1 DESCRI PTI ON TRANSM SSI ON TYPE LI QUI D
CRYSTAL MASK MARKER Field of the Invention The
pgeSentﬂlnventlon relates to a transmission type liquid crystal mask
fap®ef, and particularly to a transm ssion type liquid crystal mask marker
"'suitable for printing on a workpi ece which is required to have high
accuracy. Background Art A transm ssion type
liquid crystal mask marker is adapted for printing various static images
on a surface of a workpiece by applying a high-density energy beam such as
a laser beamto a transmssion type |iduid crystal mask (referred to as "a
liquid crystal nask" hereinafter unless it is enphasized) on which the
various static imges are displ aygghcs@maont 0 apply the beamwhich is

passed through a static image to the workpiece surface. I n general,
only static images for a mark are displayed on the liquid crystal nask of
such a transm ssion type liquid crystal nmask marker. The i nventor of

the present inventrafsMESIONETYPRISIAOUID CRYSTAL MASK MARKER

Field of the Invention
The present invention relates to a transmission type
liquid crystal mask marker, and farticularly to a
transmission type liquid cryétal mask marker suitable for
printing on a workpiece which is required to have high

accuracy.

Background Art

A transmission type liquid crystal mask marker is
adapted for printing various static images on a surface of
a workpiece by applying a high-density energy beam such as
a laser beam to a transmission type liquid crystal mask
{referred to asl“a liquid crystal mask” hereinafter unless
it is emphasized) on which the various static images are
displayed, so as to apply the beam which is passed through
a static image to the workpiece surféce. In Qeneral,
only static images for a mark are displayed on the liquid
crystal mask of such a transmission type liquid crystal
mask marker.

The inventor of the present invention has previously



made a proposal for maintaining the printing perfornmance

of a transm ssion

type liquid crystal nask marker (refer to Japanese Patent Appl i cation No.

5-131167). Thi's unpublished proposal (referred to as
herei hafter) has been made in consideration of the facts

"first proposal”
that the |ight

transmttance of a transmssion type liquid crystal mask increases as the
tenperature increases and deterioration proceeds, thereby decreasing
printing accuracy, and that the light transmttance of a transni ssion
type liquid crystal mask can be controlled by regulating a driving
voltage. “In this proposal, a light gnitting elenment and a |ight
receiving el enent are added to a conventional transm ssion type liquid
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crystal mask fromthe light emtting element, and the transmtted light is
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transmttance Qis conputed fromthe intensity of emtted

light RL and the

intensity ohnpebdisbed pgopos¥l (reTheredppl iaed “fdirsagprbposalstatic image

Is regulated so that the actual light transmttance Qis equal to an
opti mum hereinafter) has been made in consideration of the facts

that the light transmittance of a transmission type liquid

crystal mask increases as the temperature increases and

deterioration proceeds, thereby decreasing printing

accuracy, and that the light transmittance of a

transmission type liquid crystal mask can be controlled by

regulating a driving voltage. In this proposal, a light

emitting element and a light receiving element are added

to a conventional transmission type liquid crystal mask

marker (if required, a liquid crystal mask temperature

sensor is also added, and the following program is also

provided on a controller. Namely, light is applied to a

static image on the liquid crystal mask from the light

emitting element, and the transmitted light is received by

the light receiving element so that an actual light

transmitfance Q is computed from the intensity of emitted

light R1 and the intensity of receiwved light R2.

The

applied voltage for a static image is regulated so that

the actual light transmittance Q is equal to an optimum

light transmittance Qo at the operation temperature. It

is thus possible to maintain the printing performance of



light transmttance Qo at the operation tenperature. It is thus possible
to maintain the printing performance of

3. various conventional transm ssion type liquid crystal mask markers.
However, the first proposal also has a new problem with respect to
matching with a transm ssion type liquid crystal mask marker which has
recently appeared and which has the performance of high-accuracy and

hi gh-speed continuous printing. The applicant of the present

i nvention ‘has al so proposed a transm ssion type liquid crystal mask marker
conprising 'a YAG | aser nmask marker (reger to Japanese Patent Laid-Qpen No.
5-42379). This proposal (referred to as. "second proposal" hereinafter)
comprises a_finst XY deflgecti.ng device and.a seqgond,XY deflecting devi ce,
Wi th “are BREUPHZACPRVFTORIAN CROCBERA SR 4 TPRG R A G ATt Atk
respectivel yarrefgcontrol l er previously stores each of the divided inages
of the whole Image which is divided, and successively displays the divided

static imges ongoh@veli Gthd €148l hopBsSkl a¥sd 2@ abaaw peapBsekwhe di vi ded
static imges by the first XY deflecting device, and the |aser beam passed
t hrough eaclwith trbepédcti tednsiciing witihgetrnanstidisisdohetyby Lbgus&cond XY
defl ecting device and .
crystal mask marker which has recently appeared and which
- has the performance of high-~accuracy and high-speed
continuous printing.
The applicant of the present inventich has also
proposed a transmission type liquid crystal mask marker
comprising a YAG laser mask marker {refer to Japanese
Patent Laid-Open No. 5-42379). This proposal (referred
to as “second proposal” hereinafter) comprises a first XY
deflecting device and a second XY deflecting device, which
are provided in front of and behind a liquid crystal mask,
respectively. A controller previously stores each of the
divided images of the whole image which is divided, and
successively displays the divided static images on the
liquid crystal mask. A laser beam scans the divided
static images by the first XY deflecting device, and the
laser beam passed through each of the divided static
images is deflected by the second XY deflecting device and
applied to the workpiece surface to complete entire
printing. As a result, high-accuracy and high-speed

continuous printing is achieved.

However, a transmission type liquid crystal mask



applied to the workpiece surface to conplete entire printing. As a
result, high-accuracy and hi gh-speed continuous printing is achieved.
However, a transmission type liquid crystal mask

4 -mar ker such as the second proposal, which enables high- accuracy and
hi gh- speed continuous printing, has difficulties in timng (tinme matching)
with the first proposal. Nanmely, it is necessary to investigate a new
problemw th respect to timng. On the other hand, a transm ssion
type liquid crystal mask marker, e.g., a YAG | aser mask marker, is
sonetime provided with one of various gensors serving as a |ight receiving
el enent . A silicon photodiode is frequently used as a light receiving
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quality, tenperature characteristi conpat | Ity wt | i ght
emtting el g8Bdtacy  A5d IYML shBeli EontinudSbirinkidg/ Rds the silicon
phot odi ode within the wavel ength region (1.0 [err]m of a YAG | aser is
| ower than dhéfteulstieyiiry téniihgn (Bines hatichingdvetiengtherefpron (for
exanple, refer to A Yariv: Basis of Photoel ectronics, P. 400, Mruzen
(1988)). Foropesakpl e, Nagediy,aitehs coankasany ftasdnvéshieteag med about

800 nm) or a He-Ne laser (wavel ength of 633 nm), which has
problem with respect to timing.

