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METHOD OF PRODUCING APERTURE GRILL 

BACKGROUND OF THE INVENTION 
The present invention relates to a method cf 

s· producing a shadow mask of a television, and, "-==e 
particularly, to a method of producing. an aperture grill -:lf 

a thickness of from 20 to 100 µm, for example, used 
typically in a Trinitron (Trademark of Sony Corporati=:1) 
cathode ray tube (CRT). 

10 In recent years, CRT display devices such as co~=r 
televisions are becoming enlarged in size, so that shac=w 
masks used in such devices are required to be of large si=e 
as well. Particularly, in the type of shadow masks cal:ed 
aperture grills having vertical slits, the manner of !ixi~g 

. 15 the same is different from the manner of the f ixi:lg of 
other types of shadow masks having other types of sl~ts =r 
circular openings. That is, the aperture grill is fixed 
under tension to a rigid frame. For this reason the ===~e 
must necessarily be enlarged in relation to the enlar;:d 

20 aperture grill and is required to resist the tension 
necessary for the fixing of the aperture grill of t~e 

conventional thickness. As a consequence, the weight cf 
the frame is increased remarkably. In order to cope w~~h 
this increase in the weight of the frame, the weight of -:::e 

25 aperture grill must be reduced so ":=hat the thickness of 1:.::e 
aperture grill will have to be reduced to compensate ==r 
the enlargement of the size ... 

The thickness of conventional shadow masks havi~g 
slits or circular holes, including aperture grills havi~g 

30 vertical slits, was in general more than 100 µm, anc a 
known method for producing such shadow masks was to ca=~f 
out concurrent etching of a metal plate on the oppos:.~e 

sides thereof to produce _.through holes. This method :.s 
called a one-step etching method. 

35 Another known method for producing a shadow mas~ 
was as fallows . 
resin layers on 

That is, a metal plate is applied wi~h 
the opposite front and rear surf aces 
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thereof, and then pattern masks are applied to the oppos~~e 

resin layers. P.. front pattern mask has one broad sl.: t 

pattern and a back pattern mask has two adjacent nar::--=:·; 

slit patterns. Subsequently, the front and rear patte=~ 

5 masks are printed to the front and rear resist layers, 

respectively, by exposure to light, and- then developmer:::s 

on the resist layers of the printed front and rear patter~s 

are made. 

A half-etching is carried out on the rear surfa=a 

10 of a metal plate through the developed rear resist layer ~~ 

form adjacent narrow rear recesses in the rear surface c: 
the plate; then an etchant-proof resin is filled into t~a 

rear recesses and over the rear resin layer on the metal 

plate; and a broad front recess is etched in the frc~t 

15 surface of the metal plate through the developed fro~-: 

resist layer to cause the front recess to reach the hal:­

etched rear recesses, whereby a through hole is produced .::.~ 

the metal plate. This method is a two-step etching methc= 

and is described in Japanese Patent Appln. Laid-Ope~ 

20 (Kokai) No. 61-130,492 publis~ed June 18, 1986. 

Japanese Patent Application Laid-Open (Kokai) Ne. 

5-28912 published February 5, 1993 discloses a furthe= 

method, using a front pattern mask having a broad sl:.-:: 

pattern, and a rear pattern mask having two narrow sl:.-: 

25 patterns. This method aims at controlling the cross­

sectional shapes of etched recesses and therefore t~e 

cross-sectional shape of the"finally obtained through hola 

or slit. 

Another method for producing a shadow mask is 

30 disclosed in Japanese Patent Application Laid-Open (Kokai) 

No. 5-12,996 published January 22, 1993. In this rnethoc, 

a metal plate is applied with resist layers on the fror.~ 

and rear surf aces thereof·, and then a pattern slit mask is 

applied to only the front surface and printed to the sa~= 

35 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 surf ace of the 
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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 plate when the rear 

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 µm and 

cannot be used for thin shadow masks of a thickness of from 

10 20 to 100 µm 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 sl"-.adow 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 control 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 are 

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 di ff icul t to produce 

through holes and slits having tapered side walls of 

25 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 µm, the thin 

30 metal plate cannot withstand the spraying 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 a thickness 

35 of from 20 to 100 µm, the thin metal 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 disclosed 
il\ 

Japanese Patent Appln. Laid-Open (Kokai) No. 5-12,996 is 

used for a thin metal plate mentioned above, an etching 

quantity equivalent to that of a plate of double or triple 

5 thickness is required, and moreover :'.. t is di!ficul t to 

produce a desired configuration of the through holes or 

slits with a resultantly obtained reduced degree of taper. 

