DESCRI PTI ON

SILICON OPTICAL CIRCU T

Technical Field

[ 0001] The present inventionrelates to a silicon optical
circuit formed with a silicon optical wavegui de, and, nore
particularly, to the silicon optical circuit for detecting a

flaw occurred on the wavegui de at a wafer state.

Background Art

[ 0002] Recently, vigorous research and devel opnment of a
silicon photoni cs techni que capabl e of drastically downsi zi ng
optical circuits are underway by applying a manufacturing
technique of silicon integrated electronic circuits to the
formati on of optical wavegui des and the |ike. Crcuits having
various functions are proposed as silicon optical circuits
based on the silicon photonics techni que, and devel opnent for
their practical useis particularly conducted in the field of
an optical transceiver

[ 0003] Fig. 27A and Fig. 27B are di agrans each showi ng a
typi cal configuration of an optical nodulation circuit as a
first exanple of a silicon optical circuit of a conventional
techni que. Each of optical circuits 9100-1 and 9100-2 in Fig.
27A and Fig. 27B is an optical nodulation circuit chip of a
digital coherent polarization multiplexed system which is
applied to an optical transceiver mainly for |ong distance

transm ssion. Both of the optical circuits include the sane



el enents, which include an input waveguide 9101, optical
splitters 9102 to 9108, optical phase nodul ati on wavegui des
9109 to 9112 configuring four Mach-Zehnder circuits, optical
couplers 9113 to 9118, a polarization rotation circuit 9119,
a pol ari zation conbiningcircuit 9120, and an out put wavegui de
9121.

[ 0004] The optical circuit 9100-1 of Fig. 27Ai s an exanpl e
i n which the input/output wavegui des 9101, 9121 are arranged
inthe vicinity of two corners at a diagonal position of the
chi p such that the optical input/output are positioned at the
bot h ends of the rectangul ar chip. The optical circuit 9100-2
of Fig. 27Bis an exanpl e in which the input/output wavegui des
9101, 9121 are arrangedinthe vicinity of the sanme corner such
that the optical input/output are positioned at one end of the
rectangul ar chip.

[ 0005] Al t hough not explicitlyillustratedinFig. 27A and
Fi g. 27B, hi gh frequency el ectrodes are forned on t he upper part
of each of the optical phase nodul ati on wavegui des 9109 to 9112
and ar e operat ed such that anelectric signal is convertedinto
an optical phase change (phase nodul ation signal) due to
i nteractionbetweenelectricityandlight. Light i nput fromthe
i nput wavegui de 9101 is sequentially branched by the opti cal
splitters 9102 to 9108, and nodul ation i s gai ned at the opti cal
phase nodul ati on wavegui des 9109 to 9112. Further, nodul ated
lights are nerged by the optical couplers 9113 to 9118, the
pol ari zation rotation circuit 9119, and the polarization

conmbining circuit 9120, and the resultant |ight is output from



t he opti cal out put wavegui de 9121 as a pol ari zati on-mul ti pl exed
opti cal nodul ati on signal.

[ 0006] Fig. 28 is a diagramshow ng a configuration of an
optical circuit in which an optical nodulation circuit and an
optical reception circuit are integrated as a second exanpl e
of a silicon optical circuit of a conventional technique. An
optical circuit chip 9200 is an optical circuit chip in which
the optical nodulation circuit of a digital coherent
pol arization multiplexed system and the optical reception
circuit are integrated on a silicon substrate. The silicon
optical circuit is excellent in that it has good integration
properties and can suppress the size and cost of a circuit by
integrating a plurality of functional circuits into one chip.
[ 0007] An optical nodul ator part | ocated at t he upper side
of the integrated optical circuit 9200 of Fig. 28 has a
configuration identical to that of Fig. 27B. The functi on and
operation of respective circuit elements 9201 to 9221 are
identical to those of the circuit elenents 9101 to 9121 as
illTustratedinFig. 27B. The optical receptioncircuit | ocated
at the | ower side of the optical circuit chip 9200 i s conposed
of a locally generated |ight input wavegui de 9222, a signal
light input waveguide 9223, an optical splitter 9224, a
pol ari zati on separation circuit 9225, a polarizationrotation
circuit 9226, coherent optical mxers 9227, 9228 which are
optical nodul ation circuits, and photo detectors (PD) 9229.
[ 0008] A pol arization multiplex signal is input into the
signal |ight i nput wavegui de 9223 froma transm ssi on pat h, and

the polarization multiplex signal is separated by the
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pol ari zation separation circuit 9225 into TE pol ari zed | i ght
and TM pol arized |ight conmponents. Further, froma locally
generated |ight source, continuous |ight of the TE pol ari zed
light isinput fromthe i nput wavegui de 9222 and branched i nto
two by the optical splitter 9224. The TE polarized 1ight
conponent of a signal separated by the pol ari zati on separati on
circuit 9225 and a locally generated | i ght of the TE pol ari zed
light, whichis one of the branched Iight, are nodul ated by t he
coherent optical mxer 9227. Also, the TM polarized I|ight
conmponent of a signal separated by the pol ari zati on separati on
circuit 9225 is converted into the TE pol arized |light by the
pol ari zationrotationcircuit 9226, andi sinput tothe coherent
optical m xer 9228 together with a |l ocally generated |ight of
the TE pol ari zed l'ight, which is the other one of the branched
light, for nodul ation. Thus nodul ated optical signals are
convertedintoreceivedelectrical signals by the plurality of

photo detectors 9229 and are output therefrom
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Summary of Invention

Techni cal Probl em

[ 0010] As descri bed above, although the silicon optical

circuit isready tobe put intoapractical use, there have been
the following problens in its manufacturing and inspection
processes. I nthe manufacturing andinspection processes of the
optical circuit onasiliconwafer, defects occur onthe optica

wavegui de at a certain probability. Wen noving a wafer from
one of the manufacturing processes to another using tweezers
or the like, there may be a case of touching the surface of the
waf er by m stake. Al so, if excessive stress is applied, even
inaslight level, to a core bei ng exposed on the wafer during
a machi ni ng process, a scratch or physi cal damage nmay possi bly
occur on the optical circuit. During these manufacturing and
i nspection processes of theoptical circuit onthe wafer, there
is noway to conpletely elimnate the cause of such defects on
the optical wavegui de. Physical damages including scratches
(hereinafter sinply referredtoas a"flaw') i nduce definitive
deteriorationin the characteristics of the optical wavegui de
such as an increase in a transm ssion | oss, and a chip havi ng

a defective wavegui de due to such a flaw does not satisfy



performances in the characteristic aspect and thus cannot be
used. Accordingly, in the manufacturing and inspection
processes of the silicon optical circuit, a flawon the wafer
shoul d be detected as early as possible to renpove such a chip.

Det ection of suchflaws onthe siliconoptical circuit chip has
conventionally been conducted by visual inspection using a
m croscope.

[ 0011] However, detection by visual checking depends at
| east partially on sensory judgnent by a human who visually
conducts checking. Further, since a silicon circuit is an
extrenely small circuit, there has been limtation in
conpl etely conducting detection of a particularly small flaw
under the vision of the m croscope. A defective chip having a
f1 awwhi ch was overl ooked i n vi sual inspectionis judged to be
a good product by mstake and is flowed out to processes
downstreamof the visual inspection. Such a defective chipis
not discovered until a characteristic inspection of a chip
itsel f, whi chhas been cut out fromthewafer intotheindividua

chip, i s conducted or until a nodul e characteristic inspection
after package inplenentation is conducted, and thus, the
defective chip has been failed to be judged as a failure at an
early stage of the nmanufacturing process of the entire optical

circuits.

[0012] As such, in the silicon optical circuit of the
conventi onal t echni que, a flaw occurred during the
manuf acturing of the optical circuit in the state of a wafer
has not been able to be conpletely renoved by the visual

i nspection. As a result, there has been a probl emthat yields
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arereducedinthe processes of chipcharacteristicinspection,
package i npl enent ati on, and nodul e characteristic inspection,
whi ch are i nthe manuf acturi ng and i nspecti on processes | ocat ed
downstream of the process in the state of a wafer, thereby
i nduci ng i ncrease i n cost for the manufacturing and i nspecti on
of products.

[ 0013] An obj ect of the present invention is to provide,
i n consi deration of the above probl ens, an optical circuit that
can objectively detect a flaw occurred in the manufacturing
process of the silicon optical circuit on a wafer at an early

stage by the inspection in the state of a wafer.

Sol ution to Probl em

[ 0014] As one enbodi nent of the present invention, there
I's disclosed a silicon optical circuit having a function of
detecting a fl awoccurred on an optical circuit el enent forned
on a substrate, the optical circuit conprising: an optical
wavegui de arranged al ong at | east a part of a contour of atarget
circuit having a predeterm ned function by the optical circuit
el enment and arranged proxi mat e at a di st ance t hat does not cause
optical coupling with the target circuit; and optical path
conver si on neans di sposed at bot h ends of t he opti cal wavegui de

[ 0015] Preferably, the optical path conversion neans may
be either of a pair of grating couplers or a pair of couplers
conposed of two optical path conversion circuits each havi ng
a termnating face of the optical waveguide and a total

reflection face which faces the termnating face and which



reflectslight emtted fromthe term nating face substantially
vertically relative to an SO substrate.

[ 0016] In addition, the target circuit, the optical
wavegui de, and t he opti cal pat h conversi on neans nay be conposed
of a silicon fine wire formed on the SO substrate.

[ 0017] Further, at |least part of a linear portion of the
opti cal wavegui de may be a mul ti node wavegui de whose core wi dt h
has been enlarged, and the nultinode wavegui de nay al so be
connected to a wavegui de of another portion of the optical
wavegui de via a tapered wavegui de w t hout node conversi on.

[ 0018] Mor e preferably, the optical wavegui de may not cross
thetarget circuit and a portion of the optical wavegui de al ong
a contour of the target circuit may be arranged so as to keep
a distance of 50 ymor less fromthe contour.

[ 0019] According to another enbodi mrent of the present
I nvention, the optical wavegui de may i ncl ude an out ward portion
arranged al ong a contour of thetarget circuit fromone coupl er
of the optical path conversion nmeans so as to substantially
surround the target circuit and a return portion arranged by
returning substantially parallel to the outward portion to
reach the ot her coupl er of the optical path conversion neans,
and the couplers of the optical path conversion neans may be
formed proximate and parallel to each other such that their
i nci dent angl es face the sane direction at the tinme of coupling
to fiber conponents and an arrangenent interval therebetween
is 1 nmor |ess.

[ 0020] Accordingtostill another enbodi nent of t he present

i nvention, the target circuit may include at |east two sub
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target circuits having an identical function or different
functions, the optical waveguide may at |east include: a
| oopback wavegui de portion having an outward portion arranged
al ong a contour of afirst sub target circuit fromone coupl er
of the optical path conversi on neans soas tosurroundthefirst
sub target circuit and a return portion arranged by returning
substantially parallel tothe outward portion; and a wavegui de
portion between the sub target circuits arranged conti nuously
fromthe | oopback wavegui de portion of the first sub target
circuit along part of a contour that is not surrounded by the
| oopback wavegui de portion of the contour of the first sub
target circuit or along at | east part of a contour of a second
sub target circuit that is different fromthe first sub target
circuit, and the coupl ers of the optical path conversion neans
may be formed proximate and parallel to each other such that
their incident angles face the sane direction at the tinme of
coupling to fiber conponents and an arrangenent interval
t her ebetween may also be 1 mmor |ess.

[ 0021] Further, theoptical circuit nmay al so be carri ed out
by conprising: aplurality of optical wavegui des, each of whi ch
is for one of a plurality of target circuits forned on the
substrat e and arranged al ong at | east part of a contour of each
of thetarget circuits and arranged proxi mate at a di stance t hat
does not cause optical coupling wth each of the target
circuits; aplurality of correspondi ng opti cal path conversion
nmeans connected to the plurality of optical waveguides,
respectively; a comon single optical waveguide which is

arranged proxi mate to each of the plurality of target circuits



and each of the optical wavegui des corresponding thereto and
which is configured to be parallel to each of the plurality of
opti cal wavegui des extendi ngover all of theplurality of target
circuits; and common optical path conversion neans connected
to the comon single optical wavegui de.

[ 0022] Furthernore, theoptical circuit nay al so be carri ed
out by conmprising: a plurality of optical wavegui des, each of
which is for one of a plurality of target circuits fornmed on
t he substrate and arranged al ong at | east part of a contour of
each of thetarget circuits and arranged proxi mate at a di st ance
that does not cause optical coupling with each of the target
circuits; afirst wavelength multiplex/denultiplex circuit in
whi ch one end of each of the plurality of wavegui des i s connect ed
to each of a plurality of output ends and i n which |ight input
totheinput endis wavel ength nul tipl exed/ denmultiplexedtothe
plurality of out put ends; a second wavel engt h
mul tipl ex/dermultiplex circuit in which the other end of each
of the plurality of waveguides is connected to each of a
plurality of output ends and in which |light input to the input
end i s wavel ength nul ti pl exed/denmul tiplexed to the plurality
of out put ends, wherein t he second wavel engt h
mul ti pl ex/ derul ti pl ex circuit i ncl udes wavel engt h
mul ti pl exi ng/ demul ti pl exing characteristics identical to
those of the first wavelength nultiplex/demultiplex circuit,
each of the plurality of optical wavegui des connected to the
respecti ve out put ends havi ngthe sane transm ssi bl e wavel ength
on the two wavel ength nultiplex/demultiplex circuits; and

opti cal path conversion nmeans connected to the input end of the
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first wavelength nultiplex/demultiplex circuit and the i nput

end of the second wavel ength nultiplex/denmultiplex circuit.

