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METHOD OF PRODUCING APERTURE GRILL

- 2 s .
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BACKGROUND OF THE INVENTION

The present invention relates to a methed

[

producing a shadow mask of a television, and, rcre
particularly, to a method of producing an aperture grill of
a thickness of from 20 to 100 pm, for example, us=ad
typically in a Trinitron (Trademark of Sony Corporaticn)
cathode ray tube (CRT).

In recent years, CRT display devices such as color
televisions are becoming enlarged in size, so that shacow
masks used in such devices are required to be of large s:ize
as well. Particularly, in the type of shadow masks callzad
aperture grills having vertical slits, the manner of “ixin
the same is different from the manner of the fixing of
other types of shadow masks having other types of slits or
circular openings. That is, the aperture grill is fixed
under tension to a rigid frame. For this reason the Zrzme
must necessarily be enlarged in relation to the enlargsd
aperture grill and is regquired to resist the tensizon

D

necessary for the fixing of the aperture grill of <=
conventional thickness. As a consequence, the weight cf
the frame is increased remarkably. In order to cope wizh

this increase in the weight of the frame, the weight of txe

i

aperture grill must be reduced so that the thickness of the

th

apérture_grill will have to be reduced to compensate ZIcr
the enlargement of the size. .

The thickness of conventional shadow masks having

. slits or circular holes, including aperture grills haviz

vertical slits, was in general more than 100 um, ané a
known method for producing such shadow masks was to carcy
out concurrent etching of a metal plate on the opposize
sides thereof to produce .through holes. This method :is
called a one-step etching method. '

Another known method for producing a shadow mask
was as follows. That is, a metal plate is applied wizth
resin layers on the opposite front and rear surfacss
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thereof, and then pattern masks are applied to the oppos:i-s

-2 -

resin lavers. A front pattern mask has one broad si:i<
pattern and a2 back pattern mask has two adjacent narrsw
slit patterns. Subsequently, the front and rear pattera
masks are printed to the front and rear resist layers,
respectively, by exposure to light, and then developmen=s
on the resist layers of the printed front and rear patterns

are made.
A half-etching is carried out on the rear surfzza

cl

of a metal plate through the developed rear resist layer <o

(8]
h

form adjacent narrow rear recesses in the rear surface
the plate; then an etchant-proof resin is filled into th=z
rear recesses and over the rear resin layer on the metzl
plate; and a broad front recess is etched in the frcxt
surface of the metal pléte through the developed fron:
resist layer to cause the front recess to reach the hali-
etched rear recesses, wherebv a through hole is produced :in
the metal plate. This methoé is a two-step etching methzs
and is described in Japanese Patent Appln. Laid-Open
(Kokai) No. 61-130,492 published June 18, 1986.

Japanese Patent Application Laid-Open (Xokai) Nc.
5-28912 published February 5, 1993 discloses a further
method, using a front pattern mask having a broad sl:i:
pattern, and a rear pattern mask having two narrow slic
patterns. This method aims at controlling the cross-
sectional shapes of etched recesses and therefore ths
cross-sectional shape of the finally obtained through hols
or slit.

Another method for producing a shadow mask is
disclosed in Japanese Patent Application Laid-Open (Koka:i)
No. 5-12,996 published January 22, 1993. 1In this method,
a metal plate is applied with resist layers on the fronz
and rear surfaces thereof, and then a pattern slit mask is
applied to only the front surface and printed to the sars
by exposure to light, while the rear resist layer is
maintained as it is and backed up bv a backup resin sheet.
Etching is carried out on only the front éurface of ths
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o« metal plate through the printed and developed front resist

layer to produce a front recess in the metal plate. The
front recess reaches the rear resist layer, whereby a

through hole is produced in the metal plzate when the rear

(8]

resist layer is removed together with the backup resin
sheet.

The above stated known methods are for shadow masks
of the conventional thickness of more than 100 um and
cannot be used for thin shadow masks of a thickness of from
10 20 to 100 um for the following reasons.

Shadow masks are required to have not only its
dimensional precision but also precise shape of the through
holes to be formed. However, it is considered difficult to
attain these requirements in the case of thin shadow masks.

15 Shadow masks of any type, including aperture grills having
vertical slits, used for CRT displays such as color
televisions, have a function to contrel scanning of the
electron beams within the cathode ray tube. Any type of
shadow masks is a mask for selecting the electron beams,

20 and the through holes or slits of the shadow masks zare
required to have a predetermined shape and taper of the
internal side walls for allowing passage of the beams of
selected angles. However, it has been difficult to produce
through holes and slits having tapered side walls of

23 strictly required tapering configuration.

