1 LASER MARKI NG SYSTEM AND LASER MARKI NG METHOD The present invention ... .

rel aiIes to a | aser marking system and net hod and concerms, in pa"ritf'fcul"“a’jﬂ":f a”

Sy stee o

| aser] marking systemand a | aser marking nethod suitable for marking °
i dentyi fication nunbers, letters, and the |like on workpieces in | -
sem conductor fabrication processes. Cenerally, when product nunbers, other
i dentification nunbers, and4l etters are marked on workpieces by a |aser

mar ki ng appar atus, each of workpieces is placed just below a | aser enmtting
openi ng. Aft'er the workpi ece has been marked, it is unloaded. For apparatus

of this tylaASERMARKINECSYSTEN ANDILIKEER NARKING MERROEre types and align
mar ki ng positions have been proposed so as to I nprove the content and :

alignnent of markings. In addition, to mark workpi eces effectively, high
speed marKki ng t efthenptexmnt invehtion relites tolwmlagesmiarikinglyystdm dnal be nar ked has
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time to be Tnproved 1n ) en yet disclosed. Thus, -
with these convefGenerally, wbenpspductanimbensapther idemiication RYMRRr8ces cannot

be ef f ecti vghy |Sfurs Y8 tnaRkdd b W&l‘l?iéﬁtfs‘ﬁﬂa ISP PhaKiNgG apphaieLE EichPoe
mar ked by an ink et syste Ln the ink jet,_system, & rglatjve position
bet ween a \,\)gpkkfplgégs ;g%lagﬁg}qﬁg Qeigw a'laser emltur?é opening. After the
workpiece has been marked, it is unloaded. For apparatus of this type, . -
various technologies that identify workpiece types and align marking
positions have been proposed so as to improve the content and alignment of
markings. In addition, to mark workpieces effectively, high speed marking
technology that quickly changes the objects to be marked has been proposed
(as Japanese Patent Laid-Open Publication No. 2-187288).

Although these techndlogies improve the appearance, speed, and
alighment accuracy of markings, technologies that allow total operating
efficiency with respect to workpiece conveying apparatus, operating type,
or operation time to be improved in marking systems have not been yet
disclosed. Thus, with these conventional technologies, a large number of
workpieces cannot be effectively conveyed and quickly marked.

Generally, workpieces are marked by an ink jet system. In the
ink jet system, a relative position between a workpiece and an ink jet
nozzle is changed by a conveying apparatus. Thus, an interlocking
operation between the conveying apparatus and the ink jet system is
required (as disclosed in Japanese Patent Laid-Open Publication No. .
57.14981). - :

In recent years, as the size of workpieces such as semiconductor
devices is decreasing, smaller marking numbers and letters and higher
marking accuracy are being required. Thus, instead of ink jet systems,
laser marking systems are being studied. In a conventional laser marking
apparatus, laser light generated by a laser oscillator is raster scanned
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nozzle is changed by a conveying apparatus. Thus, an interlocking operation
bet ween the conveyi ng apparatus and the ink jet systemis required (as
di scl osed in Japanese Patent Laid-Cpen Publication No. 57.14981). In recent
years; as the size of workpieces such as sem conductor devices is
decreasing, smaller marking nunbers and letters and higher marking accuracy
are being required. Thus, insjead of ink jet systens, |aser marking systens
are being studied. In a conventional |aser marking apparatus, |aser |ight
generated by a laser oscillator is raster scanned 2 over a mask surface
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entire pattern is marked. This method is disclosed as J%panese Patent
Laid-Open Publication No. 2-187287.
However, this laser marking apparatus requires deflectors that
raster scan the laser beam to be entered into a pattern displayed on a
mask in X and Y directions. When the laser light that has transmitted the
mask is deflected in X and Y directions along the workpiece conveying
line, another deflector that deflects the divided pattern blocks along the
workpiece plane is required so as to combine these pattern blocks. Thus,
deflecting and scanning drive systems are required in the Xand Y
directions not only in the path of the laser light travelling toward the
mask but aiso in the path of the laser light which has passed through the
mask. Thus, in this related art reference the scale of the apparatus is
large and the number of items to be controlled is large.
In addition, according to the laser marking apparatus having a
liquid crystal mask, different patterns are displayed on the mask, one
after the other. The positioned accuracy of the marking depends on the
dot pitch. In other words, a mark displayed on the mask depends on
whether each dot thereof transmits laser beam. Thus, a positioned
accuracy higher than the dot pitch cannot be obtained. Since the space
between dots is not marked, the resultant mark becomes unclear.
An object of the present invention is to provide a laser marking
system and method for maximising the efficiency of the entire operating
timing of the marking operation against workpiece loading/unloading
operation of a workpiece conveying apparatus, for marking a large number
of workpieces in a short time, for easily dividing a marking image into
marking image blocks and combining these blocks into the original image,
and for providing high positioned accuracy of the marking.




mask in X and Y directions. Wien the laser light that has transmtted the
masikk I's deflected in X and Y directions along the workpi ece conveying |ine,
anot her deflector that deflects the divided pattern bl ocks al ong the

wor kpi ece plane is required so as to conbi ne these pattern bl ocks. Thus,
defl’ecting and scanning drive systens are required in the X and Y
directions not only in the path of the laser light travelling toward the
mask but also in the path of the |aser |ight which has passed through the
mask. Thus,” in this related art reference the scale of the apparatus is
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an installation plate for lifting the conveying apparatus up and down, a
loader portion for loading a workpiece, an unloader portion for unloading
a workpiece, a control portion for totally controlling the conveying
apparatus, the installation plate, the loader portion, and the unloader
portion through a communication line, a production management host
computer for transmitting and receiving signals to and from the control
portion so as to manage a marking process, and a marking data generating
computer disposed in the laser marking apparatus. '
The conveying apparatus may comprise the feeder unit, a first
feeder guide and escape unit disposed on one side of the feeder unit, a
second feeder guide and escape unit disposed on the opposite side of the
feeder unit, a first loader and unloader portion disposed outside the
first feeder guide and escape unit and adapted for loading and unloading a
-workpiece, and a second loader and unloader portion disposed outside the
second feeder guide and escape unit for loading and unloading a workpiece.
The laser marking apparatus comprises a first deflector for
scanning laser light radiated by the laser oscillator in one direction, a
mask for displaying divided pattern blocks of a marking pattern
corresponding to scanning lines of laser light scanned by the first
deflector, a second deflector for deflecting scanned light selectively
transmitted from the mask and radiating the scanned light that is the
marking pattern to the surface of the workpiece, and control means for



3 According to a first aspect of the present invention, there is provided a

- laser marking system conprising a | aser marking apparatus having a first

. deflector for scanning laser |ight generated by a | aser oscillator onto a
mask surface, and a second deflector for radiati ng light transmtted

t hrough the mask onto a work surface, and workpi ece conveying appar at us,

the inprovement conprising g conveying apparatus having a feeder unit, a
feeder guide unit, and a feeder escape unit, the feeder unit being dlsposed
at a radiattng p03|t|on of the | aser narklng apparatus, the feeder guide
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plurality of paths, a plurality of masks disposed in the paths and adapted
for displaying the same image at slightly different positions so as to
fill the gaps between mask dots of one mask with mask dots from the same
image on another mask, a first deflector disposed between the first
optical system and the masks, a second optical system for combining light
transmitted through the masks, a second deflector disposed downstream of
the second optical system, and control means for marking a combined
pattern scanned by the first deflector and the second deflector on the
workpiece.
The masks for use in the laser marking apparatus are preferably
transmission type liquid crystal masks.
According to the above-mentioned laser marking system, the
production management host computer can individually control each unit and _
the installation plate of the conveying apparatus, the loader portion and
the unloader portion, which loads and unloads workpiece corresponding to
required operation and the operation time. As the marking apparatus marks
workpiece at high speed, the workpiece can be correspondingly loaded and
unloaded. Thus, the operational timing of the entire system can be
optimally designed so as to mark a large number of workpieces in a short
time. .
According to the above-mentioned laser marking apparatus, divided
pattern blocks into which a marking pattern is divided corresponding to
for example the X direction are displayed and scanned on the mask, block
by block. In this construction, since the first deflector scans the
blocks only in one direction, the first deflector can be constructed of



feeder gui de and escape unit di sposed on one side of the feeder unit, a
seconhd feeder guide and escape unit disposed on the opposite side of the
feeder unit, a first | oader and unl oader portion disposed outside the first
feeder guide and escape unit and adapted for |oading and unloading a
wor kpi ece, and a second | oader and unl oader portion di sposed outside the
second feeder guide and escape unit for |oading and unl oadi ng a workpi ece.
The | aser marking apparatus~conprises a first deflector for scanning | aser
light radiated by the |laser oscillator in one direction, a mask for
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direction. By combining the divided pattern blocks, the original pattern
can be marked on each workpiece. Therefore, since the apparatus does not
need to raster scan the laser light incident on the mask, the number of
control items ¢an be reduced, thereby improving control characteristics.
When each divided pattern block is displayed on a plurality of
masks, the same block is displayed at different positions so as to fill
the gap between mask dots of one mask with mask dots of the same block
from the other mask. In addition, the laser light is divided and scanned
on each mask and the transmitted light is combined in one direction. The
combined light is transmitted to the second deflector and the combined
pattern is marked on the workpiece. Thus, the position accuracy of
marking, which depends on the pitch of the mask dots, can be improved.
According to a second aspect of the present invention, there is
provided a laser marking method for raster scanning laser light radiated
from a laser oscillator by a first deflector onto a mask surface,

_ radiating transmitted light from the mask surface to the surface of a
workpiece by a second deflector, loading an unmarked workpiece, and
unloading a marked workpiece, the method comprising the steps of:

(1) clamping a workpiece on a feeder table of a feeder unit
disposed at a marking radiating position, moving the feeder table and
marking the workpiece, unclamping the workpiece from the feeder table, and
moving the feeder table to an original position;

(2) moving a supply table of a feeder guide unit from a supply
table original position to a loader portion, receiving a workpiece from
the loader portion, clamping the workpiece on the supply table, moving the



for directing laser light radiated by the laser oscillator into a plurality
of paths, a plurality of nasks disposed in the paths and adapted for

di splaying the sanme inmage at slightly different positions so as to fill the
gaps ,bet ween mask dots of one mask with mask dots fromthe same i mage on
anot her mask, a first deflector disposed between the first optical system
and the nasks a second optical systemfor conbining light transmtted

t hrough t he nasks, a second&defl ector di sposed downstream of the second
optical system and control neans for marking a conbined pattern scanned by
the first deflector and the second deflector on the workpi ece. The nmasks
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corres pond' tHe feR@der escape table, supplying the workpiece to the unloader portion,
and moving the feeder escape table to the feeder table original position,
wherein the steps (1) to (3) are totally controlled by a control portion
that is adapted to receive and transmit signals from and to a production
management host computer through a communication line.

