SPECI FI CATION TITLE OF THE INVENTION .  Apparatus And Met hoc}21’|'9£)"r> gﬁmce
| nspection BACKGROUND OF THE | NVENTI ON The present invention
rél-ates to an apparatus and a nethod for inspecting a surface state of an
object to be inspected through scanning. Specifically, the present

I nvention relates to an apparatus and a nethod for inspecting surface
states of, substrates with conponents nounted, liquid crystal . panel

el ements, sem conductor wafers, electyenic conponents, etc., by scanning
light onto the surfaces, nnrerparticularl , an apparatus and a nethod for
“inspecting positional shifts of ﬁﬁﬁﬂﬁF@é conponents, m ssing of

conponents, salderin Ll Itation of conponents before- being
sol der ed, SHEEELEfQ%I&ﬁgsgk§?NTé§ﬁponents, etc. As a way to
“inspect a'surface state of SHRStaLASa POV SP-£Q0ROPEEbEERYAt ed t hereon,
recently, a surface®frnspection apparatus using a scanhing of a |aser |ight
has been often used, which is constituted as shown in Fig. 8. A |aser
light emtted froma sem conductor laser diode 1 is turned to a projection
beam 3 t hr oughaexeRbUNDRDET THRNINZENTION proj ection beam 3 is brought into
a polygon mrror 4 of a polygonal section rotating about a center shaft 10
ina circunferential Oheepresent gayenpienprelateBate @n EARpPanasugy@End

mrror 4 is a mrror face 4a parallel to an axial direction of the center
shaft 10. Tacmesheod foxninspecting a surface state of an object to be

inspected through scanning. Specifically, the present
invention 1relates to an apparatus and a method for
inspecting surface states of, substrates with components
mounted, liquid crystal panel elements, semiconductor
wafers, electropictcomponents, etc., by scanning light onto
‘the surfaces, more particularly, an apparatus and a method
for inspecting positional shifts of the mounted components,
missing of coﬁponents, soldering failures, levitation of
compénents before being soldered, shape failures . of
components, etc. -
As a way to inspectia surface state of substrates
_ haviné compohents mounted thereon, recently, a surface
inspection apparatus using a scanning of a laser light has
FA been often used, which is constituted as shown in Fig. 8.
; $ A laser light emitted from a semiconductor laser diode 1 is
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turned to a projection beam 3 through a collimator lens 2.
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V- ' The projection beam 3 is brought into a polygon mirror 4 of
{ a polygonal section rotating about a center shaft 10 in a
; circumferential direction. Each peripheral face of the
! polygon mirror 4 is a mirror face 4a parallel to ‘an axial

direction of the center shaft 10. The laser beam is



- 2= reflected at the mrror face 4a and becones a reflecting |ight 5.
The projection beam 3 enters the mrror face 4a froma direction
orthogonal to the axial direction of the center shaft 10. Since the
polygon mirror 4 rotates in a direction of an arrow about the center shaft
10 while receiving the projection beam3 at the mrror face 4a, the
reflecting light 5 is deflected to one -direction indicated by an arrow

of Fig. 3. The deflected reflecting light 5 enters an f[err] lens system®6
conprising a plurality of coaxially arranged |lenses, is deflected and
condensed by the system6, and forns an inmage at a surface 7a.of a

substrate 7 to be inspected. A scannin§ Tight thus focused on the surface
7a scans the surface 7a in accordance with the rotation of the polygon
mrror 4. A resulting scattering reflecting light 8 at the surface 7a

of the substrate 7 is, as shown in Fig. 9 which is a side viewof Fig. 8,

sent by a | epefibdted espeehkyamipiiodeiest 480 addceecohes Wa PIERIEIATIARG OF S
9 separated 180[err] via an optical axis of the scanning light, that is,

di sposed synudghitca#8 ]y The paojecthien beamha opiterxd thesmirrdire face 4a
phot odet ector 9 photgelecgricallﬁ converts the scattering reflecting Iight
8 coll ected foromhea pAbredeient prghpgeral h&oedtheamxidhddiregtieneefs ithe

signals corresponding to a 8ositLon of the _scatterjng reflecting light on
t he phot odet EEALRF f § o10. Since the polygon mirror 4 rotatés in a

direction of an arrow about the center shaft 10 while
receiving the projection beam 3 at the mirror face 4a, the
reflecting light 5. is deflected to one direction indicated
by an arrow I of Fig. 3. The deflected reflecting light 5
enters an f@# 1lens- system 6 coﬁprising a plurality of
coaxially arranged lenses, is deflected and condensed by
the system 6, and forms an image ét a surface 7a of a
substrate 7 to Ee inspected. . A scanning light thus focused
on the surface 7a scans the surface 7a in accordancg with
- the rotation of thé polygon mirror 4. A resulting
scattering reflecting light 8 at the surface 7a of the
substrate 7 ié, as shown in Fig. 9 which is a side view of
Fig. 8, sent by a lens 11 to respective photodetecting
faces of two photodetectors 9 separated 180° via an optical
axis of the scanning light, ﬁhat is, disposed symmetrically
to each other to the optical axis. The photodetectof S
photoelectrically converts the scattering reflecting light
8 collected to the photodetecting face thereof and sends
out electric signals corresponding to a position of the
scattering reflecting light on the photodetecting face to

an arithmetic device 13. The arithmetic device 13 operates



an, arithnetic device 13. The arithnetic device 13 operates

- 3- a height of an object 12 to be neasured on the surface 7a based

on the electric signals supplied from the photodetectors 9

according to the known triangulation nethod. As shown in Fig.
9, the photodetectors 9 are oriented in tw directions. Thus, even if

- one scattering reflecting light 8 is.shut by a step difference fornmed by
~the objects 12 to be neasured which are nmounted on the substrate 7 and
t herefore cannot reach one of the photodetectors. However the other

scattering reflecting light 8 can reach the other photodetector 9. So, the
other photodetector 9 is utilized to 3etect the other scattering
reflecting |ight. In the case of the conventional surface
i nspecti on apparatus 20 constituted as above, while the surface state of
the substrate 7 or the |like can be i nspect ed photoelectrlcally, It  may
happen that the |II natlon 03| I on Qn th hot odetectin ce of the
one photode?e@F&ﬁh§ e%gj %h5° Sty §ﬁ¢ 6H§|%?%ngBF ae®e 78t her
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method.