Advant ageous Effects of Invention

[ 0023] As descri bed above, accordingtotheoptical circuit
of the present invention, aflawoccurredin the manufacturing
process of the silicon optical circuit on a wafer can be
obj ectively detected by conducting i nspection inthe state of
awafer. Further, the optical circuit of the present invention
al |l ows detectionof aflawoccurredinthe manufacturingprocess
of thesiliconoptical circuit with highaccuracyinanearlier
stage of the manufacturing process and effectively prevents a
circuit including failure which has been overlooked in
i nspectioninthe stateof awafer fromfl ow ng out to subsequent
processes. The tinme and cost for manufacturing products that
enpl oy silicon optical circuits can be reduced.

Brief Description of Draw ngs

[ 0024]

[Fig. 1] Fig. 1is aplan viewshow ng a configuration of an
optical circuit for inspection accordingto afirst enbodi nent
of the present invention;

[Fig. 2] Fig. 2 is a diagram showing a cross sectional
structure of an optical wavegui de for detectioninthe optical
circuit of the present invention;

[Fig. 3A] Fig. 3Aisatopviewshow ng aconfigurationexanple
of grating couplers as an exanpl e of optical path conversion

nmeans in the optical circuit of the present invention;



[Fig. 3B] Fig. 3B is a sectional view showing the
configuration exanple of the grating couplers as the exanpl e
of the optical path conversion neans in the optical circuit of
the present invention;

[Fig. 4] Fig. 4 is a diagramillustrating a nethod of an
optical circuit inspection during a process using the optical
circuit of the first enbodi nent of the present invention;
[Fig. 5] Fig. 5isadiagramshowi ngastateinwhichascratch
has occurred on an optical nodulationcircuit, whichis atarget
circuit, during the manufacturing process;

[Fig. 6] Fig. 6 is a graph showing transm ssion spectra
obtai ned i n cases with/w thout a flawaccordingto the optical
circuit of the present invention;

[Fig. 7] Fig. 7 is a graph showing the rel ati on between an
i nterval between atarget circuit and an opti cal wavegui de for
detection and a detection probability of a flaw according to
the optical circuit of the present invention;

[Fig. 8] Fig. 8is aplan viewshow ng a configuration of an
optical circuit accordingto asecond enbodi nent of the present
I nventi on;

[Fig. 9] Fig. 9isadiagramshow ngastateinwhichscratches
have occurred on a target circuit according to the optical
circuit of the second enbodi nment;

[Fig. 10] Fig. 10 is a plan view show ng a configuration of
an optical circuit according to a third enbodi nent of the

present invention,;



[Fig. 11] Fig. 11 is a diagramshow ng an optical wavegui de
structure of the optical circuit according to the third
enbodi nent of the present invention;

[Fig. 12] Fig. 12 is a graph showi ng transm ssion spectra
obtai ned in cases with/w thout a flawaccordingto the optical
circuit of the third enbodi nent;

[Fig. 13] Fig. 13 is a plan view showi ng a configuration of
an optical circuit according to a fourth enbodi nent of the
present invention,;

[Fig. 14] Fig. 14 is a diagramillustrating a nethod of an
optical circuit inspection during a process using the optical
circuit of the fourth enbodi nent of the present invention;
[Fig. 15] Fig. 15is agraph show ng a nom nal val ue of a pitch
bet ween fi bers and an error anmount of an actual | y neasured pitch
in optical fiber block conponents;

[Fig. 16] Fig. 16 is a plan view show ng a configuration of
an optical circuit according to a fifth enbodi nent of the
present invention,

[Fig. 17] Fig. 17 is a plan view show ng a configuration of
an optical circuit according to a sixth enbodi nent of the
present invention,

[Fig. 18 Fig. 18 is a diagram showing a state in which a
scratch has occurred on one optical circuit anong target
circuits during the manufacturing process according to the
optical circuits of the sixth enbodi nent;

[Fig. 1991 Fig. 19 is a diagram schematically showing a

hi erarchi cal configuration of the optical waveguide for



detection according to the optical circuits of the sixth
enbodi nent of the present invention;

[Fig. 201 Fig. 20 is a graph showi ng transm ssion spectra
obtai ned i n cases with/w thout a flawaccordingto the optical
circuits of the sixth enbodi nent;

[Fig. 21] Fig. 21 is a graph show ng a transm ssi on spectrum
i neach of four neasuredtarget circuitsinasecond nmeasurenent
according to the sixth enbodi nent;

[Fig. 221 Fig. 22 is a plan view show ng a configuration of
optical circuits according to a seventh enbodi nent of the
present invention,;

[Fig. 23] Fig. 23 is a diagram showing a state in which a
scratch has occurred on one optical circuit anong target
circuits inthe manufacturing process accordingtothe optical
circuits of the seventh enbodi nent;

[Fig. 24 Fig. 24 is a graph showing denultiplexing
characteristics of awavel ength nmultiplex/denultiplex circuit
according to the optical circuits of the seventh enbodi nent;
[Fig. 25] Fig. 25is adiagramshow ngthe connectionrelation
between two wavel engths nultiplex/demultiplex circuits and
four optical wavegui des for detection accordingto the opti cal
circuits of the seventh enbodi nent;

[Fig. 26] Fig. 26 is a graph showi ng transm ssion spectra
obtai ned in cases with/w thout a flawaccordingto the optical
circuits of the seventh enbodi nent;

[Fig. 27A] Fig. 27Ais a di agramshow ng a confi gurati on of an
optical nodulationcircuit chipof afirst exanple of asilicon

optical circuit of a conventional technique;

- 14 -



[Fig. 27B] Fig. 27B is a diagram show ng a configuration of
anot her optical nodulation circuit chip of the first exanple
of the silicon optical circuit of the conventional technique;
[Fig. 28] Fig. 28 is a diagramshow ng a configuration of an
optical circuit in which an optical nodulation circuit of a
second exanpl e of a silicon optical circuit of a conventi onal
techni que and an optical reception circuit are integrated;
[Fig. 29A] Fig. 29Ais atop viewshow ng anot her configuration
exanpl e of optical path conversion neans according to the
optical circuit of the present invention; and

[Fig. 29B] Fig. 29B is a sectional view show ng another
configuration exanple of the optical path conversion neans

according to the optical circuit of the present invention.

Descri ption of Enbodi nents

[ 0025] The optical circuit of the present inventionis an
optical circuit for inspection including, in addition to an
optical circuit that inplenents desired functions, an optica
wavegui de for fl awdet ecti on whi ch surrounds theentireoptica
circuit and which is sufficiently proximate to the optical
wavegui de of the optical circuit and optical path conversion
nmeans connected to the optical wavegui de for detection. The
opti cal path conversion neans nmay be, for exanple, a pair of
grating couplers or a pair of couplers conposed of an opti cal
path conversion circuit having a groove including a totally
reflecting end face. Based on the transm ssion characteristic
nmeasur enent of the optical wavegui de for detection using the

opti cal path conversion neans, a flaww thin each chip can be
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efficiently di scoveredinthe state of a wafer before bei ng cut
into chips. A flaw can be efficiently discovered in a
hi erar chi cal manner by provi di ng i ndi vi dual optical wavegui des
for detection for respective chips and by further form ng one
common optical wavegui de for detection over the plurality of
chi ps. The procedures of flawdetectioninthe state of a wafer
will be explained below in detail together with detailed
enbodi nent s of the optical wavegui des for detectionin various
aspects from a nost fundanmental configuration to a nore
conplicated configuration. Firstly, the configuration of the
optical circuit for inspection which is the nost fundanental
configuration of the present invention and its inspection
procedures will be expl ai ned.

(First Enbodi nment)

[ 0026] Fig. 1is a plan viewshow ng a configuration of an
optical circuit accordingtothefirst enbodi nent of t he present
invention. In Fig. 1, an area defined with dotted | i nes shows
a silicon optical circuit chip 100, which is conposed of a
circuit conpletelyidentical tothe optical nodulationcircuit
of the conventional technique as illustrated in Fig. 27A. The
silicon optical circuit chip 100 is one chip area on a silicon
waf er, and in a case of cutting the wafer intoachip, thischip
resultsinasingleoptical circuit chip. InFig. 1, an opti cal
nodul ati on circuit which has the same confi guration as that of
t he conventional technique is shown with dotted |ines, and an
expl anation on a detail ed configuration and operation will be
omtted. The optical nodulation circuit depicted with the

dottedlinesisanoptical circuit that istobeafinal product
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for inplenmenting optical nodulation functions, and a flaw
occurredonthe wavegui de of t he opti cal nodul ati oncircuit nmust

be detected in an early stage in the manufacturing and
i nspection processes. For sinplification, an optical circuit

for inplenmenting a predeterm ned function which is to be a
target of fl awdetection, suchastheoptical nodulationcircuit

of Fig. 1, will be hereinafter called a "target circuit”

t hroughout the expl anati ons.

[ 0027] The optical circuit of the present invention
i ncl udes anoptical circuit for i nspectiondepictedwthasolid
lineinadditiontothe optical nodulationcircuit whichisthe
above-described target circuit depictedwith the dotted |Iines
in Fig. 1. The optical circuit for inspection is conposed of

an optical wavegui de 101 and grating couplers 102, 103 which
are connected to both ends of the optical waveguide 101,

respectively. Thesetwo grating couplers arealsocalledapair

of grating couplers. The optical wavegui de 101 i s arranged so
as to run al ong a peri phery (contour) of atarget circuit from
an i nput wavegui de of the target circuit to an out put wavegui de
thereof and is arranged so as not to cross the wavegui de of the
target circuit.

[ 0028] Fig. 2 is a diagram showing a cross sectional

structure of an optical wavegui de for detectioninthe optical

circuit of the present invention. Fig. 2 is a diagramvi ew ng
a cross section perpendicular to a waveguide in the vicinity
of the optical waveguide for detection 101 in Fig. 1, and the
opti cal wavegui de 101 i s conposed of a channel -type wavegui de

formed of an SO (Silicon On Insulator) substrate. Its core
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width is 0.5 pm and its core thickness is 0.22 um The
channel -type opti cal wavegui dei s forned on a BOX(Buri ed OXi de)
| ayer 122 which is forned on a silicon substrate part 123 of
the SO substrate. It further i ncludes aSi G cl addi ng 121 f or ned
so as to cover the optical wavegui de (core) 101. The cl addi ng
121 has a thickness of about 2 um and the BOX (Buried OXi de)
| ayer 122 has a thickness of about 2 pum

[ 0029] Fig. 3A and Fig. 3B are diagrans showing a
configuration exanple of a grating coupler as optical path
conversionneansintheoptical circuit of the present i nvention
Fi g. 3Ashows atop viewof one of thegratingcouplers 102 (103),
i n which one end of the grating coupler 102 is connected to the
optical waveguide 311, and the optical waveguide 311
corresponds to the opti cal wavegui de 101 of Fig. 1. Between t he
grating coupler 102 and the optical waveguide 311, a tapered
wavegui de 312 i s provided. The grating coupl er 102 i ncl udes a
core portion 314 having a thick grating and a core portion 313
having a thin grating. In the tapered wavegui de 312, fromthe
opti cal wavegui de 311 toward t he grati ng coupl er 102, the wi dth
of the waveguide is enlarged from0.5 uymto 10 pm It should
be noted that, i neach of thefoll ow ng enbodi nents, thegrating
coupl ers and the pair of grating couplers will be described as
exanpl es of opti cal path conversi on neans. However, t he opti cal
pat h conver si on neans can al so be real i zed, besides the grating
coupl ers, by couplers or a pair of coupl ers which are conposed
of an optical path conversioncircuit having a groove incl uding
atilted end face that allows total reflection, which wll be

described | ater.



[ 0030] Fig. 3B shows a structure of a cross section
includinglinelllIB-Il1IBinthetop viewof the grating coupler
of Fig. 3A. The wavegui de core portions 313, 314 form ng the
grating continuously to an extensi on of the core of the opti cal
wavegui de 311 are nmade of silicon. The wavegui de core portions
313, 314 are formed on a BOX | ayer (lower part cladding) 316
which is formed on a silicon substrate part 315 of the SO
substrat e, and above t he wavegui de core portions, an upper part
cladding 317 is formed with SiG,. The pitch between gratings
s 0.7um and each | ength of the core portion 314 having athick
wavegui de i s 0. 35 um Further, thethickness of the core portion
314 having a thick waveguide is 0.22 uym the thickness of the
thin core portion 313 is 0.15 um the thickness of the upper
part cl addi ng 317 i s about 2 um and t he t hi ckness of the | ower
part cladding 316 is 2 um

[ 0031] Fig. 4 is a diagramillustrating a nethod of an
optical circuit i nspectionduringamanufacturingprocess using
the optical circuit of the first enbodi nent of the present
I nvention. By using the grating couplers 102, 103 which are
I i ght input/output nechanisns, a nethod of neasuring |ight
transmttance characteristics of the optical waveguide for
detection 101 in the state of a wafer before separating into
i ndi vidual chips is schematically shown.

[ 0032] The grating couplers 102, 103 can i nput or out put
light by changing a light direction from the channel -type
optical waveguide toward an upper direction which is
substantially perpendicular to the face constituting the

optical circuit of the chip, that is, the silicon (SO)
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substrate face. By use of the grating couplers, thereis noneed
to cut the optical circuit intoachiptoforman end face for
i nputting or outputtingtest light for flawdetection. In other
words, it is possible to nmeasure the characteristics of the
optical circuit for inspection by inputting/outputting |ight
to/froma circuit in the state amd the manufacturing of the
optical circuit on a wafer or in the state of the wafer after
t he manuf acturing of theoptical circuit. InFig. 4, theoptical
nodul ationcircuit of Fig. 1, whichisatarget circuit, i sshown
in one rectangular area defined with dotted lines, and a
plurality of rectangul ar areas are each aligned on the wafer
inthe state before being cut out into chips. Wth respect to
aspecifictarget circuit onthe wafer, optical fibers 401, 402
are respectively brought closer to the grating couplers 102,
103 of the optical circuit of the present invention fromthe
above for optical coupling. Wen connecting one optical fiber
401toalight sourcefor measurenent andt he ot her opti cal fi ber
402 to a detector, light transm ttance characteristics can be
eval uated as i nthe case of i nputting/outputtinglight fromthe
end face of the substrate after cutting and separating into
chips as in the conventional technique.

