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[5 7 ] ABSTRACT 

An improved luminous radiation panel apparatus of 
the type in which no separator is used between two 
substrates and which is thus simple to manufacture, 
free from erroneous discharge, longer in life and capa 
ble of producing a stable discharge. Furthermore, the 
apparatus has high resolution and brightness and there 
is no possibility that the excitation of a selected phos 
phor simultaneously excites the adjacent phosphors. 
The apparatus is adapted to make a display in color 
and is suited as a display device, particularly as a tele 
vision apparatus or character display device. 

9 Claims, 12 Drawing Figures 
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LUMINOUS RADIATION PANEL APPARATUS 

The present invention relates to a luminous radiation 
panel apparatus and, more particularly to an apparatus 
whichv utilizes the phenomenon of electric discharge. 

Various types of luminous radiation panel apparatus 
utilizing the phenomenon of electric discharge have 
been proposed and their application to practical use ‘ 
has been under way. In known apparatus of this type, 
as for example illustrated in FIG. 1 of the accompany 
ing drawings, an insulating separator 4 having a large 
number of holes 3 arranged regularly in rows and col 
umns is disposed between an insulating substrate 1 con 
stituting the back side and a transparent glass substrate 
2 constituting the front side. The separator 4 is formed 
on one surface thereof with a plurality of grooves 5 
each thereof interconnecting the holes 3 in one col 
umn. An electrode 6 consisting of a metal wire is dis 
posed in each of the grooves 5. A plurality of grooves 
.7 extending perpendicular to the grooves 5, i.e., in the 
direction of the breadth, are formed on the other sur 
face of the separator 4 and a wire electrode 8 is dis 
posed in each of the grooves 7. These component parts 
are brought together as a unit which is put to use after 
the whole unit has been enclosed and hermetically 
sealed by a ‘glass seal or the like. In this process, an inert 
gas is also ?lled in each of the holes 3 in the separator 
4 under a pressure ranging from several tens mm H” to 
several hundreds mm H,,. 

In this prior art apparatus, when a DC or AC voltage 
is applied between a selected one of the plurality of 
electrodes 6 and a selected one of the plurality of elec 
trodes 8, a luminous discharge occurs in that hole 3 lo 
cated at the intersection of the selected electrodes. In 
this apparatus, the purpose of the separator 4 is to pre 
vent the occurrence of discharge between the elec 
trodes other than the selected ones and to protect the 
substrates 1 and 2 from being damaged or deformed 
under the in?uence of atmospheric pressure. 

In other words,'the provision of the separator 4 is es 
sential in known apparatus of this type because in such 
apparatus a bias voltage higher than the discharge volt 
age is preliminarily applied to each of the electrodes 6 
and 8 in consideration of the ease of the occurrence of 
discharge and discharge area and the fact that an inert 
gas is ?lled at a pressure considerably lower than the 
atmospheric pressure as mentioned above. Therefore, 
there is a tendency to cause a discharge between the 
adjacent electrodes 6 and 8. Namely, without the provi 
sion of the separator 4, misoperation occurs causing a 
discharge between the adjacent electrodes 6 and 8. 
However, the provision of such a separator makes the 

manufacture of apparatus of this type considerably dif 
ficult and therefore apparatus having such a separator ' 
cannot be put to practical use. 

In known apparatus of this type, their life is depen 
dent on the deterioration of negative electrodes and 
therefore the selection of material for negative elec4 
trodes has been a very important factor with the prior 
art apparatus. Particularly, where the pressure of the 
contained gas is low, deterioration of the negative elec 
trodes due to sputtering occurs, causing a reduction in 
the life of the apparatus, a reduction in the transmission 
factor of the light produced by the discharge due to the 
deposition of the‘ sputtered metallic atoms on the sur 
face of the substrates 1 and 2 and the occurrence of in 
ter-electrode short-circuit. 
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2 
The materials generally used in the manufacture of 

such negative electrodes include nickel, iron, cobalt al 
loys, platinum, etc. However, these materials are disad 
vantageous in that they are subject to sputtering, liable 
to cause variation in the discharge conditions with the 
discharge time; particularly where the evaporation de 
posited negative electrodes are used, it is possible to 
maintain a stable discharge only for about several or 
several tens of hours. 
On the other hand, where it is desired to effect the 

