SHEL. Boggss-2 S
NETHOD CE_PRODUGRG' SAHE" pACKGQgJ THE | JVENTI ON-The
rel ates t@’fa’tl“gﬁé’d’()’\‘/\/ r?d%q? ug etf 14% "or cat hbdé ray- t-ube

??’scul arly to an¥ggdiimite gmeEtd vbjg%%v rﬁ | slits, and to a
S

doro d§icing an apert‘ﬂr@dgmgisp ‘PR8tthe aving a thickness
Frlmor |ess. As a:ﬁa‘i*&tmal ofpaaifbrﬁuﬁ%?@? by cold-rolled | ow
~carbon rimed steel pl ate, pl)ﬁ”ot,ct)rdm(emllpﬂbwcar bon..al-umnum kil |l ed steel

plm?sShe@crHa@BLeﬂ‘# ,il 2ePon FoMyrRENERILL AND METHOD OF PRODUCING SAME

- (WA sacroromp or mue mvevezon

\\ The present invention relates to a shadow mask used

in a color cathode ray tube and more particularly to an
aperture grill having vertical slits, and to a method of
producing an aperture grill of the above type having a

thickness of 100 pm or less.
' As a material of aperture grill, a cold-rolled low-

10 .carbon rimmed steel plate, a cold-rolled low-carbon.
aluminum killed steel plate or a low-carbon Fe-~Ni invar
(36% Ni~Fe alloy) has heretofore been used because these
materials are suitable from the viewpoint of fabricating
into an apertufr:e grill, etching and forming into a shape
15 aﬁapted for being built into a cathode ray tube. There are
many kinds of shadow masks which are different in the shape
of the apertures or openings, in the way of buildihg into
the cathode ray tube and in the way of the processing

‘during the fabrication. One of the above mentioned
20 materials has been used depending upon the kind of shadow
masks. In general, a low-carbon Fe-Ni invar of low

coefficient of thermal. expansion or a cold-rolled low-
carbon aluminum killed steel plate has been used for shadow
masks of the slot type and circular hole type.

- 25 Particularly, the low-carbon Fe-Ni invar of low coefficient
of thermal expansion has recently been used with a view to
avoiding color deviation that occurs in the cathode ray
tube due to thermal expansion when the tube is put into
operation. '

30 - In the case of shadow masks of the slot type or
circular hole type, there is a problem of curling that
occurs during the etching process due to a difference in
relieving of residual stresses in the régions of the front
and rear side openings of the slots or holes because of the

35 difference in the dimension or diameter of the front and
rear side openings, whereas in the case of aperture gfr:ills
such a problem of curling does not occur. Aperture grills
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other types of shadow masks, and moreover can be forme
without plastic deformation in a press. For the above
reason, the cold-rolled low-carbon rimmed steel plate has
been principally used heretofore for aperture grilis.
Aperture grills have heretofore been produced,
using a low-carbon steel plate such as a cold-rolled low-
carbon rimmed steel plate of a thickness of more than 100
pym. A method of producing an "aperture grill was to carry

_out concurrent etching of a low-carbon steel plate on the

opposite surfaces thereof to produce through slits. This
method is called a one-step etching method.

Another method of producing an aperture grill is as
follows. That is, a low-carbon steel plate is applied with
photosensitive resin layers or resist layers on the
opposite front and rear surfaces thereof, and then pattern
masks are applied to the opposite resin layers. A front
pattern mask has one broad slit pattern and a back'pattern
mask has a narrow slit pattern. Subsequently, the £ront
and rear pattern masks are'printed to the front and rear
resist layers, respectively, by exposure to light, and then
developments on the resist layers of the printed front and
rear patterns are made. '

A half-etching is carried out on the rear surface
of the steel plate through the déveloped rear resist layer
to form a narrow fea: recess in the rear surface of the
pléte; then an etchant-proof resin is filled into the rear
reqéss and over the rear resin layer on the steel plate:;
and a broad front recess is etched in the front surface'of
the steel plate through the developed front resist layer to
cause the front recess to reach the half-etched rear
recess, whereby a through hole is produced in the steel
plate. This method is a two-step etching method.

Another method for producing a shadow mask is
disclosed in Japanesé Patent Aﬁplication Laid-Open (Kokai)
No. 5-12,996 published Jaﬁuary 22, 1993. 1In this method,
a steel plate is applied with resist layers on the front
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% applied to only the front surface and printed to the same
<§b % by exposure to light, while the rear resist layer is
¥ maintained as it is and backed up by a backup resin sheet.

5 Etching is carried out on only the front surface of the
steel plate through the printed and deVeloped front resist
layer to produce a front recess in the steel plate. The
front recess reaches the rear resist layer, whereby a
through hole is produced in the steel plate when the rear

10 resist layer is removed together with the backup resin
sheet. This is a one-side etching method.

The two-step etbhing method mentioned above,
however, takes the time and is not efficient in carrying it
out. The one-side etching method referred to above is not

15 sufficient in producing tapered side walls of each slit so
as to have a required exact configuration or shape. For
those reasons the one-step etching method has generally
been used for producing aperture grills.

In the case of the cold-rolled low-carbon rimmed

20 steel plate, residual stress is usually about 10.0 Kg/mm?
or more when it is subjected to. an etching process, but the
rimmed steel plate can be used as it is without any
particular problems where the platé thickness is more than

100 pm. More specifically, any particular problems have

not occurred by taking measures such as to make <the

dzrection of the tapes of the aperture grill to be produced
by etching of a hoop or band steel, perpendicular to the
directlon of rolling of the band steel, or to make the
direction of the tapes coincide with the direction of
rolling of the band steel while tensioning the band steel
appropriately. The above measures can prevent the
generation of "streaks" in the tapes of the aperture grill.

. The streaks are produced due to relieving of residual
stresses as a result of breakthrough of the slits between
the front and rear surfaces of the steel plate during the
etching step. For the. cold-rolled low-carbon aluminum
killed steel plate, the residual stress is generally more
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than 10.0 Kg/mm’ as in the case of the cold-rolled 1,
carbon rimmed steel plate. '

In recent years, CRT display devices such as color.
televisions are becoming enlarged in'size, so that shadow
masks used in such devices are required to be of large size
as well. Particularly, in aperture grills, the manner of
fixing the same is different from the manner of fixing of
other types of shadow masks having slots or circular
openings. That is, the aperture grill is fixed under
tension to a rigid frame. For this reaéon the frame must
necessarily be enlarged in relation to the enlarged
aperture grill and is required to resist the tension
necessary for the fixing of the aperture grill of the
conventional thickness. As a consegquence, the weight of
the frame is increased remarkably. In order to cope with
this increase in the weight of the frame, the weight of the
aperture grill must be reduced so that the thickness of the
aperture grill will have to be reduced to compensate for
the enlargement of the size.

Thus the thickness of the material for producing

_aperture grills should not exceed 100 ym. The above stated

measures have been able to solve. the problems mentioned
above for the material of a thickness of more than 100 um.
Contrary to the case where the material is more than 100 pm
thick, the material or hoop steel of a thickness of 100 um

or less causes the following problem. That is, if the

material or hoop steel were subjected to etching in such a
state that the direction of the tapes of an aperture grill
into which the material is manufactured are perpendicular
to the rolling direction of the hoop steel, conveying rolls
or shafts of the conveying'system for the hoop steel would
deform the hoop steel because it is thin. Therefore, the
above measure which has been empioyed for thicker hoop
steels is not usable. The heretofore used second measure
of making the direction of the tapes coincide with the

- rolling direction while tensioning the steel was found to

be also not usable when the one-step etching method is

T
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*‘o Yo . eircumstances, etching methods usable for hoop steel plates
On A 5 of a thickness 100 pm or less, to be manufactured into

large-size aperture grills, have been limited to the time-

consuming two-step etching method that regquires reinforcing

means, as well as to the one-side etching method that

involves.the difficulty in obtaining required exact shape
10 of the tapered side walls of the slits.

As above stated, the one-step etching method has
advantageously been used heretofore, but this method is
disadvantageous for use in etching of a thin steel plate
having a thickness of 100 pm or less because of the

i5 generation of streaks due to relieving of the residual
stress at the time of penetration of the slits through the
steel plate.

The streaks are produced due to non-uniformity of
stress distribution in the aperture grill tapes. The non-

20 uniform stress distribution causes twisting of each tape,
which appears remarkably when the thickness of the steel
plate is below 100 pm. It is known that streaks cause
variations in the quantity of light that passes through the
aperture grill and conse@uently cause degradation of the

25 quality of images formed on the cathode ray tube in which
the aperture grill is fitted.

