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(71) We WESTINGHOUSE ELECTRIC 
CORPORATION of Westinghouse Building. 
Gateway Center, Pittsburgh, Pennsylvania 
United States of America, a company 

5 organised and'. existing under the laws of the 
Commonwealth of Pennsylvania. United 
States of America do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 

10 which it is to be performed, to be particu­
larly described in and by the following 
statement: 

This invention relates to devices for effi­
ciently generating white light with good 

15 color rendition of illuminated objects as well 
as to a method for fulfilling this purpose. 

White light emission of a predetermined 
chromaticity can be generated by innumer­
able spectral power distributions (known in 

20 the art as SPD), each of which can be parti­
cularly selected to provide lumen output or 
color rendition. Most fluorescent lamps as 
marketed today are designed to generate 
radiations of a "white" color as efficiently 

25 as possible so that the best possible light 
output will be achieved for a given wattage 
input, and the fixed spectral energy distri­
bution of so-called halophosphate phosphor 
is generally used throughout the industry. 

30 Of course. for best color rendition of illu­
minated objects, the illumination should 
approximate that of daylight. In recent 
years, particularly for illumination in cloth­
ing and similar stores, more emphasis is 

35 being placed upon good color rendition of 
fabrics in order that the fabrics appear much 
the same in the store and in daylight. When 
:fluorescent lamps are modified to improve 
the color rendition of objects illuminated 

40 thereby, usually by adding more blue and 
more red emis·sion, the phosphors which 
emit in the shorter visible wavelengths and 
the longer visible wavelengths also normally 
generate substantial amounts of emission in 

45 the near ultraviolet and near infrared, re-
[Price 25p] 

spectively. This ultraviolet emiss~on and in­
frared emission represents wasted energy, 
since it is invisible, which substantially de­
creases the luminous efficiency for such 
lamps for converting electrical energy to SO 
visible radiation. 

The internationally accepted method for 
standardizing and measuring the color ren­
dering properties of light sources is set forth 
in the publication of the International Com- 55 
mission on Illumination, identified as publi­
cation C.I.E. No. 13 (E-1.3.2.) 1965. 

According to the present invention a de­
vice capable of efficiently generating white 
light so as to illuminate objects with a color 60 
appearance which is reasonably representa­
tive of their color appearance under natural 
light comprises a three-component, light­
generating medium forming an operative 
part of suid device; means for connecting 65 
said device to a source of predetermined 
electric potential to energize said medium 
to a visible-light-generating condition; a 
first component of said medium which when 
energized exhibits a green to yellow-green 70 
emission principally confined within the 
wavelength range of from 515 nm to 570 
nm; a second component of said medium 
which when energized exhibits an orange to 
red emission principally confined within the 7S 
wavelength range of from 588 nm to 630 
nm; the third component of said medium 
which when energized exhibits a purplish­
blue to greenish-blue emission principally 
confined within the wavelength range of 80 
from 430 nm to 485 nm; and the relative 
proportions of said components of said 
light-producing medium being such that the 
device produces white light of predeter-
mined ICI coordinates. 85 

The invention also consists in a method 
of efficiently producing white light which 
illuminates objects with a color appearance 
which is reasonably representative of their 
color ap_pearance under natural light and 90 
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comprising blending together a first light 
component which is green to yellow-green 
in color with a second light component 
which is orange to red in color and a third 

5 light which is purplish-blue to greenish-blue 
in color, the first light component being 
principally confined within a wavelength 
range of from 515 to 570 nm, the second 
light component being principally confined 

10 within a wavelength range of from 588 nm 
to 630 nm, and the third light component 
being principally confined within a wave­
length range of from 430 nm to 485 nm, and 
controlling the relative light intensities of 

15 said first, second and third light components 
to produce white light of predetermined ICI 
coordinates. 