On the other hand, a transmission type liquid
crystal mask marker, e.g., a YAG laser mask marker, is
sometime provided with one of various sensors serving as a
light receiving element. A silicon photodiode is
frequently used as a light receiving unit of the liquid
receiving.element in consideration of the cost, quality,
temperature characteristics and compatibility with a light
emitting element. As shown in Fig. 6, sensitivity A of
the silicon photodiode within the wavelength region (1.06
um) of a YAG laser is lower than the sensitivity within a
shorter wavelength region (for example, refer to A. Yariv:
Basis of Photoelectronics, P. 400, Maruzen (1988)). For
example, when a semiconductor laser (wavelength of about
800 nm) or a He-Ne laser (wavelength of 633 nm), which has
high energy density, is used as the light emitting
element, the sensitivity of the YAG laser is as low as
about 1/10 of the sensitivity of such a laser. When a
short~wavelength laser is used as the light émitting
element, therefore, even if the YAG laser beam is

scattered, effects on the light receiving unit can



hi gh energy density, is used as the light emtting elenent, the
sensitivity of the YAG |laser is as |low as about 1/10 of the sensitivity of
such a | aser. When a short-wavel ength laser is used as the |ight
egmstttng element, therefore, even if the YAG | aser beamis scattered,
effects on the light receiving unit can

5 relatively be decreased, thereby preventing the problem wth respect to
a SINratio (signal/noise ratio). However, in a transm ssion type
liquid crystal mask marker conprising a YAG |laser using Q switch or a
pul se oscillation YAG |aser, a |aser pgulse has high peak power. Although
this peak power depends upon the operation conditions of the YAG | aser or

the structure,of .the YAG .|l aser sk.nmaker, the ak wer i eneral ly not
eos than FORF Ve OB ABAEFISP CAESOE T LPHGERBSBFOBLEM whi ch | s
appliied to. ggﬂ% recepvin Lt s1.S (L REth o hng upon the

arr angement oq-'dt he iegcﬁt %Fe%:’elgernrygatt&r?i t(nglf;g]fhe s|eg%!t%'rq'g2éi ving el enent.

As a result, noi $RwelfHr Ini B SLASRLRYORUEYHO UL Dl DicryaR i alkkr ecei ving
el enent) due to the YAG | aser beam and the S/Nratio o t he detection
system of t headkeghiconpadisihgOa et apiserSusihgs) daftAsa, at baneby naki ng

unstabl e the operation of the YAG |aser mask marker and deteriorating
printing oscillation YAG laser, a laser pulse has high peak power.

Although this peak power depends upon the operation
conditions of the YAG laser or the structure of the YAG
laser mask maker, the peak power is generally not 1less
than 1 kW. The intensity of the scattered YAG laser beam
which is applied to the light receiving unit.is increased
depending upon the arrangément of the light receiving unit
of the light receiving element. As a result, noise
occurs in sensor output (output of the light receiving
element) due to the YAG laser beam, and the S/N ratio of
the detection system of the light receiving element.is
thus decreased, thereby making unstable the operation of
the YAG laser mask markgr and deteriorating printing
acguracy. In an extreme case, there are the problems
that a sensing operation is made impossible, and that an
error occurs in the operation of the YAG laser mask

marker.

Disclosure of the Invention
The present invention has been achieved for solving

the above problems of prior art, and an object of the



accuracy. In an extrene case, there are the problens that a sensing
operation is nmade-i npossi ble, and that an error occurs in the operation of

the YAG | aser mask rmarker. Di scl osure of the Invention
Fhe ptesent invention has been achi eved for solving the above problens of
pri'or art, and an object of the 6

pr esent invention Is to provide a transm ssion type liquid crystal mask
mar ker whi ch enabl es i ncorporation of a programfor naintaining printing
accuracy i-nto a conventional transm ssion type liquid crystal nmask marker,
and which énables stable printing w thghigh precision. A transm ssion
type quuid crystal mask marker according to the present invention
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connect ed t a contro ansm ssi on ype qU| mask to

which a vol bageths ﬁ\QQk'xﬁ&leréxD%REﬁ emé§liln%5rberaegssSéfvsl y rewite and
di splay various static inmages for a mark and appropriately display a

static inagprbgrém testwnmiagnpm&iﬂgg@c&maw Rgton®ans is |ight

emtting means for applying light to the displayed static inmage to be

tested, thecbngbthtiepoalvirgnsmission type liquid crystal mask marker,
and which enables stable printing with high precision.

A transmission type liquid crystal mask marker
according to the present invention comprises light
emitting means and light receiving means which are
connected to a controller, and a transmission type liquid
crystal mask to which a voltage is applied from the
controller to successively rewrite and display various
static images for a mark ;nd appropriately display a
static image to be tested, wherein the light emitting
means is light emitting means for applying light to the
displayed static image to be tested, the light receiving
means is light receiving means for receiving the light
passed through the static image to be tested, and the
controller is a controller for previously storing an
optimum light transmittance, during rewriting of at least
one of the static images for a mark, performing at least
once the displaying of the static image to be tested and
then the attainiﬁg of an equipotentia; state of all common
terminals and segment terminals of the transmission type
liquid crystal mask, in this order, and then performing at

least once the displaying of a static image for a mark and



means is light receiving nmeans for receiving the |light passed through the
static inmage to be tested, and the <controller is a controller for
previously storing an optinmumlight transmttance, during rewiting of at
l*east* one of the static inmages for a mark, performing at |least once the
di splaying of the static image to be tested and then the attaining of an
equi potential state of all comobn termnals and segnent term nals of the
transm ssion type |liquid crystal nmask, in this order, and then perform ng
at |least .once the displaying of a static inmage for a mark and

the attaining of an equipotential statg up to the termnation of the
rewwiting tine so as to finally attain an equipotential state, in this

order, i nputtthien ttggﬁpi%}?t SE‘SA}EY Iiﬁrg%§§%¥§9 g,&ag&t \{%%@et‘:&% | i ght receiving

el ement during t SpFayrng o I'C Thage ested, computing
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mask fromthe intensity ecel ve ght and the intensity of emtted
light, and die@eudidotendid®l seae, A 8nsbabided Bl HINEdHO t he

transm ssion type liquid crystal mask. In addition, the inage area of
the static inEgmdicypeft estellveds lighgefrohathe t hisghtnatebaitviargea of t he
light emtted fromthe light emtting neans at | east on the surface of the
liquid - element during the displaying of the static image to be
tested, computing the actual light fransmittance of the
transmigsion type liquid crystal mask from the intensity
of received light and the intensity of emitted light, and
regulating a voltage for a static image applied to the
transmission type liquid crystal mask. In addition, the
image area of the static image to -be tested is larger than
the incident area of the light emitted from the light
emitting means at least on the surface of the liquid
crystal mask. Further, the light receiving means may be
light receiving means comprising a light ieceiving unit
for receiving the light passed through the static image to
be tested, which has a silicon pn junction, and an optical
filter which is provided on a light receiving window of
the light receiving unit so that it does not transmit a
YAG laser beam but transmits the above light.
In the above-described constructlon, during
rewriting of various static images for a mark (printing-
images) on the liquid crystal mask, the static image to be

tested (the image for measuring light transmittance) and

each of the various static images for a mark are displaved



crystal nask. Further, the light receiving means may be |ight receiving
means conprising a light receiving unit for receiving the |Iight passed
through the static inmage to be tested, which has a silicon pn junction,
and ah optical filter which is provided on a light receiving w ndow of

the light receiving unit so that it does not transmt a YAG |aser beam but
transmts the above |ight. In the above-descri bed construction,
during rewiting of various static imges for a mark (printing images) on
the liquid crystal nask, the static inmage to be tested (the inmage for
measuring light transmttance) and eagh of the various static inages for a

mar k are di spl ayed | east once. I n the displaying
(di spl ayi ng _durin rewriti ua light tra n1ttance of the
static inagg ggagg PREBed ﬁgz ggﬁ%f FUEREY opti mum

l'ight trans %Eﬁ o t I or a ge

applied to '?h I-qui c?@%t% t,cxﬂ{?hl?u app?rgrgéraﬂﬁfan%e focﬁltzltestsgt%?ng?nage of
course, reprgeRRl o bactabPéd o Wrlalbadeaf Oind h@on%aaééc? di%g%hko be tested
and the applied voltage for a static inmage for a mark On the ot her

hand, duri n@geituin ivightatkassiitanceessi 28! So agshEagITaNe wyiEagel s of the
I|qU|d crystal mask

for a static image applied to the liquid crystal. The

applied voltage for a static image, of course, represents

the applied voltage for the static image to be tested and

the applied voltage for a static image for a mark.