As shown. in Fig. 9, the photodetectors 9 are
oriented in two directions. Thus, even if one scattering
reflecting light 8 is shut by a step difference formed by
the objects 12 to be measured which are mounted on the
substrate 7 and therefore cannot reach one of the
photodetectors. However the other scattering reflecting
light 8 can reach the other photodetector 9. So, the other
photodetector 9 is utilized to detect the other scattering
reflecting light. |

In the «case of the conventional surface
inspection apparatus 20 constituted as above, while the
surface sﬁate of the substrate 7 or the like can be
inspected photoelectriéally, it wmay happen that the
illumination position on the photodetecting face of the omne
photodetector 9 disagrees with the illumination position of
the other photodetector 9 because of the photodetectors
being arranged'in two directions, and thus a difference is
caused between each of signals output from the respective
photodetectors 9 and then results in a wmeasuring error.

Particularly, if the reflecting 1light 8 is shut as



Particularly, if the reflecting light 8 is shut as

-4- - di scussed above and the photodetector 9 is switched to another
one, the measuring error becones |arge. - SUMVARY OF THE | NVENTI ON
~The present invention has been devised to solve the above di sadvant age
~inherent in the conventional art and has for its object to provide an
apparatus and a nethod for surface inspection whereby the neasuring

accuracy in surface inspection is inproved. A surface inspection
apparatus.according to a first aspect of the present invention, there is
provi ded a surface inspectioQ apparatus whi ch conpri ses:

a laser element for enitting a |aser |ight; a defl ecting scanning
m rror having a polygonal periphery, each peripheral face of the periphery
being a mrror face, the deflecting scanning mrror rotating about a
center shaft thereof in a peripheral direction for reflecting the |aser

light enittedifdaisdde adove chwdeithe JpghbBEdbbEcEOLAld 0 AT gyRdchBE et er
shaft, the laser |light entering the mirror face froma direction

orthogonal tamatthewxiaie,dithes nieasurfingherecent becohest 1arge. t wo
phot odet ectors each for detecting a scattering reflecting |ight at
a surface of an object to be

SUMMARY OF THE INVENTION

The present invention has been devised to solve
the above disadvantage inhe;gnt in the conventional art and
has for its object to provide an apparatus and a method for
surface inspection whereby the measuring accuracy in
surface inspection is improved.’

A surface inspection apparatus according to a
first aspect of the present invention, there is provided

.a surface inspection apparatus which comprises:

a laser element for emitting a laser light;

a deflecting scanning mirror having a polygonal
periphery, each peripheral face of the periphery being a
mirror face, the deflecting scanning mirror rotating about
a center shaft thereof in a peripheral direction for
reflecting the laser light emitted frbm the laser element
during the rotation around the center shaft; the laser
light entering the mirror face from a direction orthogonal
to an axial direction of the center shaft;

two photodetectors @ each for detecting a
scattering reflecting light at a surface of an object to be
inspected when a reflecting 1light of the 1laser 1light

reflected by the deflecting scanning mirror scans the



I nspected when a reflecting light of the laser light reflected by the
c deflecting scanning mrror scans the

-5- surface of the object and which are arranged synmetrically to an
opfical axis of the scanning light, wherein the surface of the object is
I nspected based on illumnation positions. at photodetecting faces of the
phot odet ectors; and an optical el enent di sposed between

the deflecting reflecting mrror and the object for noving an optical
axis of the reflecting light reflected by the deflecting scanning mrror

thereby to make the illumnnation positions. at photodetecting faces of
the respective photodetectors agree 5r'near|y agree with each other, thus
m nimzing a surface inspection error. A surface inspection

met hod according to a second aspect of the present invention, there is
provi ded. a surface inspection nethod which conprises:

emtting a l () t ti i r Vd a
peri phery, e%c- fggre?p ferg?é’lfg&gjeé&gféﬁe‘ﬁgg??p efygblgl{a%aelaaaﬂéﬁ?%#%?c%%%?he

def | ecting &@anahngolfstié@:t il | 68 aheslt SGREERY w?m thehepdin N the

peripheral direction tor reflecting the emtted |aser igﬁt during the

rotation arogntfiaoe cefit eheslulfilectt his| dnepectieghtbagdd®r bAg FIamiinatiiof ace
froma direction orthogonal

positions at photodetecting faces of the photodetectors;
and

an optical element disposed between  the
deflecting reflecting mirror and the object for moving an
optical axis of the reflecting 1light reflected by the
deflecting scanning mirror thereby to make the illumination
positions at photodetecting faces of the respective
photodetectors agree or nearly agree with each other, thus
minimizing a surface inspection error.

A surface inspection method according to a second
aspect of the present invention, there.is_provided,

a su;face inspection method which comprises:

émittimg a laser light to a deflecting scanning
mirror having a polygonal periphery,_each peripheral face
of the periphery being a mirror face, the deflecting
scanning mirror rotating about a center shaft thereof in a
peripheral direction for reflecting the emitted laser light
during the rotation around the center shaft, the laser

light entering the mirror face from a direction orthogonal

to an axial direction of the center shaft;



to.an axial direction of the center shaft;

. -6- ' ~scanning a surface of an object to be inspected by a
scanning light which is the reflecting light reflected at the mrror face;
defecting scattering reflecting lights reflected at the surface of the

obj ect by two photodetectors set symmetrically to an optical axis of the
scanning light, thereby inspecting the surface of the object; and

novi ng, when the scanning light is projected, the optical axis of the
scanning light to the surface of the .object so that illum nation positions
at photodetecting faces of the respective photodetectors agree or nearly
agree with each other thereby to mintnfze a surface inspection error.
According to the surface inspection apparatus in the first aspect of the
present invention and the surface inspection nmethod in the second aspect
of the present invention, the optical elenment is provided which can nove

the optical axis of thgf%%%gﬁéﬂéukdééﬁgergglggx§kfgbghgo %gﬂé?gﬂégked

mrror. The surface in on signal's output om two photodetectors
can hence bepggreetatdiheLaclyHel Refichor s whid fasmnas g tlflﬁt_ﬁ:' ¥ e Gty be

made m ni num Dy noving the optical axis of the reflecting Tight. So, the
nmeasuri ng acegr &gy wilriorf &aeei;nspection i s inproved.

detecting scattering reflecting lights reflected
at the surface of the object by two photodetectors set
symmetrically to an optical axis of the scanning light,
thereby inspecting the surface of the object; and

moving, when the scanning light is projected, the
optical axis of the scanning light to the surface of the
object so that illumination positions at photodetecting
faces of the respective photodetectors agree or nearly
agree with each other thereby to wminimize a surface
inspection error.

