridrifus, cheFiao 1@hetthgheli igteasity stheibufer Idier | i ght
enm ssion at the i(gterface i.s. leyel 4. Namal.%, t he rat@i o.iglfo t h}’}%hest

val ue of t K/ bUieney/10arpspectivelyyy 1puchypeasiiydaugisoghferely S OHitHRF®t han t he
ratio 2/10_of .t I nt i QN hoghest PL |ight em ssion
intensity i\’%lsyi3 gﬁierp{’ég%ﬁte%w%ngég’p%h]igglslSé%g%rt;ﬁglgl}g'p' step 12e, which is the

same as the hi gfo@zgtRéf@Mﬁg 1®Fighyf the highasteriud 3¢ PThight ahission at h@/k@rfacetinat i s,
1. This is a big difference between the exanple of the present invention and

t he conpar &vievé eXNamplyehe iBioAs thohighest Pulut pfjthe beffesleyems Afendintsys of t he
Ok SO LBVl LT, L5 D5, RSt LRSrLa, 15 0 ven by the ratio
e 0 B P A0S LA LAYl s v o0y
intensity @fepllizghdvhich is the same as the highest level of buffer layer 13.  The ratio is 10/10,
thatis, 1. Thisis 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, is given by the ratio to the comparative example, in accordance with the
following equation.

(maximum 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 hght
20 receiving layer of the wafer shown in Fig. 9) = 16/1.

From the foregoing, it follows that light receiving Jayer14 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 s 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 receiving layer having

superior crystal characteristic is obtained.  As a result, dark current can be reduced
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20 receiving layer of the wafer shown in Fig. 9) = 16/1. Fromthe foregoing,
it follows that light receiving | ayerl4 of the conpound sem conductor

waf er in accordance with the present invention has 16 tinmes higher |ight
receiving sensitivity than the light receiving | ayer of the conparative
exanple. It is not sinply the case that the defect density of the exanple
in accordance with the present 25 invention is reduced to 1/16 that of the
conparative exanple. It is noted, however, that the defect density in the
i ght receiving |ayer of the present invention is remarkably reduced from
that of the conparative exanple, and the light receiving | ayer having
superior crystal characteristic is obtained. As a result, dark current can
be reduced sigh#ficaitneid tanrthytivi@ng iHeheastifiatdd randeycannemhéabigde impfoved ed range
can remarkably be inproved. Fig. 10 represents the PL |ight em ssion
intensity in a e dérenraents badl hehhemission iemsity Hea hyed-¢igrnsiendl swneH,
intensity of. the anpl e i.n accordapce with the present.invention shown in
Fae "5 bl ottEdTePEIGPT HESUER (Rl BLITE SHrhEe MR 1 it P ekPLns oai on
intensity ifvehiSh o8 hBER AISnaPLAYe A0 vl HNe i iRtk P gt em ssion
intensity of the buffer [Qayer, matching the representation of Fig. 8. Fig.
11 repr eseptrissivantiemsdy 1 tetsedp lnesud 2iong 40 oot e staxirburo ®Li light beissionAs, P, _X
step layer in_a prescribed range _on the abscissa,_and represents PL |ight
eni ssi on | AR Of thertafienlager, matshimg the represepiatien 0§ Fig $aver 14 on the

ordi nate, plott for Sanples | to 3. 10 e 2..s a co d

seni conduct or fgerﬁﬁfﬁ’re%fsocr?é’frﬁg r{uglbteﬁ'ées‘ggggbﬁp OB Eif’)eolun%}ﬁfpdﬁsﬁeg al nost
free of any,gr oW frebdogd Féﬁ%'oﬁ@hé‘%ci‘sﬁ;X‘EH&Ere%Erﬁ@PD@i%ﬁt L6 O MRRS sk On
variation i s not 'so strictfy managed aé in Sanple 1. “Referring to Fig. 11,

t he cont r asstinofiinGnAs Eghtl retaigng tagen tH sit dietdrdinatienpibhed &ir amipéegdrioids in
proportion to the PL Iight em ssion intensi t\b/ in the |ight receiving | ayer,
and il0 15 Semplepkis@rf@arerpdserirarducios walsr gt Delpazipy it tha PresRBEPBS Ul t i ng

i ensi y ririens erhfes BERUE nb o R AR DRl hetp BB i SRR ¢ e
nmechani sm des&idniedoaRosatlthdlagb$ as M Sakiple di sl ocations in layers |ower
than the light receiving | ayer are not transferred or extended to the |ight
Referring to Fig. 11, the contrast number resuiting from distortion in the step
layer is in proportion to the PL light emission intensity in the light receiving layer, and 1t
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, misfit dislocations in
layers lower than the light receiving layer are not transferred or extended to the light
receiving layer but locally held at the interfaces and inside the step layers, sc that crystal
20 characteristic of the light receiving layer is improved and the PL light emission intensity
15 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
laver 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 7s - 800 nm < b < As - 620 nm. 'When this
relation is satisfied. it ts considered that misfit dislocation 1s not likely between a lattice

