DESQRIPTICN Met rod and Device for Col or Laser Marking TECHNI CAL EIELﬂ'fﬁg
preseﬁt I nventi-on relates to a nethod and device for color |aser marking,
in particular, a nethod and device for color |aser marking suitable for
mar Ki.ng col or patterns in different colors on the surface of the wor kpi ece. .
BACKGROUND ART An exanple on the conventjanal technologies in this fieldis
a nethod for marking on the surface of synthetic materials in Japanese
Patent Laid-Qpen No. 56-144995. This technol ogy includes coloring the
surface of synthetic materials contgl %%#%b tuffs and silicon-containing
i norgani ¢ conpounds or surface of syn iI'cC materials containing
silicon-containing dyestuffs white, blue, violet, red and so on, by

- exposing the surface with a | aser bean1having'the intensity of at |east

1,000 kw' cn2, neasur petBBdt BRASDETEEE. £o¥ tdulugh Talerabayriagnventi onal
' technology enables coloring white, blue, violet, red and so on, visible
coloring may be al so useful even if the color is not so clear. Further,
coloring for marking on the surface of the

: TECHNICAL FIELD

The_present invention relates to a method and device
for color laser marking, in particular, a method and device
for color laser marking suitable for marking color patterns

in different colors on the surface of the workpiece.

BACKGROUND ART

An example on the conventional technologies in this

field is a method for marking on_the surface of synthetic
-materials in Japanese Patent Laid-Open No. 56-144995. This
technology includes-coloring the surface of synthetic |
materials containing dyéstuffs and silicon-containing
inorganic compounds or surface of synthetic materials
containing silicon-containing dyestuffs white, blue, violet,
red and so on, by exposing the surface with a laser beam
having the intensity of at least 1,000 kw/cm?, measured on
the surface.

Although the above conventional technology enables
coloring white, blue, violet, red and so on, visible
coloring may be aléo useful even if the color is not sb
clear. Further, colofing for marking on the surface of the
workpiece, without the drastic modifications of conventional

laser marking devices and without using dyestuffs not like



wor kpi-ece, without the drastic nodifications of conventional |aser marking
devi ces and w thout using dyestuffs not |ike -2- the above conventi onal

t echnol ogy, may be useful. DI SCLOSURE OF THE | NVENTI ON The present

i nvention intends to provide a nethod and device for color |aser marking
suitable for marking color patterns in @ fferent colors on the surface of

t he wor kpi ece, considering such a conventional technology and desires. The
met hod for color |aser marking of the present invention is characterized by .

that the WerkPEBGRe! SoRverBiBRhL Cr SRRy, TRk WeOMsREgani ¢ and inorganic
materials and patterns in different color is obtained by varying the

received light intensity on the workpi ece when irradiating the laser |ight.
When the feature is limted by generated colors, the different colors are
visually light grey, whit e, DYSCLQSUREOFy AHEOMANYENTIONN. According to such a
construction, when the workpiece is
' The present invention intends to provide a method and
device for color laser marking suitable for marking color
patterns in different colors on the surface of the
workpiece, considering such a conventional technology and
desires.
The method for color laser marking of the present
invention is characterized by that the workpiece is a
synthetic material made frém organic and inorganic materials
and patterns in different color is obtained by varying the
received light intensity on the workpiece when irradiating
the laser light. When the feature is limited by generated
colors, the different colors are visually light grey, white,
vellow and yellowish brown.
According to such a construction, when the workpiece is
a synthetic material made from organic and inorganic
compounds, the patterns is colored so that the patterns can.
be recognized to be light grey, white, yellow, and yellowish
brown. However, the coloring itself has not been
theoretically clarified. Mbreover, the received light
intensity for promoting the coloring has to be determined in
view of the entire marking device construction, because the
received light intensity depends on synthetic materials for
the workpiece and specifications of the laser marking

device.