' | SUMMARY OF THE INVENTION
- It is an object of the present invention te provide
a method of producing an aperture grill, using a one-step

30 etching method, in which occurrence of streaks can be
prevented even in the case where the thickness of the steel
plate from which the aperture grill is made is 100 um or

less.
It is another object of the present invention to

35 previde an apertute grill in which streaks do not occur.
' According to the present invention, there is
provided a method of producing an aperture grill for a
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opposite surfaces thereof to produce through slits., Thrs ‘method is call ed
a one-step etching method. Another method of producr n@lséhe rB“eun& Bl | 1S
~as follows. That is, a |lowcarbon steel plate is appll

phot osensitive resin | ayers or resist |ayers

and rear surfaces thereof, and then pattern masks are a |e
opposite resin layers. A front pattern mask has one broad slit pattern and ﬂ'
a back pattern mask has a nargow slit attern Sut%E %uengly, t he front and

rear pattern nB&EROGLe TRY nFEESy o TP g ahhe P preparing

steel plate; applying front and rear photosensitive resis:
layers to opposite surfaces of the steel -plate,
respectively; applying_front and rear slit pattern masks to
5 the front and rear photosensitive resist layers,
respectively; printing the £front and rear slit pattern

front

masks to the front and rear resist layers, respectively:
developing printed slit patterns in the front and rear
resist layers; etching the opposite surfaces of the steel
10 plate through the thus developed fronf and rear resist
layers, respectively, to produce a front recess and a rear
recess; causing the front recees and the rear recess to
" communicate with each other as the step of etching
proceeds, thereby to form a slit together with adjacent
15 parallel tapes; and removing the front and rear resist
laYers from the opposite surfaces of the steel plate; the
method being characterized by the steps of: preparing said
steel plate in the form of a cold-roiled low-carbon steel
plate of a thickness of 100 pm or less, from a hoop steel
20 having a rolling direction; processing the steel plate to
have a residual stress of '7.0..Kg_/mm2 or less; tensioning
" the steel plate in said rolling direction; and coinciding
the direction of the tapes of the aperture with the rolling
direction. ,
25 Further, according to the present invention, there
is provided an aperture grill for a cathode ray tube,
,contprising: a cold-rolled low-darbon steel plate of a
thickness of 100 um or ~less, having slits formed
therethrough together with parallel adjacent tapes, said
30 plate having a residual stress of 7.0 Kg/mm* or less and
being made from a hoop having a rolling direction; and said
tapes extending in a direction coinciding with the rolling
directions. | |
_ Further details of the present invention will be
35 understood from the following detailed description with
reference to the accompanying drawings. '
BRIEF DESCRIPTION OF THE DRAWINGS




i st layers, respectively, by exposure to light, andhmm@g}gggel ments on
resist. | ayers of the printed front and rear patter ced

% If etching is carried out on the rear surface of the rough
t'%e d@veloped rear resist layer to forma narrow rear ear

§u§fa€b of the plate; then an etchant-proofZresin is f|IIed |nto the rear
-ﬁ?ce%s &pd over the rear resin layer on the steel plate; and a broad front

recesSyi Detched in thepigoni sy1d aeetebnblevitwcdt p attedlhplage tised in
Qevﬁ?oﬁkg front resist layer to
4 5 the method of the present invention;
‘b & FIG. 2 shows a step of applying photosensitive
o O

» o resin layers:;

K 5 FIG. 3 shows a step of applying slit pattern masks
and exposing the photosensitive resin layers through the
masks; '

FIG. 4 shows a step of developing the printed slit
patterns; .
10 FIG. 5 shows an etching step;

'FIG. 6 shows a progress of the etching step:;
FIG. 7 shows a section of a finally obtained siit
of an aperture grill; and ' _ _
FIGS. 8a and Bb are diagrammatic perspective views
15 explanatory of the method of the present invention.
| DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to FIG. 1 there is illustrated a plate 1
from which an aperture grill is produced. The plate 1 is
made of a'cold—rolled low-carbon steel having a thickness
20 of 100 uym or less. Such a steel plate 1 is made from a
steel band or hoop H as shown in FIG. 8a that has been
produced by a rolling mill. As a result of rolling
operation in the mill, the hoop H naturally has a rolling
direction R and residual stress therein.

25, ' The hoop H is subjected to a residual stress
removing operation. This residual stress removing
operation may be carried out as an annealing operation in
an annealing furnace S. 'As a result of the annealing

_ operation, the residual stress in the hoop H is reduced to

30 a value of 7.0 Kg/mm? or -less. The hoop H that has
undergone the residual stress removing operation is taken
up in the form of a roll of hoop H,. _

An etching operation for formlng slits through the
steel plate 1 is carried out as a one-step etching

35 operation. As shown in FIG. 8b, the hoop H. is paid out
from the roll; formed with slits 8; and then cut into
individual plate 1. FIG. 2 through FIG. 7 show successive
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steps including the one-step etching operation. As sho

in FIG. 2, a photosensitive resin material or resist i.
applied to the opposite surfaces of the steel plate 1 to
form front and rear resist layers 2a and 2b, which are then
dried. In the figures the lower side of the plate 1 is a
front side and the upper side is a rear side. On the front

side of the front resist layer 2a is applied a front '

pattern mask 4a, and on the rear side of the rear resin
layer 2b is applied a rear pattern mask 4b. These masks 4a

~and 4b have mutuélly oppositely disposed light-intercepting

slit patterns 5a and 5b, respectively. In this embodiment,
the slit pattern 5a is broader than the slit pattern 5b.
Thereafter, exposure to light of the photosensitive

.resin layers 2a and 2b is carried out through the masks 4a

and 4b, respectively, as indicated by arrows L. As a
result of the exposure to light, the slit patterns 5a and
Sb are printed on the resist layers 2a and 2b,
respectively. In the embodiment, the resin layers are
shown as photosetting layers. |

After removal of the masks 4a and 4b and
development of the printed slit patterhs, the front resist
layer 2a is caused to have a broader slit 6a, while the
rear resist layer 2b is caused to have a narrower slit 6b,
as shown in FIG. 4.

Then, as shown in FIG. 5, the steel plate 1 is

~subjected to an etching operation through the front and

rear resists 2a and 2b as indicated by arrows E on both the
front and rear sides. This is a so-called one-step etching

method wherein the etching on the front side and the

etching on the rear side are carried out concurrently or in
one step. Thus a larger front etching recess 7a and a
smaller rear etching recess 7b are formed. As the etching
proceeds, these two opposite etching recesses 7a and 7b are
enlarged and finally reach each other to form a through
slit 8 having opposite tapered side walls 10. Thereafter
the resists 2a and 2b are removed, whereby, as shown in
FIG. 7, an aperture grill 11 having a siit 8 defined
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88. and rear surfaces thereof, and then a pattern slit mask is appliedto—

oﬁky the front surface and printed to the same by exposur &hi§ Shebi p& while

ﬁhe‘bear resist layer is maintained as it is and backed. up eplaced
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,e @6'?6‘Q During the steps shown in FIG. 2 through FIG. 7,
) ﬁb‘%% © .~ the steel plate 1 is subjected to a tensile force T (FIG.
‘)"o‘? ® gb) in the rolling direction R thereof. The rolling
%‘6 5 direction is the longitudinal direction of the hoop H from

which the steel plate 1 is made. The rolling direction is

the direction perpendicular to the sheet of FIGS. 1 through

7, and this rolling direction R coincides with the

direction of the tapes t of thé.aperture grill, according
10 to the present invention. '

In aperture grills having slits, requirements
therefor is different from those for shadow masks of the
other types having slots or circular openings, and it has
been said that a low-carbon rimmed steel plate can meet the

15 requirements for aperture grills. In generai, a8 hoop of
the low-carbon rimmed steel has a residual stréss of 10.0
Kg/mm?* or more so that when a thickneés of 100 pm or less
is used for the low-carbon rimmed steel, generation of
streaks of the tapes cannot be prevented when slits are

20 formed by etching through the thickness of the steel, as
discussed hereinbefore. .

It has been found that by further reducing the
residual stress of the steel plate to a value of 7.0 Kg/mm®
or less in the residual stress reliéving step, the

25 generation of streaks can be suppressed. The coincidence
' of the direction of the tapes. with the rolling direction
further serves to suppress the generation of the streaks.

It will be understood from a consideration of FIG. 8b that

the tensile force T is applied to the plate 1 in the

30 longitudinal direction of the slits 8 so that the linearity
of the slits and tapes are not adversely affected.

' - According to the present invention, it is possible
to use, as a cold-ro;led low-carbon steel, one of cold-
rolled low-carbon rimmed steel, a cold-rolled iow-carbon

35 aluminum killed steel, and a low-carbon Fe-Ni invar (36%
Ni-Fe alloy). |

As a result of elimination of the streaks, the
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es t%EgES% the aperture grill is improved wit,
consequent improvement of the quality of images produced by

pas

the cathode ray tube.

Examgle

As a material of an aperture grill, a cold-rolled
low-carbon rimmed steel of a thickness of 100 pm was used.
Plates made of this rimmed steel were subjected to an
‘annealing in an annealing furmace having an atmosphere of
N, gas at a temperature of 500°C. 'As a result of the
annealing, residual stress in the steel plates were
reduced. For purposes of comparison other cold-roll low-
carbon rimmed steel plates of a thickness of 100 pm were

- prepared. These steel plates were not subjected to an

annealing so that the steel plates had an initial residual
stress remaining therein. Those two kinds of steel plates,
that is, the first annealed plates and the second non-
annealed plates, were subjected to successive processing
steps as shown in FIG. 2 through FIG. 7 under exactly the
same conditions.

The first and second plates (1) were first cleaned
by rinsing in the state of FIG. 1. Then, in the step of
FIG. 2, a casein resist was applied to the front and lower
surfaces of the plates to form front and rear resist layers
(2a, 2b), which were then dried. Thereafter, printing was
carried out, with slit pattern masks (4a, 4b) applied, by
means of mercury arc lamps on the front and rear resist
layers, as shown in FIG. 3. Thus latent slit images
corresponding to the slit patterns were produced. Upon
developing, opposite slits were formed in the front and
rear resist layers as exemplified in FIG. 4.

