
0192293 Description The invention relates to a cathode-ray tube provided
with a luminescent screen comprising a luminescent indium orthoborate. Such
a tube is known from US-PS 3,394,084. This Patent Specification discloses
luminescent indium orthoborates (fundamental lattic [err]), which are
activated by a lanthanide element, the activator 5 replacing part of the
indium in the fundamental lattice. Materials suitable for practical
applications are the borates activated by trivalent terbium and having a
green emission and the borates activated by trivalent europium and having a
red emission. Furthermore, it is known from Netherlands Patent Application
8401175 (PHN.11.007) and also from European Patent Application 0 111 303 to
activate [err] both by [err] and by [err]. These double-activated borates
yield mixed colours between green and red and have 10 high brightnes  if
the activator contents are kept low. The known luminescent indium borates
have a decay time of the order of 20 msec (medium decay). Due to their
suitable emission colour, their high brightness and their medium, decay
character, these known borates are particularly suitable for use in
cathode-ray tubes for data display, the so-called DGD  . tubes (Data
Graphics Display). 15    It is known that trivalent chromium can serve as
an activator in given fundamental lattices, more particularly in aluminates
and in aluminium oxides, in which chromium is substituted at Al sites. Such
materials generally luminesce in the deepred and/or infrared part of the
spectrum. In Chemical Abstracts,  . Vol. 97, 1982, No. 82135n, for example,
chromium-activated YA31B4012 (huntite crystal structure) is mentioned. For
given applications, it is desirable that a luminescent material for a
cathode-ray tube 20 should be available which emits in the infrared part of
the spectrum. The invention therefore has for its object to provide
cathode-ray tubes which are provided with a material luminescing
efficiently at least In the infrared part of the spectrum. A cathode-ray
tube according to the invention is provided with a luminescent screen
comprising a luminescent indium orthoborate and is characterized In that
the indium orthoborate is activated by 25 trivalent chromium. Experiments
leading to the Invention have shown that the indium orthoborate lattice
having the crystal structure of calcite yields upon activation by chromium
a very efficiently luminescing material having an emission in the near
infrared part of the spectrum (an emission band having a maximum at
approximately 810 nm and having a half-value width of approximately 120
nm). There was no reason that 30 such an efficient luminescence would be
expected or predicted because the luminescence of transition metals, such
as chromium, is strongly dependent upon the crystal structure and the
composition of the fundamental lattice. This is In contrast with, for
example, the rare earth metals which are only slightly influenced by. the
lattice and therefore can luminesce efficiently in a great variety of
fundamental lattices. An advantage of a cathode-ray tube according to the
invention is that the chromlum-activated indium 35 borate does not or doeso
t  substantially exhibit any visible emission. This is of Importance in
those cases In which only Infrared radiation is desired and visible
radiation can be disturbing A further advantage is that the luminescent
indium borate can be obtained In the form of a very fine-grained powder
(average grain size, for example, approximately 1 um). The efficiency can
then be as high as that of coarser powders. A fine powder has the advantage
that the quantity of the powder required for a luminescent 40 screen
isgenerally smaller than when using a coarser powder. A cathode-ray tube
according to the Invention Is to be preferred, which is characterized in
that the borate has a composition defined by the formula [err] in which
[err]. At these values of the chromium content p, high energy efficiencies
are in fact obtained. The highest efficiencies are attained at values of p
in the range of [err]. 45     An advantageous embodiment of a cathode-ray
tube: according to the invention is characterized in that the luminescent
screen contains at least one further luminescent material. The further
luminescent material(s) to be used can be chosen from the materials
suitable for use in display cathode-ray tubes for example,
manganese-activated zinc silicate, luminescent suiphides, such as Ag- and
Cu-activatd zinc cadmium sulphide, Eu- and/or Tb-activated Indium borate,
and [err] activated oxysulphides. In this 50 manner, a data graphics
display tube (DGD tube) can be obtained, in which it is possible to use a
so-called light pen. Such a light pen is an element selectively sensitive
to the IR radiation of the Cr-activated indium borate, with which the
position on the picture screen can be accurately determined. It is then
possible to 



add desired information or to erase it at areas on the screen selected by
means of the light pen, as used in computer-aided designing or