a synt-hetic material made fromorganic and inorgani c conpounds, the
patterns is colored so that the patterns can be recognized to be |ight
grey, white, yellow, and yellow sh brown. However, the coloring itself has
not «been theoretically clarified. Mreover, the received light intensity
for pronoting the coloring has to be de8efrmned in view of the entire
mar ki ng devi ce construction, because the received light intensity depends
on synthetic materials for the workpiece and specifications of the |aser
mar ki ng devi ce.The e8loifhkaser aradkdngr dewikengfdehecpresent eipresenvn

i nvention is a device as an exanple using the above nethod for color |aser
mar ki ng. The didevies|as amsptamplek usdgndebhecabave methedrforddlor hat when

t he workpiece is a synthetic material made fron1or€anic and i norganic
mat eri al s, 13863 DFIRG - oEhRitEinsts ePLPE, ABPeFi BATF MRS 28 YiCeakSi ng signal s
to at |east, one of |

0 At | eastn nse Ol 898 pt LAl ahiaa chil BEkbYe Y2 A "9 SRRIR.CRLPr ST g 2
material made from organic and inorganic materials, a
controller outputs laser irradiation intensity varying
signals to at least one of laser irradiation intensity
varying means coﬁprising a laser oscilllator, a Q switch of
the laser oscillator, a mask, and a drive motor of a
deflector for raster scan. A typical example of the mask is
a transmission type liquid crystal mask.

The means for varying the received light intensity
having the above construction comprises a controller for
emitting commands to vary the received light intensity, and
a laser irradiation intensity varying means which is
connected with the controller and is controlled based on the
commands. Thus, in this construction, patterns on the
surface of the workpiece are automatically colored by
adequately driving the laser irradiation intensity varying
means with the controller.

The second color laser marking device of the present
invention is characterized by that the workpiece is a
synthetic material made from organic and inorganic
materials; a optical system comprises at least one of a
lens, prism, and mirrof for deflection, collection,
magnification, division, light attenuation, or mode change;

and at least one optical system comprises a structure so



the | aser oscillator, a mask, and a drive notor of a deflector for raster
scan. A typical exanple of the mask is a transm ssion type liquid crysta
mask. The neans for varying the received light intensity having the above
construction conprises a controller for emtting commands to vary the
received light intensity, and a | aser i4rradi ation intensity varying neans
which is connected with the controller and is controlled based on the
commands. Thus, in this construction, patterns on the surface of the

wor kpi ecetnat aut beastCahéyopelcd Pt afiefuane Yedsi, vorishheahaser
irradiation intensity varying neans with the controller. The second col or
| aser marRkingodeiscexchangeapieswith i veueithisowptsonhar paresi zedibhk t hat the
wor kpi ece is a synthetic material made from organi ¢ and i norganic

mat er i al sPoHespseRaratgsesnrebipet beslntsqaddar ¢he dasgr| daghtpspsas and
mrror for deflection, collection, magnification, -division, |ight

att enuat i bR, I5NCFBHE PARRGENS iR AiLfexRRt GRLAESti cal system conprises a

structure so g received light intensity varying means having the

above construction comprises a changeable optical optional
part. Thus, in this construction, patterns on the surface
of the'workpiece are colored by appropriately exchanging the

optical optional part.:

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is an overall schematic diagram of a color laser
marking device according to an embodiment of the present
invention, and Fig. 2 is a table illustrating the test

results of devices and methods according to this embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

The preferred embodiments will now be explained in
detail on the method and device for color lasef marking of
the present invention according to the attached drawings.

As shown in Fig. 1, this example is a raster scan type
laser marking device. This device has a YAG laser
oscillator 1 with Q switch (hereinafter laser oscillator 1),
collecting lenses 2, 4, and 5, a deflector 3 for raster
scan, a transmission type liquid crystal mask 6, a deflector
7 for irradiating the optimum workpiece region, an objective

lens 8, a workpiece 10, a controller 11, an external



-4-_that at |east one optical systemof the lens, prism and mrror is
exchangeabl e with various optional parts, which power-separate or
reflectively scatter the laser |light so as to generate patterns in
different colors. The received light intensity varying means having the
above construction conprises a changeabge-optical optional part. Thus, in
this construction, patterns on the surface of the workpiece are col ored by
appropriately exchangi ng the optical optional part. BRI EF DESCRI PTI ON OF -

DRAW NGS Figymihd1S 1), Q&i¥ipiscRerabierdia0asived By C0lkstdAses, mar ki ng
devi ce according to an enbodinment of the present invention, and Fig. 2 is a

table ill usddadidty ddiesdests rafliiche @fikdevi RrRSerafpI@tdPdsheaccording to
this enbodi mrent. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The preferred
enbodi nentwonkpiecm\Vilbeirexgdah epihodimgdetailb an epexyerésth amadebhre for
color laser marking of the present invention according to the attached
dr awi ngs. TeshikauChemigal CO. .t Hiow-SkxapneEPexy RegirrTs3@Pr type | aser

0 oS o2 e s OGRSk L2 2o HLATLR 2L

antimony trioxide, according to X-ray analysis.

