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(57) ABSTRACT 

A metal plate for laser processing (Such as a stainless Steel 
plate or a titanium plate) and preferably an austenitic stainless 
steel plate suitable for use as a metal mask or the like which 
undergoes fine processing with a laser has an average grain 
diameter d (Lm) and a plate thickness t (Lm) which satisfy the 
equation dis0.0448t-1.28. 
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FIGURE 1 

(hot-rolled steel strip - 1st intermediate annealing) - 1st intermediate rolling 
(3.0 mm) (continuous annealing and picking) 

- 2nd intermediate annealing) - 2nd intermediate rolling - final annealing 
(continuous annealing and pickling) (bright annealing) 

-> (temper rolling) - (straightening) - (stress relief annealing 
(0.25mm) (bright annealing) 

FIGURE 2 
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FIGURE 3 

70 

60 

50 
E 
3 
o 40 

830 (SUS301 (0.25t) 
SUS304 (0.25t) 

is ASUS430 (0.25t) 
i 20 XTP304C (0.25t) 

xSUS301L (0.15t) 
10 (SUS301L (0.3t) 

O 

Grain diameter (um) 

  



US 2014/0060428 A1 

METAL, PLATE FOR LASER PROCESSING 
AND METHOD FOR PRODUCING 

STANLESS STEEL, PLATE FOR LASER 
PROCESSING 

TECHNICAL FIELD 

0001. This invention relates to a metal plate for laser pro 
cessing Such as an austenitic stainless Steel plate for laser 
processing which is Suitable for use as a metal mask or the like 
which undergoes precision processing with a laser and to a 
method for producing a stainless steel plate for laser process 
1ng. 

BACKGROUND ART 

0002. A laser cut metal mask is a metal plate which has 
Small holes (or slits) in a prescribed patterned image which 
are formed by melting and boring holes in a portion of a metal 
plate by irradiating the metal plate with a laser beam. It is 
primarily used for screen printing of Solder paste (Solder 
cream) on a circuit board Such as a printed wiring board with 
a squeegee, but it is also used in other applications such as 
printing of electrically conductive ink. Plates made of stain 
less steel, titanium, titanium alloys, aluminum, aluminum 
alloys, nickel, and the like are used as metal plates. In the past, 
holes were formed in a metal mask by etching, but with the 
spread of laser processing machines, laser cut metal masks in 
which it is possible to form holes with higher precision have 
come to be much used. 

0003 Stainless steel is widely used as a metal plate for 
metal masks manufactured by etching or laser processing 
because it has excellent mechanical strength and corrosion 
resistance. In recent years, as the performance of laser pro 
cessing machines has improved, not only has there been an 
increase in processing accuracy but it has also become pos 
sible to cope with short deadlines for orders. As a result, the 
demand for laser cut metal masks made of stainless steel is 
increasing. 
0004 Technical advances in laser processing machines 
have result in increases in the processing accuracy of Small 
holes in a laser cut metal mask and the ability to prevent 
warping due to heat. As a result of these advances, the pro 
cessing accuracy of laser cut metal masks has been further 
increasing. 
0005 Patent Document 1 discloses that when irradiating a 
metal plate with a laser beam to form a patterned image 
having Small holes in the metal plate, by Suppressing the focal 
spot diameter of the irradiated laser beam to at most 40 um 
and setting the distance between the focal point of the laser 
beam during processing and the Surface of the metal plate on 
the incident side of the laser beam in the range of -200 to 
+300 um, the difference between the diameter of small holes 
which constitute a patterned image on the incident side of the 
laser beam and the diameter of the holes on the exit side of the 
laser beam (referred to in this description as hole spreading) 
is suppressed to at most 10% of the thickness of the metal 
plate. 
0006 Patent Document 2 discloses a method of manufac 
turing a laser cut metal mask for screen printing by irradiating 
a metal plate with a laser beam to melt a portion of the metal 
plate and bore it to create small holes to form a patterned 
image and then performing grinding by sandblasting of the 
surface of the metal plate. When a laser cut metal mask is 
manufactured by this method, no dross remains, so the rear 
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Surface of the mask can contact the printed Surface of an 
object to be printed. In addition, since the surface is textured 
due to sandblasting, the mask easily releases from the object 
being printed and the speed of printing can be increased. 
0007 Patent Document 3 proposes employing chemical 
polishing to remove dross or the like which is formed on the 
rear Surface by laser processing. 
0008. As shown by Patent Documents 1-3, up to now, the 
performance of laser cut metal masks has been improved by 
increasing the processing accuracy of Small holes by 
improvements in laser processing methods such as technical 
advances in processing tools by carrying out mechanical and/ 
or chemical processing of a metal mask after laser processing 
in order to stabilize the amount of solder which is supplied 
through the holes. 

