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Applicant: Nippon Electric Co. Luminescent material Claim: 1. A luminescent
material to be excited with slow electron beam, characterized by a mixture
obtained by blending a phosphor consisting of an oxide expressed by the
composition [err] (A is at least one selected from Y and Gd, B is at least
one selected from Nb and Ta) containing europium as an activator, with an
electric conductive oxide material. The present invention relates to a
novel luminescent material to be excited with slow electron beam which
exhibits a red luminescence. Heretofore, as a commercially available
phosphor which emits light with a high brightness by excitation with slow
electron beam, self-activating zinc oxide phosphor (ZnO:Zn) has been known.
This phosphor exhibits a green luminescence by excitation with slow
electron beam and is utilized as phosphor for luminescent display tubes
such as electric calculators and various measuring instruments. Recently, a
number of phosphors which are activated with transition metal ions or rare
earth element ions have been developed. It has long been known in the art
that when these metal ions are irradiated with an electron beam,
ultraviolet ray or near-infrared ray in a 



2 luminophore in the production of an apparatus using low-voltage
luminescence at a voltage of 200 to 800V. The present invention also
provides the use of a doped tantalate of yttrium, lutetium or gadolinium as
a luminophore in an apparatus using low voltage luminescence at a voltage
range of 200 to 800V. It has been noted that tantalates of the above
mentioned type are highly suitable for such a use in which they are
subjected to low-energy electron radiation, that is to say, of the order of
about at least 200V and at most about 800V. The tantalates used in
accordance with the present invention are tantalates of yttrium, lutetium
or gadolinium. In addition they are doped tantalates. Doping can be
effected by partial substitution either of the tantalum atoms, or of the
yttrium, lutetium or gadolinium atoms. As a doping substance for
substitution of the tantalum, mention may be made of pentavalent elements
such as, for example, niobium. In addition, as a doping substance for
substitution of yttrium, lutetium or gadolinium, it is possible to use a
rare earth which is luminescent in the visible range, for example
praseodymium, europium, terbium or thulium. 



Doped mixed tantalates may be used, comprising tantalum which may or may
not be doped and, besides yttrium, lutetium or gadolinium, at least one
other element selected from said three elements, lanthanum and europium
and, optionally, at least one doping element which may be selected more
particularly from rare earths which are luminescent in the visible range.
Mixed tantalates of yttrium-lutetium can be mentioned by way of example.
The content of doping element, and in particular rare earth which is
luminescent in the visible range, is generally at most 20wt% and more
particularly at most 15wt%. Products having a monoclinic structure M are
preferably used. A certain number of tantalates which can be used in
accordance with the present invention are set out hereinafter by way of
example. As blue luminophores, mention may be made of those of    formula
(1) [err] being greater than 0 and at most equal to 0.15; those of formula
(2) [err] x being greater than 0 and at most equal to 0.2; those of formula
(3) [err] being greater than 0 and at most equal to 0.03; it is also
possible to envisage solid solutions of the products of formula (1) and (2)
or (1) and (3). 



As green luminophores, mention may be made of those of formula (4) [err] y
being at least equal to 0.001 and at most equal to 0.15; those of formula
(5) [err], y being at least equal to 0.001 and at most equal to 0.15; those
of formula (6) [err], y being at least equal to 0.001 and at most equal to
0.15; and solid solutions of at least two of the three products of formulae
(4) to (6). Preferably the products have mean particle sizes of at most
[err], preferably at most [err] (CILAS granulometry). The products may be
prepared by well-known processes. The usual procedure adopted involves
chamotting of the oxides of the elements involved in the composition of the
products, optionally in the presence of a flux comprising an alkali metal
such as lithium or an alkaline earth metal such as barium. The present
invention also provides apparatus using low-voltage luminescence at a
voltage range of 200 to 100V which comprises a doped tantalate of yttrium,
lutetium or gadolinium of the above-described type. Everything which has
been described hereinbefore in regard to the use of the tantalates
consequently also applies to the apparatus of the invention. In such
apparatus the tantalates are disposed on screens which are subjected to
low-energy excitation. That use of the luminophores in the production of
apparatus involving low-voltage luminescence may also be effected in
accordance with well-known procedures, for example by deposits on the 