This device will be described in detail. The deflector
3 for raster scan has a scan mirror 3Y and polygon mirror
3X, and the scan mirror 3Y deflects laser light P2 in ¥
direction on a transmission type liquid cryétal mask 6 while
being rotated with a motor 31. On the other hand, the
polygon mirror 3X, rotated at.a constant speed with a motor
32, deflects laser light P4 in X direction on the
transmission type liquid crystal mask 6. The deflector 7
for irradiating the optimum workpiece region has a scan
mirror 7X and moving table 7Y. The scan mirror 7X, rotated
by a few angle at a time with a motor 71, deflects the
transmitted light P6 in X direction on a marking area 9 of
the workpiece 10 to maintain irradiation onto the optimum
workpiece region. On the other hand, the moving table 7%,
moved with a motor 72, deflects the transmitted light P8 in
Y direction on the marking area 9 of the workpiece 10 to
maintain irradiation onto the optimum workpiece region.

The controller 11 is electrically connected with the
transmission liquid crystal mask 6 through a line S1, the
motor 32 through a line S2, the laser oscillator 1 through a

line S3, the motor 31 through a line S4, the motor 71



collecting lenses 2, 4, and 5, a deflector 3 for raster scan, a

transm ssion type liquid crystal mask 6, a deflector 7 for irradiating the
opt i mum wor kpi ece region, an objective lens 8, a workpiece 10, a controller
11,, an external -5- termnal 12, a workpi ece-feeder 14 driven by a notor
13, a location sensor 15 and the |ike. An_exanple of the workpiece 10 in
each enbodi nent is an epoxy resin, nmade by Toshi ba Chem cal CO, Low Strain
Epoxy Resin T-300, containing inorganic conpounds, such as silicon dioxide
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descri bed T deta or or ras scan s a scan mrror 3Y

and pol YOoL B¢ 18 ShsdPths N SR H 11AE 3Y1fefhechordaes dh g2 in Y

direction on a transmssion type Itquid crystal mask 6 while being rotated
with a notorifde €} hendtdietettnd te-i@nadl ygothsbligiora ine cddf ed at a

constant speed with a notor 32, deflects laser light P4 in X direction on
the transnmtespectiyeeyliquid crystal mask 6. The deflector 7

Further, the controller 11 synchronously drives or
controls on—-off controL action of laser generation and
intensity of output light of the lase? oscillator 1, the
raster scan speed of the deflector 3 for raster scan, the
deflection movement of the deflector 7 for irradiating the
optimum workpiece region, the movement and suspension of the
workpiece feeder 14, displaying and rewriting the image with
the transmission liquid crystal mask 6, as well as the
communication with the external terminal 12.

The operation of such construction will be explained.
The laser light P1l from the laser oscillator 1 is collected
with the collecting lens 2 and irradiated into the deflector
3 for raster scan. The laser light Pl from the deflector 3
for raster scan is then subject to raster irradiation on the
diéplaying image face of the transmission type liquid
crystal mask 6 through the collecting lens 5. The
collecting lens 5 collects the transmitted light P6
containing image information on the transmission type liquid
crystal mask 6 onto the deflector 7 for irradiating the
optimum workpiece region. The laser light P9 from the
deflector 7 for irradiating the optimum workpiece region is
irradiated within the mark;ng area 9 on the workpiece 10 to

mark patterns of the above image on the surface of the



for_ irradiating the optimm workpi ece region has a scan mrror 7X and
novi ng table 7Y. The scan mrror 7X, rotated by a few angle at a tinme with
a notor 71, deflects the transmtted light P6 in X direction on a marking
area 9 of the workpiece 10 to maintain irradiation onto the optinum

