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BACKGROUND OF THE I NVENTION Field of the Invention 5 %%;Qéé%&

i nvention relates to a group I11-V conpound sen conduct or gg@ nor e
particularly, it relates to a group I11-V conpound sem conduct or

having an epitaxial |ayer grown by vapor-phase epitaxy. Description of the
Prior Art 10 The recent devel opment—ef—optical communi cati on
results in increase in production quantity of. o&gghgggﬁmgaithe | i ke. For
exanpl e, an I nP photodi ode (hereinafter ref n PD) prepared
by grow ng an epitaxial layer on an indi umph m m‘& i nafter referred
to as 15 | nP) substrate by chloride vapor- In order to
prepare a pin-PD, an InP substrate is formed by cutting an InP ingot.into
slices and chﬁﬁTéﬁlﬂﬁ BHB ENVENTAGQNand polishing each slice. Then, a group
I'1'1-V conpound | ayer is epitaxially grown on this substrate for 20
preparing an |nP wWEF@FP §£IrHaF°EPEHnG|sﬁméFﬁﬁdpﬁyeF Wat BFotective film and
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compound semiconductor wafer, and more particularly, it

relates to a group III-V compound semiconductor wafer
having an epitaxial layer grown by vapor-phase epitaiy.
Description of the Prior Art

10 The fecent development of optical communication
results in increase in production quantity of photodiodes
or the like. For example, an InP photodiode (hereinafter
referred to as a pin-PD) prepared by growing an epitaxial
layer on an indium-phosphorus (hereinafter referred to as

15 InP) substrate by chloride vapor-phase epitaxy.

In order to prepare a pin-PD, an InP substrate is

formed by cutting an InP ingot into slices and chamfering
and grinding and polishing each slice. Then, a group III-V
compound layer is epitaxially grown on this substrate for

20 preparing an InP wafer, so that a Zn diffusion layer, a
protective film and the like are formed on this InP wafer.
While the InP wafer grown into a diameter of two inches is
generally cut into a rectangular form and thereafter
subjected to a device process df forming the iﬁ diffusion

25 layer and the like, such a wafer is recently subjected to
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di amet>er as such, in order to reduce the cost. An end portion of the InP
waf er, which is generally picked up with tweezers or held by a nmachine for
carriage, 5 may be chi pped or cracked in the device process. 1n order
to prevent this, the end portion of the substrate is generally chanfered.
For exanple, Japanese Utility Mdel Laying-Open No. S5Huslddcel fids HeddBBhaced
describes a technique of formng a prescribed chanfere d
portion of a 10 GaAs substrate for preventing fl avvs[ﬂﬂ“h!lmatﬁmm:dl ng
or chipping in step novenent. On the other hand, Japan

Layi ng- Open No. 6- 61201 (1994) discloses a technique of formng a
prescribed chanfered part on an end portion of a silicon substrate 15

for preventing occurrence of edge crowns. Wen_a wafer prepared by gr.ow ng
an epitaxial |ay3? @RvViFe| RPOSesst int ther sdraudak shagecRinLeiOFNSS: tifon is
subjected to a gevice rocess, . hoyever, the waf IS isadv%ntageously

cracked in a di FHARPHRE SRR pSRER, | APUPFHET 260 reShF%o& €t P8t a thermal CVD

t f f ' t [ L t ' | ' t f

emovi ng for el gn mat BBy A KRRERBEOR BReNTRRTFOReRe cUPaRRgLy . SERE“Sreden

invention has qﬁﬁgkgﬁ°V§S$9t35twee£$¥55 LVha9aSHEN 22 mBERR Snkoén@aggi% ect
g - c er

thereof is to provi de a group conpound sem conduct or wa i“ch

is hardly grackgslibe ScfybEq BEOE£SSkel PhOVRe! bbiYcEOPRBHREsSCNT AOBLYEL O

waf er accordi ng
to prevent this, the end portion of the substrate is

generally chamfered. For example, Japanese Utility Model
Laying-Open No. 58-103144 (1983) describes a technique of
forming a prescribed chamfered part on an end portion of a

10 GaAs substrate for preventing flaws in mirror grinding or
chipping in step movement.

Oon the other hand, Japanese Patent Laying-Open No. 6-
61201 (1994) discloses a technidue-of forming a prescribed.
chamfered part on an end portion of a silicon substrate

15 for preventing occurrence of edge crowns.