If the etching quantity is reduced to secure a desired 

degree of taper, the degree of linearity of the side walls 

10 of the produced through holes or slits deteriorates so that 

dimensional precision of the hole~ or slits drops. 

Especially, in the case of production of aperture grills of 

a thickness of the order of 20 to 100 µm, the slit shape 

becomes unstable at the instant of the breakthrough of the 

15 slit so that dimensional precision drop considerably and a 

desired degree of taper can hardly be obtained. When 

dimensional precision drops, there cc=urs ncn-ur.~~crm 

brightness when the aperture grill is seen through its 

slits and irregular depressions tend to be formed in the 

20 grill. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 

a method of producing an aperture grill of a cathode ray 

tube whereby a thin metal plate of a thickness of from 20 

25 to 100 µm can be processed to have slits of precise 

dimensional configuration. 

In order to attain the above object, the present 

invention provides a method of producing an aperture grill 

comprising the steps of: providing a metal plate of a 

30 thickness of from 20 to 100 µm; applying front and rear 

photosensitive resist layers to front and rear surfaces of 

the metal plate, respectively; applying front and rear slit 

pattern masks to the front and rear resis~ layers, 

respectively; printing the front and rear sli 't pattern 

35 masks to the front and rear resist layers, respectively; 

developing -printed slit patterns in the front and rear 
resist layers; half-etching at least the rear surface of 

THIS SHEET HAS BEEN 
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the metal plate through the rear resist layer to prod~ce 

rear recesses; attaching an etchant-proof film to the rear 

resist layer so as to cover the etched recesses in the rear 

surf ace of the metal plate, said etchant-proof film hav~~g 

an adhesiveness which will be reduced u~on being subjec~ed 

to a treatment; etching the front surface of the metal 

plate through the front resist layer to produce a front 

recess; causing the front recess to communicate with the 

rear recesses as the etching of said front surface 

10 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 

15 further etching of both the front and rear recesses as well 

as a boundary region between the front and rear recesses ~o 

provide a through slit having a desi=ed con::iguratic~; 

subjecting said etchant-proof film to the t=eatment to 

reduce the adhesiveness thereof, thereby removing the f~lm 

20 from the rear resist layer; and removing the front and rear 

resist layers from the metal plate. 

A pref erred embodiment of the invention will be 

understood from the following detailed description w! ~h 

reference to the accompanying drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a metal plate to 

which the method of the present invention is applied; 

FIG. 2 is a sectional view showing the metal pla~e 

applied with resin layers on the opposite surfaces thereof; 

30 FIG. 3 is a sectional view showing a step in which 

35 

slit pattern masks are applied and printed on the res:..n 

layers; 
FIG. 4 is a sectional view showing a step after 

slit pattern printing and developme~t; 

FIG. 5 is a sectional view showing a step of rear 

etching; 
FIG. 6 is a sectional view showing a step of 

THIS SHEET HAS BEEN 
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applying an etchant-proof film; 

FIG. 7 is a sectional view showing a step of front 

etching; 

FIG. 8 is a sectional view showing prc~ress of the 

5 step of FIG. 7; 

FIG. 9 is a sectional view snowing a step after 

removal of the etchant-proof film; and 

FIG. 10 is a section of the metal plate having a 

through slit formed therein. 