PRIOR ART DOCUMENTS 

Patent Documents 

0009 Patent Document 1:JP 9-248976 A 
0010 Patent Document 2: JP 6-39988 A 
0011 Patent Document 3: JP 2011-148253 A 

SUMMARY OF THE INVENTION 

0012. Thus far, there have been almost no disclosures of 
developments of metal plates which can increase the accuracy 
of laser processing of Small holes in a laser cut metal mask, 
and there were no metal plates (such as stainless steel plates) 
which were suited for laser processing of small holes with 
high accuracy. There were also no metal plates which were 
Suitable for mechanical or chemical processing after laser 
processing. 
0013 For these reasons, as proposed in Patent Document 
1, it has been attempted to increase the processing accuracy of 
laser processing of Small holes in a laser cut metal mask by 
decreasing the focal spot diameter of irradiated laser light or 
by employing a pulsed laser and Suppressing the heat input 
during laser processing so as to prevent strains due to heat. 
Alternatively, as proposed in Patent Documents 2 and 3, it has 
been proposed to increase performance by optimizing the 
conditions of mechanical or chemical polishing after laser 
processing. 
0014. However, these prior art methods could not avoid 
decreases in the speed of processing, the processing costs of 
laser cut metal masks greatly increased, and productivity 
greatly decreased. 
0015. In addition to electrolytic/chemical polishing or 
mechanical polishing in order to remove dross or burrs which 
are produced on the rear Surface by laser processing, treat 
ment after laser processing has included imparting a mirror 
finish to the front Surface in order to improve Squeegee prop 
erties (the uniformity of Supply of solder by a squeegee). 
These treatments increased the time required for operations 
and costs. 
0016. An object of the present invention is to provide a 
metal plate for laser processing and particularly an austenitic 
stainless steel plate for laser processing Suitable for use as a 
metal mask or the like which undergoes precision processing 
with a laser, and a method for producing a stainless steel plate 
for laser processing. Specifically, an object of the present 
invention is to provide a metal plate and preferably an auste 
nitic stainless steel plate for laser processing which has excel 
lent laser processability and which can be used to manufac 
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ture a laser cut metal mask having increased dimensional 
accuracy of the cross section of openings (for example, hole 
spreading with respect to a plate thickness of 250 um of at 
most 25 um which is an accuracy of at most 10%) and which 
is also suitable for forming fine slits, and a method for pro 
ducing this stainless steel plate. 
0017. The main purpose of laser processing in the present 
invention is laser processing of a metal plate which is utilized 
in the manufacture of a metal mask having Small holes as used 
in Screen printing. 
0018. The present inventors found that the above-de 
scribed objects can be achieved by making the grain diameter 
of a metal plate at most a certain limit which depends on the 
plate thickness. 
0019. The present invention is a metal plate and preferably 
an austenitic stainless Steel plate for laser processing charac 
terized in that the average grain diameter d (um) and the 
thickness t of the plate (um) satisfy the following Equation 
(1): 

dis0.0448t-1.28 (1) 

0020. From another standpoint, the present invention is a 
method of producing an austenitic stainless steel plate for 
laser processing characterized by carrying out hot rolling, 
cold rolling, and annealing of an austenitic stainless Steel to 
obtain an austenitic stainless steel plate, carrying out temper 
rolling of the stainless steel plate with a reduction of at least 
20%, and if necessary carrying out stress relief annealing 
after temper rolling at a temperature of 500-820° C. for 
20-150 seconds. There is substantially no change in the aver 
age grain diameter of the austenitic stainless steel plate during 
the temper rolling and stress relief annealing, so the average 
grain diameter of the cold-rolled steel sheet obtained by car 
rying out hot rolling, cold rolling, and annealing is made to 
satisfy above Equation (1). To this end, it is preferable to carry 
out cold rolling (when cold rolling is carried out two or more 
times, the final cold rolling before temper rolling) with a 
reduction of at least 30% and carry out annealing (when 
annealing is carried out two or more times, the final annealing 
before temper rolling) by soaking at a temperature of 800 
950° C. for 25-70 seconds. 
0021. According to the present invention, a metal plate for 
laser processing which is Suitable for use as a metal mask or 
the like which is manufactured by precision processing with 
a laser and particularly an austenitic stainless steel plate for 
laser processing which has a high strength and which can 
achieve Small holes having a high processing accuracy are 
provided. 
0022. Because a metal plate for laser processing according 
to the present invention decreases the need to suppress heat 
input by increasing the processing accuracy of laser process 
ing, the speed of laser processing can be increased. As a result, 
the productivity of laser cut metal masks can be increased and 
processing costs can be decreased. 
0023. Up to now, the processing accuracy of laser process 
ing depended upon the laser apparatus or the processing con 
ditions. According to the present invention, the processing 
accuracy of laser processing can also be increased by control 
ling the average grain diameter d (Lm) of a metal plate for 
laser processing and the plate thickness t (Lm) so as to satisfy 
above Equation (1). 
0024. With many austenitic stainless steel plates, it was 
found that refining crystal grains provides the effects that the 
amount of dross which adheres to the inner surface of the 
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Small holes which are formed by laser processing is decreased 
and the height of burrs which are formed on the peripheral 
surface of the small holes on the rear surface (the exit side 
with respect to the laser) is lowered. As a result, processing 
such as removal of dross and burrs by electrolytic or chemical 
polishing and Smoothing of the inner Surface of the holes or 
the squeegee Surface (forming a mirror finish) can be carried 
out in a shorter length of time, and it is possible to shorten the 
time for manufacturing a laser cut metal mask (shorten the 
delivery date) and reduce costs. Therefore, the practical sig 
nificance of the present invention is extremely great. 