[ 0033] Fig. 5isadiagramshowi ngastateinwhichascratch
has occurred on an opti cal nodulationcircuit, whichisatarget
circuit, during its manufacturing process. In Fig. 5 a flaw
500 has occurred so as to traverse the optical waveguide for
detection 101, together withthe plurality of wavegui des onthe
target circuit. In many cases where such a flaw occurs, a

structural defect occurs onthewavegui des of thetarget circuit
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and a critical error is caused to the characteristics of the
target circuit. InFig. 5 thecase wherethe flaw500is wthin
the size of a single chipis illustrated, but there nmay be a
case where the flaw straddles a plurality of chips.

[ 0034] In the case where a flaw causing a defect on the
target circuit occurs as shownin Fig. 5, a defect al so occurs
on the optical waveguide for detection 101 in the optical
circuit of the present invention. It is desirable that the
opti cal wavegui de for detection 101 be arranged as cl ose as
possi bl etothe outernost contour of the wavegui de of thetarget
circuit within arange in whichlight coupling does not occur.
In the optical circuit of the present invention, the size of
aflawtobedetectedisequivalent toor | arger thantheinterval
bet ween wavegui des in the target circuit. In consideration of
typical circuit configurations of the optical nodulation
circuit and the optical reception circuit and their intervals
bet ween wavegui des as shown in Fig. 27A, Fig. 27B, and Fi g. 28,
aflawis assunedto have a si ze of approxi mately 100 umor nor e.
This is because a probability in which a flaw traverses a
wavegui de within the target circuit, that is, a probability of
deteriorating the characteristics of the target circuit wl|l
i ncrease whenthe size of aflawis equivalent toor | arger than
the interval between wavegui des.

[ 0035] Fig. 7 is a graph showing the rel ati on between an
i nterval between atarget circuit and an optical wavegui de for
detection and a detection probability of a flaw according to
the optical circuit of the present invention. This shows the

detection probability of a flaw depending on an adjacent
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i nterval between the target circuit and the opti cal wavegui de
for detection 101 as shown in Fig. 1 when the size of a flaw
is assuned to be 100 um Since it is naturally desirabl e that
the detection probability of a flaw be nearly 1, in order to
achi eve atol erance of detectionprobabilitytobe0.99 or nore,

an appropriate adjacent interval 110 is to be 50 um at nost

according to Fig. 7. As the optical wavegui de 101 i s arranged
as cl ose as possibletothe target circuit, the probability in
which aflawto be detected is caused onthe target circuit and
the opti cal wavegui de 101 at the sane tine can be increased.

Therefore, inthe target circuit of Fig. 1, inthe vicinity of

three-step optical couplers located in alower left part, the
opti cal wavegui de for detection 101 is depictedslightly apart

fromthe target circuit, but it is preferable that the optical

wavegui de for detection 101 be sufficiently cl oseto an optical

coupl er eveninthepart inthevicinityof thisoptical coupler.

It shoul d be noted that the occurrence of aflawin the present

inventionisnot limtedtothe one occurredonly onthe optical

wavegui de, but intheoptical circuit of the present i nventi on,

aflawon all other circuit elements withinthe target circuit

can al so be detect ed.

[ 0036] In general, the target circuits are arranged so as
to be organi zed wi t hi n an area as conpact as possi bl e on a chip
substrate in terns of cost. Therefore, the optical wavegui de
for detection in the present invention is arranged al ong the
peri phery of an area of the target circuit, that is, along a
contour thereof. Internms of reliably detecting a flaww thin

the target circuit, the opti cal wavegui de for detection shoul d
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surround as nmuch part (whol e circunference) of the contour of
the target circuit as possible. In addition, it is desirable
that the optical wavegui de 101 be arranged al ong the target
circuit fromone end to the other end as much as possi bl e.
Therefore, it is preferable that the optical wavegui de 101 be
arranged al ong t he out er shape (contour) of the target circuit
in alongitudinal direction. Due to this arrangenent, when a
flaw occurs in any part of the target circuit, the flaw al so
occurs on the optical wavegui de 101 at the sane tine, and t hus
the probability of detectingtheflaww || beincreased. Inthis
regard, positions of the grating couplers 102, 103 nmay not
necessarily be | ocat ed near the i nput/output term nals of the
target circuit, and may be arranged on arbitrary positions that
are conveni ent for i nspection during the manufacturing process
of the optical circuit.

[ 0037] Fig. 6 is a graph showi ng transm ssion spectra
obtai ned in cases with/w thout aflawaccordingto the optical
circuit of the first enbodi ment of the present invention. In
the optical circuit shownin Fig. 1 or Fig. 5, light is input
to or out put fromthe grating coupl ers 102, 103 usi ng t he net hod
described in Fig. 4 to measure a transmni ssion spectrumof the
opti cal wavegui de 101. In Fig. 6, a spectrumof nearly a Cband
wavel ength area is shown. A solid line denoted as "normal " in
Fig. 6 represents atransm ssion spectruminthe case where the
target circuit hasnoflawas showninFig. 1. Meanwhi |l e, adotted
line denoted as "withflaw' inFig. 6 represents atransm ssion
spectrumin the case where a fl awoccurs on the target circuit

and a defect al so exists on the optical wavegui de 101 as shown
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in Fig. 5. The grating coupl ers have wavel engt h dependence on
the rate of coupling with an optical fiber, and the grating
coupl ers 102, 103 of Fig. 3Aand Fig. 3B are desi gned such t hat
thevicinity of the wavel engt h of 1545 nmhas a maxi nrumcoupl i ng
rate. Onthetransm ssion spectrumshowninFig. 6, the coupling
rate betweenthe gratingcouplers 102, 103 and t he opti cal fi ber
and t he propagati on | oss accordingtothelength of the optical
wavegui de 101 are refl ected. Mreover, when a flaw exists in
the optical circuit as shown in Fig. 5, a defect occurred on
the optical wavegui de 101 causes a great |oss, and thus, the
lossisalsoreflectedonthetransm ssionspectrum Therefore,
a great difference appears in the level of the transm ssion
spectrum bet ween the case with a flaw on the optical circuit
and the case without a flaw thereon.

[ 0038] As shown alsoin Fig. 4, inthe optical circuit of
the present invention, atransm ssion spectrumis neasured on
the optical circuits for inspection fabricated so as to be
adapted to the target circuits one to one in a plurality of
rectangular areas fornmed on the wafer to judge the
presence/ absence of a flaw. The transm ssion spectrum is
nmeasured on al | target circuits withinthe wafer to conpare the
transm ssion spectrumwith the "nornal"” state, and a target
circuit having a flaw that causes a defect on a wavegui de can
be detected from a deviation from the "normal" state of
transmttance.

[ 0039] Therefore, the optical circuit of the present
i nvention can be carried out, in the silicon optical circuit

having a function of detecting a flaw occurred on an opti cal
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circuit elenent fornmed on the substrate, by conprising an
opti cal wavegui de arranged al ong at | east a part of a contour
of the target circuit having a predeterm ned function by the
optical circuit elenment and arranged proxi mate at a di stance
that does not cause optical coupling with the target circuit
and a pair of grating couplers disposed at both ends of the
opti cal wavegui de. Preferably, thetarget circuit, the optical
wavegui de, and the pair of grating couplers are conposed of a
silicon fine wire formed on the SO substrate.

[ 0040] A favorabl e aspect of aflawdetection accordingto
the optical circuit of the present inventionis, firstly, that
nore reliable detection of failure (flaw) during the
manuf act uri ng process can be achi eved based on obj ecti ve dat a,
that is, transm ttance characteristics of theoptical circuit,
wi thout relying on subjective and sensory decisions by a
nmeasur er as by t he vi sual i nspecti on of aconventi onal techni que.
Secondl y, another aspect is that detection is made by |ight
transm ttance characteristic of the optical wavegui de whichis
obtai nable in a stable and i medi ate manner w t hout the need
to supply power to the optical circuit, and thus, neasurenent
for multiplecircuits can be automated. Due to this, operation
cost and tinme for a personnel can be reduced conpared to the
vi sual i nspection of aconventional techni que, and, i naddition,
itisfairly possibletoreduceinspectiontineaswell. Thirdly,
accordingtotheoptical circuit of the present i nvention, stil
anot her aspect is that, since neasurenent and detecti on can be
made at a wafer | evel before being cut into individual chips,

a target circuit having failure (flaw) can be specified in
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earlier stage of the manufacturing process of the optica

circuit. Due to this, total manufacturing tinme can be reduced
by omtting beforehand inspections and the like for the
specified circuit in the processes after the discovery of the
failure.

[ 0041] In the descriptionof Fig. 6, it has been expl ai ned
that thetransm ssi onspectrumi s measuredfor detectingaflaw,

but a defect caused by the flawis detected as a difference in
a transm ssion | oss, and thus, instead of maki ng neasurenent
by scanning all of certain wavelength bands, the | oss
nmeasurenent with a single wavel ength can be sufficiently used
for detection. Accordingly, in terns of further reduction of
measuringtinme, neasuringonlythelosswthasinglewavel ength
I's desirable.

[ 0042] The i nspectionintheoptical circuit of the present
i nvention can be made on the manufactured wafer at a timng
i mredi ately before being cut into chips. Mre preferably, it
is effective to make inspection at atimng imediately after
machi ni ng and form ng silicon wavegui des or i medi ately after
further depositing upper part cl addi ng after machi ning silicon
wavegui des. Due to this, by detecting a flaw on the target
circuit having a flaw in the stage of machining silicon
wavegui des, it is possibletoomt an el ectrode i nspecti on and
thelike of the al ready detected target circuit havingthe flaw
in the electrode formng or the like, which is a wafer
manuf acturing process |ocated further downstream thereby

| eading to further reduction of manufacturing tine.



[ 0043] As descri bed above in detail, the optical circuit
of t he present enbodi nent enabl es obj ecti ve detection of aflaw
occurred in the manufacturing process of the silicon optical

circuit onawafer inanearlier stageintheinspectioninthe
state of a wafer.

(Second Enbodi nent)

[ 0044] Fig. 8is aplan viewshow ng a configuration of an
optical circuit according to the second enbodi nent of the
present invention. Arectangul ar area defined by dotted | i nes
in Fig. 8 shows a silicon optical circuit chip 2100, which is
conposed of a circuit conpletely identical to the optica

nodul ation circuit of a conventional technique as illustrated
inFig. 27B. The silicon optical circuit chip 2100 is al so one
chip area on a silicon wafer, and further is a single optica

circuit chip when being cut into chips fromthe wafer. In Fig.
8, an optical nodulation circuit having a configuration
i dentical to the conventional technique is shown with dotted
lines, and an explanation on a detailed configuration and
operationwll be omtted hereas inthe first enbodi nent. The
optical nodulationcircuit shownwththe dottedlinesin Fig.

8isatarget circuit for i npl enenting a predeterm ned function
which is to be a target of flaw detection.

[ 0045] The optical circuit of the present enbodinment
I ncludes, inadditionto the optical nodul ation circuit which
is atarget circuit depicted wwth the dotted lines in Fig. 8,

an optical circuit for inspection depicted with a solid |ine.

The optical circuit for inspection is conposed of an optical

wavegui de 2101 and grating couplers 2102, 2103 which are
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connected to the both ends of the optical wavegui de 2101. The
configuration of the optical waveguide 2101 and the grating
coupl ers 2102, 2103 isidentical tothat of thefirst enbodi ment
The optical wavegui de 2101 is arranged so as to run al ong t he
peri phery of the circuit froman i nput wavegui de to an out put
wavegui de of the target circuit and is arranged so as not to
traverse the wavegui des of the target circuit. In the first
enbodi nent, the opti cal wavegui de for detection 101is arranged
al ong only one of the | ong si des (one-si ded) of the contour of
thetarget circuit. Incontrast, inthe present enbodi nent, the
opti cal wavegui de 2101 is arranged along nearly the entire
contour of the target circuit so as to surround the entire
peri phery of thetarget circuit includingbothof thel ong sides
(bot h-sided) of the contour of the target circuit.

[ 0046] Fig. 9isadiagramshowi ngastateinwhichscratches
have occurred on a target circuit according to the optical
circuit of the second enbodi nent. As inthe present enbodi nent,
t he arrangenent of the optical wavegui de 2101 all ows reliable
detection of flaws in the manufacturing process even if they
are smaller flaws 2200, 2201 that traverse only part of the
target circuit and do no traverse the whole. In other words,
even snal l er flaws can be effectively detected in the present
enbodi nent conparedtothefirst enbodi ment i nwhichtheoptical
wavegui de for detection is provided only on one side of the
contour of the target circuit.

[ 0047] In the present enmbodi nent as well, it is desirable
that the optical wavegui de 2101 be arranged, as in the first

enbodi nent, as close as possible to the outernost contour of

- 28 -



t he wavegui de of thetarget circuit wthinarangeinwhichlight
coupling does not occur. The appropriate adjacent interval
bet ween the wavegui de of the target circuit and an optical
wavegui de for detection 2101 is 50 umat nost. Since the net hod
of inspection during the process using the optical circuit of
the present invention is conpletely identical to that of the
first enbodinment, its explanation will be omtted.

[ 0048] As descri bed above, accordingtotheoptical circuit
of the present enbodi nent, aflawoccurredinthe manufacturing
process of the silicon optical circuit on a wafer can be
objectively detected in an earlier stage in the inspectionin
the state of awafer, and further, flaws i ncl uding smal |l er ones
conpared to those in the first enbodi nent can be detected with
hi gher sensitivity.

