DESCRI PTI ON Appar atus For And Met hod OF Laser Marking

[ECHNI CAL FI ELD The present invention relates to an apparatus for

a nethod of l|aser marking and, in particular, to an apparatus for and
thod of perform ng marking continuously on a plurality of objects to-

Farked that are noving. -1- BACKGROUND ART

- VWhen marking patterns consisting of any characters, synbols, figures,

desi gns, etc. on workpieces forned of netal, plastic, ceramc, paper,

cloth, etc., manufactured by production lines in plants, it has been

general - practice to use an ink-jet system (See, for exanple, Japanese -

Pat ent Lai d- Open No. 57-14981). | npgseprsydem recording is effected

while varying the positional relationship between the workpi ece and the

nozzle of an ink jet by nmeans of a conveying device, so that an interlock

bet ween the conveying device and the ink jet is indispensable.

However, as the m nikppariaktasi Baroknd eviettod @ drasey daxrking et c. proceeds,

marks to be recorded are now required to be snaller and nore precise.

Under the circunstances, attention is being given to a |aser

TECHNICAL FIELD
The present invention relates to an apparatus for
and a method of laser marking and, in particular, to an
apparatus for and a method of performing marking

continuously on a plurality of objects to be marked that

are moving.

BACKGROUND ART

When marking patterns consisting of any characters,
symbols, figures, designs, etc. on workpieces formed of
metal, plastic, ceramic, paper, cloth, etc., manufactured
by production lines in plants, it has been general
practice to use an ink—-jet system (See, fof example,
Japanese Patent Laid-Open No. 57-14981). 1In thié system,
recording is effected while varying the positional
relationship between the workpiece and the nozzle of an
ink jet by means of a conveying device, so that an
interlock between the conveying device and the ink jet is
indispensable. .

However, as the miniaturization of semiconductor
products, etc. proceeds, marks to be recorded are now
required to be smaller and more precise. Under the

circumstances, attention is being given to a laser



- 2- mar ki ng apparatus as an alternative to the ink-jet system In a
suit abl e exanple of the |laser marking apparatus, raster scanning is
perforned on the surface of a mask with |aser beans froma | aser generator
by ' means of a deflector to thereby effect marking on the surface of a
workpi ece with the | aser beans transm pted through the mask, which has a
predeterm ned pattern. However, in the above-described | aser marking
apparatus, in which the |aser beans transmtted through the mask are

defl ected toward the workpi ece conveying |ine, the beam application area
Is stationary, and a workpiece is tenporarily brought to a stop upon

reachin this application area so that |aser be applied to the
surfacegofm?ﬁ%‘ﬂ%??ﬁ?@fggPB Fﬁe?%b?lEﬁ¥¥ﬂﬁlﬁﬁhﬁﬁ %&F é&ﬁ pahlch i s thus

caused_to #%%k Thu§n %t itaﬂ?g€3§$d¥léc§ftgﬁé‘i g%gyh@gkll to be stopped

each tinme I'ng opera on'Ts on a workpiece, resulting in a

rather pooLN-QdUG!d Vide¥ter scanning is perforn@dsgnailﬂlgEs%ﬂaM\éEml ON

The present invention has been made with a view toward elim nating the
above problggmd madke withonagek. behisi Sraf COTTHIEY Weareraltjoachyf the present

i nvention to provide an apparatus for and a nethod of |aser marking in
whi ch nar kimgrcanhe efdfiecedronowohépeky est bectngnaxdointg muousley conveyed,
wi thout having to bring themto a stop at_intervals, whereby it is
possi bl e t curdidasy ©fy® workpiece with the laser beams transmitted
through the mask, which has a predetermined pattern.
However, in the above-described laser marking
apparatus, in whic£ the laser beams transmitted through
the mask are deflected toward the workpiece coﬁveying
line, the beam application area is stationary, and a
workpiece is temporarily brought to a stop upon reaching
this applicétion area so that laser beams can be applied
-to the surface of the workpiece to thereby effect marking
thereon, which is thus caused to stay. Thus, it is
necessary for the conveying line to be stopped each time

marking operation is performed on a workpiece, resulting

in a rather poor productivity.

DISCLOSURE OF INVENTION
The present invention has been made with a view
toward eliminating the above problem in the prior art.
It is accordingly an object of the present invention to
provide an apparatus for and a method of laser marking in
which marking can be effected on workpiece$ being
continuously conveyed, without having to bring them to a

stop at intervals, whereby it is possible to achieve an



- 3- | nprovenent in terns of production efficiency. A | aser
marki ng apparatus according to the present invention includes a second
defl ector having a mrror for reflecting | aser beans transmtted through a
mask and novable |enses for receiving the |aser beans fromthis :
reffective mrror and applying themtoe 3he surface of a workpiece for

mar king, with the novable | enses being nounted on a noving nechani sm whi ch
noves in synchronism wth the speed at which the workpiece is conveyed. -
The reflective mrror is conposed of a first mrror for receiving and
reflecting the | aser beans transmtted through the mask and a second

mrror for | t ect e Pﬁ?ﬁﬁ fr : LLst mrror to the

novabl e !e%@%%?gé#gﬂttgg_%ﬁ?%%t?%ﬁ?%) ecpé ?§EP§%L% ans from the first
mrror being swacpable M&ffﬁﬁ§*§5§2r4€h§'H%co%@&ﬁgdt81Eﬁ@eréséH€ novabl e
| enses. Further, the reflective mrror may al so be conposed of a novable

mrror for ineehvicf 2NdlieésestidbidaidAstorenavingr anaiiktoedrbhr ough a
mask, a rotating mrror which reflects the reflected beans fromthe
novabl e m rrefléotihyelasynbbeahensramnthittesh theroughadl mask ghdnar

rotation, and a stationary mrror capable of receiving the reflected
beans due twmovablei iphaeentor véceireinm\tie daseirr bepmgndrenf thésing themto

the rotating nmrror, with the direction of the reflected beans fromthe
novabl e ni FRELCFELRE BhFFeRapRe awRtvingjhea™ 0 the FBEiRfRg°tnfrror or

the StatiOﬂ%%%kgkgégrfggrgggﬂigé?p&gggngﬁg ﬁgvable lenses being
mounted on a moving mechanism which moves in synchronism
with the speed at which the workpiece is conveyed. The
reflective mirror is composed of a first mirror for
receiving and reflecting the laser beams transmitted
through the mask and a second mirror for reflecting the
reflected beams from the first mirror to the movable
lenses, with the direction of the reflected beams from
the first mirror being switchable with respect to the
second mirror or the movable lenses. Further, the
reflective mirror may also be composed of a movable
mirror for receiving and reflecting the laser beams
transmitted through a mask, a rotating mirror which
reflects the reflected beams from the movable mirror to
the movable lens and which is capable of planar rotation,
and a stationary mirror capable of receiving the
reflected beams due to the displacement of the movable
mirror and reflecting them to the rotating mirror, with
the direction of the reflected beams from the movable
mirror being switchable with respect to the rotating

mirror or the stationary mirror through displacement of



the novable mrror. Further, the above-nentioned reflective mrror my
al sp be conposed of a first mrror for receiving and reflecting | aser
beans transmtted through a nask, a second mirror for reflecting the
reflected beans fromthe first mrror to novable lenses, a third mrror
for®*receiving and reflecting | aser beang - transmtted through the mask, a
fourth mrror for receiving and reflecting the reflected beans fromthe
third mrror to the novable |l enses, and a fifth mirror for reflecting the-
refl ected beans fromthe fourth mrror to the novable |lenses, with the

first through fifth mrrors being secured to a novabl e base, and the |aser
beans transm tted through the mask being switchably applied to the first

or the thirbP®i PPERPIABUGHT di IRt TentthEr aPRVE-RevebPReBase. Furt her
th bove- ti d ' hani be f d_by, th |

bi axi al . pl ahSFLRGYI TG HEEIGI S A% nEOBPORRS Ob, B nbhbhal “tHEC Bxes

coi nci ding whLh, Le, WPLKPLES .o LAINEHIDD I BLLAD.  B0ohc dyi ve N this
axis being “erfec ed TR synchronr smw RARE wor pi €ce conveyling speed.