BRIEF EXPLANATION OF THE DRAWINGS 

0025 FIG. 1 is an explanatory view showing a method for 
producing an austenitic stainless steel plate used in an 
example. 
0026 FIG. 2(A) is an explanatory view schematically 
showing the state when boring Small holes in a stainless steel 
plate by laser processing, and FIG. 2(B) is an explanatory 
view showing the state of dross and burrs formed in small 
holes which are formed by laser processing. 
0027 FIG. 3 is a graph showing the relationship between 
the average grain diameter of a metal plate and the amount of 
hole spreading. 
(0028. In FIGS. 2(A) and 2(B), 1: laser, 2: stainless steel 
plate, 2a: incident surface of laser beam, 2b. exit surface of 
laser beam, 3: Small hole, 3a. width of cutting (cutting diam 
eter) on incident side, 3b, width of cutting (cutting diameter) 
on exit side, 4: maximum dross thickness, 5: maximum burr 
height. 

MODES FOR CARRYING OUT THE INVENTION 

0029 Below, the present invention will be explained more 
specifically while referring to the accompanying drawings. In 
the following explanation, an example will be given of the 
case in which a metal plate which is a material being pro 
cessed is a stainless Steel plate and particularly an austenitic 
stainless steel plate. However, a metal plate in the present 
invention is not limited to a stainless steel plate. For example, 
the present invention can be applied in the same manner to a 
metal plate other than a stainless steel plate Such as a titanium 
ortitanium alloy plate, a pure nickel plate, an aluminum plate, 
or an aluminum alloy plate, although a method for producing 
an austenitic stainless steel plate for laser processing accord 
ing to the present invention and particularly conditions for 
each step are not applicable to a metal plate other than an 
austenitic stainless steel plate. 
0030. From the standpoints of strength and rust resistance, 
a stainless Steel plate is preferably an austenitic stainless steel 
plate, but it is also possible to use a ferritic stainless steel. 
Cold-rolled stainless steel plates including austenitic types 
are prescribed by JISG 4305. Among austenitic stainless steel 
plates, temper rolled materials of SUS 301, SUS 304, SUS 
301 L, and SUS 304L, and SUS 301-CSP and SUS 304-CSP 
which are prescribed by JISG 4313 (stainless steel strip for 
springs) are preferred because their grains are easily refined. 
0031. The chemical compositions of these austenitic 
stainless steels are given below. In the following explanation, 
percent with respect to chemical composition means mass 
percent. 
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0032 (SUS 301 
0033 C: at most 0.15%, Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 6.00-8. 
00%, Cr: 16.00-18.00%, remainder of Fe and impurities. 
0034 SUS 301L) 
0035 C: at most 0.030%, Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 6.00-8. 
00%, Cr: 16.00-18.00%, N: at most 0.20%, remainder of Fe 
and impurities. 
0036 (SUS 304 
0037 C: at most 0.08%. Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 8.00-10. 
50%, Cr: 18.0-20.0%, remainder of Fe and impurities. 
0038 SUS 304L 
0039 C: at most 0.030%, Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 9.00-13. 
00%, Cr: 18.00-20.00%, remainder of Fe and impurities. 
0040 SUS 301-CSP 
0041 C: at most 0.15%, Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 6.00-8. 
00%, Cr: 16.00-18.00%, remainder of Fe and impurities. 
0042 ISUS 304-CSP 
0043 C: at most 0.08%. Si: at most 1.00%, Mn: at most 
2.00%, P: at most 0.045%, S: at most 0.030%, Ni: 8.00-10. 
50%, Cr: 18.00-20.00%, remainder of Fe and impurities. 
0044. In each of the above compositions, one or more 
elements selected from Ti,Nb, and V in an amount of at most 
0.5% may be contained in place of Fe in the composition. By 
containing these elements, the effects of refinement of crystal 
grains and prevention of precipitation of a harmful chromium 
carbide can be expected. In order to increase strength, it is 
also possible to contain at least one of Mo in an amount of at 
most 5%, Cu in an amount of at most 5%, and Mn in an 
amount of at most 10%. 
0045. In place of Fe in each of the above compositions, it 

is possible to contain 30-90 ppm of S. As a result, laser 
processability is improved and the effect of decreasing the 
amount of burrs and dross on the rear Surface is obtained. 
0046. The mechanism by which S improves laser process 
ability is not known, but it is conjectured that promotion of 
melting in the depth direction by a change in the convection 
pattern of metal which has been melted by a laser and the 
formation of low melting point compounds such as FeS con 
tribute to the improvement. 
0047. In order to obtain the above-described effects of S, it 

is effective to contain at least 30 ppm of S, and it is preferable 
to contain at least 40 ppm of S. If the S content is too high, hot 
workability and corrosion resistance decrease, so an upper 
limit of around 90 ppm is appropriate. 
0048. In an austenitic stainless steel plate for laser pro 
cessing according to the present invention, the average grain 
diameter d (Lm) and the plate thickness t (Lm) satisfy the 
following Equation (1): 

dis0.0448t-1.28 (1) 