When a wafer prepared bylgrowing an epitaxial layer
on an InP substrate provided with a chamfered portion is
subjectea to a device process, however, the wafer is
disadvantageously cracked in a diffusion step for impurity

20 introduction, a thermal CVD step for forming a protective
film or an ultrasonic cleaning step for removing foreign
matter. | | |
SUMMARY OF THE. INVENTION

Accordingly, the present invention has been proposed

25 for solving such a problem, and an object thereof is to
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to an faspect of the present invention conprises a5 sem conduct or

substrate consisting of a group I11-V conpound and a group I11-V conpound
| ayer formed on this sem conductor substrate. An epi taxi al abnormal grown
part is renmoved fromthe outer peripheral edge portion OT_Tﬁ_“GTUUp“f++-V

conpound sem conductor wafer. The epitaxial 10 abnggs LQun par t s a
part of the group II1-V conpound | ayer having a relati @ﬂness
A portion of the group Il1-V conmpound sem conduct or '" up to
a position separating fromthe outer peripheral edge nce L.
The di stance L 15 Is the length of the stock amount. Further, the

surface roughness Rmax of the outer peripheral edge of the group IlI-V
conmpound seniconductgr waf er forned by renoving the part is preferably not

nore than 2 [erPfoZdde gro“?héI&rguEOWPPancéﬁﬂéGﬁ@qqﬁﬁﬂ’|W9ﬁﬂ¥3

formed to have a_( ane as a.pl ane substantlally parallel to the najor
surface of the %ﬁbé é&g cr%ﬁ%??aﬁg AeVIEPAPFEFeSSeans that the (100)

| f | h 16 h th f h
DL o e onguar oy “aofBip, ThieV E%‘?‘%“é‘ B el GarHE OR, SR a%%ﬁ’sﬁp e
of a group II|'¥chHpQ§PQc%h8§etﬂgt?Eeggﬁkph§§g ggecgﬁpaﬁ%%s

chanfered that its sectTon has an arfcuate s st an h a radlus

R The di s§ancesém$abh@héB8raBuBstratiPEBash Qﬂlﬁg[SErL brb%brhI%RV
compound and a group III-V compound layer formed on this
semiconductor substrate. An epita#ial abnormal grown part
is removed from the outer peripheral edge portion of the
group III-V compound semiconductor wafer. The epitaxial

10 abnormal grown part is a part of the group III-V compound
layer having a relatively large thickness.

A portion of_the group III-V compound semiconductor
wafer is removed up to a position separating from the
outer peripheral edge part by a distance L. The distance L

15 is the lengtﬁfof the stock amount.

| Further, the surface roughness Rmax of the outer
peripheral edge of the group III-V compound semiconductor
wafer formed by removing the part is preferably not more
than 2 um.

20 The group III-V compound layer is preferably formed
to have a (100) plane as a plane substantially parallel to
the major surface of'the substrate. "Substantially
parallel” means that the (100) plane forms at angle of not
more than 16 deg with the major surface of the

25 semiconductor substrate.
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The sém conductor substrate is preferably exposed on a portion at a
distance up to 0.1 mmfromthe outer peripheral edge of the group IIIl-V
cormpound seni conductor wafer. 10 The outer peripheral edge of the
group I11-V conpound sem conductor wafer is preferably so chanfered that

Its section has an arcuate shape substanti al l%is 'gepH%Bregl | Us i, Which is
preferably at least 0.1 mm The foregoing and Eﬁ%ﬂ“ﬂﬂjﬂﬂ Eﬁ geatures,
I
)

aspects 15 and advant ages of the present in come nore
apparent- fromthe follow ng detail ed descripti nt invention
when taken in conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS 20 . Fig. 1 is a sectional view show ng an abnor mal
grown epitaxial layer:; Fig..2A s a nodel diagram show ng a yapor-phase
epi t axy appar at us, ihflﬁ .lQQ?AWqERﬁr%H Ly eﬁ%ﬂ?&%ﬁ%ﬁét?gbgtgﬁﬁuPn a
reactor; 25 Fig. 3 i sectignal view.show ng,a ground wafer;
Fig. 4is an erﬁIaIr-é’eé:og?&qrbciﬂ%"\’ﬁeevV‘bﬁeﬁ RREIPH]F p%%ge? CFREPR G5 399 g.
5 is a section | indst £npl 0 | ndi end surface
TnaflfR¥ el chell DG SIPIRE bd UM OE B

of a wafer; 5 S a plan view of a Wafer o in

accordance i { st ARl AN kol R T ihe? AUSTARAP 19 S e | 1

[
taken along the line VII -7V
5 expression R < L £ 3R.

The semiconductor substrate is preferably exposed on
a portion at a distance up to 0.1 ﬁm from the outer
peripheral edge of the group III-V compound semiconductor
wafer.

10 The outer peripheral edge of the group III-V compound
semiconductor wafer is preferably so chamfered that its
.section has an arcuate shape substantially with a radius r,
which.is preferably at least 0.1 mm.

The foregoing and other objects, features, aspects

15 and advantages of the present 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.

20 Fig. 1 is a sectional view showing an abnormal grown
epitaxial layer;

Fig. 2A is a model diagram showing a vapor-phase
epitaxy apparatus, and Fig. 2B illustrates temperature
distribution in a réactor; )

25 Fig. 3 is a sectional view showing a ground wafer;
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Fig. & is a cleavage sectional view of a conventional 10 waf er .
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n order to prevent a wafer from
cracking in the aforenentioned device process, the inventors have first
studi ed the cause for the cracking. Consequenttys—they 15 have found
that an epitaxial layer is grown at an _abnormally high speed in a specific
pl ane orientation part of the peripherﬁ%ﬁ heepidas Redudeplpegpar ed by growi ng an

| nGaAs epitaxial |ayer on an InP substr bly crack the wafer
i .1, an I nGaAs
nP's

particularly in this part. 20 R
epitaxial layer 2 is fornmed on a surface of an strate 1 as a group

