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display areas in a desired color. The enable input jointly 
controls the conductivity of tri-state buffers which are 
respectively coupled to the buses. 
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MULTICOLOR DISPLAY ELEMENT WITH 
ENABLE INPUT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to multicolor display devices 
utilizing light emitting diodes. 

0003 2. Description of the Prior Art 
0004. An electronic display having segments wherein 
each Segment is capable of Selectively illuminating two 
colors is disclosed in U.S. Pat. No. 4,488,149 issued on Dec. 
11, 1984 to William A. Givens, Jr. Two AND gates are 
provided for biasing, in each display Segment, either a first 
light emitting diode, for emitting a first color, or a Second 
light emitting diode, for emitting a Second color. It is not 
contemplated to illuminate both light emitting diodes in each 
Segment Simultaneously for blending the colors. A multi 
element display is not contemplated. 

0005. A driving circuit for light emitting diodes, dis 
closed in U.S. Pat. No. 3,740,570, issued on Jun. 19, 1973 
to George R. Kaelin et al., uses Special light emitting diodes 
which emit different color light in response to different 
currents. The driving circuit Selects either a relatively high 
current for green display, or a relatively low current for red 
display, or an intermediate current for yellow display, by 
Selectively applying pulses of different amplitudes to the 
light emitting diodes. The display device is not capable of 
producing other colors. It is not contemplated that light 
Signals of primary colors may be blended. 

0006. A multi-color LED display for seven segment 
figures is disclosed in German Patent No. 3,009,416 issued 
on Sep. 17, 1981 to Klaus Gillessen. The LED circuit 
consists of Seven group of diodes, each group made up of 
two diodes, one red and one green. The cathodes of all red 
diodes are terminated in a common connection, and the 
green ones likewise, the anodes of each pair of diodes being 
common for that pair. Two transistors connected in cascade 
are utilized for activating either all green LEDs, or all red 
LEDs, but not both simultaneously. When a low level signal 
is applied to the base of the first transistor, the first transistor 
is blocked, and the second transistor is turned ON to 
illuminate the second set of the diodes. When a high level 
Signal is applied to the input of the first transistor, the first 
transistor is turned ON, while the second transistor is 
blocked, whereby the first set of the diodes is illuminated. 
Since the first transistor cannot be simultaneously turned ON 
and OFF, it would be impossible to illuminate the two sets 
of the diodes simultaneously. In another embodiment is 
shown a multi-color LED display utilizing three sets of 
LEDs: red, green, and blue, which are respectively com 
monly connected and may be activated by manual Switches. 
It is not contemplated that the three sets of LEDs be 
activated in Selective combinations to blend the colors. 

0007. A digital electrooptical display with anti-parallel 
light emitting diodes is disclosed in East German Patent No. 
220,844 issued on Apr. 10, 1985 to Thomas Hoffmann et al. 
Two light emitting diodes for emitting light of different 
colors are connected in each Segment back-to-back. Since 
the light emitting diodes are connected to conduct currents 
in opposite directions, it would be impossible to illuminate 
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them Simultaneously, because the opposite currents attempt 
ing to pass through a single conductor would cancel. 
0008. The prior art does not contemplate a multicolor 
display element which includes a plurality of display areas 
with light emitting diodes of respective primary colors, and 
which also includes a Single enable input, for receiving an 
enable Signal, for either extinguishing the entire display 
element or for illuminating the Selected display areas in a 
desired color. 

SUMMARY OF THE INVENTION 

0009. It is the principal object of this invention to provide 
an improved multicolor display device. 
0010. It is another object of the invention to provide a 
multicolor display element using two primary color light 
emitting diodes and including an enable input. 
0011. It is still another object of the invention to provide 
a multicolor display element using three primary color light 
emitting diodes and including an enable input. 
0012. It is still another object of the invention to provide 
a multicolor display element including a plurality of buses, 
to which the light emitting diodes of primary colors are 
connected in accordance with their colors, and a plurality of 
color control inputs for the respective buses. 
0013. It is still another object of the invention to provide 
a multicolor display element including a plurality of tri-State 
buffers, each interposed between the color control input and 
the bus. 