0049. The same applies when the metal plate is a material 
other than an austenitic stainless Steel plate Such as a ferritic 
stainless steel plate, a titanium plate, a titanium alloy plate, or 
the like. The reason why will be explained below. 
0050 FIG. 2(A) is an explanatory view schematically 
showing a state when boring Small holes 3 in a stainless steel 
plate 2 by laser processing. 
0051. As shown in this figure, when a laser 1 irradiates the 
laser incident Surface 2a of a stainless steel plate 2, metal is 
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melted by the energy of the laser 1 towards the exit surface 2b 
which is the rear surface, and small holes 3 are bored in the 
stainless steel plate 2. 
0.052 The problem with respect to processing accuracy 
which occurs in laser processing is that the dimensional accu 
racy of the Small holes 3 formed by laser processing decreases 
due to the cut width (the diameter of a small hole in the case 
of a circular hole)3a on the incident surface 2a of the stainless 
steel plate 2 which is irradiated by laser 1 becoming larger 
than the cut width 3b on the exit side 2b which is the rear 
Surface, namely, due to an increase in the spreading (3a minus 
3b) of the small holes. 
0053. The present inventors discovered that by refining the 
grains of a stainless Steel plate 2, melting which is produced 
by a laser 1 is limited to a narrow region, whereby the pro 
cessing accuracy of Small holes 3 can be increased. As a 
result, the need to limit the amount of heat input during laser 
processing is decreased, and the processing speed can be 
increased. The reasons why are not clear but are thought to be 
as follows. 
0054 Spreading on the surface 2a of the stainless steel 
plate 2 which is irradiated by a laser 1 is due to the fact that 
light of the laser 1 in an area which is irradiated by the laser 1 
is absorbed by the stainless steel 2 while repeatedly being 
reflected. Therefore, a larger amount of the laser energy is 
absorbed in the vicinity of the irradiated surface 2a. 
0055. The grainboundaries of the individual crystal grains 
of the stainless steel plate 2 have a lower melting point than 
the inside of the crystal grains due to the grain boundaries 
containing more impurities. Therefore, melting of the stain 
less steel plate 2 is thought to occur Such that when the crystal 
grains are irradiated with a laser, the grainboundaries initially 
melt, thereby causing the entire crystal grains to drop off from 
the plate. As a result, spreading on the irradiated Surface 2a is 
thought to be around the size of one crystal grain. 
0056. When temper rolling is carried out after final anneal 
ing, crystal grains are deformed by temper rolling, but the 
prior grainboundaries which contain a large amount of impu 
rities are not changed by the Subsequent stress relief anneal 
ing. Therefore, it is conjectured that spreading is still about 
the size of one crystal grain. 
0057 The graph in FIG.3 illustrates data from the below 
described examples. It shows the relationship between the 
average grain diameter (indicated as the grain diameter in the 
figure) and the amount of spreading of Small holes in auste 
nitic stainless steel plates made of SUS 301L and SUS304, in 
ferritic stainless steel plates made of SUS 430, and in titanium 
plates made of TP340C. As is clear from FIG.3, it was found 
that hole spreading is determined solely by the grain diameter 
regardless of the type of metal or plate thickness. 
0058. From the graph in FIG. 3, it can be seen that the 
relationship W=2.23 d+2.85 (the solid line in the figure) 
exists between the average grain diameter d (um) and the 
amount of hole spreading W (Lm). The amount of hole 
spreading W (Lm) of a metal mask is generally thought to be 
satisfactory if it is at most 10% of the plate thickness t (Lm). 
namely, if the relationship W50.1 it is established as disclosed 
in Patent Document 1. Based on the above, good laser pro 
cessability is obtained if the average grain diameter d (um) 
and the plate thickness t (Lm) satisfy Equation (1): 

dis0.0448t-1.28 (1) 

0059 Measurement of the average grain diameter d is 
carried out at the center of the plate thickness in a cross 
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section perpendicular to the rolling direction. It is evaluated 
by the cutting method described in JISG 0551. 
0060. If the average grain diameter d (um) of an austenitic 
stainless steel plate 2 and the plate thickness t (um) do not 
satisfy above Equation (1), hole spreading increases, metal 
melts by the laser 1 over a wide region, and the processing 
accuracy of small holes 3 becomes poor. Therefore, in the 
present invention, it is necessary to satisfy the relationship of 
Equation (1). 
0061. In a preferred mode of the present invention, the 
amount of hole spreading W (Lm) is made a small value of at 
most 7% of the plate thickness t (Lm), and the accuracy of 
laser processing is increased to that extent. In this case, the 
relationship W50.07:t is established, and the average grain 
diameter d (Lm) and the plate thickness t (Lm) satisfy the 
following Equation (1). 

dis0.0314t-1.28 (1) 

0062 More preferably, the amount of hole spreading W 
(um) is a still smaller value of at most 5% of the plate thick 
ness t (Lm). In this case, Ws().05 t is established, and the 
average grain diameter d (Lm) and the plate thickness t (Lm) 
satisfy the following Equation (1"). 

dis0.0224t-1.28 (1") 