Step (1) can be performed by displaying each divided pattern
block equivaleht to a scanning line, block by block, on the mask by the
first deflector adapted for scanning the laser light radiated from the
laser oscillator in one direction, deflecting the scanned light
selectively transmitted from the mask and radiating the divided pattern
block to the surface of the workpiece by the second deflector, controliing
the second deflector so as to deflect the scanned light of the divided
pattern block to a corresponding divided direction, and marking a combined
pattern scanned by the first deflector and the second deflector on the
work. '

Step (1) can alternatively be performed by dividing the laser
light radiated from the laser oscillator into a plurality of laser paths
by a first optical system, displaying the same marking pattern on a
plurality of masks disposed on the laser paths so as to fill the gaps
between mask dots with the same marking pattern, scanning the divided
laser light on the masks by the first deflector, combining transmitted
light from the masks as a single beam by a second optical system, and
marking the combined pattern on the workpiece.



for exanple the X direction are displayed and scanned on the mask, bl ock by
block. In this construction, since the first deflector scans the bl ocks
only in one direction, the first deflector can be constructed of 5 for
exanple only a polygonal mrror. The transmtted Iight fromthe mask is
radiated to the workpiece surface by the second deflector. The X direction
of the deflecting positionzon t he workpi ece surface by the-second defl-ector
is fixed, whereas the Y ditection thereof is noved by a distance equal to

t he hei ght “of each pattern bl ock when each divided pattern bl ock has been
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According to the laser marking method, the same effects as the
above-mentioned laser marking system can be obtained.
Examples of the system and method of the present invention will
now be described in detail with reference to the accompanying drawings, in
which:
Figure 1 is a perspective view showing a construction of a laser
marking system according to a first embodiment of the present invention;
Figure 2 is a schematic perspective view for explaining a laser
marking apparatus;
Figure 3 is a flow chart showing the operating process of a
loader portion;
Figure 4 is a flow chart for showing the operating process of a
feeder guide unit; -
Figure § is a flow chart showing the operating process of a
feeder unit; '
Figure 6 is a flow chart showing the operating process of a
feeder escape unit; -
Figure 7 is a flow chart showing the operating process of an
unloader portion;
Figure 8 is a timing chart showing the operation of the marking
system according to the first embodiment; _
Figure 9 is a schematic view for explaining a workpiece receiving
operation of the feeder unit;



conbi ned |i ght

is transmtted to the second defl ector and the conbi ned

pattern is marked on the workpi ece. Thus, the position accuracy of marKking,

whi ch depends on the pitch of the mask dots,

a second aspect of the present invention, there is provided a | aser

met hod f or

a first deflector onto a mask surface,
mask surface to the surface ®f a workpiece by a second defl ector,
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laser marking apparatus according to a third embodiment of the present
invention; '

Figure 14 is a schematic diagram for explaining a liquid crystal
mask display pattern scanned by a first deflector;

Figure 15 is a flow chart showing the operating process of a
laser marking apparatus;

Figure 16 is a timing chart showing an operation of the laser
marking apparatus; ’

Figure 17 is a schematic diagram for explaining a marking pattern
and divided pattern blocks;

Figure 18 is a schematic diagram for explaining a principal
portion of a laser marking apparatus according to a fourth embodiment of
the present invention; and

Figures 19A,"1QB, and 19C are schematic diagrams for explaining
mask display patterns and their combined pattern according to the fourth
embodiment. '

A first embodiment of the present invention will now be
described, with reference to Figures 1 to 11.

Referring to Figure 2, an example of a laser marking apparatus
according to the first embodiment of the present invention is shown. A
laser beam radiated from a YAG laser oscillator, which is a light source,
is radiated to an X direction deflecting mirror 2. The reflected light of
the X direction deflecting mirror 2 is scanned by the X direction
deflecting mirror 2 over a marking surface 10 for a predetermined angle in

the X direction. The reflected light is radiated to a polygonal mirror 4 :

novi ng a
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original position; and (3) noving an escape table of an escape unit from an
escape table original position to the feeder unit, receiving a workpiece

- fromthe feeder unit, clanping the workpiece on the feeder escape table,
movi ng the feeder escape table to an unloader portion, unclanping the
morkplece fromthe feeder escape table, supplying the workpiece to the

unl oader portion, and noving the feeder escape table to the feeder table
original position, whereinhe steps (1) to (3) are totally controlled by a
control portion that is adapted to receive and transmt signals fromand to
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marking surface 10 is placed at a focus position of the relay lens 9 that
is a laser emitting opening of the laser marking apparatus 48.

The conveying apparatus 14 comprises a feeder until 16F, a feeder
supply unit 161, and a feeder escape unit 16E. The feeder unit 16F is
disposed just below the relay lens 9 and adapted to convey a workpiece 12
to a marking position. The feeder guide unit 16l is disposed upstream of
the feeder unit 16F. The feeder escape unit 16E is disposed downstream of
the feeder unit 16F and adapted to convey a workpiece 12 that has been
marked away from the feeder unit 16F. These units 16F, 161, and 16E are
disposed on an installation plate 18. The feeder unit 16F has a screw
shaft 22F and a feeder table 24F. The feeder guide unit 16l has a screw
22| and a supply table 24l. The feeder escape unit 16E has a screw shaft
22E and an escape table 24E. The screw shafts 22F, 22, and 22E are
coaxially aligned in the conveying direction of the workpiece. The feeder
table 24F, the supply table 24|, and the escape table 24E are threaded to
the screw shafts 22F, 221 and 22E, respectively. The feeder table 24F,
the supply table 24|, and the escape table 24E are movable in the axial
directions of their respective screw shafts. Rotation drive motors 26F,

261, and 26E are mounted to drive the screw shafts 22F, 221, and 22E,
respectively. A guide rail 28 is disposed in parallel with the screw

shafts 22F, 22|, and 22E and adapted to guide the tables 24F, 24|, and
24E, which move therealong. The guide rail 28 passes through the tables
24F, 241, and 24E so as to guide them. The feeder table 24F has a central



plurality of masks disposed on the |laser paths so as to fill the gaps

bet ween mask dots with the sane mar ki ng pattern, scanning the divided | aser -
light on the nasks by the first deflector, conbining transmtted |ight from
t he pasks as a single beam by a second optical system and marking the
conbi ned pattern on the workpi ece. 7 In a further alternative nethod for
performng step (1), the laser light radiated fromthe |aser oscillator .my
be scanned across a mask, arthereafter divided into a plurality of |aser
paths by a first optical system By reconblnlng the optical paths with a
slight offset in the X and Y di tio the i of the pms y be
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Flgu I's a perspective view co nstrucﬁlon of a |aser
words, the workptece 12 is first placed on the supply table 24l of the

feeder guide unit 16l. The feeder guide unit 16l then advances towards

the feeder unit 16F, and the workpiece 12 is transferred to the feeder

unit 16F and placed on the feeder table 24F. The feeder guide unit 16l
then returns to its original position. After the workpiece 12 is marked,

the feeder escape unit 16E advances toward the feeder unit 16F and the
escape table 24E enters the central recess, beneath the workpiece 12. The
workpiece 12 is placed on the escape table 24E of the feeder escape unit
16E and conveyed to the downstream side of the line.

The installation plate 18, on which the conveying apparatus 14 is
disposed, has a focal point adjusting mechanism 8 that allows a workpiece
12 to be positioned at the focal point of the relay lens 9. In the
embaodiment shown, a base plate 30 is disposed below the installation plate
18. The installation plate 18 is lifted up and down relative to base
plate 30. The installation plate 18 is moved by a lifting drive motor 33
and a lifting screw 30. The lifting drive motor 33 is mounted on the base
plate 30. The lifting screw 30 is engaged in a threaded bore in the
installation plate 18. It should be appreciated that the lifting drive
operation of the installation plate 18 may alternatively be performed by a
hydraulic cylinder or any other suitable mechanism. By using the lifting
drive, the focal position can be adjusted to suit workpieces of different
thickness.

The base plate 30 is formed with a stock table 36 that is
disposed along the units 161, 16F, and 16E. A loader portion 38 is
disposed to move perpendicular to the feeder guide unit 16l. The loader
portion 38 supplies an unmarked workpiece 12 to the supply table 24l. An
unloader portion 40 is disposed perpendicular to the feeder escape unit



mar ki ng system according to a first enbodi nent of the present invention;
Figure 2 is a schematic perspective view for explaining a | aser marking
apparatus; Figure 3 is a flow chart show ng the operating process of a

| oader portion; Figure 4 is a flow chart for show ng the operating process
of a feeder guide unit; Figure 5 is a flow chart showi ng the operating
process of a feeder unlt; Flgure 6 is a flow chart showi ng the operating
process of a feeder escape Figure 7 is a flow chart show ng the
operating process of an unl oader portion; Figure 8is a tining chart
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guide unit 16l. The unloader portion 40 has a suction means that sucks,

liits and conveys a workpiece 12 from the feeder escape unit 16E to the

stock table 36. |

The laser marking system further comprises a control portion 42,

a production management host computer (hereinafter referred to as the host
computer) 44, and a marking data generation computer (hereinafter referred
to as the computer) 46. The control portion 42 integrally controls the
conveying apparatus 14, the installation plate 18, the loader portion 38,

the unloader portion 40, and the laser marking apparatus 48. The host
computer 44 controls the marking objects and quantity of workpiece in the
marking process. Data is transmitted and received among these apparatus
and units through a communication line.

Data flows between the host computer 44 and the conveying
apparatus 14 take place as follows: The host computer 44 transmits data
with respect of a workpiece 12 to be marked to the conveying apparatus
14. The data includes a marking object, a number of times the marking
operation is to be performed, and a size of each workpiece. The control
portion 42 controls and drives the units 16!, 16F, and 16E of the
conveying apparatus 14 and individual constructional elements of the
loader portion 38 and the unioader portion 40, and so forth.

Data flows between the conveying apparatus 14 and the laser
marking apparatus 48 take place as follows: Each workpiece is marked in
response to a marking request signal, a marking data change request
signal, a request data identification number (these signals flow from the
conveying apparatus 14 to the laser marking apparatus 48), a workpiece
conveying request signal (this signal flows from the laser marking
apparatus 48 to the conveying apparatus 14), and an error occurrence

informing signal (this signal flows between the conveying apparatus 14 and
the laser marking apparatus 48).



Figure 11 is a schematic view for explaining a workpi ece escape operation;
Figufe 12 is a perspective view showi ng a narking system according to a
second enbodi nent of the present invention; Figure 13 is a schematic

di agam show ng a construction of a | aser marking apparatus according to a
third enbodi mrent of the present invention; Figure 14 is a schematic diagram
for explaining a liquid crystal nask display pattern scanned by a first
deflector; Figure 15 is a flt®v chart showi ng the operating process of a

| aser marki hg apparatus; Figure 16 is a timing chart show ng an operation
of the |laser marking apparatus;, Figure 17 is a schematic diagram for
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The control portion 42 controls individual constructional
elements of the conveying apparatus 14, in particular, the loader portion
38, the feeder guide unit 161, the feeder unit 16F, the feeder escape unit
16E, and the unloader portion 40.
" As shown schematically in Figure 3, an arm 38a with a suction pad
at its tip is moved to a stock of unmarked workpieces 39 of the loader
portion 38 (at step 100). With a sensor (not shown), the host computer 44
determines whether or not a workpiece 12 is present at the stock position
39 (at step 101). When no workpiece 12 is present at the stock position
39, the host computer 44 terminates the loading operation. When there is
a workpiece 12 at the stock position 39, the arm 38a engages and clamps
the workpiece 12 (at step 102). Next, the arm 38a moves to a clamping
position above the retracted position of the feeder guide unit 16l (at
step 103). The host computer 44 causes the arm 38a to stop until the
supply table 24} arrives at the retracted position (at step 104). With
the supply table 24l in this position, the host computer 44 causes the arm
to lower the workpiece 12 to the supply table 24l. After having
determined that the workpiece 12 has been clamped to the supply table 241
(at step 105), the host computer 44 unclamps the workpiece 12 from the
loader portion 38 (at step 106). The host computer 44 repeats these steps
for the remaining workpieces 12.
As shown in Figure 4, the feeder guide unit 16l moves the supply
table 24! to the retracted, workpiece receiving position of the loader
portion 38 (at step 200). The feeder guide unit 16! waits until the host
computer has determined that a workpiece 12 has been supplied from the
loader portion 38 (at step 201). When the workpiece 12 has been supplied




Referring to Figure 2, an exanple of a |aser marking apparatus according to
the first enbodi nent of the present invention is shown. A |aser beam
radiated froma YAG | aser oscillator, which is a light source, is radiated
to ap X direction deflecting mrror 2. The reflected light of the X
direction deflecting mrror 2 is scanned by the X direction deflecting
mrror 2 over a marking surfﬁfe 10 for a predetermned angle in the X
direction. The reflected I| is radiated to a polygonal mrror 4 9
through a relay |ens 3 As the polygonal mirror 4 is rotated, the marking
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16l repeats these steps from step 200.