0014. It is still another object of the invention to provide 
a multicolor display element including a plurality of tri-State 
buffers, each of them may be selectively controlled to be 
conductive and non-conductive. 

0015. Other objects of the invention will be obvious from 
the appended drawings and their description. 
0016. In Summary, a multicolor display element of the 
invention includes a plurality of display areas, each includ 
ing light emitting diodes of respective primary colors. The 
buses are provided, to which the light emitting diodes are 
coupled in accordance with their colors. Each bus includes 
a color control input for receiving color control Signals. 
0017. The invention resides in the addition of tri-state 
buffers, each interposed between the color control input and 
the corresponding bus, which may be commonly controlled, 
by a single enable input, to be conductive and non-conduc 
tive. 

0018. A new and unexpected result was achieved by the 
instant invention: it is possible to interconnect the color 
control inputs of multiple display elements, to commonly 
present the color control Signals to the interconnected color 
control inputs, and to control the individual display elements 
by their respective enable inputs to be either extinguished or 
illuminated in a color in accordance with the color control 
Signals. The prior art does not contemplate Such a display 
System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. In the drawings in which are shown the preferred 
embodiments of the invention, 
0020 FIG. 1 is a schematic diagram of a single 2-pri 
mary color 7-Segment display element. 
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0021 FIG. 2 is an enlarged cross-sectional view of one 
display Segment in FIG. 1, taken along the line 2-2. 
0022 FIG. 3 is a schematic diagram of a single 3-pri 
mary color 7-Segment display element. 
0023 FIG. 4 is an enlarged cross-sectional view of one 
display segment in FIG. 3, taken along the line 4-4. 
0024 FIG. 5 is a block diagram of a 2-primary color 
multicolor 4-digit display. 
0.025 FIG. 6 is a block diagram of a 3-primary color 
multicolor 4-digit display. 
0026. Throughout the drawings, like characters indicate 
like parts. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.027 Referring now, more particularly, to the drawings, 
in FIG. 1 is shown a Schematic diagram of a 2-primary color 
common cathodes 7-Segment display element 42 which can 
Selectively display various digital fonts in different colors on 
display Segments a, b, c, d, e, f, g, and DP (Decimal Point). 
Each display segment includes a pair of LEDs (light emit 
ting diodes): red LED2 and green LED3, which are closely 
adjacent Such that the light signals emitted therefrom are 
Substantially Superimposed upon each other to mix the 
colors. To facilitate the illustration, the LEDs are designated 
by Segment Symbols, e.g., the red LED in the Segment a is 
designated as 2a, etc. 
0028. The anodes of all red and green LED pairs are 
interconnected in each display Segment and are electrically 
connected to respective outputs of a commercially well 
known common-cathode 7-Segment decoder 23. The cath 
odes of all red LEDs 2a, 2b, 2c, 2d, 2e, 2f 2g, and DP are 
interconnected to a common electric path referred to as a red 
bus 5. The cathodes of all green LEDs 3a, 3b, 3c, 3d, 3e, 3f. 
3g, and DP are interconnected to a like common electric path 
referred to as a green bus 6. 
0029. The red bus 5 is connected to the output of a 

tri-State inverting buffer 63a, capable of Sinking Sufficient 
current to forwardly bias all red LEDs 2a to 2i in display 
element 42. The green buS 6 is connected to the output of a 
like buffer 63b. The conditions of red bus 5 and green bus 
6 can be controlled by applying valid combinations of logic 
level control Signals to color control inputs R (red), Y 
(yellow), and G (green), to illuminate display element 42 in 
a Selected color. 

0030) The tri-state inverting buffers 63a and 63b can be 
Simultaneously enabled by applying a logic low level Signal 
to the input E of an inverter 64a, and disabled by applying 
a logic high level Signal therein. When tri-State inverting 
buffers 63a and 63b are jointly enabled, the conditions of red 
bus 5, green bus 6, and blue bus 7 can be selectively 
controlled by applying valid combinations of logic level 
Signals to color control inputs R, Y, and G, for illuminating 
display element 42 in a selected color. When tri-state invert 
ing buffers 63a and 63b are jointly disabled, all three buses 
are effectively disconnected, and display element 42 is 
extinguished. 