More specifically, if the previously described one-
step etching method wherein the front and rear side
etchings are carried out concurrently is used for a thin
metal plate of a thickness of from 20 to 100 um, the thin

30 metal plate cannot withstand the spraving force within the
etchant bath and tends to warp, losing its planar shape so
that working precision drops.

In the case of use.of the previously described two-
step etching method for a thin metal plate of & thickness

35 of from 20 to 100 um, the thin metzl plate tends to be

deformed during the filling of the resin so that the resin

filling operation is time-consuming and troublesome.
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When the one-side etching method disclosag in

Japanese Patent Appln. Laid-Open (Kokai) No. 5-12,995 i
used for a thin metal plate mentioned above, an etching
quantity equivalent to that of & plate of double or triple
thickhess is required, and moreover it is difficult  to
produce a desired configuration of the through holes or
slits with a resultantly obtained reduced degree of taper.
If the etchipg guantity is reduced to secure a desiread
degree of taper, the degree of linearity of the side walls
of the produced through holes or slits deteriorates so that
dimensional precision of +the holes or slits drops.
Especially, in the case of production of aperture grills of
a thickness of the order of 20 to 100 um, the slit shape
becomes unstable at the instant of the breakthrcugh cf the
slit so that dimensional precision drop considerably and a
desired degree of taper can hardly be obtained. When
dimensional precision drops, there cccurs nen-uniform
brightness when the aperture grill is seen throuch its
slits and irregular depressions tend to be formed in the
grill.
SUMMARY OF THE INVENTION
It is an object of the present invention to prpvide

a method of producing an aperture grill of a cathods ray
tube whereby a thin metal plate of a thickness of from 20
to 100 um can be processed to have slits of precise
dimensional configuration.

In order to attain the above object, the gresent
invention provides a method of producing an aperture grill

comprising the steps of: providing a metal plate of a

thickness of from 20 to 100 um; applying front andé rear
photosensitive resist layers to front and rear surfaces of
the metal plate, respectively; applving {ront and rear slit
pattern masks to the front and rear resist layers,
respectively; printing the front and rear slit pattern
masks to the front and rear resist layvers, respectively:
developing -printed slit patterns in the front and rear
resist layers; half-etching at least the rear surface of
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the metal plate through the rear resist laver to produce

rear recesses; attaching an etchant-proof £ilm to the rear
resist layer so as to cover the etched recesses in the rear
surface of the metal plate, said etchant-proof film havin

an adhesiveness which will be reduced upon being subjec+ad
to a treatment; etching the front surface of +he me<al
plate through the front resist layer to produce a front
recess; causing the front recess to ccmmunicate with the
rear recesses as the etching of sai front surface
proceeds; causing an etchant acting on the front recess to
flow into the rear recesses while preventing the etchant in
the rear recesses from flowing past the rear recesses by
means of the etchant-proof film, when the front recess is
caused to communicate with the rear recesses; carrying out
further etching of both the front and rear recesses as well
as a boundary region between the front and rear recesses 0
provide a through slit having a desired configuraticn;
subjecting said etchant-proof film to the treatment to
reduce the adhesiveness thereof, thereby removing the £ilm
from the rear resist layer; and removing the frent and resr
resist layers from the metal plate. '

A preferred embodiment of the invention will be
understood from the following detailed description with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THZ DRAWINGS
FIG. 1 is a sectional view of a metzal plate to

which the method of the present invention is applied;

FIG. 2 is a sectional view showing the metal place
applied with resin layers on the opposite surfaces thereof;

FIG. 3 is a sectional view showing a step in which
slit pattern masks are applied and printed on the resin
layers;

FIG. 4 is a sectional view showing a step after
slit pattern printing and development;

FIG. 5 is a sectional view showing a step of rear
etching:; .