display in color in known apparatus of this type, it has 
been customary to' irradiate a phosphor with a ultra 
violet ray produced by the discharge, thu'ifproducing a 
luminous color which is dependent upon the nature of 
a particular phosphor used. Since the ultraviolet ray 
produced by the discharge at the intersection of a nega 
tive electrode and a positive electrode radially diverges 
similarly as the visible light, it is necessary to reduce the 
distance between a phosphor and a source of ultravio 
let ray as near as possible, if the same area of the phos 
phor as the discharge area must be caused to lumi 
nesce. According to one form of heretofore proposed 
apparatus, a phosphor is coated on the inner wall of 
holes formed in a separator provided to con?ne the dis 
charge area, while in another form of such heretofore 
proposed apparatus a phosphor is provided in the form 
of a doughnut around the discharge area. In contrast, 
the principal object of the present invention is to elimi 
nate the provision of any separator which con?nes the 
discharge area. The prior art apparatus of the former 
type is impractical, while a disadvantage of the latter 
prior art apparatus is that a large portion of generated 
ultraviolet ray is radiated in the direction vertical to the 
negative electrode or positive electrode surface and a 
very small proportion of the generated ultraviolet ray 
is radiated along the surface of each electrode with the 
result that a small proportion of the ultraviolet ray is 
radiated onto the doughnut-shaped phosphor provided 
around the discharge area; hence the luminous bright~ 
ness is decreased. 

It is therefore an object of the present invention to 
provide a luminous radiation panel apparatus which 
eliminates the use of separator, excludes the danger of 
the substrates breaking down and becoming distorted, 
and prevents the occurrence of erroneous discharge 
between the electrodes adjacent to selected electrodes 
and which is longer in life and ensures stable discharge 
and higher resolution. 

It is another object of the present invention to pro 
vide a luminous radiation panel apparatus which is ca 
pable of producing a light of high brightness, prevent 
ing the excitation of phosphors adjacent to a selected 
one, and effecting the display in color. _ 
Many other objects and advantages of the present in 

vention will become apparent from considering the fol 
lowing detailed description in conjunction with the ac 
companying drawings, in which: 
FIG. 1 is a schematic view of a prior art luminous ra- ' 

diation panel apparatus; 
FIG. 2 is a side sectional view of an embodiment of 

a luminous radiation pane] apparatus according to the 
present invention; 
FIG. 3 is a plan view of FIG. 1 showing an example 

of the arrangement of the electrodes in the apparatus 
of FIG. 2; 

FIG. 4 is an enlarged side sectional view showing a 
modi?ed form of the apparatus of FIG. 2; 
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FIG. 5 is a plan view of the electrode arrangement in 
the apparatus of FIG. 4; 
FIG. 6 is a perspective view of the apparatus of FIG. 

4 showing its ?rst substrate side; 
FIG. 7 is an enlarged side sectional view showing an~ 

other modi?cation of the apparatus shown in FIG. 2; 
FIG. 8 is an enlarged side sectional view showing a 

modi?ed form of the apparatus shown in FIG. 4; 
FIG. 9 is a perspective view showing the second sub 

strate side of another modi?cation of the apparatus 
shown in FIG. 2; 
FIG. 10 is an enlarged side sectional view of another 

embodiment of the apparatus according to the inven 
tion which is adapted for color display; 
FIG. 11 is an enlarged side sectional view showing a 

modi?ed form of the apparatus shown in FIG. 10; and 
FIG. 12 is an enlarged side sectional view showing 

another modi?cation of the apparatus shown in FIG. 
10. 
The present invention will now be described in 

greater detail with reference to the accompanying 
drawings. 

In the embodiment shown in FIG. 2, numerals 11 and 
12 designate insulating substrates made of ceramic, 
glass or the like and having on the respective surfaces 
thereof a plurality of ?rst and second electrodes 13 and 
14 made of parallel strips of metal, such as, nickel or 
aluminum having a width not exceeding several milli 
meters and formed by the evaporation or printing pro 
cess. Numeral l5 designates spacers made of ceramic, 
glass or the like which keep the ?rst and second sub 
strates l1 and 12 apart from each other at a predeter 
mined distance as will be explained'later. Numeral l6 
designates a sealing member attached by an adhesive, 
e.g., epoxy resin to enclose and hermetically seal the 
?rst and second substrates 11 and 12. and the spacers 
15. As shown in FIG. 3, either of the ?rst and second 
electrodes 13 and 14 are arranged vertically in the illus 
tration and the other is arranged substantially perpen 
dicular to the former. 