0031. The color control inputs R, Y, G are applied to the 
inputs of two 2-input OR gates 60a, 60b, whose outputs 
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respectively drive inverting buffers 63a, 63b. Color control 
R is applied directly to the input of OR gate 60a. In a similar 
fashion, color control input G is applied directly to the input 
of OR gate 60b. However, color control input Y is applied 
simultaneously to the inputs of both OR gates 60a, 60b. 

0032. The operation of display element 42 will be now 
explained by the example of illuminating a digit 7 in three 
different colors. Any digit between 0 and 9 can be selectively 
displayed by applying the appropriate BCD code to the 
inputs A0, A1, A2, and A3 of common-cathode 7-Segment 
decoder 23. The decoder 23 develops at its outputs a, b, c, 
d, e, f, g, and DP drive signals for energizing Selected groups 
of the Segments to visually display the Selected number, in 
a manner well known to those skilled in the art. To display 
decimal number 7, a BCD code 0111 is applied to the 
inputs A0, A1, A2, and A3. The decoder 23 develops high 
Voltage levels at its outputs a, b, and c, to illuminate equally 
designated Segments a, b, and c, and low voltage levels at all 
remaining outputs (not shown), to extinguish all remaining 
Segments d, e, f, g, and DP. 

0033) To illuminate display element 42 in red color, color 
control input R is raised to a high logic level, and color 
control inputs Y and G are maintained at a low logic level. 
AS a result, the output of OR gate 60a rises to a high logic 
level, thereby causing the output of buffer 63a to drop to a 
low logic level. The current flows from the output a of 
decoder 23, via red LED 2a and red bus 5, to current sinking 
output of buffer 63a. Similarly, the current flows from the 
output b of decoder 23, via red LED 2b and red bus 5, to the 
output of buffer 63a. The current flows from the output c of 
decoder 23, via red LED 2c and red bus 5, to the output of 
buffer 63a. As a result, Segments a, b, and c illuminate in red 
color, thereby causing a visual impression of a character 7. 
The green LEDs 3a, 3b, and 3c remain extinguished because 
the output of buffer 63b is at a high logic level, thereby 
disabling green bus 6. 

0034) To illuminate display element 42 in green color, 
color control input G is raised to a high logic level, while 
color control inputs R and Y are maintained at a low logic 
level. As a result, the output of OR gate 60b rises to a high 
logic level, thereby causing the output of buffer 63b to drop 
to a low logic level. The current flows from the output a of 
decoder 23, via green LED 3a and green buS 6, to current 
sinking output of buffer 63b. Similarly, the current flows 
from the output b of decoder 23, via green LED 3b and green 
bus 6, to the output of buffer 63b. The current flows from the 
output c of decoder 23, via green LED 3c and green bus 6, 
to the output of buffer 63b. As a result, Segments a, b, and 
c illuminate in green color. The red LEDs 2a, 2b, and 2c 
remain extinguished because the output of buffer 63a is at a 
high logic level, thereby disabling red bus 5. 