On the other hand, during rewriting, all common
terminals and segment terminals of the liquid crystal mask
are made equipotential (referred to as “the attaining of
an equipotential state” hereinafter) immediately after the
static image to be tested is displayed, thereby removing:
substantially all afterimages. The displaying of the
static image to be tested and-the attaining of an
equipotential state are performed at least once. However,
the liquid crystal mask has the characteristic that the
actual light transmittance increases as the application
time of the voltage for displaying a static image
increases. Therefore, in the present invention, the
application of a voltage for a long time easily makes
unstable the measurement of the actual light
transmittance. When the attaining of an equipotential
state is performed after the static image to be tested is

displayed for a short time, therefore, a stable light



are nmade equipotential (referred to as "the attaining of an equipotential
state" hereinafter) immediately after the static inmage to be tested is

di spl ayed, thereby renoving substantially all afterinmages. The displaying
of «the static inmage to be tested and the attaining of an equipotenti al
state are perforned at | east once. However, the liquid crystal mask has
the characteristic that the actual light transmttance increases as the
application time of the voltage for displaying a static inage increases.
Therefore,. in the present invention, the application of a voltage for a
long tine éasily makes wunstable the mgasur enent of the actual I|ight
transmttance. When the attaining of Yan equi potential state is perforned

after the static i,nage to be tested is _displayed for a short tine,

t her ef or e, é":ﬁ"éﬁiétgpﬁﬁt is obtained.  Evenwifilyfhe gktaipdngpesi ABd. Even
with the attaining of .ag _equi potenti state having t ove effect, if
the displ aﬁ%’glﬁogr?éltﬁgqi ﬁﬁg%% 10gLE0e | HAP ﬁ%cg‘ﬁ g'%sfggfei c inmage on
the liquid g I 1S fDhcC th i lef €1 kes in

hi gh- speed §$¥ ﬁ%ﬂgggsklhé_#% %ﬁ%éﬁgggénﬁﬁgg%%% |onfm%h§?¢ o%g%£g$ter t he
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attai ned, the sane static inmage as
| " causing difficulties in high-speed printing.

In the present invention, therefore, after the
static image to be tested is displayed and an
equipotential state is attained, the same static image as
a static image for a mark which is displayed after the
termination of the rewriting time, is displayed, and an
ecquipotential state is attained. The displaying of a
static image -for a mark and the attaining of an
equipotential state are performed at least once up to the
termination of the rewriting time so as to finally attain
an equipotential state. As a result, an afterimage of
the static image to be tested is securely be erased, and
smooth rapid start of the displaying of a next static
image for a mark can be secured after the termination of
the rewriting time. The gtatic image for a mark which is
displayed during the rewriting, of course, represents an
image having the same content as a first static image for
a mark which is displayed after the termination of the
rewriting time. It can thus be thought that the final
displayed static image for a mark is left as it is after

the termination of the rewriting time, and is used as a



a static image for a mark which is displayed after the

term nati on of the

rewwiting tine, is displayed, and an equipotential state is attained. The
di splaying of a static imge for a mark and the attaining of an
equi potential state are performed at |east once up to the termnation of
the rewiting tine so as to finally attain an equipotential state.

result,
erased,
for a mark can be secured after the term nation of

an
and
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As descri bed above, the displaying of the static
state.

As described above, the displaying of the static
image to be éested and a ‘static image for a mark during
rewriting enables incorporation: into the first and second
proposals, and the maintenance of good printing accuracy
and high printing speed.

In addition, since the image area of the static
image to be tested is larger than the incident area of the
light emitted from the light emitting means, the intensity
of emitted light and the intensity of received light are
accurately obtained, and good printlng accuracy is
maintained. Further, since the optical filter is
provided on the ‘light receiving means so as to shield the
YAG laser beam (for printing) and transmit the light
emitted from the light emitting means, the noise caused by
the YAG laser can be removed, thereby enabling high-

accuracy and high-speed printing.

Brief Description of the Drawings
Fig. 1 is a time table showing the outline of a

marking cycle and the outline of repetition of interrupt

next
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i mgge to be tested and a static inmage for a mark during rewiting enables
I ncorporation into the first and second proposals, and the nai ntenance of
good printing accuracy and high printing speed. In addition, since
the ifmage area of the static inmage to be tested is larger than the
incident area of the light emtted fromthe light emtting neans, the
intensity of emtted light and the intensity of received light are
accurately obtained, and good printing accuracy is nmaintained. Furt her,
since the optical filter is provided on the light receiving neans so as to
shield the  YAG |aser beam (for printdrlg) and transmt the light emtted
fromthe light emtting neans, the noise caused by the YAG | aser can be

renoved, th | | |.Qh C high- E Nty Ng.
Briof Descr ePAATor0: b Agtildancd (P S 108, TLRBARRARR ALY, L ) (e
outline of @redBhki REveNCig;and the outline of repetition of interrupt

di splaying 1n accordance with a first enbodi nent of the present invention;
Fig. 2is af lomibark is fAceidnace i tdeddiRishiceswitanbndi FRase

embodiment;

Fig. 3 is a drawing illustrating the hardware
configuration of a.transmission type liquid crystal mask
marker in accordance with the first embodiment;

Fig. 4 is a time chart showing operations during a
rewriting time in accordance with the first embodiment, a
second embodiment and an embodiment of an unpublished
application;

Fig. 5 is a drawing illustrating the software
configuration of a transmission tybe liquid crystal mask
marker in accordance with a third embodiment of the
present invention;

Fig. 6 is a graph showing the sensitivity
characteristics of silicon photodiodes in accordance with
prior art and the third embodiment:;

Fig. 7 is a chart showing the reflectance
characteristics of an optical filter of light receiving
means in accordance with the third embodiment;

Fig. 8A is an oscilloscopic chart showing effects of
noise on sensor ocutput in accordance with the third
embodiment; and

Fig. 8B is an oscilloscopic chart showing effects of



Fig. 3is adrawing illustrating the hardware configuration of a

transm ssion type liquid crystal mask marker in accordance with the first
enbodi ment ; Fig. 4 is atinm chart show ng operations during a
fewiting time in accordance with the first enbodi nent, a second
enbodi nent - and an enbodi nent of an unpublished application; Fig. 5
Is adrawng illustrating the software configuration of a transm ssion
type liquid crystal mask marker in accordance with a third enbodi nent of
the present invention; Fig. 6 is a graph showing the sensitivity
characteristics of silicon photodi ode$2i n accordance with prior art and
the third enbodi nent; Fig. 7 is a chart showng the refl ectance

characteri sgig i | Lt cRbrBhRBL $EGEIRG agaNS in
accordance W?t ?%Eq¥ﬁg@% gﬁ%%%%nenf? * Fig. 8A1is aﬁ osci |l oscopi c
chart showi ng effects of noise on sensor output in accordance wth the
third enbodinent; and Fig. 8B is an oscilloscopic chart show ng

effects of Best Mode for Carrying Out the Invérikicini se on sensor
out put in accordance with prior art.