If one of the substrates 11 and 12, e.g., the second 
substrate 12 is transparent, then it is preferable that the 
second electrodes 14 are also transparent. The trans 
parent electrodes may be made of a material such as 
SnO2 or lnzOa. A gas, e.g., a mixed gasof neon and 
argon gases through which discharge occurs upon ap 
plication of a relatively low voltage, is ?lled between 
the ?rst and second substrates 11 and 12 at a pressure 
on the order of 760 mm Hg. The distance between the 
electrodes 13 and 14 is selected such that theproduct 
of the distance therebetween and the pressure of the 
gas provides a minimum ?ring potential. In other 
words, if a neon-argon mixture gas is employed, the 
product of the pressure of the gas and the distance be 
tween the electrodes 13 and 14 must be within the 
range between 5 to 20 mm Hg‘cm to provide the mini 
mum ?ring potential. Therefore, if the gas is ?lled at a 
pressure of about 760 mm Hg, then the distance be 
tween the electrodes 13 and 14 must be between 0.065 
and 0.25 mm. Though the value of this distance is con 
siderably small as compared with the width of the elec 
trodes l3 and 14, it is still suf?cient to produce a lo 
cally controlled discharge. ' 

In the apparatus constructed as above described, if a 
positive polarity pulse, for example, is applied to a se 
lected one of a plurality of the first electrodes 13 and 
a negative polarity pulse is applied to a selected one of 
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4 
the plurality of the second electrodes 14 in synchro 
nism with the positive polarity pulse and if, in this case, 
the absolute value of the pulses is selected such that the 
sum of their absolute values exceeds the ?ring potential 
but the absolute value of the individual pulse is lower 
than the ?ring potential, then the discharge is estab 
lished only at the intersection of the selected elec 
trodes. In this way, by sequentially applying the pulse 
voltage in the respective groups of the electrodes 13 
and 14, the luminous spots can be obtained all over the 
surface of the panel in response to the applied signals, 
thereby displaying any desired image. If it is arranged 
so that the peak value or width of the pulse varies in ac 
cordance with the input signal, the brightness of re 
spective spots may be varied and hence an image of 
good tone may be obtained. 

In the panel luminous radiation panel apparatus ac 
cording to this embodiment, the pressure of the con 
tained gas is substantially equal to 760 mm Hg and 
therefore there is no danger of the apparatus breaking 
down or becoming deformed under the in?uence of the 
atmospheric pressure. Furthermore, the fact that the 
pressure of the contained gas is selected high, is a great 
advantage since the diffusion of the plasma of the dis 
charge can be con?ned to a very narrow area. 

It has been found experimentally that the diffusion of 
the plasma of the discharge does not spread out from 
the end of an electrode beyond a distance which is ap 
proximately equal to one between two adjacent elec 
trodes, if the gas pressure is on the order of 760 mm 
Hg. Accordingly, if the distance between the adjacent 
electrodes is selected approximately equal to or greater 
than the distance between the opposed electrodes, it is 
possible to prevent the plasma of the discharge from 
diffusing and spreading to the adjacent electrodes and 
thus causing misoperation. This eliminates the use of a 
separator which has heretofore been used to con?ne 
the discharge area. 
This point will be explained further in some detail. As 

is known in the art, the Paschen’s law states that the 
value of the ?ring ‘potential is minimum at a certain 
value of the product of the pressure p of a contained 
gas and the distance d between two electrodes. Accord 
ingly, in the case of the previously described mixed gas 
of neon and argon, if the pressure of the contained gas 
is 760 mm Hg, then the ?ring potential assumes a mini 
mum value when the distance between the electrodes 
13 and 14 is within the range from 0.065 to 0.25. On 
the other hand, since the width of the electrodes 13 and 
14 is generally on the order of 0.5 to 1 mm, a locally 
controlled discharge can still occur satisfactorily even 
though the distance between the electrodes 13 and 14 
is selected considerably small as compared with the 
width of the electrodes. This has been con?rmed by the 
results of _the experiments conducted by the inventors. 
Namely, the area of the discharge was about 0.06 mm2 
(0.3 mm in diameter) when the pressure of the gas was 
760 mm Hg and the discharge could occur between the 
electrodes of 0.4 mm in width. Thus, practically no 
plasma of the discharge was allowed to spread out from 
the edges of the electrodes and it was found that if the 
spacing between adjacent electrodes were selected 
about the same as the distance between the opposed 
electrodes, the plasma of the discharge would not dif 
fuse to the adjacent electrodes, causing an erroneous 
discharge between the electrodes and the adjacent 
electrodes. 
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With the apparatus constructed as above described, 
particularly where the pressurefof the gas is low or the 
discharge current is increased considerably, a so~ca1led 