[11-V conpound | ayer. Arrows (100), (111) and (011) denote (100), (111) and
(011) planes of the InP substrate 1 respectively. The outer peripheral edge
portion of the |nP Mt rhtks 1apsenlargad seatieadd “hapyeohi fhParfadVus R

A part 2X of the = |InGAs %Pjtaxial | ayer 2 has a large thickness due to
abnor mal  hi gh- FRRRAMEAMIN BBt hdi part 2Y of the InGaAs epitaxial |ayer 2

e e g The 0o i 4 S UGB Vonk, P PSE e SO £l b qAE”
L ckness 12 SHESEhIOG SPURE BIEEISH f SITYRRBLE, SU1 o5 3 crused I
ot orent om0 AP 0% R O 8 B GBS RRR AT
“having a large ddudddific®e with the present invention;
Fig. 7 is a cleavage sectionai view taken along the
line VII - VII in Fig. 6; and
Fig. 8 is a cleavage sectional view of a conventional
iO wafer. |
DESCRIPTION OF THE PREFERRED EMBODIMENTS
In order to prevent a wafer frém ciacking in the
aforementioned device process, the inventors have first
studied the cause for the cracking. Consequently, they

15 have found that an epitaxial layer is grown at an
abnormally high speed in a specific plane orientation part
of the .periphery of the wafer prepared by growing an
InGaAs epitaxial layer on anIInP substrate, to remarkably
crack the wafer particularly in this part.

20 Referring to Fig. 1, an InGaAs epitaxial layer 2 is
formed on a surface of ah InP substrate 1 as a group III-V
compound layer. Arrows (100), (111) and (011) denote (100),
(111)'and (011) planes of the InP substrate 1 respectively.
The outer peripheral edge portion of thé InP ;ubstrate 1

25 has an arcuate shape with a radius R. A part 2X of the
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According to the present invention, an end portion of the wafer causing
abnormal growth in the vicinity of the (111) plane is renoved up to a

posi ti on shown by a dotted 15 line 3 after the epitaxy—thereby
elimnating the abnormal grown part. Thus, it &s Fossible to obtain a group

I11-V conpound sem conductor wafer 10 which it erRepbbeddd i n t he device
process. The inventors have nade vari ous exp%ﬂ I nd 20 t hat
the wafer 10 having an outer peripheral edge ! is so chanfered
that the section of the substrate 1 has an arcuate shape Substantially with
a radius Rreadily causes an abnormal grown part in a portion at a distance
of O to Rfromthe outer peripheral edge in particular. If 25 at | east
the portion at the distance Rfromthe edge of . 7 the wafer 10 is
removed, ther EhGads ehétashalndbygrodnhpsr @ ilarge whiska@ssodueh&t her
hand, the anount L of renoval is preferably m nim zed since _the InP
substrate 1 cahngemalfbighvspged: orrysh -asArptharopart 2¥f ofehBfalt NFEAS
reduced. In the current equi pnment, however [

s [ , .t,he positioning acguracy is
subst anti al | y°R4kaKipd LA¥SFadi hasra smglis thirkyess, ko %&?é@%{&’éf/w y
b T R R R
R el orcankPRkhRl AReR" ! Whote IBRREL WA VARSI ey 20
layer 2 is subjected to a device process, remarkable stress is
caused in ajheat cycle of the device process since the
thermal expansion coefficients of the InP substrate 1 and
the InGaAs epitaxial layer 2 are extremely different from
10 each other, to result in cracking of the part 2X having a
large thickness. |
According to the present invention, an end portion of
the wafer éausing abnormal growth in the vicinity of the
(111) plane is removed up to a position shown by a dqtted
15 line 3 after the epitaxy thereby eliminating the abnormal
grown part. Thﬁs, it is possible to obtain a group III-V
compound semiconductor wafer 10 which is hardly cracked in
the device process.
The inventoré have made various experiments, to find
20 that the wafer 10 having an outer peripheral edge portion
.which is so chamfered that the section of the subsﬁrate 1
" has an arcuate shape substantially with a radius R readily
causes an abnormal grdwn part in a portion at a distance
of 0 to R from the outer peripheral edge'in p;rticular. If

25 - at least the portion at the distance R from the edge of
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servi‘ng as the group I11-V conpound layer is fornmed to 15 have the (100)
pl ane as a plane substantially parallel to the major surface of the InP
substrate 1, so that the abnormal grown part 2X is |located on the (111)
pl ane to satisfy the aforenentioned conditionm—tt—is further preferable

t hat the surface roughness 20 Rmax of the outer peri edge of the
group I11-V conpound sem conduct or wafer 10 (s “B%SIQ%?ng t he
af orenenti oned portion is not nore than 2 [err ﬂ m“ starting point

is present to cause cracking of the wafer 10. shown in Fig.