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




receiving layer but locally held at the interfaces and inside the step
| ayers, so that crystal 20 characteristic of the light receiving |layer is

i mproved and the PL light emi ssion intensity is inproved. Fig. 12
represents relation between the PL Iight em ssion wavel ength n.s of |nGAs
i ght receiving layer 14 and PL |ight em ssion wavel ength ?~.b of [|nAsP
buffer layer 13, specifying the range in which the |ight receiving |ayer
has high PL light 25 emi ssion intensity. The exanpl es descri bed above are

al so plotted as points within this range. This range can be represented as
ics - 800 nm _<1],b <_Xs - 620 nm. Wen this relation is satisfied, it
is considered that msfit dislocation is not |likely between a lattice of

t he | nGaAs InAjRghindoedeyeri ng | ayer and the lattices of InAsP buffer |ayer as
wel | as - 15 InAsP w ndow | ayer. Wien a conpound sem conductor wafer is
actual | y manuf ac¥ianedsonprandaemicondigtor wafe s er@sllt menufegigedsthewnlerdheti g. 12

can be manuf.actured through.the | 1 owi n eps., (s |I) . First, the wavel ength

T Dant ¢ 6 Bges BECHERIRBY T G |5 Euee Ryt raper trpupd s linmk el Thi <)

none ot her t han (& tﬁsﬂlﬁ?&%’kln hmmiﬁd‘g&cag;&zgen@m ki 129 4 s§ensolr,s -
2 et er L |g§ct(é e

Further, it is t sarfe as m nati1 on of the SSI on

wavel éngt hdetebained M Tk isavnefothd: thangieter@iniasish oNwasslelgeingd theiodjeeriof thal ent to
determ nati on of band gap, and therefore, conposition and |attice constant
are al so déensphi nadtheatiuis ahd spme(as Zetepmiriatigp of ®aiPS slight emesvien evayelsngh. buf f er

| ayer 13 i et erm ne d on.Fig. .10 12. This is the sane a

ot of mi nat PSS BT B CanFRSoh AssIEhah Grog ORI st agPn o gund
Ther ef or e, GOMRESHEERARe 2BAphalisd &R GARSL fard 016 BMEMGRed AMGfa1@Nd Of the
wi ndow Iaﬁeﬁ are Jetefningd.]%séﬁiFron1?ﬁ%mﬁ§{t?ce constant of ?he buf f er

| ayer determ nedsIyPL(15d) emibdiohvavelchgh df dufferdeyves 0834 dnerntified beded ubFig at e,

the nunber of step layers to be inserted and lattice 15 constants thereof
are dfsignéd. The igdsisane af detaimingleoncl it bt smassion wavglsngibo! vapdyblaves on

?iezih?ném?rgglgggq‘hgrg org,tc% Spo i%i%?l a%r? la{tisc?é)cogs g.r(lztroifl%ﬁedbuq?e?\faey’er g.nhde of tﬁlﬁ %\rtiri1 2 of PL
layer are determined.
(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 ermission
intensity of the light receiving layer and the buffer layer shown in Fig. 12 can be satisfied.
As a resuht, 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 obtaineg.
The result of SIMS {Secondary lon 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 smali portion, and therefore, mass
spectroscopy of the interface at each step layer, which is important in the embodiment of
25 the present invention, is possible.  Fig. 13 is 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,P1., varied

laver by layer.  Specifically, the composition ratio of P in InAs,P,., decreases from InP
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intensity of the light receiving | ayer and the buffer |layer shown in Fig. 12
can be satisfied. As a result, a light receiving | ayer having superi or
crystal characteristic can be obtained, 20 and a highly sensitive
near-infrared sensor with small dark current can be obtained. The result of
SI M5 (Secondary |on Mass Spectroscopy) on cross sections of Sanple 1
(present invention) and Sanple 2 (conparative exanple) wll be described in
the foll owi ng. SLMS enabl es nass spectronmetry of a snmall portion, and
therefore, mass spectroscopy of the interface at each step layer, which is
inmportant in the enbodi nent of 25 the present invention, is possible. Fig.
I3 is a chart representing the result of SIMS analysis of Sanple 1 (present
i nvent i on) subefset i1 agbhffer Fygr 13, 3vhiletthe smpesii@ants bahs 8t Bs B ayereaddd
includes step |layers 12a, 12b, 12c, 12d wth conpositions of [InAs"P,_,,
varied | ay&nm Wy pubgate 13gednfierdayary 3. t Adisopimpuhust therattige conspint Rradually

I nAs, P, ., decr es fro | nP.-16 suhstrate 11 to buffer layer 13, while the
conpositio “F%@%ﬁﬁgFUﬂ§qhﬁ°bpﬁﬂé?ﬁ?ﬂ,, increases fromInP substrate 11 to

buffer |ayer D. Xthﬂ'gqf. éﬁrtérf&c%s%ﬂg_% §d&.e%d)@£ﬁd ﬁgfliﬁggﬂhgg:tst s gé@,g%cnd j%%om | nP

substrate 11 to bu l'ayer 13. At the iInterfaces a, d and

the |ike ofcotdp@si€ios r&tfosireptesent variatings Aat are ad RO tht 0dmpedii@svarapeesent
variations that are adverse to the conposition variation described above.
Speci fi cal ldgscritgd apeek conpbedlyi ba pealt Pompdsitmn ratiel oPAsend Rat thetiateffaete of a
step layer i.s claoser .tg th onpositi.on rati0, 0 he I nP..suhstrate than the
conposi ti or?fraaff?po o 1;@0%30 &leggnyofﬁn%éﬁionﬁfo@?wﬁugé}éap? tlmg ®is, the step

| ayer cl osgy i8R @at Poft ACadd o SUBRLERAE stefMaybN endt N el 8GPlaydrfoseORPOSI i on
does not beggggmglos%r ?o 10 thg cgﬁﬁosiffgﬁzgf’the buﬁfer F%Jersﬁﬂgprather

it has the arevetlselnPesntsermty . Afitfe intdfice, thechapbsii@pdesent begniehdoseesul t  of
SIMS analysis of Sanple 2 (conparative exanple). Fromthis result, it can

be sekh thdbe erpptianel hohpdsilaicohut rather 8 het thagevmmse tPRdeRFY at the interface
Val e i o el oser b Thae B Cars R C R B s A ERRE 3L pLBMe Sy cclat ng
'[SL:][O ![ ﬁle/e[) é(g kﬁzp%ﬁv@@xa?r%&@.' ubesh IHOTING: GAMRAELSHE: RBLYLRR BhPssiids and 14,
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 compasition ratic 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 rmsfit 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 lattice constant, establishing