0035) To illuminate display element 42 in yellow color, 
color control input Y is raised to a high logic level, while 
color inputs R and G are maintained at a low logic level. AS 
a result, the outputs of both OR gates 60a and 60b rise to a 
high logic level, thereby causing the outputs of both buffers 
63a and 63b to drop to a low logic level. The current flows 
from the output a of decoder 23, via red LED 2a and red bus 
5, to current Sinking output of buffer 63a, and, via green 
LED 3a and green bus 6, to current sinking output of buffer 
63b. Similarly, the current flows from the output b of 
decoder 23, via red LED 2b and red bus 5, to the output of 
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buffer 63a, and, via green LED 3b and green bus 6, to the 
output of buffer 63b. The current flows from the output c of 
decoder 23, via red LED 2c and red bus 5, to the output of 
buffer 63a, and, via green LED 3c and green bus 6, to the 
output of buffer 63b. As a result of blending light of red and 
green colors in each Segment, Segments a, b, and c illuminate 
in Substantially yellow color. 
0036). In FIG. 2, red LED 2e and green LED 3e are 
placed on the base of a segment body 15 which is filled with 
a transparent light Scattering material 16. When forwardly 
biased, LEDs 2e and 3e emit light Signals of red and green 
colors, respectively, which are Scattered within transparent 
material 16, thereby blending the red and green light signals 
into a composite light signal that emerges at the upper 
surface of segment body 15. The color of the composite light 
Signal may be controlled by varying the portions of the red 
and green light Signals. 
0037. In FIG. 3 is shown a schematic diagram of a 
one-character 3-primary color common anodes 7-Segment 
display element 43 which can Selectively display digital 
fonts in different colors. Each display Segment a, b, c, d, e, 
f, and g includes a triad of LEDs: red LED 2, green LED 3. 
and blue LED 4, which are closely adjacent such that the 
light signals emitted therefrom are Substantially Superim 
posed upon one another to mix the colors. The cathodes of 
all red, green, and blue LED triads in each display Segment 
a, b, c, d, e, f, and g are interconnected and electrically 
connected to respective outputs of a commercially well 
known common anode 7-Segment decoder 24. The anodes of 
all red LEDs 2a, 2b, 2c, 2d, 2e, 2f, and 2g are interconnected 
to form a common electric path referred to as red bus 5. The 
anodes of all green LEDs 3a, 3b, 3c, 3d, 3e, 3f, and 3g are 
interconnected to form a like common electric path referred 
to as green bus 6. The anodes of all blue LEDs 4a, 4b, 4c, 
4d, 4e, 4f, and 4g are interconnected to form a like common 
electric path referred to as blue bus 7. 
0038. The red bus 5 is connected to the output of a 

tri-State non-inverting buffer 62a, capable of Sourcing Suf 
ficient current to illuminate all red LEDs in display element 
43. The green bus 6 is connected to the output of a like 
tri-state non-inverting buffer 62b. The blue bus 7 is con 
nected to the output of a like tri-State non-inverting buffer 
62c. The conditions of red bus 5, green bus 6, and blue bus 
7 can be Selectively controlled by applying valid combina 
tions of logic level signals to color control inputs B (Blue), 
P (Purple), BG (Blue-Green), G (Green), Y (Yellow), W 
(White), and R (Red). 
0.039 The tri-state non-inverting buffers 62a, 62b, and 
62c can be simultaneously enabled by applying a logic low 
level signal to the input E of an inverter 64b, and disabled 
by applying a logic high level Signal therein. When all 
tri-state non-inverting buffers 62a, 62b, and 62c are enabled, 
the conditions of red bus 5, green bus 6, and blue bus 7 can 
be selectively controlled by applying valid combinations of 
logic level signals to color control inputs B, P, BG, G, Y, W, 
and R, for illuminating display element 43 in a Selected 
color. When all tri-state non-inverting buffers 62a, 62b, and 
62c are disabled, all three buses are effectively disconnected, 
and display element 43 is extinguished. 

0040. The color control inputs B, P. BG, G, Y, W, R are 
applied to the inputs of three 4-input OR gates 61a, 61b, and 
61c, whose outputs respectively drive non-inverting buffers 
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62a, 62b, 63c. Color control R is applied directly to the input 
of OR gate 61a, color control input G is applied directly to 
the input of OR gate 61b, color control input B is applied 
directly to the input of OR gate 61c. Color control input Y 
is applied Simultaneously to the inputs of both OR gates 61a, 
61b, color control input BG is applied simultaneously to the 
inputs of OR gates 61b, 61c, color control input P is applied 
simultaneously to the inputs of both OR gates 61a, 61c. 
Color control input Wis applied Simultaneously to the inputs 
of all three OR gates 61a, 61b, 61c. 
0041. The operation of 3-primary color 7-segment dis 
play element 43 shown in FIG. 3 will be now explained in 
detail by the example of illuminating a digit 1 in Seven 
different colors. To display decimal number 1, a BCD code 
0001 is applied to the inputs A0, A1, A2, A3 of common 
anode 7-segment decoder 24. The decoder 24 develops low 
Voltage levels at its outputs b, c, to illuminate Segments b, c, 
and high voltage levels at all remaining outputS (not shown), 
to extinguish all remaining Segments. 