In order that the invention can be more 
clearly understood. convenient embodiments 

20 thereof will now be described, by way of 
example. with reference to the accompany­
ing drawings in which: 

Figure 1 is an elevational view, partly in 
section, of a fluorescent lamp constructed 

25 in accordance with the present invention; 
Fig. 2 illustrates the x, y-chromaticity 

diagram of the !CI system; 
Fig. 3 is a graph of color rendering index 

versus wavelength for each of three emis-
30 sions blended to produce a predetermined 

white light; 
Fig. 4 is the " eye-sensitivity " curve 

which is a graph of eye-sensitivity to various 
wavelengths of light versus wavelength in 

35 nanometers; 
Fig. 5 is a graph of relative output versus 

wavelength for a representative mixture of 
light emitters blended together in accord­
ance with the present invention; 

40 Fig. 6 is a graph of relative output versus 
wave!ength illustrating the overall com­
posite emission for material which generates 
light as a series of line-type emissions; 

Fig. 7 is a graph of relative output versus 
45 wavelength illustrating the overall composite 

emission for three different phosphors, two 
of which are so-called band emitters, and 
one of which has an emission comprising a 
group of lines, with the principal lines. of 

SO the line-e!llitter located within the red region 
of the visible spectrum; 

Fig. 8 is a graph of relative output versus 
wave1ength il1ustrating the overall com­
posite emission of different phosphors 

SS wherein the blue component is a single band 
emitter, the middle component is a mixture 
of two band emitters, with the summation of 
the outputs being shown as a dashed line, 
and the red component is a line-type emitter, 

60 with the principal lines of the line-emitter 
located within the red region of the visible 
spectrum; 

Fig. 9 is a perspective view of an electro­
luminescent device constructed in accord-

65 ance with the present invention; 

Fig. 10 is a perspective view, partly 
broken away, of a solid-state type of device 
constructed in accordance with the present 
invention; and 

Fig. 11 is a perspective view, partly"7o 
broken away, of an electrodeless discharge 
lamp constructed in accordance with the 
present invention. 

With specific reference to the form of the 
invention illustrated in the drawings. the 75 
numeral 10 in Fig. 1 represents a 40W Tl 2 
type fluorescent lamp comprising a tubular 
vitreous envelope 12 which may be fabri­
cated of soda-lime-silica glass, for example, 
having mounts 14 sealed into either end 80 
thereof, as is customary. Each mount com­
prises a vitreous portion 16 sealed to an end 
of the envelope 12 with lead-in conductors 
18 sealed therethrough and supporting at 
their inwardly extending extremities refrac- 85 
tory metal coils 20, which are fabricated of 
tungsten, for example. These coils are nor­
mally of a coiled-coil construction or of a 
triple-coil construction, and contained with-
in the turns of the inner coil or coils 20 is a 90 
filling of conventional electron-emitting 
material 22. 

Electrical connection for the lead-in con­
ductors 18 is normally effected by contact 
pins 24 which project from supporting base 95 
caps 26 at either end of the lamp. The en­
velope 12 has coated on its interior surface 
phosphor material 28, which in accordance 
with the present invention is a three­
component mixture of different phosphors, 100 
as will be explained in greater detail herein­
after. The envelope also contains a filling 
of argon or other inert, ionizable gas, at a 
pressure of about 4 mm for example, in 
order to facilitate starting. as well as a small I05 
charge of mercury 30. In the operation of 
such a lamp, when the electrodes 20 are 
electrically connected to a source of pre­
determined energizing potential via the con-
tact pins; 24, the device is operated with a 110 
predetermined power input to sustain be­
tween the electrodes a gas discharge which 
generates 2537 AU ultraviolet radiations as 
well as a limited amount of blue radiations. 

The finely divided phosphor layer 28 com- llS 
prises a three-component mixture of 
different phosphors. A first component of 
the phosphor mixture, when excited by the 
ultraviolet radiations generated by the dis­
charge, exhibits an emission spectrum cen- 120 
tered generally in the green to yellow-green 
region of the visible spectrum. A second 
component of the mixture exhibits a line or 
a very narrow band emission located pri­
marily in the orange to red region of the 125 
visible spectrum. The remaining component 
of the mixture exhibits a line emission or a 
very narrow band emission which is located 
primarily in the purplish-blue to greenish-
blue region of the visible spectrum. The 130 
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relative proportions of the foregoing phos­
phor components are so selected that when 
their emissions are blended with the visible 
emission, if any, generated by the discharge, 

-- j there is produced white light of predeter­
mined ICI coordinates. and because of the 
selected spectrum of radiations which is 
generated, the color rendition of objects illu­
minated thereby is excellent. 