According to the surface inspection apparatus in
the first aspgct of the present invention and the surface
inspection' method in the second aspect of the present
invention, the optical element is provided which can move
the optical axis of the reflecting light reflected by the
deflecting mifror. The surface information signals output
from two photodetectors can hence be aéreed with each other
or a difference of the signals can be made minimum by
moving the optical axis of the reflecting light. So, the

measuring accuracy in surface inspection is improved.

BRIEF DESCRIPTION OF THE DRAWINGS



BRI-EF DESCRI PTI ON OF THE DRAW NGS -7-

. These and ot her objécts and features of the present invention will becone
‘clear fromthe follow ng description taken in conjunction with the
preferred enbodinments thereof with reference to the acconpanyi ng

. drawi ngs, in which: Fig. 1 is a side view show ng the
-constitution of a surface inspection apparatus according to one enbodi ment
of the present invention; Fig. 2 is a plan view of the surface

I nspection apparatus of Fig. 1; Fig. 3 is a diagramof a
rotating direction of a polygon mrror and a scanning direction of |ight
on a substrate in Fig. 1; 'F?g? 4 is a perspective view of an
.optical elenent of Fig. 1; Fig. 5is a sectional view of the
optical elenment of Fig. A4; Fig. 6 is a diagramof the optica
element of Fig. 1 in a different enbodinent; Fig. 7is a

" perspecti ve vi ew show "I@xe%edi Ghar eBknest agsjgf:tg r ghQi ngéamr SPunird
for pressing a reflecting body of the optical elenent of Fig. 1 to a

present invention will become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 is a side view showing the_cpnstitution of
a surface inspection apparatus according to one embodiment
of the present invention;
| Fig. 2 is a plan view of the surface inspection
apparatus of Fig. 1;

Pig. 3 is a diagram of a rotating direction of a
polygon mirror and a scanning direction of light on a
substrate in Fig. 1;

Fig. 4 1is a perspective view of .an optical
element of Fig. 1;

?ig. 5 is alsectional view of the optical element
of Fig. 4; |

Fig. 6 is a diagram of the optical element of
Fig. 1 in a different embodiment ;

Fig. 7 is a perspective view showing a different
state of a retainer member mounted for pressing a
reflecting body of the optical element of Fig. 1 to a
pedestal;

Fig. 8 is a diagram showing the constitution of a

conventional surface inspection apparatus; and



pedest al ; Fig. 8 is a diagram show ng the constitution of a
conventional surfacé inspection apparatus; and

. - 8- Fig. 9 is a side view of the surface inspection apparatus
- of 'Fig. 8. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A
~surface inspection apparatus and a surface. inspection nethod in a
~preferred enbodi nent of the present invention will be described with
reference to the drawings. It is to be noted that |ike parts are

designated by like reference nunerals throughout the acconpanying

drawi ngs. The surface inspection nethod is carried out by the surface
“inspection apparatus. A polygon-n8rror 4 enbodies a function of
the deflecting scanning mrror. Al t hough a substrate having an

el ectroni c conponent nounted thereon is exenplified as an object to be
I nspected in the present enbodinment, the object to be inspected is not
limted to this.

P héAs shown.in E} s. 1 aggez afsurfa.ces ien%o.eoct I on
apparatus 50 accordi ng £t e EHbBdi® 1 4 u?jfes SBAERS AR TR
fwo. phot odet SEPBEE % E FG:c8: 11 %0 i I to the conventlonal sulface
i nspection .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A surface inspection appafatus and a surface
inspection method in a preferred embodiﬁeﬁt of the present
invention will be described with reference to the drawings.
It is to be noted that like parts are designated by 1like
reference numerals throughout the accompanying drawings.
The surface inspection method is carried out by the surface
inspection epparatus; A polygon mirror 4 embodies e
function of the deflecting scanning mirror. Although a
substrate having an electronic component mounted thereon is
exemplified as an object to be inspected in the present
embodiment, the object to be inspected is not limited to
this. . |

As shown in Figs. 1 and 2, a surface inspection
apparatus 50 according to the embodiment includes a
semiconductor laser diode 1, a collimator lens 2, a polygon
mirror 4, an ff lens system 6, two photodetectors 9 and
lenses 11, similar to the conventional surface inspection
apparatus 20. These parts constituting the apparatus are
the same as those of the surface inspection apparatus 20,

and therefore the description thereof will be omitted here.

The surface inspection apparatus 50 is different from the



apparatus 20. These parts constituting the apparatus are the sane as

t hose of the surface inspection apparatus 20, and therefore the
description thereof will be omtted here. The surface inspection apparatus
50°is different fromthe : - 9- surface
I nspection apparatus 20 in that an optical .element 25 is provided between
the f[err] lens system6 and the substrate 7 so as to reflect a reflecting
“light 31 projected fromthe f[err] lens system6 as a scanning |ight 32
towards a surface 7a of the substrate 7.. The optical elenent 25 noves an
optical axis of the scanning light 32 by changing an inclining angle of a
-reflection face of the elenent 25, fhgréby maki ng surface information
signals output fromthe two photodetectors 9 agree with each other or

mnimzing a difference of the signals. The optical elenment 25 is
~constructed as shown in Figs. 4 and 5. Mor e specifically,' t he
opti cal el ehRHace? ic1fSa éf‘éd@é?tid‘g RO¢¥agoan" élg:atlh 1 t
reflection face 2cSl ané?g%‘{ref ﬁ%l on angl e- Jéhangf:‘ng rrrle e? o

changi ng t he agncliigi P&owaéa Obethigen eftiest ifgn flaae 25ﬂrsteﬂih96r&iﬂ1&c'[ﬂlfé}
body 252 is formed of strip-shaped glass having a breadth of approxi mately

10- 20nm and aubstdreof 7 apw oxdsattsd y feEletn alrherefiffdaritigon Hiagher 230 i S
a mrror face. The reflecting body 252 is pressed at both end parts of a
| ongi t udi nal pHiajesttiesh fzam dete bid r bens neyshemb6r 85286 scanning light 32

towards a surface 7a of the substrate 7. The optical
element 25 moves an optical axis'of the scanning light 32
by changing an inclining angle of a reflection face of the
element 25, thereby making surface information signals
output from the two photodetectors S agree ﬁith each other
or minimizing a difference of the signals. The optical
element 25 is constructed as shown in Figs. 4 and 5.