(Third Enmbodi ment)

[ 0049] Fig. 10 is a plan view showi ng a configuration of
an optical circuit according to the third enbodi nent of the
present invention. In Fig. 10, a rectangul ar area defi ned by
dotted lines shows a silicon optical circuit chip 3100, which
is conposed of a circuit conpletely identical to the optica
nodul ation circuit of a conventional technique as illustrated
inFig. 27B. The silicon optical circuit chip 3100 is al so one
chip area on a silicon wafer, and further is a single optica
circuit chip when being cut into chips fromthe wafer. In Fig.
10, an optical nodulation circuit having a configuration
i dentical to the conventional technique is shown with dotted
lines, and an explanation on a detailed configuration and

operationwi || beonmtted here asinthe conventional techni que
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and t he second enbodi nent. The opti cal nodul ati oncircuit shown
with the dotted lines in Fig. 8 is a target circuit for

i npl enmenting a predeterm ned function whichis to be atarget

of flaw detection.

[ 0050] The optical circuit of the present enbodi nent

I ncludes, inadditionto the optical nodul ation circuit which
isatarget circuit depicted with the dotted lines in Fig. 10,

an optical circuit for inspection depicted with a solid |ine.

The optical circuit for inspection is conposed of an optical

wavegui de 3101 and grating couplers 3102, 3103 which are
connected to both ends of the optical waveguide 3101. Two
grating couplers 3102, 3103 are al so called a pair of grating
coupl ers. The configuration of the optical wavegui de 3101 and
the grating couplers 3102, 3103 is identical to those of the
first enbodi nent and the second enbodi nent, but the present

enbodi nent has a feature in the structure of the optical

wavegui de 3101.

[ 0051] Fig. 11 is a diagramshow ng an optical wavegui de
structure of the optical circuit according to the third
enbodi nent of the present invention. In the optical wavegui de
for detection 3101 in the present enbodi nent, a curve portion
3202 for changi ng a direction of the wavegui de has a core wi dth
of 0.5 umas i nthe second enbodi nent, whi ch forns a si ngl e- node
wavegui de. Meanwhil e, the core width of a linear portion 3201
I's enl arged conpared to that of the curve portion 3202 to form
a mul ti node wavegui de. Bet ween t he wavegui des havi ng di f f er ent

wi dt hs bet ween cur ved wavegui des and | i near wavegui des, t apered



wavegui des 3203, 3204 have afeature inwhichtheir core w dths
are continuously transforned.

[ 0052] Therefore, the optical circuit of the present
enbodi nent can be carried out as an optical circuit, in which
at least part of a linear portion of the optical waveguide is
a nul ti node wavegui de whose core wi dth has been enl arged, and
t he nmul ti node wavegui de i s connect ed t o a wavegui de of anot her
portion of the optical wavegui de vi aataperedwavegui de wi t hout
node conver si on.

[ 0053] The optical waveguide for detection 2101 in the
second enbodi nent is a single-nobde wavegui de over the entire
l ength, andit is possibletodetect aflaww thout any probl em
by an i nspecti on usingthetransm ssion spectrumof the opti cal
wavegui de. However, in general, the single-nbde wavegui de of
the silicon fine wire (0.5 in wdth x 0.22 umin height) has
a propagation loss of 2 to 4 dB/cm Since a value of the
propagati on | oss changes accordi ng to a nachi ni ng error or the
| ot of SO wafer, sone extent of fluctuati onoccurs by each waf er
fabrication or within the surface of the wafer. Therefore, in
a case where the size of atarget circuit is relatively |arge
and the total |ength of the optical wavegui de for inspecting
a flaw becones large, a transm ssion spectrum or a |oss
nmeasur enent value for judging presence/absence of a flaw
fluctuates by each waf er fabri cati on and have vari ationsw thin
t he surface of the wafer. Such fluctuation and vari ation of the
neasured values cause noise in detecting and judging the
presence/ absence of a flaw in the optical circuit, thereby

deteriorating the accuracy of the detection.

- 31 -



[ 0054] Thus, inthe case where the | i near wavegui de portion
wi t hi nthe opti cal wavegui de for detection3101isthemultinode
wavegui de as in the present enbodi nent, the propagation | oss
of t he wavegui de 3101 canbe significantlyreduced. For i nstance,
when a core height remains to be 0.22 ymand the core w dt h of

the waveguide is set to be 1.5 um the propagation | oss of a
basic node is 0.5 dB/cmor |less, which is an extrenely small

val ue conpared to the propagation |oss of the single-nbde
wavegui de. By suppressi ngt he absol ut e val ue of t he propagati on
| oss, variations of the optical circuits thensel ves caused by
each waf er fabricationor causedw thinthe surface of the wafer

can al so be suppressed. When conparedw ththe case of t he second
enbodi nent, adifferenceinspectrainthe case of "nornmal" and
the case of "with flaw' shown in Fig. 6 due to noi se reduction
becones st abl e and cl ear, t hereby enhanci ng det ecti on accur acy
for detecting and judgi ng t he presence/ absence of aflawinthe
optical circuit.

[ 0055] In general, the namng of a multinode wavegui de
refers to a wavegui de capabl e of propagating a plurality of

nodes, but actually, it is inportant to propagate only |ight

of a basic node in the optical wavegui de for detection of the
present invention. In order to do so, it is necessary to make
adi abati c propagationinthe tapered waveguide, andthus it is
necessary to design an angl e of wi dening the core wi dth of the
t aper ed wavegui de nore gradual l ytosone extent. It i sdesirable
that a wi dening angle of the core be five degrees or |ess as
acriterion, and when the core width of the linear portion 3201

of the nmulti node waveguide is set tobe 1.5 um it is desirable
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that the | engths of the tapered wavegui des 3203, 3204 each be
about 15 pm or nore.

[ 0056] In the present enbodi nent as well, it is desirable
that, asinthe first enbodi nent and t he second enbodi nent, the
opti cal wavegui de 3101 be arranged as cl ose as possi ble to the
out er nost cont our of the wavegui de of thetarget circuit within
arange inwhichlight coupling does not occur. The appropri ate
adj acent interval between the wavegui de of the target circuit
and the optical wavegui de for detection is 50 ymat nost. In
t he present enbodi ment as well, since the nmethod of i nspection
intheprocessusingtheoptical circuitisconpletelyidentica
to that of the first enbodinent, its explanation will al so be
om tted here.

[ 0057] Fig. 12 is a graph showi ng transnm ssion spectra
obtai ned in cases with/w thout a flawaccordingto the optical
circuit of the third enbodi ment of the present invention. In
the optical circuit of Fig. 10, light is input to and out put
fromthe gratingcoupl ers 3102, 3103to nmeasurethetransm ssion
spectrum of the optical wavegui de 3101. A solid |ine denoted
as "normal" in Fig. 12 represents a transm ssion spectrumin
the case where the target circuit has no flaw. Meanwhile, a
dotted line denoted as "with flaw' in Fig. 12 represents a
transm ssion spectrumin the case where a flaw occurs on the
target circuit and a def ect al so exi sts onthe optical wavegui de
3101. The grating coupl ers have wavel engt h dependence on t he
rat e of couplingw thanoptical fiber, andthegratingcouplers
3102, 3103 of Fig. 10 are al so designed such that the vicinity

of the wavel ength of 1545 nm has a maxi num coupling rate. On
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the transm ssion spectrumshown in Fig. 12, as in the first
enbodi nent and t he second enbodi nent, t he coupl i ngrate between
the grating coupl ers 3102, 3103 and the optical fiber and the
propagation |oss according to the length of the optical
wavegui de 3101 are reflected. In the present enbodi nent, as
shown in Fig. 11, the core width of the |linear portion of the
opti cal wavegui de 3101 isenlargedsoastosignificantlyreduce
the propagation | oss. Therefore, it can be recogni zed that,
transmttance of the transm ssion spectrumin the case of
"normal" is increased (the loss of a circuit is reduced)
conpared to the spectrumof the first enbodi nent shown in Fi g

6. Accordingly, even when a flawis present and t he anount of
| oss increase is not too | arge due to the extent of the flaw
being relatively small, it is possible toreliably detect the
presence/ absence of a flaw because there is no variation in
measur ed val ues.

[ 0058] As descri bed above, accordingtotheoptical circuit
of the present enbodi nent, aflawoccurredinthe manufacturing
process of the silicon optical circuit on a wafer can be
objectively detected in an earlier stage in the inspectionin
the state of a wafer, and further, can be detected wi th hi gher
accuracy conpared to those in the first enbodi nent and the
second enbodi nent.

(Fourth Enbodi nent)

[ 0059] Fig. 13 is a plan view showi ng a configuration of
an optical circuit according to the fourth enbodi ment of the
present invention. In Fig. 13, a rectangul ar area defi ned by

dotted lines shows a silicon optical circuit chip 4100, which
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is conposed of a circuit conpletely identical to the optica

nodul ation circuit of a conventional technique as illustrated
inFig. 27B. The silicon optical circuit chip 4100 is al so one
chip area on a silicon wafer, and further is a single optica

circuit chip when being cut into chips fromthe wafer. In Fig.
13, an optical nmodulation circuit having a configuration
i dentical to the conventional technique is shown with dotted
lines, and an explanation on a detailed configuration and
operationwi || beomttedhereasintheconventional technique,
the second enbodi nent, and the third enbodi nent. The optica

nodul ation circuit shown with the dotted lines in Fig. 13 is
a target circuit for inplementing a predeterm ned function
which is to be a target of flaw detection.

[ 0060] The optical circuit of the present enbodi nent
I ncludes, in additionto the optical nodul ation circuit which
isatarget circuit depicted wth the dottedlinesinFig. 13,
an optical circuit for inspection depicted with a solid |ine.
The optical circuit for inspection is conposed of an optical
wavegui de 4101 and a pair of grating couplers 4102 which are
connected to both ends of the optical wavegui de 4101. The
configuration of the optical wavegui de 4101 and the pair of
gratingcouplers4l02isidentical tothoseof thefirst tothird
enbodi nents, but the present enbodi nent has a feature in the
arrangi ng positionof the pair of gratingcouplers 4102, asw | |
be described | ater.

[ 0061] In the present enbodinment, as in the second
enbodi nent and the third enbodi nent, an opti cal wavegui de 4101

is arranged so as to surround the entire target circuit, and,
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as inthe third enbodi nent, the |linear portion of the optical
wavegui de 4101 has an enl arged core width to forma mul ti node
wavegui de so as to reduce t he propagati on |l oss. I n other words,
the core wi dth of a curved portionw thinthe optical wavegui de
4101 is 0.5 ymand the core wdth of the |linear portionis 1.5
pum Furthernore, a portion connecting the Iinear portion and
ot her portions has a continuously transforned core width as a
t aper ed wavegui de, and the | engt h of each tapered waveguide i s
15 pymin order to somewhat gradually forman angle to enl arge
the core w dth.

[ 0062] Further, in the present enbodinent as well, it is
desirable that, as in the above enbodi nents, the optical
wavegui de for detection 4101 be arranged as cl ose as possi bl e
to t he out ernost contour of the wavegui de of the target circuit
within a range in which Iight coupling does not occur. The
appropriate adjacent interval between the wavegui de of the
target circuit and the optical waveguide for detection is 50
um at nost.

[ 0063] The present enbodi nent has a feature in arelative
positional relation between the two of the pair of grating
couplers 4102. Inthe first to third enbodi nents, two grating
coupl ers are disposed inthe vicinity of two corners that are
farthest fromeach other within the rectangular chip area. In
contrast, in the present enbodi nent, two grating couplers are
formed proximate and parallel to each other such that their
i nci dent angl es face the sane direction at thetine of coupling
to fiber conmponents and di sposed together in the vicinity of

one corner |ocation. As such, the arrangenent of the pair of
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grating coupl ers enabl es the optical wavegui de for detection
4101 i nthe present enbodi nent showninFig. 13to be configured
so as to surround approxi mately entire peri phery of the contour
of the target circuit by using the configuration of al oopback
wavegui de havi ng outward and return paths. I n other words, the
opti cal wavegui de 4101 can be confi gured to i ncl ude an outward
portion arranged al ong a contour of thetarget circuit fromone
coupler of the pair of grating couplers 4102 so as to
substantially surround the target circuit and areturn portion
arranged by returning substantially parallel to the outward
portion to reach the other coupler of the pair of grating
coupl ers.

[ 0064] By adopting such an arrangenment of the grating
coupl ers, an advant age descri bed bel oww || be obtai ned. In an
I nspecti on devi ce whi ch causes an optical fiber toaccess, from
above, awafer surface onwhichanoptical circuit isfabricated
and whi ch perforns neasurenment by light input/output, it is
i nportant to maintain an angle of entering |light against the
waf er surface and a di st ance bet ween t he end of the opti cal fi ber
and a circuit surface to be al ways constant, respectively, in
order to obtain sufficient neasurenent accuracy. Therefore, in
vi ewof obtai ni ngsufficient measurenent accuracy andstability,
it is further desirable that the optical fiber have only one
drive nmechanism and that an optical probe having an input
optical fiber and an output optical fiber fixed at a specific
interval be used. In the optical circuit of the present
i nvention, the positions of the input/output of the grating

couplers are designed to be arranged together on adjacent
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| ocations at an interval adapted to the configuration of the
end portions of the optical probe. The arrangenent of the two
of the pair of gratingcoupl ers 4102 asinthe present enbodi nent

all ows stable and accurate flaw detection judgnent using a
single optical probe.

[ 0065] Fig. 14 is a diagramillustrating a nethod of an
optical circuit inspection during a process using the optical

circuit of the fourth enbodi nent of the present i nvention. The
pair of grating couplers 4102 which are |ight input/output

nmechani sns adjacently arranged together is enployed to
schematically show a nethod of neasuring the [ight

transm ttance characteristic of the optical wavegui de 4101 i n
the state of a wafer.

[ 0066] In Fig. 14, the optical nodulation circuit of Fig.