computer-aided manufacture (CAD, CAM). 55     A particular embodiment of a
cathode-ray tube according to the invention is characterized In that the
indium orthoborate is further activated by trivalent europium and has a
composition defined by the formula In [err] in which [err]. The chromium
content p is then chosen in the aforementioned range of [err] .The indium
borates activated both by chromium and europium yield both the chromium
emission in the infrared and the line emission of [err] at mainly 590- 60
600 nm. It has been found that the efficiency of the overall (Cr and Eu)
emission can be very high. The desired contributions of Cr and Eu to the
emission can be adjusted by a suitable choice of the Cr and Eu
concentrations, respectively. It has surprisingly been found that the Eu
emission in the Cr- and Eu- 2    0192293 activated indium borates can be
very efficient, an acceptable yield of Cr emission being retained. In a
cathode-ray tube provided with such an indium borate, it is therefore
possible to obtain both the picture display (at least the display of red
pictures) and the infrared signal for determining the position from only
one luminescent material. It has further been found that the Eu emission in
the Cr- and Eu-activated 5 indium borates can be even more efficient than
in the known borates activated by Eu only. In these cases, the chromium
emission is comparatively low and tubes provided with such luminescent
borates have advantages as compared with the tubes provided with the known
Eu-activated borate if only red emission is desired and infrared radiation
is not disturbing. The luminescent indium borates according to the
invention can be obtained by a solid state reaction 10 at high temperature
of mixtures of oxides of the constituents or of compounds yielding these
oxides on heating. The reaction generally takes place in air at a
temperature of 1 100-1 400 C. Embodiments of cathode-ray tubes according to
the invention will now be described more fully with reference to a number
of examples and measurements and drawings. In the drawings: 15    Fig. 1
shows diagrammatically and partly In section a cathode-ray tube according
to the invention; Fig. 2 shows a graph of the spectral energy distribution
of the emission of a chromium-activated indium borate; and Fig. 3 shows in
the same manner as Fig. 2 the emission of a chromium- and
europium-activated indium borate. 20    In Fig. 1 of the drawing, reference
numeral 1 denotes an envelope of a cathode-ray tube. The envelope 1
comprises a screen 2 provided with a luminescent layer 3. The luminescent
screen (2, 3) is provided with a luminescent chromium-activated indium
orthoborate. The screen may further comprise, for example when used in a
DGD tube, further luminescent materials, which are mixed with the
chromium-activated indium borate. 25 Example of preparation A mixture was
made of 0.02 mol of [err] 0.08 mol of [err] and [err] mol of [err]. The
mixture contained 100 mol.% excess of the [err]. The mixture was baked in a
furnace in air for 8 hours at 30 [err]. After cooling, the product was
washed with water after which it was dried, pulverized and sieved. The
powder obtained was a luminescent indium  borate according to the formula
[err]. Upon cathode-ray excitation. this borate hid an emission in a band
having a maximum at 810 nm and a half-value width of 120 nm. The spectral
energy distribution of the emission of this borate is shown in Fig. 2 of
the drawings. The wavelength [err] (In nm) Is plotted on the abscissa of
the 35 graph of Fig. 2 and the radiation energy E per constant wavelength
interval (in arbitrary units) is plotted on the ordinate. The energy
efficiency of the borate was found to be 28 % with respect to a standard. A
green- luminescing Cu- and Al-activated zinc cadmium sulphide was used as a
standard (P22, energy efficiency 18 %) In the same manner as described In
the aforementioned example of preparation, a number of indium 40 borites
according to the formula [err] were obtained, in which the chromium content
p was 



varied. These borates all exhibited the same emission as that of the
material of the aforementioned example of preparation. The resu ts of the
measurement of the energy efficiency [err](with respect to the. same
standard) are indicated in Table 1. Table 1 45 [err]        18 50
2    [err]     24 3    [err]    28 4    [err]    27 5    [err]      22 6
[err]      15 A large number of indium borates activated both by chromium
and by trivalent europium were prepared by a method similar to that
described in the above example of preparation. The required 60 europium was
added to the baking mixture as Eu2O3. In the following Table 2, the results
of the measurement of the energy efficiency  (with respect again to the
aforementioned standard) are indicated. Each column in Table 2 comprises
the measurements on materials having a given chromium content p and a
varying europium content q. Each row in the Table gives the measurements on
materials having a fixed Eu content and a varying chromium content. In
general, both the energy efficiency of the chromium 65 emission (see the