As shown in Figure 5, the feeder unit 16F moves the feeder table

24F to a workpiece receiving position (at step 300). The feeder unit 16F

waits until 2 workpiece 12 is supplied from the feeder guide unit 16! (at

step 301). When the host computer 44 has determined that the workpiece 12

has been transferred to the feeder table 24F (at step 302), the feeder

unit 16F clamps the workpiece 12 on the feeder table 24F (at step 303).

The host computer 44 drives the laser marking apparatus 48, which marks

the workpiece 12 (at step 303). While varying the marking position of the

workpiece 12, the host computer 44 causes the laser marking apparatus 48

to mark the entire pattern on the workpiece 12 (at step 305). After the

laser marking apparatus 48 has marked‘the pattern on the workpiece 12 (at

step 306), the feeder unit 16F waits until the escape table 24E arrives at

a workpiece receiving position within the central recess of the feeder

table 24F, (at step 307). The host computer determines whether or not the

escape table 24E has been positioned below the feeder table 24F and the

workpiece 12 has been clamped to the escape table 24E (at step 308).

After the workpiece 12 has been clamped to the escape table 24F, the

feeder unit 16F unclamps the workpiece 12 from the feeder table 24F.

Thus, the workpiece 12 has been transferred to the escape table 24F (at

step 309). The feeder unit 16 repeats these steps from step 300 so as to

wait until the next workpiece 12 is supplied.



supply unit 161, and a feeder escape unit 16E. The feeder unit 16F is

di sposed just below the relay lens 9 and adapted to convey a workpiece 12
to a marking position. The feeder guide unit 161 is di sposed upstream of
the feeder unit 1 6F. The feeder escape unit 1 6E is disposed downstream of
the feeder unit 16F and adapted to convey a workpi ece 12 that has been
-marked away fromthe feeder unit 1 6F. These units 1 6F, 161, and 1 6E are
di sposed on an installation1ﬂ|ate 18. The feeder unit 16F has a screw shaft
22F and a feeder table 24F. The feeder guide unit 161 has a screw 221 and a
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workpiece 12 (at step 406). Until the unloading portion 40 has unioaded
the workpiece 12, the escape table 24E is held stationary. When the
unloading portion 40 has unloaded the workpiece 12, the feeder escape unit
- 16E repeats these steps from step 400.
As shown in Figure 7, the unloading portion 40 moves an arm 40a
with a suction pad to a marked workpiece unclamp position on the escape
table 24E and waits (at steps 500 and 501). The host computer 44
determines whether or not the escape table 24E has arrived at the
workpiece unload position (at step 502). When the escape table 24E has
arrived at the workpiece unload position, the unloader portion 40 lowers
the arm 40a so as to clamp the workpiece 12 by suction 12 (at step 503).
The arm 40a moves upward and to a marked workpiece stock position 41 (at
step 504). The arm 40a unclamps the workpiece 12 (at step 505). The
unloading portion 40 repeats these steps.
The above-described operations of the conveying apparatus 14 and
the laser marking apparatus 48 are controlled by the host computer 44
corresponding to a timing chart shown in Figure 8. To improve marking
efficiency, the feeder unit 16F, which directly contributes to marking the
workpiece 12, returns the feeder table 24F to the workpiece clamping
position. The feeder unit 16F repeats these steps.
While the feeder unit 16F is operating for the marking operation,
the table returning operation, or the like, the feeder guide unit 16l
receives an unmarked workpiece 12 on the supply table 241, moves the
supply table 24l to the workpiece transfer position of the feeder unit



10 recess so as to engage only the edge portions of a workpiece 12. Each of
the Supply table 241 and the escape table 24E fit to the recess of the
feeder table 24F so as to supply and renove a workpiece 12 to and fromthe
feeder table 24F. The tabl es 24F, 241, and 24E each have a stop, enabling
themto transfer a workpiece 12 fromone table to another. In other words,
the workpiece 12 is first placed on the supply table 241 of the feeder

gui de unit 161. The feeder 1§uide unit 161 then advances towards the f eeder
unit 1 6F, and the workpiece 12 is transferred to the feeder unit 1 6F and
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The feeder escape unit 16E waits at a marking end position of
the feeder unit 16F until a workpiece 12 has been marked. When the feeder
unit 16F requests removal of the workpiece 12, the feeder escape unit 16E
receives the marked workpiece 12 from the feeder unit 16F. The feeder
escape unit 16E moves the escape table 24E to the unloading position.
After unclamping the workpiece 12, the feeder escape unit 16E returns the
escape table 24E to the marking end position of the feeder unit 16F.
When the feeder escape unit 16E requests the unloading portion 40
- to unload the workpiece 12, the unloading portion 40 grips the workpiece
12 on the escape table 24E. The unloader portion 40 moves the arm 40a
with the suction pad so as to pile the workpiece 12 onto the marked
workpiece stock position 41. The unloading portion 40 then returns the
arm 40a to the workpiece transfer position of the feeder escape unit 16E
and waits for the next workpiece 12.
Next, with reference to Figures 9 to 11, operations of these
units will be described. _
Figure 9 shows operations of individual units where a workpiece
12 is being transferred from the supply table 241 to the feeder table
24F. The loader portion 38 prepared the next workpiece 12 to be
conveyed. The escape table 24E is transferring a marked workpiece 12 to
the unloading portion 40.



installation plate 18. It should be appreciated that the lifting drive
opertation of the installation plate 18 may alternatively be perfornmed by a
hydraul i c cylinder or any other suitable nmechanism By using the lifting
drive, the focal position can be adjusted to suit workpieces of different
t hi ckness. The base plate 30 is fornmed with a stock table 36 that is

di sposed along the units 161, 1 6F, and 1 6E. A | oader portion 38 is

di sposed to nove perpendicuiir to the feeder guide unit 161. The | oader
portion 38 ‘supplies an unmarked workpi ece 12 to the supply table 241. An
unl oader portion 40 is disposed perpendicular to the feeder escape unit
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table 24é. '?he supply table 24| waits for the feeder table 24F so as to
transfer a next workpiece 12.

The operating range of each unit is designated by the control
portion 42 corresponding to the size of workpiece and marking objects that
are received from the host computer 44. To designate a focal position
corresponding to the thickness of each workpiece, the amount by which the
installation plate 18 is to be moved is controlled by the focal point
adjusting mechanism 33. Thus, the vertical installation plate 18 is
brought to the required vertical position.

A laser marking system according to a second embodiment of the
present invention will now be described with reference to Figure 12.

The construction of the second embodiment is basically the same
as that of the first embodiment. Two units are opposed with the feeder
unit 16F therebetween. These units each perform a guiding operation and
an escaping operation. In other words, a first feeder guide and escape
unit 16L is movably disposed on the left of the feeder unit 16F. A first
unmarked workpiece stock pile 48L and a first marked workpiece stockpile - -
50 L are arranged on opposite sides of a moving table 24L of the first
feeder guide and escape unit 16L. A first loader and unloader portion 52L
is mounted next to the unmarked workpiece stockpile 48L and extends across
the first unmarked workpiece stockpile 48L., the table 24L and the first
marked workpiece stockpile 50L. Likewise, a second feeder guide and
escape unit 16R is movably disposed to the right of the feeder unit 16F.
A second unmarked workpiece stockpile 48R and second marked workpiece
stockpile 50R are positioned on opposite sides of a moving table 24R of '
the second feeder guide and escape unit 16R. A second loader and unloader



to as the conputer) 46. The control portion 42 integrally controls the
conveyi ng ‘apparatus 14, the installation plate 18, the | oader portion 38,

t he unl oader portion 40, and the |aser marking apparatus 48. The host
computer 44 controls the marking objects and quantity of workpiece in the
mar ki ng process. Data is transmtted and recei ved anong these apparatus and
units through a communi cation line. Data fl ows between the host conputer 44
and t he conveyi ng apparatud714 take place as follows: The host conputer 44
transmts data with respect of a workpiece 12 to be marked to the conveying
apparatus 14. The data includes a marking object, a nunber of tines the
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marked, the feeder unit 16F transfers it to the first feeder guide and
escape unit 16L. Using this embodiment, a large number of workpieces 12
can be effectively marked. |
A third embodiment of the present invention will now be described
with reference to Figures 13 to 17.
As show in Figure 13, a laser marking apparatus 68 comprises a
YAG laser oscillator 61, an optical lens 62, and first deflector 63. The
YAG laser oscillator 61 is a laser light source. The optical lens 62
converges laser light. The first deflector 63 deflects and scans the
converged laser light only in X direction. The first deflector 63 is a
36-sided polygonal mirror 63a. The polygonal mirror 63a has several
constant speed modes that can be individually selected to suit each
different workpiece type. In other words, each side of the polygonal
mirror 63 is equivalent to a line scanned in the X direction of a liquid
crystal mask 66, which will be described later. Each compilete rotation of
the polygonal mirror 63 allows the mask 66 to be scanned in the X
direction 36 times. .
The liquid crystal mask 66 receives laser light scanned by the
first deflector 63 through a field lens 65 and displays a pattern that
transmits or scatters the laser light so as to form a desired mark
pattern. The liquid crystal 66 is referred to as a polymer compound
liquid crystal mask. An example of the liquid crystal mask 66 is liquid
crystal compound composed of liquid crystal and resin (as disclosed in



12 The conputer 46 of the | aser marking apparatus 48 has a nmenory that
stores a plurality of marking data that include marking objects and
positions, and status settings of the | aser marki ng apparatus 48. The

mar ki ng data have been created by the operator. When the host conputer 44
requests marking data through the |aser marking apparatus 48, the conputer
46 out puts the requested marking data. The control portion 42 controls

i ndi vi dual constructional elgmrents of the conveying apparatus 14, in
particular, “the | oader portion 38, the feeder guide unit 161, the feeder
unit 16F, the feeder escape unit 1 6E, and the unl oader portion 40. As
shown scherdepanasePaten Eaif:Oped, Publication Biga2v8671 45 Shetigaid estalt its tip
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and non-light transmitting state can be applied to the apparatus according
to the present invention. An exampile of this liquid crystal is a TN type

liquid crystal. With this the front and rear electrode lines, a

corresponding pattern can be quickly displayed. The liquid crystal mask

66, which is composed of polymer compound liquid crystal, does not need a
déﬂecting plate. In addition, the intensity of laser light that passes

through the liquid crystal mask 66 is two or more times larger than that
passing through a conventional liquid crystal mask. In this embodiment,

the liquid crystal mask 66 has a horizontally elongated dot matrix formed

of vertical columns of 8 dots and horizontal rows of 256 dots. The liquid
crystal mask 66 is however not limited to this type or configuration.

Instead, various types such as a liquid crystal mask with a dot matrix

formed by columns of 16 dots and rows of 512 dots may be used.