FIG. 6 is a sectional view showing a2 step of
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applying an etchant-proof f£ilm;
FIG. 7 is a sectional view showing & stap of front

etching:

FIG. 8 is a sectional view showing procress of the
step of FIG. 7;

FIG. 9 is a sectional view showing & step after
removal of the etchant-proof £ilm; and

FIG. 10 is a section of the metél plate having a
through slit formed therein.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to FIG. 1, a metal plate 1 such as a low

carbon steel plate is first prepared for producing zan
aperture grill. The metal plate 1 has a thickness of 20 to
100 pum. Then, as shown in FIG. 2, & phoctosensitive
material is applied to the opposite surfaces oI the metal
plate 1 to form front and rear resin layers 2 and 3, which
are then dried. In the embodiment shown, the lcwer side in
the drawings is a front side and the upper side is a rear
side. On the front side of the front resist layer 2 is
applied a front pattern mask 4, and on the rear side of the
rear resist layer 3 is applied a rear pattern mask 5, as
indicated in FIG. 3. "

Thereafter, exposure to light of the photosensitive
resist layers 2 and 3 is carried out through the masks 4
and 5, respectively, as indicated by arrows L. The front
mask 4 has a light-intercepting pattern slit 42 of a width
corresponding to the width of a slit which is tc be formed
through the metal plate 1. The rear mask 5 has two
adjacent light-intercepting pattern slits 5a of a small

width. These two slits S5a are disposed in parallel in

opposition to the pattern slit 4a within the width of the
same, as shown. As a result of the exposure to light, the
pattern slits 4a and Sa are printed on the resin layers 2

and 3, respectively. In the embodiment, the resin layers

2 and 3 are shown as photosetting layers.
After removal of the masks 4 and 5 and development

of the printed pattern slits, the front resin laver 2 is
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caused to have a single slit 2a, while the rear resin layer

3 is caused to have two parallel slits 3z, as shown in FIG.

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

subjected to etching as indicated by arrows £ on the back

5 side. As a result, half-etched rear recesses 7 are formed

in the rear surface of the metal plate 1, which is then
washed and dried.

Thereafter, as shown in FIG. 6, an etchant-proof

film 8 is applied to the rear side of the rear resin layer

10 3 to close the recesses 7. Then, the metal plate 1 is

subjected to etching from the front sicde as indicated by

arrows E in FIG. 7, whereby the metal plate 1 is formed

with a front recess 9 in the front of the plate 1, which

recess 9 is enlarged and finally reaches the rear recesses

15 7. As the etching progresses and the Iront recess 9 is
enlarged further, a through slit 10 is obtained as shcwn in
FIG. 8.

For carrying out the above stated front etching
process shown in FIGS. 7 andé 8, the etchant-proof film 8
20 applied to the rear side of the layer 3 serves to allow the
etchant to flow from the front side into the rear recesses
7 without flowing past the recesses 7. Once the front
recess 9.is enlarged and reaches the rear recesses 7, the
etchant that has been acting on the surface of the front
25 recess 9 begins to flow into the rear recesses 7, which
theh act as reservoirs for the inflowing etchant because of
the film 8 provided behind the recesses 7. The rear
recesses 7 and slits 3a retain therein the etchant, which
makes circulating flows and promotes etching of the rear
30 recesses 7 as well as an inwardly protruding boundary
region 11 between the front and rear recesses 9 and 7. The
etching of the boundary region 11 is carried out quickly so
that the protruding region.ll disappears soon so as to form

the through slit 10 (FIG. 8). |
35 The formation of the through slit 10 is carried out
together with the progress of the etching of the front

recess 9. Such concurrent progresses of the etching of the
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front and rear recesses are accompanied by side etching of
these recesses so that the widths of these recesses are
increased. Because of the ccncurrent progresses of the
etching of the front and rear recesses, the shape and hence
the internal taper of the thrcugh slit 10 can be suitably
adjusted by selecting the widths of the slits 4a and 5a of
the pattern masks and the spacing between the adjacent
slits Sa.

It has been found that use of only one rear pattern
slit 5a in relation to the single front pattern slit 4a
results in a difficulty in the control of the half-etching
cf a rear recess, sometimes leading to full etching that
undesirably forms a through slit. It has been confirmed
that the use of two or more adjacent rear pattern slits 52
in relation to a single broad, front pattern slit 4a is
advantageous to produce a thrcocugh slit 10 having a well
controlled shape and tapering side walls. When the through
slit 10 has a rear opening width (smaller width) of the
order of 180 um, the use of two rear pattern slits Sa is
desirable.

After the through slit 10 having opposite side
walls of controlled taper and shape has been produced in
the manner described above, the film 8 shown in FIG. 8 is
removed so that the state shown in FIG. 9 is obtained.
Thereafter, the front and rear resist layers 2 and 3 are
removed to leave a metal plate 1 having the through slit 10
as shown in FIG. 1.0. It will be noted that the thus
obtained through slit 10 has a concave, front side wall
portion 10a and a convex, rear side wall portion 10b, these

portions 10a and 10b being smoothly connected to each

other. It is to be noted that the through slit 10 has a
larger front opening and a smaller rear opening.