An etching was carried out on the front and rear
surfaces, of the two kinds of plates, using a ferric
chloride solution in the manner shown.in FIGS. 5 and 6.
Thus a slit was formed through each of the plates. The

resist layers on the opposite surfaces of each plate'were'

removed by using an alkaline solution to obtain an aperture
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Y eel plate, residual stress is usually about 10.0 Kg/mierr] or nore when

i 0is subj ected to an-etching process, but the rinmred Tisdheet ehhe
ed.as it is/wthout any particular problens where the SS IS
fgge\"t'han 100 [err]m More specifically, any particula e not

Qc@ur ¥ by taking neasures such as to nakgithe direction of the
i tSodef i ni ng strips of the -aperture grill to be produced by
[o)

g%ﬁ%é;qﬁgﬁdas?ggg}igFg?%gﬁ%%ggkhg&%npquicular to the direction of rolling
én_ The width of each tape of the aperture grill was
/ 520 uym for the two kinds of plates. The temperature of the
@y // ferric chloride solution was 60°C, and the specific gravity
5 of the solution was 46 when measured by the Baumé's
hydrometer. The ferric chloride solution was sprayed
‘concurrently against the front and rear surfaces of the
/ - plates. While the etching was being carried out, the

| plates were subjected to a ténsile force which put the
( 10 .plates under tension in the'rolling direétion, that is, the
longitudinal direction of a hoop from which the plates were
prepared. The direction of the tapes 6f_the aperture grill
~to be prepared was made to coincide with the rolling
direction of the plates. The tensile force employed was
15 from 2 to 3 Kg/mm® which acts to cancel the residual stress

in the plates.
After slits were formed, the quantity of light that

passes through each produced aperture grill was measured,
and variation of the quantity of light was measured among
the produced aperture grills. Residual stress after the
annealing was also measured for each plate. The residual
stress was measured by the x-ray'diffraction method. The
following table shows the results of the comparison test.

RESIDUAL | VARIATION OF QUANTITY
STRESS OF LIGHT PASSING
(Kg/mm?) APERTURE GRILL

(THE PRESENT (1) 9.0 ©0.19
INVENTION) (2) 8.0 _ 0.19
ANNEALED PLATE (3) 7.0 0.15
' (4) 6.0 0.14
(5) 4.4 0.14
NON-ANNEALED PLATE ©10.9 0.20

It will be understood that vwvariation o0f the
quantity of light that passes through the aperture grills
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axi s .of the strips coincide with the direction of rolling of the band
steel while tensioning the band steel appropriately. The above
nmeasures can prevent the generation of "streaks" in the tapes of the
aperture grill. The streaks are produced due to relieving of residual

stresses as a result of breakthrough of theild its between the front and ,gtr"
rear surfaces of the steel plate during the etching step. For the 0/

col d-rol | ed | owBHMorFhE AAneAked Hlates wals penbrkablly saailded thhHERE | S

generallly nore of <the' aperture grill using the non-annealed plate M

especially in the case where the residual stress is caused
to be 7.0 Kg/mm® or less.

~_This Sheet Has Been ReplliTed
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- than 10.0 Kg/mmferr] as in the case of the cold-rolled | ow carbon
ed steel plate. In recent years, CRT display deMngi_iugﬂ_QE_EQ%QL_
, ev%6|ons are beconming enlarged in size, so that shadow masks use
dégi ces are required to be of large size as vveIJm,mﬂm”"um"u _
aﬁﬁrﬁnré%grllls t he manner of fixing the 33ne is di u"nanner
of'ﬁuxxggegf ' _
e, CLAIMS:-
Q? .
: 1. A method of producing an aperture grill for a
cathode ray tube, comprising the steps of:
preparing a steel plate;
applying front and rear photosensitive resist
layers to opposite surfaces of the steel plate,
respectively:;
applying front and rear. slit pattern masks to the
front and rear photosensitive resist layérs respectively:
' printing the front and rear slit pattern masks to
the front and rear resist layers, respectively:
developing printed slit patterns in the front and.
rear resist layers:;
etching the opposite surfaces of the steel plate
through the thus developed front and rear resist layers,
respectively, to produce a front recess and a rear recess;
causing the front recess and the rear recess to
communicate with each other as the step of etching
proceeds, thereby to form a slit together with adjacent
parallel tapes; and S
removing the front and rear resist 1ayérs from the
opposite surfaces of the steel plate:
~ said method further comprising the steps of:
preparing said steel plate in the form of a cold-
rolled low-carbon steel plate of a thickness of 100 um or
less, from a hoop steel having a rolling direction;
processing the steel plate to have a residual
Stress of 7.0 Kg/mm® or less:;

tensioning the steel plate in said zrolling
direction; and

coinciding the direction of said tapes of the
aperture grill with the rolling direction.

2. The method according to claim 1, wherein said steel
plate comprises a rimmed steel plate. ;*_J_,,_—_~—¥-—"“‘




other types of shadow masks having sl ots or circular openi ngs. That™ 7175,

the aperture grill is fixed under tension to arigid fr
reason the frame nmust necessarily be enlarged in rel atl Ei‘!ﬂngmll R[E“uud
aperture grill and is required to resist the tension ne

fixing of the aperture grill of the conveatlénal thickness.

consequence, the weight of the frame is increased r emar kabl y. In order to

cope with this gncreasepha 4 48 ﬁ%? 4 9%3 A% m &_hewﬂﬁfﬂlﬂﬁ Qé:.&h&e

aperture grill nust be reduce | cknes
plate comprises an aluminum killed steel plate.

4. - The method according to claim 1, wherein said step
of processing the steel plate comprises an annealing step.

S. An aperture grill for cathode ray tube, comprising:

a cold-rolled low-carbon steel plate of a thickness
of 100 pm or 1less, . .having "slits formed therethrough
together with parallel adjacent tapes, said plate having a
residual stress of 7.0 Kg/mm? or less and being made from
a hoop having a rolling direction; and

‘said tapes extending in a direction coinciding with
said rolling direction.
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wi || have to be reduced to conpensate for t he enlargenent of
t he thickness of the materi cere T il s
55 ld not exteed 100 [err]m The above st t&&ﬂﬂfﬂe‘ﬁhr‘@s é §8 %lngﬁa%tgl e tq

| t he probl ens nentioned above for thejmaterial of a thickness of noie
than Q0 [efr]m Contrary to the case whergq the material is nore than
[err]nTghick, the material or hoop steel of ' or 100 [er]mor
Iess cauﬁis t he following problem That is, if the material or hoop steel
qpre su cted to etching in such a ABSTRACT

éaperttJre grill
Qhe si ze€. Thu

/ APERTURE GRILL AND METHOD OF PRODUCING SAME

An aperture grill for a cathode ray tube is formed
- with parallel slits by etching a cold-rolled low-carbon
steel plate from the opposite sides thereof. Before
carrying out the etching, the steel plate is subjected to
an annealing step whereby the residual stress is reduced
to 7.0 Kg/mm2 or less. The steel plate is also subjected
to a tensile force for imparting a tension in the
direction of the rolling of a hoop steel from which the
steel plate is produced. Furthermore, the steel plate is
so oriented that the direction of tapes of the aperture
grill to be produced will coincide with the rolling
direction. The above process makes it possible to prevent
occurrence of "streaks" and improves the quality of images
generated on the cathode ray tube. (Figure 8b).
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state that the direction of the strips of an aperture grill into which the
material is nuf actured are perpendicular to the rolling direction of the
hoop steel, gonveying rolls or shafts of the conveying systemfor the hoop
steel woul d deformthe hoop steel because it is thin. Therefore, the above
measure whi £¢h has been enpl oyed for thicker hoop steels is not usable. The
her et of or e fJused second neasure of making the axis of the strips

coi nci de th the rolling direction while tensioning the steel was found to
be al so t usabl e when the one-step etching nethod is
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- 5- nployed because streaks of the tapes occurs due to relieving of
residual stress when the slits penetrate the steel plate during the
etching process. Under the circunstances, etching methods usable for
hoop ‘steel plates of a thickness 100 [err]mor |ess, to be manufactured
into | arge-size aperture grills, have been limted to the tinme-
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- step etching nethod that requires reinforcing neans, as well

Fxact shape of the tapered side walls of the slits. As above

e one-step etching nethod has advant ageously been used

e, but this nmethod is disadvantageous for use in etching of a thin
ate having a‘thickness of 100 [err]mor |ess because of the

i on of streaks due to relieving of the residual stress at the tine
etration of the slits through the
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BACKGROUND OF THE INVENTION

The present invention relates to a shadow mask used
in a color cathode ray tube and more particularly to an
aperture grill having vertical slits, and to a method of
producing an aperture grill of the above type having a
thickness of 100 pm or less.

As a material of aperture grill, a cold-rolled low-
carbon rimmed steel .plate, a cold-rolled low-carbon
aluminum killed steel plate or a low~carbon Fe-Ni invar
(36% Ni-Fe alloy) has heretofore been used because these
materials are suitable from the viewpoint of fabricating
into an aperture grill, etching and forming into a shape
édapted for being built into a cathode ray tube. There are
many kinds of shadow masks which are different in the shape
of the apertures or openings, in the way of building into
the cathode ray tube-and in the way of the processing

during the fabrication. One of the above mentioned
materials has been used depending upon the kind of shadow
masks. In general, a . low-carbon Fe-Ni invar of low

coefficient of thermal expansion or a cold-rolled low-
carbon aluminum killed steel plate has been used for shadow
masks 'of the slot type and circular hole type.
Particularly, the low-carbon Fe-Ni invar of low coefficient
of thermal expansion has recently been used with a view to
avoiding color deviation that occurs in the cathode ray
tube due to thermal éxpansion when the tube is put into
operation.

In the case of shadow masks of the slot type or
circular hole type, there is a problem of curling that
-occurs during the etching process due to a difference in
relieving of residual stresses in the regions of the front
and rear side openings of the slots or holes because of the
difference in the dimension or diameter of the front and
rear side openings, whereas in the case of aperture grills
such a problem of curling does not occur. Aperture grills
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other types of shadow masks, and moreover can be formed
without plastic deformation in a press. For the above
reason, the cold-rolled low-carbon rimmed steel plate has
been principally used heretofore for aperture grills.

Aperture grills have heretofore been produced,
using a low-carbon steel plate such as a cold-rolled low-
carbon rimmed steel plate of a thickness of more than 100
pm. A method of producing an “aperture grill was to carry
.out concurrent efching of a low-carbon steel plate on the
opposite surfaces thereof to produce through slits. This
method is called a one-step etching method.