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

o
o

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 laver having

superior erystal characteristic.
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of conposition ratio of As and P at the interface of a step |layer is closer
to the conposition ratio of the InP substrate to the extent as descri bed
above, because of the function of growh interruption. The variation of
conposition ratio at the interface 20 results fromthe interruption of
growt h that caused steep conposition variation between each of the |ayers,
and it involves concentration of msfit dislocations. Specifically, the

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

correspondence, and therefore, adverse variation in conposition ratio at the
interface nentioned above al so neans adverse variation in lattice constant,
establishing 25 concentration of msfit dislocations. Wen the msfit

di sl ocati ons ar ¢AdaimicesltTaiments on the Brhighiihestegr ee at the interface, the
nunber of msfit dislocations decreases in the step layers and in the
buf fer layer, fdcinthegresent dnarodendnarivaer examnigsttharsatsy alof dpdelloiaming

superior crystal c acteristic. 17 . (Additional Comrents on the Enbodi nent)
1. In the ﬁg’é‘i‘ﬁﬂ?s’ @ﬁ)@dﬁtﬁﬁyf‘ﬁvfzbﬁ%ﬁ@ﬁc% mpl es that satisfy all of the
foll owi ng condigfi - : - v Cr | rsin

whi ch maxi num PIEH)?\ga{egilkﬁ)‘%hééhgrﬁg)ﬁﬁ%g% ? %ﬁgeﬁﬂ%sﬂ@iﬁ%'{x gs&aé{(éeclg?’er%%éfggh of the

pluralsi ty ehciséfebe bRyt ofisiep fahers bnd fierbufiay Biyer 18, at @vere wténfadentrailfeacian

smal l er than 3110 of the maxi mum PL |ight em ssion intensity of the buffer

| ayer. (c2p/Maglehe maginym Bk lighiecrigsiomimenetty pf giatoulenla¥dron intensity of the
plurality of ste ers i,s.not |arger an 7110 of the i mum PL l.i ght
eni ssion i nt en.si({@. \g)]aa%[e{%g wiieh t?lg,maix .Ptlee—hf E@}SSI%%?I?E? ﬁ?%ﬁf‘ﬁmﬁ S haxi mum
PL 1 ght e DI fs%%?ﬁ?%etdha‘ﬂh/%of*tﬁ@%aﬂrﬂ?mfP'Lrl%tht ShRRoh BXEfsiP @B kifd oned on
and in contact wth the TnP substrate anong the plurality of Step lavers is
smal | er thaoffds hPerof the maxi mum PL |ight emission intensity of the buffer

layer. It is noted, however, that the wafer of the present invention, in
its Bloadest scdpd), Watveinowiish the msairmnyp PLoight emissing eisay Of ahlsast thg st o

gﬁg%l ylgf 2'ste|pr]a}§e?%o?1¥igr?eednc§n & u?%'érﬁ?&twm‘{‘@a%qnﬁ Qu S Eit%métmhonigﬁhé Blupeﬁit}if 0 s%pr upt ed,
layers is smaller than 1/10 of the maximum PL light emission intensity of the buffer layer.
It 1s noted, however, that the wafer of the present invention, 1n its broadest
scope, have only to satisfy one of the conditions (c1) to (¢3).

15 2 In the present embodiment, when the growth is to be interrupted, supply of
the material gas is stopped by using a protection plate, to increase steepness at the
interface. The method of interrupting growth is not iimited to this method, and any
method may be used provided that the materiai gas of different compositions 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 1o 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 light

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

[Nl
w2)

constant of the light receiving laver may be determined such that the PL light emission
wavelength Ab of the buffer iayer and the PL light emission wavelength %s of the light
receiving laver satisfy the relation of is - 800 nm < ab < As - 620 nm.

When the relation of PL light emission intensity described above is satisfied
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the material gas is stopped by using a protection plate, to increase
steepness at the interface. The nethod of interrupting growh is not limted
to this nethod, and any nethod nay be used provided that the material gas
of different conpositions can be supplied to the substrate for form ng
different step layers. 20 Modifications of the enbodi nent of the present
invention will be briefly described, also with reference to features

al ready described in the enbodi rent above. |In every conmpound sen conduct or
wafer in which PL light emission intensity of the buffer layer is defined to
be higher by a prescribed value or nore than the PL light em ssion
intensity of other portions, the lattice constant of the buffer |ayer and
the | atti ceetvdenaanatatingobydrhed thedlpht reeeing lpgr fawed omtie bedallyingriajened such
that the PL Ii?hi em ssi on wavel ength kb of the buffer |laver and the PL
light emi ssherslangner éatggerronsiante beipyeen theginderlyiag &ygr ang thajieht 16efiysg {2Vehe

rel ation of - .800 .nms < ,?As - 0,.nmWen the relatio f PL

[ Tant e o4 SRemiverer R b dhstran ot 8L ey S tPT S denedf bl S0k g

under | yi ng i Lyi I ark inng
ayer R e e B e A
the |isght nECeiiot di@stantyehiat résizebahe Faratiichf Al Wgle leynidsionrwaveengthl detdribed of  PL