wor kpi ece region. On the other hand, the noving table 7Y, noved with a
notor 72, deflects the transmtted light P8 in Y direction on the marking
~area 9 of the workpiece 10 to naintain irradiation onto the optinmum

wor kpi ece g oghofecd Mo 90’1121‘[194”% g?c%:lnlphﬁsﬁlnﬁﬁgr %:E%&i‘kfx??,ﬂg&ﬁn&gﬁqoér&%h the

transm ssion [quid crysta roug I'i'ne SI, 2 through
- a line S2,wéhepleseri®ses ¢ Al ek Ay @80Bnd haPRiSS, pbdir 1B Yy 31 through a
line S4, the notor 71 -6- through a line S5, the notor 72 9ﬁrough a line

S6, the | ocdeiviig steins ovodkpidde ieder 18e SEdditbhenabdlpred@ldivingh a |ine
S72, the external termnal 12 through a |line S8, respectively. Further, the
cont r ol | erthils siasdw onaising diéwiese greviously divides the whole
' pattern into each divided pattern, which is displayed on the
transmission type liquid crysfal mask 6. The deflector 7
for irradiating the optimum workpiece region deflects the
laser light P9 from each divided image so that each divided
image forms the entire image.

In the main body of such a laser marking device, the
laser oscillator 1 is Q—switching—controlled with the
controller 11, enabling on—off control of the laser
generation as well as the modification of the intensity and
oscillating interval of the laser light. The controller 11
also controls the applying voltage of the transmission type
liquid crystal 6, thus enables the modification of its
transmittance. Further, the scanning speed of the deflector
3 of raster scan is controlled with the controller 11.
Accordingly, all the units can change the intensity of the
received light on the surface of the workpiece 10 based on
the commands from the controller 11. In other words, the
received light intensity on the surface of the workpiece 10
can be controlled with the controller and these units. And
such control can be carried out only by modifying the
program of conventional devices 11.

By the way, such modification of the received iight

. intensity on the surface of the workpiece 10 can be carried



centrols on-off control action of laser generation and intensity of output
| ight of the laser oscillator 1, the raster scan speed of the deflector 3
for raster scan, the deflection novenent of the deflector 7 for irradiating
t he opti mum wor kpi ece regi on, the novenment and suspension of the workpiece
feeder 14, displaying and rewiting thg Lmage with the transm ssion |iquid
crystal mask 6, as well as the comrunication with the external term nal 12.
The operation of such construction will be explained. The laser light P1-

f the | i L] at 11 || d,wit | | d

o he bR ohaloRh ok atat Eofily SALE phel BrkUS oL 251109 Leng ond
the def | eghor 13500" 1E830PL PR idcAdIRY YallyAal hBah@5!Bhe!4idd! ation on
the displayrng rnage face of the transm ssion type liquird crystal mask 6

t hr ough tmsnﬁahh?%hagsbesﬁ.5-T1:B_Le 10! li8Ctchag abeve 2asek! agkrihfe
transmtted Iight P6 containing imge information on the transm ssion type

i quid crygsvakepnsliecenbe Lérseefd,eol,orand fSomand phdieating Lensept 8num
wor kpi ece region. The laser light P9 fromthe deflector 7 for irradiating
t he opti nbaviwgkpaedousecgebhecsive reafititening maitdoshargapkengradeasg on t he
wor kpi ece 10 to mark patterns of the above inmage on the surface of the
optional parts, and the received light intensity can be
modified by adequately exchanging thereof.
Concerning the laser marking device, since vérious
laser marking devices having similar specifications are
used, the above controller and laser irradiation intensity
varying means such as lens should not be, of course,
limitedly used. When using a controller, the laser
oscillator is, for example, not limited to the above YAG
laser oscillator with Q switch, YAG laser oscillators by CW
oscillation can be also used. Further, at the present
stage, other laser oscillators would have some disadvantages
for the use as the laser marking device in efficient,
operational and economical points of view. On the other
hand, 'in the manual operation, there are laser marking
devices, for example, merely having various lenses, prisms,
and mirrors for deflection, magnifiéation, division, mode
modification and the like. In the present invention, such
devices can also be used not only by reflective scattering
but also by magnification, division, mode modification or
the like in order to modify the received light intensity on