10 In Fig. 2 is shown the x, y-chromaticity 
diagram of the ICI system and super­
imposed thereon are the various colors 
shown as letters which define the colors of 
present fluorescent lamps. The ICI color 

15 system is described in detail in the "Hand­
book of Colorimetry" by Arthus C. Hardy, 
the Technology Pres·s, Massachusetts Insti­
tute of Technology (1936). The color in­
dicia which are superimposed upon the ICI 

20 diagram are identified as fo!lows : 
lndicia Lamp ColCI' 

A Warm white 
B Deluxe warm white 
C White 

25 D Cool white 
E Deluxe cool white 
F Soft white 
G Bluish white 
H Daylight 

30 The ICI illuminant "C" is also shown and 
represents the color of natural daylight. As 
a general rule, any color which falls within 
the area enclosed by the dashed line will 
have a "white" appearance to th1~ eye. 

35 Considering the present invention more 
specifically, the first component of the light­
generating medium, when energized, 
exhibits a green to yellow-green emission 
located substantially in the wavelength 

40 range of from 515 nm to 570 nm. This emis­
sion can be a line-type emission and/or a 
band-type emission having a bandwidth nf 
less than about 80 nm as measured at an 
emission intensity which is 50% of the i:naxi-

45 mum measured emission intensity. A second 
of the remaining components of the Eght­
producing media, when energized, generates 
an orange to red emission located substan­
tially in the wavelength range of from 588 

SO nm to 630 nm with substantially no emis­
sion in the infrared. This emission can be 
a line-type emission and/ or a band-type 
emission having a bandwidth of less than 
about 40 r.m as measured at an emission in-

55 tensity which is 50% of the maximum meas. 
ured emission intensity. The third of the 
components of the light-producing media, 
when energized, generates a puplish-blue to 
greenish-blue emission located primarily in 

·60 the wavelength range of from 430 nm to 485 
nm with substantially no emission in the 
ultraviolet. This blue emission can be a Iine­
type emission and/or a band-type emission 
having a bandwidth of less than about 40 

.t;S nm as measured at an emission intensity 

which is 50% of the maximum measured 
emission intensity. Any of the line-type 
emissions can be a single line emission or a 
multiple line emission the principal mem­
bers of which fall within the wavelength 70 
ranges a·s specified. Any of the band-type 
emissions can be a single bell-shaped band 
or plural bands having an average overall 
bandwidth as specified. 

In Fig. 3 is plotted color rendering index 75 
versus wavelength for each of three emis­
sions combined to make white light. In ex­
planation of this figure, it is well known 
that white light can be readily produced by 
combining three wavelengths such as 450 80 
nm, 500 nm and 575 nm. However, the 
color rendition of objects illuminated by 
such white light would be disastrously poor. 
In other words, an item of apparel which 
was illuminated by such light would appear 85 
completely different when taken into day­
light. If the item of apparel were illumin­
ated by white light formed of three different 
colors of light comprising purplish-blue 
radiations of 450 nm, yellowish-green radia- 90 
tions of 535 nm and reddish-orange radia­
tions of 610 nm. the resulting colors of illu­
minated objects would be very "good", as 
judged by the normal observer. The curves 
as shown in Fig. 3 were prepared by uti1iz- 95 
ing three optimum emissions, namely 450 
nm, 540 nm and 610 nm. Two of these three 
optimum emissions were maintained at the 
foregoing specified wavelengths and the 
third was varied over a wide range to show 100 
the effect on color rendition. with the com­
posite color of the resulting blend of radia-
tion always maintained the same to produce 
so-called "daylight" white light. By way of 
further explanation, in Fig. 3 the curve 105 
designated "Blue" was obtained by main­
taining the emissions at 540 nm and 610 nm 
constant, while varying the short wavelength 
radiations from 410 nm to approximately 
500 nm. As shm.vn, the color-rendering in- 110 
dex, as measured by the afore-mentioned 
CIE method. peaks when the radiations pass 
through the 450 nm value and drops to a 
value of --20 on the color rendering index 
when the radiations are about 500 nm. The 115 
curve designated "Green" in Fig. 3 repre­
sents tlie results obtained by maintaining the 
450 nm and 610 nm radiations constant 
while varying the "middle" radiations from 
500 nm to 575 nm. As sllown. the radia- 120 
tions of a wavelength of 500 nm and 575 nm 
produced an extremely poor color rendi-
tion of illuminated obiects. The curve 
"Red" shown in Fig. 3· was obtained by 
maintaining constant the 450 nm radiations 125 
and 540 nm radiations while varying the 
long wavelength radiations over the range 
as indicated in order to obtain the resulting 
variation in color rendering index . 