1, the epitaxial abnormal grown part 8 2X is renoved fromthe outer

peri pheral edge portion of the group Il1-V conpound sem conductor wafer 10

according to the present_ invention, whereby the wafer 10 is hardly cracked

in the device Hdoiaker 510 is remgvedigstpreafere oghhocabRaEmaL\@LREPer 10

I's hardly cracked in the device process if the I.nP substrate 1 isLe(Sgosed
1= e

OR a p](c)rt i on Raxt d"r%tedﬁ:ﬂé'é”tt)ﬁ)t?%' 0On Fhe r%ﬁq%é‘%%{erﬂlffer?%% e of
10. | ' . ' [

of the water ZPHevab thamergt p i untest St the 1hB Spboerasd™s "

substantial |y did Thd dAflld Je1 W€ 1 Fadl ol OFRL Sndulll 1,108 ERLYAL 1E°

set to be at |eas nm ST Nc anferrng grin one having a
radi us ofg | es ﬂf& . 1 q_.g:l%g{t | st one e having a
radi us of | esssret an % 11%?% S%‘ve opefﬁ%ﬁéﬂa Hd f

positioning accuracy is substantially equal to the radius

R (= 0.25 mm) of substrates generally employed at present,
and hence the amount L of removal is dispersed in the
range of iR.'When the upper limit of the amount L of
10 removal is set at 3R, therefore, the portion at the
distance R from the edge of the wafer 10 can be removed at
the worst.
It is preferable that the InGaAs epitaxial laygr 2
sexving as the group III-V compound layer is formed to
15 have the (100) plane as a plane substantially parallel to
the major surface of the InP substrate 1, so that the
abnormal grown part 2X is located on the (111) plane to
satisfy the aforementioned condition.
It is further preferable-that the surface roughness
20 Rmax of the outer peripherai edge of the group III-V
compound semiconductor wafer 10 obtained by removing the
aforementioned portion is not more than 2 um, so that no
starting point is present to cause cracking of the wafer
10.

25 As shown in Fig. 1, the epitaxial abnormal grown part

T
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wor ki ig accuracy is so insufficient that the working surface is inferior in
flatness since the grain size of dianmond formng the grindstone is about
0.05 [err]. Even if the outer perlpheral edge portion of the wafer 10 is so

20 chanfered that the radius r is |ess than—6—t-m_further, an end
portion of the wafer 10 is readily craﬁggg rlng gri ndi ng of the waf er 10
or in the device process due to its sh 3#&%&125 Exanpl e
of the present invention is nOM/descr| eference to the
drawings. Referring to Fig. 2A a vap y apparatus 11
conprises a reactor 12, driving neans 13, heaters and 14b, source

boards 15, 16 and 17, and source containers 18, 19 and 20. The source 5
boards 15 and 17 containing_indium/(In) and the source board 16 contalnlng

gal l'i um ( () a@§;ﬁ§nFQHRY§¢1ﬁ?ﬂmrﬁhﬁnQ#t%EZPQ¥EPQF¥%4r@Pﬂ%aH§rEB°Ps
adapted to rotate a subst e_22 al ong. arr ow. hy en | into t

source contain fi]g{ <orfiEeR A"sﬁ’ecf‘?‘} ’fh‘@a gg gpcor Ing
container 20 ¢ nt |n|n P rr] throu es 101 to 103 respec The
source cont ai net E%f %{ﬁ‘z%‘ Iet‘c t%‘t"? h%aé%ﬁri@ b%a‘)r(%gt% 16
and 17 through o‘?r.‘lagﬂédl% t%gﬁesuc{eéééé/eegg The heaters 14a and 14b heat

t he reactor apparatus 11, outputs of the

heaters 14a and 14b Menfyd idedn %Hébi}rrﬁﬂzéd) %}%@Eﬁ&%f”éf‘ffo di sthapagijon

shown in Fig. 2B in the reactor
cracked in the device process if the InP substrate 1 is

exposed on a portion at a distance up to 0.1 mm from the
outer peripheral edge of the wafer 10.
It is preferable that the outer peripheral edge
10 portion of the wafer 10 is so chamfered that its section
has an arcuate shape substantially.with a radius r, which
is at least 0.1 mm. The radius r is set to be at least 0.1
mm since there is no chamfering grindstone having a radius
of less than 0.1 mm at present. Even if a grindstone
15 having a.radius of less than 0.1 mm is developed, its
working accuiacy is so insufficient that the working
surface is inferior in flatness since the grain size of
diamond forming the grindstone is about 0.05 um. Even if
the outer peripheral edge portion of the wafer 10 is so
20 chamfered that the radius r is lese than 0.1 mm, further,
an end portion of the wafer 10 is feadily cracked during
grinding of the wafer 10 or in the device process due to
its sharpness.
Example