13 which is atarget circuit is shown in one rectangul ar area
defined with dotted lines, and each of a plurality of

rectangul ar areas is aligned on the wafer in the state before
bei ng cut out i nto one chi p. Above the pair of grating couplers
4102 arranged inparallel for theoptical circuit of the present

I nvention, optical probes 4201inwhichoptical fibersarefixed
inparallel at acertaininterval are di sposed proxi mate to each
ot her for optical coupling. Wien connecting one optical fiber

of the optical probes 4201 to the |ight source for neasurenent

and t he ot her optical fiber toadetector, light transm ttance
characteristics of the optical circuit for inspection can be
eval uated as i n the case of inputting/outputtinglight to/from

the end face of the substrate after bei ng cut and separatedinto



a chipasinthe conventional technique, and further, asinthe
descriptions regarding the first enbodinment in Fig. 4.

[ 0067] A pitch between two optical fibers of the optical
probes 4201, that is, an interval between the pair of grating
coupl ers 4102 depends on the design of an i nspection devi ce,
but in consideration of the covering dianeter of the opti cal
fiber, they should desirably be | ocated as cl ose as possible
in ternms of positional accuracy. Here, the pitch between the
two optical fibers for the optical probes 4201 refers to a
di stance between the centers of the cores of the two optical
fibers, and the interval between the pair of grating couplers
4102 refers to a distance between the centers of the two
rectangul ar grating couplers.

[ 0068] Fig. 15 is a graph showing, in optical fiber block
conponents to which two optical fibers are fixed, a nom nal
val ue of a pitch between fibers and an error anmount of a pitch
bet ween actual ly fabricated ones. In the optical fiber block
conmponents to which two optical fibers are fixed at a specific
pitch, a pitch between the actually fabricated optical fiber
bl ock conponents is deviated froma design value, that is, a
nom nal value of a pitch between the optical fibers, and has
variations. In Fig. 15, a horizontal axis indicates nom nal
values and a vertical axis indicates errors of actually
fabricated pitches fromnom nal values. Normally, since the
node field dianeter of Ilight in the optical fiber is
approxi mately 10 um a posi tional devi ati on betweenthe grati ng
coupl er and the optical fiber isrequiredto be 0.5 umor |ess

for maki ng good optical coupling. At this tinme, a pitch error
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al | oned between the two optical fibers is 1 pm and as shown
inFig. 15, it isappropriatethat apitchbetweenthetwo opti cal
fibers be 1 nmmat nost.

[ 0069] In the present enmbodi nent, a nethod of detecting a
flaw on the optical circuit wusing light transmttance
characteristics obtained from the inspection during the
manuf acturing process of the optical circuit is conpletely
identical to those of the above enbodinents, and thus, its
explanation will be omtted.

[ 0070] As descri bed above, accordingtotheoptical circuit
of the present enbodi nent, aflawoccurredinthe manufacturing
process of the silicon optical circuit on a wafer can be
objectively detected in an earlier stage in the inspectionin
the state of a wafer. In the present enbodi nent, by nmaking
optical coupling of the grating couplers nore stable using a
single optical probe, the detection and judgnent of a flaw on
the optical circuit can be achi eved nore stably and accurately
conpared to those in the first to fourth enbodi nents.

(Fi fth Enbodi ment)

[ 0071] Fig. 16 is a plan view showi ng a configuration of
an optical circuit according to the fifth enbodi nent of the
present invention. In Fig. 16, a rectangul ar area defi ned by
dotted lines shows a silicon optical circuit chip 5100, which
I's conposed of a circuit conpletely identical to integrated
circuits of an optical nodul at or and recei ver of a conventi onal
techniqueasillustratedinFig. 28. Thesiliconoptical circuit
chip 5100 is al so one chip areaon asilicon wafer, and further

isasingleoptical circuit chip when being cut into chips from
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thewafer. InFig. 16, the opti cal nodul at or and recei ver havi ng
a configuration identical to the conventional technique is
shown with dotted | i nes, and an expl anati on on a confi guration
and operation will be omtted. The optical nodul ator and
receiver shown with the dotted lines in Fig. 16 is a target

circuit for inplenmenting a predeterm ned function whichisto
be a target of flaw detection.

[ 0072] The optical circuit of the present enbodinment

i ncludes, in addition to the optical nodul ator and receiver

whicharetarget circuits depictedwiththedottedlinesinFig.

16, anoptical circuit for i nspectiondepictedwithasolidline
The optical circuit for inspection is conposed of an optical

wavegui de 5101, 5102, 5103 and a pair of grating couplers 5104
connected to both ends of the optical wavegui des 5101, 5103.

A configuration of each of the pair of grating couplers 5104
Is identical to those of the first to fourth enbodi nents, and
further, the two grating couplers are proxinately arranged
together as in the fourth enbodi nent.

[ 0073] I nthe present enbodi nent, asinthesecondtofourth
enbodi nents, the opti cal wavegui dei s arranged soasto surround
the target circuit, and particularly, sincethetarget circuit

is an integrated circuit made of a plurality of sub target

circuits (optical nodulator and receiver), the optical

wavegui de having a plurality of | oopback portions 5101, 5102,

5103isarrangedsoastosurroundeachof thesubtarget circuits.
When a target circuit in an area to be cut out into one chip
has at | east two circuit portions having di fferent functions,

the sub target circuits refer to such circuit portions. Since
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thesubtarget circuits havedifferent functions, it is possible
to arrange themapart fromeach ot her on the chip, and, as the
case may be, it is even preferable to arrange themapart from
each other. In the case of including two or nore sub target
circuits asinthe present enbodi nent, an opti cal wavegui de for
detection 5102 can be arranged so as to surround the contour
of each of the sub target circuits by extendi ng over both of
the two sub target circuits through a space between t he two sub
target circuits.

[ 0074] I nthe present enbodi nent, the opti cal wavegui de f or
detection is conposed of three wavegui de portions, that is, a
first one is a | oopback wavegui de portion arranged al ong the
upper si de of the contour of anoptical nodulator circuit (first
sub target circuit), a second one i s a wavegui de portion 5102
bet ween t he above-descri bedtwo subtarget circuits, andathird
one is a | oopback wavegui de portion 5103 arranged al ong the
| ower side of the contour of the receiver (second sub target
circuit). The actual optical wavegui de for detection of Fig.
16 inthe present enbodi nent i s anintegratedoptical wavegui de
I n which the three wavegui de portions 5101, 5102, 5103 of the
arranged opti cal wavegui de are arranged conti nuouslyinseries
and thus, there is no need to fabricate a different wavegui de
separately and make them connect to each other. At both ends
of the integrated optical wavegui de conposed of the three
wavegui de portions 5101, 5102, 5103 of the optical wavegui de,
the two of the pair of grating couplers 5104 are provided.

[ 0075] The configuration of the present enbodi nent i s al so

applicable simlarly to the case of three or nore sub target
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circuits. Inother words, the optical wavegui de for detection
may at | east i ncl ude al oopback wavegui de porti on arranged al ong
a portion of the contour of the sub target circuit | ocated on
the end part within the chip and a wavegui de portion between
the sub target circuits arranged al ong t he cont our of t hose sub
target circuits by extending over two or nore different sub
target circuits. Amanner of configuringtheintegratedoptical

wavegui de as to in what order and in what way the | oopback
wavegui de portion and the wavegui de portion between the sub
target circuits are to be arranged can be selected in variety
I naccordance with the configuration and arrangenent of the sub
target circuits, and the present inventionis not limted at

all totheconfigurationof Fig. 16. Asinthe present enbodi nent,
by configuring the | oopback optical wavegui de portion and t he
wavegui de portion between the sub target circuits to surround
therespectivecontoursof thepluralityof subtarget circuits,

t he accuracy of fl awdet ecti oncanbeincreasedevenw thasnall

flaw occurred only on part of the sub target circuit area of

a target circuit inside a chip.

[ 0076] Therefore, the optical circuit of the present

enbodi nent can be carried out, in which the target circuit

i ncludes at | east two sub target circuits having an identi cal

function or different functions, the optical waveguide for
det ection at | east i ncl udes: | oopback wavegui de porti ons 5101,

5103 havi ng an outward portion arranged al ong a contour of a
first sub target circuit fromone coupl er of a pair of grating
couplers so as to surround the first sub target circuit and a

return portion arranged by returning substantially parallel to
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t he outward portion; and a wavegui de portion 5102 between t he
sub target circuits arranged continuously fromthe | oopback
wavegui de portion of the first sub target circuit al ong part
of a contour that is not surrounded by the | oopback wavegui de
portion of the contour of thefirst subtarget circuit or al ong
at | east part of a contour of a second sub target circuit that
is different fromthe first sub target circuit, and the pair
of grating couplers are formed proxi mate and parallel to each
ot her such that their incident angles face the sane direction
at the tinme of coupling to fiber conponents.

[ 0077] I nthe present enbodi nent, the opti cal nodul at or and
recei ver havi ng di fferent functi ons have been shown as exanpl es
of twosubtarget circuitsincludedinachipof atarget circuit,
but it is needless to say that the present enbodi nent can al so
be applied to a case where a plurality of sub target circuits
havi ng t he sane functi onareincl udedinonechip. I nother words,
inacase wherethe plurality of subtarget circuits havingthe
same function are arranged apart from each other, a flaw
occurred wi thin a chi p can be det ected by t he wavegui de portion
5102 between the sub target circuits as shown in Fig. 16.

[ 0078] In the present enbodi nent as well, as inthe third
enbodi ment and fourth enbodi nent, the core wi dths of thelinear
portions of the optical wavegui de 5101, 5102, 5103 are enl ar ged
to forma nul ti node wavegui de so as to reduce the propagation
| oss. The core widths of curved portions of the optical
wavegui de 5101, 5102, 5103 are 0.5 pymand the core w dths of
| inear portions are 1.5 um A portion connecting the |inear

portion and ot her portions has a conti nuously transforned core
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wi dth as a tapered wavegui de, and the | ength of each tapered
wavegui de is 15 pm

[ 0079] As in the above first to fourth enbodi nents, it is
desirable that the optical waveguide 5101, 5102, 5103 be
arranged as cl ose as possible to the outernost contour of the
wavegui de for each of the sub target circuits in the target

circuit within arange inwhichlight coupling does not occur.

The appropri at e adj acent i nterval between t he wavegui de of t he
target circuit and the optical wavegui de for detection is 50
um at nost .

[ 0080] Further, inthe present enbodi nent, the two grating
coupl ers are adjacently arranged together in the vicinity of

one corner | ocation of arectangular chipareaasinthe fourth
enbodi nrent. The grating couplers are configured to achieve
optical coupling nore stably using a single optical probe. An
i nterval between the pair of grating couplers 5104 depends on
t he desi gn of an i nspecti on devi ce, but i nconsideration of the
covering dianeter of the optical fiber, they should desirably
be | ocat ed as cl ose as possibleinterns of positional accuracy,

and it is appropriate to have the interval of 1 mmat nost.

[ 0081] In the present enbodinent as well, a method of

detecting a flaw on the optical <circuit wusing |I|ight

transmttance characteristics obtained from the inspection
during the manufacturing process of the optical circuit is
conpl etelyidentical tothose of t he above enbodi nents, andt hus,
its explanation will be omtted.

[ 0082] As described above, according to the present

enbodi nent, aflawoccurredinthe manufacturing process of the
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siliconoptical circuit on awafer can be objectively detected
inanearlier stage inthe inspectioninthe state of a wafer.
Further, in the case where a plurality of sub target circuits
exi st within a chip, the present invention can al so be applied
to a nore conplicated |arge-scale optical circuit than the
optical circuit including only the single target circuit by
usi ng an i ntegrated optical wavegui de for detection in which
the | oopback wavegui de surrounding respective sub target
circuits is sequentially connected in series.

(Si xth Enbodi nment)

[ 0083] Fig. 17 is a plan view showi ng a configuration of
an optical circuit according to the sixth enbodi nent of the
present invention. The optical circuits of the present
inventionintheabovefirst tofifthenbodi nents are confi gured
to detect a flaw occurred on the optical circuit by each chip
areathat includesatarget circuit tobecut out i ntoi ndividua

chi ps afterwards. The present enbodi nent presents a circuit
configuration capable of detecting a flaw by simultaneously
I nspecting a plurality of target circuits arranged on a wafer
and a nmet hod thereof so as to enable efficient flaw detection
over a plurality of chips.

[ 0084] In Fig. 17, rectangul ar areas defined with dotted
lines show silicon optical circuit chips 6100 to 6103,
respectively, and are conposed of circuits conpletelyidentica

totheintegratedcircuits of an optical nodul at or and recei ver
of a conventional technique described in Fig. 28. Each of the
siliconoptical circuit chips 6100to 6103 is al soone chip area

on a silicon wafer, and in the case of cutting the wafer into
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a chip, it beconmes a single silicon optical circuit chip. In
Fig. 17, opti cal nodul at ors and recei vers havi ng confi gurati ons
i dentical to those of conventional techniques are shown with
dotted |ines, and explanations of their configurations and
operations will be omtted. The optical nodulators and
receivers shown with the dotted lines within the respective
rectangular areas in Fig. 17 are target circuits for
i nplementing a certain function to be a target of flaw
det ecti on.

[ 0085] The optical circuits of the present enbodi nent
include, in addition to the optical nodul ators and receivers
whicharetarget circuits depictedwiththedottedlinesinFig.
17, optical circuits for inspection depictedw th solidlines.
The optical circuit for inspectionis, in a chip area 6100,
conposed of an opti cal wavegui de 6104 arranged so as t o surround
thetarget circuit and apair of gratingcoupl ers 6108 connect ed
to both ends of the optical wavegui de 6104. Further, in achip
area 6101, an opti cal wavegui de 6105 arranged so as t o surround
atarget circuit and a pair of grating couplers 6109 connect ed
to both ends of the optical waveguide 6105 are provided.
Simlarly, in a chip area 6102, an optical wavegui de 6106
arranged soastosurroundatarget circuit and a pair of grating
coupl ers 6110 connected to both ends of the optical wavegui de
6106 are provi ded, and further, in achip area 6103, an opti cal
wavegui de 6107 arranged so as to surround atarget circuit and
a pair of grating couplers 6111 connected to both ends of the

opti cal wavegui de 6107 are provided.