i ght em ssion wavel ength. By selecting the conpositions of the buffer

| ayer and @potechénd py Bitﬁglﬂ@&@iféilwfﬂa ayaht reeciviag layeyhaving SUBERRT Y8 of |attice
constants that realizes the.relation of PL |ight em ssion wavel ength
described © 69&?“&H&ﬂ§§‘§ﬁﬁﬁﬁingh%ﬂ%ﬁ°%§V&F¥g¥EIF$Bﬂ?W?eceiving | ayer
having superi or yarYadah hatchat PEYgH GihisGoff RRvAEnRA G REBTTYef 6ASOMLhe
however, is not known. In order to have the PLTight em ssion wavel engt hs of
t he buf f er lighyeceiaingd lofr tduefy the gidtioneleeiribed gbb ey dre sat lagdry ancheherbelat i on
descr.i bed above, the step layers and the buffer 10 | ayer nust have such

conpodl t i oAASEAUENRAYE SHHEOTRAPABIOB SEqUBCTSE A B e HEE EF R ABRRS. 207K PL
light em ssion Vﬁ%eﬂLeﬂ %m(?sfs'ogjh avlefegé}h ISl oth P%e’vﬂ'}étqg eq%%&;rri'bg?%bagove may
1eC|ng e CO sitiron Oy e

be 1700 nm or |ornger.®By se npo attain t esired
wavel engt h,m# Herrooini balloREers RS QElc&aly the compadifi@tho dtairekedysiedmpound

sem conductor wafer in which the peak val ue of conposition
wavelength, a near-infrared sensor can be obtainec.
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 layer
and the step layer, the peak value of composition ratio of As and/or P may be made
closer to the corresponding compasition 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.

20 Further, both at the interface between the buffer layer and the step layer and at
the interface between step layers cioser 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 Jayer 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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15 ratio of As and/or P at the interface is defined, at the interface
between the buffer layer and the step |ayer, the peak val ue of conposition
ratio of As and/or P may be nmade closer to the correspondi ng conposition
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 |ayer that
is in contact with the step |layer on the 13n.P substrate side. 20 Further;
both at the interface between the buffer layer and the step |ayer and at

the interface between step |layers closer to that interface, the peak val ue
of conposition ratio of As and/or P may be made closer to the corresponding
conposition ratio of the |InP substrate than that of a step layer that is in
cont act wi tshostihee that éraf af e step laveethanR in sotsdtvatieths iderfanrdntthainfof a step

| ayer that is in contact with the step layer on the InP 25 substrate side.
Further, attutiiate Hdeandoinat ¢fe step aysrdbal iput coatast with thrusteriayerayethedmd t he

step | ayer, .the iq&irface bet ween step | ayers closest to that interface and

t he interfasllcjzbeStra e en step layers second closest to that interface, the

peak val ue of Cm&ﬁﬂe@rhbb@é, !a@nﬁ?ccfdft AR ARG re EodlBYirEs IRAR £LAS8Esel @ the

correspondi ng conposition ratio of the InP -19 substrate than that of a step

| ayer & hat thesbuffer tayat, actstabichdradtbuésticrif elidf madfer tayet 41l the Rehtsebsiit@lagersiale and
that of a step layer that is in contact with the step layer on the InP
substrate SF#8PTOX&d described above, as nmisfit dislocations are concentrated

at interfaces cl t e buffer |ayer, cr l.. characteristic of the
buffer |ayer an&gt% ﬁ%wlclgbnﬁ? u'ﬁd;“oféael cin.r%mloéi/"é er&w%ﬁzﬁ IH%F VAl I”?'FBW(X,Pg
conpound s ed IGGRE UREOTs JUBAGT toitR HHeF By PlordstAhld @iieStirRdte ifdnaRS Pt VicBf  the
buffer layer is defined to be higher %y a prescribed value or nore than the
PL |ight emissnontenntyerfsithey pofticasvend iperdry cnspoanicsemmicoadectyr safgpaund

sem conduct qr. fer in_ 10 ich the peak val ue of conposition ratio of As
and/ ot’ P atW%W\QI%F REET Yalueof COMposiiinp datiof Ahandjesd’ airthe ejacees dafinedat | E  +
18 may be ir ggﬁﬁg t As - I i St f the
plurality 815 Rjf)éa)ty rs %Iég?:trll é(lljﬁ ab%gvrgagﬁ?jm?%(ap%eg%ﬁi%%né%%ﬁj,%{,e}jg%fe?er | ayer.

| ntroduct i @Bngwdtinghd thapluralityyofJaRpy E86EedeXben o tBOth A PRadeE @Rrof defects

to adj acent _ . , . _ ,
Introduction 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,Py.,
buffer layer are formed, growth may be interrupted every time a laver is formed.

By the growth interruption mentioned above, the steepness of layer-by-layer
composition change can be improved.  As a result, steepness in lattice constant
variation can also be improved. When the steepness in latuice constant variation

20 becomes higher at an interface, it follows that the lattice constant varies stepwise from
one layer to the other layer. In such a case, misfit dislocations generated at a lower
layer are blocked at the portion where the lattice constant varies stepwise, and prevented
from extending and propagating to the upper layer.