0042. To illuminate display element 43 in red color, color 
control input R is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the output of OR gate 61 a rises to a high 
logic level, thereby causing the output of buffer 62a to rise 
to a high logic level. The current flows from the output of 
buffer 62a, via red bus 5, red LED 2b, to the output b of 
decoder 24, and, via red LED 2c, to the output c of decoder 
24. As a result, Segments b, c illuminate in red color, thereby 
causing a visual impression of a character 1. The green 
LEDs 3b, 3c and blue LEDs 4b, 4c remain extinguished 
because green bus 6 and blue bus 7 are disabled. 

0043. To illuminate display element 43 in green color, 
color control input G is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the output of OR gate 61b rises to a high 
logic level, thereby causing the output of buffer 62b to rise 
to a high logic level. The current flows from the output of 
buffer 62b, via green bus 6, green LED 3b, to the output b 
of decoder 24, and, via green LED 3c, to the output c of 
decoder 24. As a result, Segments b, c illuminate in green 
color. 

0044) To illuminate display element 43 in blue color, 
color control input B is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the output of OR gate 61c rises to a high 
logic level, thereby causing the output of buffer 62c to rise 
to a high logic level. The current flows from the output of 
buffer 62c, via blue bus 7, blue LED 4b, to the output b of 
decoder 24, and, via blue LED 4c, to the output c of decoder 
24. As a result, Segments b, c illuminate in blue color. 

004.5 To illuminate display element 43 in yellow color, 
color control input Y is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the outputs of OR gates 61a, 61b rise to 
a high logic level, thereby causing the outputs of bufferS 62a, 
62b to rise to a high logic level. The current flows from the 
output of buffer 62a, via red bus 5, red LED 2b, to the output 
b of decoder 24, and, via red LED 2c, to the output c of 
decoder 24. The current also flows from the output of buffer 
62b, via green bus 6, green LED 3b, to the output b of 
decoder 24, and, via green LED 3c, to the output c of the 
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decoder 24. As a result of blending light of red and green 
colors, Segments b, c illuminate in Substantially yellow 
color. 

0046) To illuminate display element 43 in purple color, 
color control input P is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the outputs of OR gates 61a, 61c rise to 
a high logic level, thereby causing the outputs of bufferS 62a, 
62c to rise to a high logic level. The current flows from the 
output of buffer 62a, via red bus 5, red LED 2b, to the output 
b of decoder 24, and, via red LED 2c, to the output c of 
decoder 24. The current also flows from the output of buffer 
62c, via blue bus 7, blue LED 4b, to the output b of decoder 
24, and, via blue LED 4c, to the output c of decoder 24. As 
a result of blending light of red and blue color, Segments b, 
c illuminate in Substantially purple color. 
0047. To illuminate display element 43 in blue-green 
color, color control input BG is raised to a high logic level, 
while all remaining color control inputs are maintained at a 
low logic level. As a result, the outputs of OR gates 61b, 61c 
rise to a high logic level, thereby causing the outputs of 
buffers 62b, 62c to rise to a high logic level. The current 
flows from the output of buffer 61b, via green bus 6, green 
LED 3b, to the output b of decoder 24, and, via green LED 
3c, to the output c of decoder 24. The current also flows from 
the output of decoder 62c, via blue bus 7, blue LED 4b, to 
the output b of decoder 24, and, via blue LED 4c, to the 
output c of decoder 24. As a result of blending light of green 
and blue colors, Segments b, c illuminate in Substantially 
blue-green color. 
0.048. To illuminate display element 43 in white color, 
color control input W is raised to a high logic level, while all 
remaining color control inputs are maintained at a low logic 
level. As a result, the outputs of OR gates 61a, 61b, 61c rise 
to a high logic level, thereby causing the outputs of respec 
tive buffers 62a, 62b, and 62c to rise to a high logic level. 
The current flows from the output of buffer 62a, via red bus 
5, red LED 2b, to the output b of decoder 24, and, via red 
LED 2c, to the output c of decoder 24. The current also flows 
from the output of buffer 62b, via green bus 6, green LED 
3b, to the output b of decoder 24, and, via green LED 3c, to 
the output c of decoder 24. The current also flows from the 
output of buffer 62c, via blue bus 7, blue LED 4b, to the 
output b of decoder 24, and, via blue LED 4c, to the output 
c of decoder 24. As a result of blending light of red, green, 
and blue colors, Segments b, c illuminate in Substantially 
white color. 