The liquid crystal mask 66 displays a pattern to be marked as a
sequence of divided pattern blocks. As shown in Figure 14, the width of
each divided pattern block is equivalent to the width of one scanning line
scanned by the first deflector 63. The pattern to be displayed on the
liquid crystal mask 66 is controlled by a controller 70. As shown in
Figure 17, an entire pattern 890 composed of a figure 91 and letters 92 has
been stored as print information composed of 256 horizontal dots x 128
vertical dots in the main memory of the controller 70. With respect to
the print information, "1" and "10" represent print portions and non-print
portions, respectively. The entire pattern 90 is horizontally divided
into 16 sections, to be referred to as pattern blocks Ato P. The
controller 70 causes the liquid crystal mask 66 to display the pattern
blocks A to P, one after the other.



step 103). The host conmputer 44 causes the arm 38a to stop until the supply
tabl*e 241 arrives at the retracted position (at step 104). Wth the supply
table 241 in this position, the host conputer 44 causes the armto | ower
the workpiece 12 to the supply table 241. After having determined that the
wor kpi ece 12 has been clanped to the supply table 241 (at step 105), the
host conputer 44 uncl anps the workpiece 12 fromthe | oader portion 38 (at
step 106). The host conput&® 44 repeats these steps for the remaining
wor kpi eces 12. As shown in Figure 4, the feeder guide unit 161 noves the
supply table 241 to the retracted, workpiece rece|V|n8 position of the
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crystal mask 66. The Y direction deflector 7Y is a lens that receives the

laser light already deflected by the X direction deflector 7X and deflects

it in the Y direction. The orientation of the second deflector 67 (Y

direction) is not changed from a marking region of a pattern block until

the block has been scanned on the liquid crystal mask 66. When a first

pattern block has been scanned, the second deflector 67 is then moved to

the marking region for the next pattern block. Likewise, the orientation

of the second deflector 67 is not changed from the marking region of this

second pattern block until this pattern block has been scanned.

The X direction deflector 7X has a drive motor 71 that éligns the

reflected light on the X direction of the workpiece surface 74a. The Y

direction deflector 7Y has driving means 72 and 73 that move the Y

direction deflector 7Y along the Y direction of the marking surface 74a of

the workpiece 74. The first drive means 72 is a motor that is driven by

an operation timing command of the controller 70. The second drive means

73 is a horizontal moving table. These drive means 72 and 73 are

connected through a link mechanism that is connected to an output shait of

the motor 72. The motor 72 moves the horizontal moving table 73 inthe Y

direction. In this embodiment, an objective lens 69 is disposed between

the X direction deflector 7X and the Y direction deflector 7Y. Since the

objective lens 69 is independent of the Y direction deflector 7Y, the size

of the lens system of the second deflector 67 is decreased. In addition,

this objective lens 69 prevents the marking from dislocating and the

density of radiated laser light from decreasing.



perform ng the clanping operation, the feeder guide unit 161 uncl anps the’
wor ke 12 fromthe supply table 241 (at step 207). The feeder guide unit 161
repeats these steps fromstep 200. As shown in Figure 5 the feeder unit 1
6F noves the feeder table 24F to a workpi ece receiving position (at step
300)". The feeder unit 16F waits until a workpiece 12 is supplied fromthe
feeder guide unit 161 (at step 301). When the host conputer 44 has

determ ned that the workpie 12 has been transferred to the feeder table
24F (at step 302), the feeder unit 16F clanps the workpiece 12 on the
feeder table 24F (at step 303). The host conputer 44 drives the |aser

Varyl ng Che. mar o NSO bIThG YAG B&z’ﬁ%ﬁ"‘eﬂé@ﬁm By ol or 44
causes t he Q g¥dichyg égs"lﬂ ?@PWS@@OF ‘Frﬁ? Ea'e‘%?‘?qt'e%bﬁtcsm t he
\t/\ﬁrkpl tetce b’ér{@é%r%tasétié)&bculéﬁdrﬂhtérmyt tloamlaearlrghtgscatbmmé us 486Eas mtar ked
e pa ern r waits
unt i IO t he E@O{‘a'\é‘ﬁ%gsgﬁ @M\Vi@@% @%P&fﬁ%@%&@%@?@f‘ﬁ@%ﬁ%t ion within
t he centralcaremlsaoﬁovﬂémedeeeder tabl e 24F, (at step 307). The host
co ter determ Bas been positioned
belmé\lljv t he feederﬂﬁgﬁ%\%&ém%pé}ﬁa %ﬁﬁﬁ%égg%ﬁ %éen ¢l anped ltoo !th:a '
escape t ableorppHsingta selimatordens A2; lérdwmse\ﬂobwe@aéhﬂa#ﬁ;@a%n%%0fc| anped to
the escape gfbhg tRé ﬂﬁﬁﬁ@fa@“Wh&ﬁﬁeLﬁtfdrﬁ@i&néﬁ@dw&é%s%@ﬁ B2 from
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step 300 socevverges the laser light so as to increase the energy density of the
output beam.

The controller 70 controls the liquid crystal mask 68, the drive
portion 63b of the first deflector 63, the Q switch of the laser
oscillator 61, the drive portion 71 of the X direction deflector 7X in the
second deflector 7, and the drive motor 72 of the Y direction
deflector 7Y.

As shown in Figure 15, the computer 78 of the laser marking
apparatus 68 generates an entire pattern to be marked on a workpiece 74.
The overall pattern that is dot information composed of 0s and 1s is
stored at a predetermined address group of the main memory (at step 600).
The entire pattern information is divided into a plurality of horizontally
elongated pattern blocks (at step 601). The controller 70 activates the
laser oscillator 611 and the Q switch decreases the intensity of laser
light radiated by the laser oscillator 61 (at step 602). One pattern
block is sent from the main memory to a temporary memory of the controller
70 (at step 603). This pattern block is displayed on the liquid crystal
mask 66 (at step 604). The width of each pattern block to be displayed
corresponds to the width of each line that is scanned in the X direction
by the polygonal mirror 63a at a time, and to the number of dots in each
vertical column of the matrix of the mask 66.



wait until the next workpiece 12 is suppli ed. 14 As shown in Figure 6,
the feeder escape unit 1 6E noves the escape table 24E to the workpi ece
receiving position (at step 400) and waits until the workpiece 12 is
supplied (at step 401). Wen the workpiece 12 is supplied fromthe feeder
table 24F, the feeder escape unit 16E clanps the workpiece 12 to the escape
tabl e 24E (at steps 402 and_403). The escape table 24E noves away from.t he
feeder table 24F and stops 2l an unl oadi ng position (at steps 404 and 405).
The host cofrputer 44 determ nes whether or not the unloading portion 40 has

inl oaded t he vori Eirdter TBimOlEfng Sebopttdshclat S7 A HrEL || o\ JC s
the unl oadiditegiontafshe a®rkpieca Maetomdingdowsickesssipformationraf & eeder escape
unit 1 6Er @hsblé%?ﬁég siéﬁ@%f "fHe @tﬁﬁt&ﬁ@é\us%% tRE PMeridaciibfbier 17, the

unl oadi ng an ‘arm 4 ction _pad to a marked

wor kpi ece l}ﬁ’(ﬂl%ﬁﬁSaﬁﬁﬁS@f light {at step 6@5):@]5@9@ Q@Er%d%?ﬁts (at steps 500
and 501). Taed fnslasePBBaintEcahs tHeliguit v\ﬁﬁhh@s (af stept607)e Aferape table
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portion 40 thevdivitled pattern block (at step 608), the Q switch causes the intensity
of laser oscillation to be reduced (at step 609).

The controller 70 repeats the steps 603 to 609 until all the
pattern blocks have been successively extracted and scanned, namely the
entire pattern has been marked on the workpiece 74 (at step 610). After
the combined pattern has been marked, when there is no workpiece 74 to be
marked, the controller 70 stops the oscillation of the laser oscillator 61
(at steps 611 and 612). On the other hand, when there is a further
workpiece 74 to be marked, the controller 70 waits until that workpiece 74
is conveyed to the marking position (at step 613). When the same pattern
is to be marked on the workpiece 74, the controller 70 again performs the
pattern block extracting steps (at step 603). Thus, the entire pattern is
marked on the workpiece 74.

When a different pattern is to be marked on the workpiece 70, a
new entire pattern that is dot information is stored in the main memory of
the controller 70 (at step 600). Thereaiter, the controller 70 repeats
the similar steps.

Assume that an entire pattern 90 composed of a figure 91 and
letters 92 as shown in Figure 17 is stored in the main memory of the
controller 70. In other words, marking information composed of 1s that
are marking portions and 0Os that are non-marking portions is stored in a
memory space of 256 horizontal dots x 128 vertical dots of the main
memory. The marking information is divided into sixteen horizontally
elongated pattern blocks A to P. As shown in Figure 16, the controller 70
controls the following operations. The liquid crystal mask 66
sequentially displays the sixteen pattern blocks A to P, one after the




the arm 40a so as to clanp the workpiece 12 by suction 12 (at step 503).
The arm 40a noves upward and to a marked wor kpi ece stock position 41 (at
step 504). The arm 40a uncl anps the workpi ece 12 (at step 505). The

unl oadi ng portion 40 repeats these steps. The above-descri bed operations of
t he conveying apparatus 14 and the |aser marking apparatus 48 are

controll ed by the host conputer 44 corresponding to a timng chart shown in
Figure 8. To inprove marking28fficiency, the feeder unit 16F, which
directly contributes to marking the workpiece 12, returns the feeder table
24F to the workpi ece clanping position. The feeder unit 1 6F repeats these
steps. Wil eothae(cme;aﬁang& the XsdirectiopdeaflectaryX of theraecondidefigctyrer at i on,
the table r ' ' : j ' k $hid 61

Fecel ves. an UnioR8 (81R Markihg RlsidiPol teuolpiece B dngiiedns BLINE . ooty
tabl e 241 t dPesitoRunlilihesantire patersyhasapen Fiarged opdhe warkpieGei44 15 16F,

and wai ts \l;v]n(fdder%ﬁtﬁ's Qﬁg‘ﬂﬁé YUc_ﬂIféctigE Ideflettor 7Y dfthé Bectid b@ng@t@rfﬁnnsf gr
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f eeder gui defirshiividetipattenr ileck Ads siigpidyed abftive Rejidiorystalbmask@®6r posi ti on.
When the feedelo gl il8) UiNHenlthd dekfBStsm ol BB di§Slayed ohHfie liquid
crystal mask 686, the Y direction deflector 7Y moves to deflect laser light
by an amount corresponding to the pitch into which the entire pattern was
divided, and scans the workpiece 74 so as to mark the workpiece 74 at the
marking position adjacent to that of the marked pattern block A (operation
3’). This operation (3’) is performed whenever the display pattern block
on the liquid crystal mask 66 is changed. During these operations, the
first deflector 63 scans the pattern block displayed on the mask 66 in the
X direction and radiates the transmitted laser light to the second
deflector 67 (operation 4). The laser oscillator 61 oscillates only while
the first deflector 63 scans each pattern block in the X direction
(operation 5). While the pattern block is being changed, the oscillation
intensity is decreased by the operation of the Q switch.
The controller 70 receives a signal from a drive motor 75a which
controls the movement of a table 75 on which a large number of workpieces
74 are placed, and signals from sensors 76 and 77 detect whether or not a
workpiece 74 has arrived at a predetermined marking position. The
controller 70 adjusts the operation timing to the table 75 and causes the
same entire pattern that is a composite pattern to be marked on each
workpiece 74.
According to this embodiment, since laser light that is radiated
to a pattern displayed on the liquid crystal mask 66 is scanned only in
one direction, the scanning control mechanism and the control operations
thereof become very simple, thereby increasing the marking speed. In
addition, the YAG laser does not apply much heat to the optical system.
The first deflector 63 performs so-called pin-point radiation unlike



| oader portion 38 transfers the workpiece 12 to the supply table 241 of the
feeder gui'de unit 161. The arm 38a with the suction pad noves to the stock
of unmar ked wor kpi ece 39 and grips the next workpiece 12. The arm 38a then
nmoves across to the transfer position of the feeder guide unit 161 and
waits. The feeder escape unit 16E waits at a marking end position of the
feeder unit 1 6F until a rkpi ece 12 has been marked. \Wen the féeder. unit
1 6F requests renoval of t < wor kpi ece 12, the feeder escape unit 1 6E
recei ves the marked workpiece 12 fromthe feeder unit 16F. The feeder

arter uncloanyeRbot A et ataRals i BeatianrSadbg, s fheieBl ot ur o t he
escape tabadiaﬁéﬁtt)dheﬂlqumwstaj;msﬁQmSIWmeﬁamdimtémﬁm unit 16F. \Wen
wor kpi oce MR i %%%ge{é%é?%“ﬁ?%@@fﬂt Akl ettt e ascape
tabl e 24E. mtelmsltmﬁiwageaorpseanmngmewsl& Qpealavaiua@&tm rradiatedsuct i on pad
S0 as to gb &r ihtth r&éﬁ'ﬁ‘&ﬁlc?‘é’aéé@it ?Jrﬁf’erﬁ%’ié%%&éfh{éﬁiﬁ@c%‘i@k position 41.