10 DESCRIPTION OF A PREFERRED EMBODIME~T 

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

carbon steel plate is first prepared for producing an 

aperture grill. The metal plate 1 has a thickness of 20 to 

100 µm. Then, as shown in FIG. 2, a pho~osens i ti ve 

15 material is applied to the opposite surfaces o= the metal 

plate 1 to form front and rear resin layers 2 and 3, which 

are then dried. In the embodiment shown, the lower 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 

20 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 

25 and 5, respectively, as indicated by arrows L. The front 

mask 4 has a light-intercepting pattern slit 4a of a width 

corresponding to the width o~ a slit which is to be formed 

through the metal plate 1 . The rear mask 5 has two 

adjacent light-intercepting pattern slits Sa of a small 

30 width. These two slits Sa 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 a~e printed on the res~n layers 2 

~nd 3, respectively. In the embodiment, ~he resin layers 

35 2 and 3 are shown as photosetting layers. 

After removal of the masks 4 and 5 and developme.nt 

of the printed pattern slits, the front resin layer 2 is 

THIS SHEET HAS BEEN 
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caused to have a single slit 2a, while the rear resin layer 

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

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

subjected to etching as indicated by ar=ows E 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 laye= 

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

subjected to etching from the front sice as indicated by 

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

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

recess 9 is enlarged and finally reaches the rear recesses 

15 7. As the etching progresses and the =rant recess 9 is 

enlarged further, a through slit 10 is ob"=ained as shewn in 

FIG. 8. 

For carrying out the above stated front etching 

process shown in FIGS. 7 and 8, the etc~ant-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 surf ace of the front 

25 recess 9 begins to flow into the rear :-ecesses 7, which 

then act as reservoirs for the inf lowing 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 prot:-uding regio!} .11 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 

,---·~-·-----~-------i 
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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 concurrent progresses of the 

etching of the front and rear recesses, the shape and hence 

5 t~e internal taper of the through slit 10 can be suitably 

adjusted by selecting the widths of the slits 4a and Sa ot 

the pattern masks and the spacing between the adjacent 

slits Sa. 

It has been found that use of only one rear pattern 

10 slit Sa 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 

undesirabl°y forms a through slit. It has been confirmed 

that the use of two or more adjacent rear pattern slits 5a 

15 in relation to a single broad, front pattern slit 4a is 

advantageous to produce a through slit 10 having a well 

controlled shape and tapering s:..de walls. When the through 

slit 10 has a rear opening width (smaller width) of the 

order of 180 µm, the use of tNO rear pattern slits Sa is 

20 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. 

25 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. 10. It will be noted that the thus 

obtained through slit 10 has a concave, front side wall 

portion lOa and a convex, rear side wall portion lOb, these 

30 portions lOa and lOb 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 capability and being 

35 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 

THIS SHEET HAS BEEN 
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reduced when a treatment is applied thereto. The treatment 
is, for example, thermosetting treatment, thermofoaming 

irradiation, heating, treatment, ultraviolet light 

. cooling, and so on. The etchant-proof film is, for 

5 example, a film consisting of a base film of polyester 

resin and a tacky layer on the base film, made of a resin, 

such. as an epoxy resin, curable by ultraviolet ray 

irradiation. An example of UV (ultraviolet ray) curable 

resin is ELEPHOLDER S~I-3061 ( tradename of Nitto Denko 

10 Kabushiki Kaisha, .Japan) which is an acrylic resin. When 

thermofoaming is used as the treatment, the tacky layer 

contains therein microcapsules in which a powdery material 

is filled. When the tacky layer is heated, the 

microcapsules are swelled and bursted so that the tackiness 

15 of the layer is reduced. When cooling is usec as the 

treatment, the tacky layer may be formed of a crystalline 

material having crystal orientation that changes C.epending 

upon temperature. Such a tacky layer has a tacki~ess at, 

for example, 60:C, and the tackiness is reduced 

20 considerably at 2s=c. 