A laser meskpgugRt ofa g6 s ddibdd dited¥ 88N rerlBYEDAL OPNES characteri zed
in that, when applying laser Dbeans to the surface of a workpiece for

mar ki ng, noyabhectt&NEesms Of r&RAiNE NELARAMNE rirdrt 868 ABVABLE Déniéds,

wor kpi ece, which are provided in a second deflector, are
a third mirror for receiving and reflecting laser beams
transmitted through the mask, a fourth mirror for
receiving and reflecting the reflected beams from the
third mirror to the movable lenses, and a fifth mirror
for reflecting the reflected beams from the fourth mirror
to the movable lenses, with the first through fifth
mirrors being secured to a movable base, and the laser
beams transmitted through the mask being switchably
applied to the first or the third mirror through
displacement of this movable base. Further, the above-
mentioned moving mechanism may be formed by an orthogonal
biaxial planar moving mechanism, with one of the
orthogonal two axes coinciding with the workpiece
conveying direction, and the drive in this axis being
effected in synchronism with the workpiece conveying
speed.

| A laser masking method according to the present

invention is characterized in that, when applying laser
beams to the surface of a workpiece for marking, movable
lenses for applying beams to the surface of the
workpiece, which are provided in a second deflector, are

moved in synchronism with the workpiece being conveyed,



noved in synchronismw th the workpi ece bei ng conveyed,

-5-¢ I n the workpi ece conveying direction. Further, the second

defl ector may swing |aser beans transmitted through a mask by at |east
90[err] between the nmask and the novable |enses. Further, the second
deft ector may be equipped with a noval® € nirror for deflecting beams
transmtted through the mask toward the novable |l enses and a stationary
mrror for receiving the reflected beans fromthis novable mrror, wth-
the reflected beans from the novable mrror being switchably emtted to
the stationary mrror or the novable |l enses to thereby nmake the mask

pattern rotai ahé workpiedd) dd e3P’ al ¥ect O6n Andrumitad afhd aser marki ng
descri bed above, a nore flexible planar positioning of mask information

obt ai ned bys¢tendidstiemidraiay swingpdasebl bednys necrssmiftitdre second

deflector. That is, the |aser beans containing nmask informati on can be
di spl aced throughoa dhasihdwret Yslaste 90 kstwgnro tihemmaiskh anide theonveyi ng
device, without requiring any change on the workpiece-conveyi ng-device
si de. Due tBOYRPie Lergegendinrthear: $heosererd AoF1EPT 2% Bfar ki ng

apparatus to have hi gher degree of, freegonl reby the |oad on the
conveyi ng d%Wt‘:@P‘Egnwb o?rﬁ‘%‘?asbﬁé"d.mlfﬁ8§, gh d%ﬁg?ﬁ/%r?ﬁeﬁfeart%s achi eved in
(T on SSPERIEESR! thidion, A AASUUGLATCAR WGP scfaiiaguct on tact

and a stationary mirror for receiving the reflected beams

from this movable mirror, with the reflected beams from

the movable mirror being switchably emitted to the

stationary mirror or the movable lenses to thereby make

tﬁe mask pattern rotatable.

In the apparatus for and method of laser marking

described above, a more flexible planar positioning of

mask information obtained by the first deflector is

possible by means of the second deflector. That is, the

laser beams containing mask information can be displaced

in a two-dimensional plane in synchronism with the

conveying device, without requiring any change on the

workpiece-conveying-device side. Due to this

arrangement, it is possible for the laser marking

apparatus to have a higher degree of freedom, whereby the

load on the conveying device can be diminished. Thué, an

improvement is achieved in terms of general versatility,

and a reduction in workpiece-production tact time due to

the marking operation can be prevented.

BRIEF DESCRIPTION OF DRAWINGS



BRI EF DESCRI PTI ON OF DRAW NGS - 6-

Fig. 1 is adiagramillustrating the construction of a |aser marking
apparatus according to a first enbodiment of the present invention;

Fig. 2 is a flowhart illustrating the operation of the apparatus of Fig.
1; # Fig. 3Ais a di agramillustr’atsi ng how | aser beans froma first

deflecting mrror according to the first enbodinment are directly deflected
to novable lenses; Fig. 3B is a diagramshowing Fig. 3A fromthe direction
of an arrow A Fig. 4Ais a diagramillustrating how | aser beans
fromthe first deflecting mrror of the first enbodinent are deflected to
the novabl e | ensdagy.t ir dggh aiagesmndiltesteaiimg thel cohstbugtiél oF a

di agram showing Fig. 4A fromthe direction of an arrow B; Fig. 5is
a di agram id |issteratmiank imgwappekahysi accetdinge daec didistg empodiimenitr st

enbodi nment ; Fig. 6 is a diagramillustrating how the novable |enses
of the fir®f &hsomunasentadavepkdnponi zed to a conveyi ng devi ce; Fig.

7 is a diagramil])ustrating hOW/narklng i S cqq&%e ed according to the
first enbodi nentE9- 2 ispgyflgwebagt ilLlpstratsy ttﬁ‘z?[ CRE AN 18 &fgenent  of
a reflectixe mrror  of af_sg,cond defl ector according to a second

|

enbodi ment & et?ﬁ?iﬁ%ﬁﬁﬁn? &@htﬁbn;

Fig. 3A is a diagram illustrating how laser beams
from a first deflecting mirror according to the first
embodiment are directly deflected to movable lenses; Fig.
3B is a diagram showing Fig. 3A from the direction of an
arrow A;

Fig. 4A is a diagram illustrating how laser beams
from the first deflecting mirror of the first embodiment
are deflected to the movable lenses through a second
deflecting mirror; Fig. 4B is a diagram showing Fig. 4A
from the direction of an arrow B}

Fig. 5 is a diagram illustrating how marking is
started according to the first embodiment;

Fig. 6 is a diagram illustrating how the movable
lenses of the first embodiment are synchronized to a
conveying device;

Fig. 7 is a diagram illustrating how marking is
completed according to the first embodiment;

Fig. 8 is a diagram illustrating an arrangement of a
reflective mirror of a second deflector according to a
second embodiment of the present invention;

Fig. 9 is a plan view of a reflective mirror,

showing a first optical path according to the second



Fig. 9is a plan view of a reflective mrror, showing a first optical path

acgording to the second -7

enbodi nment ; Fig. 10 is a side view of Fig. 9; Fig. 11 is a plan
view of a reflective mrror, shomﬁng_q second optical path according to
the second enbodi nment; Fig. 12 i's a side view of Fig. 11; Fi g.

13 is a plan view of a reflective mrror of a second deflector according
to a third enbodi nent of the present invention, which corresponds to the
first optical path; Fig. 14 is a side view of Fig. 13; Fig. 15
is a plan view of a reflective mrror of the second deflector according to
the third emibsdiimemit,; which corresponds to the second optical path; and
Fig. 16 is a side view of Fig. 15. . BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON  Fig. Plefisr tedidghydrienfsFa9- the apparatus for and the

met hod of |aser _marking ,of the gresent invention wll now be described in

detail with refdrf@rcet d5 Re PACRoTEEHYPhgE BREGTYYe MIrroTgig 1 js a

oo o S SRS ey SRR RS 8 AR ccoraing o
embodiment;
Fig. 12 is a side view of Fig. 11;
Fig. 13 is a plan view of a reflective mirror of a
second deflector according to a third embodiment of the
present invention, which corresponds to the first optical
path; |
Fig. 14 is a side view of Fig. 13;
Fig. 15 is a plan view of a reflective mirror of the
second deflector according to the third embodiment, which

corresponds to the second optical path; and

Fig. 16 is a side view of Fig. 15.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the apparatus for and the
method of laser marking of the present invention will now
be described in detail with réference to the accompanying
drawings.

Fig. 1 is a diagram showing the construction of a
laser marking apparatus according to the first
embodiment, which includes a YAG laser generator 1
serving as a laser beam source. This apparatus is
equipped with a first deflector 3 (3X, 3Y) for deflecfing

S laser beams from-the YAG laser generator 1 in X and Y-



serving as a | aser beam source. This apparatus is equipped with a first
defdector 3 (3X,-3Y) for deflecting |aser beans fromthe YAG | aser
generator 1 in X and Y- directions for raster scanning after
t hey. have been condensed by an optical lens 2. In an internediate section
of £his first deflector 3, there is arrnged an optical system4 for
condensing the | aser beans deflected by the Y-direction deflector 3Y at a
point on a reflecting surface of the X-direction deflector 3X The
first deflector 3 (3X, 3Y), whose axes of rotation are orthogonal to each
other, consists of a polygon mrror 3X, which serves as the X-direction

deflector, @dedtitha!rde SRSEEL! SPafidP artbr WReGNhater ¥@Enas the
Y-direction deflector. These mrrors are spaced apart fromeach other. The

pol ygon ni r rcemdaX.sedWbiyC Ani 8pt OeaEdLass @ polphedr dntkameddaB8é surfaces, is
rotatable in constant-speed rotation nodes of several steps, an optinmum

nmode bei ng seickdioed ofothdscliimet kgeflect® 3rhathere isnersantedeanf the

pol ygon mirror 3X_corresponds to one line in the X-direction on a liquid
crystal maslPR¥ESE) S¥EtER funfosneordensinm Wie tieegopgds R/ELREESIX

correspondi to 3¢ lj.nes i.n the_X-djrectjion. ._.The rotating operation
mrror 3Y i}%dé:&eg%Edilfﬁgﬁlophafa?i(ﬁgé?ﬁe:s%oar%gaor?or}inltr 8P 38X rotates to cause
t he | aser e r | Vi ing ot hi,ft. rf anot her, it
rotates by _te% i rﬁﬁq-'(eﬁz?ngﬁ%%fgﬁa %ﬁeghét%pés%é‘%‘gﬂ%qﬂ??%%g&gnégf, the rotating
operation mrror QREALEY deflector 3 (3X, 3Y), whose axes of '

rotation are orthogonal to each other, consists of a
polygon mirror 3X, which serves as the X-direction
deflector, and a rotating operatibn mirror 3Y, which
sexves as the Y-direction deflector. These mirrors are
spaced apart from each other. The polygon mirror 3%,
which is formed as a polyhedron having 36 surfaces, is
rotatable in constant-speed rotation modes of several
steps, an optimum mode being selected for each workpiece