The unl oa |ng port| 40 then returns the pi ece transfer

posi ti on dhagk&6rdearnokrseda defipeting plate, e mensityrdtransanitiestt wor kpi ece
12. Next, isafigHtietages meroried ﬁ@h&r #fanlthat OPPBAIrRBAtiGHAlt hese units will
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tabl e oscillator 61, the mtensxﬁed laser beam is scanned to the liquid crystal
mask 66 in ane direction, thereby clearly marking each workpiece.

The second deflector 67 can mark a large combined pattern on each
workpiece 74 without the need to move the workpiece 74. Since the light
converging optical system converges deflected incident laser light from a
large diameter beam into a sharp laser beam, the deformation and
deflection of marking, laser loss, and so forth can be reduced. In
addition, the size of each deflector can be reduced. The controller 70
optimally controls the driving of the first deflector 63, the display
switching of the liquid crystal mask 66, the driving of the second
deflector 67, and the timing of the operation of the Q switch. In
particular, the Q switch allows the oscillation intensity of laser light
to be decreased when it is not neceséary for marking a workpiece, thereby
preventing the laser beam from scattering to othér portions of the
system. Thus, the system can mark workpiéces that are made of metal,
ceramic, and other materials with a combined pattern. In addition, the
apparatus can be prevented from being damaged by high intensity laser
light.

A fourth embodiment of the present invention will now be
described with reference to Figures 18 and 19A to 19C.

The construction of the fourth embodiment is substantially the
same as that of the third embodiment, except for a laser light input
portion and a laser light output portion including the liquid crystal mask
66 of the third embodiment shown in Figure 13 are modified so as to



24F. The | oader portion 38 prepared the next workpiece 12 to be conveyed.
The ®scape table 24E is transferring a marked workpiece 12 to the unl oadi ng
portion 40. 16 Figure 10 shows operations of individual units where a
wor kpi ece 12 is being marked on the feeder table 24F. The | oadi ng portion
38 is |oading a new workpiece 12 on the supply table 241. The unl oadi ng
portion 40 waits until the workpiece 12 is marked. Figure 11 shows
operations of individual unipsg where a marked workpiece 12 is being
transferred'fromthe feeder table 24F to the escape table 24E. The supply
table 241 waits for the feeder table 24F so as to transfer a next workpiece

12. The opeimprove mansiagaligament accuracy of asegbaam Tiye shmeqportions 01 ti on
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second enbodemn® 86, furntime a first optical system as shown in Figure 18. The beam
splitter 80 divides the laser light into two optical paths. In this
optical system, a first liquid crystal mask 81 and a second liquid crystal
mask 82 are provided. The first liquid crystal mask 81 that is disposed
in the first optical path receives the light transmiited through the beam
splitter 80. The second liquid crystal mask 82 receives the light -
reflected by the beam spiitter 80 and by a mirror 83 disposed in the
second optical path. The output rays of light of the first and second
liquid crystal masks 81 and 82 are combined by a second mirror 84 and a
second beam splitter 85 that form a second optical system. The combined
light is radiated to a workpiece 74 through a focusing condenser lens 87.
Although the display pattern of the first liquid crystal mask 81
is the same as a display pattern of the second liquid crystal mask 82, the
display portion of the first liquid crystal mask 81 is slightly offset
from the display portion of the second liquid crystal mask 82 in the X and
Y directions, so that the gaps between the dots of the display pattern on
mask 81 are filled by dots of the display pattern of the second liquid
crystal mask 82. In other words, although the display pattern of the
first liquid crystal mask 81 is the same as the display pattern of the
second liquid crystal mask 82 as shown in Figures 19A and 19B, the display
pattern of the first liquid crystal mask 81 is offset downwards and to the
left, and the display pattern of the second liquid crystal mask 82 is
- offset upwards and to the right. The combined pattern is displayed so
that the gaps between mask dots of the first mask 81 are substantially
filled by the dots of the second liquid crystal mask as shown in Figure
19C. The display positions of the first and second liquid crystal mask 81
and 82 may be offset either when they are fabricated, or by adjusting



present invention will now be described with reference to Figure 12. The
consfruction of the second enbodinent is basically the sanme as that of the
first enmbodinent. Two units are opposed with the feeder unit 1 6F

t her gbet ween. These units each perform a guiding operation and an escapi ng
operation. In other words, a first feeder guide and escape unit 1 6L is
novabl y di sposed on the |eft of the feeder unit 16F. A first unmarked

wor kpi ece stock pile 48L an@5a first nmarked workpi ece stockpile 50 L are
arranged on ‘opposite sides of a noving table 24L of the first feeder guide

and escape unit 16L. A first_|oader and unl oader £ortion 52L i s nounted
next to thdnein pastieasiBueg: &as the Bk gndsesonddiquicatysial MafksAL the first

unnar ked wde)szqsaaﬁérﬁ@mrﬂ r@aéﬁby etdstﬁnbaahg d;j’é’deé@iﬁé lfdﬂﬁH biys sél ignar ked
wor kpi ece sto 9394( t{aI? ew S€ segon ee er&;l g descape unit
16R i s novafs Gﬁﬁu ‘?PP'F?'Q?WQW'SI H%eqm P?oi A second
unmar ked wagrigsiab sk @uchi dssTR G Qrc}ysm mukg@t wor kpi ece stockpile 50R
SR ek s aerl P
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of first de ectors 63 are prowded so as to scan the first and second
liquid crystal masks 81 and 82 separately. Moreover, the mirror 84 and
- the beam spilitter 85 are disposed on the input of the second deflector
67. The combined pattern received from the second deflector 67, is marked
on the workpiece 74. _
Since the gap between mask dots of the transmitting type liquid
crystal mask are filled, each workpiece can be clearly marked and marking
position accuracy can be improved.
In an alternative embodiment, not illustrated, the laser light
transmitted through a mask can be divided into a plurality of laser paths
by a first optical system. By recombining the optical paths with a slight
offset in the X and Y directions, the image of the mask may be marked on
the workpiece in two positions offset horizontally and vertically by a
distance of substantially half the mask dot pitch, so as to fill in the
gaps between mask dots on the workpiece. Such an arrangement allows the
gaps to be filled in, but requires only one mask and its associated
driving circuitry.
According to the present invention, since entire operation time
between workpiece loading and unloading operations of a workpiece
conveying apparatus and marking operation of a marking apparatus is
optimally designated, a large number of workpieces can be marked in a
short time. In particular, when pattern blocks are displayéd.sequentially
on a mask so as to mark a workpiece, the marking position accuracy is
improved and the marking operation can be easily performed.



The fWi ves a workpiece 12 fromthe first feeder guide and
escape unit 1 he wor kpi ece 12 has been marked, the feeder unit
16F t;’iﬂﬂ'ﬁm iece 12 to the second feeder guide and escape unit
16R. Jmm m?!ﬂEF receives a new workpiece 12 fromthe second feeder
gui de and ‘estape uni 6R. After this workpiece 12 has been marked, the
feeder unit 16F transfers it to the first feeder guide and escape unit 1 6L
Using this enbodi ment, a | a2 nunber of workpieces 12 can be effectively
mar ked. A third errbodi ment of the present invention will now be descri bed
with reference to Figures 13 to 17. As show in Figure 13, a |aser marking
appar atus dSLAMSj ses a YAG | aser oscillator 61, an optical |lens 62, and
first deflector 63 The YAG Iaser osci I I ator 61 is a laser light source.

The optical, | ens conv?qg l.aser The first deflector 63 deflects
and scans the cdh ?y"rt?ﬁhf:o S$"'|9n X direction. The first

defl ector 63 is @laser pharkihgoapparena hawing arfirtdeflettor foptaggenal mirror 63a

each dift Zlﬁa%rh;ﬁ%d?%%ﬁ%%%ﬁf ﬂéﬁ%a%f‘&z%ﬁé&dé%‘%ﬁ@aéﬁﬁaffﬁéﬁﬁ| yaonal
- mrror 63 isurtape, aadeasecond defleetos formadizting lightiranstittedt thoough a |1 qui d
. crystal sgﬁ‘e%or% %Wgri(sgﬁag SEd bed | ater. Each conplete rotation of

t he pol ygona 'emask 66 to be scanned in the X direction
36 tines. a work conveying apparatus,

characterised by comprising:

a conveying apparatus having a feeder unit, a feeder guide unit,
and a feeder escape unit, said feeder unit being disposed at an
irradiating position of said laser marking apparatus, said feeder guide
unit being disposed upstream of said feeder unit, said feeder escape unit
being disposed downstream of said feeder unit;

an installation plate for vertical adjustment of said conveymg
apparatus;

a loader portion for loading workpiece;

an unloader portion for unloading said-workpiece;

a control portion for totally controlling said conveying
apparatus, said installation plate, said loader portion, and said unloader .
portion through a communication line;

- a production management host computer for transmitting and
receiving signals to and from the said control portion so as to ménage a
marking process, and a marking data generating computer disposed in said
laser marking apparatus. '

2. The laser marking system as set forth in claim 1, wherein said
conveying apparatus comprises:

said feeder unit; X

a first feeder guide and escape unit disposed on one side of said
feeder unit;

a second feeder guide and escape unit disposed on the opposite
side of said feeder unit;