[ 0086] The above-described configuration of the optical
circuit for inspectionineachchipisidentical tothat of the
fifth enbodi nent shown in Fig. 16. The present enbodi nent has
features in which four optical waveguides 6104 to 6107 in
respective chip areas are further arranged therealong and in
whi ch one common opti cal wavegui de f or detecti on 6112 connect ed
inseriesis disposedsoasto surround four chipsinthe order
of the optical wavegui de 6104, the opti cal wavegui de 6105, the
opti cal wavegui de 6107, and t he opti cal wavegui de 6106. To both
ends of the comon opti cal wavegui de for detection 6112, a pair
of grating couplers 6113a, 6113b are connected. Aconfiguration
of each of the pair of grating couplers 6108, 6109, 6110, and
6111 is identical to those of the enbodi ments descri bed above.
[ 0087] Theref ore, the present enbodi nent i ncl udes t he f our
I ndi vi dual optical wavegui des for detection arranged so as to
surround the four target circuits, respectively, and, in
addition to the above, one comon optical waveguide for
det ecti on arranged al ong each of the four target circuits in
sequence. The present enbodinent is configured to neasure
transm ssion spectra or aninsertion | oss by usingthe optical
probes viathe pair of grating couplers for each of the opti cal
wavegui des for detection.

[ 0088] I nthe present enbodi nent, sincethetarget circuit
wi thin each chipis anintegrated circuit made of a plurality
of subtarget circuitsasinthefifthenbodi nent, anintegrated
opti cal wavegui de i n whi ch al oopback opti cal wavegui de porti on
surroundi ng each of the subtarget circuits within one chip and

awavegui de porti onbetweenthe subtarget circuits are arranged
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in series and grating coupl ers disposed at both ends thereof
are configured. Duetothis, the accuracy of flawdetection can
be increased even with a small flaw occurred only on part of
the sub target circuit area of the integrated target circuit.
[ 0089] Furthernmore, as in the third enbodi nent, fourth
enbodi nent, and fifth enbodi nent, the core wi dths of thelinear
portions of the optical waveguides are enlarged to form
mul ti node wavegui des so as to reduce the propagation | oss in
t he optical wavegui des. The core wi dths of curved portions of
t he opti cal wavegui des are 0.5 ymand t he core wi dt hs of |i near
portions are 1.5 pm Portions connecting the Iinear portions
and ot her portions have continuously transformed core w dths
as t aper ed wavegui des, and t he | engt h of each t aper ed wavegui de
is 15 um

[ 0090] Further, in the present enbodinent as well, it is
desirablethat, asinall the enbodi nents descri bed above, each
opti cal wavegui de be arranged as close as possible to the
out ernost contour of each of the sub target circuits in the
target circuit within arange in which light coupling does not
occur. Each appropri at e adj acent i nterval betweent he wavegui de
of the target circuit and the optical wavegui de for detection
is 50 um at nost.

[ 0091] Moreover, in the present enbodinent, as in the
fourth enbodi nent and fifth enbodi nent, inthe pair of grating
coupl ers 6108, 6109, 6110, and 6111, two grating couplers are
adj acently arranged together in the vicinity of one corner of
each rectangular area of a chip area. The pair of grating

couplers 6113a, 6113b for the conmmon optical waveguide for
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detection 6112 is arranged at a corner of the chip area 6102
inFig. 17, but may be arranged on any chipw thinthe four chip
areas. Al of the pair of grating couplers are configured to
achi eve optical coupling nore stably with respective single
optical probes. An interval between the two grating couplers
depends on the design of an inspection device, but in
consi deration of the covering dianeter of the optical fiber,
t hey shoul d desirably be | ocated as cl ose as possibleinterns
of positional accuracy, and it is appropriate to have the
interval of 1 nmm at nost.

[ 0092] Next, in the optical circuits of the present
enbodi nent, a nethod of detecting a flaw nore efficiently on
theoptical circuitsusinglight transm ttance characteristics
obt ai ned fromthe i nspecti on during the manufacturing process
of the optical circuits will be explained. In the above first
to fifth enbodi nents, the detection and judgnent of a fl aw on
the optical circuits are nmade separately for individual chip
area at a tine. In contrast, in the present enbodi nent, the
detection and judgnent of a flaw on the optical circuits are
made for a plurality of chip areas, and, as required, the
detection and judgnent of a flaw on the optical circuits are
made separately one by one for the individual chip areas. In
ot her words, hierarchical flawdetecti on and judgnment whichis
conposed of the flaw detection and judgnment using the common
opti cal wavegui de for detection and the flaw detection and
j udgment usi ng i ndi vi dual optical wavegui des for detection are

made.



[ 0093] Fig. 18 is a diagram showing a state in which a
scratch has occurred on one optical circuit anong target
circuits during the manufacturing process according to the
optical circuits of the sixth enbodinment. In the optica

circuits of the present enbodi nent shownin Fig. 17, an exanpl e
i nwhichaflaw6200 occurs onpart (optical nodul ationcircuit)
of atarget circuit inachiparea6103 duringthe manufacturing
process of theoptical circuitsisillustrated. Here, by sinply
depi cting the common opti cal wavegui de for detection 6112 and
the indi vidual optical wavegui des for detection 6104 to 6107
of the present enbodi nent shown in Fig. 17, hierarchized fl aw
detection and judgnent may be understood nore easily.

[ 0094] Fig. 19 is a diagram schematically showing a
hi erarchical configuration of the optical waveguides for
detection according to the optical circuits of the sixth
enbodi nent of the present invention. This di agramcorresponds
to the state of a flaw shown in Fig. 18, and illustrates an
exanple in which the flaw 6200 occurs on part (optical

nodul ationcircuit) of thetarget circuit inthechiparea6103

The i ndi vidual optical wavegui des for detection 6104 to 6107
each exi sts only i n one correspondi ng chi p area so as t o det ect
only a flaw occurred on the optical circuit within one
corresponding chip area. In contrast, the comon optical

wavegui de for detection 6112 is one optical waveguide
configured to extend over the four chips, andif aflawexists
i noneof theoptical circuitswithinthe four chip areas, this
can be detected. Onthe ot her hand, if noflawis judgedto exist

in the common optical wavegui de for detection 6112, single
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i nspection using one optical waveguide for detection 6112
al I ows si mnul t aneous confirmati onthat noflawexi stswi thinthe
four chip areas.

[ 0095] In the optical circuits of the present enbodi nment,

flawdetectionintheoptical circuitsis madeinthe follow ng
steps. As afirst neasurenent, the transm ssion spectrumof the
common optical wavegui de 6112 arranged so as to continuously
surround the four target circuits i s neasured via the pair of
grating couplers 6113a, 6113b. In a case where a flaw occurs
on any of the four target circuits, agreat |loss arises inthe
flaw (defect) occurred on the common opti cal wavegui de 6112,

and thus, such a loss is also reflected on the transm ssion
spectrum nmeasured by the common optical wavegui de 6112.

[ 0096] Fig. 20 is a graph showi ng transm ssion spectra
obtai ned in cases with/w thout a flawaccordingto the optical

circuits of the sixth enbodinent. In the case where the flaw
6200 occurs in one of the target circuits as shown in Fig. 18,

the transm ssion spectrumof "with flaw' is obtained in Fig.

20. Meanwhile, in the case where no flaw exists in any of the
four target circuits as shown in Fig. 17, the transm ssion
spectrumof "normal " is obtained in Fig. 20. In the case where
the "normal" transm ssion spectrumis obtained in the first
measurenent and no flaw is detected in the common optica

wavegui de 6112, the four target circuits are judged to have no
flawat all, andtheinspectionduringthemanufacturing process
for these four chip areas is judged as passed, thereby
conpl eting the fl aw detecti on and j udgnent and t hen advanci ng

to the process of other subsequent four chip areas.
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[ 0097] In the case where the "with flaw' transm ssion
spectrumis obtained in the first nmeasurenent and a flawis
j udged to exi st, the process advances to a second neasur enent .
In the second neasurenent, the transm ssion spectra of the
I ndi vi dual optical wavegui des 6104 to 6107 whi ch are arranged
so as to only surround respective four target circuits are
nmeasured via the respective pair of grating couplers 6108 to
6111.

[ 0098] Fig. 21 is a graph showi ng transm ssion spectra in
four neasured target circuits in the second neasurenent
according to the sixth enbodinment. Fig. 21(a) is a spectrum
nmeasured by the pair of grating couplers 6108 in the chip area
6100includingatarget circuit, andsimlarly, Fig. 21(b) shows
a spectrummneasur ed by the pair of grating couplers 6109 inthe
chip area 6101, Fig. 21(c) shows a spectrumneasured by the pair
of grating couplers 6110 in the chip area 6102, and Fig. 21(d)
shows a spectrumneasured by the pair of grating couplers 6111
inthe chip area 6103. In the case where the flaw 6200 occurs
on the single chip area 6103 of the target circuit as shown in
Fig. 18, agreat loss is found on the transm ssion spectrum of
the optical wavegui de that corresponds to the target circuit
having the flaw as in Fig. 21(d). By perform ng the second
nmeasurenent, thetarget circuit havingtheflawcan be specifi ed
and detected. If it is possible to presune that a flaw exists
in one |location anong the four target circuits based on a
transm ssion | oss value obtained in the first neasurenent,
there is no need to performthe second neasurenent to all the

four target circuits. It is also possible to stop the second
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measurenent at a stage in which the target circuit having the
flaw is discovered. For instance, in the case where the flaw
i'sjudged to exist ononelocationinthefirst measurenent and
the flawis specified by an initial measurenent of the target
circuit in the second neasurenent, it is possible to omt
I nspection on the subsequent three remaining target circuits.

As aresult, flawinspection for the four target circuits only
requi res two neasurenents.

[ 0099] Normally, it is arare phenonenonthat aflawoccurs
on the optical circuitsinwhichaplurality of chip areas are
arranged within a wafer, and its frequency is in the |l evel of
bei ng detected on several circuits per wafer or not being
detected at all. Under such frequency of occurrence, in nost
of thecases, noflawisjudgedtoexistinthefirst neasurenent
in the present enbodinent, and as in the first to fifth
enbodi nents, the nunber of neasurenents can be reduced by about
one quarter conparedtothe case of detectingaflawby neasuring
t he i ndi vi dual optical wavegui des for detection arranged al ong
the contour of thetarget circuit for each of all the chip areas.

[ 0100] As in the present enbodinent, the hierarchica

det ecti on nethod by conbi ning the neasurenent of the common
opti cal wavegui de for detection and the measurenent of the
i ndi vi dual optical wavegui des for detectionall ows significant
reduction in inspectiontine for detecting a flaw occurred on
the optical circuit to realize efficient manufacturing and
testing processes. In the above expl anations of the present
enbodi nent, the common opti cal wavegui de for detection 6112 i s

configured to extend over the four chip areas, the nunber of
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chip areas through which the comon optical waveguide for
det ecti on passes can be appropriately changed accordingtothe
scale of an optical circuit within one chip or the size of a
chip. Therefore, when increasing the nunber of chip areas
t hr ough whi ch t he conmon opti cal wavegui de f or det ecti on passes,
t he nunber of target circuits for detecting aflawby the first
nmeasurenent will be increased. If a nmanufacturing process has
| ess frequency of flawoccurrence, the nunber of neasurenents
required for one waf er can be reduced i ninverse proportionto
t he nunber of chip areas.

[0101] As described above, according to the present
enbodi nent, a flaw occurred during the manufacturing process
of the silicon optical circuit onthe wafer can be objectively
detected in an earlier stage in the inspectionin the state of
a wafer. By making hierarchical inspection using the common
optical waveguide for detection which is forned over the
plurality of target circuits and the individual optical
wavegui des for detection, the nunber of neasurenents of
transm ssion spectra can be significantly reduced to realize
flaw detection process with enhanced efficiency.

(Sevent h Enbodi nent)

[0102] Fig. 22 is a plan view showi ng a configuration of
optical circuits according to the seventh enbodi nent of the
present i nvention. Inthe present enbodi nent aswell, acircuit
configuration capable of detecting a flaw with fewer
nmeasur enent s by si mul t aneousl y i nspectingapluralityof target
circuits arranged on awaf er and a nmet hod t her eof so as t o enabl e

efficient flaw detection over a plurality of chips. In the
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present enbodinment, by including optical <circuits for
i nspection in which wavel ength bands to acquire transm ssion
spectra are divided by each target circuit, the nunber of
coupling locations to the grating couplers is reduced and t he
nunber of measurenents for flaw detection is significantly
reduced to further enhance efficiency of the fl awdet ecti on and
j udgnment process for a wafer.

[ 0103] In Fig. 22, rectangul ar areas defined with dotted
lines show silicon optical circuit chips 7100 to 7103,
respectively, and are conposed of circuits conpletelyidentica

totheintegrated circuit of an opti cal nodul ator and recei ver
of a conventional technique described in Fig. 28. Each of the
siliconoptical circuit chips 7100to 7103 i s al so one chi p area
on a silicon wafer, and in the case of cutting the wafer into
a chip, it beconmes a single silicon optical circuit chip. In
Fi g. 22, opti cal nodul at ors and recei vers havi ng confi gurati ons
i dentical to those of conventional techniques are shown with
dotted |ines, and explanations of their configurations and
operations will be omtted. The optical nodulators and
receivers shown with the dotted lines within the respective
rectangular areas in Fig. 22 are target circuits for
i nplenmenting a certain function to be a target of flaw
det ecti on.

[ 0104] The optical circuit of the present enbodi nent
i ncludes, in addition to the optical nodul ators and receivers
whicharetarget circuits depictedwiththedottedlinesinFig.