" 8. That is, one surface of the polygon mirror 3X
corresponds to one line in the X-direction on a liquid
crystal mask deséribed below, one rotation of the polygon
mirror 3X corresponding to 36 lines in the X-direction.

The rotating operafion mirror 3Y is designed such

that, as the polygon mirror 3X rotates to cause the laser
beam receiving point to shift from one surface to
another, it rotates by a minute angle and then stops. 1In
this embodiment, the rotating operation mirror operates
by minute equal angles of.43 steps. After the last,
i.e., the 43rd step, the mirror makes a reverse rotation

to return at a stroke to the first step. Although it



by m nute equal angles of 43 steps. After the last, 1i.e., the 43rd step,
thee mrror makes a reverse rotation to return at a stroke to the first
step. Although it - 9- m ght be
possi ble to adopt a systemin which the 22nd step constitutes a neutral
posttion, this enbodinent adopts a sYstgan in which the first step
constitutes the neutral position so as to be in conformty wth the
raster scanning start position. Thus, in this enbodi nent, one mnute
rotational ~angle of the rotating operation mrror 3Y corresponds to a line
feed in the Y- direction on the liquid crystal mask, the rotating
operation nmight B¢ pRissipla tot adopd Hysystemninuwdichothel @2ak angl e each
time the application of beans to one surface of the polygon mrror 3X is
conpl et ed. ep coniseidmpleiscat hentpél bpesist ian ondisueibodimentbeen
conpleted, the rotating operation mrror 3Y rests at the sane position.
Further, th&donts gy Svisded a4nl whirH thgstirstefiers congilbmptesc&bees | aser
beans for use in raster, scanni ngﬁb}:/B the first_ deflectqr 3 and which is

g

capabl e of AARTRL RQPItFERHELy aP® et HCTHREHE Y Weht §9e transnitted
or scattered electrical.ly. e.tothis liquj,d crvstal .;rask 6, it is
possible to J?aosﬁ:n%ras gﬁnrlé’é r‘?géftpgf)fé{?ﬁ?nThghgfsl’qlﬁ]d%élrl)%t al mask 6 is of a

type which iSndfGiatd Y ortalliGled LBRAELSRALMURPAL (B ithl: bRl
crystal mask, an exanple o Ich'is a I qui d-crystal/resin conpl ex
operation mirror 3Y corresponds to a line feed in the Y-
direction on the liquid crystal mask, the rotating
operation mirror 3Y making a rotation by one minute
rotational angle each time the application of beams to
one surface of the polygon mirror 3X is completed. Until
the application of beams to one surface has been
completed, the rotating operation mirror 3Y rests at the
same ppsition.

Further, there is provided a liquid crystal'mask 6,
which receives laser beams for use in raster scanning by
the first deflector 3 and which is capable of arbitrarily
displaying patterns causing thém to be transmitted or
scattered electrically. Due to this liquid crystal mask
6, it is possible to form a desired mark pattern. The
liquid crystal mask 6 is of a type which is generally
called a ransmission/scattering-type liquid crystal mask,
an example of which is a "liguid—-erystal/resin complex
composed of liquid crystal and resin (See Japanese Patent
Laid-Open No. 2-96714)".

In this liquid crystal mask, a multitude of parallel

electrode lines are provided on either side of the liquid.



conposed of liquid crystal and resin (See Japanese Patent Lai d-Open No.
2-36714)". ~In this liquid crystal mask, a nultitude of paralle

el ectrode lines are provided on either side of the liquid

-10- crystal and in such a way as to cross each other between the
obverse and reverse sides. In those poﬁtlons of the liquid crystal to
which no voltage is being applied, |aser beans are in a scattered state,
whereas those portions of the liquid crystal to which voltage is being
applied are in a |laser beamtransmtting state. By wutilizing this

el ectrical characteristic, voltage is selectively applied to the

el ectrodes toyshelebydf dnnsach deswaehPpaid emosisneachnothagebetween

i nstant aneously. Unlike conventional liquid crystal nmasks, this liquid
cryst al na§k36°b§qnﬁﬁe§nﬁorgﬁ¢ew¢z%mdeﬂhuéﬁlﬁh@sﬁnpentnoysoﬁfthbe | aser
beans transmitted through the Iiquid crystal mask 6 is at |east two tines

as high as QHSPlecFMEtéﬁnV%nV¥ ) In°IYQﬁHQfQ:ﬂfs?&Fnﬁa§Rgll?ﬁrth|s

mbodi t, . th d t 24 dot I
i1 oront " APORE] BARRSpAFE CERCe: FEGRTOTH o0 Ap AP PROTFERFE, 11 i

possible fo’botrIE'lEPe' 8#293 Xfé@i% d%?@alt %J‘%ﬁ&x"@ﬁi%g%oi?eﬁe XBeS ot dot

natr!x, f or “exa of the
liquid Crysh?bl'iﬁ&ka§e lhhsrfagér%gé(m%dax?snﬁ%%q Q%ELSCt Ofy 9 for

defl ecting aser beans transmtted in conformty with the pattern to be

formed tovengillieing’ tace eletbeivel kphoreorhriWhiie) kdltage is
selectively applied to the electrodes to thereby form a
desired pattern into an image instantaneously. Unlike
conventional liquid érystal masks, this liquid crystal
mask 6 requires no polarizer. Thus, the intensity of the
laser beams transmitted through the liquid crystal mask 6
is at-least two times as high as that of the conventional
liquid crystal masks. In this embodiment, the liquid
crystal mask 6 has 24 x 24 dots, displaying different
divisional patterns in dot matrix. Apart from this, it
is possible for this liquid crystal mask 6 to have
various other types of dot matrix, for examplé, 72 dots x
36 dots.

On the output side of the liquid crystal mask 6,
there is provided a second deflector 9 for deflecting
laser beams transmitted in conformity with the pattern to
be formed toward the surface of the workpiece 8, which is
the object of marking. This second deflector 9 comprises
a first deflecting mirror 10 for receiving and reflecting
the laser beams transmitted through the liquid crystal

- mask 6 and a second deflecting mirror 11 for reflecting



the object of marking. This second deflector 9 conprises a first

def ecting mrror 10 for receiving and reflecting the |aser beans
transmtted through the liquid crystal mask 6 and a second defl ecting
mrror 11 for reflecting &he reflected beans fromthe first -
defd ecting mrror 10 toward a group'o} | enses described below. In this
case, the first reflecting mirror 10 is designed such that its reflecting
direction is switchable, i.e., it can be directly reflected to the -
above-nmenti oned group of lenses or indirectly thereto through the _

I nternmedi ation of the second deflecting mrror 11. For this purpose, the
first deflBotirgfivcert be@niss fbes ghed f4oshsdebldet tapabieraf 1®ei ng
rotated by a mirror driving notor 12, whereas the second deflecting mrror
11 is forneePward signdwhaly lensesodesierdhetisbpbevi i chedligcasen it

defl ects toward , the group of |enses. . As described ahove,, there are
provi ded a Hroupioit Tehest g migrory itlgigefpetoned | SR? Yahsltf rectly

from the fir eflecting. mirrar 10.or.indirectly through the second

def | ecting ﬁ?fi%fkﬁﬂg %ﬁﬁagﬁ%ﬁﬁ)%ﬁ ﬁﬁg%&g?ggFé la?fhng%dga 3V£ a conveyi ng

device 14 f A | £ whi.ek [ ES a belt

conveyor orgilfﬁ(ge]q/fk%. %’E‘eg?\(l)&lﬂ)l%g%e %%r??gs g?%’gﬁao ]'??lg%négyisés%%s whi ch

is mounted §F AigedEd) aHordthAtt Hrou® ¥Bd $Atasmed Pabfork apRbEe Of Naki ng

pl anar novenents al ong the conveying plane of the conveyi ng device 14, and
thus can second deflecting mirror 11. For this purpose, the first
deflecting mirror 10 is designed so as to be capable of
being rotated by a mirror driving motor 12, whereas the
second deflecting mirror 11 is formed as a stationary
mirror which is positioned such that it deflects toward
the group of lenses.