25 Example of the present invention is now described

-8 - THIS SHEET HAS BT %
REPLACED




subst-ate 22 consisting of InP doped with sulfur was set on the driving
means 13. This substrate 22 was 51 mmin 20 —-+#dianeter and 450 [err] in

t hi:ckness. Furthér, the radius R of this substrate 22 was 0.25 nmon its
end section, as shown in Fig. 3. The driving nidbeetBasBainatepr..and moved the

substrate 22 downward in Fig. 2A. Hydrogen gas he source
contai ner 20 through the pipe 103 in this 25 mm’use t he
foll owi ng chem cal reaction (1) in the REPLA 0 reactor 12:
2 4 P4 and HC err] resulting fromthe aforenentioned reaction (1) were
fed into the source board 17, to cause the 5 foll ow ng chem cal reaction
(2): Plerr] fed into the source board 17 and InCferr] and Herr] resulting
fromthe aforementioned reaction (2) caused the 10 follow ng chem cal

reaction (3) oWkt ZefR¥ente ve.thée drawings,: Refermngd Y3)Fign 4hpa
25 shown 15 PO (PasS LR CABPFER FES mbhrGoRBLBPR B SAREREV LA o
Subsiyale 22 VR GAD e 210 M BUEE OO, 3R ! SHobf e IEFRE LSS
fol I ow ng reaCtié)rEr{cfl)lf.,n ért'c? ggurcerggrﬁgln&gs 18, 19 and 20. The source
5 boards 15 and 17 containing indium (In) and the source
board 16 containing gallium (Ga) are provided in the
reactor 12. The driving means 13 is adapted to rotate a
substrate 22 along arrow. Hydrogen is fed into the source
containers 18 and 19 containing AsCfg and the source
10 container 20 containing PC/3 through pipes 101 to 103
respectively. The source containers 18, 19 and 20 are
connected with the source boards 15, 16 and 17 through
pipes 104 to 106 respectively. The heaters 1l4a and 14b
heat the reactor 12.
15 With such an apparatus 11, outputs of the heaters 1l4a
.and 14b were first adjusted to form temperature
distribution shown in Fig. 2B in the.reactor 12. Then, the
substrate 22 consisting of InP doped with sulfur was set
on the driving means 13. This substrate 22 was 51 mm in
20 diameter and 450 pm in thickness. Further, the radiué R of
this substrate 22 was 0.25 mm on its end section, as shown
in Fig. 3. The driving means 13 rotated and moved the
substrate 22,downward'in Fig. 2A. Hydrogen gas.was fed
into the sourée container 20 tﬁrough the pipe:103 in this

25 state, to cause the following chemical reaction (1) in the

igwwns SHEET HAS BEEN
; REPLACED




REPLACEMENT SHEET As[err] and HC[err] resulting fromthe aforenentioned
reaction (4) were fed into the source .board 15 through the pipe 104, to
cause the followi ng chem cal reaction (5): [err] Further, As[err d
HC[ err] resulting fromthe aforenentioned reacti an{4)—were fed into the

source board 16 through the pipe 105, to cause the fpllowgng hepiceal

reaction (6): [err] As[err] fed into the source bodhiShet _

generated in the source board 15, GaC[err] generat edu‘ \ m&\ board 16
owi ng

and H err] generated in the source boards 15 and 16
chem cal reaction (7): 15 [err] Fromthe formula (7), an | nGAs
photoreceiving |ayer 24 of 3 [err] in thickness was fornmed on the substrate
22 as shown in Fig. 4. 20 The driving neans 13 noved the substrate
22 downward i n T83Ftam hd hydrogen gas was fed into the source contai ner

20, thereby formng | nB Wi ndaw, | ayer. 25 of 12 about 1,5 [err]min
t hi ckness on the sub@@?%f?ﬁ -353%ﬁb§ﬁ5€n Fig. 4. Thus,-a Waler 21 provided
with an epitaxial layer. 26 as a group II1-V conpound | ayer was formed on
t he substrate 22 by chloride VPE as shown in Fig. 3.
P, and HC{! resulting from the aforementioned reaction

(1) were fed into the source board 17, to cause the

5 following chemical reaction (2):

In+HC£—->InC£+—;-H2 e (2)

P, fed into the source board 17 and InC{ and Hjp
resulting from the aforementioned reaction (2) caused the

10 following chemical reaction (3) on the substrate 22:

InC£+-£1IP4+%H2-—>InP+HC£ _ e (3)

From the formula (3), an InP buffer layer 23 of about
2 pm in thickness was grown on the substrate 22 as shown
15 in Fig. 4.
Then, the dfiving means 13 rotated and moved the
substrate 22 upward in Fig. 2A and hydrogen gas was fed
into ﬁhe source containers 18 and'19'through thé pipes 101
.and 102, thereby causing the following reaction (4) in the

20 reactor 12:
3 1 | |
AsCt; +5_H2 ——>ZAs4 +3HC?¢ .. (%)
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5 s Then, the wafer 21 was taken out fromthe reactor 12, for

vacuum sucki ng and hol ding a surface 27 of the wafer 21 provided with no
epi-taxi al |ayer 26. A dianond grindstone of #800 (Japanese Imdustriat
Standards) in grain size and 0.25 nmmin arc radius @ﬂw R 5 mes 10
brought into contact with the wafer 21 along arrow

renmoving a portion at a distance of 0.4 mnfromthe ﬁﬁ&m ,Iﬁir

i.e., the portion up to Ain Fig. 3. In order to red i ni sh’
wor ki ng and conpletely elimnate an abnormal grown part, a portion at 15