0063 FIG. 2(B) is an explanatory view showing the state 
of dross and burrs which are unavoidably formed in small 
holes bored by laser processing. Dross and burrs are formed 
by molten metal adhering to the small holes, with dross adher 
ing to the inner surface of the small holes and burrs hanging 
from the periphery of the small holes on the exit side of a laser 
beam. They are removed by chemical polishing or electrolytic 
polishing carried out after processing. Accordingly, the maxi 
mum dross thickness 4 and the maximum burr height 5 in the 
figure are preferably as Small as possible. As stated above, in 
the present invention, the average grain diameter of the metal 
plate is Small, so the maximum dross thickness and the maxi 
mum burr height are decreased, and removal of dross and 
burrs becomes easier. 
0064 FIG. 1 is an explanatory diagram of a process for 
producing an austenitic stainless steel for laser processing 
(and preferably for a metal mask) used in examples which 
illustrate the effects of the present invention. 
0065. First, an ingot made of an austenitic stainless steel 
by melting and casting is Subjected to hot rolling to form a 
hot-rolled steel strip having a sheet thickness of 3.0 mm, for 
example. Then, as indicated in FIG. 1 by first intermediate 
annealing->first intermediate rolling->second intermediate 
annealing-e Second intermediate rolling efinal annealing, 
cold rolling and annealing are carried out at least one time 
each to obtain a cold-rolled austenitic stainless steel plate 
having a desired plate thickness. Cold rolling and annealing 
are normally carried out around 2-3 times. The annealing 
after the final cold rolling is final annealing, which is nor 
mally carried out by bright annealing (annealing which is 
performed in an inert gas or a vacuum in order to prevent 
oxidation of the surface of the steel plate). The intermediate 
annealing prior to this is carried out by continuous annealing 
in air, and after the annealing, the steel plate is pickled to 
remove scale from its Surface. 
0066. The reduction in final cold rolling which is carried 
out before temper rolling (the second intermediate rolling in 
FIG. 1) is preferably at least 30%. This is because introduc 
tion of working strains contributes to crystal grain refinement 
after annealing. The reduction in the final cold rolling is 
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preferably at least 50% and more preferably at least 60%. The 
final annealing after final cold rolling (annealing before tem 
per rolling) is preferably carried out under conditions which 
are set So as to obtain an average grain diameter which satis 
fies above Equation (1). Specifically, carrying out final 
annealing by soaking for 25-70 seconds at a low temperature 
in the vicinity of the recrystallization temperature range (800 
950° C. in the case of an austenitic stainless steel) is prefer 
able because it can Suppress grain growth. If the annealing 
temperature is lower than 800° C., unrecrystallized grains are 
also present, and they cause cracking at the time of forming 
and a decrease in workability. On the other hand, if the final 
annealing temperature exceeds 950° C., it becomes difficult 
for the average grain diameter to satisfy above Equation (1). 
When the plate thickness is 250 um (0.25 mm), the average 
grain diameter of the cold-rolled austenitic stainless steel 
after final annealing is preferably at most 10 um. 
0067. If necessary, temper rolling with a reduction of at 
least 20% is carried out on the resulting cold-rolled austenitic 
stainless steel plate to adjust the plate thickness and hardness. 
Temper rolling is carried out in a cold state. Temper rolling 
increases the strength of the material and improves durability 
when the material is used as a metal mask, and it also 
improves resistance to Scratching during use. In the case of a 
stainless steel plate, the hardness of the material Surface is 
preferably a Vickers hardness of at least 300 HV, the hardness 
is usually at least 330 HV, and more preferably a hardness of 
at least 360 HV is recommended. From this standpoint, the 
elongation in temper rolling is preferably around 20-60%. 
The plate thickness after temper rolling can be made 100-400 
um (0.1-0.4mm), for example. In the present invention, the 
thinner the plate thickness, the Smaller the average grain 
diameter needs to be. 
0068 Adjusting the surface roughness of the work roll 
used in temper rolling makes it possible to control the Surface 
roughness of the rolled plate. When the plate is used as a metal 
mask, the Surface roughness of the plate is preferably smooth 
from the standpoints of slidability of a squeegee and prevent 
ing adhesion and retention of solder paste and the like on the 
metal mask. The Surface roughness of the steel plate after 
temper rolling is preferably at most 0.16 um as a centerline 
Surface roughness (Ra), and normally it is at most 0.10 Lum. Ra 
is more preferably at most 0.08 um. 
0069. Then, if necessary, straightening with a tension lev 
eler and stress relief annealing are carried out or tension 
annealing is carried out with the object of straightening and 
stress relief annealing. 
0070 If the temperature of stress relief annealing is less 
than 500°C., strains are not sufficiently removed and warping 
easily develops at the time of laser processing, while if it 
exceeds 820°C., dislocations start to disappear and softening 
of the plate rapidly progresses. If the length of stress relief 
annealing is less than 5 seconds, the temperature of the steel 
plate does not reach the set temperature, while if it exceeds 
150 seconds, productivity deteriorates. Therefore, stress 
relief annealing is preferably carried out under conditions of 
500-820° C. for 5-150 seconds. Stress relief annealing is 
more preferably carried out under conditions of 600-820° C. 
for 10-150 seconds and still more preferably under conditions 
of 700-820° C. for 10-150 seconds. 