As described above, there are provided a group of
lenses for receiving deflected laser beams directly from
the first deflecting mirror 10 or indirectly through the
second deflecting mirror 11. The group of lenses are
arranged above a conveying device 14 for conveying the
workpiece 8, which device consists of a belt conveyor or
the like. The group of lenses form an optical system,
which is mounted on an XY table 15 that is formed so as
to be capable of making planar movements along the
conveying plane of the conveying device 14, and thus can
make planar movements. This table 15 has an orthogonal
biaxial planar movihg mechanism. The movable group of
lenses, mentioned above, are composed of an objective
lens 16 and a marking lens 17. The objective lens 16 is

- . arranged above the surface of the table 15 and moves



make planar novenents. This table 15 has-an orthogonal biaxial planar
nmovl ng nechani sm The novable group of |enses, nentioned above, are
conposed of an objective lens 16 and a narklng | ens 17. The objective |lens
16 is arranged above the surface of the tabl e 15 and noves

-1 integrally with the table 1512TRe objective lens 16 serves to
receive | aser beans fromthe first deflecting mrror 10 or the second
deflecting mrror 11 and effect correction on forned inmages. The

marking |l ens 17 has an optical axis which coincides with that of the
objective lens 16, and is secured in position within a through-hole
section of fiheegkable kbthotpertare pes .t ermhereblesgioa LerRsWEkpi ece 8
passi ng under the table 15. Further, to enable the table 15 to nove, the
tabl e 15 issegueppbd wethiveVYldseecteams fuprothe8figstddediagtingi n
conformty with the convezlng direction of the workpiece 8 and an

X-di recti on®Asrer 10 orokher porerdidefiecting aderer dr peAdPEGPAE thereto.
Thus, the table 15.,is capabl e of ,maki ng pl anar novenents in conposite

dr|V|ng d|r€8FF8ﬁ§188e°PofPﬁ@§@ Brere- 18 and 19 Further, on the
upstream si de of _the wor kpi C there is prOV|ded a
wor kpi ece p05|t|éﬁ ng ﬁgr Eﬁsfg? %X ?ﬁg e Sﬁégeﬁée gf any

Sontrol | or STTSHOSSORAFH! EAaErurEnd ?f“%lﬁ’t}s&%e 482crPEEd i ving
g
units. This seenteal i@l pdtition within a through-hole section of the
table 15 to perform pattern marking on the workpiece 8
passing under the table 15. Further, to enable the table
15 to move, the table 15 is equipped with a Y-direction
motor 18 for driving it in conformity with the conveying
direction of the workpiece 8 and an X-direction motor 13
for driving it in a direction perpendicular thereto.
Thus, the table 15 is capable of making planar movements
in composite driving directions due to these motors 18
and 19.

Further, on the upstream side of the workpiece
conveying device 14, there is provided a workpiece
position detector 20 for detecting.the presence of any
workpiece 8 on the conveying device 14. Further, there
is provided a controller 21 for overall control of all
the above-described driving units. This controller 21
generates a marking pattern signal and causes a laser
beam transmission image corresponding to a pattern to be
formed in the liquid c¢crystal mask 6, driving the first

deflector 3 so as to effect raster scanning on the

= surface of the liquid crystal mask 6 with laser beams.



generates a marking pattern signal and causes a | aser beamtransm ssion
I rege corresponding to a pattern to be fornmed in the liquid crystal mask
6, driving the first deflector 3 so as to effect raster scanning on the
surface of the liquid crystal mask 6 with | aser beans. i
-13- To set the direction in whith*he narking of the pattern on the
surface of the workpiece 8 is to be effected, the controller 21 determ nes
the deflecting direction of the first deflecting mrror 10 and, on the
basis of this direction, drives the mrror driving notor 12. Further, the
controller 21 inputs a signal fromthe workpi ece detector 20 and, when the
wor Kpi ece 8Teoeaelieshehdiretkiof iposhi¢lthe indkdnigh@fYter @atkitefnnmot or 18
so as to effect a synchronized novenent in the conveying direction,
causi ng | asen frvekisngfagebefpthéovorkpided B tie twobepiedfectd, s thei ng
conveyed. A _marki ng nmethod using the above-described construction
will be des€Prbe@llrat @dr dagervireg. the defmiedt it rgctdrmr @F £hew, the
pattern to be marked_and, the range_and direction _thereof are set (step
101). Regarditsg FﬁélﬁgF&PﬁgmaFFagt%%n?n%&? ithe BasiSe&f k¢ iSmirror 10 is
inclined by g.he m.,rror dr.iving, nmotor 12 as, shown.in FEi.gs. .3A.and 3B so as
to adj ust itc{slr&ecftllé)é’t'i ﬁidlv&sr gttf?iIBﬁrF%rt%élanbr\’/gaﬁ?oé:qrer%szés f%%% *17 Dbel ow,
wher eby | asgle RRATRIT 120290 1haEeds ! 0 andl rARIA AhPAURRI R A tO the
wor kpi ece 8. As a result, a pattern as shown Is

detector 20 and, when the workpiece 8 reaches the marking

-~

position, starts the ¥Y-direction motor 18 so as to effect
a synchronized movement in the conveying direction,
causing laser marking to be performed while the workpiece
8 is being conveyed.

A markiné method using the above-described
conétruction will be described. Referring to Fig. 2,
which shows a control flow, the pattern to be marked and
the range and direction thereof are set (step 101).
Regarding the marking direction, the first deflecting
mirror 10 is inclined by the mirror driving motor 12 as
shown in Figs. 3A and 3B so as to adjust its deflecting
direction to the movable lenses 16 and 17 below, whereby
laser beams P are deflected in a direction perpendicular
to the workpiece 8. As a result, a pattern as shown is
marked on the surface of the workpiece 8. Next, as shown
in Figs. 4A and 4B, the first deflecting mirror 10 is set
to a vertical position by the mirror driving motor 12,
whereby the laser beams P are deflected so as to be
parallel to the surface of the workpiece 8 and impinge

upon the second deflecting mirror 11. The second



mar ked on the surface of the workpiece 8. Next, as shown in Figs. 4A and
4B, the first deflecting mrror 10 is set to a vertical position by the
mrror driving notor 12, whereby the |aser beans P are deflected so as to
be parallel to the surface of the workpiece 8 and inpinge upon the second
defiecting mrror 11. The second - 14 - - 14 -
deflecting mrror 11 is fixed in a position in which it 1is directed
downwar ds, so that the |aser beans P are deflected in a direction

perpendi cular to the workpiece 8. As a result, a pattern obtained by
turning the pattern shomn in Fig. 3A by 90[err] with respect thereto is

mar ked on g:teb\‘;fll%gtf rtol}e1‘&05§p5€§§8d81n-@a§o§1§:10%y J.nd(nh\igﬁg ithe

conveyi ng ce o nove the workpl ece to a position directly bel ow

the first ofs SBGANG edd&{dwRSRIrRG, TS eﬁaéOtﬂé Yesed tbéa%\spﬁs%'r@ eto
arbitrarily select the di rection of the marKi ng pattern solely by

control | i ngidfedligd Gin & iddiregtiohopetBendiculaNed thHeh&ordkpieyeng speed of
the workpiece 8 is set (step 102). Since the range in which parking by the
| aser markithg dopar atamilits popsitieeni sbtasbed diediuxnings theecessary to
perform marki ng of one pattern within the range. In viewof this, the
speed at wRatterr showpiiecFigm B2 byn98y euiths xesperki KBETPROa&8Or dance
with the size and direction of the narklng?{an ge, After these

pr epar at or YHEF Rt ihe (S R0 P L1 ERPOFOTERISA N P 1 hérht?(‘}nx}éyl Ry device 14
S started (Sl oRd Wle odlVeinGethaE! 191 e Mol JMp YA On For
to a position directly below the first or second
deflecting mirror 10 or 11, it is possible to arbitrarily
select the direction of the marking pattern solely by
controlling the mirror driviné motor 12.

Next, the conveying speed of the workpiece 8 is set
(step 102). Since the range in which marking by the
laser marking apparatus is possible is restricted, it is
necessary to perform marking of one pattern within the
range. In view of this, the speed at which the workpiece
8 is conveyed is determined in accordance with the size
and direction of the marking range.