Another method of producing an aperture grill is as
follows. That is, a low-carbon steel plate is applied with
photosensitive resin layers or resist layers on the
opposite front and rear surfaces thereof, and then pattern
masks are applied to the opposite resin layers. A front
pattern mask has one broad slit pattern and a back pattern
mask has a narrow slit pattern. Subsequently, the front
and rear pattern masks are printed to the front and rear
resist layers, respectively, by exposure to light, and then
developments on the resist layers of the printed front and
rear patterns are made.

A half-etching is carried out on the rear surface
of the steel plate through the déveloped rear resist layer
to form a narrow rear recess in the rear surface of the
pléte; then an etchant-proof resin is filled into the rear
recess and over the rear resin layer on the steel plate;
and a broad front recess is etched in the front surface of
the steel plate through the developed front resist layer to
cause the front recess to reach the half-etched rear
recess, whereby a through hole is produced in the steel
plate. This method is a two-step etching method.

Another method for producing a shadow mask 1is
disclosed in Japanese Patent Application Laid-Open (Kokai)
No. 5-12,996 published January 22, 1993. In this method,
2 steel plate is applied with resist layers on the front

i
-
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patterns formed by |ight exposure in the front and rejar} resi st Iayer'i‘
etching the opposite surfaces of the steel plate through bhegChugdevelioped
front. and rear slit patterns, respectively, to produge|front recessqgs |and
rear recesses; causing opposed front recesses and reafl FeTESSES (O
communi cate with each other as the etchig- proceeds, jhereby to formgslits
separated by adjacent parall el ) C

and rear surfaces thereof, and then a pattern slit mask is

applied to only the front surface and printed to the same
by exposure to light, while the rear resist layer is
maintained as it is and backed up by a backup resin sheet.
Etching is carried out on only the front surface of the
steel plate through the printed and developed front resist
layer to produce a front recess in the steel plate. The
front recess reaches the rear resist layer, whereby a
through hole is produced in the steel plate when the rear
resist layer is removed together with the backup resin
sheet. This is a one-side etching method.

The two-step etching method mentioned above,
however, ‘takes the time and is not efficient in carrying it
out. The one-side etching method referred to above is not
sufficient in producing tapered side walls of each slit so
as to have a required exact configuration or shape. For
those reasons the one-step etching méthod has generally
been used for producing aperture grills.

In the case of the cold-rolled low~carbon rimmed
steel plate, residual stress is usually about 10.0 Kg/mm
or more when it is subjected to an etching process, but the
rimmed steel plate can be used as it is without any
particular problems where the plate thickness is more than
100 pm. More specifically, any particular problems have
not occurred by taking measures such as to make the
dlrectlon of the tapes of the aperture grill to be produced
by EtChing of a hoop or band steel, perpendicular to the
direction qf rolling of the band steel, or to make the
direction of the tapes coincide with the direction of
rolling of the band steel while tensioning the band steel
appropriately. The above measures can. prevent the
generatiqn of “streaks” in the tapes of the aperture grill.
. The Streaks are produced due to relieving of residual
stresses as a result_of breakthrough of the slits between
the front and rear surfaces of the steel plate during the
etching step. For the cold-rolled low-carbon aluminum
killed steel plate, the residual stress is gensrally more
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carbon rimmed steel plate.

In recent years, CRT display devices such as color
televisions are becoming enlarged in size, so that shadow
masks used in such devices are required to be of large size
as well. 'Particularly, in aperture grills, the manner of
fixing the same is different from the manner of fixing of
other types of shadow masks having slots or circular
openings. -That is, the aperiture grill is £fixed under
tension to a rigid frame. For this reason the frame must
necessarily be enlarged in relation to the enlarged
aperture grill and is required to resist the tension
necessary for the fixing of the aperture grill of the
conventional thickness. As a consequence, the weight of
the frame is increased remarkably. .In order to cope with-
this increase in the weight of the frame, the weight of the
aperture grill must be reduced so that the thickness of the
aperture grill will have to be reduced to compensate for
the enlargement of the size.

Thus the thickness of the material for producing
aperture grills should not exceed 100 pym. The above stated
measures have been able to solve. the problems mentioned
above for the material of a thickness of more than 100 pum.
Contrary to the case where the material is more than 100 pm
thick, the material or hoop steel of a thickness of 100 um
or less causes the following problem. That is, if the
material or hoop steel were subjected to etching in such a
state that the direction of the tapes of an aperture grill
into which the material is manufactured are perpendicular
to the rolling direction of the hoop steel, conveying rolls
or shafts of the conveying system for the hoop steel would
deform the hoop steel because it is thin. Therefore, the
above measure which has been employed for thicker hoop
steels is not usable. The heretofore used second measure
of making the direction of the tapes coincide with the
rolling direction while tensioning the steel was found to
be also nof usable when the one-step etching methed is



Fur't her, accordlﬂﬁphA(IﬂdENﬂ‘SHEEK‘| nvention, there-is provided —anm—-—

aperture grill or ray tube, conpri SiThgs d-yolled

| ow car bon stee ickhess of 100 [err] pect %] ’{e °§@| ng

slits forned t1e ed by parall el adja

pl ate having a f|e! fl 7.0 Kgg nmferr] or |

froma hoop having a rolllng d|r ction; and the | ongitudinal aX|s of sald

strips being al rgnedcwtirsard rullkng dj reggloQ Furt her detahls of the

present inveppposyed | lbegause streaks™ © e <Tapes occurs due to
relieving of residual stress when the slits penetrate the

steel plate during the etching process. Under the
circumstances, etching methods usable for hoop steel plates
of a thickness 100 um or less, to be manufactured into
large-size aperture grillé, have been limited to the time-
consuming two-step etching method that requires reinforcing
means, as well as to the one-side etching method that
involves the difficulty in obtaining required exact shape
of the tapered side walls of the slits.

As above stated, the one-~-step etching method has
advantageously been used heretofore, but this method is
disadvantageous for use in etching of a thin steel plate
having a thickness of 100 um or less because of the
generation of streaks due to relieving of the residual
stress at the time of penetration of the slits through the
steel plate. ' '

The streaks are produced due to non-uniformity of
stress distribution in the aperture grill tapes. The non-
uniform stress distribution causes twisting of each tape,
which appears remarkably when the thickness of the steel
plate is below 100 um. It is known that streaks cause
variations in the quantity of light that passes through the
aperture grill and consequently cause degradation of the
quality of images formed on the cathode ray tube in which
the apefture grill is fitted. '

' SUMMARY OF THE INVENTION
It is an object of the present invention to provide

a method of producing an aperture grill, using a one-step
etching méthod, in which occurrence of streaks can be
prevented even in the case where the thickness of the steel
plate from which the aperture grill is made is 100 um or
less. o

It is another object of the present invention to
provide an aperture grill in which streaks do not occur.

According to the present invention, there is
provided a method of producing an aperture grill for a
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steel plate; applying front and rear photosensitive resist
layers to opposite surfaces of the steel plate,
respectively; applying front and rear slit pattern masks to
the front and rear photosensitive resist 1layers,
respectively; printing the front and rear slit pattern
masks to the fronf and rear resist layers, respectively:;
developing printed slit patterns in the front and rear
resist layers; etching the opposite surfaces of the steel
plate through the thus developed front and rear resist
layers, respectively, to produce a front recess and a rear
recess; causing the front receés and the rear recess to
communicate with each other as the step of etching
proceeds, thereby to form a slit together with adjacent
parallel tapes; and removing the front and rear resist
layers from the opposite surfaces of the steel plate; the
method being characterized by the steps of: preparing said
steel ﬁlate in the form of a cold-rolled low-carbon steel
plate of a thickness of 100 pm or less, from a hoop steel
having a rolling direction; processing the steel plate to
have a residual stress of 7.0. Kg/mm’ or less; tensioning
the steel plate in said rolling direction:; and coinciding
the direction of the tapes of the aperture with the rolling
direction. _

Further, according to the present invention, there
is provided an aperture grill for a cathode ray tube,
com'prising: a cold-rolled. low-carbon steel plate of a
thickness of 100 pm or 1less, having slits formed
thérethrough together with parallel adjacent tapes, said
plate having a residual stress of 7.0 Kg/mm’ or less and
being made from a hoop having a rolling direction; and said
tapes extending in a direction coinciding with the rolling
directions. .

Further details of the present invention will be
understood from the following detailed déscription with
reference to the accompanying drawings. |

BRIEF DESCRIPTION CF THE DRAWINGS
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FIG 3 shows a step}o ; attern masks—and- exposrng the _
photosensitive resi Iagf S through the masks; FIG 4 a@ﬁ& placsfl
devel opi ng t he print {FIG 5 shows éﬁ“ FIG. 6
shows a progress of st b; FIG 7 shows a naIIy
obtained slit of an aperture grill? gnd F£1GS. 8a ahd annatlc
perspective views

FIG. 1 is a sectional view of a steel plate used in

the method of the present invention;
FIG. 2 shows a step of applying photosensitive

resin layers;
FIG. 3 shows a step of applying slit pattern masks
and exposing the photosensitive resin layers through the

masks:;
FIG. 4 shows a step of developing the printed slit

patterns; .
FIG. 5 shows an etching step:

FIG. 6 shows a progress of the etching step:

FIG. 7 shows a section of a finally obtained slit
of an aperture grill; and . _

FIGS. 8a and 8b are diagrammatic perspective views
explanatory of the method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to FIG. 1 there is illustrated a plate 1.

from which an aperture grill is produced. The plate 1 is
made of a cold-rolled low-carbon steel having a thickness
of 100 pum or less. Such a steel plate 1 is made from a
steel band or hoop H as shown in FIG. 8a that has been
produced by a rolling mill. As a result of rolling
operation in the mill, the hoop H naturally has a rolling
direction R and residual stress therein.

The hoop H is subjected to a residual stress
‘removing operation. This residual stress removing
operation may be carried out as an annealing operation in
an annealing furnace S. As a result of the annealing
operation, the residual stress in the hoop H is reduced to
a value of 7.0 Kg/mm? or less. The hoop H that has
undergone the residual stress removing operation is taken
up in the form of a roll of hoop H,.