More séecifically, the optical element 25
comprises a reflecting body 252 having the reflection face
251 and, a reflection angle-changing member 253 for
changing the inclining angle of the reflection face 251.
The refleéting body 252 is formed of strip-shaped glass
having a breadth of approximately 10-20mm and a length of
approximately 50-60mm. The reflection face 251 is a mirror
face. The reflecting body 252 is pressed at both end parts
of a longitudinal direction thereof by retainer members 256
and accordingly held at a V-shaped notch 255 formed in a
pedestal 254. Each of the retainer members 256 has a
pressing part 256a, a fixed part 256b and a coupling part
256c coupling an end part of the pressing part 256a and

that of fixed part 256b. The pressing part 256a and fixed



and accordingly held at a V-shaped notch 255 fornmed in a pedestal 254.

Each of the

retainer nenbers 256 has a pressing part 256a, a fixed part

- 256b and a coupling part 256c¢ coupling an end part of the pressing part
- 256a and that of fixed part 256b. The pressing part 256a and fixed
- -10- part 256b each forned of a thin netallic plate extend parallel

- each other i
- part 256a, f

not ch 255.

n the same direction with a step difference. The pressing

to

i xed part 256b and coupling part 256c are integrated into the
retai ner nenber 256 of one body. In such retainer nenbers 256, each fixed
part 256b is fitted at the notch 255 by a nounting screw 257 with the
reflecting body 252 being held betweenothkhe pressing part 256a and the

At this time, a longitudinal direction of the reflecting

body 252 is agreed wth an aligning direction fromthe pressing part 256a
to the fixed part 256b. The retainer nmenbers 256 elastically press bot
end parts in the longitudinal direction of the reflecting body 252 at a

ful crum of t
body 252 is
the reflecti
reflection f
253 as w ||
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coupling part 256c are integrated into the retainer member

256 of one body. In such retainer members 256, each fixed
part 256b is fitted at the notch 255 by a mounting screw
257 with the reflecting body 252 being held between the
pressing part 256a and the notch 255. At this time, a
longitudinal direction of the reflecting body 252 is agreed
with an aligning direction from the pressing part 256a to
the fixed part 256b. The retainer members 256 elastically
press both end parts in the longitudinal direction of the
reflecting body 252 at a fulcrum of the mounting screws 257
to the pedestal 254. The reflecting body 252 is thus
supported to the pedestal 254. .Owing,to this arrangement,
the refleeting body 252 can swing so that the inclining
angle of the reflection face 251 is changeable by the
reflection angle-changing member 253 as will .be described
later. The notch 255 is formed in such a shape.as to allow
the reflecting body 252 to swing.

How .to fit the retainer .member 256 to the
reflecting body 252 is not restricted to the foregoing
manner. For instance, as indicated in Fig. 7, a retainer
member 258 can belnmunted to the pedestal 254 so that a

pressing part 258a is directed to a fixed part 258b of the

shape as



the reflecting body 252 to sw ng. How to fit the retainer nenber
256 to the reflecting body 252 is not restricted to the foregoing manner.
For instance, as indicated in Fig. 7, a retainer nenber 258 can be nounted
~to the pedestal 254 so that a pressing part -258a is directed to a fixed
~part 258b of the retai ner nenber 258 in a direction
corthogonal to the Ilongitudinal direction of .the reflecting body 252.
However, in the exanple of Fig. 7, since the longitudinal direction of the
reflecting body 252 is disagreed with an aligning direction fromthe
pressing part 258a to the fixed part _258b, a difference of thermnal
expansi on coefficients of the gl ass F&frecting body 252 and netallic
-retainer nenber 258 causes a difference in the anmobunt of expansion

between the refl ecting body 252 and retai ner nenber 258 when an anbi ence
tenperature is increased. As a result, the inclining angle of the

‘reflection fgecatnlr! SmBgBaLD! YsgChanoed. affbddidt ke al' N ! fife

pressing part ba an xed part 256b are aligned in sane _
as the |ongibugisabidalectdnreddide bef | agid ngr@@i}éceéﬁ?as bédy Fl @524,
0

the aforenentioned di sadvantage is elimnated, and therefore the '

~enbodi nent | Hopeeée| r doh tthe hexamplbe| efoffighi g7, 7since the loHydtudinadti on

angl e- changi ng menber 253 is a . , _ ) _ .
direction of the reflecting body 252 is disagreed with an
aligning direction from the pressing part 258a to the fixed
part 258b, a difference of thermal expansion coefficients
of the glass reflecting body 252 and wmetallic retainer
member 258 causes a difference in the amount of expansion .
between.the reflecting'bo¢y 252 and retainer member 258
when an ambience temperature is increased. As a result,
the inclining angle of the reflection face 251 is possibly
changed. On thé other hand, when the pressing part 256a
and fixed part 256b are aligned in the same direction as
the longitudinal direction of the reflectinglbody 252 as in
Fig. 4, the aﬁorementioned disadvantage is eliminated, and
therefore .the embodiment is preferred to the example of
Fig. 7.

The reflection angle-changing member 253 is a
screw engaged in a penetration hole 259 which is formed in
the pedestal.254 and opened at the notch 255. The changing
member 253 advénces and retreats-with an acute angle to a
rear face 252a opposed to the reflection face 251 of the
reflecting body 252 set ‘at the notch 255. When the

changing member 253 advances and retreats to the rear face

252a, the reflecting body 252 at the notch 255 can swing



screw engaged in a penetration hole 259 which is fornmed in the pedestal
254 and opened at the notch 255. The changi ng nenber 253 advances and
retreats with an acute angle to a rear face 252a opposed to the reflection
face 251 of the reflecting body 252 set at the notch 255, When
the changi ng nmenber 253 advances and retreats to the rear face 252a, the
refl ecting body 252 at the notch 255 can sw ng