The lLigquid crystal nmask—66 receives laser |ight scanned by the first
deflector 63 throuahna field lens 65 and displays a pattern that transmts
S

or scaHmﬂ m m Illl ght so as to forma desired mark pattern. The
l'iqujdie o

ferred to as a pol yner compound liquid crystal mask
An exanple of the liquid crystal mask 66 is liquid crystal conpound

conposed of liquid crystal and resin (as disclosed in 18 Japanese Paten
Lai d- Open Publication No. 2286714). The liquid crystal nmask 66 has a | arge
nunber of parallel electrode lines on the front and rear surfaces thereof.
The parallel elecfrode |]ines on the front surface are perpendicular to the

parallel electr 1 {oseler gRdiynlogdarpartien gispospaaitaide At s applied to

a portion déedénguidedrkbéstapd tnitaf®atapted forlsading ahdasilodingta O her wi se,
the liquid crl)@ﬁal .scatters laser light. Aliquid crystal that sw tches
bet ween Iidﬁ‘? et ing state and non-light transmtting state can be

applied to the apsecaridioagiec andiunjpddertgortion eispusedroutsitesaid Secendnpl e of
ear el aot rEgaSrblioe ahchedchad B ribbdlng X Fioadh's WoRISEG, 170\ 3 e
liquid crysdal nslaser mankiog systepo ag setfortt inglaipni, whengvaaid | i qui d
crystal, dQ§§?‘mtarlﬂﬁ§% a?'&hb‘?ﬁﬁﬁl‘%e@& ate. In addition, the intensity of
| aser |ight that Has e . ) , .
a first deflector for scanning laser light radiated by said laser
oscillator in one direction;
a mask for successively displaying pattern blocks of a marking
pattern corresponding to scanning lines of laser light scanned by said
first deflector;
a second deflector for deflecting scanned light selectively
transmitted through said mask and irradiating with the surface of said
workpiece the scanned light in said marking pattern; and
control means causing said mask to display said pattern blocks,
one after the other, and causing said second deflector to deflect scanned
light of each of said pattern blocks to a corresponding location on the
workpiece surface so as to mark a combined pattern scanned by said first
deflector and said second deflector on said workpiece.
4, The laser marking system as set forth in claim 1, wherein said
laser marking apparatus comprises:
a first optical system for directing laser light radiated by said
laser oscillator into a plurality of paths;
a plurality of masks each disposed in one of said paths and
adapted for displaying the same image at slightly offset positions so as
to substantially fill the gaps between mask dots of a first mask with mask
. dots of a second mask displaying the same image when the laser light is
recombined;

a first deflector disposed between said first optical system and
said masks;



through-the liquid crystal mask 66 is two or nore tinmes |arger than that
passi nﬁﬁthrough a conventional liquid crystal mask. In this enbodi nent, .the

l'i qui t mmlm"m has a horizontally el ongated dot matrix formed of
verti "ﬂﬂdots and horizontal rows of 256 dots. The liquid
crystal’ nhsk' 66" i ¢ hewever not limited to this type or configuration.

| nstead, various types such as a liquid crystal mask with a dot matrix

f ormed by colums of 16 dotsggand rows of 512 dots may be used. The liquid

crystal mask 66 displays a pattern to be nmarked as a sequence of divided
pattern bl ocks. As shown in Figure 14, the width of each divided pattern

bl ock is equi Val3lsbcbndfdmoalsi}sfemffomtﬁnbmmgﬁﬁgﬂﬁtténsmiﬂednmgw the first
def |l ect or 6% dd_ﬂg IEﬁalttern to be displayed on the liquid crystal mask 66 is
controlled ?’ 'roller 70. As shown in Figure 17, an entire pattern 90

conposed of a figsecond defldctos disposedidwrnstieaam of saidesbcandooptical i nf or mat i on

conposed of jzontal dots x 128 vertical dots in the mai n menor y of
t he control?@gg{;gﬁth resg)ct to the print information, "1" and "10"

represent print goRweldREaBs iormoarking acophined pattesnseannadey gaidrhe entire

pattern 90 I be referred to as
pattern bl Ocksmﬂééﬁgtaﬁkdéél@%ﬁ?@?déﬂﬁ%ﬁéngﬁlgswe Qfégw d crystal nask 66
t

to display Phe pﬁ?@ﬁ?rtﬂ‘g@lﬂg systemas gst o l"b?am gm 4,
wherein said mask or masks is or are transmission type liquid crystal
masks.

6. A laser marking method for scanning a laser light beam radiated
from a laser oscillator by a first deflector onto a mask surface,

radiating transmitted light through said mask surface to the surface of a
workpiece via a second deflector, loading an unmarked workpiece, and
unloading a marked workpiece, said method comprising the steps of:

(1) clamping a workpiece on a feeder table of a feeder unit disposed
at a marking radiating position, and marking said workpiece, unclamping
said work from said feeder table, and moving said feeder table to an
original position;

(2) moving a supply table of a feeder guide unit from a supply table
original position to a loading station, receiving a workpiece from said
loading station, clamping said workpiece on said supply table, moving said
supply table to said feeder unit, unclamping said workpiece from said
supply table, supplying said workpiece to said feeder unit, and moving
said feeder table to said feeder table original position; and

(3) moving an escape table of an escape unit from an escape table
original position to said feeder unit, receiving a workpiece from said
feeder unit, clamping said workpiece on said feeder escape table, moving
said feeder escape table to an unloading station, unclamping said
workpiecs from said feeder escape table, supplying said workpiece to said
unloading station, and moving said feeder escabe table to said feeder
table original position



19 Referring again to Figure 13, second deflector 67 is disposed on the
outgput—side of the liquid crystal nmask 66. The second defl ector 67 deflects

| aser || ' through the liquid crystal mask 66 toward the
' Surf‘a(imﬂm‘“““ﬂama m(cje 74 corresponding to the pattern fornmed on the
- mask. csecond detlxector 67 conprises an X direction deflector 7X and a Y
- direction deflector 7Y. The X direction deflector 7X is conposed of a '
. mrror that directly refleoyg |aser light transmtted through the |iquid
. crystal mask 66. The Y direction deflector 7Y is a lens that receives the
. laser light already deflected by the X direction deflector 7X and deflects
it in the Y di reberan saithstepsi(¢)io(3) are titallycomrsiiparbyl afdorictr 67 (Y

the bl ook REGidElE BAHERGUIR TefeV AR EbrERI BB R AR o fi ot
. pattern bl prdductiorbmenagement Host campeteo thirotghl eecommunication lirs moved to
- the marKki ng regﬁ?é%%ﬁ%‘ﬁﬁé‘ﬁ%éﬁg&@Wﬁ‘"ﬁm%ﬁ&‘eiﬁ Qgidorl ent ati on of

t he second def| ec | | 1 the marking region of this
second pat Steph(1}li®prriormed byrsequeatially displaying patermdlacke gaedd. The X

o' The. " SoLhtreto Bcamhiy e iodepoict, b Sa s ard seamihgL o (| 01
7Y has dri #7979 Byesaid first i?f@%_me SCepging @P-rgﬁiqrir@%tﬁ%&ﬁﬁeﬁor 7Y al ong
the Y di r efronpBaief lasécosaiiatonia ¢ny dirsction! defléctinitrthesdapineeldight. The first
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_ sequentially to the surface of said workpiece by said second deflector,

controlling said second deflector so as to deflect the scanned light from

each pattern block to a corresponding location on the workpiece surface to

mark a combined pattern scanned by said first deflector and said second

deflector on said workpiece.
. 8. The laser marking method as set forth in claim 6, wherein said

step (1) is performed by dividing the laser light radiated from said laser

oscillator into a plurality of laser paths by a first optical system,

displaying the same marking pattern on a plurality of mutually offset

masks disposed on said laser paths so that mask dots from a first mask
substantially fill the gaps between mask dots of a second mask with the

same marking pattern, scanning the divided laser light on said masks by

said first deflector, combining the transmitted light of said masks as a

single beam by a second optical system, and marking the combined pattern

on said workpiece.

9. The laser marking method as set forth in claim 6, wherein said

step (1) is performed by displaying the marking pattern on a mask disposed

in said laser path, scanning the laser light on said mask by a first

deflector, dividing the laser light radiated from said laser osciliator

and through the mask into a plurality of laser paths by a first optical

system, recombining the transmitted light of said masks as a single beam

by a second optical system so that mask dots from a first mask image

associated with a first optical path substantially fill the gaps between




73 is ahortzontal—mnoving table. These drive nmeans 72 and 73 are connected

t hr dugh j A0 that is connected to an output shaft of the notor
72. The ﬂgiﬂ!iie hori zontal noving table 73 in the Y direction.
In this jective lens 69 is disposed between the X

direction deflector 7X and the Y direction deflector 7Y. Since the
objective lens 69 is independent of the Y direction deflector 7Y, the size
of the lens system of the se d deflector 67 is decreased. In addition,:-
this objecti've lens 69 prevenis the marking fromdislocating and the
density of radiated | aser |ight from decreasing. 20 CWoscillation of

thel YAG | asefr%éékfdldtg%f%r séi:blﬂcﬁmégatrﬁ QSséblat%dQJmts@gonE ti@af ch

enpl oys acousti.c and optica can decrease

oscillation PAEEAIK ﬁ}e e@@%‘fp?ﬂﬁmo'&ﬁ ‘tkﬂ‘%:%sm |lation intensity
A1 ght convers “e“"‘ﬁ““a“‘m Py S & dﬁi?'?%??'&?“gfo;“’ Sonpr | 1 ng-
col | i mat or E‘#g %’g:e%*ﬁ%&&@éﬁ&&%@’#ﬁ%% | aser oscillator 61 and the

pol ygonal niddor Adaseffmarking method,cubstandially astdescribedheréipht r adi at ed

fromthe laser oscillator 61 is large, the collimtor |ens 62 converges the
| aser light so as to increase the energy density of the
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out put beam The controller 70 controls the liquid crystal mask 66, the
drive portion 63b of the first deflector 63, the Q switch of the |aser
oscillator 61, the drive portion 71 of the X direction deflector 7X in the
secopd deflector 7, and the drive notor 72 of the Y direction deflector 7Y.
As shown in Figure 15, the conputer 78 of the | aser marking apparatus 68
generates an entire pattern to be nmarked on a workpi ece 74. The overal l
pattern that is dot informatB¢n conposed of Os and 1s is stored at a
predet erm ned address group of the main nenory (at step 600). The entire
pattern information is divided into a plurality of horizontally el ongated
pattern blocks (at step 601)ABSHBACOntroller 70 activates the |aser
oscillator 611 and the Q switch decreases the intensity of l|aser |ight

radi ated by the Iaser osci | | ator One pattern block is
sent from t HASERMABKI silantroller 70 (at.

step 603). This pattern bI ock is dISp| ayed on the liquid crystal nask 66
(at step 604).

Lo the width of daler mrking-systerh anst Bser Wb manpedr S¥ing ahe "
pol ygonal miavepall 6ﬁeratbnal timing betwéeh@a whtkplecdeonwdyirpapparatesiahdweer ti cal
ccolum of ¢ hn%aﬂ? né alybparatus % max1m8m efficiency. The present invention provides a
laser making system, comprising a laser markmg apparatus having a first
deflector for scanning a laser light generated by a laser oscillator on a

mask surface and a second deflector for radiating light transmitted
therethrough onto a workpiece surface, and a workpiece conveying
appafatus. wherein a conveying apparatus (14) having a feeder unit (16F),

a feeder guide unit (16l) is disposed at a radiating position of the laser
marking apparatus, the feeder guide unit (1'6I) being disposed upstream of
the feeder unit (16F), the feeder escape unit (16E) being disposed
downstream of the feeder unit (16F), an installation plate (18) for

liting the conveying apparatus up and down, a loader portion (38) for
loading a workpiece (12), an unlocader portion (40) for unloading the
workpiece (12), a control portion (42) for totally controlling said

conveying apparatus, said installation plate (14), said loader portion

(38), and said unloader portion (40) through a communication line, a
production management host computer (44) for transmitting and receiving
signals to and from said control portion (42) so as to manage a marking
process, and a marking data generating computer disposed in said laser
marking apparatus. Thus, a large number of workpieces can be marked in a
short time.