An etching operation for forming slits through the
steel plate 1 is carried out as a one-step etching
operation. As shown in FIG. 8b, the hoop H, is paid out
from the roll; formed with slits 8; and then cut into
individual plate 1. FIG. 2 through FIG. 7 show successive
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As a result of rolling

hing operation. As show
in FIG. 2, a photosensitive resin material or resist is
applied to the opposite surfaces of the steel plate 1 to
form front and rear resist layers 2a and 2b, which are then
dried. In the figures the lower side of the plate 1 is a
front side and the upper éide is a rear side. On the front
side of the front resist layer 2a is applied a front
pattern mask 4a, and on the rear side of the rear resin
layer 2b is applied a rear pattern mask 4b. These masks 4a
and 4b have mutually oppositely disposed iight-intercepting
slit patterns 5a and 5b, respectively. In this embodiment,
the slit pattern Sa is broader than the slit pattern 5b.

Thereafter, exposure to light of the photosensitive-
resin layers 2a and 2b is carried out through the masks 4a
and 4b, respectively, as indicated by arrows L. As a
result of the exposure to light, the slit patterns 5a and
5b are printed on the resist layers 2a and 2b,
respectively. In the embodiment, the resin layers are
shown as photosetting layers.

After removal of the masks 4a and 4b and

development of the printed slit patterns, the front resist

layer 2a is caused to have a_ broader slit 6a, while the
rear resist layer 2b is caused to have a narrower slit 6b,
as shown in FIG. 4. '

Then, as shown in FIG. 5, the steel plate 1 is
subjected to an etching operation through the front and
reér resists 2a and 2b as indicated by arrows E on both the
front and rear sides. This is a so-called one~step etching
method wherein the etching on the front side and the
etching on the rear side are carried out concurrently or in
one step. Thus a larger front etching recess 7a and a
smaller rear etching recess 7b are formed. As the etching
proceeds, these two opposite etching recesses 7a and 7b are
enlarged and finally reach each other to form a through
slit 8 having opposite tapered side walls 10. Thereafter
the resists 2a and 2b are removed, whereby, as shown in
FIG. 7, an aperture grill 11 having a slit 8 defined
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etching operation for formng slits t hrough the steel glate 1l is carried
out as a onéﬁﬂh&ﬁﬂeﬁéﬁpﬁﬁlng parallel "tapes" t(FIG. 8b) is produced.

During the steps shown in FIG. 2 through FIG. 7,

the steel plate 1 is subjected to a tensile force T (FIG.
. 8b) in the rolling direction R thereof. The rolling
direction is the longitudinal direction of the hoop H from
which the steel plate 1 is made. The rolling direction is
the direction perpendicular to the sheet of FIGS. 1 through
7, and this rolling direction R coincides with the
direction of the tapes t of thé&.aperture grill, according
to the present invention. '

In aperture grills having slits, requirements
therefof is different from those for shadow masks of the
other types having slots or circular openings, and it has
been said that a low-carbon rimmed steel plate can meetlthe
requirements for aperture grills. In general, a hoop of
the low-carbon rimmed steel has a residual stress of 10.0
Kg/mm?’ or more so that when a thickness of 100 pm or less
is used for the low-carbon rimmed steel, generation of
streaks of the tapes cannot be prevented when slits are
formed by etching through the thickness of the steel, as
discussed hereinbefore. I
- It has been found that by further reducing the
residual stress of the steel plate to a value of 7.0 Kg/mm*
or less in the residual stress relieving step, the
generation of streaks can be suppressed. The coincidence
of the direction of the tapes with the rolling direction
furfher serves to suppress the generation of the streaks.
it will be understood from a consideration of FIG: 8b that
the tensile force T is applied to the plate 1 in the
longitudinal direction of the slits 8 so that the linearity
of the slits and tapes are not adversely affected.

According to the present invention, it is possible
to use, as a cold-rolled low-carbon steel, one of cold-
rolled low-carbon rimmed steel, a cold-rolled low-carbon
‘aluminum killed steel, and a low-carbon Fe-Ni invar (36%
Ni-Fe alloy).

As a result of elimination of the streaks, the
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uniformity of distribution of the quantity of light the
passes through the aperture grill is improved with
consequent improvement of the quality of images produced by
the cathode ray tube.

Example )

As a material of an aperture grill, a cold-rolled
low~carbon rimmed steel of a thickness of 100 um was used.
Plates made of this rimmed steel were subjected to an
annealing in an annealing furmrace having an atmosphere of
N, gas at a temperature of 500°C. As a result of the
annealing, residual stress in the steel plates were
reduced. For purposes of comparison other cold-roll low-
carbon rimmed steel plates of a thickness of 100 ym were

" prepared. These steel plates were not subjected to an
annealing so that the steel plates had an initial residual
stress remaining therein. Those two kinds of steel plates,
that is, the first annealed plates and the second non-
annealed plates, were subjected to successive processing
steps as shown in FIG. 2 through FIG. 7 under exactly the
same conditions.

The first and second plates (1) were first cleaned
by rinéing in the state of FIG. 1. Then, in the step of
FIG. 2, a casein resist was applied to the front and lower
surfaces of the plates to form front and rear resist layers
(2a, 2b), which were then dried. Thereafter, printing was
carried out, with slit pattern masks (4a, 4b) applied, by
means of mercury arc lamps on the front and rear resist
layers, as shown in FIG. 3. Thus latent slit images
corresponding to the slit patterns were produced. Upon
developing, opposite slits were formed. in the'front and
rear resist layers as exemplified in FIG. 4.

An etching was carrled out on the front and rear
surfaces of the two klnds of plates, using a ferrlc
chloride solution in the manner shown in FIGS. 5 and 6.
Thus a slit was formed through each of the plates. The
resist layers on the opposite surfaces of each plate were
removed by using an alkaline solution to obtain an aperture
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slit pattern 5b. TherWto | i ght of the photosensitive resin
|ayers 2a ar@FdbliascahevadinufI€hr dugh the masks 4a

The width of each tape of the aperture grill was

520 pym for the two kinds of plates. The temperature of the
ferric chloride solution was 60°C, and the specific gravity
of the solution was 46 when measured by the Baumé's
hydrometer. The ferric chloride solution .was sprayed

concurrently against the front and rear surfaces of the
plates. While the etching was being carried out, the
plates were subjected to a ténsile force which put the
.plates under tension in the rolling direétion, that is, the
longitudinal direction of.a hoop from which the plates were
prepared. The direction of the tapes of the aperture grill
~to be prepared was made to coincide with the rolling
direction of the plates. The tensile force employed was
from 2 to 3 Kg/mm? which acts to cancel the residual stress

in the plates.
After slits were formed, the quantity of light that

passes through each produced aperture grill was measured,
and variation of the quantity of light was measured among
the produced aperture grills. Residual.stress after the
apnealing was also measured for each plate. The residual
stress was measured by the x-ray'diffraction method. The
following table shows the results of the comparison test.

RESIDUAL | VARIATION OF QUANTITY
STRESS OF LIGHT PASSING
(Kg/mm?) APERTURE GRILL

' (THE PRESENT (1) 9.0 0 0.19
INVENTION) (2) 8.0 0.19
ANNEALED PLATE (3) 7.0 0.15
(4) 6.0 0.14
(5) 4.4 0.14
NON-ANNEALED PLATE 10.9 . 0.20

It will be wunderstood that wvariation of the
quantity of light that passes through the aperture grills



and 4b, respectively, as indicated by arrows L. As a result of the
exposure to light, the slit patterns 5a and 5b are printed on the
resist layers 2a and 2b, respectively. In the enbodi ment, the resin
| ayers are shown as photosetting | ayers. After renoval of the masks 4a and
4b and devel opnment of the printed slit patterns, the front resist |ayer 2a
I s caused to have a broader slit 6a, while,the rear resist layer 2b is
caused to have a narrower slit 6b, as shown in FIG 4.

using the annealed plates was remarkably smaller than the
of the aperture grill using the non-annealed pPlate,
especially in the case where the residual stress is caused

to be 7.0 Kg/mm? or less.

This Shee,
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Then

arrows E on botih {the front and{rear sides. This is a so-

rear

, as shownfi ‘ S Sreel plate 1 is subjected to an
pperation throt ¢ Fear resists 2a and 2 | cat e‘&\‘

side are darlfied out con

et chi ng met hod wher 2i hOCHA% ¢ |$g on the front S|d§na
et ching recess

ently or' in one st

et ching proceedp,__these two .opposite etching recesses 7a and 7b are
enl ar ged an%LB&HgLLy reach each other to forma through

1. A method of producing an aperture grill for a
cathode ray tube, comprising the steps of:

preparing a steel plate;

applying front and rear photosensitive resist
layers to opposite surfaces of the steel plate,
respectively:;

applying front and reat. slit pattern masks to the
front and rear photosensitive resist 1ayérs, respectively:

printing the front and rear slit pattern masks to
the front and rear resist layers, respectively;

developing printed slit patterns in the front .and
rear resist layers;

etching the opposite surfaces of the steel plate
through the thus developed front and rear resist layers,
respectively, to produce a front recess and a rear recess;

causing the front recess and the rear recess to
communicate with each other as the step of etching
proceeds, thereby to form a slit together with adjacent
parallel tapes; and .

removing the front and rear resist layers from the
opposite surfaces of the steel plate:

said method further comprising the steps of:

preparing said steel plate in the form of a cold-
rolled. low-carbon steel plate of a thickness of 100 um or
less, from a hoop steel having a rOlling direction:;

processing the steel plate to have a residual
stress of 7.0 Kg/mm? or less:

tensioning the steel plate in said rolling
direction; and -

coinciding the direction of said tapes of the
aperture grill with the rolling direction.
2. The method according to claim 1, wherein said steel
plate comprises a rimmed stéel plate.