Because of the tackiness the film 8 is sealingly 

attached to the surf ace of the rear resist layer 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 

25 rea.r 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 

30 region of these recesses becomes weak, so that it becomes 

more and more difficult to maintain the planar state of the 

plate 1. The film 8 serves to reinforce the thus weakened 

plate by backing it up, so·as to maintain the planar state 

of the plate. The film 8 performs the func::ion of 

35 reinforcing the metal plate even during and after the 

formation of the through slit 10 shown in FIGA 8. Thus, 

the film 8 provides the advantage of preventing generation 

THIS SHEET HAS BEEN . 
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of defects such as lowering of dimensional accuracy of the 

slits formed due to unstableness of maintaining the pla~ar 

state of the metal plate 1, and white or black lines a~d 

non-uniform brightness that are observed when the procucsd 

5 aperture grill is seen through the slits t~ereof because ~= 

non-uniform width of the slits produced. 

When a reinforcing film having an adhesive layer 

curable by ultraviolet light irradiation is used, the f!~m 

in the attached state as shown in FIG. 8 can be removsd 

10 easily by simply irradiating ultraviolet rays. By th!s 

irradiation, the adhesive layer of the film is cured or 

hardened with resultant lowered adhesiveness. The removal 

of the film can thus be carried out easily after 

etching steps have been completed. The ultraviolet 

15 irradiation is simple and easy and does not cause a::y 

influence on the quality of the apert~re grill t~~s 

produced. Thereafter comes the removal cf the front a~d 

rear resist layers. 

20 

Example 

An elongated low carbon steel plate ( 1) of a 

thickness of 50 µm was prepared, and case~~ resist layers 

(2) were applied to front and rear surfaces of the plate 

and dried thereafter. On the front and rear surfaces of 

the plate were applied a front pattern mask (4) and a rear 

25 patt~rn mask (5), respectively. Then, ex9osure to ligh~ 

and subsequent development were carried out. The fro~t 

pattern mask (4) had a single broad slit pattern (4a) of a 

width of 210 µm, while the rear pattern mask (5) had tho 

parallel, narrow slit patterns (Sa) of a width of 20 ~~ 

30 with a spacing 110 µm between the two patt:e=ns. Such sl!~ 

pattern (4a) and slit patterns (Sa) were placed on opposite 

sides of a location of the plate (1) at which a throu;h 

slit (10) is to be formed .. · 

Then the rear surface of the plate was subj ect:ed t:i 

35 a spray etching operation through the rear resist layer 5. 

As an etchant was used an etching liquid of ferri.e chloride 

of a specific gravity of 46 Baume degree and of a 
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temperature of 60:c. The etching was stopped at a depth of 
approximately 20 µm, and washing a~d drying were carried 
out. 

A reinforcing etchant-proof =ilm ( 8) was applied to 
5 the rear resist layer (3) in seal!ng contact therewith. 

The film had a polyester resin film of a thickness of 50 
µm, bearing thereon a tacky layer of a resin capable of 
being cured by ultraviolet light. T~erea:ter, 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 :ront side etching was 

stopped in a specific time interval. 
After washing and drying, ultraviolet light was 

irradiated to the entire surface of t~e rear resin layer to 

15 cure the tacky layer to become less tacky. Thereafter, t:"le 

reinforcing film (8) was removed, anc the resist laye~s (2 
and 3) were removed with an alkal!ns solution. ~-=-=.­r . .:.. .... __ 

washing and drying operations, an 
through slits ( 10) was produced. 

aperture grill havi~g 

:::ach of the produced 
20 through slits had a rear slit width o= 170 µrn, a front slit 

width of 260 µm, a degree of taper of app=oximately 45 µm. 
There were no problems concerning the dimensional accuracy, 
and generation of black and white li~es and non-uniformity 
in brightness when viewed through the grill. 

25 Under exactly the same condi~ions, an etching was 
also carried out on a low carbon steel plate of a thickness 
of 35 µm to produce an aperture·grill, and compa~isons were 
made with an aperture grill that was produced by the 
conventional one-side etching methoc. The results of the 

30 comparisons are shown in the followi~g table. 