lines in the Table designated by a) and the energy efficiency of the
europium emission 3    0192293 (see the lines designated by b) are measured
on each material. The lines in the Table designated by show the overall
efficiency (the sum of the Cr and the Eu emission). This series of
experiments further included a few indium borates activated only by
europium (see column with p  0; these materials are not in accordance with
the invention). A comparison of the measurement values of the efficiency of
the Eu 5 emission (given between brackets) with that of indium borates
according to the invention shows that this efficiency can be higher in the
materials according to the invention than in the known materials. Table 2
Cr(p) [err]  [err]  [err]  [err] | [err]      [err] 27,0     27,0      23,0
[err]   0,5        1,5       3,0                  -                 b 27,5
28,5      26,0        _         _      -}         c 20
26,0     26,0      21,5        _         _       _          a 1,10-
1,5      4,5       8,0                  _      _          b 27,5      30,5
29,5        _         _       _          c 25                         24,0
24,0      19,0      15,0        _       (0)        a [err]    3,5       9,5
14,5      15,5        _      (14)       b 27,5     33,5    33,5       30,5
_       (14)      c 30                        21,0     19,5      15,5
12,0      100       (0)       a EU    [err]   4,5          12,0      17,0
24,0      22,5      (16,5      b 25,5     31,5      32,5      36,0
32,5      (16,5) 35                         1951)  18,5        14,5
11,0       8,5      ()        a [err]    6,O     14,5      20,5      26,5
25,5      (20)      b 25,5     33,0      35,0      37,5      34,0      (20)
c 40                          _         _       12,0       7,5       7,5
(0)        a [err]   _          _        23,5      31,5      26,5
(23,5)    b _ .    -          35,5      39,0      34,0     (23,5)    a 45
_                     10,5       7,0       5,0      (0)        a [err]    _
_        25,5      28,5      26,5     [err])    b _        _        36,0
35,5      31,5     (27)       c 



50 a. Energy efficiency of the chromium emission; b. Energy efficiency of
the europium emission; c. overall energy efficiency. The spectral energy
distribution of this luminescent borate according to the formula [err] 55
is shown in the graph of Fig. 3. 2) The borate according to the invention
(In&  Cr&MEuiM80) has an energy efficiency of the Eu emission which is well
over 16% higher than that of the known [err] The borate according to the
invention has an Eu content which is only half that of the known borate. 60
Claims 1. A cathode-my tube provided with a luminescent screen comprising a
luminescent Indium orthoborate, characterized in that the indium
orthoborate is activated by trivalent chromium. 65     2. A cathode-ray
tube as claimed in Claim 1, characterized in that the borate has a
composition 4    0192 293 (see the lines designated by b) are measured on
each material. The lines in the Table designated by c show the overall
efficiency (the sum of the Cr and the Eu emission). This series of
experiments further included a few indium borates activated only by
europium (see column with p = 0; these materials are not in accordance with
the invention). A comparison of the measurement values of the efficiency of
the Eu 5 emission (given between brackets) with that of indium borates
according to the invention shows that this efficiency can be higher in the
materials according to the invention than in the known materials. Table 2
10                                                Cr(p) [err]  [err]
[err]  [err]  [err] 15                        27,0      27,0     23,0
_                            a [err]     0,5       1,5       3,0      _
- _               b 27,5    28,5      26,0
c 20                        26,0      26,0      21,5        _         _
_          a [err]   1,5        4,5       8,0  .    _          _      _
b 27,5        30,5   29,5          -         -                 c 25
24,0      24,0      19,0      15,0               (0)        a 3.10 3   3,5
9,5      14,5      15,5        _      (14)       b 275      33,5      33,5
30,5        -       (14)      c 30                        21,0     19,5
15,5      12,0      10,0     (0)        a [err]       4,5     12,0
17,0      24,0      22,5     (16,5)   b 25,5     31,5      32,5      36,0
32,5      (16,5)    c 35                        19,51)  18,5        14,5
11,0       8,5      (0)       a 1.10 2   6,0       14,5      20,5      26,5
25,5      (20)       b 25,5     33,0      35,0      37,5      34,0
(20)      c 40                         -         -        12,0       7,5
7,5     (0)        a [err]             _        23,5      31,52)  26,5
(23,5)   b _        _        35,5      39,0      34,0     (23,5)    c 45
-     10,5       7,0       5,0     (0)        a [err]      _        _
25,5      28,5     26,5      (27) 2)   b _        _        36,0      35,5
31,5     (27)       c 50 a. Energy efficiency of the chromium emission; b.