the surface of the workpiece. Therefore, regardless of

automatic or manual operation, and even by the combined use



-7-. workpi ece 10. After acconplishnment of marking, the next workpiece 10 is
transferred to the marking position by driving the workpi ece feeder 14.
Additionally explaining, this | aser marking device previously divides the
whal e "pattern into each divided pattern, which is displayed on the

transm ssion type liquid crystal mask-69 JThe deflector 7 for irradiating

t he opti mum wor kpi ece regi on deflects the laser light P9 fromeach divided
i mage so that each divided image fornms the entire inage. In the nain body:

of such a diSofBrdidLIRN CsdhBakRERY Q6FLLL oM He ifsed as what
Q switching-controlled with the controller 11, enabling on-off control of

t he | aser gEneiddquat&by Védngis thiee revdifredalignt ointdiesity &disitdhe and
oscillating interval of the laser light. The controller 11 also controls

t he appl yisurfagte apfe tdie tvmxkpismrsni ssion type liquid crystal 6, thus
enabl es the nodification of its transmttance. Further, the scanning speed
of the defl ect MoBe@yYeFasikrthe stnins boght o8| Fbe aPevet penvemtienabr 11.

laser marking device, an optical attenuator may be
positively and optionally provided between the laser source
and the laser workpiece. In such a way, the color on the
workpiece can be changed by controlling the laser light
intensity irradiated onto the workpiece. Examples of the
light attenuator include frdsted glasses, the combinations
of a polarizer and analyzer, Pockels cell and the like.
When using the combinations of the polarizer and analyzer,
the laser light intensity can be varied by modifying the
opposite angle between both elements. Further, khen using
the Pockels cell, an external electric control is available
for the laser light intensity.

Fig. 2, showing the experimental results of the present
invention, displays colors of patterns on the surface of the
workpiece which are generated by combinations of some means
as parameters varying received light intensity regardless by
automatic or merely exchanging including manual change. In
detail, as parameters, which represent_laser irradiation
intensity varying means modified and controlled with the
controller, laser output, Q switch frequency, scanning
line’s number, transmittance of the transmission type liquid
crystal mask, and rota;ion speed of the polygon mirror are

described. On the other hand, as parameters varying



Accordingly, all the units can change the intensity of the received |ight
on"the surface of the workpiece 10 based on the commands fromthe
controller 11. In other words, the received light intensity on the surface
of the workpi ece 10 can be controlled wth the controller and these units..
And such control can be carried out QpHy by nodi fying the program of
conventional devices 11. By the way, such nodification of the received
light intensity on the surface of the workpiece 10 can be carried - 8-

| ically with, the ahoye, | h e S, :
oUL 1P ORI SoL et e SN oAb ap dnfBISE 1208
obj ect aboﬁ%ﬁﬁ:%aﬁfgkl%qgg&g qno#éé?'a'r%ﬁd%%d::?gﬂéﬁ? 2, 4, and 5 and

obj ective S€es aving varrous l'ective scattering ratios are prepared
as optional pargg, e8BH LBSrEREREVESLd i andted)Sithe ¢aBeboeanUighed by

adequat el y exchangi ng thereof. Concerning the |laser marking device, since
various | agREen8ikyNgndEN: COSriwod ME HhE workpiecef inakeasss awken the
' laser outpuf increases, when the Q switch frequency
increases, when the tranémittance increases, when the
rotation speed of the polygon mirror decreases, when the
scanning line’s number increases, when the lens
magnification decreases (the denominator increases in the
table), or when the beam mode is sipgle. In addition, the
value of each parameter is determined as follows: The laser
output is determined by the current control to the
excitation lump with the controller, the scanning line’s
number by rotation speed control of the scan mirror with the
controller, and the lens magnification by exchanging the
objective lens into another one having a different
magnification, respectively. Further, as the beam mode, a
single, original circular beam is converted into a twined,
vertical peanut-like shape by inserting the polarizing prism
in the optical path. As the results, visual white and
yellow colors are generated. in.detail, generated color
visually changes to yellowish brown, yellow, white, or light
grey by turn with the increased receiving intensity.
By the way, it is practically signifiéantly convenient