22, optical circuits for i nspection depictedw th solid]lines.

As individual optical circuits for inspection for respective
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four chip areas, achip area 7100 i ncl udes an opti cal wavegui de
7104 whichisarrangedto surroundatarget circuit, achiparea
7101 i ncl udes an optical wavegui de 7105 which is arranged to
surround atarget circuit, achiparea 7102 i ncl udes an opti cal
wavegui de 7106 which is arranged to surround a target circuit,
and a chip area 7103 i ncl udes an opti cal wavegui de 7107 whi ch
is arranged to surround a target circuit. In the present
enbodi nent, theoptical circuitsfor inspectionfurther include
wavel ength mul tipl ex/denmul tiplex circuits 7108, 7109 having a
function of branching light into four outputs according to
wavel engt hs. The opti cal wavegui des 7104 to 7107 for i nspecti on
are each arranged suchthat its oneendis connectedtoone out put
of a first wavel ength nmultiplex/demultiplex circuit 7108 and
the ot her end i s connected to one out put of a second wavel engt h
mul tiplex/denmultiplex circuit 7109. One input of the first
wavel engt h nul ti pl ex/denmul tiplex circuit 7108 and one i nput of
t he second wavel ength nmul tipl ex/denmultiplex circuit 7109 are
connected to a pair of grating couplers 7110, respectively. A
configurationof the pair of grating couplers 7110i s identical
to that of each of the above enbodi nents.

[ 0105] In the circuits for inspection of the present
enbodi nent of Fig. 22, the four optical wavegui des 7104 to 7107
whi ch are arranged so as to surround respective contours of the
target circuits within the four chip areas are configured so
as to be branched from and nerged into the two wavel ength
mul tiplex/dermultiplex circuits 7108, 7109 and so that
transm ssion spectra can be neasured with optical probes via

the single pair of grating couplers 7110. This is contrastive
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to the case of the sixth enbodi mrent shown in Fig. 17 in which
t he chi p areas i ncl udei ndi vi dual pairs of gratingcoupl ers 6108
to 6111, respectively.

[ 0106] Further, in the present enbodi ment, each of the
target circuits is an integrated circuit nade of a plurality
of sub target circuits as in the fifth enbodi nent and sixth
enbodi nent. Duetothis, theintegratedoptical wavegui des 7104
to 7107 in which, in each of the target circuits, a | oopback
opti cal wavegui de portion surroundi ng each sub target circuit
and a wavegui de portion between the sub target circuits are
arranged in series are configured. In the present enbodi nent,
the four optical wavegui des 7104 to 7107 are configured to be
connectedtothetwo wavel engthmul tipl ex/denmultiplexcircuits
7108, 7109, and are connected to the single pair of grating
couplers 7110 via the two wavel ength nul tipl ex/denul tipl ex
circuits. Due to the configuration of the present enbodi nent,
evenasnall flawoccurredonly on part of the subtarget circuit
area of the integrated circuit within each chip area can be
detected wi t h hi gher accuracy, and at the sane ti ne, the nunber
of pair of grating couplers required is only one.

[0107] In the present enbodi nent as well, as inthe third
enbodi nent, fourth enbodi ment, and fifth enbodi ment, the core
wi dt hs of the linear portions of the optical wavegui des are
enlarged to form nulti nopde wavegui des so as to reduce the
propagation | oss. The core wi dths of curved portions of the
opti cal wavegui des are 0.5 pum and the core wi dths of |inear
portions are 1.5 um Portions connecting the Iinear portions

and ot her portions have continuously transformed core w dths
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as t aper ed wavegui des, and the | engt h of each t aper ed wavegui de
is 15 um

[ 0108] As in the above first to sixth enbodinents, it is
desi rabl e that, the opti cal wavegui des 7104 t o 7107 be arranged
as cl ose as possi ble to the outernost contour of the wavegui de
for each of thesubtarget circuitsinthetarget circuit within
arange inwhichlight coupling does not occur. The appropri ate
adj acent interval between the wavegui de of the target circuit
and the optical waveguide for detection is 50 pum at nost.
[0109] Moreover, in the present enbodinment, as in the
fourth enbodi nent and fifth enbodi nent, the pair of grating
coupl ers 7110, that is, thetwo grating coupl ers are adj acently
arranged together in the vicinity of one corner of the
rectangul ar chip area 7102. In Fig. 23, the pair of grating
couplers 7110 and the two wavel ength nul tipl ex/denul tipl ex
circuits 7108, 7109 are arranged on the | ower left part of the
chi p area 7102, but they may be | ocat ed anywhere wi t hi nt he f our
chip areas. The pair of grating couplers is configured to
achi eve optical couplingnorestablywthasingleoptical probe
An interval between the two grating couplers depends on the
desi gn of an inspection device, but in consideration of the
covering di aneter of the optical fiber, they should desirably
be | ocat ed as cl ose as possi bleinterns of positional accuracy,
and it is appropriate to have the interval of 1 mmat nost.
[0110] Next, in the optical circuits of the present
enbodi nent, a net hod of detectingaflawonthe optical circuit
nore efficiently using |ight transm ssion spectra obtai ned by

the i nspection of the optical circuits will be explained. In
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the abovefirst tofifthenbodi nents, thedetectionandjudgnment
of a flaw on the optical circuits are made separately for
i ndividual chip area at a time. In contrast, in the present
enbodi nent, the detection and judgnent of aflawon the optical
circuits are sinul taneously made by suppl yi ngtest |i ghts which
have been wavelength branched via the tw wavelength
mul tiplex/dermultiplex circuits 7108, 7109 to the four opti cal
wavegui des 7104 to 7107.

[0111] Fig. 23 is a diagram showng a state in which a
scratch has occurred on one optical circuit anong target
circuits during the manufacturing process according to the
optical circuits of the seventh enbodi ment. Here, an exanple
in which a flaw 7200 occurs on part (receiver) of the target
circuit in the chip area 7101 is illustrated.

[0112] Fig. 24 is a graph showing denultiplexing
characteristics of the wavelength multiplex/denultiplex
circuit according to the optical circuits of the seventh
enbodi nent. The respective transm ssi on spectra froman i nput
port to the four output ports are shown. Several optica
circuits are considered for inplenenting a wavelength
mul ti pl exi ng/ demul ti plexing function, but in the present
enbodi nent, anarray wavegui dedi ffractiongratingis enpl oyed.
The array waveguide diffraction grating using a silicon
wavegui de is disclosed in detail in NPL 1. Fig. 24(a) shows
transm ssi on spectra for t he first wavel engt h
mul tiplex/dermultiplex circuit 7108, and Fig. 24(b) shows
transm ssion spectra for the wavel ength nul ti pl ex/ derul ti pl ex

circuit 7109. The two wavelength nultiplex/demultiplex
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circuits 7108, 7109 in the optical circuits of the present
enbodi nent have t he sane design, that is, an interval between
mul ti pl exi ng/ demul ti pl exi ng wavel engths i ndesignis 8 nm and
a center wavel ength of each output port is 1531 nm 1539 nm
1547 nm and 1555 nm However, due to nachining errors and t he
like at the tinme of actual manufacturing, a wavel ength error
of approximately 1 nm at nmaxinmum arises between the
above-descri bed desi gn val ue and t he actual cent er wavel engt h.
[0113] I norder toachi evedetectionof aflawontheopti cal
circuit in the optical circuit of the present invention, an
i nterval between multi pl exi ng/ demul ti pl exi ng wavel engt hs for
t he wavel ength mul ti pl ex/ denul tiplexcircuits 7108, 7109i s not
limted to the above value, and nay be set to an arbitrary
wavel engt h val ue. However, considering the machining error at
the time of the above-descri bed manufacturing, it is desirable
that an interval between wavel engths be set to larger than 1
nm Further, it is desirabl ethat the center wavel engt hs of all
the output ports fall within the range of a wavel ength regi on
(about 40 nm whose coupling efficiency betweenthe singlepair
of grating couplers 7110 and the optical fiber is relatively
favorabl e. Al so, the wavel ength nmul ti pl ex/demultiplex circuit
used i n the present enbodinent isnot limtedonlytothe array
wavegui de diffraction grating, but nay also be applied to a
circuit having a wavelength nultiplexing/denultiplexing
function such as Mach-Zehnder interferometer circuit (NPL 2)
and a ring resonance circuit (NPL 3).

[0114] Therefore, the optical circuit of the present

enbodi ment can be carried out as an optical circuit conprising:

- 61 -



a plurality of optical wavegui des 7104 to 7107, each of which
is for one of a plurality of target circuits forned on the
substrate, arranged along at |east part of a contour of each
of thetarget circuits and arranged proxi mate at a di stance t hat
does not cause optical coupling wth each of the target
circuits; a first wavelength nmultiplex/denultiplex circuit
7108 in which one end of each of the plurality of wavegui des
i s connected to each of a plurality of output ends and i n whi ch
l'i ght I nput to t he I nput end S wavel engt h
mul tipl exed/ denul tiplexed to the plurality of output ends; a
second wavel ength mul ti pl ex/demul tiplex circuit 7109 i n whi ch
t he ot her end of each of the plurality of wavegui des i s connect ed
to each of a plurality of output ends and i n which |ight input
totheinput endis wavel ength nul tipl exed/ denmulti plexedtothe
plurality of output ends, wherein the second wavel ength
mul tipl ex/ denul ti pl ex circuit i ncl udes wavel engt h
mul ti pl exi ng/ demul ti plexing characteristics identical to
those of the first wavel ength nultiplex/demultiplex circuit,
each of the plurality of optical wavegui des connected to the
respecti ve out put ends havi ngthe sanetransm ssi bl e wavel engt h
on the two wavel ength multiplex/denultiplex circuits; and a
pair of grating couplers 7110 connected to the i nput end of the
first wavel ength nultiplex/demultiplex circuit and the i nput
end of the second wavel ength nultiplex/denmultiplex circuit.
[0115] Fig. 25is adi agramshowi ngthe connectionrelation
bet ween t wo wavel engt h nul ti pl ex/demrul tiplex circuits and four
opti cal wavegui des for detection according to the optical

circuits of the sevent h enbodi ment. Bot h ends of the respective
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four optical wavegui des for detecti on7104to 7107 ar e connect ed
to respective output ports of the tw wavelength
mul ti pl ex/dermul tiplex circuits 7108, 7109 whi ch are desi gned
to have the sane nul ti pl exed/ dernul ti pl exed wavel ength. Here,
the both ends of the optical wavegui de 7104 are connected to
first output ports (Qut #1) on each of the two wavel ength
mul tipl ex/dermultiplex circuits, the both ends of the opti cal
wavegui de 7105 to third output ports (Qut #3) on each of the
two wavel ength nmul ti pl ex/demultiplex circuits, the both ends
of the optical wavegui de 7106 to second out put ports (Qut #2)
on each of the two wavel ength nmultiplex/denmultiplex circuits,
and t he bot h ends of t he opti cal wavegui de 7107 t o f ourt h out put
ports (Qut #4) on each of the two wavel ength
mul tiplex/demultiplex circuits. Inaddition, oneinput tothe
first wavelength nultiplex/demultiplex circuit 7108 and one
I nput to the second wavel ength nmul tipl ex/demul tiplex circuit
7109 are connected to the pair of grating couplers 7110

respectively.

[0116] Sever al wavegui de cr ossi ngs occur anong t he opti cal

waveguides in Fig. 25, and it is desirable that a wavegui de
crossing structure of alowl oss be appliedtothese crossings.

As there are many publicly-known proposals on the | owl oss
wavegui de crossi ng structures, thestructurerepresentedin NPL
4, for exanple, may be enpl oyed.

[0117] In the optical circuits of the present enbodi nent,

i naninspectionduringthe manufacturing process for detecting
a flaw occurred on a target circuit, a transm ssion spectrum

is neasured via the pair of grating couplers 7110 confi gured

- 63 -



on a wafer by using the optical probe. The test lights are
supplied to the four optical wavegui des for detection via the
two wavelength nultiplex/demultiplex circuits to mneasure
transm ssi on spectra.