----
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T.~ELE 

PLATE DEGREE D!MEN-

THICK- OF SIONAL LINE.:..:t! TY 

METHOD NESS T.?\.PER ACCURACY (µm) 

(µm) (a) 

Rz I R~. 
CONVEN- 50 15 0.12 0.63 0.75 

l TIONAL 

INVEN- 50 45 0.12 0.58 0.72 
TION 

CONVEN- 35 10 0.28 0.76 0.94 

2 TIONAL 

INVEN- 35 30 0.17 0. 60 0.76 
TION 

As will be noted from the table, the me~hod 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, providec that the 

5 linearity is taken at the same degree. Furthe=more, the 
degree of taper, dimensional accuracy and linea=!ty are at 
practical levels. 

Here, the taper is defined as a value that is a 
half the difference between the larger and smaller slit 

10 widths, and the dimensional accuracy is defined as standard 
deviation (a) of the smaller slit width. The values Rz and 
Rmax. representing the lin~arity are defined !~ the J:S 
{Japanese Industrial Standards), 80601-1982. 

In the above example, the etching li<;uid had a 
15 temperature of 6o=c, and a specific gravity of 46 Baume 

degree. Similar methods were carried out at a temperature 
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of 50 to 75=c and with a specific gravity of 45 to 49 aa~~e 
degree, and similar results to the foregoing Were a:so 
obtained. 

Under the same conditions described above, s~m~~== 

methods were conducted for a plate of a thickness of 20 
and similar results were obtained. 

··~ !--.... , 

It will be understood from the above descript!=n 
that the method of the present invention makes it possi=:e 
to produce aperture grills of a thickness of from 20 ~o :~o 

10 µm, which are stable in quality, in a relatively simple way 
compared with the conventional two-step etching method !n 

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 ape=~ure grill comprising 
the s~aps of: 

providing a metal plate of a thickness of from 20 

to 100 µm; 

applying front and rear ;hotosensitive resist 

layers to front and rear surfaces of t!"'.e metal plate, 
respectively; 

applying front and rear slit pattern masks to the 

front and rear resist layers, respec~ively; 

printing the front and rear slit pattern masks to 

the front and rear resist layers, respectively; 

developing printed slit pat~:rns in the front and 

rear resist layers; 

half-etching at least the rea= surface of the metal 

plate through the rear resist la~er to produce rear 

recesses; 

attaching an etchant-proof f ~lm to the rear resist 

layer so as to cover the etched =ecesses in the rear 

surface of the metal plate, said etc~ant-proof film having 

an adhesiveness which will be reduce= upon being subjected 

to a t:-eatment; 

etching the front surf ace of the metal ·plate 

through the front resist layer to produce a front recess; 

causing the front recess to communicate with the 

rear recesses as the etching of said front surf ace 

proceeds; 

causing an etchant acting c~ 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. whe~ the front recess is 

caused to communicate with the rear =ecesses; 

carrying out further etching cf both the front anc 

rear recesses as well as a bounda::::::· region between t!'"'.e 
front and rear recesses to provide a ~hrough slit having a 
desired configuration; 

subjecting said etchant-p=oof film to said 
------------
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rear :-~sis-:: layer: a~: 

remc·-l~rg res is: 

o~a~e. 

,, ._ . 
pa-::tern mask ~as a singie si;: oatte:·:i ana :ne rear s.:: 

pattern ma~k nas at leas: two. aa1acent s1:t c3::=rns. 

3. A methoa accord~ng to C~aim 2. wnerein sa:: at 1e~st :~o 

s~1t patterns are c1sposec w1t~in tne wic:~ o~ sa1a sing·~ 

s~1t ::>at:err.. 

~ . 

.... 
~. 

A me:.10:: :.cco:-cin·; :c C1a11l\ 1 • ., or -· ·.·;r:;r'9i:1 "3a··: 

7. A m~:nca a:cora:~g to any one ot C~a~~s : ~o 6, wn:r~·n 

sa1c film comprises a case film ana an aan~s~ve :3yer appl~~c 

on the oase f1iM. 

a. A me:1oa accora1ng to :1a1m sucs:an:iaiiy ~= . . . 

9. A te.ev~s:cn snaaow mas~ compr1sing a:i ?c~r:u~e ~r-:1 
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