After these preparatory operations, the motor 13 for
driving the conveying device 14 is started (step 103).
After the start of the motor, the operation for detecting
the presence of the workpiece 8 is continuously performed
(step 104) by the workpiece position detector 20, which
is associated with the conveying device 14, for the
purpose of checking the timing of the conveyance of the
workpiece 8 into the marking range, the procedure

advancing to the next step upon detection of the



the presence of the workpiece 8 is continuously perforned (step 104) by

t he wor kpi ece position detector 20, which 1is associated with the conveying
device 14, for the purpose of checking the timng of the conveyance of the
wor kpi ece 8 into the marking range, the procedure advancing to the next - .
step upon detection of the - 15 - ‘ - 15-

wor kpi ece 8. After the workpiece 8, which is being conveyed by the
conveying device 14, is detected by the workpiece position detector 20, -an
inner timer of the controller 21 is started, and the detection of the
conveying direction and the vertical position of the workpiece 8 is

ef fected b*,&&@i@%rk@iece position detector 20 (step 105). Then, by
operating the tagle'15, t he novable I enses 16 and 17 are noved to a

marking start poinFtetSkeR W8Ekpiedl® ,%&m’gi_sstbaerihgp%ﬂbe%’édt Bg stroke end
on the upstream side wthin tﬁe mar ki ng- possi ble range wih reSpect to

the conveyi RrefidoRélelyamgOideii@eRk Pl 8CeBectdte AT heWbkphiggpect to the
direction orthogonal to the conveying direction, it is the position

det ect ed by gd=ditderecletrec20r R20,stapiffér timer oAff tthie tcbetmolakle2llenses 16
and 17 have been brought to the marking start position, the apparatus
enters into ism stEmtedy agdatbe ditehtiont Phukhe faamvgyiogi dd restibnt he

wor kpi ece 8 is_conveyed to _the position concerned, This, K period is

uni fornly détt EhfedSificRd @csihies Bét hRenvworkpiece 8 is effected

by the workpiece position detector 20 (step 105). Then,
by operating the XY table 15, the movable lenses 16 and
17 are moved to a marking start point (step 106). The
marking start point is the stroke end on the upstream
side within the marking-possible range with respect to
the conveying direction of the workpiece 8, whereas, with

~ respect to the direction orthogonal to the conveying
direction, it is the position detected by the detector 20
in step 105.

After the movable lenses 16 and 17 have been brought
to the marking start position, the apparatus enters into
a stand-by state, which continues for a period until the
workpiece 8 is conveyed to the position concerned. This
period is uniformly determined by the distance between
the workpiece position detector 20 and the marking-
possible range and the conveying speed, and is compared
with the lapse of time as indicated by the inner timer of
the controller 21 (step 107).

After the elapse of the predetermined stand-by
period, that is, when the workpiece 8 has reached the

marking start point, marking is started (step 108). This.



t he wor kpi ece position detector 20 and the marking- possible range and the
~conveying speed, and is conpared wth the |apse of tinme as indicated by
the inner timer of the controller 21 (step 107). After the el apse of
the predeterm ned stand-by period, that is, when the workpi ece 8 has
reached the marking start point, marki¥fg-is started (step 108). This

- 16- condition is shown in Fig. 5. Wile keeping the conveying speed
of the workpiece 8 constant, the marking position is noved relative to the
wor kpi ece in synchronismtherew th, whereby the surface of the workpiece
8 is marked with a fixed pattern. The synchronization of the marking

position isnaehied BY shBenYifiF£S5tiHN AP0k ldephinghendY-table 15. That
is, as shown in Fig. 6, driving is perforned such that the speed of the

movenent of ddiwrelyangespéedand 4Xe avchkpte O/ eyindgantpeeteohatkengor kpi ece
8 can be kept equal to each other. By this synchronized novenent, marKking
of a fixed pastiedon is ebiedt edlabivé whittte Wegrkpdekiengnoper ation on one
wor kpi ece 8 is conpleted (See Fig. 7). After the conpletion of the
mar ki ng of GW@Ohgpmﬂﬁébﬁhegewihb:I@h%%%bneﬂﬁh@urfaﬁﬁeO#D#BG to the upstream
side so as to _be prepared for marking on subsequent workpieces 8, which
are to be fétprdmdege & ianpprkrd(¥iep ao@axeddm D.nr dB&dure returns to

tep 104 t t th t] , Kk b
per Torned Y AHCRIRSIOR. FohBrHBRoEIAY TR HRg S SHEPREBHaPyY

the Y-direction motor 18 of the X¥Y-table 15. That is, as
shown in Fig. 6, driving is performed such that the speed
of the movement of the lenses 16 and 17 and the conveying
speed of the workpiece 8 can be kept equal to each other.
By this synchronized movement, marking of a fixed pattern
is effected, with which the marking operation on one
workpiece 8 is completed (See Fig. 7).

After the completion of the marking of one workpiece
8, the lenses 16 and 17 are moved to the upstream side so -
as to be prepared for marking on subsequent workpieces 8,

" which are to be fed one after another (step 109), and the
procedure returns to step 104 to repeat the same
operations. In this way, laser marking can be performed
on workpieces 8 even when they are being continuously
conveyed, without having to stop their conveyance.

In accoxdance with this embodiment, described above,
it is possible to effect marking of an arbitrary pattern
on the surface of a workpiece Seing conveyed due to the
action of the second deflector 9. In particular, in
performing marking, selection is possible with regard to

planar translational position and two rotating



conveyed, w thout having to stop their conveyance. In accordance with
t his enbodi nent, described above, it is possible to effect marking of an
arbitrary pattern on the surface of a workpi ece being conveyed due to the
action of the second deflector 9. In particular, in performng marking,
sel®ection is possible with regard to_. phanar translational position and two
rotating -17- directions. Further,
it is only necessary for the speed in the conveying direction of the
conveying device 14 to have at |east one degree of freedom so that
marking is possible while continuously operating the conveying device 14.
Thus, the I qad on, the conveéing device 14 is dimnished, whereby an

enhancement StReGEAGPE VEPERR®Y 3t 3% ondvaPREESERBY 5PTtHReSSRRSEine, a

reduction in_t tact tinme for r kpi production ig achieyved, thereby
maki ng it pé?g?ﬁFeCPBVSXﬁP%vglﬁﬁag 68% t SCRVESr e O?Vlﬁ?o%gc Pon

effiCienCy-havgegtP%é sttQﬁeaﬁgﬁpggaﬂpqﬁQ@%%h,o otEgaefﬁéﬁﬂ&n&nysnt

I on
will be descri et al reference to the raw ngs. Thi s

enbodi nent  diokkebiel 4RI ENBoAL I Slo@sDPHgEA ing thBeceABeyiHgt i on of the
reflective mrtrror of the second deflector (See Fig. 1). In the first

enbodi ment , deRdcef 1Ast wWhtbpcthagisad ron the avdveheéngedonilcdefiliedsi ng
mrror 11 are used for the purpose of effecting planar rotation by 90[err]
of the markidigipashedn, whheebpsanienhdrniaement in general versatility

is attained and, at the same time, a reduction in the

tact time for workpiece production is achieved, thereby

making it possible to achieve an improvement in terms of

production efficiency.

Next, the second embodiment of the preéent invention
will be described in detail with reference to the
drawings. .

This embodiment differs from the first embodiment in
the construction of the reflective mirror of the second
deflector (See Fig. 1). 1In the first embodiment, the
first deflecting mirror 10 and the second deflecting
mirror 11 are used for the purpose of effecting planar
rotation by 90° of the marking pattern, whereas, in this
embodiment, a rotating mirror 25, a movable mirror 26 and
a stationary mirror 27 are used, as shown in Fig. 8.