Energy efficiency of the europium emission; c. overall energy efficiency.
1) The spectral energy distribution of this luminescent borate according to
the formula [err] 



55  is shown in the graph of Fig. 3. 2) The borate according to the
invention ([err]) has an energy efficiency of the Eu emission which is well
over 16 % higher than that of the known [err]. The borate according to the
invention has an Eu content which is only half that of the known borate. 60
Claims 1. A cathode-ray tube provided with a luminescent screen comprising
a luminescent indium orthoborate, characterized in that the indium
orthoborate is activated by trivalent chromium. 65     2. A cathode-ray
tube as claimed in Claim 1, characterized in that the borate has a
composition 4    *  C  L  M  S  * defined by the formula [err], in which
[err] 3. A cathode-ray tube as claimed in Claim 2 characterized in that
[err]  [err] 4. A cathode-ray tube as claimed in Claim 1 2 or 3,
characterized in that the luminescent screen comprises at least one further
luminescent material. 5     5. A cathode-ray tube as claimed in Claim 1, 2,
3 or 4, characterized in that the indium orthoborate is further activated
by trivalent europium and has a composition defined by the formula [err]
[err], in which [err]. 10 Patentanspruche 1. Kathodenstrahirohre, versehen
mit einem Leuchtschirm mit einem leuchtenden indiumorthoborat, dadurch
gekennzeichnet, daB das Indiumorthoborat durch dreiwertiges Chrom aktiviert
wird. 2. Kathodenstrahirohre nach Anspruch 1, dadurch gekennzeichnet, daB
das Borat eine Zusammen- 15 setzung entsprechend der Formel [err] hat,
in-der [err]. 3. Kathodenstrahlrohre nach Anspruch 2, dadurch
gekennzeichnet, [err]  [err]. 4. Kathodenstrahirohre nach Anspruch 1, 2
oder 3, dadurch gekennzoichnet, [err] der Leuchtschirm wenigstens einem
anderen Leuchtstoff enthalt. 5. Kathodenstrahirohre nach Anspruch 1, 2, 3
oder 4, dadurch gekennzeichnet, daB das Indiumortho- 20  borat weiter noch
durch dreiwertiges Europium aktiviert wird und eine Zusammensetzung
entsprechend der Formel [err] hat, worin [err]. Revendications 25 1. Tube a
rayons cathodiques muni d'un ecran luminescent contenant un orthoborate
d'indium luminescent, caracterise en ce que l'orthoborate d'indium est
active a l'aide de chrome trivalent. 2. Tube a rayons cathodiques selon la
revendication 1, caracterise en ce quo le borate pre\6sente une composition
definie par la formule [err] dans laquelle [err]. 30     3. Tube a rayons
cathodiques selon la revendication 2, caracterise en ce que [err]. 4. Tube
a rayons cathodiques solon la revendication 1, 2 ou 3, caracterise en ce
quo 1'6cran luminescent contient au moins une autre substance luminescente.
5. Tube a rayons cathodiques selon la revendication 1, 2,3 ou 4,
caracteris6 en ce quo l'orthoborate d'indium est. en outre active a I'aide
d'europlum trivalent et pr6sente une composition definie par la 35 formule
[err] ,dans laquelle [err]. . 40 50 55 60 65 5    