As a practical matter. radiations which BO 
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have a wavelength less than 430 nm are of 
somewhat limited benefit with respect to 
providing good color rendition, and these 
radiations are extremely poor with respect 

5 to providing illumination to which the 
human eye is appreciably sensitive, as 
shown in the eye-sensitivity curve of Fig. 4. 
With respect to the long wavelength region 
of the visible spectrum, as shown in Fig. 3, 

10 radiations having a wavelength longer than 
630 nm are quite poor with respect to pro­
viding good color rendition of illuminated 
objects, and as shown in the eye-sensitivity 
curve of Fig. 4, the eye is also relatively in-

15 sensitive to such radiations. Thus the pre­
sence of these radiations also impairs the 
efficiency of production of light by an arti­
ficial light source. 

Referring further to Fig. 3, as a practical 
20 matter, it is desirable to minimize the radia­

tions in the range of 485 to 515 nm, which 
provide a color rendering index of less than 
30. Also. it is desirable to minimize those 
radiations falling within the range of 570 

25 nm to 588 nm which provide a color render­
ing index of less than 30. Because of the 
high sensitivity of the human eye to yellow­
green radiations, as a matter of practicality 
it may sometimes be desirable to use yellow-

30 green radiations which fall within the range 
of 565 nm to 570 nm, even though these 
radiations provide a relatively poor color 
rendition. 

In further explanation of Fig. 3, in order 
35 to produce white light very efficiently and 

illuminate objects with a realistic color, as 
measured against the color of the objects 
under natural daylight, the efficiency of light 
which is gene·rated, as measured in lumens 

40 per watt, is limited by the amount of elec­
trical energy which is supplied to the light 
source, along with the efficiency of the con­
version mechanism for generating visible 
light. If a substantial portion of the visible 

45 light which is generated has a wavelength 
of about 500 nm and 575 nm, the resulting 
efficiency of the generated light, as measured 
in lumens per watt, for example, can be rela­
tively high, but the color appearance of illu-

50 minated objects wiII be completely un­
realistic. If, however, the light generating 
media, such as fluorescent materials, are so 
selected as to produce light having a wave­
length which corresponds .to those wave-

S5 lengths which produce the best color ren­
dering index, as shown in Fig. 3. then both 
the efficiency, as measured in lumens per 
watt. and the color rendering index of the 
resulting white light can be excellent. 

60 Referring to Fig. 2, it is interesting to note 
that in accordance with the present inven­
tion, most yellow-appearing radiations are 
minimized as much as possible in order to 
provide a good color rendition of illumin· 

65 ated objects. To express this another way, 

the available energy is concentrated in other 
regions of the visible spectrum in order to 
achieve the best possible efficiency of light 
generation (i.e., lumens per watt) commen- _ 
surate with good color rendition of illumin- 7fJ 
ate:i objects. This would appear to be con­
trary to the relatively high degree of sensi­
tivity of the human eye for such yellow­
appearing radiations, see Fig. 4. 

The following Examples illustrate com- 75 
binations of phosphor mixtures prepared for 
use in the present invention: -

EXAMPLE I 
Fifty-three per cent by weight of the 

naturally occurring mineral calcium 80 
larsenit (Zn1Ca3Pb1,Si10i6 : Mn) phosphor 
which emits in the yellowish-green, is 
blended with 12% by weight of erbium­
activated yttrium phosphate, which emits in 
the blue, and 35 % by weight of europium- 85 
activated lanthanum oxide, which emits in 
the red. The manganese-activated "middle" 
phosphor has a relatively broad band emis­
sion as is generally i11ustrated in Fig. 5. The 
erbium-activated yttrium phosphate has a 9r. 
line emission spectrum in the blue region of 
the visible spectrum, as represented by the 
"blue" line shown in Fig. 5. The europium­
activated lanthanum oxide has a line emis­
sion located primarily in the reddish-orange 95 
to red region of the visible spectrum, as re­
presented by the "red" line in Fig. 5. This 
phosphor mixture is used as a coating on 
the lamp 10. 

EXAMPLE JI 100 
As a second example, the middle phos­

phor, which has its emission spectrum cen­
tered generally in the green to yellow-green 
region of the visible spectrum, can comprise 
one or more line-emitting phosphors and an 105· 
example of such a phosphor is erbium­
activated yttrium oxide. Such a phosphor 
when used in amounts of 57% by weight 
blended with 16% by weight of erbium­
activated yttrium phosphate and 27% by llO 
weight of samarium-activated lanthanum 
oxide will produce what appears as a spec­
trum of emissions formed by a composite of 
line emissions. 