0071. If temper rolling is carried out, residual stresses 
within the steel plate become large in the surface portion of 
the steel plate and become smaller at the center of the plate 
thickness. However, flatness of the steel plate is maintained 
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by balancing the residual stresses in the Surface portions 
between the front surface and the rear surface. On the other 
hand, if the area of the surface on one side of a steel plate is 
different from that on the other side as is the case when laser 
processing is carried out after half etching (treatment in 
which a portion of a plate is etched to locally decrease the 
plate thickness; in the case of a metal mask, it is sometimes 
carried out with the object of decreasing the amount of solder 
which is printed) or when there is a large difference between 
the hole diameter on the laser incident surface and the rear 
Surface after laser processing (when there is a large amount of 
hole spreading), the balance between the residual stresses in 
the two surfaces is upset, and the steel plate easily warps. In 
this case, the residual stress in the interior can be decreased 
and the flatness of the Steel plate is improved by carrying out 
stress relief annealing. Accordingly, stress relief annealing is 
not an essential step and can be carried out as necessary. 
0072. In the same manner as with an austenitic stainless 
steel plate, in the case of a ferritic stainless steel plate, by 
carrying out final annealing before temper rolling at a low 
temperature (such as 700-820° C.) in the vicinity of the 
recrystallization temperature region, grain growth is Sup 
pressed and a steel plate having the desired fine grain struc 
ture can be produced. This ferritic stainless steel plate next 
undergoes temper rolling with a reduction of at least 20% to 
adjust the plate thickness and hardness as necessary. The plate 
thickness and Surface roughness after temper rolling may be 
the same as for an austenitic stainless steel plate, and stress 
relief annealing is preferably Subsequently carried out as is 
the case with an austenitic stainless steel plate. 
0073. In the case of a titanium or titanium alloy plate, by 
carrying out final annealing before temper rolling at a low 

Mark 

A1 
A2 
B1 
B2 

temperature (550-700° C. in the case of a titanium plate) in 
the vicinity of the recrystallization temperature range, grain 
growth is suppressed and a metal plate having a desired fine 
grain structure can be manufactured. This titanium plate then 
undergoes temper rolling with a reduction of at least 20% to 
adjust the plate thickness and hardness as necessary. The plate 
thickness and Surface roughness after temper rolling can be 
the same as described above. Then, it is preferable to carry out 
stress relief annealing as described above. 
0074. In the above explanation, examples were given of an 
austenitic stainless steel plate, a ferritic stainless steel plate, a 
titanium plate, and a titanium alloy plate. In the case of metal 
plates other than those described above (such as a martensitic 
stainless steel plate, a pure nickel plate, an aluminum plate, or 
an aluminum alloy plate), crystal grains like those described 
above are present, and the relationship given by W=2.23 d+ 
2.85 is established between the average grain diameter d (um) 
and the hole spreading W (Lm). Therefore, by having the 
average grain diameter d (Lm) and the plate thickness t (Lm) 
satisfy the following Equation (1) 

dis0.0448t-1.28 (1) 
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it becomes possible to perform melting over a narrow region 
by laser irradiation. As a result, it is possible to increase the 
processing accuracy of Small holes. 

EXAMPLES 

0075. The present invention will be explained more con 
cretely by examples. 

0076 Austenitic stainless steels A1, A2, B1, and B2 and 
ferritic stainless steel C having the chemical compositions 
shown in Table 1 were melted and formed into slabs, and hot 
rolling was carried out by usual methods. Austenitic stainless 
steels A1 and A2 were SUS 301 L-based steels, austenitic 
stainless steels B1 and B2 were those of SUS304, and ferritic 
stainless steel C was a SUS 430 steel. The resulting hot-rolled 
steel plates underwent annealing and descaling in an anneal 
ing and pickling line, and then they underwent cold rolling 
and annealing two times while varying the final cold rolling 
reduction and the final annealing temperature as shown in 
Table 3 to obtain stainless steel plates having a thickness of 
150-300 um (0.15-0.30 mm). 
0077 Separately, a titanium material having the chemical 
composition shown in Table 2 underwent VAR melting and 
then underwent forging and hot rolling in a conventional 
manner The resulting hot-rolled material underwent anneal 
ing and descaling in an annealing and pickling line, and then 
cold rolling and annealing were performed two times. The 
final cold rolling reduction and the final annealing tempera 
ture were varied as shown in Table 3 to obtain titanium plates 
having a thickness of 250 um (0.25 mm). 

TABLE 1. 