Figure 1



21 The controller 70 noves the second deflector 67 in the marking direction
of the workpiece 74 according to address information of a pattern bl ock (at
step 605). The Q switch causes the |laser oscillator 611 to generate |aser
light (at step 606). The first deflector 63 rotates, and the |aser beam
scans the.liquid crystal mask 63 at step 607). After the controller 70 has
determ ned that the first defle Kﬁﬁ 63 has scanned the divided pattern

bl ock (at step 608), the Q switch ’causes the intensity of |aser oscillation
to be reduced (at step 609). The controller 70 repeats the steps 603 to 609
until all the pattern blocks have been successively extracted and scanned,
nanely the entire pattern has been marked on the workpiece 74 (at step
610). After the conbined pattern has been nmarked, when there is no

wor kpi ece 74 to be marked, the controller 70 stops the oscillation of the

| aser oscillator 61 (at steps 611 and 612). On the other hand, when there
Is a further workpiece 74 to be marked, the controller 70 waits until that
wor kpi ece 74 is conveyed to the marking position (at step 613). Wen the
sane pattern is to be marked on the workpiece 74, the controller 70 again
perfornms the pattern block extracting steps (at step 603). Thus, the entire
pattern is marked on the workpiece 74. Wien a different pattern is to be

mar ked on the-werkpiEce ~70; "arnEW. entiTe patrternt - f's_dot information is
stored in tlhe 'ﬁﬁ%mym%ﬁmmmMnHa*ﬁﬂahﬁep&my Thereafter,
the control|l er I epeats © 1 !
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the simlar steps. Assune that an entire pattern 90 conposed of a figure 91
andsletters 92 as shown in Figure 17 is stored in the main nenory of the
controller 70. In other words, marking information conposed of 1s that are
mar ki ng portions and 0s that are non-marking portions is stored in a nenory
space of 256 horizontal dots x 128 vertical dots of the main nenory. The
mar king information is divided int%éﬁixteen hori zontal |y el ongated pattern
bl ocks Ato P. As shown in Figure /I%he controller 70 controls the
foll ow ng operations. The liquid crystal nask 66 sequentially displays the
si xteen pattern blocks Ato P, one after the 22 other (operation 1). The
X directibn deflector 7X of the second deflector 67 noves to the nmarking
position of the workpiece 74, and renmins at this position until the entire
pattern has been marked on the workpiece 74 (operation 2). The Y direction
deflector 7Y of the second deflector 67 noves to the marking start position
and remains at this position while the first divided pattern block Ais

di spl ayed on the liquid crystal nask 66 (operation 3). Wen the next
pattern block B is displayed on the liquid crystal nask 66, the Y direction
deflector 7Y noves to deflect |aser |ight by an anmount corresponding to the
pitch into which the entire pattern was




di vi ded, and scans the workpiece 74 so as to mark the workpiece 74 at the
mar ki ng position adjacent to that of the marked pattern bl ock A (operation
3'). This operation (3") is perforned whenever the display pattern bl ock on
t he I|qU|d crystal- mask 66 is changed. During these operations, the first
def Fector 63 scans the pattern bl ock displayed on the mask 66 in the X
direction and radiates the transmtte aser light to the second defl ector
67 (operation 4). The | aser oscillator 84- osci | I at es only while the first -
deflector 63 scans each pattern block in the X direction (operation 5).
Wil e the pattern block is being changed, the oscillation intensity is
decr eased' by the operation of the Q switch. The controller 70 recei-ves a
signal froma drive notor 75a which controls the novenent of a table 75 on
whi ch a | arge nunber of workpieces 74 are placed, and signals from sensors
76 and 77 detect whether or not a workpiece 74 has arrived at a
predeterm ned marki ng position. The controller 70 adjusts the operation
timng to the table 75 and causes the sane entire pattern that is a
conposite pattern to be marked on each workpiece 74. According to this

enbodi nent, since | aser Ilght th to a pattern displayed on
the liquid crystal mask 66 is scanned®TARY in pne direction, the scanning
control nechani smand the control her eof becone very sinpl e,

t hereby increasing the marking speed. I addition, the YAG | aser does not
app| y n‘uch hea e Lhn nnf | r-gl J:\u:f oM Jna 'F St rh:rEI ect-oF C;Q p\rfor ns
so-cal | ed pir=poi MOME:IH&NNEM‘QJUINMARKED WORK STOCK PORTION ——100

101
IS THERE UNMARKED WORK?

CLAMP WORK  ~-102

MOVE WORK TO CLAMPING POSITION OF FEEDER GUIDE UNIT|~—103

104 —— WAIT

UNCLAMP WORK ——106

FIG.3



23 conventional diffused radiation due to beam spreadi ng. Thus, the |aser
radi*Fation to the liquid crystal mask 66 is equalised and intensified.
Moreover, since the laser oscillator 61 has the Q switch, and can reduce
|ntenS|ty during non-scanning intervals, the peak value of the irradi ated
- laser intensity can be increased. FurthernDre since the liquid crystal
mask 66 does not need a deflecting pId;e the intensity of transmtted

| aser light is two or nore tinmes higher n that of the conventional
apparatus. Thus, in addition to the decrease in the size of the YAG | aser
oscillator 61, the intensified | aser beamis scanned to the l'iquid crystal
mask 66 ih one direction, thereby clearly nmarki ng each workpi ece. The
second deflector 67 can mark a | arge conbi ned pattern on each workpi ece 74
wi t hout the need to nove the workpiece 74. Since the |ight converging
optical system converges deflected incident laser light froma large

di aneter beaminto a sharp | aser beam the deformation and defl ection of
mar ki ng, | aser loss, and so forth can be reduced. In addition, the size of
each defl ector can be reduced. The controller 70 optimally controls the

driving of the first deflector 63, ghe ﬁgﬁﬁy sln’tchi ng of the liquid
crystal mask 66, the driving of th tor 67, and the timng of

the operation of the Qswitch. In
\
MOVE TABLE TO WORK CLAMPING POSITION —— 200
201 WAIT
202

HAS WORK BEEN SUPPLIED
FROM LOADER PORTION?

CLAMP WORK |~ 203

MOVE SUPPLY TABLE TO WORK SUPPLY POSITION L 54
OF FEEDER UNIT

205 WAIT

HAS WORK BEEN CLAMPED
TO FEEDER TABLE?

UNCLAMP WORK 207

)
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particular, the Qswitch allows the oscillation intensity of laser light to
be .decreased when it is not necessary for marking a workpiece, thereby
preventing the | aser beam from scattering to other portions of the system
Thus, the system can mark workpi eces that are nmade of netal, ceramc, and
othHer materials with a conbined pattern. In addition, the apparatus can be
prevented from bei ng damaged by high intensity laser light. A fourth

enbodi ment of -the present invention w l&snow be described with reference to
Figures. 18 -and 1 9A to 19C. The construactiyon of the fourth enbodi nent is
substantially the same as that of the third enbodi nent, except for a | aser
light input portion and a laser |light output portion including the liquid
crystal mask 66 of the third enbodi ment shown in Figure 13 are nodified so
as to 24 inmprove marking alignment_accura of | aser beam The sane
portions as the third enbodi nent arég degqﬁg¢ by )t he sane reference nurer al s
and their descriptionis omtted. SHOWH gure 18, a laser |ight beam
fromthe | aser OSC|IIator 61 is transnlttvd to a bean1splltter 80 t hrough

an expander | ens 86p—fornn a—f++st L; t-ad cybL enas—showr—n i ggre 18.
The beam MOVE F‘EEDER TABLE TO WORK CLAMPING POSITION
y
301 — WAIT

302
HAS WORK BEEN SUPPLIED

FROM FEEDEB; SUPPLY UNIT
303—— CLAMP WORK
!}
304—— PERFORM LASER MARKING
{
3056—— MOVE WORK

306
HAS WORK BEEN MARKED?

NO

307 WAIT

308

HAS WORK BEEN CLAMPED
TO ESCAPE TABLE?

NO

309—— UNCLAMP WORK

FIG.5



splitter 80 divides the laser light into two optical paths. In this optical
system a first liquid crystal mask 81 and a second liquid crystal nmask 82
are provided. The first liquid crystal mask 81 that is disposed in the
first optical path receives the light transmtted through the beamsplitter
80." The second liquid crystal mask 82? ceives the light reflected by the
beam splitter 80 and by a mrror 83 d| osed in the second optical path.
The output rays of light of the first and second liquid crystal masks 81
and 82 are -conbined by a second mrror 84 and a second beamsplitter 85
that forma second optical syste Tmed light is radiated to a

wor kpi ecé 74 through a focusing cende d | e 87. Al though the display-
pattern of the firg QT I|n|||d Dr\lcfal 1l is the same as a di splay
pattern of the—seto ﬁ?&@lﬁT@M?@NMWHWW%&tMM t he
first liquid crys1aPN ERRERWNTf set from the displlay portion of
the second liquid crystal nask 82 in the X and Y directions, so that the
gaps between tlthe dots of tf#ﬂtﬂw;play PWAIErn 0 rask—84+—are fi!!rd by dots
of the display pattern of the second—tigurd I bal mask 82.- bt her

wor ds, al though the dlsplay patt- ' 4 l'iquid crystal mask 81 is
the sanme as tHe di spl . A s ystal nask 82 as
shown in Figurles 1 9A and—te R pat liquid
crystal mask §1 is offset downvar d5—a and the display
pattern of thg second liquid cryg offset upwards and to the
right. The corfbi ned pattern is d sﬁLéVEHNQB&rL 4Q3 gaps between mask dots
of the first mask 81 are substantialTy
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FIG.6
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filled*by the dots of the second liquid crystal mask as shown in Figure
19C. The display positions of the first and second |iquid crystal nask 81
and 82 may be offset either when they are fabricated, or by adjusting 25
their positions in use. For the first and second liquid crystal masks 81

IS used.

and 82, transm ssion mask type conmpound di spersing liquid crystal
Wien a suitable optical- systemis used, another type of liquid crystal
masks such as' TN liquid crystal may be use&k{%ﬁen such as arrangenent is
applied to the | aser marking apparatus showh!tn Figure 13, the beam
splitter 80 and the mrror 83 are disposed on the input side of the first

deflector 63. In addition, a pair of first deflectors 63 are provided so as
masks 81 and 82 separately.

to scan the first and second liquid crystal
Moreover, the mrror, 84 and the beamsplitter 85 are disposed on the input
of the second deflector B({| The cgnbi ned| pattern receiyed fromthe second
deflector 67, is marlked § kpi ece} 74. Sijnce the|gap between nFsk