' jittering may be'caused where the area of the cathode 
spot increases or the cathode spot rapidly moves over 
.the surface of the negative electrode. As a result, the 
discharge area'apparently spreads out to the outside of 
the intersection of the selected electrodes. The prob 
lem of such a phenomenon may be overcome by a 
method of coating an electrode with an insulating ma 
terial excepting that portion of the electrode where dis 
charge shouldtake place, thereby limiting the discharg 
ing portion of the electrode. . 
FIG. 4 illustrates an enlarged view of the electrodes 

13 and 14. Let it be assumed for purposes of descrip 
tion that the ?rst electrodes 13 on the ?rst substrate 1 1 
are used as the negative electrodes and the second elec 
trodes 14 on the second substrate 12 are used as the 
positive electrodes. In the ?gure, numeral 17 desig 

, nates an insulating coating consisting of a coating of an 
insulating material, e.g., silicon dioxide (SiO2) which is 
applied by the evaporation or printing process, for ex 
ample. The insulating coating 17 is provided, as shown 
in FIG. 5, with a plurality of openings 18 at those por 
tions where the ?rst electrodes 13 are placed opposite 
to the second electrodes 14 so as to partially expose the 
electrodes 13. The openings 18 need not be formed 
into any particular shape. By selecting the minimum 
spacing between the openings 18 substantially equal to 
or greater than the distance between the electrodes 13 
and 14, it is possible to prevent the ‘spreading out of the 
plasma fromthe discharge'portion to the adjacent por 
tions to cause the occurrence of erroneous discharge. 
While the above description has been made with ref 

' erence" to, the case where the apparatus is operated on 
a DC current, both electrodes 13 and 14 maybe coated 
with an insulating material excepting those portions 

' which are opposed to each other so that an AC signal 

may be applied between the electrodes 13 and l4~t0 
cause a discharge therebetween. 
FIG. 7 illustrates an enlarged sectional view of an 

other embodiment of the apparatus of the invention 
wherein a protective coating 19 of an oxide of a rare 
'earth element is applied ‘for example on the surface of 

' the ?rst electrodes 13 (constituting the negative elec- - 

trodes) exposed to the space containing the ‘gas. 
In-the luminous radiation panel apparatus of this em 

bodiment, the’ application of the protective coating 19 
of the rare earth element oxide on the surface of the 
electrodes 13, i.e., the negative electrodes exposed to 
the space containing the gas, has the effect of prevent 
ing damage to the ?rst electrodes 13 due to the sputter 
ing providing a longer life therefor, and also the effect 
of preventing a rise .in the ?ring potential which is be 
lieved due to the in?uence of impurity gases entered 
through the sealing member 16 into the space contain 
ing the gas or the occurrence of a local arc-like dis 
charge at the intersection of the electrodes 13 and 14, 
thereby stabilizing the discharge. 
The oxide of the rare earth element constitutes a 

semi-conducting coating which, though its speci?c re 
sistance is high at room temperature, may be used as a 
material for negative electrodes since the total resis 
tance over the surface of the coating may be reduced 
satisfactorily if the coating is applied in a thickness 
ranging from 500 to 2,000 A. The oxides of rare earth 
elements suitable for the protective coating 19 include 
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cerium oxide (CeO2), terbium oxide (Tb4O7), neodym- ' 
ium oxide (NdZOS) and samarium oxide (Sm2O3). Also, 
an alloy‘ ofcerium‘ and. nickel and an ‘alloy of cerium 
and cobalt as well as zirconium oxide are suitable mate 
rials‘ for the protective coating 19. The oxides of rare 
earth elements are heat resisting materials and thus 
they also have an advantage in that in the manufactur 
ing process‘of electrodes these materials can be sub 
jeeted .for ‘example to heat treatment in an oxygen at 
mosphere (e.g., in the atmospheric pressure) and 
therefore the treatment can be accomplished without 
the danger of the electrodes becoming oxidized, 
thereby considerably reducing the manufacturing cost. 
The experiments conducted by the inventors showed 