Chemical composition (mass %, remainder of Fe and impurities 

C Si Mn P S N Cr N Nb Remark 

O.O14 O.3S 1.15 O.O27 O.OO4 6.6O 17.30 O.118 O.O4O SUS301L, 
0.013 0.37 1.21 0.028 0.002 6.69 17.38 0.122 0.046 base 
O.OSO 0.38 1.04 O.O29 O.OOS 8.06 18.22 - - SUS304 
O.O47 0.39 1.03 0.027 O.OO1 8.OS 18.09 
O.O)6O O.33 0.25 O.O26 O.OO1 - . 16.28 - - SUS430 

TABLE 2 

Chemical composition (mass %, 
remainder of Ti and impurities 

Mark C H O N Fe Remark 

D O.O10 O.OO1 O.OS O.OOS O.O6 TP340C 

0078. After final annealing, the cold-rolled stainless steel 
plates or titanium plates underwent temper rolling with the 
reduction shown in Table 3. Temper rolling was carried out 
using a 240 grit polished roll, as a result of which the Surface 
roughness (Ra) was made at most 0.12 Lum. 
007.9 For some of the stainless steel plates (Nos. 1, 3-6, 
8-14, 16-18, 20-22, 27-32,34, and 35 in Table 3), stress relief 
annealing was carried out with a tension of 0.2 MPa at the 
temperature and for the time shown in Table 3. 
0080. The average grain diameter of each metal plate pro 
duced in this manner was determined in the following man 
ner. Using a test piece of a metal plate after final annealing, 
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the average grain diameter was measured at 5 randomly SEM (scanning electron microscope) at a magnification of 
selected points by the above-described method, and their 1000x, and the maximum thickness among 10 randomly 
average value was made the average grain diameter, which is selected measurement points was made the maximum dross 
shown in Table 3. Crystal grain boundaries are substantially thickness. 
maintained during temper rolling and stress relief annealing. I0085). Similarly, a test piece of a cross section of holes 
Therefore, even when stress relief annealing was carried out, embedded in a resin was used for measurement of the maxi 
the average grain diameter of the metal plate obtained after mum burr height. The height ofburrs formed on the periphery 
stress relief annealing is thought to be substantially the same of small holes on the surface on the opposite side from the 

laser irradiation Surface was measured at 10 randomly as after final annealing. selected points, and the maximum height was made the maxi 0081. Each of the resulting metal plates was subjected to mum burr height 
laser proE. t E. E.as carried A. irradi- I0086. The curvature of warping after half etching was 
y a (pulse so at1On E. with an up; determined by cutting a test piece having a width oftx12 mm 
O Wy spot 1ameter O Lum. i. R aSS1st gas Od (t-plate thickness) and a length of 100 mm from a stainless 
oxygen (7 kg/cm) so as to automatically form a patterne steel plate after temper rolling, masking one side and the side 
1mage. Surfaces, and performing chemical etching on the exposed 
I0082). The amount of hole spreading of the small holes side to decrease the plate thickness by /2. After etching, the 
formed in each metal plate (the value of 3a–3b) in FIG.2(A)) test piece was placed atop a surface table and one end of the 
was measured. The amount of hole spreading was measured test piece was pressed against the Surface of the table. The gap 
at 5 randomly selected locations on each metal plate, and their A (mm) between the other end of the test piece and the table 
average value was made the amount of hole spreading. The was measured, and from the radius of warping 0 calculated 
hole spreading percentage was calculated as (amount of hole from the equation A=L(1-cos(0))/0(L=length of test 
spreading/plate thickness)x100. piece=100 mm), the value of the curvature of warping was 
0083. For some austenitic stainless steel plates, the maxi- calculated as 1/R (R-radius of curvature (R=L/0)). 
mum dross thickness and the maximum burr height (see FIG. I0087. The curvature of warping was determined in the 
2(B)) after laser processing and the curvature of warping after same manner for the test piece before half etching, and the 
half etching were measured. increment p in the curvature of warping after halfetching was 
0084. In order to measure the maximum dross thickness, a calculated. The results are shown in Table 3 by the following 
test piece of a cross section of Small holes was prepared by evaluation standard. 
cutting a stainless steel plate which had undergone laser pro- 0088 Evaluation Standard for the Increment in the Cur 
cessing so as to run through approximately the center of small vature of Warping p 
holes followed by embedding in a transparent resin. The cut I0089 Excellent: ps0.0030 
cross section of the test piece was polished and then subjected 0090 Good: 0.0031dp-0.0100 
to electrolytic etching using 10% oxalic acid. The thickness 0.091 Poor: 0.0010>p-0.0500 
of dross was measured using an optical microscope or an 0092 Extremely poor: p>0.0500 

TABLE 3 

Reduc- Right 
tion Temper side Max. 

before Final rolling Stress relief Average of dross Max. 
Thick- 8- annealing reduc- annealing grain Eq. Hole spreading thick- Burr 

Metal ness nealing Temp. Time tion Temp. Time diemeter (1) Amount % ness height 
No. type (mm) (%) (C.) (s) (%) (C.) (s) (m) (Im) (Jim) (%) (Im) (Im) p' Remark 

1 A1 O.25 65 800 40 45 720 50 2 9.92 8 3.2 1.3 1.8 Excel. Invent. 
2 65 82S 40 30 2.8 9 3.6 — — Excel 
3 50 82S 40 45 500 50 3.5 11 4.4 — 
4 50 82S 40 2O 720 50 4.7 11 4.4 1.8 3 Excel 
5 30 9SO 40 30 82O SO 9.5 24 9.6 1.6 2.7 Excel 
6 60 1OOO 40 30 500 50 18.5% 43 17.2 - — Good Compar. 
7 50 1OOO 40 30 19* 47 18.8 - – Poor 
8 30 11OO 40 45 700 50 22.5% 50 20 2.2 3.6 Good 
9 15 8SO 40 30 720 50 27.8% S8 23.2 5.3 9.S. Poor 
10 A2 60 82S 40 45 82O SO 8.8 23 9.2 2.8 4.2 Excel. Invent. 
11 50 11OO 40 45 720 50 23.1% 56 22.4 4.7 8.8 - Compar. 
12 B1 60 880 40 25 700 50 5 13 5.2 1.5 2.3 Excel. Invent. 
13 30 900 40 40 82O SO S.6 16 6.4 2.1 3.1 Excel 
14 50 1OOO 40 30 600 SO 13.48 28 11.2 2.5 3.8 Poor Compar. 
15 50 1130 40 30 25.1% 58. 23.2 - — EX. 