The middle component of the mixture can 115 
be formed by other conventional phosphors 
which have an emission spectrum centered 
generally in the green to yellow-green region 
of the visible spectrum with substantially no 
emission in the infrared or ultraviolet. An 120' 
example of such other phosphor is 
manganese-activated zinc silicate which has 
a refatively narrow emission (bandwidth= 
41 mm) which peaks at approximately 530 
nm. 125 

The foregoing blends are mixed in such 
proportions as to provide a composite 
appearance of "white" light and the tech­
niques for proportioning such blends are 
wen known. Briefly, referring to Fig. 2, any 130 
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color of mate·rial for which the ICI coordi­
nate'S are known can be blended with any 
other known color and the resulting color of 
~ 1e blend will fall somewhere on the straight 

S line between the two colors ·On the ICI dia­
gram, depending upon the relative propor­
tions of the constituents. Thus when the ICI 
color coordinates of three individual phos­
phor components are known, it is a simple 

10 matter to formulate a blend of "white" emit­
ting phosphor which will faU within the area 
bounded by the dashed line as shown in 
Fig. 2. 

EXAMPLE 111 
15 Thulium-activated yttrium vanadate 

serves as the blue-emitting component, 
terbium-activated yttrium vanadate serves 
as the green-emitting component and euro­
pium-activated yttrium vanadate serves as 

20 the red-emitting component. These phos­
phors are mixed in the proper proportions 
in order to generate white light of the 
desired chromaticity. All of these rare­
earth activated phosphors are line emitters 

25 and their emissions are illustrated in Fig. 6. 
Alternatively, the foregoing activators may 
be used together in the same host crystal 
and .the emissions can be substantially dupli­
cated, and the single phosphor will serve the 

30 function of three separate emitters, in 
accordance with the present invention. The 
foregoing activators can also be incorpor­
ated into sulfide-type phosphors and excited 
to light emission by an electric field, in 

35 accordance with well-known electro­
luminescence techniques. 

EXAMPLE IV 
A phosphor blend is formed of a mixture 

of strontium chloro-apatite activated by di-
40 valent europium which provides the blue 

component. T·he natural mineral calcium 
larsenite provides the middle component 
which is yellowish-green in appearance, and 
yttrium oxide activated by tervalent euro-

45 pium provides the red-emitting component. 
These phosphors fulfill the requirements of 
the three separate phosphor components, 
and when combined in the weight ratio of 
17: 58: 25, respectively, will generate white 

50 light in a very efficient manner in a conven­
tional 40 watt fluorescent lamp with very 
good color rendition. The relative emissions 
of the foregoing phosphors are shown in 
Fig. 7 wherein the blue emitter is designated 

SS "A", the yellowish-green emitter "B'', and 
the red emitter "C". 

EXAMPLE V 
In the phosphor blend as set forth under 

Example IV, the mineral larsenite is re-
60 placed by the synthetic phosphor 

manganes·e-activated zinc germanate. The 
weight ratio of the chloro-apatite to zinc 
germanate to yttrium oxide is 15: 42: 43. 

EXAMPLE VI 
65 In the blend set forth under Example IV, 

the mineral Iarsenite is replaced by a mix­
ture of larsenite "B", see Fig. 8, and zinc 
germanate activated by manganese "D", see 
Fig. 8, and the graphical representation of 
the resulting emissions are set forth in Fig. 70 
8. The color rendition of such a phosphor 
mixture is excellent. 

In Fig. 9 is shown an electroluminescent 
device 32 which comprises spaced electrodes 
34, at least one of which is light transmit- 75 
ting, having sandwiched therebetween a 
mixture of phosphor 36 in accordance with 
the present invention, which phosphor is 
embedded in a light transmitting dielectric 
material to form a layer 38. Both electrodes 80 
are desirably protected by layers 40 and 42. 
In this device the phosphor comprises a 
mixture of copper-activated zinc sulfide 
which provides the blue emission, copper­
and manganese-activated zinc sulfide which 85 
provides a yellow-green emission, and 
copper-activated zinc selenide or copper­
activated zinc-mercuric sulfide, which pro­
vides a red emission. 