screens by means of screen printing, sedimentation or electrophoresis. The
invention is more particularly applied to an apparatus comprising a field
emission display screen. The invention is now further described in the
following Examples. As regards the luminescence properties of the
Accordingly, the apparent conductivity Ha of phosphor compact is given by
the following equation. [err] For the mixture powder of the particles of
[err] and the particles of [err] is [err] and the effects from surface
resistance and the interface resistance are small. Accordingly, the above
equation can be expressed approximately by [err] Assuming that heat
conductivity is [err] and potential across the particles is U, the
temperature increase at the contact point is expressed by [err] If [err]
are assumed, we can estimate this value as [err] at [err]. For the mixture
powder of the particles of [err] and the particles of [err], it is said
that, due to the presence of sulfur, the contact points are easily
deteriorated by 



heat and the flow of exciting electrons passing through the conductive
powder to the anode is hindered and thus the brightness is rapidly
decreased with lapse of time. The present inventor conducted studies on red
luminescent oxide phosphors excited by slow electron beam which do not
contain sulfur which is otherwise a cause of deterioration and has reached
a discovery leading to the present invention that a compound expressed by
[err] where A is at least one selected from Y and Gd and B is at least one
selected from Nb and Ta) exhibits a red luminescence    CLAIMS 1.  Use of a
doped tantalate of yttrium, lutetium or gadolinium as a luminophore in the
production of an apparatus using low-voltage luminescence at a voltage
range of 200 to 800V. 2.  Use of a doped tantalate of yttrium, lutetium or
gadolinium as a luminophore in an apparatus using low-voltage luminescence
at a voltage range of 200 to 800V. 3.   Use according to claim 1 to 2
wherein the tantalate used is doped by partial substitution of the tantalum
by niobium. 4.   Use according to claim 1 or 2 wherein the tantalate used
is doped by partial substitution of the yttrium, lutetium or gadolinium by
a rare earth which is luminescent in 



the visible range. 5.  Use according to claim 4 wherein the rare earth is
praseodymium, europium, terbium or thulium. 6.  Use according to any one of
the preceding claims wherein the doped tantalate is a doped mixed tantalate
comprising tantalum, which may or may not be doped and, besides yttrium,
lutetium or gadolinium, at least one other element selected from said three
elements, lanthanum and europium and, optionally, at least one doping
element. 7.   Apparatus using low-voltage luminescence at a voltage range
of 200 to 800V which comprises a doped tantalate of yttrium, lutetium or
gadolinium as defined in any one of claims 2 to 6. 8.  Apparatus according
to claim 7 which comprises a field emission display screen.    5 supported
by the insulator support 6 placed in the vacuum chamber 1. After evacuating
the inside of this demountable device to [err] Torr, the oxide coated
filament 2 was activated to generate hot electrons 3 at a filament current
of 0.09 mA and a voltage in the range of 0-150 V. Luminescence was observed
from about 15 V and a brightness of about 40 Ft.L was obtained at 50 V. The
relationship between the brightness (Br), anode current (Ib) and anode
voltage (Eb) is shown in Fig. 2 and the luminescence spectrum at that time 



is shown in Fig.3. [err] had spectra almost the same as Fig. 3 except for
the variation of the relative intensity. Example 2 [err] luminescent
material was produced in the following process. [err] and [err] were
weighed in the ratio of 0.95 mole to 0.05 mole and dissolved in nitric
acid. To this solution, aqueous solution of oxalic acid was added to
precipitate oxalate, which was then dried and subjected to pyrolysis at
[err] for 1 hour in the air to obtain [err] 4.52g of [err] 8.84g of [err]
and 13g of LiCl were blended in a ball mill and reacted at 1000 [err] for
20 hours in [err]. The resulting product was washed and [err] was obtained.
As conductive powder, [err] doped with Sn was used. This powder was
prepared by adding 10g of [err] to an aqueous solution containing 0.2g of
Sn ions in terms of [err], drying and firing at 1000 [err] in the air. 2g
of In203 was added to 8g of [err] and after thorough drying 30mg of the
mixture was sampled and excited in accordance with Example 1 Red
luminescence was observed from about 25V and a    brightness of about 25
[err] was obtained at SOV. Example 3 [err] prepared by a process similar to
Examples 1 and 2 was 



blended with [err] and this luminescence material was mounted on the
demountable device shown in Fig.1 and was caused to emit continuous direct
current luminescence. The brightness was [err] at 50V. With the
conventional [err], the brightness decreases to 50% or less after about 100
hours as shown in Fig. 4. In contrast, the present invention preserved 90 %
of the initial brightness after about 5000 hours as shown in Fig.4.  This
is attributed to the fact that there is no deterioration at the contact
interface of the phosphor with the the conductive particles particles. From
the foregoing, the present invention provides a red luminescent material
which is capable of emitting luminescence at low threshold voltage and is
stable for long period of time and accordingly is very advantageous in
commercializing red display tubes.    [err]    [err]    