Transmission type liquid crystal mask markers in
accordance with preferred embodiments of the present
invention are described with reference to the attached
drawings.

Referring Fig. 3 showing the hardware configuration
of a first embodiment, laser beam L1 which is emitted from
a laser oscillator 1 is first deflected to the direction Y
by a galvanoscanner 9Y through a beam shaping device 81.
The laser beam L1l is then deflected to the direction X by
a polygon mirror 9X and applied to a converging lens 82.
The converging lens 82 converges the laser beam Ll at
substantially one point on a reflecting mirror 83, and, gt
the same time, scans a static image to be tested on a
transmission type liquid crystal mask 2. The transmitted
laser beam L2 which is transmitted through the
transmission type liquid crystal mask 2 and which contains
information of a static image for a mark is deflected by a
reflecting mirror 83, and is applied to a surface of a
workpiece 3 on a work feeder 10 through an objective lens
84, This irradiation marks a static image for a mark on
the surface of the workpiece 3. In the above-described

configuration, driving systems of the laser oscillator 1,



Best Mbde for Carrying Qut the Invention Transm ssion type liquid
crystal mask markers in accordance with preferred enbodi nents of the
present invention are described with reference to the attached draw ngs.
Referring Fig. 3 showing the hardware configuration of a first enbodi nent,
| aser beam L1 which is emtted from a laser oscillator 1 is first
deflected to the direction Y by a gal vanoscanner 9Y through a beam shapi ng
device 81. The laser beam Ll is then deflected to the direction X by a
pol ygon mtror 9x and applied to a converging |lens 82. The converging |ens
82 converges the laser beam Ll at subggantially one point on a reflecting
mrror 83, and, at the sane tinme, scans a static inage to be tested on a

transm ssi on.,t iqui d.crysta T ansmtie I r beam L2
which is traiish t‘ieeﬁ%ﬁ%&&%a{sﬁ%@%ni%es& gﬁf%?a%ﬂ? Lﬁ"g‘cc?r ?gm mask 2
and which c iffhu. f hO ol e rk.ds deflected
by a refl eg?i{%g m r%&or&g%ra%n’ga% ﬁp?g\td?té %t ggggsﬁér a%% l?fa a!a&‘é wor kpi ece 3

on a work festieét ALed Y UHAnBBLOR] €5 tHnke coRBSo184r 7 Jdias idd afd ation narks

a static image for a mark on the surface of the workpiece 3. In the
above- descr i detchoadugiy alon@Roléd \BngGhey sbagBodiet ITe, | aser oscillator 1,

13 A static image to be tested other than a static
image for a mark is appropriately displayed on the liquid
crystal mask 2 by applying a voltage from the controller
7. A light emitting element 5 serving as light emitting
means and a light receiving element 6 serving as light
receiving means are also provided. The light receiving
element 6 receives the light emitted from the light
emitting element 5 and passed through the static image to
be tested, which is displayed on the liquid crystal mask
2, to output the intensity of received light R2 to the
controller 7. It is thus preferable. that the area of the
static image to be tested is larger than the incident area
of the light emitted from the light emitting element 5 at
least on the surface of the liquid crystal mask 2. The
light emitting element 5 and the light receiving element 6
are electrically connected to the controller 7 to be
synchronously controlled by the controller 7. The
controller 7 previously stores an optimum light
transmittance Qo and the intensity of emitted light R1
emitted from the light emitting element 5. The optimum

light transmittance Qo is a value which is previously



the X deflecting device 9X, the Y deflecting device 9Y, the liquid crystal
mask 2 and the work feeder 10 are electrically connected to the controller
7,50 as to be synchronously controlled by the controller 7. A
static imge to be tested other than a static inmage for a mark is
appropriately di.splayed on the liquid crystal mask 2 by applying a voltage

fromthe controller 7. Alight emtting elenent 5 serving as |ight
emtting neans and a light receiving element 6 serving as |light receiving
means are-al so provi ded. The light receiving elenment 6 receives the

light emitted fromthe light emtting4el ement 5 and passed through the
static inmage to be tested, which is displayed on the liquid crystal mask

2, to outpuldhe ij}r%{afcrhﬁ]%ngi-oif(;{:ehv%ﬁ-l:hg%a@s tee the controller 7. It is

t hus preferable. e area the static image to be tested is |arger

than the i ngdgifidertift® oFf thBechdHuceeat186 &f WRd RerdrsailssAWnl ti ng
elenent 5 at |east on the surface of the liquid crystal mask 2. The

i ght emittiviee dlirEnt dryandlt hesk igkif tReectvamgmidsciranttype driemuid

el ectrically connected to the controller 7 to be synchronously controlled
by the contexgstal Mmask Taekecoint raxtdigary pseevi ously stores an optimum |i ght
transmttance Qo and the intensity of emtted Iight R emtted fromthe

light enmitting efkenetRftrare pRefiprandan PEghRet FarshieiRAtdtidads: is a val ue

which i s prfg“éégﬂ}&bed blow. As shown in Fig. 1, this embodiment .
relates to a transmission type liquid crystal mask marker
of high-accuracy and high-speed continuous printing type
having a printing cycle t of about 0.8 second. The
printing cycle t includes a.displayinq time {printing
time) tl of a static image for a mark of about 0.3 second,
and a workpiece standby time (the time of movement and
fixing at the printing position of workpiece) t2 of about
0.5 second. In the workpiece standby time t2, i.e., the
rewriting time t2, the interrupt displaying time t21 of
the static image to be tested or a static image for a mark
is about 0.1 second. The time for making 0 V all common
terminals and segment terminals of the liquid crystal mask
2 (i.e., grounding all terminals), or the time t22 for
attaining an equipotential state, after this interrupt
displaying is about 0.04 second. In this embodiment, the
displaying and the attaining of an equipotential state are
repeated three times within the workpiece standby time t2.

Fig. 2 is a flowchart showing the repetition.