I illed, each

id crystal nmdsk are

dots of the transmtjti nggBype liq
wor kpi ece can be clgarly ngrked afd ng pojition curacy can be
inproved. In an alternatjy¢ embodf mensnot il , the Jaser Iight
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transmtted through a mask can be divided into a plurality of |aser paths
by a first optical system "By reconbining the optical paths with a slight
offset inthe X and Y directions, the inmage of the nmask may be marked on
the workpiece in two positions offset horizontally and vertically by a

di stance of .substantially half the nmask dot pitch, so as to fill in the
gaps between mask dots on the workpi ecepf_uch an arrangenent allows the
gaps to be filled in, but requires only“gite mask and its associated driving
circuitry. ‘According to the present invention, since entire operation tine
bet ween wor kpi ece | oadi ng and unl oadi ng operati ons of a workpi ece conveyi ng
apparatus' and nmarki ng operation of a marking apparatus is optimally
designated, a | arge nunber of workpieces can be marked in a short tinme. In
particul ar, when pattern bl ocks are displayed sequentially on a nmask so as
to mark a workpi ece, the marking position accuracy is inproved and the
mar ki ng operation can be easily perforned. 26 CLAIMS 1. A | aser

mar ki ng system conpr |2 né.sa | aser mar ki ngy apparatus having a first

defl ector for raster sca‘SmB a | aser |I2' gEtSbeam gener at eQKS)y a | aser
oscillator onto a mask 24 |
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surface, and a second deflector for radiating light transmtted through the
. worle onto a work surface; ang/a work conveyi ng apparatus, characterised by
conprising: a conveying appafatus having a feeder unit, a feeder guide
unit, and a feeder estape unit,- sai-d-feeder. .uni.i..being.di sposed at an
irradiating position of said |laser marking apparatus, said feeder guide
unit being di'sposed upstream of said feegﬁ[ unit, said feeder escape unit
bei ng di sposed downstream of said feeder UnWt; an installation plate for
vertical adjustnent of said conveying apparatus; a |oader portion for

| oadi ng wor kpi ece; an unl oader portion for unloading said workpiece; a
control portion for totally controlling said conveying apparatus, said
installation plate, said |oader portion, and said unl oader portion through
a comuni cation line; a production nmanagenent host conputer for
transmtting and receiving signals to and fromthe said control portion so
as to manage a marking process, and a marking data generating conputer

di sposed in said | aser nmarking apparatus. 2. The | aser nmarking system as
set forth in claim1, wherein said conveying apparatys conprises: said
feeder unit;
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a first feeder guide and escape unit disposed on one side of said feeder
unij; a second feeder guide and escape unit disposed on the opposite side
of said feeder unit; 27 a first | oader and unl oader portion disposed
outside said first feeder guide and escape unit and adapted for |oadi ng and
unl vadi ng a wor kpi ece; and a second Ioaﬂéz.and unl oader portion di sposed
out si de said second feeder guide and esca g unit for | oadi ng and unl oadi ng
a wor kpi ece. 3. The | aser marking systemas set forth in claim1, wherein
said | aser -marki ng apparatus conprises: a first deflector for scanning

| aser |ight radiated by said |aser oscillator in one direction; a mask for
successi vely displaying pattern blocks of a marking ttern correspondi ng
to scanning lines of |aser Ihght scanned by sai d,.firgtpegeflector; a second

defl ector for deflecting sc o i ght selggptivey ¥Qns ltted through said
mask and irradiating \ urface Qf sal d works E e scanjned |ight
in said marking patternn; and ””"' l X
7
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control neans causing said nmask to display said pattern bl ocks, one after

t hea ot her, and causi ng said second deflector to deflect scanned |ight of
each of said pattern blocks to a corresponding |ocation on the workpi ece
surface so as to mark-a conbi ned pattern scanned by said first deflector
and®*sai d second deflector on said morﬁflece : The | aser marking system
as set forth in claim1, wherein said{dser mar ki ng apparatus conprises: a
first optical systemfor directing laser |ight radiated by said |aser
oscillator into a plurality of paths; a plurality of masks each di sposed in
one of said paths and adaptegq Torgspl aly ng the same image at slightly

of fset positions so as to su | |1 the gaps between mask dots of
a first mask with mask dots of a sacond nmask displaying the sane inmage when

the |aser |il¢NPUT ANRSITERMENTIRE PATSERNAS INHORMATION sed Lhetyen sai d
first opti cadRORWSAND hrDQmmﬁxBﬁ&ETER NED;AQQEE%EE. bl system for

conbining light transmtted through : defl ector di sposed
downst ream of saPtVIBECENEl PAEEE |NT0 PLURALITY OF L 601
PATTERN BLOCKS

ACTIVATE LASER OSCILLATOR AT LOW INTENSITY L. g0o
WITH Q SWITCH

v

STORE DIVIDED PATTERN BLOCKS IN MEMORY —— 603

v

DISPLAY EACH DIVIDED PATTERN BLOCK 604
ON LIQUID CRYSTAL MASK :

\l/ )
MOVE SECOND DEFLECTOR IN PRINTING DIRECTION ~— 605
OF DIVIDED PATTERN BLOCK AND STOP SECOND

DEFLECTOR AT THIS POSITI‘]C,)N _

ACTIVATE LASER PULSE OSCILLATION WITH Q SWITCH [~ 606

{
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system and control means for marking a conbined pattern scanned by said

firgt deflector and said second deflector on said workpiece. 5. The | aser
marki ng systemas set forth in claim3 or claim4, wherein said nask or
masks i's or are transfission type liquid crystal masks. 6. A | aser

mar ki ng nethod for scanning a laser |light beamradiated froma |aser
oscillator by a first deflector onto a mask4/ face, radiating transmtted
| i ght through said mask surface to the surface of a workpiece via a second
defl ector, 1 oading an unmarked wor kpi ece, and unl oadi ng a nmar ked wor kpi ece,
said nethod conprising the steps of: (1) clanping a workpiece on a feeder
tabl e of ‘a feeder unit disposed at a marking radiating position, and
mar ki ng sai d wor kpi ece, @QBISRIGAYNPATIIERWOFK Ligwm sRvgTAEedmsK abl e, and
moving said feeder table to an origi n@iviEEDti orDIVIBED novi ng @ngep! v
table of a feeder guide unit froma sgﬁ? RNabI ePAfiT Ahal p05|PA'bTERN a

Y

| oadi ng station, receiving a WoFKpi ec @ |Bnq st at i BROCK| Bnpi ng
sai d wor kpi ece on said supply t@BANGEHOVI ng sall,ﬁ Supplj{abl ellto Sal d
feeder unit, unclanping said vvor kpi ece fromsaid supply table{l suppl'ying
sai d workpi ece to said fegsteas 'lf)EFaEk‘;'Tdﬁ’M BreahIn S8 ¥ Zkl e to said
feeder table original posi t | on F pad IZ GIWRRORAN escape tab of an
escape unit from an escape tablmmvgl al position to said feé\ er qm t,
receiving a workpi ece fromsaid \
G
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feeder unit, clanping said workpiece on said feeder escape table, noving
sai g feeder escape table to an unl oadi ng station, unclanping said workpiece
fromsaid feeder escape table, supplying said workpiece to said unloading
station, and noving said feeder escape table to said feeder table original
position 29. wherein said steps (1) to (3) are totally controlled by a
control portion that is adapted to receivgg‘nd transmt signals fromand to
a production managenent host conputer throufhra communication line. 7.

The | aser marking nmethod as set forth in claim®6, wherein said step (1) is
performed by sequentially displaying pattern bl ocks each equivalent to a
scanning |line, block by block, on said mask and scanning them by said first
defl ector adapted for scanning the laser light radiated fromsaid |aser
oscillator in one direction, deflecting the scanned 1ight selectively
transmtted through said mask and radi ating the pattern block sequentially
to the surface of said workpi ece by said second deflector, controlling said
second deflector so as to deflect the scanned |ight fromeach pattern bl ock
to a corresponding location on the workpi ege rk a conbined

pattern scanned by said first deflector and said s@cond defl ector on said
wor kpi ece.
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8. The |l aser marking nmethod as set forth in claim®6, wherein said step (1)
is performed by dividing the laser |ight radiated fromsaid |aser
oscillator into a plurality of laser paths by a first optical system

di spl ayi ng the same marking pattern on a plurality of nutually offset masks
di sposed on said | aser paths so that mask dots froma first nmask
substantially fill the gaps between n&Qﬁg&rts of a second mask with the

" same nmarking pattern, scanning the divi -| aser |ight on said masks by
said first deflector, conmbining the transmtted |light of said masks as a

si ngl e beam by a second optical system and marking the conbined pattern on
sai d wor kpi ece. 9. The | aser marking nethod as set forth in claim®6,
wherein said step (1) is performed by displaying the nmarking pattern on a
mask di sposed in said | aser path, scanning the laser |light on said mask by
a first deflector, dividing the |aser light radiated fromsaid | aser
oscillator and through the mask into a plurality of |aser paths by a first:
optical system reconbining the transmtted |ight of said nasks as a single
beam by a second optical systemso that mask dots froma first nask imge
associ at ed wpisPpAl FATTERN ON FIRET substanti gspL Ay | PATIRERIN P DN SR ND
30 mask dots| ghyfb ERESTAIBMASKERIE assocated WhayE cRESTIEL OMASR!
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path, and marking the reconbined pattern .'on,r sat d wotk

marking system for marking a workpiece, sai-tl$yStienicénpr

oscillato ' ‘defl ector for{*t&€ oﬁif&;&%’&gmﬁk:@%g only
G ng

— i

a sikngle aser |ight genethBeuwipglssaipazddaseto gsgid Lat or ;-
sai d mask Bei §g &dabt ed f*or "di spl ayi ng dijviltliédspatt er pagddocksy pezch..of “sai d
di vided pattern bl ocks bet ng equivalgpt tjo said single scangig\gmﬂyi |Iggg ;
wherein the divided pattern blocks constift yhgTe OREEMgatiern; a second
defl ector for | ] '

| aser |ight \/\/r1"|q5§1|l ﬁg{sé Egg%ggglngc@?\%%%s?rgr?sm ttted by said #ask; and
control neans patheard marking thentecimbiredpatteraesn saidowoskpiec®. sequential |y

di splay the divided pattern bl ocks of .the Kin ttern d rein said
control neans @usd lasgr matking,gystem £k ma%go%f%\fcggplepﬁes?ﬁﬂ%\ls\gg ned
laser light fqu ﬁ%ﬁﬂ"g] vided pattern block to corresponding portions of the
surface of sai(? rkprece so as to mark on the surface of said workpiece a
conbi ned-pattern as lasasoscitlatorgd by said first deflector and said second
deflector. 11. A laser marking nethod for marking a surface of a

wor kpi ece, sai d meth®@8Konprising the steps of: '

a first deflector for scanning onto said mask, as only a single

scanning line, a laser light generated by said laser oscillator;

said mésk being adapted for displaying divided pattern blocks,
each of said divided pattern blocks being equivalent to said single
scanning line, wherein the divided pattern blocks constitute a marking
pattern;

a second deflector for deflecting onto a surface of said workpiece
a thus scanned laser light which has been selectively transmitted by
said mask; and

control means, wherein said control means causes said mask to
sequentially display the divided pattern blocks of the marking pattern,
and wherein said control means causes said se_cond deflector to deflect

" the thus scanned laser light for each divided pattern block to

corresponding portions of the surface .of said workpiece so as to mark
on the surface of said workpiece a corhbined pattern.as thus scanned
by said first def-llector and said second deflector. -
11. A laser marking method for marking a surface of a workpiece,
said me{hod comprising the steps of: '

generating a laser Ii:ght beam;

scanning the thus generated laser light beam onto a mask as a
single scanning line; y |

causing said mask to sequentially display a plurality of divided
pattern blocks, with each of said divided pattern blocks being '
equivallent to a single scanning line, wherein the divided pattern blocks

collectively constitute a marking pattern; and
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pste: 28 MAY 1997



gene’"r'.ati ng a | aser I?ght beam scanning the thus generated |aser |ight beam
ontq a mask as a single scanning |line; causing said mask to sequentially
~display a plurality of divided pattern bl ocks, with each of said divided

'pattermmmm [ livalent to a single scanning line, wherein the
di vi dedilf ﬂ "ﬂg#ﬂi"éol | ectively constitute a marking pattern; and 30 -
a defl eéti hg each tshus scanned l.aser |ight beam which corresponds to a
respective divided pattern bl ock aB0 ahi ch has been selectively transnitted

by said mask, onto a corresponding portion of the surface of said workpiece
so as to mark on the surface of said workpiece a conbination of said

di vided pattern bl Oééﬁeﬁndg?éhdh TROK IsBAnRéd 186t ligh? beafh, | \hRh O&iTEspehdey st em
substantially as described herein or with reference to the acconpanyi ng

drawi ngs. 13. toralrespecting dividedrpattetn biadksandwhichhassbernsseleptivelyer ei n.
transmitted by said mask, onto a corresponding portion of the surface
of said workpiece so as to mark on the surface of said workpiece a
combinhtion of said divided pattern blbcks as said marking pattern.
12. A laser marking system substantially as described herein or with
reference to the accompanying drawings.

13. A laser marking method, substantially as described herein.
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