First, the optical path for laser beams will be
described as divided into two paths. 1In a first optical
path, laser beams P transmitted through the liquid
crystal mask 6 are reflected by the movable mirror 26,

and the reflected beams therefrom are reflected by the

rotating mirror 25 and, further, the beams thus reflected .



enbodi ment, a rotating mrror 25, a novable mrror 26 and a stationary

m r&d or 27 are used, as shown in Fig. 8. First, the optical path for

| aser beans will be described as divided into two paths. In a first

optical path, laser beans P transmitted through the liquid crystal nask 6
are refl ected by the novable mrror 2618 -and the refl ected beans therefrom
are reflected by the rotating mrror 25 and, further, the beans thus
reflected - 18- are applied to the
novabl e | enses 16 and 17. In a second optical path, the rotating mrror 25
in the first optical mrror rotates, and the novable mrror 26 noves,

whereby | as@ KA td ABYTHILEB1ENTOHIS e i crystalsdmsl 6 are

reflected by thé novable mrror 26, and the beanms thus reflected are

reflected ptieal Qati,Ngnd WeRbtdhg mibeos efd el athd st hpraldsam bei ng
applied to the novable lenses 16 and 17. The second optical path is

const r uct ednistidr tritfatidss sinal itheampvable oniProrXd 6 inoves, whedehyst opti cal
path, so that the beans applied to the novable |Ienses 16 and 17 through
the first avabewdwmains @ttimgsnidties fhoodehi thed fqwid axvstathaadyy
90[err]. The above-nentioned rotating mrror 25 is designed so as to

be capabl e ®f2%f diffleias iksh the AOVPRASt PHBFRT 1164 PRLAAE RIS t he
Tovabl o i FHS S EIH A AR Ty PPOF RS = oTr i A eo of
this pl anafpd Ozgéa‘fié)&ecp %ter}:lrr{sl %&%%egrohnsggﬁgtaMd S the
movable lenses 16 and 17. The second optical pa;h is
constructed such that the stationary mirror 27 exists in
the first optical path, so that the beams applied to the
movable lenses 16 and 17 through the first and second
optical paths are deviated from each other by 90°.

The above-mentioned rotating mirror 25 is designed
so as to be capable of planar rotation of at least 90° in
order that the direction of incidence of the rotating
mirror 25 may be adjusted to the movable mirror 26 or the
stationary mirror 27 in Fig. 8. Regardless of this
planar rotation, both fluxes of incident beams are
applied to the movable lenses 16 and 17 (in a direction
perpendicular to the plane of the drawing). The
stationary mirror 27 is secuféd in position such that
beams reflected therefrom are directed to the rotating
mirror 25. The movable mirror 26 is designed so as to be
movable along a parallel line connecting the rotating
mirror 25 and the stationary mirror 27 such that beams
reflected therefrom are directed to the rotating mirror

25 or the stationary mirror 27.



applied to the novable | enses 16 and 17 (in a direction perpendicular to
the plane of the drawing). The stationary mrror 27 is secured in position
such that beans reflected therefromare directed to the rotating mrror
25. The novable mrror 26 is designed so as to be nopvable along a parallel
| ime connecting the rotating mrror 23%nd the stationary mrror 27 such
that beans reflected therefromare directed to the rotating mrror 25 or
the stationary mrror 27. -19-

The second' enbodi nent will be described specifically wth reference to
Figs. 9 and 10, which show the first optical path, and Figs. 11 and 12,

whi ch show the s n I A T r ' h : @t | I rror

25, the novenen?ﬁgfg?ﬁgﬂﬁnggg?§£%$?$d@ﬁg%?k§%§%?ﬁ3£FPx§ %g%ﬁ&gggggg
stationary RjjthOkeZéraheeatdi pY§4l, Dy 4 1®! WAMIchI snewneheuelrgp: these
mrrors 25, 26 and 27 are nounted on a base 24. The outer periphery of the
rotating m optical pathsl aflabFygéi tiedandtie a vidlch showheéhbasecddd and is
equi pped with a gear 32 which is in nesh with a gear 32 of a notor 28.
Thus, when tp¢igaflopakd.naithe notaviomrof rihve st atdngt mdmyrorh@Sy ot ati ng
mrror 25 also rotates. This rotating mirror 25 is designed such that it

i s rotat ablt@eamovegentooferhp. nevebkermixyrr Afvapre HPer §ixgbiops provi ded
such that it is.slidabl,e on a rail 29 that is,6 secured to the_base 24. This
rail 29 is i dPeStRGiQParynBLEERARet i M tHP G PYoEPROEREABHIBE t he

rotating mcrorn%rtr%Sct%%gx:t hghgggt ﬁgrgcfbré h‘Z:S ,r egé eaCnt‘:i '}9 Sé%g 16111 %ngfedt g%

a base 24. The outer periphery of the rotating mirror 25

is slidably fitted into a hole of the base 24, and is
equipped with a gear 32 which is in mesh with a gear 32
of a motor 28. Thus, when the motor 28 makes normal or
reverse rotation, the rotating mirror 25 also rotates.
This rotating mirror 25 is designed such that it is
rotatable at least 90°. Further, the movable mirror 26
is provided such that it is slidable on a rail 29 that is
secured to the base 24. This rail 29 is parallel to a
line connecting the center of rotation of the rotating
mirror 25 and the center of the reflecting surface of the
stationary mirror 27.

In the outer periphery of the case of the movable
mirror 26, there is provided a pin 31, which is fitted
into an elongated hole 30 provided in the outer periphery
of the case of the rotating mirror 25, in such a way that
it involves no rattling. Thus, when the rotating mirror
25 is rotated by the ﬁotor 28, the pin 31 receives a
thrust from.the wall of the elongated hole 30, whereby

the movable mirror 26 moves to the right and left, as



stationary mrror 27. In the outer periphery of the case of the
nowable mrror 26, there is provided a pin 31, which is fitted into an

el ongated hol e 30 provided in the outer periphery of the case of the
rotating mrror 25, in such a way that it involves no rattling. Thus, when
the rotating mrror 25 is rotated by the-notor 28, the pin 31 receives a
thrust fromthe wall of the el ongated hole 30, whereby the novable mrror
26 noves to the right and left, as - 20~
seen in the drawing, on the rail 29 with the rotation of the rotating
mrror 25. Further, the case. of the novable mrror 26 is provided with two

hol es 34, which d . t f h.qth di stance bet
Uheee hol case8h 2B FBABROL: 8 10 ptd rfadguticBr “HBs FPREEAGA: Shnon he

movabl e nir£§%yg§ggg¥§§ Q?ELQE 50 | RPe ex ﬁﬁ%h%agés f2€h§2ﬁ8?aggg 36

which is fir ereto. At eac e stroke en € novabl e

mrror 26, mherBrN286i8Nbebe1888 WOLE b HH1ECRANY whatheake! BBaBRYADI €
mrror 26. Though not shown, the pin 36 has a ball at its tip, which bal

I s outwar dl gphir@s€dombgaghsptheg, Drige tdiddtrcet Dativednt thaset Ro1Bal | enters
one of the two holes 34 at the stroke ends of the novable mrror 26 to

t her eby ser3d asraeppentisohbngnl| opkifum anmantmwfaldispiacemen26whEort her,
the rotating mrror 25 has two holes 33, which are spaced apart from each
other. The$&ehso¥abds mdrrespdhdueves hen rthatdaid &%l e of 90[err] of

The base 24 has a pin 36 which is firmly secured
thereto. At each of the stroke ends of the movable
mirror 26, the pin 36 enters the hole 34 to thereby
arrest the movable mirror 26. Though not shown, the pin
36 has a ball at its tip, which ball is outwardly biased
by a spring. Due to this construction, the ball enters
one of the two holes 34 at the stroke ends of the movable
mirror 26 to thereby serve as a positioning lock for the
movable mirror 26. Further, the rotating mirror 25 has
two holes 33, which are spaced apart from each other.
These holes 33 correspond to the rotating angle of 90° of
the rotating mirror 25. A pin 35, which is secured to
the base 24, is arranged so as to enter these holes 33 at
the stroke ends of the movable mirrors 26, thus serving
as a positioning lock for the rotating mirror 25. This
pin 35 has a coﬁstruction similar to that of the pin 36.

The rotating mirror 25 has a mirror 251 at its
center of rotation (See Fig. 12). Thus, if the rotating
mirror swings, both of the incident fiuxes of beams from
the movable lens 26 and the stationary lens 27 can be

applied to the movable lenses 16 and 17. That is, in the-



the rotating mrror 25. A pin 35, which is secured to the base 24, is
arraanged so as to enter these holes 33 at the stroke ends of the novable
mrrors 26, thus serving as a positioning lock for the rotating mrror 25.
This pin 35 has a construction simlar to that of the pin 36. The
rottating mrror 25 has a mrror 251 at2iits center of rotation (See Fig.
12). Thus, if the rotating mrror swings, both of the incident fluxes of

. beans from the novable I ens 26 and the stationary |ens 27 can be applied:
to the novable | enses 16 and 17. That is, in the

-21- first optical path shown in Figs. 9 and 10, the rotating mrror
25 t at 0 t tatli f th 8 |t bi