In Fig. 10 is shown an alternative type of 90 
light-generating device 44 which comprises 
a combination o.f junction-type emitters and 
electroluminescence, with the individual 
emissions blended together by a Iight­
scattering coating. More specifically, the 95 
spaced electrodes 46 and 48, which are 
adapted to have a DC potential applied 
thereacross, have sandwiched therebetween 
a plurality of junctions 50. As an example, 
the junctions 50 are Ga(P,Sb) which is a red- 100 
emitting type junction, and in this embodi­
ment, the blue-emi.tting and yellow-green 
emitting components of the electrolumines-
cent portion of the device can be copper­
activated zinc sulfide, as set forth herein- 105 
before. Alternatively, the junction emitters 
can comprise a mixture of yellow-green 
emitting junctions such as silicon carbide 
and the red-emitting junctions such as the 
specified Ga(P,Sb). With such an embodi- 110 
ment, only the blue-emitting component 
need be supplied by the conventional elec­
troluminescent portion of the device. The 
electroluminescent portion of the device is 
adapted to be energized by an AC or DC 115 
potential applied between electrodes 48 and 
52. The light-emitting portion of the device 
is surrounded by a light-transmitting .cup­
shaped member 54 which carries thereon a 
coating 56 of light-scattering material such 120 
as magnesia. which blends and diffuses the 
emitted radiations. 

An alternative type of "electrodele'Ss" dis­
charge device 58 is shown in Fig. 11 and 
comprises a vitreous envelope 60 which is 125 
filled with a small pressure of discharge­
sustaining gas, such as argon, and small 
amounts of vaporizable rare-earth metals 62 
or rare-earth metal compounds, such as 
thulium, terbium and europium, or thulium 130 
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iodice, terbium iodide, and europium 
iodide. When the device 58 is energized by 
coupling the coil 64 to the RF source, there 
is generated white light with a spectral 

S energy distribut_ion similar to that shown in 
Fig. 6. In this case, the thulium or thulium 
iodide generates the blue emissions, the 
terbium or terbium iodide generates the 
green emissions, and the europium or euro-

10 pium iodide generates the red emissions. 
Alternatively, bismut·h may be substituted 
for the thulium, erbium may be substituted 
for the terbium, and/ or strontium may be 
substituted for the europium. 

15 As another alternative embodiment, the 
lamp 58 may incorporate a coating of phos­
phor 66 on the interior surface thereof in 
order to provide supplemental radiations, 
and phosphor mixtures as described in the 

20 foregoing examples may be uti1ized. 
WHAT WE CLAIM IS: 
1. A device capable of efficiently generat­

ing white light so as to illuminate objects 
with a color appearance which is reasonably 

25 representative of their color appearance 
under natural light and which comprises a 
three-component, light-generating medium 
forming an operative part of said device; 
means for connecting said device to a source 

30 of predetermined electric potential to ener­
gize said medium to a visible-light­
generatin.g condition; a first component of 
said medium which when energized exhibits 
a green to yellow-green emission principally 

35 confined within the wavelength range of 
from 515 nm to 570 nm; a second com­
ponent of said medium which when ener­
gized exhibits an orange to red emission 
principally confined within the wavelength 

40 range of from 588 nm to 630 nm; the third 
component of said medium which when 
energized exhibits a purplish-blue to 
greenish-blue emission principally confined 
within the wavelength range of from 430 nm 

45 to 485 nm; and the relative proportions of 
said components of said light-producing 
medium being such that the device produces 
white light of predetermined ICI coordi­
nates. 

50 2. A device accordfog to claim I wherein 
the first component of the medium when 
energized exhibits at least one of (1) a single 
line emission within the wavelength range 
of from 515 nm to 570 nm, (2) a group of 

55 line emissions the principal members of 
which fall within the wavelength range of 
from 515 nm to 570 nm, and (3) a bell­
shaped band emission or emissions having a 
bandwidth of less than 80 nm as measured 

60 at an emission intensity which is 50% of the 
maximum measured emission intensity 
thereof and substantially located centered 
within the wavelength range of from 515 nm 
to 570 nm, the second component of the 