In the displaying and the attaining of an



14 stored in the controller 7 on the basis of the neasurenents of the
characteristics of the transm ssion type liquid crystal mask 2 of the
transpission type liquid crystal nmask marker in ordinary use. The
Sof t war e configuration of the first enbodinment is described bl ow. As
shown in Fig. 1, this enbodinent relates to a transm ssion type |liquid
crystal mask marker of high-accuracy and hi gh-speed continuous printing
type having a printing cycle t of about 0.8 second. The printing cycle
t includes-.a displaying tine (printing tinme) t1l of a static image for a
mar k of - about 0.3 second, and a workpigce standby tinme (the tinme of
novenment and fixing at the printing position of workpiece) t2 of about

0.5 second. tnd i diee WRIDLCAE, BLATPDY £hb® harbefing W3 dEWH 1 NO L1 M

t2, the interrupt sp ayl g tinme t he statlc mage € tested or

a static i mgee DIl dRIsth ARAUI2 Qnd £860RErk fdé@et it {0 naking 0 V
al | connnn termnals and segnent termnals of the liquid crystal mask 2

(i.e., grounsiegreldalsr Honaksted Ao the cofCrb22ef 07 satdsiituw nge an
equipotential state, after this interrupt displaying is about 0.04 second.
In this enbosiymeEmtonsusly diogplrayler kandheheoatralheng? of an equi potenti al
state are repeated three tinmes within the workpiece standby tine t2. Fig.
2is a flomchart shoskalie Haagepee e digsted othen thandasprayieg and the.

attaining of,
9 mage for a mark is appropriately displayed on the liquid

crystal mask 2 by applying a voltage from the controller
7. A light emitting'élement 5 serving as light emitting
means and a light receiving element 6 serving as light
receiving means are also provided. The light receiving
element 6 receives the light emitted from the light
emitting element 5.and passed through the static image to
be tested, which is displayed on the liquid crystal mask
2, to output the intensity of received light R2 to the
controller 7. It is thus preferable that the area of the
static image to.be tested is larger than the incident area
of the light emitted from the 'light emitting element 5 at
least on the surface of the liquid crystal mask 2. The
light emitting element 5 and the light receiving element 6
.are electrically connected to the controller 7 to be
synchronously controlled by the controller 7. The
controller 7 previously storxes an optimum light
transmittance Qo and the intensity of emitted light R1
emitted from the light emitting element 5. The optimum

light transmittance Qo is a value which is previously



13 the X deflecting device 9X, the Y deflecting device 9Y, the liquid
crystal mask 2 and the work feeder 10 are electrically connected to the
controller 7 so as to be synchronously controlled by the controller 7.

A stdtic imge to be tested other than a static imge for a mark is
appropriately displayed on the liquid crystal mask 2 by applying a voltage

fromthe controller 7. Alight emtting elenent 5 serving as |ight
emtting neans and a light receiving element 6 serving as |light receiving
means are .al so provi ded. The light receiving elenment 6 receives the

light emtted fromthe light emttingiglement 5 and passed through the
static image to be tested, which is displayed on the liquid crystal mask

2, to OUtpu%ﬁ%gﬁfLa%FQ§£t¥°8£ré %ﬁjgeg lE thggﬁé :§Q§b controller 7. It is

thus prefera area o |c I mage e tested is |arger

than the inGidenirddits 8k the éﬂa‘-l]%tct%%%fésféf’”ﬂﬁé‘ﬂ:éér&mls%"ﬂoht' ng

element 5 at least on the surface of the liquid crystal mask 2. The

light enittidigoee 1R 2r@B€al NEadK thafr €E8i Viagshl eyt t@pearla
electrically connected to the controller 7 to be synchronously controlled

by the cont ratystral’ masklimarkeonin adddna¥ypusei ously stores an optimum |i ght
transmttance Qo and the intensity of .emtted light R emtted fromthe
light emtting eﬂ?hﬁnﬁoﬁiwareThenfiéunﬂnﬁOHIPéhthﬁrﬁhsﬁttmeﬂﬁamgﬁﬁ s a val ue

which is previously ) \ \
is desc¢ribed blow. As shown in Fig. 1, this embodiment

relates to a transmission typé liquid crystal mask marker
of high-accuracy and high-speed continuous printing type
having a printing cycle t of about 0.8 second. The
printing cycle t includes a.diSPlaying time (printing
~time) tl of a static image fSr a mark of about 0.3 second,
and a workpiece standby time (the time of movement and
fixing at the printing position of workpiece) t2 of about
0.5 second. In the workpiece standby time t2, i.e., the
rewriting time t2, the interrupt displaying time t21 of
the static image to be tested or a static image for a mark
is about 0.1 second. The time for making 0 V all common
terminals and segment terminals of the liquid crystal mask
2 (i.e., grounding all terminals), or the time t22 for
attaining an equipotential state, after this interrupt
displaying is about 0.04 second. In this embodiment, the
displaying and the attaining of an equipotential state are
repeated three times within the workpiece standby time t2.
Fig. 2 is a flowchart showing the ;epetition.

In the displaying and the attaining of an



14 stored in the controller 7 on the basis of the nmeasurenents of the
characteristics of the transm ssion type liquid crystal mask 2 of the
transm ssion type liquid crystal mask marker in ordinary use. The
goft Ware configuration of the first enbodiment is described blow. As
shown in Fig. 1, this enbodinment relates to a transm ssion type liquid
crystal mask marker of high-accuracy and hi gh-speed continuous printing
type having a printing cycle t of about 0.8 second. The printing cycle
t includes a displaying tine (printin time) tl of a static imge for a
mar k of about 0.3 second, and a wor %?ece standby tine (the time of
novenment and fixing at the printing position of workpiece) t2 of about
0.5 secondequipBtbheidor pitecanstBadbyrst remdodimene, , thdle rewiting tine
t2, the interrupt displaying tine t21 of the static imge to be tested or
a static i eogerbllea Wafkrst siiabdaysOtle sHwdrid imIge tonkefiestrking 0 V
all common termnals and segment termnals of the |iquid crystal mask 2
(i.e., grodmudilng she rewninins)timgrt2head jshowmdnt Big-att ai g an
equi potential state, after this interrupt djisplaying (s apo 0. 04 second.
In this enfse@tFeddert felnppiky the ﬁﬁt%ﬂﬂf?ﬁepfat’%ﬁeﬁi"ﬁg hﬂ-gg'ﬁ % ui pot enti al
state are epeated_three tines wthin the workpiece ng ime t2. Fig.
2 is afloddh h&\?mgﬁg FREeHERE: f“??%%.g ad PSP e 88° a358R4Dng