a distance of at least 0.1 nmand not nore than 0.2 mmfromthe edge of the
waf er 21 was chanfered for bringing the edge into a shape denoted by B.
Then, a portion at a distance of 0.1 mmfromthe edge of the wafer 21 was
renoved with a di andfd gndnlef oreseiting fromobbe(siparmsetinpgd: Fraction
St andar ds) |n raln size and 0.25 mmin arc radius, faor bringing the e

of the wafer 21%4)n¥8rg §ﬁ9pénﬁen(§b@d spprce beamekrls é:l}iﬂ‘{ql'b%:heﬁ RiRf s]t(g"m:e_
of 0.2 to O. 25 mm forom t t he waf.er 21 was .chanfered for bringing
the edge of thECwERBFeL}Y Fn?8q3°?3ng chpmicade FAGF IR 35 Hhus, the
inventive wafer 21 was 13 conpleted with surface roughness Rrax of not
nor e than 2.0 [errlmon its end surface and a dianeter of 50 mMm Wen the
waf er repared i n ned manner was subj ect to a device
process ?he crackr%bl?ﬂ%lo mggﬁgzkp reduced to about 1/5'as conpared with
the prior art. Referring to Fig. 7, it is understood that a wafer

Further, As, and HC{ resultiné from the aforementioned
reaction (4) were fed into the source board 16 through the

pipe 105, to cause the following chemical reaction (6):

10 Ga+HC£—>GaC£+%H2 ... (6)

As, fed into the source board 15, InC{ generated in
the source board 15, GaC{ generated in the source board 16
and H; generated in the source boards 15 and 16 caused the

following chemical reaction (7):

15
InC£+GaC£+-i—AS4+H2—>InCaAs+2HC£ e (T)
From the formula (7), an InGaAs photoreceiving layer
24 of‘3 um in thickness ﬁas formed on the substrate 22 as
shown in Fig. 4.
20 ~ The driving means 13 moved the substrate 22 downward

in Fig. 2A and hydrogen gas was fed into the source

container 20, thereby forming an InP window layer 25 of
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101 according to the present invention is formed by a substrate 103 and an
“epitaxial layer 104, and an abnormal grown part can be renoved from an
out-er peripheral portion 10 102 of the mafer—iﬁi-_ff—%s"a%so—understood
that no |inear flaws are caused on the |nvent|ve mafer 101 shomn in Fig

having no distortion on the outer peripheral por Be qdng to F|g

8, on the other hand, it is understood that a maf H n unrenoved
abnornmal grown part 15 is formed by a substrat i taxia

| ayer 204, and a nunber of linear flaws 205 are caused by dlstortlon of its
outer peripheral portion 202. In this wafer 201, further, the thickness of

the epitaxial |ayer 204 is about three tines in the abnormal grown part as

d h fl . Al f his, .i dth
COPRT el WD 2oyt 8oLt B gfngBel L Bl L Sy %
oot | e el UL B L 08 e
described, thisy EXQE%GP%E@[’?IE‘S) bﬁ\ﬁgg%d"ﬁrag% m&y%omed?'rzzﬂ-'%%mm

SHEET 14 The di aneter o trate st was set at 51
in order to preygRktsHER ézpbgblcﬁttbkaate Rrbﬁ %Q%h%%&s i#B¥ilail3to grasp the

wafer 21 in a device process Step whi is set for 50mmif the diameter of
the 5 sgbstrate 2fnhes,sgnbl aaftabamwaemtakleh bhe Wl thk ireataidd ad by

handl i ng, therefore, its dianeter may not be 51 mm

for vacuum-sucking and holding a surface 27 of the wafer
21 provided with no epitaxial laye; 26. A diamond
grindstone of #800 (Japanese Industrial Standards)zin
grain size and 0.25 mm in arc radius shown in Fig. 5 was

10  brought into contact with the wafer 21 along arrow 28 in
Fig. 3, for removihg a portion at a distance of 0.4 mm
from the edge of the wafer 21, i.e., the portion up to A
in Fig. 3. In order to reduce a load in finish working and
completely eliminate an abnormal grown part, a portion at

15 a distance of at least 0.1 mm and not more than 0.2 mm
from the edge of the wafer 21 was chamfered for bringing
the edge into a shape denoted by B.

Then, a portion at a distance of 0.1 mm from the edge

of the wafer 21 was removed with a diamond grindstone of

20 #2000 (Japanese Industrial Standards) in grain size and
0.25 mm in arc radius, for bringing the edge of the wafer
21 into a shape deqoted by C. Further, a portion at a
distance of 0.2 to O~25 mm from the edge of the wafer 21
was chamfered for brlnglng the edge of the wafer 21 into a