65 medium when energized exhibits at least one 

of (1) a single line emission within the wave­
length range of from 588 nm to 630 nm, (2) 
a group of line emissions the principal mem­
bers of which fall within the wavelengt­
range of from 588 nm to 630 nm, and (3) a 70 
bell-shaped band emission or emissions hav-
ing a bandwidth of less than 40 nm as meas­
ured at an emission intensity which is 50% 
of the maximum measured emission inten­
sity thereof and· substantially located within 75 
the wavelength range of from 588 nm to 
630 nm, and the third component of the 
medium when energized exhibits at least one 
of (1) a single line emission within the wave­
length range of from 430 nm to 485 nm, (2) 80 
a group of line emissions the principal mem­
bers of which fall within the wavelength 
range of from 430 nm to 485 nm, and (3) a 
bell-shaped band emission or emissions hav­
ing a bandwidth of less than 40 nm as meas- 85 
ured at an emission intensity which is 50% 
of the maximum measured emission inten­
sity thereof and substantially located within 
the wavelength range of from 430 nm to 
485 nm. 90 

3. A device according to claim I or 2, 
wherein the light-generating medium com­
prises an envelope-enclosed, discharge­
sustaining substance with its three com­
ponents in the form of a mixture of finely 95 
divided phosphors coated on the interior 
surface of said envelope. 

4. A device according to claim 1 or 2, 
wherein the light-generating medium com­
prises electroluminescent phosphor opera- 100 
tively positioned between electrodes. 

5. A device according to claim 1 or 2, 
wherein the light-generating medium com­
prises solid-state junctions. 

6. A device according to claim 1 or 2. 105 
wherein the light-generating medium com­
prises an envelope-enclosed, visible-1ight­
generating, discharge-sustaining substance 
with or without a phosphor coated onto said 
envelope, and an RF coil surrounding said 110 
envelope for energizing said discharge­
sustaining substance. 

7. A device according to claim 3 and of 
the fluorescent discharge type, wherein the 
discharge-sustaining filling comprises mer- 115 
cury and inert gas contained within a sealed, 
elongated, light-transmitting envelope and 
the means for connecting the device to a 
source of predetermined electric potential 
comprising electrodes operatively positioned 120 
proximate each end of the envelope whereby 
the device is adapted to be operated with a 
predetermined power input to sustain a gas 
discharge therein which generates ultraviolet 
radiations and some blue radiations, the 125 
relative proportions of the phosphors being 
such that the emissions thereof resulting 
from energization by the ultraviolet radia­
tions blend with the blue radiations to pro­
duce the white light of predetermined ICI 130 
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iodice, terbium iodide, and europium 
iodide. When the device 58 is energized by 
coupling the coil 64 to the RF source, there 
is generated white light with a spectral 

S energy distribution ·similar to that shown .in 
Fie. 6. In this case, the thulium or thulium 
iodide generates the blue emissions, the 
terbium or terbium iodide generates the 
green emissions, and the europium or euro-

10 pium iodide generates the red emissions. 
Alternatively, bismuth may be substituted 
for the thulium, erbium may be substituted 
for the terbium. and/ or strontium may be 
substituted for the europium. 

IS As another alternative embodiment, the 
lamp 58 may incorporate a coating of phos­
phor 66 on the interior surface thereof in 
order to provide supplemental radiations, 
and phosphor mixtures as described in the 

20 foregoing examples may be utilized. 
WHAT WE CLAIM IS: 
1. A device capable of efficiently generat­

ing white light so as to illuminate objects 
with a color appearance which is reasonably 

25 representative of their color appearance 
under natural light and which comprises a 
three-component, light-generating medium 
forming an operative part of said device; 
means for connecting said device to a source 

30 of predetermined electric potential to ener­
gize said medium to a visible-light­
generating condition; a first component of 
said medium which when energized· exhibits 
a green to yellow-green emission principally 

35 confined within the wavelength range of 
from 515 nm to 570 nm: a second com­
ponent of said medium which when ener­
gized exhibits an orange to red emission 
principally confined within the wavelength 

40 range of from 588 nm to 630 nm; the third 
component of said medium which when 
energized exhibits a purplish-blue to 
greenish-blue emission principally confined 
within the wavelength range of from 430 nm 

45 to 485 nm; and the relative proportions of 
said components of said light-producing 
medium being such that the device produces 
white light of predetermined ICI coordi­
nates. 