- 12 - with a mnute angle centering the ful crum 257, whereby the
inclining angle of the reflection face 251 -is changed. According to the
present enbodi nent, although there is provided only one reflection
angl e- changi ng nenber 253 to touch-alZnrtral part in the |ongitudina
direction of the reflecting body 252 in order to facilitate the adjustnent
of the angle of the reflection face 251, the reflecting body 252 can sw ng
uniformy all over the whole reflection face 251. - The

of the. [ or  [FitGhsa SLFERE 63818 FORFeFing Bbe Fuanam 257 CHEer e
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provided only one reflection angle-changing member 253 to
touch a central part in the longitudinal direction of the
reflecting body 252 in order to facilitate the.adjustment
of the angle of the reflection face 251[ the'reflecting
body 252 can swing uniformly all over the whole reflection
face 251.
The above-constituted optical element 25 is
installed at the projection side of the £0 lens system 6 as
‘shown in Figs. 1 and 2. In the optical element 25, the
reflecting light 31 projected from the £0 lens system 6 'is
reflected at the reflection face 251 and cast to the
surface 7a of the spbstrate 7 as the scanning light 32 as
'shown in .Figs. 4 and 5. The location of the optical
element 25 is not limited to that of the embodiment, but
can be arranged between the polygon mirror 4 and £6 lens
system 6. However, it is not preferable to arrange the
optical element 25 between the semiconductor laser diode 1
and polygon mirror 4, because a scanning line of the
scanning light 32 on thé surface 7a of the substrate 7
would be curved.
The operation at the optical element 25 arranged

as above will be described here. When the reflecting body



elenment 25 is not limted to that of the enbodi nent, but can be arranged
~between the polygon mrror 4 and f[err] lens system6. However, it is
‘not preferable to arrange the optical element 25 between the seni conduct or
| aser diode 1 and polygon mirror 4, because a scanning |line of the
~scanning light 32 on the surface 7a of the substrate 7 would be curved.

- The operation at the optical elenent 25 arranged as above wll be
descri bed here. Wen the reflecting body
- 13 - 252 is inclined by the cthangi ng nenber 253 to a sw nged

position 26a indicated in Fig. 1 froma set position 26 of the reflecting
body 252 represented by a solid line-irtB Hg. 1 thereby to change the
inclining angle of the reflection face 251, the optical axis of the
scanning light 32 in the set position 26 is noved and the |ight becones a
scanning light 32a. On the other hand, when the inclining angle of the
reflection face 251 is chan%ed to a swinged position 26b, the scanning

light 32 is RPnedSt g i Ehghichanging (RemhRr 0gbRcdi0 aRi Swingrskbd.

As the optical axi.s of._ the scannipg. light 32 Ls npved, the qptical axis of

t he scaltot :ar |F|‘P§’1)’(:\|§'fsqnec"[qarlglq$’gcfﬁr}'elc§frg’e‘? : g’cﬁe a#g?lﬁegsﬁFFaE’Qs?gll"Hf 2t6n)¢=f°|fs
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direction of janR&f& 380 change the inclining angle of the reflection

face 251, the opticél axis of the scanning light 32 in the
set position 26 is moved and the light bécomes a scanning
light 32a. On the other hand, when the inclining angle of
the reflection face 251 is changed to a swinged position
26b, the scanning light 32 is turned to a scanning light
32b with the optical axis changed. As the optical axis of
the scanning light 32 is moved, the optical axis of the
scattering reflecting light 8 reflected at the surface 7a
of the substrate 7 is moved as well, and consequently the
illumination position to the pLotodetecting face 91 of each
photodetector 9 is moved in a direction of an arrow 33.
‘When the scattering reflecting light 8 by the scanning
light 32 corresponding to the set position 26 hits the
photodetecting face 91 of each photodetector 9, if the
illumination position is different between the two
photodetecting faces 91, in other words, different
information signals are output from the photodetectors 9,
the angle of the reflection face 251 of the reflecting body
252 is changed by the changing member 253 so that the
illumination positions to the photodetecting faces of the

photodetectors 9 agree or nearly agree with each other.



When the scattering reflecting light 8 by the scanning [|ight 32
corresponding to thé set position 26 hits the photodetecting face 91 of
“each photodetector 9, if the illumnation position is different
between the two photodetecting faces 91, in other words,

~different information signals are output fromthe photodetectors 9, the
angle of the reflection face 251 of the reflecting body 252 is changed by

-the changi ng nmenber 253 so that the illumnation positions to the
phot odet ecting faces of the photodetectors 9 agree or nearly agree with
each ot her. ' - 14 - The optica

axis of the scanning light 32 is thus sgpvwed, so that the optical axis of
each scattering reflecting light 8 is noved. Through this operation,
illum nation positions at the photodetecting faces 91 of the two

phot odetectors 9 are agreed or al nost agreed, naking the information
signals fromthe two photodetectors 9 agree with each other or assune a
m ni num di f f §heén@Ptical axis ofridemeanmiag drighte 32urifsaddish speoed orso
apparatus 50 in the constitution of_ the_ enbodinment will be now described.

Since the apfitk FRSERpGa: &8, ffafaatnISGAt e inge affeordne Light i

conventional ,surface.inspectio aratus_ 20, the_description of the basic
operat i on wi i Wﬁy%ﬁﬂtte ;puéﬁ.éﬁgé operaglbn, il umlnaglon positions

at the photodetecting faces 91 of the two photodetectors 9 .
are agreed or almost agreed, making the information signals
from the two photodetectors 9 agree with each other or
assume a minimum difference.

The operation of the surface inspection apparatus
50 in the constitution of the embodiment will be now
described.  Since the apparatus 50 operates fundamentally
in the same.manner as the conventional surface inspection
apparatus 20, the description of the basic operation will
be omitted.