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

Lo
ot

composition varies continuously, the defect density 1s not released at the interface as the
underlying layer. However, an epitaxial film free of defect extension or propagation
from the underlying laver to the InGaAs light receiving layer can be obtained. Asa

result, an epitaxial Javer having superior crystal characteristic can be obtained when the
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| ayers. 15 When the InAs.Pi_x step layer including the plurality of |ayers
and the in AsVP, y buffer layer are fornmed, growmh nmay be interrupted every
time a layer is forned. By the growh interruption nmentioned above, the

st eepness of |ayer-by-layer conposition change can be inproved. As a
result, steepness in lattice constant variation can also be inproved. Wen
the steepness in lattice constant variation 20 becones hi gher at an
interface, it follows that the lattice constant varies stepwi se from one

| ayer to the other layer. In such a case, msfit dislocations generated at a
| ower | ayer are blocked at the portion where the lattice constant varies
stepw se, and prevented from extending and propagating to the upper |ayer.

Theref ore, fighhtesgdst b pedteAbedaXRRPdse i n which growth is not interrupted and
the 25 conposition varies continuously, the defect density is not rel eased

at the interfac®msreaheurfacadétheyinfgubsaper oppesiewcthe frant spfacarn avhidhithen fr ee
of defect extension or . propagation ,ég](‘){om he ,Flgg{ayrl yi I a\P/er {o the I nGaAs
li ght receiPYfgddsayRad [Eahresaivstayehadormed, simi P, 25 JFPse SR EBEATAM | aver
havi ng superior crystal ar LSt ' en the -20 filmhas
at | east a%%?%§é§¥§%hﬁ¥ﬂu%kﬁ@ﬁé?”%%5§$Fea?“?ﬁ???ggkgf %%2 InP substrate

opposige to theIBElfé%et%ﬂEﬂﬁﬁnﬁﬁctﬂhh%fhekbﬁlpoaﬂpyﬁnid@ﬁﬁeﬁobeﬁfdrii]ght receiving
| ayer is formed, simlar layers as those on the front surface Rgé be

formed. Thiascetlange twithethp peasemitisventiom vafenttheIndetRi. step layer ehethednhod 1of

manuf acturi ng t he conpound sem conductor wafer in accqrdance with the
present i n\Pé‘%Fli lgyer %ng’r’i”{egéuldh)ﬁg‘?r? %Prm"}g, ARPAEASUY BERPe RS tgzﬁehas F\lﬁﬁ@, P,y
buffer |ay LK . Ll or- 7 Vi t hat has
2t §orwbE sl I PR nteliy IO BRRALR Y BRmAB RS 0 Mare

for manuf aGhdhisReing 8Ftde 2o S$AWhNBe SNAGSe iOreRired floReths Wida tforatig biace einteat ed
fromthe filmformng space, and 10 when the growh is to be interrupted,

t he cdhpouncheseht gmmdhbict orbevateanptelahe cempeimigsemmenmdfietor waigd theays tseng
!Face. According to this

etreated Tromthe (LLIounng Fpece fo Lhe Saring, specsy Aecd
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 1S
1o be interrupted in each chamber, a protection plate may be placed so that matenal gas
supply to 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 15
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

| Q]
o

only by the terms of the appended claims.

Industrial Applicability

By the compound semiconductor wafer and manufacturing method thereof in
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when a filmis to be forned with its conposition varied fromthat of the
preceding |layer. Further, steepness in |lattice constant variation can al so
be i nproved, and propagation or 15 extension of defects including msfit

di sl ocations to an upper |ayer can be suppressed. Further, when the |InAs, Pl

; step layer and the InAs,,P, _,, buffer layer are formed, a grow ng

appar atus having two grow h chanbers nay be used, and when the growmh is to
be interrupted in each chanber, a protection plate nay be placed so that
material gas supply to the substrate is stopped. 20 According to this

nmet hod, the material gas can be supplied and stopped instantly, and

st eepness in conposition variation at the interface can easily be

est abl i sheajccordlahtdnwughhet ]bresqzwt esention, av Erfid Acrigha secbiweng leles bavie shpendr
illustrated in detail is clearl ersto hat the sane |s may of
|Ilustrat|8H“éHﬁm€¥Hﬁ§P% GQCQﬁﬁ F% ﬂﬁ?ﬁﬁdmngéogQﬁﬁﬁ %ViﬁﬁgaﬁkgpFnltatlon
the spirit i te nly by the
e e G S e T s Sl e

sem conducg}gﬂ ;@rm@;ﬂgl foreaddf- aﬁﬁam’dl slagsdmfdm@e@th@r eof in - 21 accordance with
the present invention, an InGaAs |ight receiving |l ayer having superior
crystal characterlstlc formed on an I nP substrate can be obtai ned, and hence
a highly sensitive near-infrared sensor with small dark current can be
obtai ned. Thus wi de applications mainly for near-infrared sensor are

expected. 5 CLAIMS 1. A conpound sem conductor wafer (50) including an
In2Gal.,As layer (14) as a light receiving |ayer forned on an InP substrate

(11), conprising: 5 an InAs,P .,; step layer consisting of a plurality of
| ayers (12a, 12b, 12c, 12d, 12e) formed in contact with and on said InP
substrate and an InAsyPl ., buffer layer (13) positioned in contact with

and on the step layer, sandw ched between said |nP substrate (11) and said
In,Gal_ZAs |ayer (14); wherein



said plurality of step layers and said buffer |layer have nutually different
lattice 10 constants that gradually becone closer fromthat of said InP
substrate to that of said 1In,Gl _,As |ayer; and maxi mum val ue of PL