time t21 of about 0.1 second. The actual light

transmittance of the transmission type liquid crystal mask

2 is computed from the intensity of received light R2 and

the intensity of emitted light Rl of the light emitting

means 5. The controller 7 controls the voltage for a

static image applied to the liquid crystal mask 2 so that

the actual light transmittance Q is equal to the optimum

light transmittance Qo. After the elapse of the

displaying time t21, all terminals are made 0.V to attain

an equipotential state. After this attaining of an

equipotential state, the same static image as the first

static image for a mark after the termination of the

rewriting time t2 is displayed, and then an equipotential

stéte is attained. After thls attaining of an

equipotential state, the elapsed time t from the start of

rewriting is compared with the rewriting time t2. If t <

t2, the displaying of the static image to be tested, and

the attaining of an equipotential state are repeated. If

t = t2, i.e., if it is decided that the rewriting time is

terminated, a next regular static image for a mark is



In_the displaying and the attai ning of an
15~ equi potential state in the first enbodi nent, the controller 7 first
di splays the static image to be tested during the rewiting tine t2, as
shewn in Fig. 4. The controller 7 inputs the intensity of received |ight
R2" fromthe light receiving neans 6 during the displaying tinme t2l of
about 0.1 second. The actual light transmttance of the transm ssion type
liquid crystal nmask 2 is conputed fromthe intensity of received light R2
and the intensity of emtted |ight R%égf the light emtting neans 5. The
controller 7 controls the voltage for static imge applied to the liquid
crystal mask 2 so that the actual light transmttance Qis equal to the
opti mum | igdhsplagednand gncet@d. After the el apse of the displaying tine
t21, all terminals are made O V to attain an equipotential state. After
this attaining ofinge theibrwie caystahirask e isagensralledi hagehas the
first static imge_for a mark after the termnation of the rewiting tine
t2 is di spl FEERNYLgRe EzansIdaEoR SR DY the: 3PEVRTISSEEIPRY.  After this
attaining of,,an,_egui pot H{al tate, t el apsed %i 1,fromthe start of
fewri ting | SLEBHBYPEE RRY P acFeipthg f Anedbsrotpitial pten
di spl ayi ng HFthE gﬁi‘&kcséa{@i%e igggéeﬁxe% efhrk20d pbife8htSh NG Of an
equi potential staté& are repeated.
work surface 3 with high accuracy. Since afterimages of
. the regular static image for a mark and the static image
to be tested are securely erased before the start of
rewriting, displaying of a regular static image for a mark
after the end of rewriting can rapidly.and smoothly be
started. Although, in this embodiment, a static image is
displayed three times, the static image may be displayed
any desired times in accordance with the specifications of
the body of the transmission type liquid crystal mask
marker used.
A second embodiment of the present invention is
described, In this embodiment, unlike the Ffirst
enmbodiment, the displaying of the static image to be
tested and the attaining of an equipotential state are
repeated a plurality of times. Drawings similar to Figs.
1 and 3 of the first embodiment are not described.
In Figs. 3 and 4, the controller 7 first displays
the static image to be tested and inputs the intensity of
received light R2 during the rewriting time t2. An

equipotential state is then attained, and the number of



t =.t2, i.e.

next reqgqular static inage for a mark is
16, di gpl ayed -and printed. Since the liquid crystal mask 2 is

controlled to the

static image for a mark is printed on the work surface 3 with high

accuracy.
the static-

t he body of

Since afterimges of the regular static inmage for a nmark and
image to be tested are securely erased before the start of
rewiting, displaying of a regular statfc image for a mark after the end
of rewiting can rapidly and snoothly be started. Al t hough, in this
enbodi nent, tdngdsat ehiemegetis indigeptaysd tédywsi tigeS sphhgedt 86i enéfrmge may
be displayed any desired tinmes in accordance with the specifications of

ddrpaesnsitbstibe prguetkrgined coysieat afaskimesaNkeheused.

second enbodi nent of the present invention is described, In this

enmbodi ment , SFAYiice imager teshe tmsivedi herdisplavatt spl &f pg<oN,thkestatic

i mage to be
repeated a
first enbod

tested and the attaining of an equi potential state are

SHasdiydpdo Lt Fhesstatdca hitegr &9 ke deat®drrgd the and 3 of the

I_ment, are nqt descr, bed.
Jgialﬂ%ng o% an equipotential state are repeated. If n=

N, the same static image as Ehe first static image for a
mark after the end of the rewriting time t2 is displayed.
After this displaying, an equipotential state is finally
attained at the end of the rewriting time t2, as in the
first embodiment.

The second embodiment enables erasing of
afterimages, stabilization of the intensity of received
light R2, and mcie rapid and smooth start of the
displaying of a next regular static image for a mark.
Although, in this embodiment, the number of times a static
image is displayed is 3, -the number of times of displaving
may be set to any number according to demand. For
example, if the number of times of displaying is 5, the
two times of earlier displaying may be performed for the
static image to be tested, and the three times of later
displaying may be performed for a static image for a mark.
It is a matter of course that the number of times of
earlier displaying and the number of times of later
displaying may be reversed. Although the static image to

be testes is displayed a plurality of times N, the

, iIf it is decided that the rewiting tine is termnated, a

optinmum light transm ssion Qo by the above-descri bed
di splaying and the attaining of an equipotential state, a next regular

A



In Figs. 3 and 4, the controller 7 first displays the static inmage to be
tested and inputs the intensity of received light R2 during the rewiting
time t2. An equipotential state is then attained, and the nunber of

17 - times n the static inage to be tested is displayed is then conpared
with the predeterm ned nunber of tines Nthe static inage to be tested is
di spl ayed. If n <N the displaying of the static inmage to be tested and
the attaining of an equipotential state are repeated. If n N, the sane
static inage as the first static image for a mark after the end of the
rewmriting time t2 is displayed. After18his displaying, an equipotenti al
state is finally attained at the end of the rewiting tinme t2, as in the

first enmbodijmidnsity of HoRe$PEON ARDRYI HBY! LENBRHES & a%ieNg Of
afteri mages, stabilization of the intensity of received light R2, and nore

rapi d and smstdrcaflazt 7okttt heastligydeayi ng of a next regular static inage
for a mark. Although, in this enbodi nent, the nunber of tines a static
i mage i s displayekb iis Jpwilvasniinbrerthod finsks aofl desphdyémippdimentiss set to
any nunber according to denmand. For exanple, if the nunber of tines of
di spl ayi ng i*hen thee cantgoliatshaying thee afgrepealioredragrasagedor med f or
the static ép”;? ieedF %ob% tc%%&rggﬁigr?aql tthreantsrrltriggigil ”§§p§ flzj.c?l}ieé crystal '

mask marker, a program for maintaining printing accuracy

can be incorporated without any difficulties. There is

thus no need to change the configuration of the bodies of

the transmission type liquid crystal mask marker and the

work feeder. In addition, since the static image to be

tested is displayed at a high speed, each of the

embodiments is a help to increase the printing speed and

the printing accuracy by increasing the operation speed of

the conventional transmission type liéuid crystal mask

marker and the work feeder body. As a result, it is

possible to maintain and further improve the high printing

speed and printing accuracy, thereby permitting an attempt

to increase the throughput.

An embodiment of another unpublished international

application (Application No. PCT/JP94/00703) which has

been proposed by the applicant of the present invention is

described. This embodiment has the same hardware

configuration as the first embodiment of the present

invention, but the software configuration is different in

the displaying of a static image and the attaining of an



di spl aying may be perfornmed for a static inmage for a mark. It is a matter
of course that the nunber of tines of earlier displaying and the nunber of
tjnmes,of later displaying may be reversed. Although the static inmage to
be testes is displayed a plurality of tines N, the