The etchant-proof film 8 described before is an
acid proof film having a reinforcing capabilitﬁ and being
attachable to the photosensitive resin layers 2 and 3. The
film 8 has an adhesiveness (or tackiness) relative to the
resin layer, and the adhesiveness must be one that will be
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reduced when a treatment is applied thereto. The treatment

-9

is, for example, thermosetting treatment, <thermofoamin

treatment, ultraviolet light irradiation, heating,

.cooling, and so e¢n. The etchant-prcof f£film is, for

example, a film consisting of a base film of polvester
resin and a tacky layer on the base film, made of z resin,
such. as an epoxy resin, curable by ultraviolet rav
irradiation. An example of UV (ultraviolet ray) curable
resin is ELEPHOLDER SM-3061 (tradename of Nitto Denko
Kabushiki Kaisha, Japan) which is an acrylic resin. When
thermofoaming is used as the treatment, the tacky laver
contains therein microcapsules in which a2 powdery material
is filled. When the tacky layer is hezated, the
microcapsules are swellad and bursted so that the tackiness
of the layer is reduced. When cooling is useé as the
treatment, the tacky layer may be formed of a crystzlline
material having crystal orientation that changes dspending
upon temperature. Such a tacky layer has a tackiness at,
for example, 60C, and the tackiness is reduced
considerably at 257TC.

Because of the tackiness the film 8 is sealingly
attached to the surface of the rear resist laver 3 as shown
in FIG. 6 when the film 8 is pressed against the resist
layer 3. The thus attached film 8 serves to maintain the
rear sides of the rear recesses 7 liquid-tight and to
reinforce the rear side, preventing the etchant in the rear
recesses 7 from leaking rearwardly out of <the rear
recesses. Particularly, as the etching proceeds, the
recesses 7 and 9 are enlarged and the metal plate 1 in the
region of these recesses becomes weak, so that it becomes
more and more difficult to maintain the planar stats of the
plate 1. The film 8 serves to reinforce the thus weakened
plate bwv backing it up, so as to maintain the planzr state
of the plate. The £ilm 8 performs the function of
reinforcing the metal plate even during and after the
formation of the throuch slit 10 shown in FIG. 8. Thus,

the film 8 provides the advantage of preventing generation
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of defects such as lowering of dimensionzl accuracy of the
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slits formed due to unstableness of maintzining the planar
state of the metal plate 1, and white or black lines znd
non-uniform brightness that are observed when the producsd
aperture grill is seen through the slits thsreof because cf

[S1}

non-uniform width of the slits produced.

When a reinforcing film having an adhesive lavar
curable by ultraviolet light irradiation is used, the filim
in the attached state as shown in FIG. 8 can be removsd

10 easily by simply irradiating ultraviolet rays. By this
irradiation, the adhesive layer of the film is cured or
hardened with resultant lowered adhesiveness. The remcval
of the film can thus be carried out ezsily after the

etching steps have been completad. The ultraviolet rzv

13 irradiation is simple and easy and does not cause any
influence on the quality of the aperture grill thus
produced. Thereafter comes the removal c¢f the front and
rear resist layers. '

Example
20 An elongated 1low carbon steel glate (1) of =

thickness of 50 um was prepared, and casein resist layers
(2) were applied to front and rear surfacss of the plazs
and dried thereafter. On the front and rear surfaces ci
the plate were applied a front pattern mask (4) and a rear
25 pattern mask (5), respectively. Then, exposure to light
and subsequent development were carried out. The £ront
pattern mask (4) had a single broad slit pattern (4z) of a
width of 210 uym, while the rear pattern mask (5) had two
parallel, narrow slit patterns (5a) of a width of 20 pn
30 with a spacing 110 pm between the two patterns. Such slit
pattern (4a) and slit patterns (5a) were placed on cpposits
sides of a location of the plate (1) at which a through

slit (10) is to be formed. -
Then the rear surface of the plate was subjected ¢
33 a spray etching operation through the rear resist layer
As an etchant was used an etching liquid of ferric chlorice
of a specific gravity of 46 Baumé degree and of a2

0

(9]
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W temperature of 60°C. The etching was stopped at a depth of

- 11 -

approximately 20 um, and washing and drying were carried
out.

b

A reinforcing etchant-proof Zilm (8) was applied

ot

{»]

(5)]

the rear resist layer (3) in sealing contact therewith.
The film had a polyester resin film of .2 thickness of 30
pum, bearing thereon a tacky layer of a resin capable of
being cured by ultraviolet light. Thereafter, etching was
carried out on the front surface of the plate (1) through
10 the front resist layer (2), using the above mentioned
ferric chloride etching liquid. The Zront side etching was
stopped in a specific time interval.