—
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<t Has Been Replaced -

\\\\m\ il

on t he
Iarger front
7a—and a smal | er rear étéﬁlﬁg recess 7b are forned As the
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slit 8 havi ng opposite tapered side walls 10. Thereafter the resists 2a and

2b are renoved, whereby, as shown in FIG 7, an aperture grill 11 having a
slit 8 defined bet ween adj oi ni ng parallel strips tu%\é‘b)\gs\‘\

produced. During the steps shown in FIG 2 through FI ’Sb'/” eel plate
1 is subjected to a tensile force T (FIG 8b) in the Wﬂ'ﬁ ”}”,R

t her eof . The rolling - 14 -

3. The method according to claim 1, wherein said steel
plate comprises an aluminum killed steel plate.

4. The method according to claim 1, wherein said step
of processing the steel plate comprises an annealing step.

5. An aperture grill for cathode ray tube, comprising:

a cold-rolled low-carbon steel plate of a thickness
of 100 pm or 1less, . having "slits formed therethrough
together with parallel adjacent tapes, séid plate having a
residual stress of 7.0 Kg/mm?’ or less and being made from
a hoop having a rolling direction; and

said tapes extending in a direction coinciding with
said rolling direction.

- [REPLACEMENT SHEET!

2 10CT 104
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direction is the longitudinal direction of the hoop H fromwhich the steel
plate 1 is made. The rolling direction is the direction perpendicular to
the sheet of FIGS. 1 through 7, and this rolling direction R coincides with
the direction of the tapes t of the aperture grill, according to the
present invention. In aperture grills having slits, requirenents therefor
is different fromthose for shadow maskg aof the other types having slots or
circular openings, and it has been said that a | owcarbon rinmed st eel

pl ate can neet the

ABSTRACT
APERTURE GRILL AND METHOD OF PRODUCING SAME

An aperture grill for a cathode ray tube is formed
with parallel slits by etching a.cold—rolled low-carbon
steel plate from the opposite sides thereof. Before
carrying out the etching, the steel plate is subjected to
an annealing step whereby the residual stress is reduced
to 7.0 Kg/mm2 or less. The steel plate is also subjected
to a tensile force for imparting a tension in the
direction of the rolling of a hoop steel from which the
steel plate is produced. Furthermore, the steel plate is
so oriented that the direction of tapes of the aperture
grill to be produced will coincide with the rolling
direction. The above process makes it possible to prevent
occurrence of “"streaks" and improves the quality of images
generated on the cathode ray tube. (Figure 8b).

FIGURE 8b.




requirenents for aperture grills. 1n general, a hoop of the | ow carbon
rimed steel has a residual stress of 10.0 Kg/merr] or nore so that when
‘a thickness of 100 [err]mor less is used for the |owcarbon rinmed steel,
generation of streaks of the tapes cannot be prevente T Sape . -
fornmed by etching through the thickness of the steel 'Hedﬂuﬁdi
hereinbefore. It has been found that by further redugi pg the TESTTUU
stress of the steel plate to a value of 7.0 Kg/ mferf] 09‘59@% %RQ{ELI
]

residual stress relieving step, the
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generation of streaks can be suppressed. The coi ncidence of the direction
of the tapes with the rolling direction further serves to suppress the

‘generation of the streaks. It will be understood frgma con5|derat|on of
FIG 8b that the tensile force T is applied to the |pg ~the
| ongi tudi nal direction of the slits 8 so that the | ; ‘ SHEE? Its

and tapes are not adversely affected.. According tojthe presen eNnd i on
it is possible to use, as a cold-rolled | ow carbon{s ea1gmeﬂ2 cI d-
rolled | owcarbon rimred steel, a cold-rolled | ow Eafbon




alumi numkilled steel, and a | owcarbon Fe-N invar (36%5Ni-Fe alloy). As a

réesult of elimmnation of the streaks, the - 10 - uniformty of
distribution of the quantity of |ight that passes through the aperture
grill is inproved wth consequent inprovenent of the quality of inmages

produced by




+ the,tat hode r
“¢old-rol led |
Pl at es made off t
anneal i ng fur

1 qoxbss-) Ifes
E ) Emf& a material of a apgjpy,&qu@y.ﬁ;ls RETS G
arbon ri med |stleel of a thickneg s[;gqﬁw 00: {;HHV\@ StoUsaedd .
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BACKGROUND OF THE INVENTION
The present invention relates to a shadow mask used
in a color cathode ray tube and more particularly to an
aperture grill having vertical slits, and to a method of
producing an aperture grill of the above type having a
thickness of 100 pym or le%_s.
As a material of apertuxe grill, a cold-rolled low- .
.carbon rimmed steel plate, a cold-rolled Llow-carbon
aluminum killed steel plate or a low-carbon Fe-Ni invar
(36% Ni-Fe alloy) has heretofore been used because these
materials are suitable from the viewpoint of fabricating
into an aperture grill, etching and forming into a shape
adapted for being built into a cathode ray tube. There are
many kinds of shadow masks which are different in the shape
_ of the apertures or openings, in the way of building into
‘the cathode ray tube and in the way.of the processing

- during the fabrication. One of the above mentioned
materials has been used depending upon the kind of shadow
masks. In general, a low-carbon Fe-Ni invar of low

coefficient of thermal expansion or a cold-rolled low-
carbon aluminﬁm killed steel plate has been used for shadow
masks of +the slot type and circular hole type.
Particulafly, the low-carbon Fe-Ni invar of low coefficient
of thermal expansion has recently been used with a view to
avdiding color deviation that occurs in the cathode ray
tube due to thefmal expansion when the tube is put into
operation.

In the case of shadow masks of the slot type or.
circular hole type, there is a problem of curling that
occurs during the etching process due to a difference in
relieving of residual stresses in the regions of the front
and rear side openings of the slots or holes because of the
difference in the dimension or diameter of the frbnt and
rear side openings, whereas in the case of aperture grills
such a problem of curling does not occur. Aperture grills



10Se

‘the steel plates had an initial residual stress rergt

;. prepared. These steel plates were not subjected T AqﬂvggﬂLglEgg t hat
{h

two kinds of steel plates, that is, the first annegl ¢d prates and

aY

”

second non- anneal ed plates, were subjected to sucdedsi 1& MGAREI hg| st eps
as shown in FIG 2 through FIG 7 undet gxactly thdq dane conditions. | The

first and second plates (1) were first cleaned by rlinsing in the stéte of

FIG 1. Thenrd ¥ihea3hel Qlehd&e fay2cdhSeid 4 &8

front and | ower

he

other types of shadow masks, and moreover can be formed
without plastic deformation in a press. .For the above
reason, the cold-rolled low-carbon rimmed steel plate has
been principally used heretofore for aperture grills.

Aperture grills have heretofore been produced,
using a low-carbon steel plate such as a cold-rolled low-
carbon rimmed steel plate%of a thickness of more than 100
pm. A method of producing an “aperture grill was to carry
.out concurrent etching of a low-carbdn steel plate on the
opposite surfaces thereof to produce through slits. This
method is called a one-step etching method.

Another method of producing an aperture grill is as
follows. That is, a low-carbon steel plate is applied with
photosensitive resin layers or resist layers on the
opposite front and rear surfaces'thereof, and then pattern

' masks are applied to the opposite resin layers. A front

- pattern mask has one broad slit pattern and a back pattern
mask has a narrow slit pattern. Subsequently, the front
and rear pattern masks are printed to the front and rear
resist layers;.respectively, by:.exposure to light, and then
developments on the resist layers of the printed front and
rear patterns are made. _

A half-etching is carried out on the rear surface
of the steel plate through the developed rear resist layer
to form a narrow rear recess in the rear surface of the
pléte: then an etchant—prodf resin is filled into the rear
recess and over the rear resin layer on the steel plate;
and a broad front recess is etched in the front surface of

‘the steel plate throﬁgh the developed front resist layer to -
cause the front recess to reach the half-etched rear

recess, whereby a through hole is produced in the 'steel
plate. This method is a two-step etching method.

Another method for producing a shadow mask is
disclosed in Japanese Patent Application Laid-Open (Kokai)
No. 5-12,996 publighed January 22, 1993. In this method,
a steel plate is applied with resist layers on the front



. surfaces of the plates to formfront and rear resigﬁp ng'Es B , Whi ch
"were then dried. Thereafter, printing was carriedfoyt, with slit paftern
masks (4a, 4b) applied, by nmeans of mercury arc |3ngs 9% Abg 16sonf and rear

resist |layers, as shown in FIG 3. Thus latent glift inmages corrgspondi ng
to the slit patterns were produced. - Bponh devel o&ﬂilrLg, opposttresti{s were
formed in the front and rear resist |ayers as exe Ified in FIG 4f An

glt g[negg \Slglaﬁgagé%gffﬁgkaeastbﬁ&é@@t 2Ad tRah aUphaesEnOE1LECAUR Ksnds of
’ applied to only the front surface and printed to the same
by exposure to light, while the rear resist layer is
maintained as it is and backed up by a backup resin sheet.
Etching is carried out on only the front surface of the
steel plate through the printed and developed front rasist
layer to produce a front recess in the steel plate. The
front recess reaches the rear resist layer, whersby a
| through hole is produced in the steel plate when the rear.
resist layer is removed together with the backup resin
sheet. This is a one-side etching method.