50 2. A device according to claim 1 wherein 
the first component of the medium when 
energized exhibits at least one of (1) a single 
line emission within the wavelength range 
of from 515 nm to 570 nm, (2) a group of 

SS line emissions the principal members of 
which fall within the wavelength range of 
from 515 nm to 570 nm, and (3) a bell­
shaped band emission or emissions having a 
bandwidth of less than 80 nm as measured 

60 at an emission intensity which is 50% of the 
maximum measured emission intensity 
thereof and substantially located centered 
within the wavelength range of from 515 nm 
to 570 nm, the second component of the 

65 medium when energized exhibits at least one 

of (I) a single line emission within the wave­
length range of from 588 nm to 630 nm, (2) 
a group of line emissions the principal mem­
bers of which fall within the wavelengt. 
range of from 588 nm to 630 nm, and (3) a 70 
bell-shaped band emission or emissions hav-
ing a bandwidth of less than 40 nm as meas­
ured at an emission intensity which is 50% 
of the maximum measured emission inten­
sity thereof and substantially located within 75 
the wavelength range of from 588 nm to 
630 nm, and the third component of the 
medium when energized exhibits at least one 
of (1) a single line emission within the wave­
length range of from 430 nm to 485 nm, (2) 80 
a group of line emissions t·he principal mem­
bers of which fall within the wavelength 
range of from 430 nm to 485 nm, and (3) a 
bell-shaped band emission or emissions hav­
ing a bandwidth of less than 40 nm as meas- 85 
ured at an emission intensity which is 50% 
of the maximum measured emission inten­
sity thereof and substantially located within 
the wavelength range of from 430 nm to 
485 nm. 90 

3. A device according to claim 1 or 2, 
wherein the light-generating medium com­
prises an envelope-enclosed, discharge­
sustaining substance with its three com­
ponents in the form of a mixture of finely 95 
divided phosphors coated on the interior 
surface of said envelope. 

4. A device according to claim 1 or 2, 
wherein the light-generating medium com­
prises electroluminescent phosphor opera- 100 
tively positioned between electrodes. 

5. A device according to claim 1 or 2, 
wherein the light-generating medium com­
prises solid-state junctions. 

6. A device according to claim 1 or 2, 105 
wherein the light-generating medium com­
prises an envelope-enclosed, visible-light­
generating. discharge-sustaining substance 
with or without a phosphor coated onto said 
envelope, and an RF coil surrounding said 110 
envelope for energizing said discharge­
sustaining substance. 

7. A device according to claim 3 and of 
the fluorescent discharge type, wherein the 
discharge-sustaining filling comprises mer- 115 
cury and inert gas contained within a sealed, 
elongated, light-transmitting envelope and 
the means for connecting the device to a 
source of predetermined electric potential 
comprising electrodes operatively positioned 120 
proximate each end of the envelope whereby 
the device is adapted to be operated with a 
predetermined power input to sustain a gas 
discharge therein which generates ultraviolet 
radiations and some blue radiations. the 125 
relative proportions of the phosphors being 
such that the emissions thereof resulting 
from energization by the ultraviolet radia­
tions blend with the blue radiations to pro­
duce the white light of predetermined ICI 130 
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coordinates. 
8. A device according to claim 7, wherein 

the third component of the mixture of phos­
phors is strontium chloro-apatite activated 

5 by divalent europium, the first component 
is calcium Iarsenite, and the second com­
ponent is yttrium oxide activated by ter­
valent europium, with the weight ratios of 
the three phosphors being of the order of 

10 17: 58 _: 25, respectively. 
9. A method of efficiently producing 

white light which illuminates objects with a 
color appearance which is reasonably repre­
sentative of their color appearance under 

15 natural light and comprising blending to­
gether a first light component which is green 
to yellow-green in color with a second light 
component which is orange to red in color 
and a third light which is purplish-blue to 

20 greenish-blue in color, the first light com­
ponent being principally confined within a 

wavelength range of from 515 nm to 570 nm, 
the second light component being princi­
pally con.fined with a wavelength range of 
from 588 nm to 630 nm, and the third light 25 
component being principally confined with-
in a wavelength range of from 430 nm to 
485 nm, and controlling the relative light 
intensities of said first, second and third 
I ight components to produce white light of 30 
predetermined ICI coordinates. 

10. Devices capable of efficiently generat­
ing white light so as to illuminate objects 
with a color appearance which is reasonably 
representative of the color appearance under 35 
natural light and substantially as described 
herein with particular reference to Figures 1 
to 8 or Figure 9 or Figure 10 or Figure 11 
of the accompanying drawings. 

RONALD VAN BERLYN, 
Chartered Patent Agent, 
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