25 shape denoted by D Thus, the inventive wafer 21 was
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VWil exthe chloride VPE enployed for epitaxy is advantageous for a product

such as a pin-PD requiring a 10 relatively thick epitaxial layer in the

poi-nt that this nethod can grow the epitaxial |ayer—at—ahrgh—speed, the

epitaxial |layer nmay alternatively be prepared by @rﬁi c nmetal vapor-phase
i

epitaxy if no thick epitaxial layer is required. as BegpReplacagd ent

I nvention is applicable to 15 all epitaxy neth & e
orientation dependency of the epitaxial |ayer grow as a
hydri de met hod and an organic netal nmethod. In order to chanfer the wafer,
it is preferable to use an integrated grindstone having two types of grain
20 sizes for inproving the working accuracy. Wile the grindstone cones

into contact with the epitaxial |ayer for renoving the_end portionhof %h@
waf er, the epi t%&?%]}eqaégé’flﬁ% HEefG prQuahnass (RARK P £ cBRF n°F Rt 5P88ncalt

ith th I ndst . At ti , th [ ni [ of t 25
opi Laxi a1 | ayery o AL AV e 1A SpLaneteR OF 50 Mnpedii i
- SHEET 15 t , ' ' d. af ' | t her,
Che substr ar e MES T IRt b o FHERF Aot G o REl B8RREE Bl %0 oup
-V d ' t : ; th
present | vent ion TaCthar b Brdort | offe, Srerking sfRLOVMEE T Ne

and 15 not o BaNtuien 5, MRS ATRE Y diostod VEER Fheopregd BxeTy o only
Referring to Fig. 7, it is understood that a wafer

101 according to the present invention is formed by a
substrate 103 and an epitaxial layer 104, and an abnormal
grown part can be removed from an outer peripheral portion

10 102 of the wafer 101. It is also understood that no linear
flaws are caused on the inventive wafer 101 shown in Fig.
7 having no distortion on the outer peripheral portion 102.
Referring to Fig. 8, on the other hand, it is understood
that a wafer 201 having an unremoved abnormal grown part

15 is formed by a sﬁbstrate 203 and an epitaxial layer 204,
and a number of linear flaws 205 are caused by distortion
of its outer peripheral pértion 202. In this wafer 201,
furthéf, the thickness of the epitaxial layer 204 is éﬁdut
three times in the abnormal grown part as compared with

20 the flat part. Also from this, it is understood that
distortion in the peripheral portion of the wafer 101 is
effectively eliminated in the present invention due to the
removal of the abnormal grown part.

While Example of the present invention hés been

25 described, this Example can be modified in various ways.

- 13 -~
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the present invention being limted only by the terms of 10 t he appended
cl ai ns. 16 WHAT IS CLAMED I S: 1: A nethod of manufacturing a
group. I 11-V conmpound sem conductor wafer, conprising the foll ow ng steps:

a) provi ding a sem conduct or substrate that conprises a first group

I'1'l-V sem conduct or conpound and that has a flat major surface and a
Substrate peri pheral edge having an arcuate samkm@ﬂ@ﬁugggﬂg h an

initial radius of curvature R b) provi di ng . uctor
substrate, a group. 1I11-V conpound |ayer conpri si nglwﬁm m’m up I11-
seni conduct or conmpound having a different conposit first

group II1-V conpound, so as to prepare a raw wafer |nclud|ng said | ayer-on

ZS‘G 7 li:n‘biﬁr‘;‘é?faﬁé‘iﬁéé’é?riﬁ%?ﬁ SheBRnt) B2 nrrRarer pareinaPn SBtgRT
L,
wher oi nsai d 1oy B oRAEE t5] efpraft1siBhct, PReBLER VAL FrBl MU0 bt o

g;’g‘c’g;greg WaR]S eRirﬁ‘%e“ u}‘r:éé :rlé )5a%_15903§$59pf 2hE BaBLRCSESeH Wahet jkaving a
process step which is set for 50 mm if the diameter of the
5 substrate 22 is smaller than 50 mm. If the wafer 21 is
carried by handling, therefore, its diameter may not be 51
mm. o
While the chloride VPE eﬁployed for epitaxy is
advantageous for a product such as a pin-PD requiring a
10 relatively thick epitaxial layer in the poiﬁt that this
method can grow the epitaxial layer at a high spéed, the
epitaxial layer may alternatively be prepared by organic
metal vapor-phase epitaxy if no thick epitaxial layer is
required. Further, the present invention is applicable to
15 - all epitaxy methods having plane orientation dependency of
the epitaxial layer growing rate such as a hydride method
and an organic metél method.
In order to chamfer the wafer, it is preferable to
use an integrated grindstone having two types of grain
20 sizes for improving the working accuracy. While the
grindstone comes into contact with the epitaxial layer for
removing the end portion of the wafer, the epitaxial layer
is preferably cleaned after coming into cdntact with the
grindstone. Alternatively, the remaining portion of the

25 epitaxial layer may be protected with a resist film or a
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2. Thé nethod according to claim1l, wherein said step b) of providing said
| ayér conprises formng said | ayer on said substrate such that an
abnormally forned | ayer portion of said layer is forned on said substrate
peri pheral edge, and said step C) of renoving said portion of said wafer
includes entirely renoving said abnormally formed | ayer portion so that
sai d processed wafer. does not include, any of said abnormally fornmed

| ayer portion. 3. The nmethod according to claim?2, wherein said form ng of
sai dl ayer conprises epitaxially growi ng said | ayer such that said
abnormal ly formed | ayer portion is an epitaxially abnormally grown portion.
4. The method according to claim.3, wherein said growing of said |ayer
includes epitaxially growing said epitaxially abnormal |y grown portion

al ong (111) critARE4 dfgﬂef&bh}% rreead after qremevihadgehapend| pgrtion.