(Phot o- Lum nescence) light em ssion 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, 30e), snaller than 3/10 of the nmaxi mum PL |i ght

em ssion 15 intensity of said buffer layer. 2. The conpound sem conduct or
waf er according to claim1, wherein lattice constant of said buffer |ayer
and the lattice constant of said |light receiving |ayer are such that the PL
i ght em ssion wavel ength kb of said buffer |ayer and the PL 20 |ight

em ssion wavel ength Xs of said |ight Gleslddyi ng | ayer satisfy the relation of
7.s - 800 nnmcALb52s-620nm 3. The compound sem conductor wafer according
to claim1, wherein PL |ight em ssion wavel ength of said |ight receiving

L i e whater ACHiing Semitond Rty SRS S EME IR TA N AT AERCT D

to claim1, wherein an ype 1 nmpuri I's’1ntroduced to

sai d | nAsg Rght recéi8@ ldyey Rirme€ 87 %h $iF ABs@dte (1B, pbipdidd y of layers and to
said nAs,P J-,buffer layer. -23 5. The conpound sem conductor wafer

?ccorgi ng t ]9 cl am hlﬂS#PnémWeiamerqpomtfmgiﬁ ainhfrelﬁtyuqﬁﬂ@drse(\lvéa,>l2b,i s, ﬁ2d,ayer : S
ormed, in rmng said | nAs,,P,.a. ayer consistin e urality
of layers é#_ﬁ f%%?@’“l“ﬁ?@ﬁb‘fﬁﬁ?‘&ﬁ??éﬁlﬁrgpy%ﬁh?tr Sgad ¢ %‘?ﬁpgw&%far 85 @hduct or
walf et accop Gy eLALI din WICLERD BBl Ao ARG O SR Pl IRy pbst rate
opposite to a front surface provi &d - °sard i ght recelving layer,

| ayers sin{113fand 9aill MR, Ok Ihf@éu)@%e@wface are formed. 10 7. A conpound
sem conductor wafer (50) including an In.Ga, ZAs Iayera§14) as a light

recei vi ng | ayer séid pivsalitpof stap laverseui said duler(layer haeomprialy ddferent lattice
10 constants that gradually become closer from that of said InP substrate to that of said
In,Ga,.As layer; and
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 1s, at every
interface (30a, 30b, 30c, 30d, 30e), smaller than 3/10 of the maximum PL light emission

15 mtensity 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 Lb of said buffer layer and the PL
20 light emission wavelength As of said light receiving layer satisfy the relation of As - 800

nm < Ab € As - 620 nm.

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 InAs,P,.; step layer

consisting of the plurality of layers and to said InAs,P., buffer layer.
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an InAs"P1_h step layer consisting of a plurality of layers (12a, 12b, 12c,
12d, 12e) formed in contact wwth and on said I nP substrate and an

I nA. syPj _y buffer layer positioned in contact with and on the step | ayer,
sandwi ched between said |InP substrate 15 (11) and said InGi.2 As |ayer
(14); wherein said plurality of step layers and said buffer |ayer have
mutually different lattice constants that gradually becone closer fromthat
of said InP substrate to that of said 1In,Gai.2As |ayer; and nmaxi num val ue
of PL (Photo-Lum nescence) light em ssion intensity of said step 20 |ayers
(12a, 12b, 12c, 12d, 12e) is, in every layer, at nost 7/10 of the maxi mum PL
light emssion intensity of said buffer layer (13). 8. The conpound

sem conduct or wafer according to claim7, wherein lattice constant of said
buffer layer and the lattice constant of said light receiving 25 |ayer are
such that the PP | il§acodapund sspucopdustenyaler peposding ig elaigut reieTeiByer and t he

PL |light em ssion velenath,a s of said light receiving. .l saf,Lsfy the
rel ation of X 5510 dS’_ Eﬁ‘g'%ézodfveﬁy_smg%f)n%er. 1s_fgr£n 655] Irﬁ'ﬁémgéﬁﬁlgﬁﬁggxgé’fétg%nquct or
waf er accorfeNghisRtisd 8f Mk plurdiifoeiPerfhnd sAN1nANP S Hufer Mael ength of said
i ght receiving layer is at |east 1700 nm 10. ie conmpound sem conduct or
waf er baccording to claim7, wherein 5 an n-type inpurity of at |east 1E + 18

is introduced tg said InAs,,P 1-x step | ayer onsi sting of the plurality
of layers and t@& sdhgcPmpRyIssemgRdpgpr w é@qor@mg terﬁémbgﬁts*efﬁﬁa

cvery tims a | ayar 17E VarRea oot ol ofbfele GAA Lo lhtheled ol BEFRHHE

consi sti ngsaf ligherepdivingldyby 18krd sayiedr S0 eitde sakk frofiSurfite dre Yorhigtif er | ayer.
12. The conmpound sem conductor wafer according to claim7, wherein on a rear

surface of said InP substrate opposite to a front surface provided with
sai d |jght receiving |ayer, Layers simlar b Lhase on the fron sy face are
a light recetving layer formed on an InP substrate (11), comprising:
an InAs,P,., step layer consisting of a plurality of layers (12a, 12b, 12¢, 124,
12¢) formed in contact with and on said InP substrate and an InAs,Py., buffer layer
positioned in contact with and on the step layer, sandwiched between said InP substrate
15 (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
maximum value of PL (Photo-Luminescence) light emission intensity of said step

20 layers (12a, 12b, 12¢, 12d, 12€) 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

o
)]

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 s - 800

nm < Ab < As - 620 nm.

.24 .