Cotati on.  t REEREVRBELCHT PELD SR 6 FASne: 8B F8al 138 FREEFPRngenent

as shown in_Fi : reby t d | 4 S obt ai ned.
DlSJeSt o] th: smggggfr é%t ?ggat%% ?asmg)c‘{sg%l ggtggggﬁ ?ﬁgﬁfﬁéos% %Zi rrentl, to

turn the inagg,tQiB8 ¥BEKEHPYe HOh, a¥h nidVaIQr mi¥RbK D8 WEvBESELDI € even
when wor kpi eces are continuously conveyed. Wile this enbodi nrent has been

descri bed withiaredkereadezb ot Re COPSdH¢Ed A dgN shidw@h inORligsongimahar 28 is
used to reliably and economcally realize an interlocked novenent of the
rotating m ru2gr wkeredydthhesaovad| eptlcalrpadty iist opbednert hout sayi ng t hat
it is also possible to use two notors and that, regarding the mrrors, it
is possible to adwst tei thésscensamebien, dithers PpgsIbard aenfingth&ti ons.
first embodiment, to turn the image to be marked by 90° -
and, further, markinglis possible even when workpieces
are continuously conveyed. While this embodiment has
been described with reference to a construction in which
only one motor 28 is used to reliably and economically
realize an interlocked movement of the rotating mirror 25
and the movable mirror 26, it goes without saying that it
is also possible to use two motors and that, regarding
~the mirrors, it is possible to adopt mirrors of wvarious
other types and configurations.
Next, the third embodiment, in which the reflective
mirror of the second deflector 9 (See Fig. 1) is designed
in still another way, will be described with reference to
Figs. 13 through 16.
Figs. 13 and 14 are diagrams corresponding to the
aﬁove-described first optical path, and Figs. 15 and 16
are diagrams corresponding to the above-described second
optical path. Five reflective mirrors are secured to a
movable base 37. These mirrors include a first mirrér 38

for receiving and reflecting laser beams P transmitted

through the liquid crystal mask 6 (See Fig. 1), and a



Next, the third enbodi ment, in which the reflective mrror of the second
defd ector 9 (See Fig. 1) is designed in still another way, wll be
described with reference to Figs. 13 through 16. Figs. 13 and 14 are
di agranms corresponding to the above-dﬁscribed first optical path, and
Figs. 15 and 16 are diagrans correspo aiﬁg to the above-descri bed second
optical path. Five reflective mrrors are secured to a novable base 37.
These mrrors include a first mirror 38 for receiving and reflecting | aser
beans P transmtted through the liquid crystal mask 6 (See Fig. 1), and a

-22- second mrror 39 for applying the reflected beans from the first
mrror 38 tsetdred misatde 3Enkes applaitgl fheTheflediov@ Yaanes nixromdrs furt her
include a third mrror 40 which, like the first mrror 38, receives and

reflects |therfhesthemirzos e tted thier owyhbibelenses dleramd 617 naskhe 6, a
fourth mrror 41 for receiving and reflecting the reflected beans fromthe
third mrrofPare Hhwe irxers fHnther 4nclydeapprhird miere®ef4@ct ed beans

fromthe fourth mrror 41 to the novable |enses 16 and 17,  The | aser
beans P traﬂ%ﬁ??tg%l¥?wEﬂﬁﬂ£%Wﬁ§IqﬁﬁﬁQT @%ysFSFeﬁﬁgi aRd ZHEHRES t chabl y

appl i ed to thg Liksly {1 QIR O Whe Ll LM LEOL 40, FECOr ding, Lo the

posi tion of ~di Spl acemnen 0 € nova ase he second

mrror 39 agd sheo{,]ééﬂ_mmfapr41 For ?MQc%Hv_iE&OHh&hféflé?Pﬁﬂé afee as shown
in the draw ngs, have the same configuration as that of the

reflected beams from the third mirror 40, and a fifth

mirror 42 for applying the reflected beams from the

fourth mirror 41 to the movable lenses 16 and 17. The

laser beams P transmitted through the liquid crystal mask

6 can be switchably applied to the first mirror 38 or the

third mirror 40 according to the position of displacement

of the movable base 37.

Each of the second mirror 39 and the fifth mirror
42, which, from their appearance as shown in the
drawings, have the same configuration as that of the
rotating mirror of the second embodiment, is obtained by
removing the gear 32, etc. from the rotating mirror 25 of
the second embodiment. Thus, unlike the rotating mirror
of the second embodiment, they do not rotate but are
fastened to the movable base 37.

Further, the movable base 37 is arranged so as to be
slidable on two parallel rails 43 fastened to a base 45.
In the middle portion of the base 45, an elongated hole
451 is formed so that lasexr beams can be épplied to the
movable lenses 16 and.17 from the second mirror 39 or the

- fifth mirror 42. Further, the movable base 37 is pin-



rotating mrror of the second enbodi nent, is obtained by renoving the gear
32, etc. fromthe rotating mrror 25 of the second enbodi nent. Thus,
unlike the rotating mrror of the second enbodi ment, they do not rotate

but are fastened to the novabl e base 37. Furt her, the novabl e base
37 41s arranged so as to be slidable opgtwo parallel rails 43 fastened to a
base 45. In the mddle portion of the base 45, an elongated hole 451 is

formed so that | aser beans can be applied to the novable |enses 16 and 17 -
fromthe second mrror 39 or the fifth mrror 42. Further, the novable
base 37 is pin- - 23- connected to
the base 45 by neans of a direct driven type fpneur_mtic cylinder (not
shown), wheFeB)ertedakonbhe basethe BY giransm @ af £158cke@R1VARt ¥PEr awi ng

by a redeterm ned stroke. This stroke is determned b osi tioning | ocks
2 CFor o ahirnaERc; reliRaer tRobn o ghOEseut AE By BPESbRee 370i &

secured |1 easl LuofeDhngt el L Rand o (aoskliay gg Lock 44 Thal T

n m T of have Stantially the sane

constructi og-agetBemkhegt sPPLkER! Iélﬂ’fé Pet A5k RELESRAREHOBY he | aser
1 14. Next

optical path shown in Figs. an _ , by driving a notor (not
shown), thepgBY8bbBingasecRE ABYesrédP éhumpiedhtinagheegdats8 bhewdr awi ng, and

arrested by the right-hand side positioning |lock 44. Then, an arrangenent
as shown i nFEggs1315tardmbGablie base 37 is secured in position by

the left-hand side positioning lock 44. That is, the

first mirror 38 and the second mirror 39 have

substantially the same construction as the first optical

path, as can be seen from the laser optical path shown in

Figs. 13 and 14.

Next, by driving a motor (not shown), the movable
base 37 moves to the right as seen in the drawing, and
arrested by the right-hand side positioning lock 44.
Then, an arrangement as shown in Figs. 15 and 16 is
realized. That is, as can be seen from the laser optical
path shown in Figs. 15 and 16, the third mirror 40, the
fourth mirror 41, and the fifth mirror 42 have
substantially the same construction as the second optical
path of the second embodiment.

Due to this construction, it is possible, as in the
above-described embodiment, to turn the marked image by
90° and to achieve an improvement in terms of production
efficiency. While in this embodiment the drive source
for the movable base 37 consists of a direct driven type
pneumatic cylinder, it is also possible to use a

hydraulic cylinder, a solenoid, a motor and so on.



realized. That is, as can be seen fromthe |aser optical path shown in
Figs. 15 and 16, the third mrror 40, the fourth mrror 41, and the fifth
mrror 42 have substantially the same construction as the second optical
path of the second enbodi nent. Due to this construction, it is

possi ble, as in the .above-described embdiment, to turn the nmarked i mage
by 90 and to achieve an inprovenent in terns of production efficiency.
Wiile in this enbodi nent the drive source for the novable base 37 consists
of a direct driven type pneumatic cylinder, it is also possible to use a
hydraulic cylinder, a solenoid, a notor and so on.

- 24- FutiR%ler, | Aol RE aQQ\S@e ?BEEEﬁG&tP& Sé’wltt“éﬂl@x% feom the first

optical path to thé secon optical path and 'sw tching reverse thereto
invol ve an ifidstaspirdeeneasen Ro the BEAbR &t iBdY Patnbynane, so that the
i mage formation on the workpiece surface involves reversing fromleft to
ri ght. Thus,swittctlioy deveraddetieirb@b, inhebvefdrecinapaddey dealreaseciange i n
optical path, the display of the inage on the liquid crystal mask 6 is
reversed frdrhe afumber Gightirdeesobghand, so that the image formgDUSTRI AL

APPLI CABI LI TY In accordance with the present invention, beans
transnitted thr%w%]i?dsel@edrsé‘r§ﬁicﬁchééf°%¥e§ FRY$RTY XM rhedit &0 that t he
i mage to be nB Qﬁﬂuﬁezkyr ouIQYbe added that, when effecting the

above change in optical path, the display of the image on
the liquid crystal mask 6 is reversed from left to right

beforehand.