sem conduct or co und, and: grow ng (100) crystall ographic planes
substantially[ﬁ#ggh%ﬂ't?ﬁ%ﬁﬁ%P??%ﬁt?mW%y E%rPﬁ%B@rgd n?ﬁe°ﬁ%¥h§ﬁ°§c€8?ding

t laim 2, wherei i d.ab | Jy f d ti [ f d.t

have “an abnor BT PR a T (IR TR S0Y chaSRRPaDe Bapinpable sefe:

t han said abnor&&igélafosr‘m&ia%(eer portion. 18 REPLACEMENT SHEET 6.
ng%oc al L

The net hod accor m wherein said |ayer consists essentially

of InGAs apd said S%ﬁ\mﬁfﬁx %!%&éﬁ&ﬁ?e#ér&u.%mhégpbeén ddBEr 1568°8na
according to claim 1, ereln said step ¢
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spifit and scope of

the present invention being limited only by the terms of

10 the appended claims.

i\
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Is carried out such that said processed wafer peripheral edge has a surface
roughness Rmax of not nore than 2 [err]m 8.. The nethod according to claim
1, wherein said step c) is carried out such that said substrate is exposed
by entirely renoving -sai-d—+ayer—at sai d processed wafer peripheral edge. 9.
The net hod according to claim8 _, wh re&n sai.d step c) further includes
renmovi ng sone of said %bﬁ@j‘iﬁ‘a’ﬁi icg substrate peripheral edge, and

| eavi ng an exposed porti trate protruding radially outwardly
beyond sai d [ayer by at 0. The method according to claim1,

wherein said step c¢) is carried out such that said. processed wafer

peri pheral edge has an arcuate sectional shape with a radius of curvature
of at least 0.1 mm 11. The nethod according to claim210, wherein said step
c) is carried oWHASUETB CHAIMEBDI dSarcuate sectional shape' of said processed
waf er peripheral edge is defined by a single continuous, snootn curvature
of respective edges of said substrate and of said | ayer. 19 _
REPLACEMENT SHEET 12. The nmet hod according to claim1, wherein_said c)
conprises plural sudces®i 9E0ypPi LhgVsceppousfngepiaraducgprniaiered 10)

respectively having successively finer grits and successively reduced

radii -of curvaCOPETSingnfafemdriondussony afe ddild gt MeLEAR as
of curvature. B5OuP YHinl kEmeBinad A8 SR LAY, commnth TReF &b
being formed on said semiconductor substrate (1),
5 an epitaxial abnormal grown part being removed from
an outer peripheral edge portion of said group III-V

compound semiconductor wafer (10).

2. The group III-V compound semiconductor wafer (10)
in accordance with claim 1, wherein a portion of said
group III-V compound semiconductor wafer (10) is removed
up.to a position separating frém said outer peripheral

5 edge of said group III-V compound semiconductor wafer (10)

by a distance L.

3. The group III-V compound semiconductor wafer (10)
in accordance with claim 1, wherein the'surface roughness
Rmax of said outer peripheral edge of said group III-V
compound semiconductor wafer being formed by removing said

5 . portion is not more than 2 pum.

4. The group III-V compound semiconductor wafer (10)

in accordance with claim 1, wherein said group III-V

—_—
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a)and-b) are carried out so that said first group I11-V sem conduct or
conpound and said second group |11-V sem conductor conpound respectively
have different thermal expansion coefficients. 14. The net hod
according to claiml1l, wherein said steps a) and b) are carried out so that
said first group Il11-V sem conductor conpound and said second group
I11-V senm conduct or conmpound respectively have different lattice constants
at least along said substrate peripheral edge at said raw wafer peripheral

edge. 15. The net hod according to claim1, further conprising a step
of subjecting said processed wafer to thermal cycling in a further device
process. .16. The met hod according to claim1, wherein said step a) is

d L pl f id,f 11,
con conduct or cPRBBaRA taerCL¥3 25, Bl Ry ed Bl 50 Baveliag thog) Riae
surface of sai dgSybgibabesubstantially parallel to a major surface of

5 said semiconductor substrate (1).

5. The group III-V compound semiconductor wafer (10)
in accordance with claim 2, said semiconductor substrate
whose outer peripheral edge portion is so chamfered that
its section has an arcuate shape substantially with a

5 radius R, said distance L saﬁisfying an expression R = L
= 3R, said semiconductor substrate (1) being exposed on a
portion at a distance up to 0.1 mm from said outer
peripheral edge portion of said group III-V compound

semiconductor wafer (10).

6. "The group III-V compound semiconductor wafer in
accofdance with claim 1, wherein said outer peripheral
edge portion of said group III-V compound semiconductor
wafer (10) is so chamfered that its section has an arcuate

5 shape substantially with a radius r, said radius r being.

at least 0.1 mm.
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