The two;'s_tep etching method mentioned above,
however, ‘takes the time and is not efficient in carrying it
out. The one-side etching method referred to above is not
sufficient in producing tapered side walls of each slit so
as to have a re__quired exact configuration or shagie. For
those reasons ti:i'é one-step etching method has generally

- been used for producing aperture grills. ,

In the case of the cold-rolled low-carbon rimmed
steel plate, residual stress is usually about 10.0 Kg/mm?*
or more when it is subjected to an etching process, but the
rimmed steel plate can be used as it is without any
particular problenis where the plate thickness is more than
100 pm. More specifically, any particular problems have
not occurred by taking measures such as to make the

d:.rection_’of the  slit-defining strips ..of <the ..
-aperture . grill to "'be produced_ by etching iqf.

a hoop or band stéel, ' perpendicular to the
direction of rolling ©of the band steel, or to make the

axis of the strips coincide with the direction of
rolling of the band steel while tensioning the band steel _
appropriately. The above measures can prevent the
generation of "streaks" in the tapes of the aperture grill.
The streaks are produced due to relieving of residual
stresses as a result of breakthrough of the slits between
the front and rear surfaces of the steel plate during the
etching step. For the cold-rolled low-carbon aluminum
killed steel plate, the residual stress is genaraliy more



. chloride solution in the manner shown in FIGS. 5.aF'CI|J£é.CEV.L\JST§Hv T4 was
“formed through each of the plates. The resist |3gydrs . an the opp¢site

‘surfaces of each plate were renoved by using an gl Kal 1 $cAHBI897 oh fo obtain
an aperture grill as shown in FIG 7. The widtlhlaf _each stripjof the

aperture grill was 520 [err]mfor the Twd Rinds qf plates. The tepperature
of the

than 10.0 Kg/mm’ as in the case of the cold-rolled low-
carbon rimmed steel plate.

In recent vears, CRT }iisplay devices such as color
televisions are becoming enlarged in size, so that shadow
masks used in such devices are required to be of large size
as well. Particularly, in aperture grills, the manner of
fixing the same is different from the manner of fixing of
other types of shadow "mask_s having slots or circulax
openings. That is, the aperture grill is fixed under
tension to a rigid frame. For this reason the frame must
necessarily be enlarged in relation +to the enlarged
aperture grill and is required to resist the <tension
necessary for the £ixing of the aperture grill of the
conventional thickness. As a consegquence, the weight of
the frame is increased remarkably. In order to cope with
this increase in the weight of the frame, the weight of the
aperture grill must be raduced so that the thickness of the

" aperture grill will have to be reduced to compensate for
the enlargement of the size.

Thus the thickness of the material for producing

~a@perture grills should not exceed 100 um. The above stated
mezasures have been able to solve the problems mentioned
above for the materizl of a thickness of more than 100 pm.
Contrary to the case where the material is more than 100 pm
thick, the material or hoop steel of a thickness of 100 pum
- or less causes the following problem. That is, if_the
material or hoop steel were subjected to etching in such a
tate that the cirection of the strips of an aperture grill
into which the material is manufactured are perpendicular‘
to the rolling direction of the hoop steel, conveying zolls
or shafts of the conveying system for the hoop steel would
deform the hoop steel because it is thin. Therefore, th
above measure which has been emploved £or thicker hoop
teels is not usable. The heretofore used second measure
of making the axis of the strips coincide with the
rolling direction while tensioning the steel was found to
be alsc not usable when the one-step etching method is
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.ferric chloride solution was 60[err]C, and the specif gravity of t

“sol ution was 46 when neasured by the Baune's hydronetler. 15“?36 @g-ﬂ@ ‘
chloride solution was sprayed concurrently against tfhe lfront an rear _
surfaces of the plates. Wil e the etching was being “out 't he:
plates were subjected to a tensile forcecwhich put the plates under t ensi on
inthe rolling direction, that is, the Igngltudl nal direction of a hoop

from whi ch Hﬂﬁ: Xagﬁsb\i&,%ra%s%r e%%r:"e%k TRE 8KkS. 525e§sheoé&ﬁh: ?
aperture gri t prepared was nade to col nci rol
relieving of residual stress when the slits penetrate the
steel plate during the etching process. Under the
circumstances, etching methods usable for hoop steel plates
of a thickness 100 um or'less, to be manufactured into
large-size aperture grills, have been limited to the time-
consuming two-step etching method that requires reinforcing
means, as well as to t:he one-side etching method that
involves the difficulty in obtam:.ng required exact shape
of the tapered side walls of the slits.

As above stated, the one-step etching met:hod has
advantageously been used heretofore, but this method is
disadvantageous for use in etching of a thin steel plate
having a thickness of 100 um or less because of ‘the
generation of streaks due to relieving of the residual
stress at the time of penetration of the slits through the
steel plate. . .

The streaks are produced due to non-uniformity of
stress distribution in the aperture grill strips, The non-
uniform stress distribution causes twisting of each strip,
which appears remarkably when the thickness of the steel
plate is below 100 gm. It is know that streaks cause
variations in the quantity of light that passes through the
aperture grill and consequently cause degradation of the
quality of images formed in the cathcde ray tube in which
the aperture grill is fitted.

SUMMARY OF THE INVENTION

According to the present invention, there is provided
a method of producing an aperture grill for a cathode ray
tube, comprising the steps of: preparing a steel -
plate;applying front and rear photosensitive resist layers
to opposite surfaces of the steel plate, respectively;
applying front and rear slit pattern masks to the front and
rear photosensitive resist layers, respectively; exposing
the front and rear resist layers to light through the front
and rear slit pattern masks, respectively; developing slit



., dirgction of the plates. The tensile force enpl oygd yvaﬂs‘,qg@ tof3

“Kg/mierr] which acts to cancel the residual stregs t he pl fter
slits were forned, the quantity of light that pa

aperture grill was neasured, and variation of the il i ghtf was
measured anong the produced aperture grills. Residual stres rfthe

anneal i ng was al so nmeasured for each plrate.” The resi dual stress was

measured by %@%ﬁﬁ@%ﬁi@? oy I N@dpollige’ A O¥HAY etk SMPVEadbe
resist layers; etching the opposite surfaces of the steel
plate through the thus developed front and rear slit
patterns, respectively, to produce front recesses and rear
recesses; causing opposed front recesses and rear recesses
to communicate with each other as the etching proceeds,
thereby to form slits separated by adjacent parallel
strips; and removing the front and rear resist layers from
the opposite surfaces of the steel plate: said wmethod
further comprising the steps of: preparing said steel plate
in the form of a cold-rolled low-carbon steel plate of a
thickness of 100 um or less, from a hobp steel having a
rolling direction; processing the steel plate to have a
residual stress of 7.0 Kg/mm? ‘or less ; tensioning the steel
plate in said rolling direction; and aligning the
longitudinal axis of said strips of the aperture grill with
said rolling direction.

Further, according to the present invention, there is
provided an aperture grill for a cathode ray tube,
comprising: a cold-rolled low-carbon steel plate of a
thickness of 100 um or less, having slits formed
therethrough separated by parallel adjacent strips, said
plate having a residual stress of 7.0 Kg/mm® or less and
being made from a hoop having a rolling direction; and the
longitudinal axis of said strips being aligned with said
rolling direction. |

Further details of the present invention will be
understood from the following detailed description with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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that variation of the
FIG. 1 is a sectional view of a steel plate used in

the method of the present invention; _ _

FIG. 2 shows a stap‘of applying photosensitive
resin layers:

FIG. 3 shows a step of applying slit pattern masks
and exposing the photosensitive resin layers through the
masks; )
' FIG. 4 shows a st;p of developihg the printed slit
patterns: . o

FIG. S shows an etching step;

FIG. 6 shows a progress of the etching step:

FIG. 7 shows a section of a finally obtained slit
of an aperture grill; and ' _

FIGS. 8a and 8b are diagrammatic perspective views
explanatory of the method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1 there is illustrated a plate 1
from which an aperture grill is produced. The plate 1 is .
made of a cold-rolled low-carbon steel having a thickness
of 100 um or less. Such a steel plate 1 is made from a
steel band or hoop H as shown in FIG. Ba that has been
produced by a rolling mill. As a result of rolling
operation in the mill, the hoop H naturally has a rolling
direction R and residual stress therein.

The hoop H is subjected to a residual stress

removing operation. This residual stress removing
operation may be carried out as an annealing operation in
an annealing furnace S. As a result of the annealing

pperation, the residual stress in the hoop B is reduced to

" a value of 7.0 Kg/mm* or less. The hoop 'H that has .
undergone the residual stress removing operation is taken'a'
up in the form of a roll of hoop H,. _

An etching operation for forming slits through the
steel plate 1 is carried out as a one-step etching
operation. As shbwn in FIG. 8b, the hoop H, is paid out
from the roll; formed with slits 8; and then cut into
individual plate 1. FIG. 2 through FIG. 7 show successive



-quantity of light that passes through the aperture gfi

the present invention.

steps including the one-step etching operation. As shown
in FIG. 2, a photosensitive resin material or resist is
applied to the opposite surfaces of the éteel plate 1 to
form front and rear resist layvers 2a and 2b, which are then
dried. In the figures the lower side of the plate 1 is a
front side and the upper side is a rear side. On the front
side of the front resist layer 2a is’ appliea a front
pattern mask 4a, and on the rear side of the rear resin
layer 2b is applied a rear pattern mask 4b. These masks 4a

. and 4b have mutually oppositely disposed light—in't:'eréepting

slit patterns Sa and Sb, respectively. In this embodiment,
the slit pattern S5a is broader than the slit pattern 5b.
Thereafter, exposure to light of the photosensitive
resin layers 2a and 2b is carried out through the masks 4a
and 4b, respectively, as indicated by arrows L. AaAs a
result of the exposure to light, the slit patterns Sa and
Sb are printed on the resist layers 2a and Zb,

. respectively. In the embodiment, the resin layers are

shown as photosetting layers.

After removal of +the masks 42 and 4b and
development of the printed slit patterns, the front resist
layer 2a is caused to have a broader slit 6a, while the
rear resist layer 2b is caused to have a narrower slit 6b,
as shown in FIG. 4.