if the above received light intensity can be represented by,
for example, the laser irfadiation density per unit time and

unit area on the surface of the workpiece. However, in the



used, the above controller and laser irradiation intensity varying neans
such as | ens should not be, of course, limtedly used. Wien using a
controller, the laser oscillator is, for exanple, not limted to the above
YAG | aser OSC|IIator with Qswitch, YAG | aser oscillators by CWoscillation
can be al'so used. Further, at the present stage, ot her laser oscillators
woul d have sone dlsadvantages for the use as the | aser marking device in
efficient, operational and econon1ca| points of view. On the other hand, in-

t he |- t k f |
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the received light intensity on the surface of e wor kpi ece Ther ef or e,
r egar dl essre$ubtiingain CADffidulilobRavaltiion. aFdrelkesn, bist BRowAnbhned use

> parameters of Fig. 2, due to different specifications of
laser marking devices and different threshold values on the:
generated colors based on different materials for the
workpiéces, it is difficult to evenly determine the laser
irradiation density specifying the generated color for all
the workpieces.

Therefore, practically, when the specifications of the
main body of the laser marking device and the material of
the workpiece are determined, for example, Q switéh pulse
density and Q switch frequency per unit time and unit area
on the surface of the workpiece as the receiving intensity
may be correlated with the éenerated colors. Since the Q
switch pulse density and Q switch frequency can be
experimentally and empirically determined, it is practical.

In the aforementioned embodiments, when the workpiece
is a synthetic material made from organic and inorganic
coﬁpounds, patterns in different colors can be obtained by
varying the received light intensity at the laser light
receiving portion on the surface of the workpiece.
Moreover, coloring can be surely visible without drastic
modification of conventional laser marking devices, and
without using dyestuffs not like conventioﬁal technologies.

Additional effects include; the same workpiece can be marked



thereof, the color |aser marking device can be used as what can adequately
change the received light intensity on the surface of the workpiece.
Moreover,. in the main body of the above conventional |aser marking device,
an optical attenuator may be positively and optionally provided between the
| aser source and the | aser workpiece. In,such a way, the color on the

wor kpi ece can be changed by controlling The laser light intensity

irradi ated onto the workpi ece. Exanples of the |ight attenuator include

frosted gl asses, _the_conbi nati ons_of_a | ari zer .and anal yzer., Pockels cel
and the IiR%FhVﬂéHrﬁ%iﬁgy?ﬁ% %Eﬁﬁﬁ*ﬁﬁ?ﬁ#ﬁ%(ﬂrﬁﬁﬁngBFérF?£¥raﬁ8a3ﬁﬁl??er,
the laser l'ight _jntensity n.b ied by Ifyiing e Ofl ngl e
bet ween bo?ﬁgéﬁ'ghgﬁt g eéuF?ﬁeW?&v%géné%g:i%ge ’{Iﬁ‘g‘mlg%c 'efiéacg PQ ght‘ﬂg)%? er nal
electric cogipgl is available for the laser light intensity. Fig. 2,
showi ng the experinmental results of the present invention, displays colors
of patterns on the surface of the workpiece which are generated by

conbi nati ons of some neans as paraneters varying received light intensity
regardl ess by automatic or nENBUSTBRIADAaRABPRJCABILIMY ng manual change. In
detail, as paraneters, which represent |aser irradiation

The present invention is useful as a method and device
for color laser marking, which can color to be surely

visible, without drastic modifications of conventional laser

marking methods and devices, and without using dyestuffs.