[0118] Fig. 26 is a graph showi ng transm ssion spectra
obtai ned in cases with/w thout a flawaccordingto the optical
circuits of the seventhenbodi nent. I nacasewhereaflawoccurs
on any of the four target circuits, anongthe opti cal wavegui des
7104 to 7107, a flaw (defect) occurred on the corresponding
opti cal wavegui de causes a great | oss, and thus, such a | oss
Is reflected on the correspondi ng wavel ength regi on of the
transm ssion spectrum As shown in Fig. 23, in the case where
the flaw 7200 occurs on the target circuit (receiver) in the
chip area 7101, a loss arises on the optical wavegui de 7105.
Accordingly, the loss caused by the flaw is reflected on a
spectrum in the vicinity of the wavelength of 1547 nm
corresponding to the third output ports (Qut #3) on each of the
wavel engt h mul ti pl ex/ denul tiplex circuits 7108, 7109 to whi ch
the optical waveguide 7105 is connected, and in Fig. 26, a
transm ssi onspectrumi ndicatedwthadotted!inerepresenting
"with flaw' is obtained. Meanwhile, in a case where no flaw
exists on any of the four target circuits, a transm ssion
spectrum having the sanme | oss |level for all the wavel engt hs

correspondi ng to the respective four output ports is obtained

as indicated with a solid line representing "normal" in Fig.
26.
[0119] Fig. 29A and Fig. 29B are di agrans show ng anot her

i npl enmenti ng exanpl e of optical path conversion neans in the
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present invention. Optical conversion neans can also be
real i zed by an optical circuit other thanthe grating coupl ers.
Fig. 29Ais aplanviewview ngthe substrate face of the opti cal
pat h conversion circuit. Fig. 29Bis a di agramshow ng a cross
sectionthat has beencut verticallytothe substrate face al ong
t he opti cal wavegui de i ncluding XXI XB-XXI XB line in Fig. 29A
Inthis enbodi nent, the silicon optical circuit isto be shown
as an exanpl e of inplenenting optical path conversion neans,
but it is possible to inplenent the optical path conversion
nmeans of approximtely the sanme structure even with opti cal
circuits made of other material systens. Wthreferenceto Fig.
29A, the optical path conversion circuit is configured at the
end part of a wavegui de core portion 8101 which is part of the
opti cal wavegui de for detecti on and whichis forned of silicon.
The wavegui de core portion 8101 corresponds to an optical
wavegui de 8105 i nthe sectional viewof Fig. 29B. Wthreference
to Fig. 29B, in the vicinity of the optical path conversion
circuit, a BOX|layer (lower part claddi ng) 8106 and further an
upper part cl addi ng 8104 made of Si O, are fornmed above a silicon
substrate part 8107 of a SO substrate. The wavegui de core
portion 8105 has a thickness of 0.22 pmand a width of 0.5 um
t he upper part cl addi ng 8104 has a t hi ckness of about 2 um and
the | ower part cladding 8106 has a thickness of 2 um

[0120] The optical path conversion circuit of Fig. 29A
i ncl udes a groove portion 8102 formed by machi ning the upper
part cl addi ng 8104, the wavegui de core portion 8105, and the
| ower part cl addi ng 8106. The groove portion 8102 has two end

faces which are vertical to the optical waveguide 8105.
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Meanwhi | e, anend faceterm nati ng one end face of t he wavegui de
core 8105 is forned nearly vertical to the silicon substrate
8107. Another end face 8103 facing the termnating face is a
total reflectionfaceagainst [ight, andis fornmedw thanangle
of about 45 degreesrelativetothe silicon substrate 8107. The
end face 8103 having the total reflection face may be nade of
a material used for the upper part cladding and | ower part
cl addi ng, that is, the face made of Si O, but may alternatively
be formed of a metal filmor the |like on a surface in order to
obtain higher reflection efficiency.

[0121] Here, a lightwave propagating through the opti cal
wavegui de 9105 fromthe right sidetotheleft sideinFig. 29B
is emtted into a free space in the groove portion 8102, and,
before | ong, reaches the total reflection face 8103, whereby
its advancing directionis converted nearly upwardinFig. 29B.
Simlarly, light i nput fromthe upper part of Fig. 29B advances
al ong a route opposite of the above route to couple with the
opti cal wavegui de 9105 to be propagated toward t he ri ght side
of Fig. 29B. Thi s optical path conversioncircuit enabl es |ight
connection with i nput/output nmeans such as the optical fiber
di sposed at upper part of the groove portion 8102 in Fig. 29B.
Therefore, the optical path conversion circuit conposed of the
groove portion 8102 including the term nating face of the
opti cal wavegui de andthetotal reflectionface whichfacesthe
termnating face and which reflects light emtted fromthe
term nating face substantially vertically relative to the SO
substrat e functi ons as acoupl er t hat coupl es ent eri ng/ out goi ng

light with the optical fiber. At both ends of the optical
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wavegui de for detection in each of the above enbodi nents, the
opti cal pathconversioncircuitillustratedinFig. 29Aand Fi g.
29B can be provided. The above-described pair of grating

couplers are replaceable with the pair of couplers using the

optical pathconversioncircuitillustratedinFig. 29Aand Fi g.
29B.
[0122] In the optical circuits of the present enbodi nent

of the present i nvention, the presence/ absence of afl awi n each
of the four target circuits can be si nul taneously judged by one
measurenent. Therefore, as in the above first to fifth
enbodi nents, the nunber of neasurenents are reduced by
approxi mat el y one quarter andtheinspectiontimecanbereduced
when conpared with the case of flaw detecti on nmeasurenent by
measuring the individual optical wavegui de corresponding to
each of all the target circuits, thereby achieving enhanced
efficiency. Further, when conpared with the optical circuits
of the sixth enbodi ment, the efficiency of the inspectionis
superior inthat the coupling between the grating coupl ers and
the optical probe is only required to be made on one | ocati on
and that atarget circuit wth a fl awcan be specified by only
one measurenent .

[0123] I n t he above expl anati on of the present enbodi nent,
the four optical waveguides for detection 7104 to 7107 are
arranged in the correspondi ng four chip areas, and are nerged
into the two wavel ength nul tiplex/denmultiplex circuits 7108,
7109. However, the nunber of optical wavegui des for detection
to be nerged into the two wavel ength nul tipl ex/demul tipl ex

circuits 7108, 7109, that is, the nunber of target circuits
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(chip areas) for flaw detection can be appropriately changed
according to the scale of an optical circuit within one chip
or the size of one chip. Therefore, if the nunber of optical

wavegui des for detection to be nerged i nto the two wavel engt h
mul ti pl ex/denmul tiplexcircuits 7108, 7109 can be i ncreased, the
nunmber of target circuits for detecting a flaw only by one
nmeasur enent can be increased. In this case, by narrow ng a
wavel engthinterval withinarangeinwhichlossdifference can
be identified and by increasing the nunber of ports of the
wavel ength rmultiplex/demultiplex circuits, the nunber of

target circuits for discovering aflawonly by one neasur enent

can be increased. If the manufacturing process has |ess
frequency of fl awoccurrence and has rel ativel y | ess defi ci ency,
I ninverse proportion to the nunber of optical wavegui des for

detection (chip regions) to be nerged into the tw wavel ength
mul tipl ex/dermul tiplex circuits 7108, 7109, t he nunber of whol e
measurenents in one wafer can be reduced.

[ 0124] As described above, according to the present

enbodi nent, aflawoccurredinthe manufacturing process of the
siliconoptical circuits on awafer can be objectively detected
inanearlier stage inthe inspectioninthe state of a wafer.

[ 0125] As such, expl anati ons have been givenindetail that,

according to the optical circuits of seven enbodi nents of the
present invention, the silicon optical circuit for inspection
during the process of the present invention allows objective
detection wi th hi gher detection accuracy of aflawoccurredin
t he manuf acturing process of the optical circuit on a wafer

conpared to t he vi sual i nspection of a conventional technique.
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[0126] Expl anati ons have been given that, in the first
enbodi nent to fourthenbodi nent, theoptical nodul ationcircuit
of a digital coherent polarization nmultiplexed system is
enpl oyed for atarget circuit for detecting aflaw, and inthe
fifth enbodi nent to sevent h enbodi nent, the optical nodul ati on
circuit and optical reception circuit are enployed as the
integrated circuit, but the present inventionis not limted
to those target circuits, and may be applied to all optical
circuits that are conposed of silicon optical wavegui des.

[0127] Inall the enbodi nents, expl anati ons have been gi ven
by using configuration exanples such that the upper part
cl addi ng and t he | ower part cl addi ng are nade of quartz and t hat
a specific value is enployed for a thickness, but the optical
circuit of the present invention is not limted to these
exanples. A material having a |lower refractive index than
siliconis applicable to the cladding, and a thi ckness of each
cladding may sufficiently exceed the range of |ight that
slightly seeps out of the core, failing to be accommodated in

the core. Alternatively, it is alsopossibletocladair asthe

upper part claddinginstead of fillingthecorewth aspecific
mat eri al .
[0128] Furthernore, inall the enbodi nents descri bed above,

the design paranmeters of the grating couplers have been
expl ai ned to have specific val ues, but the optical circuit of
the present inventionisnot limtedtothese exanpl es, and may
be applied to the grating coupl ers of any desi gn. Moreover, in
t he enbodi nents of the present invention, an exanple of the

desi gn of operating in a so-called C band (the wavel engt h of
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approxi mately 1525 nmto 1565 nn) wi th hi gh effi ci ency has been
presented, and it is desirable that the appropriate design of
grating coupl ers be appliedin accordance with the use of, for
exanpl e, wavel engths for operating an optical circuit.

[0129] As descri bed above, accordingtotheoptical circuit
of the present invention, aflawoccurredin the manufacturing
process of the silicon optical circuit on a wafer can be
obj ectively detected by inspection in the state of a wafer.
Furt her, according to the present invention, a flaw occurred
I n the manufacturing process of the silicon optical circuits
can be detected wth high accuracy in an earlier stage of the
manuf acturi ng process and can efficiently prevent a circuit
i ncluding failure which has been overl ooked in inspection in
the state of a wafer fromfl owi ng out to subsequent processes.
The manuf acturingtime and cost for productsthat enploysilicon

optical circuits can be reduced.

I ndustrial Applicability

[ 0130] The present invention can be wused for a
comuni cation systemin general. In particular, the present
i nventioncanbeusedfor asiliconoptical circuit of anopti cal

comuni cati on system



CLAI M5

1. Asilicon optical circuit having a function of detecting
a flaw occurred on an optical circuit elenent forned on a
substrate, the optical circuit conprising:

an optical wavegui de arranged along at | east a part of
a contour of atarget circuit having a predeterm ned function
by the optical circuit elenment and arranged proxinate at a
di stance that does not cause optical coupling with the target
circuit; and

optical path conversion neans di sposed at both ends of

the optical wavegui de.

2. The optical circuit according to claim 1, wherein the
optical path conversion neans is either of:

a pair of grating couplers; or

a pai r of coupl ers conposed of two opti cal path conversion
circuitseachhavingaterm natingface of theoptical wavegui de
and a total reflection face which faces the term nating face
and which reflects light emtted fromthe term nating face

substantially vertically relative to an SO substrate.

3. The optical circuit according to claim1 or 2, wherein
thetarget circuit, the optical wavegui de, and the opti cal path
conver si on neans are conposed of asiliconfinewre fornmed on
the SO substrate.

4. The optical circuit according to any of clains 1 to 3,

wherein at least part of a linear portion of the optica
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wavegui de i s a nul ti node wavegui de whose core wi dth has been
enl arged, and the nultinode waveguide is connected to a
wavegui de of another portion of the optical waveguide via a

t apered wavegui de wi t hout node conversi on.

5. The optical circuit according to any of clains 1 to 4,
wher ei nthe opti cal wavegui de does not cross thetarget circuit
and a portion of the optical wavegui de al ong a contour of the

target circuit is arranged so as to keep a distance of 50 um

or less fromthe contour.

6. The optical circuit according to any of clains 1 to 5,
wher ei n

the optical waveguide includes an outward portion
arranged al ong a contour of thetarget circuit fromone coupl er
of the optical path conversion neans so as to substantially
surround the target circuit and a return portion arranged by
returning substantially parallel to the outward portion to
reach the ot her coupler of the optical path conversion neans,
and

the couplers of the optical path conversion neans are
formed proximate and parallel to each other such that their
i nci dent angl es face the sanme direction at the tine of coupling
to fiber conponents and an arrangenent interval therebetween
Is 1 nmor |ess.
7. The optical circuit according to any of clains 1 to 5,

wher ei n



the target circuit includes at |east tw sub target
circuits having an identical function or different functions,
t he optical wavegui de at |east includes:

a | oopback wavegui de portion having an outward
portion arranged al ong a contour of afirst sub target circuit
fromone coupl er of the optical path conversion neans so as to
surround the first sub target circuit and a return portion
arranged by returning substantially parallel to the outward
portion; and

a wavegui de porti on between the sub target circuits
arranged conti nuously fromthe | oopback wavegui de portion of
the first sub target circuit along part of a contour that is
not surrounded by t he | oopback wavegui de porti on of the cont our
of the first sub target circuit or along at |east part of a
contour of a second sub target circuit that is different from
the first sub target circuit, and

the couplers of the optical path conversion neans are
formed proximate and parallel to each other such that their
I nci dent angl es face the sane direction at the tine of coupling
to fiber conponents and an arrangenent interval therebetween

is 1 nmmor |ess.

8. The optical circuit according to any of clains 1 to 6,
the optical circuit conprising:

a plurality of optical wavegui des, each of which is for
one of a plurality of target circuits forned on the substrate

and arranged al ong at | east part of a contour of each of the



target circuits and arranged proxi mate at a di stance t hat does
not cause optical coupling with each of the target circuits;

a plurality of corresponding optical path conversion
means connected to the plurality of optical waveguides,
respectively;

a comon single optical waveguide which is arranged
proxi mte to each of the plurality of target circuits and each
of the optical wavegui des corresponding thereto and which is
configured to be parallel to each of the plurality of optical
wavegui des extending over all of the plurality of target
circuits; and

common optical path conversion neans connected to the

common single optical wavegui de.

9. The optical circuit according to any of clains 1 to 6,
the optical circuit conprising:

a plurality of optical wavegui des, each of which is for
one of a plurality of target circuits forned on the substrate
and arranged along at | east part of a contour of each of the
target circuits and arranged proxi mate at a di stance t hat does
not cause optical coupling with each of the target circuits;

afirst wavel ength nul ti pl ex/demul tiplexcircuit inwhich
one end of each of the plurality of wavegui des i s connected to
each of a plurality of output ends and in which Iight input to
the i nput end i s wavel ength nul tipl exed/ denmul ti pl exed to the
plurality of output ends;

a second wavelength nultiplex/demultiplex circuit in

whi ch the ot her end of each of the plurality of waveguides is
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connected to each of a plurality of output ends and in which
l'i ght i nput to t he i nput end i's wavel engt h
mul ti pl exed/ demul tiplexed to the plurality of output ends,
wherei n the second wavel ength nultiplex/denmultiplex circuit
I ncl udes wavel engt h mul ti pl exi ng/ demul ti pl exi ng
characteristics identical to those of the first wavel ength
mul tipl ex/denultiplexcircuit, eachof theplurality of optical
wavegui des connected to t he respective out put ends havi ng t he
same transmssible wavelength on the two wavel ength
mul tiplex/demultiplex circuits; and

optical path conversion neans connected to the i nput end
of the first wavelength nultiplex/demultiplex circuit and the
i nput end of the second wavel ength nultiplex/denmultiplex

circuit.