13. A compound sem conductor wafer (50) including an 1In, G, _zAs |ayer (14)
as a light receiving layer formed on an nP substrate (11), conprising: an
InAs,,Pl., p layer consisting of a plurality of l|ayers (12a, 12b, 12c, 12d,
12e) formed in contact with and on said InP substrate and an |[|nAsyP, ,,
buffer layer (13) 20 positioned in contact with and on the step |ayer,
sandw ched between said I nP substrate and said |In2Gl, As |ayer ; wherein
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,,G,; .=As layer; and 25 maxi num val ue of PL
(Phot o- Lum nescence) light em ssion intensity of at least a first step

| ayer (F) that i9s iThecompaotd winitoranckoposidr iaotedingmo siaind 7) wkersmbst r at e anong
the plurality of step layers is smaller than 1110 of the maxinmum PL |ight
eni ssi on i nt ensiflylighemesgion wayekeagthiodyad hghtgpcevipg layar is phisag d {6 oid

sem conduct or 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 wi th said firhgtombEbhd R¥fontiotol NaePBEd®ding htBlad 10vRdreihhe peak 5 PL
i ght emission of said buffer Tayer (13). 15. The @onpound sem conduct or

waf er daccor di ng ahe-tgpainpulidy of\itdeast dE + E kimterdunostoanaid mfAsFal dtepddyeer | ayer
and the lattice constant of said light receiving | ayer are such that the PL
| i ght eni s§Pestingwéthapjeralitpoideyvespand tospiddpAs By ehuffenityehe PL 10 | ght

em ssion wavel ength k s of said light receiving | ayer satisfy the relation
of a.s - 800 nnmSXb<_Xs-620nm 16. The conpound sem conduct or wafer
according to claim ¥3e WABLEdsenfilonih &bt wal adcPlinpeY ShRNIMh&Einsai d |1 ght
receiving layer is at least 1700 nm 15 17. The compound sem conductor wafer
accordi ng to cl arowthls inddrewpeedieny time aieyer nyfarmed; informing seaisin AP +steB i S

i ntroduced to said . InAsxP)]_, ,ste? | ayer .
1 layer consisting of the platality of layers and said InAs,P,., buffer layer.

12. The compound semiconductor wafer according to claim 7, wherein
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.
15
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 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,P,., buffer layer (13)
20 positioned in contact with and on the step layer, sandwiched between said InP substrate
and satd 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
25 maximum value of PL (Photo-Luminescence) light emission intensity of at least a
first step layer (F) that is in contact with and positicned 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).




consisting of the plurality of layers and to said InAsyPbuffer I|ayer. 20
18. The conpound sem conductor wafer according to claim 13, wherein growth
is interrupted every tinme a layer is forned, in formng said I nAsxP,.h step
| ayer consisting of the plurality of layers and said InAs, Pl _,, buffer

| ayer. 19. The conpound sem conductor wafer according to claim 13, wherein
25 or a rear surface of said InP substrate opposite to a front surface
provided with said |ight receiving |layer, layers simlar to those on the
front surface are fornmed. 20. A conpound sem conductor wafer (50) including
an In.Ga;.ZAs |layer (14) -26 as a light receiving layer fornmed 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 1nAsP, y buffer layer (13) positioned in contact
with and on the 4t edhe agmpoumhsetuiaridedobwalee etcosding 19 Rns Uhsvhestie 5 (11)

d said In, Ga3. | (14): wherein.said plurality of d
S d but er | aydi 0K TP P BOR BTPERoT EiUpENER AR T adual |y
becorme cl osgkbn M Datin el Fich Qd?g ﬁk&;%ﬁgh %; f‘ﬁ i§0 Qﬁ%}tePfhaﬁaﬂ/fb of tHe ﬁ@Ak_ZAS

| ayer; and ‘peak conposition ratio o east one I hterface
bet ween eadl dht ediksivaiofl sgitl ot lhyer@fz)step | ayers (12a, 12b, 12c, 12d, 12e)
and said buffer layer (13) is closer to the corresponding conposition ratio
of the InP substrate than the corresponding conposition ratio of the step

| ayer that is in_contact with the interface on the side of_ the .InP
substrare (11) o dHACOBPOHESErerducys Mefen drecr &g B B A2 BT ' he st ep

| ayer on the sigg .0fcdne: bR SHERL TRLE ce MGG RMIIQMRd  oBE FacERRGUCt Or
waf er accordi ng tocc§%%n15é,Eﬂﬁerelﬁ%%pggﬁﬁsgﬁwg o?sconp05|t¥%n fét?% of As

and/ or P atlayn atebuel A€ thelrdt WeR Rnfiicd wavkleapth Jayshsadnshffeniadersindphé Biyer is
closer to the correspondi ng conposition ratio of the |nP substrate than

that dF a digbpehayier wahelengtls As nf saahlighe reasivinig lnpee semife tifeacktiomof he- 80hF

nm < ib £ 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

consisting of the plurality of layers and to said InAs,Py., 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,x step