i nt ensity—vafying means_nodi fied and controlled with the controller, " | aser

olt put , frequency; scanning line's nunber, transmttance of t he
transm S’m&& m crystal mask, and rot tion speed-—of-t-hg pol ygon
mJror a the other hand, as parﬁﬁﬁtﬁHEETvHAS BegN{ - 10 - .
‘received |ight |nten5|ty, which is nag% | I'y coptrol IgegpLACEINS magni fication
and beam node are described. In each orenent~Uned~paranerer"rhe recei ved
light intensity on the surface of the workpiece increases when the |aser-
out put increases, when the Q switch frequency_ jncreases, when the
transmttance increases when "BRE Fﬁt%?@ﬁmﬁgpﬁéd of the polygon mrror
decreases,” when the scanning |line's nunber increases, when the | ens
magni fi cati on decreases (the denom nator increases in the table), or when

t he beam node ;S Si a%slﬁen}aggftmmiﬁm wg,!aae ¢ Ek@ﬁ aggigL s

determned as follows: T aser out put etern1ne e current
control tgaterRChyalieidl atihgMitldseNaigant bal heéurfaee s&nqing line's

workpiece, comprising: said workpiece being a synthetic
material made from organic and inorgani¢ materials, and
patterns in different colors being obtained by varying the
received light intensity on said workpiece, when irradiating

said laser light.

2. A color laser marking method according'to claim 1,
wherein said different colors are visually light grey,

white, vellow and yellowish brown.

3. A color laser marking device: comprising a laser
oscillator, a mask in which laser light from the said laser
oscillator is irradiated, and a controller; color patterns
of the image of said mask being marked on the surface of
said workpiece by irradiating the transmitted light from
said mask with said controller: wherein when said workpiece
is a synthetic material made from organic and inorganic
materials, said controller outputs laser irradiation
intensity varying signals to at least one of laser
irradiation intensity varying means comprising said laser
oscillator, a Q switch of said laser oscillator, said mask,

and a drive motor of a deflector for raster scan.
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nunber by rotatien-speed control of the scan mirror with the controller,
and the Ienslgﬂnﬂlflcatlon by exchanging the objective lens into another

one having a m&mg\w cation, respectively. Furt her as the beam
ular beamis con ngsegmm-t ES r‘j verti cal

node, *a sing
path. As

peanut - | i ke shape by i"nsért it ng the pol gri;i ng w
the results, visual white and yellow colors abe_ge b et ai

gener at ed col or visuaIIy changes to yellow sh brown, yellow1 mhlte or
l'ight grey by tpurn he jncreased,rec I nt ensj t he vvay, it
is practically 4§I| gni |%% R VLA BREEARI| eY#'I‘égab%?/‘Bp?Je%%W/L%

intensity fQn r egted r e r tion density
per unit tine l?%f%ﬁl t ar tggl og%f"ﬁgg f% ace %? t'%legﬂ %s‘kpl ej'c%1 qﬁ%wever in
the  YAGilgpaereueiddiat qras\@rt BsELSVRESP 18 NErt T HRAREI F3H R kAR val
causes an extrenely high peak val ue, whereas the decr eased peak val'ue

causes a rRevlox\athtdass iof ehealimagat 8f r €s5id tidgk ioh diHd istiddacebear vati on.
Further, as shown in paraneters of Fig. 2, due to different specifications
of said workpiece by irradiating the transmitted light from

said optical system and said mask on said surface of the
workpiece: wherein said workpiece is a -synthetic material
made from organic and inorganic materials; said optical
system comprises at least one of a lens, prism, and mirror
for deflection, collection, magnification, division, light
attenuation, or mode change; and at least one optical system
comprises a structure so that at least one optical system of
said lens, prism, and mirror is exchangeable with various
optional parts, which power-separate or reflectively scatter
said laser 1light sé'as to generate patterns in different

colors.

5. A color laser marking method according to eitherxr
of claim 3 or claim 4, wherein said mask is a-transmission

type liquid crystal mask.
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| aser marking devices and different threshold values on the generated
colors based on different nmaterials for the workpieces, it is difficult to
evenly determine the |aser irradiation density specifying the generated
colér for all the workpieces. Therefore, practically, when the

speci fications of the main body of thelPaser marking device and the

- material of the workpi ece are determ ned, for exanple, switch pul se

' density and Q switchethed andyDewvice for CotondasenMarkingn the surface .
of the workpiece as the receiving in nsitg may be correlated with the
generated colors. Since the Q switch gi88 Eensity and Q switch frequency
can be experinmentally and enpirically determned, it is practical. In the
af orenenti oned enbodi nents, when the workpiece is a synthetic material nade