After the apparatus 50 is tentatively assembled,
a flat cergmic plate having a uniform surface state is set
as a temporary substrate 7 at a set position of a
substrate, and laser beams are projected to the ceramic
plate experimentally. Preferably, the apparatus 50 is set
such that a height information obtained by'the experimental
projection to the flat ceramic plate is an information
corresponding to a vicinity of the center of an inspection
range. The experimental projeétion is carried out to
confirm whether the surface information signals output from
the photodetectors 9 agree or a difference of the signals

is minimum. Unless the information signals agree or the



After the apparatus 50 is tentatively assenbled, a flat ceramc plate
having a uniformsurface state is set as a tenporary substrate 7 at a set
"position of a substrate, and | aser beans are projected to the ceramc

. plate experinentally. Preferably, the apparatus 50 is set such that a

. height information obtained by the experinental projection to the flat
‘ceramic plate is an information corresponding to a vicinity of the center
‘of an inspection range. The experinmental projection is carried out
to confirmwhether the surface information signals output from the

phot odetectors 9 agree or a difference of the signals is mninum Unless
the information signals agree or the 315 - difference is

m ni mum the reflection angl e-changing nmenber 253 is advanced or
‘retreated thereby to change the inclining angle of the reflection face
251 of the reflecting body 252 and nove the optical axis of the scanning
~light 32, eventually the optical axis of each scattering reflecting

| i ght 8. differendgendisy minipmm, itheuniefdtsariqosnglenschaingigy member
phot odet ecting faces 91 _of the photodetectors 9 are agreed or nearly
agreed with agéh i%t he?dvanred heoX nf BeREeatrd si gharebyr obet hehange the
phot odet ect or,s are a e difference qf the inforpmation signals

Q d or th
is mnim zed.lnc_]"‘f‘ﬁé‘ngssgﬂeﬁi? ocfE t ke sEFFAEET1PRs pddT®n 23bpaPat u&@o i's
conpl eted at rte@lgcﬁi.ﬁ%e'b §er2§£1e and Move the optical axis of the

scanning light 32, eventually the optical axis of each
scattering reflecting 1light 8. Accordingly, the
illumination positions at the photodetecting faces 91 of
the photodetectors 9 are agreed or nearly agreed with each
other, and the infofmation signals from the photodetectors
9 are agreed or the difference of the information signals
is minimized. The assembly of the surface inspection
apparatus 50 is completed at this stage. After the ceramic
substrate is removed, the.épparatus 50 is used to executé a
surface inspection as follows.

The .laser 1light from the .semiconductor laser
diode 1 becomes the projection beam 3 through the
collimator lens 2, hits the mirror face 4a of the polygon
mirror 4 and is turned to the reflecting light 5. Since
the polygon mirror 4 rotates about the center shaft 10, the
reflecting light 5 is deflected in one direction and enters
the £0 lens system 6. The ff lens system 6 applies the
action of a condenser lens to the reflecting light 5 as
shown in Fig. 3. Although the f£ff# 1lens system 6 is
indicated to have one lens in Fig. 3 for the sake of

convenience, the ff# lens system 6 is actually constituted



substrate is renoved, the apparatus 50 is used to execute a surface

I nspection as foll ows. The laser light fromthe sem conductor

| aser diode 1 becones the projection beam 3 through the <collimtor |ens
2, hits the mrror face 4a of the polygon mrror 4 and is turned to the
reflecting |ight 5. Since the polygon mrror 4 rotates about the center
shaft 10, the reflecting light 5 is deflected in one direction and enters
the fl[err] lens system6. The f[err] lens system6 applies the action of
a condenser lens to the reflecting light 5 as show in Fig. 3.

Al though the f[err] Ilens system 6 is indicated to have one lens in
Fig. 3 for the sake of convenience~tlée-f[err] lens system6 is actually
constituted of .a plurality of coaxially arranged | enses
as in Fig. 2. The reflecting light 31 projected fromthe f[err] lens
system6 is reflected to be the scanning light 32 at the optical elenent

25 having the inclining, angle_of the flection face 251 adjusted
bef or ehand a®f O%SEH‘B%%IJ'%gr Pl‘"el‘:,"aéﬁ’rtaé'ig afrRRged, LensaR aHgIRsFig -t e

f f .th b . A f ) , | i.nd
spot 15 g verFie EEHERE el 1e° By datR e broh Sulns, 1T svRE R foc
12 to be neagy eg?f%%?ﬁ%e:ao e t gﬁes Léréﬁgtg.é@:t Pighd1e32SUNSTERL® obtical

The scattering re Fng l'rghts genera
element 25 having the inclining angle of the reflection

face 251 adjusted beforehand as described earlier, enters
always at right angles to the surface 7a of the substraéé 7
and scans the surface 7a. Thus, no blind spot is given
rise to the incident scanning light 32 even when the object
12 to be measuréd 'is present at the surface 7a of the
substrate 7.

The scattering.reflecting'lights 8 generated at
the surface 7a of the substrate 7 are, via the
photodetecting lenses 11, brought into the photodetecting
faces 91 of the photodetectors 9. Each photodetecting lens
11 has an angle of field covering a scanning width to the
'respective‘ photodetector 9 and focuses the respective
scattering reflecting light 8 so that the illumination
positioh is moved on each photodetecting face 91 of the
photodetectors 9 in the arrow direction 33 in accordance

with a height of the object 12 to be measured on the

substrate 7. In response to the projections to the
respective photodetecting faces 91, each photodetector 9
outputs time series surface information signals

proportional to the moving amount of the illumination

position in the arrow direction 33 synchronously with the



the surface 7a of the. substrate 7 are, via the photodetecting

| enses 11, brought into the photodetecting faces 91 of the photodetectors
9. Each photodetecting lens 11 has an angle of field covering a scanning
- width to the respective photodetector 9 and focuses the respective
~scattering reflecting light 8 so that the.illumnation position is noved
- on each photodetecting face 91 of the photodetectors 9 in the arrow
~direction 33 in accordance with a height of the object 12 to be neasured

- on the substrate 7. In response to the projections to the

. respective photodetecting faces 91, each photodetector 9 outputs tinme

- series surface I nformati on Si gnahs- proportional to the noving anount
. of the illumnation position in the arrow direction 33 synchronously with
- the - 17 - scanning of light. The

~information signals are supplied to the arithmetic device 13, whereby a
 three-di nensional shape _of the object 12 to be neasured at the substrate 7
" is inspectegcanning of lightse| &&e dgfopmatignasdgopleharghsuppdied: 60s 9
at the arithnetic device 13, each threshold level is set for the

- respective phBBod&isbmetdc dgicsuds  oWheReLY sap Shres -direasdoradoshaPeon

signal s and whi cfy of £he .51 99213 ' Bet i3l ¥ oLEY i IgLBLELDRY bpsgg on

inspected.