18 "intensity of received light R2 may be input to the controller 7 at

| east once. As is obvious fromthe first and second enbodi nents,

when the controller having the aforenmentioned programis applied to a
conventional transm ssion type liquid crystal nask marker, a program for
mai ntaining printing accuracy can be 18corporated w thout any

difficulties. There is thus no need to change the configuration of the
bodi es of thgildARyHISS QEaEé!pcﬁzzli'r%u!tﬁe?Hﬁﬁffﬂi s kelyagdyt he  work
f eeder. In addition, since the static imge to be tested is displayed at

a hi gh speedis earurofint Fag. eapoghidraniat iks iRade! o tue ivereasast he printing
speed and the printing accuracy by increasing the operation speed of the
convent i onaldifspdregmeds sitomhey peatti qpfl deerysiafd, nesk intmmedityvard t he work
f eeder body. As a result, it is possible to naintain and further inprove
the high priteasdyedddedtaRd psiinnvig fxonurheyligherrageivdng rmeang an
attempt 1o é,ncarn%as’c%e:[ Qr%lttra]ggu pruat 'static image to be applied to the
liquid crystal mask 2 is regulated so that the actual
.light transmittance Q is equal to the optimum light
transmittance Qo. After the static image to be tested is
displayed, an equipotential state is attained, and the
displaying of the static image to be tested and the
attaining of an equipotential state are repeated up to the
termination of the rewfiting_time t2. - As a result,
afterimages are erased, the intensity of received light R2
(i.e., the actual light transmittance Q) is made stable,
and the displaying of a next regular static image for a
mark for printing is started at high speed.
In the unpublished application, the displaying of
the static image to be tested and the attaining of an
equipotential state are repeated. However, in the
present invention,’after the displaying of the static
image to be tested and the attaining of an equipotential
state are performed once, the displaying of a static image
for a mark and the attaining of ah equipotential state are

repeated at least once. Since, in the present invention,

the static image to be tested and a static image for a



An .enbodi ment of anot her unpublished international application
(Application No. PCT/JP94/00703) which has been proposed by the applicant
of the present invention is described. Thi s enbodi mrent has the sane
har-dware configuration as the first enbodi mrent of the present invention,
but” the software configuration is different in the displaying of a static
I mge and the attaining of an 19
equi_potential state during the rewiting tine. Nanely, as shown in Fig.
4, the static image to be tested is displayed at the start of rewiting,
the intensity of received light R2 is20hput fromthe light receiving neans

6, and the voltage for a static image to be applied to the |liquid crystal
mask 2 is reagatlatesk sdidgidiyedietnetsalrt lbfght reganasni stante fhdde equal to
the optinmnumlight transmttance Qo. After the static inmage to be tested

is displ ayetior apr bujuinpptientfuakhet atrgpricyest, t asnedmpaned tyikth dilspl ayi ng of
the static image to be tested and the attaining of an equipotential state
are repeat ed®prkbished arRldicakiedn of the rewiting time t2. As a

result, afterimages are erased, the jntensity of received light R2 (i.e.,
the actual |ight gr%ﬁ%ﬂ?W*%ﬁﬁﬁ? EyPe st §F§%F 1 magk PREKGFsHPaying of a

next 1 eoul ar, SLaLhE LIl o oRurdPldbd e’ B Bfle’ $z8b8¢ 0 At high
invention is described below with reference to the
attached drawings.

Fig. 5 shows the hardware configuration of a
transmission type liquid crystal mask marker comprising a
YAG laser with Q switch of the third embodiment. Points
different from Fig. l.of the first embodiment are
described. The third embodiment is diffgreht from the
first embodiment in the points that a deflecting lens 86
is provided between the galvanoscanner 9Y and the polygon
mirror 9X, and that an optical filter 61 is pfovided on a
.light receiving window of the light receiving means 6 as
light receiving element. When the deflecting lens 86 is
provided, the laser beam L]l deflected to the direction ¥
by the galvanoscanner 9Y is deflected by the deflecting
lens 86, and applied to substantially the same point on
the polygon mirror 9X. Since the irradiation point can
be controlled within a narrow range, the thickness of the
polygon mirror 9X can be decreased. It is thus possible
to decrease the wight of the polygon mirrpr 9X, increase

the operation speed of the polygon mirror 9X and decrease



I n the unpublished application, the displaying of the static inmage to be
tesfed and the attaining of an equipotential state are repeated.

However, in the present invention, after the displaying of the static

i mage to be tested and the attaining of an equipotential state are
performed once, the displaying of a static image for a mark and the

attaining of an equipotential state are repeated at |east once. Si nce,
in the present invention, the static inmage to be tested and a static inmage
for a . 20 mark are displayed, the
start of a regular static image for @inting is further inproved, as
conpared with the unpublished application. A transm ssion type

liquid crystak sBgE thékeds) N TAECHASHS CRunddilond ilshisadieabodonené of the
present invention is described belowwth reference to the attached

drawi ngs. transikilgsién styws Mkgeitacoysral omsk garkerordrefea toransm ssion
type liquid crystal nmask marker conprising a YAG |laser with Q swtch of
the third efBodi Adnvwithowythtes defileceinntlansp B g. Theoflaphe beant

enbodi ment are descri bed. The third enbodinent is different fromthe
first enbodieAPPilietnko foihtRelyAar BLFRIT F iify RAGSSIBENTPYIBr BYE ded

between the 8. {a"22G2R0F 'mask P Iot G181 AP & static image for a

mark to print the image on the workpiece surface 3 at a
high speed with high accuracy, as in the first embodiment.

The light receiving méans 6 provided with the
optical filter 61 is described below. The light receiving
means 6 receives the transmitted light emitted from the
light emitting means 5 as a light emitting element, and
outputs the intensity of the received light R2 to the
controller 7. The controller 7 computes the actual light
tranémittance Q from the intensity of_réceived light R2
and the intensity of emitted light R1l, and controls the
voltage for a static image applied tq the liquid crystal 2
so that the actual light transmittance Q equals to the
optimum light transmittance Qo. As a result, constant
image printing quality is maintained.

The light emitting means 5 comprises a semiconductor
laser which oscillates with a wavelength of 780 nm, and
the light receiving unit of the light receiving means 6
comprises a silicon photodiode, and the optical filter 61
comprises a YAG laser deflecting filter. As shown in Fig.

7, the reflectance of the optical filter 61 within the



mrror 9X, and that an optical filter 61 is provided on a |ight receiving
wi ndow of the light receiving neans 6 as |ight receiving elenment. Wen
the deflecting lens 86 is provided, the | aser beam L1l defl ected to the
direction Y by the gal vanoscanner 9Y is deflected by the deflecting |ens
86,  and applied to substantially the same point on the polygon mrror 9x.
Since the irradiation point can be controlled within a narrow range, the
t hi ckness of the polygon mrror 9X can be decreased. It is thus possible
to decrease the w ght of the polygon rcgéror 9X, increase the operation
speed of the polygon mrror 9X and de ase
21 the size thereof. The basic function is simlar to the transm ssion
type |iqui dwavedeabthms&ghan kef theetYRG lasefi i gt Wieslsotthahho0d&f | ecti ng
| ens 86. The | aser beam L1 applied to the polygon mrror 9X is passed
t hr ough t heand ghiedrefyectanemaiitRinothdi wpvelengtm ragdonc oifntije for a
mark to print the imge on the Morggiece surface 3 at a_ high speed with
hi gh accur ad@migenductae lasex isnsygskeptially 0. Th&'amedwr £B€ei vi ng neans
6 provided with tge .optic 4é§ter 61 is describ bel ow. The || ght
Ceceiving MESed FLEPTCEL (RER PRRSRFEREHCT | IR E CeedT POAM fio 11 ght
em t1ing MeS.RaArBehl 9hle PRl 19) 5! BIENE raklith e £ WS & 38,/ NLENSI LY Of
the received 11Q o] € :

measuring the light transmittance (light with the

intensity of received light R2). The optical filter 61

is generally referred to as an “interference filter”.