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

19. The compound semiconductor wafer according to claim 13, wherein
25 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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20 substrate side and that of a step layer that is in contact wwth the step
| ayer on the |InP substrate side. 22. The conpound sem conduct or wafer
according to claim 20, wherein both at an interface between said buffer

| ayer and said step |ayer and at an 25 interface between the step | ayers
closest to that interface; peak value of conposition ratio of As and/or P
is closer to the correspondi ng conposition 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

| ayer on the I nP substrate side. -27 23. The conpound sem conduct or wafer
according to claim 20, wherein at all three of the interface between the
buf fer | ay@p 24gbl repraving Eyer fgyoed on ke lihsubstrate é1 becapmsing ep | ayers cl osest

to that interface.apd,the interface.bet n step.5 | rs,.secon | osest to
that interface, apﬁlé‘gijgh‘iﬁ%llaﬁ%r CG’PSIE%Wﬁ)%égﬁPFﬁF@ﬁtyrcgﬁy&rsyE?&sl2§ngfcoﬂzg’P is
closer to 4he) GRHECHRIAMLNG 1R ANPBR sk AP EidtlstPteQhd LRSnADP, ShlpR} 1AkF(1BRAN t hat
of a step layer that is In contact with the interface on the IAP substrate
si de and t ipatitiofiedansbepct wigy exid bindte siep layer candwched\bdtivethsidindpsubstyse on t he
I nP substrate side. 10 24. The conpound sem conductor wafer according to

cl ai m220, WhbrasrdsaddngdizsArelayerddt) tXhegn at least 1E + 1 S is introduced to

id InAs"P,. : 1.Sti.nQ. .of | i f,. -and t
said InaepL BUPRerRY 6 web SRS e Rt S E bk SRR R & Cor i ng
to clai m 2QonWhat Bial grhdudR BMBmb S1dsE Rhh Uik 8 sBY BIFY subkii®e 30 tiAY 8f sdi¢ f or ned,

in formng said InAs,,P, ,, step layer consisting of the plurality of
| ayers and IsAiad.Anlapsr, #d , . buffer |ayer. 26. The conpound seni conduct or

waf er according to claim?20, wherein rear surface_.of said InP substrate
opposi te Lo a fmShk CUTPTIE T8HO ks AnLar H o6t rgRpe FEEEIRS PRV IR EFh §'s

forn‘qg), | ayeliS iy lo®5teh Ruykiq§ 82 OPb! 5 @M SIS QG0 FH P 14y is ddser A
met hod of manﬁjf] act ur ?ngeba y%o(r:go?jn(? ’s%’con’gugfor waf er w t}ﬁ g§§| In. Gal_ZA s
| ayer (14) tashecdreghdndirgo@mpoatgiohamsd of the Idsubstras thanrtRe sobatpoadieg (11) ,
including an InAs,P).x step layer consisting of a plurality of |ayers
(12a, 12b, cepposiipgratipadybe 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.
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25 fornmed in contact with and on said InP substrate and an InAs,.P1.,

buffer laver (13) positioned in contact with and on the step |ayer,

sandwi ched between said |InP substrate (11) and said n.G, ZAs |ayer (14),
wherein said plurality of step layers and said buffer |ayer have nutually
different lattice constants that gradually becone closer fromthat of - 28
said In substrate to that of said In,Ga, _zAs |ayer, said nethod conprising
the step of interrupting growmh, every tinme a |layer of said plurality of
step layers and said buffer layer is formed. 5 28 The met hod of

manuf acturi ng a conpound sem conduct or wafer according to claim27, wherein
said buffer layer and said light receiving |ayer are fornmed such that

| attice constant of said buffer |ayer and the lattice constant of said
light receiving |ayer are such that the PL |ight em ssion wavel ength kb of
sai d buffer |ayel. afthetchmppind jeghtondnitos ivafer accondivg teplgnn2®, wheseinsai d | i ght

i Vi | i sf he.rel ati f -..800 - ?2.b < Xs.- 620
23, The et hod o ATSE SKbG/T g EDHB RS ShLE S Rare B cor ding to
D . | | . | c
T o e B e o S e o

space 3 N Whiyehs echid €biedd todas iherfatd Phd Rk bveluad of bhiapdstich rafiofof MBRKA/AEL Uri ng
and a saving space for retreating fromsaid filmformng space is used, and

in said gr®usieldset erthe perirospendeg dorsprstourrdtis efrihe dnd aahistateshbmethat pba i s bei ng
manufactured is refreated fromsaid filmform ace tp sgid saving space
20 30. The SH&tIAYA B rakGFEEL Wik ﬂ‘& BteEaIUNG Iﬁﬂiﬁ@m@&tﬂﬁwﬁ%ﬁ?@aé&ﬂgordi ng
to claim 27,y peh &R cbital Ul 19 <84 iy BAShe fip subsiffPsihever and said

| NAsyP, ybuffer lTayer, a grow ng ‘apparatus having two grow ng chanbers is

used, and at said growh interruption in each 25 chanber, a protection
pl at elois pl aced to stop supply of material gas to the substrate.

24.  The compound semiconductor wafer according to claim 20, wherein
an n-type impurity of at least 1E + 18 is introduced to said InAs,P, ., step layer

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

25. The compound semiconductor wafer according to claim 20, wherein
15 growth is interrupted every time a layer 1s formed, in formuing said InAs,P . 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

20 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,Gai..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, 12e)
25 formed in contact with and on said InP substrate and an InAs,P ., buffer layer (13)
positioned in contact with and on the step layer, sandwiched between said InP substrate
(11) and said In,Ga;..As Jayer (14), wherein said plurality of step layers and said bufier

layer have mutually different lattice constants that gracually become closer from that of
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said InP substrate to that of said In,Ga,,As layer; said method comprising the step of
interrupting growth, every time a layer of said plurality of step layers and said buffer

layer 1s formed.

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 < As -

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,P,., buffer layer, a film forming
apparatus having a film forming space in which a materia) gas is supplied to a substrate
for manufacturing and a saving space for retreating from said film forming space 1s 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

n forming said InAs,P ., step layer and said InAs,Py., buffer layer, a growing
apparatus having two growing chambers is used, and at said growth interruption in each

chamber, a protection plate is placed to stop supply of material gas to the substrate.