For selecting the signals of the photodetectors 9
‘at the arithmetic device 13, each threshold levél is set
for the respective photodetecting light sums of the
supplied surface information signals and which of the
signals is to be selected is determined based on whether
each photodetecting light sum of the supplied surface
information signals is not smaller than the threshold
level. If each photodetecting 1light sum of both
photodetectors 9 shows the threshold level or larger, én'
average value of the both surface information signals is
used. If the both photodetecting light sums are smaller
than the ﬁhreshold level respectively, the inspection is
judged as an error.

In the surface inspection apparatus 50 of the
present embodiment, the optical element 25 which can
minutely adjust the optical axis of the scanning light 32
is provided, so that surface information signals outpﬁt
from two photodetectors 9 can be agreed with each other or
a difference of the signals can be made minimum.
Accordingly, the inspection accuracy in surface inspection

is improved.



each photodetecting Iight sumof the supplied surface information signals
Is not smaller than the threshold |evel. If each photodetecting _
light sum of both photodetectors 9 shows the threshold level or [|arger,
an average value of the both surfate information signals is used. |If the.
bot h photodetecting |ight suns are smaller. than the threshold |evel
respectively, the inspection is judged as an error. In the
surface inspection apparatus 50 of the present enbodi nent, the optical

el ement 25 which can mnutely adjust the optical axis of the scanning
‘light 32 is provided, so that surface information signals output fromtwo
- phot odetectors 9 can be agreed with eagh -other or a difference of the
.signals can be nmade mninmm Accordingly, the inspection accuracy in
‘surface inspection is inproved. - 18 -
It may be conceived to incline the polygon mirror 4 itself by inclining
‘the rotary shaft 10 thereof |n pl ace , of using the optical elenent 25 of

the enbodi ment, so as & TRK O IFONGHIvES) ek iinc3finen & hee polivgpn iminra?.
In this od h er t ed beam 3 _does not enter_ the mrror
face 4a of t% 1&&% m:ﬁ,cg..;zﬁ,nér ?ﬁ’ﬁg&ﬁaﬂw Fhafte 10 5harenfedn @lase t he
;3? ?;é’esggf E)]p%o Wihd hed IS 1lelRn?Y 25" %5 3NN o d!:.%ht 2o a:[sheto
: move the optlca; axis of the scanning light 32. In this
?ethod, however, the projected beam 3 does not enter the
mirror face 4a of the polygon mirror 4 orthogonally to the
axial direction of the rotary shaft 10 and the scanning
line by the scanning light 32 on the surface 7a of the
substrate 7 is undesifably not straight, but curved.

. Other than the reflecting body 252 employed in
the embodiment, a wedge-shaped prism 35 as shown in Fig. 6
may be used as the optical element for moving the optical
axis of the scanning light 32. Attention should be- taken
to insert the prism 35 in a luminous flux of parallel
beams.. If the prism 35 is not inserted into parallel
beams, an aberration is generated, which worsens a shape of
a spot by the scanning light 32 to the object 12 to be
measured.

When a whole surface of the substrate 7 is
inspected, this inspection is executed by operating a
movement of the substrate 7 and a scanning of 1light
alternatively. 1In this case, the substrate is moved by a
substrate-moving device such as a linear motor or a
combination of a motor and a ball screw, etc. at right

angles to the scanning direction of 1light. Needless to .



substrate 7 is undesirably not straight, but curved. O her than
the reflecting body 252 enployed in the enbodi ment, a wedge-shaped prism
.35 as shown in Fig. 6 nmay be used as the optical element for nmoving the
.optical axis of the scanning light 32. Attention should be taken to
-insert the prism35 in a lumnous flux of parallel beans. If the prism35
.is not inserted into parallel beans, an aberration is generated, which
~worsens a shape of a spot by the scanning light 32 to the object 12.to be
- measur ed. When a whol e surface of the substrate 7 is inspected,
:this inspection is executed by operating a novenent of the substrate 7 and
‘a scanning of light alternatively. +m2hs case, the substrate is noved by
"a substrate-noving device such as a linear notor or a conbination of a
imotor and a ball screw, etc. at right angles to the scanning direction of
Flight. Needl ess to - 19 - say,

' the inspection app%5§tus n%éc%e noved while the substrate 7 is kept
'stationary. SaY: € AdES ¢ ARR2EBEVE- dB¥riBRd BERAI emvile  Hehe

Soberhibe o PBRRERNSYT 3 Mg L Rely TS S 2%, 2ok e
?states of not only thespddrdidie® to the above-described embodiment, the
| object to be inspected is the substrate 7. The surface
inspection'apparatus,and'method of the-embodiment can be
used to inspect surface states of not only the substrate,
but circuit boards before components are mounted thereon,
electronic components, 1liquid crystal panels or oﬁjects
requiring a three-dimensional measurement, etc.

The entire disclosure of Japanese Patent
Application No. 9-33506 filed on February 18, 1997,
including specification, claims, drawings, and summary are
incorporated herein by reference in its entirety.

Although the present invention has been fully
described ig _connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as.defined by the appended

claims unless they depart therefrom.



but- circuit boards before conponents are nounted thereon, electronic
conponents, liquid crystal panels or objects requiring a three-di nensional
- measurenent, etc. The entire di scl osure of Japanese Patent
Application No. 9-33506 filed on February 18, 1997, i ncluding
specification, clainms, drawi ngs, and summary are incorporated herein by
‘reference inits entirety. Al t hough the present invention has
been fully described in connection with the preferred enbodi ments thereof
with reference to the acconpanying drawings, it is to be noted that

vari ous changes and nodifications are apparent to those skilled in the
art. Such changes and nodificati ong@re to be understood as included
within the scope of the present invention as defined by the appended
claims unl ess they depart therefrom -
20 - VWHAT IS CLAIMED | S: 1. A surface inspection apparatus which
conpri ses: a |laser elenent (1) for emtting a |aser |ight;

a deflecti n@HAL AiHAIMER A& (4) having a pol ygonal periphery, each
peri pher al face of -t he periphery, bein a mrror face, the deflecting
scanning m Fror rotaﬁf éﬁiﬁﬁ inspe éPnsHEPPraFﬁérEBFChlﬁoﬁpﬁé539heral

during the rotation ar %&@%’ﬁi@ﬁ!ﬁ&g?hﬁ?&t At RNt
| a deflecting scanning mirror (4) having a
polygonal éeriphery, each peripheral face of the periphery
being a mirror face, the deflecting scanning mirror
rotating about a center shaft thereof in a peripheral
direction for reflecting the laser light emitted from the
laser_element during the rotation around the center shaft,
the';aser light entering the mirror face from a direction
orthogonal to an axial direction of the center shaft;
two photodetectors (9) each for detecting a
scattering reflecting light at a surface of an object-to'be
inspected when a reflecting 1light of the laser 1light
reflected by . the deflecting  scanning mirror scans the
‘surface of the object and which are arranged symmetrically
to an opticai axis of the scanniné light, wherein the
surface of the object is inspected based on illumination
positions at photodetecting faces of the photodetectors;
and
an optical element (25, 35) disposed between the
deflecting reflecting mirror and the object for moving an
optical axis of the reflecting light reflected by the
deflecting scanning mirror thereby to make the illumination

positions at photodetecting faces of the respective
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the laser light entering the mrror face froma direction orthogonal to an
axial direction of the center shaft; two phot odetectors (9) each
. for detecting a scattering reflecting.light at a surface of an object to