Figs. 8A and 8B show data examples of sensor output

of this embodiment provided with the optical filter 61 and

prior art (without the optical f£ilter 61). Since sensor

output B {prior art) contains the large noise caused

during emission of the YAG laser beam 1, the output value

is unstable, and sensor output B is thus unsuitable for

high-accuracy control. This is due to the noise caused

by Q@ switch control of the YAG laser, However, noise is

completely remdved from sensor output C of this

embodiment, and the intensity of received light R2 from

the light emitting means 5 is stable. The transmission

type light crystal mask marker is stably operaﬁed by

driving control based on the sensor output C with an

excellent S/N ratio, thereby preventing operation'error.

The image mérking quality can also be maintained in a high

level. In addition, although prior art has the need to

decrease the effect of noise by disposing the optical



controller 7. The controller 7 conputes the actual light transmttance Q
fromthe intensity of received light R2 and the intensity of emtted |ight
Rl, and controls the voltage for a static imge applied to the liquid

crystal 2 so that the actual light transmttance Q equals to the optinum
light transmttance Qo. As a result, constant image printing quality is
mai nt ai ned. The light emtting means 5 conprises a sem conduct or

| aser which oscillates with a wavel ength of 780 nm and the |ight
receiving unit of the light receiving means 6 conprises a silicon

phot odi ode, "and the optical filter 61 28onprises a YAG | aser defl ecting
filter. As shown in Fig. 7, the reflectance of the optical filter 61

Within the gensor (the light receiving element) at a fésit¥on Whered
transm ssion type liquid crystal masK marker conprising a | aser

oscillator, ¢hé reemaEwiobebiipes| hattlyy appyikal tRSK émbodlinggritayi ng various
static images for a mark, and a controller connected to said transm ssion
type |iquidetinpistaieassichsa admio amhitheals dncappbeedihe|dagpse faf

di splaying the various static inmages for a mark so that the various static
i mages for afregdomraf munangementa surface of a workpi ece by applying the
| aser beam from said |laser oscillator, which is transmtted through said-

Industrial Applicability
The present invention can easily be applied to a
conventional apparatus only by changing a program of the
controller, and enables high-speed and high-accuracy
stable printing by smoothly rising an image for printing
while controlling the light transmittance of the liquid
crystal mask to an optimum state, and an attempt tp
increase the throughput. The present invention is also
useful as a transmission type liquid crystal mask marker
which can remove noise by the optical filter to increase

the S/N ratio of sensor output.



transm ssion type liquid crystal mask, to the surface of said workpiece,
characterized in that light emtting neans and |light receiving neans are
connegted to said controller, said transm ssion type liquid crystal nmask
is ~a transmssion type liquid crystal mask for successively rewiting and
di splaying the various static inmages for a mark apnd appropriately

di splaying a static image to be tested by applyin Shes ‘asfiren Replgeads ai d
controller, said light emtting nmeans is light em HallE appl yi ng
light to the static imge to be tested, ,said |ight MR S is
| ight receiving neans for receiving thg4 light transmtted throug t he
static image to be tested, said controller is a controller for previously
storing an optimumlight transm tta@eimduring rewiting of at |east one
of the various static inages for a mark, perform ng at

23 sensor (the |&dgikanswigisiongtwensindidacryspadi naon midrkar the YAG | aser
beamis hardly ap I|ed this enbodinent elimnates such a limt and thus

i ncreases tHe® g lppeEdeRTbilatorangefEARSmission type 11qu1d

d I I I b lied
Lo 8 convertROMRL AN 408 S YL L HATGPHY SCPF bor IS AR ont 1ol 1 o1
and enabl es xIlIé:gIE', Sé)r?cgda %%tgbgﬁeg-c&éﬁr?e%%ed to said transmission type

liquid crystal mask so as to control an applied voltage

t

for displaying the various static images for a ﬁark so
that the various static images for a mark are printed on a
surface of a workpiece by applying the laser beam from
said laser oscillator, which is transmitted through said
transmission type liquid cryséal mask, to the surface of
sald workpiece, characterized in that light emitting means
and light receiving means are connected to said
controller, said transmission type liquid crystal mask is
a transmission type liquid crystal mask for successively
rewriting and displaying the various static images for a
mark and appropriately displaying a static image to be
tested by applying a voltage form said controller, said
light emitting means is light emitting means for applying
light to the static image to be tested, said light
receiving means is light receiving means for receiving the
light transmitted through the static image to be tested,
said controller is a controller fbr previously storing an
optimum light transmittance, during rewriting of at least

one of the various static images for a mark, performing at

QLT



stable printing by smoothly rising an image for printing while controlling
the:light transmttance of the liquid crystal nmask to an optinum state,

and an-attenpt to increase the throughput. The present invention is also
useful as a transmi ssion type liquid crystal mask marker which can renove
noi se by the optical filter to increase- the SINratio of sensor output.

26 3. A transm ssion type liquid crystal nmask marker according to Claim
1 or 2, characterized in that said |ight receiving nmeans conprises a |ight
receiving unit having a silicon pn junction for receiving the |ight
transmtted through the static inage t@sbe tested, and an optical filter
which is provided on a light receiving w ndow of said |light receiving unit

Ot e R e A Bibp ) |G ER PO LG i Wl

25 and, after the displaying, the attaining of an
" equipotential state of all common terminals and segment
terminals of said transmission type liquid crystal mask,
in this order, performing at least once the displaying of
the static image for a mark and the attaining of an
equipotential state up to the termination of the rewriting
time so that an equipotential state is finally attained,
in this order, inputting the intensity of receiving light
from said light receiving means during the displaying of
the static image to be tested, computing the actual light
transmittance of said transmission type liquid crystal
mask from the intensity of receiving light and the
intensity of emitted light of said light emitting means,
and regulates the voltage for a static image applied to
said transmission type liquid crystal mask so that the
actual light transmittance equals to the optimum light

transmittance.

2. A transmission type liquid crystal mask marker
according to Claim 1, characterized in that the image area
of the static image to be tested is larger than the
incident area of the light emitted from said light
emitting means at least on the surface of said

transmission liquid crystal mask.

A



| east once the displaying of the static inmage to be tested and, after the
di spl ayi ng, the attaining of an equipotential state of all common
termnals and segnent termnals of said transm ssion type liquid crysta
mask, in this order, perform ng at |east once the displaying of the '
static image for a mark and the attaining of an equipotential state up to
the termnation of the rewiting tinme so that an equipotential state is
finally attained, in this order, inputting the intensity of receiving
light fromsaid |ight receiving neans during the displaying of the static
image to be'tested, conputing the actug6light transmttance of said
transm ssion type liquid crystal mask fromthe intensity of receiving

ignt and the, i nbeRshinndlsrsh tded higliaokroaih Al i ng means,

and regul ates ‘the voltage for a atlc nmage pp e 0 salid transm ssion

type liquid gokst-aingBek Efaimal Jrhe, eﬁ&yéétéfﬂmd LipRSEL! kaRge equals to
the optimumlight transmttance. A transm ssion type liquid

crystal mask yigfkar reeesoLi Niedns @oﬁpﬂéescaalf@mln@sém;@hghithe i mage
area of the static inmage to be tested is larger than the incident area of
the |ight enmbatvddagl romiddcdnlpyhiuncedbnt fog recabviig |uhestlightt he surface
of said transmssion liquid crystal mask.

transmitted through the static image to be tested, and an

optical filter which is provided on a light receiving

window of said light receiving unit. so that it does not

transmit a YAG laser beam but transmits the light

transmitted through the static image to be tested.

This Sheat Has Been | R faced
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