poor 
16 15 880 40 30 700 50 26.5% 56 22.4 - – Poor 
17 B2 50 1130 40 30 600 SO 24.6* 57 22.8 S.1 9.2 
18 C 70 7OO 40 30 400 SO 4.1 12 4.8 — Invent. 
19 40 820 40 2O S.6 16 6.4 — 
2O 8O 8SO 40 30 400 SO 13.2% 31 12.4 — Compar. 
21 70 870 40 25 450 SO 15.9% 39 156 - 
22 65 900 40 30 500 50 20.3% 44 17.6 — 
23 D 70 600 SO 40 S.1 15 6 — Invent. 
24 60 700 50 2O 9.1 21 8.4 — 
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TABLE 3-continued 

Reduc 
tion Temper 

before Final rolling Stress relief 
Thick- 8- annealing reduc- annealing 

Metal ness nealing Temp. Time tion Temp. Time 
No. type (mm) (%) (C.) (s) (%) ( C.) (s) 

25 50 750 50 30 
26 55 800 50 30 
27 A1 O.15 60 800 30 40 720 35 
28 60 850 30 25 800 35 
29 55 850 30 45 6SO 35 
30 30 1OOO 30 30 720 35 
31 45 1130 30 40 800 35 
32 O.3 60 825 60 30 800 65 
33 50 850 60 25 
34 40 1OOO 60 40 550 65 
35 45 1130 60 30 700 65 

indicates a value outside the range of the present invention; 
p = increment in curvature after halfetching, 

0093. As is clear from the results in Table 3, regardless of 
the plate thickness and type of metal plate, in all of the 
examples of the present invention, the percent of hole spread 
ing was at most 10% (namely, the amount of hole spreading 
was at most 10% of the plate thickness), which means that 
highly accurate small holes with little hole spreading could be 
formed by laser processing. The dross amount and burr height 
after laser processing were also small. In addition, warping 
after half etching was extremely small. 
0094. In contrast, in the comparative examples, regardless 
of the material of the metal plate, the final annealing tempera 
ture was high and the relationship between the average grain 
diameter and the plate thickness did not satisfy the present 
invention. Therefore, the amount of hole spreading exceeded 
10% of the plate thickness and the accuracy of small holes 
was poor. Nos. 10, 11, and 17 are examples of austenitic 
stainless steel plates having a low S content. As shown by 
these examples, with a low S content, there is a tendency for 
the dross thickness and the burr height to increase. 

1. A metal plate for a laser processed metal mask charac 
terized in that it has an average grain diameter d (um) and a 
plate thickness t (Lm) satisfying the following Equation (1): 

dis0.0448t-1.28 (1) 
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Right 
side Max. 

Average of dross Max. 
grain Eq. Hole spreading thick- Burr 

diemeter (1) Amount % ness height 
(m) (Im) (Jim) (%) (Jim) (Im) p' Remark 
12.8% 34 13.6 — Compar. 
22.1% S4 21.6 — 
2.5 5.44 7 4.7 — Invent. 
4.1 9 6 
5.4 13 8.7 - 

15.2% 35 23.3 — Compar. 
24.3% 52 34.7 — 
3.7 12.16 14 4.7 — Invent. 

11.3 28 9.3 — 
15: 43 14.3 — Compar. 
22.7% 58 19.3 — 

2. A metal plate for a laser processed metal mask as set 
forth in claim 1 wherein the metal plate is selected from an 
austenitic stainless Steel plate, a ferritic stainless steel plate, 
and a titanium plate. 

3. A metal plate for a laser processed metal mask as set 
forth in claim 1 having a pattern of small holes or slits formed 
by laser processing. 

4. A laser cut metal mask having a plate thickness t of at 
most 400 um characterized in that it has an average grain 
diameter d (um) and a plate thickness t (Lm) satisfying the 
following Equation (1): 

dis0.0448t-1.28 (1) 

5. A method for producing an austenitic stainless steel plate 
for a laser processed metal mask characterized by performing 
hot rolling, cold rolling, and annealing on an austenitic stain 
less steel to obtain an austenitic stainless steel plate and then 
Subjecting the austenitic stainless steel plate to final cold 
rolling with a reduction of at least 30% and subsequent 
annealing at 800-950° C. for 25-70 seconds. 

6. A method as set forth in claim 5 wherein temper rolling 
with a reduction of at least 20% is carried out after the final 
cold rolling and Subsequent annealing. 

7. A method as set forth in claim 6 wherein stress relief 
annealing at 500-820°C. for 5-150 seconds is carried out after 
the temper rolling. 