" be" inspected when a reflecting light of the laser light reflected by the
~deflecting scanning mrror scans the surface of the object and which are
arranged symmetrically to an optical axis of the scanning light, wherein
the surface of the object is inspected based on illumnation positions at
phot odet ecti ng faces of the photodetectors; and an optica

el ement (25, 35) disposed between the deflecting reflecting mrror and the
object for noving an optical axis of 2ahe reflecting light reflected by the
defl ecting scanning mrror thereby to make the illumnation positions at
phot odetecting faces of the respective

- 21 - phot odet ectors agree or nearly agree with each other, thus
mnimzing a surface inspection error. 2. A surface inspection

appar at us ac@&QﬁQQyﬁﬁyﬁﬂﬁﬁrﬂQPEe\MﬁﬂﬁﬁﬁrkymﬁﬁEﬁ¢cﬁ}tbléﬁﬁhtOGgsrlh&§u§
reflection face, (,251) for reflecting the reflecting |ight reflected by the
defl ecting sEHﬁFWéﬁf 3’ﬁ0F“§%&°5 FBFS@EF?BH 8hGPE: changi ng menber (253)

for changingzq refleCtQP%&%¥¥€% qas%%%tion apparatus according to claim
1, wherein the optical element (25) has a reflection face
(251) for reflecting the reflecting light reflected by the
deflecting scanning mirrér and a reflection angle-changiﬁg
member (253) for changing a reflection angle of the
reflecting light at the reflection face thereby moving the
optical axis of the reflecting light.
3. - A surface .inspection apparatus according to claim
1, wherein the optical element (25) is a strip-shaped
plate-like body having either end part pressed and held by
a retainer member (256) to a pedéstal (254), the retainer
membe: of a thin plate being provided.with a pressing part
(256a). at one end thereof for pressing the optical element
and a fixed part (256b) fixed to the pedestal at the other
end thereof and, extending in an axial direction of the
optical element.
4. A surface inspection apparatus according to claim
2, wherein the optical element (25) is a strip-shaped
plate-like body having either end part pressed and held by
a retainer member (256) to a pedestal (254), the retainer
member of a thin plate being provided with a pressing part'
(256a) at one end thereof for pressing the optical element

and a fixed part (256b) fixed to the pedestal at the other
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reflecting light at the reflection face thereby noving the optical axis of
the reflecting light. 3. A surface inspection apparatus according to
“cl,aim 1, wherein the optical elenent (25) is a strip-shaped plate-like
body having either end part pressed and held by a retainer nenber (256) to
a pedestal (254), the retainer nenber of a thin plate being provided with
a pressing part (256a) at one end thereof for pressing the optical elenent
- and a fixed part (256b) fixed to the pedestal at the other end thereof

. and, extending in an axial direction of the optical elenent. 4. A

. surface inspection apparatus according to claim 2, wherein the optical

. element (25) is a strip-shaped plate22ike body having either end part
pressed and held by a retainer nmenber (256) to a pedestal (254), the
retainer nmenber of a thin plate being provided with a pressing part

(256a) at one end thereof for pressing the optical elenent and a fixed

Pas 5256b) AL et BEECSRReBhibl® (SR axial dirscrion of BB ca

el enment . AeplihdRCe 1 nspection apparatus according to claim 1,
wherein the o %}%a+ Fenent (35) is a prismof a wedge- shaped cross
section. 6.5, A SAIl §@ffatdSDRSHEOPLioRt Afavbited S68BEASRS to claim

1, wherein the optical element (35) is a prism of a wedge-
shaped cross section.
6. . A surface inspection method which comprises:

emitting a laser light to a deflecting scanning
mirror (4) having a polygonal periphery, each peripheral
face of the periphery being a mirror face, the deflecting
scanning m;rror rotating about a center shaft thereof in a
peripheral direction for reflecting the emitted laser light
during the rotétion around the center shaft, the laser
light entering the mirror face from a direction orthogonal
to an axial direction of the center shaft;

scanning a surface of an object to be inspected
‘by a scanning light which is the reflecting light reflected
at the mirror face;

detecting scattering reflecting lights reflected
at the surface of the dbjéct by two photodetectors set
symmetrically to an optical axis of the scanning 1light,
thereby inspeéting the surface of the object; and

moving, when the scannihg light is projected, the
optical axis of the scanning light to the surface of the
object so that illumination positions at photodetecting

faces of the respective photodetectors agree or nearly
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emtting a laser light to a deflecting scanning mrror (4) having a

- pol ygonal periphery, each peripheral face of the periphery being a mrror
.fagce, the deflecting scanning mrror rotating about a center shaft thereof
-in a peripheral direction for reflecting the emtted laser light during

“the rotation around the center shaft, the laser |[|ight entering the mrror
+face. froma direction orthogonal to an axial direction of the center
shaft; scanning a surface of an object to be inspected by a

scanning light which is the reflecting light reflected at the mrror face;
detecting scattering reflecting lights reflected at the surface of the

obj ect by two photodetectors set symmtrically to an optical axis of the
scanning light, thereby inspecting the surface of the object; and

novi ng, when the scanning light is projected, the optical axis of the

~scanning light to the surface of the object so t hat iIIunination positions
-at phot odet e 0 ct det ect or s, ree or arly
- 23 - %rglee Wi t ctggchéa‘%lﬂ ég:(raeb‘!)}’l zé“’ﬁl%% cé |§1‘§ £ on

error. inspection error.
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