that with the luminous radiation panel apparatus con 
structed as shown in FIG. 7, wherein the ?rst electrodes 
13 were made of nickel and the cerium oxide protec 
tive coating 19 of about 1,000 A thick was applied on 
the surface of the ?rst electrodes 13 exposed to the 
space containing the gas, the life of the apparatus was 
about 500 times that of the conventional apparatus of 
the type employing no protective coating on the sur 
face of the ?rst electrodes 13 and the discharge charac 
teristic was also stable. , 

FIG. 8 is a modi?ed form of the apparatus of FIG. 4, 
wherein a protective coating 20 consisting of a rare 
earth element oxide is applied on the surface of the ?rst 
electrodes 13 exposed to the space containing the gas. 
While, in this modi?cation, the protective coating 20 
has been applied to expose the insulating coating 17 to 

- the space containing the gas, the protective coating 20 
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may be applied to cover the insulating coating 17. The 
same materials as used in‘the apparatus ‘of FIG. 7 may 
also be used for the protective coating 

p ' In the luminous radiation panel apparatus of this em; 
bodiment, since the ?rst electrodes 13 constituting the 
negative electrodes have been covered by the insulat 
ing coating 17 excepting those portions intersecting the 
second electrodes 14 constituting the positive elec 
trodes and since the protective coating 20 has been ap 
plied on the surface portions of the ?rst electrodes 13 
which were not covered by the insulating coating 17, 
i.e., exposed to the space containing the gas, there is no 
danger of the ?rst electrodes l3-suffering damage due 
to the sputtering. Moreover movement of the luminous 
spot at the ?rst electrodes 13 can be prevented, thus 
ensuring'a longer life and a stable discharge. 
FIG/9 illustrates an enlarged perspective view of an 

other modi?cation of the apparatus shown in FIG. 2, 
wherein an insulating coating 21 consisting of silicon 
dioxide (Si 02), for example, is applied on the surface 
of the second electrodes 14 constituting-the positive 
electrodes excepting those portions which intersect the 
?rst electrodes 13 constituting the negative electrodes. 

In the luminous radiation panel apparatus of this em 
bodiment, by virtue of the insulating coating 21 cover 
ing the second electrodes 14 excepting those portions 
intersecting the ?rst electrodes 13, the discharge area 
formed on the surface of the second electrodes 14 is 
con?ned within narrow limits, thereby effecting the dis 
play with higher resolution. 
Next, a luminous radiation panel apparatus accord 

ing to the present invention which is adapted for color 
display, will be explained with reference to FIG. 10. 

In FIG. 10, numerals 22, 23 and 24 respectively des 
ignate, for example, stripes of red, green and blue phos 
phors for producing respectively red, green and blue 
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colored lights, and the phosphor stripes 22, 23 and 24 
are arranged side by side in the virtical‘dlreetion with 
respect to the illustration. These phosphors may also be 
arranged in the form of dots. Numeral 25 designates a 
thin transparent sheet of glass applied in the front of 
the phosphor group and capable of transmitting ultravi 
olet rays there-through, and numeral 14 designates a 
plurality of stripes of transparent electrodes each con 
sisting of a Nesa coating, indium oxide coating or the 
like which are placed on the glass sheet 25 and ar 
ranged in the same direction and in parallel with the 
phosphor stripes. The spacing between the electrodes 
14 is made smaller than the width of the electrodes. A 
plurality of electrodes 13 are arranged substantially 
perpendicular to the electrodes 14. 