from organi ¢ andrHe ek GARRALIES. ?pa%i&w?airﬁeﬁiéigﬁtdeﬂﬁ{& S§dAn be

obtai ned by varying the received light intensity at the | aser |1ght

recei ving polbirolasert farkinbaEerohttien WS kpisitle MYIRAMAG wAHutNg can

be surely visible without drastic nodification of conventional |aser

mar ki ng devdirest icamdddifiilcatti onsbfigcdyesntifdmanatediides ama eritthoual

technol ogi es. Additional effects include; the sane workpi ece can be marked
using dyestuffs. To this end, in a color laser marking

method, a workpiece (10) is a synthetic material made from
organic and inorganic materials and, when irradiating laser
light, patterns in different colors can be obtained by
'varying the received light intensity on the workpiece (10).
In addition, in a color laser marking device, when the
workpiece (10) is a synthetic material made from organic and
inorganic materials, a controller (11) outputs laser
_irradiation.intensity varying signals to at least one of
laser irradiation intensity varying means, such as a laser

oscillator (1).

(Figure 1.)
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- 12 - with plural colors and different gradations; color change is
avai | abl e when the workpi ece is exchanged; and soot hardly forns.

| NDUSTRI AL APPLI CABI LI TY The present invention is useful as a nmethod and
devw ce for color |aser marking, which can color to be surely visible,

wi t hout drastic nodifications of conventional |aser marking nmethods and
devices, and wi thout using dyestuffls,”2 WHAT IS CLAIMED IS: 1. A color
| aser mar ki ng device, conprising a | aser oscillator, and an optical system -
and nmask on which laser light fromsaid |aser oscillator is irradiated, for
mar ki ng col or patterns of the image of said mask on the surface of said

wor kpi ece by irradiating the transmtted light fromsaid optical system and
said mask on said surface of the mFrqu§0e1 wher ei n '
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sai,d workpiece is a synthetic material nade from organic and inorganic

mat eri-al s; said optical systemconprises at |east one of a lens, prism and
m Pror for deflection, collection, nmagnification, division, |ight

at tsenuat i on, or node change; and at | east one optical system conprises a
structure so that at |east one optical systemof said |lens, prism and
mrror is exchangeable with various2ogt2onal parts, which power-separate o
reflectively scatter said laser light so as to generate patterns in :

different colors. 2... A col or | aser marking nmethod according to
claim1l, wherein said mask is a transm ssion type liquid crystal mask. -
14 - 4. A col or | aser marking device, conprising a |laser oscillator, and
an optical system and mask on which |aser light fromsaid | aser oscillator
is irradi ated, for marking.col pnatterns of the inage of sai mask on the
surface of said workpi¢cedy irpadiating the trlansmtted |ighty from said
optical system and sai ndgk on sai d syrfage off the =
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wor kpi ece: wherein said morkplece is a synthetic material made from 4owag
organic and i noiﬂ'mm,m“mﬂlm said optical systemconprises at |eastzmae
of axlens, pris ,ﬂm defl ection, collection, magnification,

di vision, |ight att énuhti'®n,’ or* node chad@e- and at Ieast one opti cal
system conprises a structure so that "at | east one optical systemof said

|l ens, prism and mrror is exchangeable with various optional parts, which
power -separate or reflectively SHAT as saidMEsearsd i ght so as to generate
patterns in different colors. 5. A col or | aser marking nethod according
to either of claim3 or claim4, wherein said mask is a-transm ssion type
liquid crystal naska BulorSheelerHamrkdmed device, comprising a laser

oscillator, and .an optical system and mask on which laser light
from said laser éscillator is irradiated, for marking color
patterns of the image of said mask on the surface of said
workpiece by irradiating the transmitted light from said optical
system and said mask on said surface of the workpiece: wherein
said workpiece is a synthetic material made from organic and
inorganic materials; said optical system comprises at least one of
a lens, prism, and mirror for deflection, collection,
magnification, division, light attenuation, or mode change; and at
least one optic?l system comprises a structure so that at least
one optical system of said lens, prism, and mirror i; exchangeable
with various optional parts, which power-separate or reflectively

scatter said laser light so as to.generate patterns in different

colors.

2., : A color laser marking method according to
claim 1, wherein said mask is a transmission type liquid crystal

mask.
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