After washing and drying, ultraviolet light was
irradiated to the entire surface of the rear resin laver :0o

15 cure the tacky layer to become less tackvy. Thersafier, the

washing and drying operations, an aperture grill having
through slits (10) was produced. Zach of the produced

20 through slits had 2 rear slit width cZ 170 pm, a2 front slit
width of 260 pum, a degree of taper of approximately 43 pm.
There were no problems concerning the dimensional accuracy,
and generation of black and white lines and non-uniformity
in brightness when viewed through ths grill.

25 ' Under exactly the same conditions, an etching was
also carried out on a low carbon stee: plate of & thickness
of 35 um to produce an aperture-grill, and comparisons were
made with an aperture grill that was produced by the
conventional one-side etching metho¢. The results of the

30 comparisons are shown in the following table.
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TABLE
PLATE | DEGREE| DIMEN-
THICX- | OF SIONAL LINEARITY
METHOD | NESS | TAPER | ACCURACY (um)
{pm) (o)
Rz R.“Ax.
CONVEN-{ 50 15 0.12 0.63 | 0.75
1 |rIoNAL
INVEN- 50 45 0.12 0.58 | 0.72
TION
CONVEN-| 35 10 0.28 0.76 | 0.94
2 |rIoNaL
INVEN- 35 30 0.17 0.60 | 0.76
TION

As will be noted from the table, the method of the
present invention makes it possible to have a degree'of
taper of more than two times of that obtainable by the
conventional one-side etching method, providedé that the
linearity is taken at the same degree.

degree of taper, dimensional accuracy and linearity are at

Furthermore, the

practical levels.
Here, the taper is defined as 2 value that is a
half the difference between the larger and smaller slit
widths, and the dimensional accuracy is defined as standard
deviation (g) of the smaller slit width. The values Rz and
Rmax.
(Japanese Industrial Standards), B0601-1932.
the etching liguid had a

and a specific gravity of 46 Baumé

representing the linearity are defined iIn the JIS

In the above example,
temperature of 60°C,

degree. Similar methods were carried out at a temperature




-
w
1

of 50 to 75°C and with a specific gravity of 45 to 49 Baumé
degree, and similar results to the forsgoing were also

obtained.
// Under the same conditions described above, similza-
’/ 5 methods were conducted for a plate of a thickness of 20 v,
/ and similar results were obtained.

It will be understood from the above descriptizn
that the method of the present invention makes it possi:zie
to produce aperture grills of a thickness of from 20 to .70
10 pm, which are stable in quality, in a relatively simple wWay
compared with the conventional two-step etching methoé in

which resin must be filled in etched cavities formed :n

advance.
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WHAT IS CLAIMED IS:

1. A method of producing an aperture grill comprising

Fo N8

the staps ©Of:

providing a metal plate of 2 thickness of from 20
to 100 um;

applying front and rear ghotosensitive resist
layers to front and rear surfaces of the metal plate,
respectively:

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

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

developing printed slit patterans in the front and
rear rssist layers;

half-etching at least the resr surfiace of the metal

ﬂ)

plate through the rear resist layer to produce resar
recessss

attaching an etchant-proof Z:ilm tc the rear resist
layer so as to cover the etched =rscesses in the rear
surfacs of the metal plate, said etchant-proof film having
an adhesiveness which will be reduce upon being subjected
to a treatment;

etching <the front surface of the metal plats
through the front resist layer to produce & front recess;

causing the front recess tc communicate with the
rear recesses as the etching of said £front surface
proceeds;

causing an etchant acting cn the front recess to
flow into the rear recesses while preventing the etchant in
the rear recesses from flowing past the rear recesses by
means of said etchant-proof film, when the front recess is
causec to communicate with the rear -scesses:

carrying out further etching cf both the freont anc
rear racesses as well as a boundary region betwsen the
front and rear recesses to provide a through slit having &
desired configuration:;

subjecting said etchant-proof film to said
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