In this arrangement, when a discharge occurs be 
tween the electrodes 13 and 14 at the intersection 
thereof, a large portion of the generated ultraviolet ray 
is applied to phosphor stripe 22, 23 or 24, thereby en 
suring a very high brightness. Further, since the glass 
sheet 25 is so thin that the distance between the dis 
charge area and the phosphor stripe 22, 23 or 24, re 
spectively, is reduced with the result that the ultraviolet 
ray is utilized effectively and it is possible to prevent 
the occurrence of a so-called blurring phenomenon 
where the adjacent phosphor stripes other than the se 
lected one are also excited and caused to produce light. 
The apparatus of FIG. 1 1 is identical with the appara 

tus shown in FIG. 10 excepting that a coating 26 of a 
material which prevents the transmission of ultraviolet 
ray thcrethrough is provided between the second elec 
trodes 14. In the apparatus of FIG. 10, there is the dan 
ger that a portion of the ultraviolet ray may fall on the 
adjacent phosphor stripes which constitute picture ele 
ments thus causing the phosphor stripes other than the 
desired one to produce light. In the apparatus of FIG. 
11, the provision of the ultraviolet ray preventive coat 
ing 26 between the second electrodes 14 completely 
prevents the ultraviolet ray produced at the discharge 
area from leaking obliquely and hence there is no possi 
bility of the adjacent phosphor stripes constituting. 
other picture elements being excited and caused to pro 
duce light. 
The embodiment of FIG. 12 differs from the appara 

tus of FIG. 10 in that an opaque conductive metallic 
coating 27 is provided on each side of the respective 
second electrodes 14. In this way, it is possible to com 
pletely prevent any portion of the ultraviolet ray gener— 
ated at the discharge area from leaking obliquely and 
exciting and causing the adjacent phosphor stripes to 
produce light. Furthermore, the provision of the coat 
ing 27 has the effect of considerably reducing the resis 
tance value of the second electrode 14 which generally 
has a high resistance. Particularly, where it is desired to 
display a large picture or it is necessary to reduce the 
width of the transparent electrodes to obtain an im 
proved resolution, the aforementioned effects provide 
great advantages. 
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What we claim is: 
l. A luminous radiation panel apparatus of the type 

in which light is produced by a dc. discharge through 
a space containing a gas between opposed substrates, 
each thereof having a plurality of anodes and cathodes 
disposed thereon so that said plurality of anodes dis 
posed on one of said substrates are arranged to oppose 
and intersect said plurality of cathodes disposed on the 
other one of said substrates with said space interposed 
therebetween, wherein the pressure of the gas con 
tained in said space is on the order of 760 mm Hg, and 
said plurality of anodes on one of said substrates are 
spaced away from said plurality of cathodes on the 
other one of said substrates so that the product of said 
pressure of said gas and the distance between said an 
odes and cathodes on said substrates determines an ap 
proximately minimum ?ring potential. 

2. A luminous radiation panel apparatus according to 
claim 1, wherein said gas comprises a mixture of neon 
and argon gases having a pressure of approximately 
760 mm Hg, and said distance between said anodes and 
cathodes is selected between 0.065 and 0.25 mm. 

3. A luminous radiation panel apparatus according to 
claim 1, wherein an insulating coating is applied at least 
to the surface of said plurality of cathodes on the other 
one of said opposed substrates excepting those surface 
portions opposite to said plurality of anodes on the one 
of said substrates. 

4. A luminous radiation panel apparatus according to 
claim 1, wherein a semiconductive coating of an oxide 
of a rare earth element is applied at least to the surface 
of said plurality of cathodes on the other one of said 
substrates. 

5. A luminous radiation panel apparatus according to 
claim 4, wherein said oxide is selected from the group 
consisting of cerium oxide, terbium oxide, neodymium 
oxide, and samarium oxide. 

6. A luminous radiation panel apparatus according to 
claim 1, wherein a semiconductive coating of a mate 
rial selected from the group consisting of zirconium ox 
ide, cerium‘nickel alloy and cerium-cobalt alloy is ap 
plied at least to the surface of said plurality of cathodes 
on the other one of said substrates. 

7. A luminous radiation panel apparatus according to 
claim 3, wherein a coating of an oxide of a rare earth 
element is applied to said surface portions of said plu 
rality of cathodes on said other one of said substrates 
which are exposed to said space containing said gas. 

8. A luminous radiation panel apparatus according to 
claim 7, wherein said oxide is selected from the group 
consisting of cerium oxide, terbium oxide, neodymium 
oxide and samarium oxide. 

9. A luminous radiation panel apparatus according to 
claim 3, wherein a zirconium oxide coating is applied 
to said surface portions of said plurality of cathodes on 
said other one of said substrates which are exposed to 
said space containing said gas. 