Then, as shown in FIG. 5, the steel plate 1 is
subjected to an etching operation through the front and
reér resists 2a and 2b as indicated by arrows E on both the
front and rear sides. This is a so-called one-step etching
method wherein the etching on the front side and the

'etching on the rear side are carried out concurrently or in -

i ng
‘the anneal ed plates was surprisingly smaller than thft
grill using the non-anneal ed plate, markedly so in the_case where the
residual stress is caused to be 7.0 Kg/émlerr] or less 1n accordance with

one step. Thus a larger front etching recess 7a and a .

smaller rear etching recess 7b are formed. As the etching
proceeds, these two opposite etching recesses 7a and 7b are
enlarged and finally reach each other to form a through
slit 8 having opposite tapered side walls 10. Thereafter
the resists 2a and 2b are removed, whereby, as shown in
FIG. 7, an aperture grill 11 having a slit 8 defined
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between adjoining parallel gtrips t.(FIG. 8b) is produced.

During the steps shown in FIG. 2 through FIG. 7,
the steel plate 1 is subjected to a tensile force T (FIG.
. gp) in the rolling direction R thereof. The rolling
direction is the longitudinal direction of the hooﬁ H from
which the steel plate 1 is made. The rolling direction is
the direction perpendicular to the sheet of FIGS. 1 through
7, and this rolling direction R coincides with the
direction of the tapes t of thd.aperture grill, according
to the present inwvention.

In aperture grills having slits, requirements
therefor is different from those for shadow masks of the
other types hawving slots or circular openings, and it has
been said that a low-carbon rimmed steel plate can.meet'the
requirements for aperture grills. 1In generai, a hoop of
the low-carbon rimmed steel has a residual stress of 10.0
Kg/mm* or more so that when a thickness of 100 ym or less
is used for the low-carbon rimmed steel, generation of
streaks of the tapes cannot be prevented when slits are
formed by etching through the thickness of the steel, as
discussed hereinbefore.

- It has been found that by further reducing the
residual stress of the steel plate to a value of 7.0 Kg/mm*
or less in the residual stress relieving step, the
generation of streaks can be suppressed. The coincidence
of the direction of the tapes with the rolling direction
further'serves to suppress the generation of the streaks.
It will be understood from a consideration of FIG: 8b that
the tensile force T is applied to the plate 1 in the
longitudinal direction of the slits 8 so that the linearity
of the slits and tapes are not adversely affected.

According to the present invention, it is possible
to use, as a cold-rolled low-carbon steel, one of cold-
rolled low-carbon rimmed steel, a cold-rolled low-carbon
aluminum killed steel, and a low-carbon Fe-Ni invar (36%
Ni-Fe alloy).

As a result of elimination of the streaks, the
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~applying front and rear slit pattern masks to the fro t’amd‘""'

“photosensitive resist |layers, respectively; exposing {h¢ 13 @Hﬂrear
resist layers to light through the front and rear} § pattern
masks, respectively; developing slit patterns fornmed By ‘vn[ cApUbulﬂ

.:'“‘i‘}\:t bﬁnm{

the front and rear resist |ayers; etchimg the oppositg surfaces of the,

steel plate through the thus devel oped front and rear stTT

patt er ns,

respect i vel ;b8 RERYUGE iUUr SRAESSE S0 UEC YGRS ¥ 1ight that

passes through the aperture grill is improved with
consequent improvement of the quality of ihages produced by

the cathode ray tube.
Example

As a material of an aperture grill, a cold-rolled
lowy-carbon rimmed steel of a thickness of 100 pym was used.
Plates made of this riniined .Steel were subjected to an
annealing in an anneallng furrmrace havzng an atmosphere of
.N, gas at a temperature of S500°C. As a result of the
annealing, residual stress in the steel plates were

reduced. For purposes of comparison other cold-roll low-
carbon rimmed steel plates of a thickness of 100 um were
prepared. These steel plates were not subjected to an
annealing so that the steel plates had an initial residual

stress remaining therein. Those two kinds of steel plates,
that is, the first annealed plates and the second non-
annealed plates, were subjected to successive processing
steps as shown in FIG. 2 through FIG. 7 under exactly the

same conditions.

The first and second plates (1) were first cleaned
by rinsing in the state of FIG. 1. Then, in the step of
FIG. 2, a casein resist was.applied to the front and lower
surfaces of the plates to form front and rear resist layers
(2a, 2b), which were then dried. Thereafter, printing was
carried out, with slit pattern masks (4a, 4b) applxed by

means of mercury arc lamps on the front and rear reszst
layers, as shown in FIG. 3. Thus latent slit images

- corresponding to the slit patterns were produced. Upon

rear resist layers as exemplified in FIG. 4.

" 'developing, opposite slits were formed in the front and . -

An etching was carried out on the front and rear
surfaces of the two kinds of plates, using a ferric

chloride solution in the manner shown in FIGS.

S and 6.

Thus a slit was formed through each of the plates. The

resist layers on the opposite surfaces of each plate were

removed by using an alkaline solution to obtain an aperture



: causi ng opposed front recesses and rear recesses to c

other as the etching proceeds, thereby to formslits :
strips; and renmoving the front and rear resi
opposite surfaces of the-steel plate: said nethod fur
steps of:
| ow- carbon steel plate of a thickness o

steel having a rolling direction;
. grill as shown in FIG. 7.

par al | el

preparing said steel plate in {he f or m of
¥ 100 [err]m

The width of eachstrip of the aperture grill was

520 pm for the two kinds of plates. The temperature of the
ferric chloride solution was 60°C, and the specific gravity
£ the solution was 46 when measured by the Baumé's
hydrometer. The ferric chloride solution was spraved
concurrently against the front and rear surfaces of the
plates. While the etching was being carried out, the
plates were subjected to a tensile force which put the
.plates under tension in the rolling direétion, that is, the
longitudinal direction of a hoop from which the plates were
prepared. The axis . . ~ of the strips ¢of the aperture grill

~to be prepared was made to coincide with the rolling

direction of the plates. The tensile force employed was
from 2 to 3 Kg/mm? which acts to cancel the residual stress

in the plates.
After slits were formed, the quantity of light that

'.passes through each produced aperture grill was measured,

and variation of the quantity of light was measured among
the_produced'aperture grills. Residual stress after the
annealing was also measured fcr each plate. The residual
stress was measured by the x-ray diffraction method. The
following table shows the results of the comparison test.

RESIDUAL | VARIATION OF QUANTITY
STRESS OF LIGHT PASSING
(Kg/mm?) APERTURE GRILL

NON-ANNEALED PLATE ©10.9 . - 0.20

ANNEALED PLATE 9.0 - 0.19 -

- 8.0 0.19

ANNEALED TO LEVEL 7.0 - 0.15

'OF PRESENT T 6.0 . C 7 0.14

INVENTION 4.4 0.14

It will be understood that variation o5 the
quantity of light that passes through the aperture grills




processing the steel plate to have a residual stres$pg
“:| ess; tensioning the steel plate in said rolling di
the |l ongitudinal axis of said strips of the aperturqg dri

rolling direction. 2. The nethod according to claiml,1
pl ate conprises a rinmed steel plate. '

-12~._

i

ﬁhgpgin saild yst eel
using the annéaled plates was. surprisingly smaller than
that of the aperture grill using the non-annealed plate,

markedly so in the case where the residual. stress is caused

to be 770 Kg/mm* or less in accordance with the present
invention.



-14- 3. The nethod according to claim1l1l, wherein said steel plate

“.corprises an aluminiumkilled steel plate. 4. The ne ccording to
claiml, 2 or 3, wherein said step of processing the ate Lses
an anneal i ng step. 5. An aperture grill for cathod @g’ I si ng:
a cold-rolled | owcarbon steel plate of a_thickness of mﬁi" ess,

having slits fornmed therethrough, separaﬁ- d~
CLAIMS

1. A method of producing an -aperture grill for a cathode
ray tube, comprising the steps of:.

preparing a steel plaﬁe;

applying front and rear photosensitive resist layers
to opposite surfaces of the steel plate, _respectively;

applying front and .rear slit pattern masks to the
front and rear photosen51t1ve ‘resist layers, respectlvely,

exposing the front and rear resist layers'tq light
through the front and rear slit pattern masks,
respectively;

developing slit patterné forﬁed'by light exposure in
the front and rear resist layers;

etching the opposite surfaces of the steel plate
through the thus developed front and rear slit patterns,
respectively, to produce front recesses and rear recesses;

causing opposed front recesses and rear recesses to
communicate with each other as the etching proceeds,
thereby to form slits separated by . adjacent parallel
strips; and :

removing the front and rear resist layers from the
opposite surfaces of the steel plate.

said method further comprising the steps of:

preparing said steel plate in the form of a cold-
rolled low-carbon steel plate of a thickness of 100 um or
less, from a hoop steel having a rolling direction; |

processing the steel plate to have a residual stress
of 7.0 Kg/mm® or less;
_ tensioning the steel plate in said rolling directiom;
and ] .

aligning the longitudinal axis of said strips .0f the
aperture grill with said rolling direction.

2. The method according to claim 1, wherein said steel

plate comprises a rimmed steel plate. . ,
REPLACEMENT SHEET
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by paral | el
Kg/nn{err]

direction

and. the |ongitudinal axis of said strips being aI b Qﬂ“‘“mm’“

adj acent strips, said plate having a residual str

or less and being made froma hoop having a rolli ﬁ dlrei“
Ilng

ki
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3. The method'éccording to elaim 1, wherein said steel
plate comprises an aluminium killed steel plate.

4. The method according to claim 1, 2 or 3, wherein said

step of processing the steel plate comprises an annealing
step.

5. An aperture grill for cathode ray tube, comprising:
a cold-rolled low-carbon steel plate of a thickness of

100 pm or less, having slits formed therethrough.separated

by parallel adjacent strips, said plate having a residual

stress of 7.0 Kg/mm® or less and being made from a hoop

having a rolling direction; and.

the longitudinal axis of sald strips being aligmed
with said rolling dzrectlon.
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