INDUST'R'IAL APPLICABRILITY

In accordance with the present invention, beams
transmitted through a mask are switched by a reflective
mirror so that the imagé to be marked can be turned by
90° and, further, laser marking is possible .even when
workpieces are being continuously conveyed, without
having to stop them at intervals, whereby an apparatus
for and a method of laser marking are provided which help

to attain an improvement in production efficiency.



90 and, further, laser marking is possible even when workpi eces are being
continuously conveyed, without having to stop themat intervals, whereby

an apparatus for and a nmethod of |aser nmarking are provided-whi-ch-help to
attain an inprovenent in production efficiency. \

;mrhi;sng-appar atus conprising a | a\s/\?rA\:F ggn?r_g'lt (I\)/rED !asi‘i rst m,’"mmn"”?mﬂ”"l
g o

defl ecting | aser beans fromsaid | aser generator to perfdrnfrastex
scanning, a nmask capable of selectively allow ng transm ssion of the
| aser beans fromsaid first deflector for raster scanning ~to thereby

di splay a predeterm ned patter n d_.deflector for further

defl ecting the | aser beans trg%%ﬁif§§%ﬁ§ rou&ﬁ'said mask to apply themto
the surface of a workpiece for marking, wherein said second deflector
includes a mrror for reflecting the |aser beans transmtted through said

mask and nmovabl ey engesasd Prmd BGIgY idppatr-BCubasshpPeaimg f4 oragén s reflective
mrror- to apply themto the surface of a workpiece for marking, wth the

novabl e | engesebatog, naupiesk ade fl eanom Forndelidacsimghl £de rivesns n
synchronismw th the speed at which the workpiece is conveyed. 2.

A | aser narRroy appdr dassr agenexhitny tte Oexiforh, rasherecseanaingr ef| ective
mrror conprises a first mrror L.
' mask capable of selectively allowing transmission of the

laser beams from said first deflector for raster scanning
to thereby display a predetermined pattern, and a second
deflector for further deflecting the laser beams
transmitted through said mask to apply them to the
surface of a workpiece for marking, wherein said second
deflector includes a mirror for reflecting the laser
beams transmitted through said mask and movable lenses
for receiving the laser beams from this reflective mirror
to apply them to the surface of a workpiece for marking,
with the movable lenses being mounted on a moving
mechanism which moves in synchronism with the speed at

which the workpiece is conveyed.

2. A laser marking apparatus according to Claim 1,
wherein said reflective mirror comprises a first mirror
for receiving and reflecting the laser beams transmitted
through séid mask and a second mirror for reflecting the
reflected beams from said first mirror to said movable
lenses, and wherein the direction of the reflected beams
from said first mirror can be switched with respect to

said second mirror or said movable lenses.



for receiving and reflecting the |laser beans transmtted through said nmask
and a second mrror for reflecting the reflected beams—fromsaird-first—
mrror to said novable |enses, and wherein the direction of the reflected

beams fromsaid first mirror can be switched with res ﬂ . nd
m rror or said novabl e | enses. - 26 - pnm"“ﬂl““n“ uaﬁm

3. A laser marking apparatus according to Claim1, whertirf sdi d"reflettive
mrror conprises a novable mrror adapted to receive and reflect the | aser
beans transmtted through said mask and capabl e of planar novenents, a
rotating mrror which reflects the reflected beans from said novable
mrror to said novable I enses and which is capable of planar rotation, and
a stationary mrror which can receive the reflected beans due to

di spl acenent of 3ai dAmhuabkemarking amshraiisecccolrddngotosaildimotlati ng
mrror, with the direction of the reflected beans fromsaid novable mrror
bei ng swit chwhisireini shidr zefbect ive smixrontcannyy seisr Romoyabigi Bisrari onary
mrror through displacenent of said novable mrror, 4. A |l aser

nar ki ng appacfaptsdateorgragve cardarafiect \ihe diaserabgamss | ective mrror

conprises a first mrror for receiving and reflecting | aser beans

transmitt ed PX@ERSBdGHedarBrREER, S%’-@e‘&%%& nq r‘"c?rpa% ng Pgéf‘f"ﬁg t he

11 o0t e DRABLRT IS b Bad! £ 9Lol OyRALe IMAKS chE"EBR BN 1 ¢
beams from said movable mirror to said movable lenses and
which is capable of planar rotation, and a stationary
mirror which can receive the reflected beams due to
displécement of said movable mirror and reflect them to
said rotating mirror, with the direction of the reflected
beams from said movable mirror being switchable with

respect to said rotating mirror or said stationary mirror

through displacement of said movable mirror.

4, A laser marking apparatus according to Claim 1,
wherein said reflective mirror comprises a first mirror
for receiving and reflecting laser beams transmitted
through said mask, a second mirror for reflecting the
reflected beams from the first mirror to said movable
lenses, a third mirror for receiving and reflecting laser
beams transmitted through said mask, a fourth mirror for
receivihg and reflecting the reflected beams from the
third mirror, and a fifth mirror for reflecting the
reflected beams from the fourth mirror to said movable
lenses, with the first through fifth mirror being secured

to a movable base, and the application of the laser beams .



beans transm tted through said mask, a fourth mrror for receiving and
reflecting the reflected beans fromthe third mrror, and-a-f+rfthn+rror——
for reflecting the reflected beanms fromthe fourth mirror to said novable

| enses, with the first through fifth mrror being secure

base, and the application of the | aser bpans c”llﬂﬂ"ﬂ""mmﬂllll
-27- transmtted through said mask being swtchable t'o tthet rs{ o‘r
the third mrror through displacenent of said novable base.

| aser - mar ki ng apparatus according to Claim1l, wherein said noving

mechani smis forned by an orthogonal bi axi al pl anar novi ng rrechani sm wth
the directiqn_qone onagl t axes c0| |d| t he wor kpi ece
conveyi ng diTEerToI gh&?\ﬁi‘? %aﬁﬁema\l\?v%ejr%gtsh Q%Tvt\n ntcg‘fe this axis
can be effe%ﬂ%e S AT Wb L k@i%&%ﬁy' R
6. A | aser I ng Ii“hé:ln \%u\é%ras annlng 'S per?gr glevmthlaser
beans from gndw3frle drator by wusing a first deflector and in which the
| aser beans used in said raster scanning are applied to a nask capabl e of
di splaying a predeterm ned pattern and are selectively transmtted
t heret hrough, the laser beans transmtted through said mask being further
defl ected by a sécondd ldafdrectacking apphoathseztcomiinngamildioatli,on of
sai d

wherein said moving mechanism is formed by an orthogonal

biaxial planar moving mechanism, with the direction one

of the orthogonal two axes coinciding with the workpiece

conveying direction, and wherein the drive in the

direction of this axis can be effected in synchronism

with the workpiece conveying speed.

6. A laser masking method in which raster scanning
is performed with laser beams from a laser generator by
using a first deflector and in which the laser beams used
in said raster scanning are applied to a mask capable of
displaying a predetermined pattern and are selectively
transmitted therethrough, the laser beams transmitted
through said mask being further deflected by a second
deflector so as to effect marking application of said
pattern to the surface of a workpiece, wherein, when said
marking application is effected, movable lenses for
applying laser beams to the surface of the workpiece,
which are provided in the second deflector, are moved in
synchrénism with the workpiece, while the workpiece is

being conveyed, in the workpiece conveying direction.



pattern to the surface of a workpiece, wherein, when said marking
application is effected, novable |lenses for applying |aser _beans to-the—
surface of the workpiece, which are provided in the second deflector, are}

nmoved in synchronismw th the workpiece, -while the work

conveyed, in the workpi ece conveying direction. “M“‘W“Imﬂvnﬂm
- 28 - 7. A laser maski ng” mt hod according t erein
t he second defl ector swings | aser beans transmtted through said nask by
at |east 90[err] between said mask and sai d novabl e | enses. : A

| aser masking nethod according to G aim6, wherein the second deflector i's
equi pped'with a novable mrror for deflecting beans transnmtted through

sai d mask toward .saiad 1a@¢abhaskengeseened aacdaddiorary Tlaaar 6f or
receiving the refl ected beans fromsaid novable mrror, and wherein said
novabl e m r mredesinopdeatsedosd deflectal| swirsys tlads®lr deamsssi on of said
reflected beams to said stationary mrror or said novable |enses to -
t her eby naké&ragmmndtyed shyopghasabilemask by at least 90° between

said mask and said movable lenses.

8. 'A laser masking method according to Claim 6,
wherein the second deflector is equipped with a movable
mirror for deflecting beams transmitted through said mask
toward said movable lenses and a stationary mirror for
receiving the reflected beams from said movable mirror,
and wherein said movable mirror is operated so as to
allow switchable emission of said reflected beams to said
stationary mirror or said movable lenses to thereby make

said pattern rotatable.