0049 Since the outputs of 7-segment decoder 24 may be 
overloaded by driving a triad of LEDs in parallel in display 
element 43, rather than a single LED in a monochromatic 
display, it would be obvious to employ suitable buffers to 
drive respective color display Segments (not shown). 
0050. In FIG. 4, red light emitting diode 2e, green light 
emitting diode 3e, and blue light emitting diode 4e are 
placed on the base of a segment body 15b, which is filled 
with transparent light Scattering material 16. Red LEDs are 
typically manufactured by diffusing a p-n junction into a 
GaAsP epitaxial layer on a GaAS Substrate, green LEDS 
typically use a GaP epitaxial layer on a GaP Substrate; blue 
LEDs are typically made from SiC material. 
0051 When forwardly biased, light emitting diodes 2e, 
3e, and 4e emit light signals of red, green, and blue colors, 
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respectively, which are Scattered within transparent material 
16, thereby blending the red, green, and blue light signals 
into a composite light signal that emerges at the upper 
surface of segment body 15b. The color of the composite 
light Signal may be controlled by varying the portions of the 
red, green, and blue light Signals. 
0052 To illustrate how the present invention can be 
utilized in multi-element multicolor display configuration, in 
FIG. 5 is shown a detail of the interconnection in a 2-pri 
mary color 4-digit display. The color control inputs R, Y, and 
G of all display elements 46a, 46b, 46c, and 46d are 
interconnected, respectively, and the enable inputs E1, E2, 
E3, and E4 are used to control the conditions of respective 
display elements. A high logic level at the enable input E 
extinguishes the particular display element. A low logic 
level at the enable input E illuminates the display element in 
a color determined by the instant conditions of the color 
control inputs R, Y, and G. 
0053. In FIG. 6 is shown a like detail of the intercon 
nection in a 3-primary color 4-digit display. Similarly, the 
color control inputs B, P, BG, G, Y, W, and R of all display 
elements 47a, 47b, 47c, and 47d are interconnected. The 
conditions of respective display elements are controlled by 
the enable inputs E1, E2, E3, and E4. A high logic level at 
the enable input E extinguishes the particular display ele 
ment. A low logic level therein illuminates the display 
element in a color determined by the instant conditions of 
the color control logic inputs B, P, BG, G, Y, W, and R. 
0054) In brief Summary, the invention describes a multi 
color display element which comprises a plurality of display 
areas arranged in a pattern for exhibiting, upon Selective 
activation, a plurality of display units. Each Said display area 
includes a first light emitting diode for emitting, when 
forwardly biased, light Signals of a first primary color, a 
Second light emitting diode for emitting, when forwardly 
biased, light signals of a Second primary color, and means 
for combining Said light Signals in the display area to obtain 
a light Signal of a composite color. Each light emitting diode 
includes a first terminal and a Second terminal. All first 
terminals are of the same polarity, and all Second terminals 
are of the same polarity, opposite of the polarity of the first 
terminals. The display element further includes a plurality of 
decoder inputs for receiving decoder Signals for Selectively 
activating the light emitting diodes in the display areas. The 
decoder inputs are equal in number to the plurality of the 
display areas and are respectively coupled to the first ter 
minals of the light emitting diodes, in accordance with their 
positions in the pattern. A first bus is provided to which the 
Second terminals of all first light emitting diodes are 
coupled. A second bus is further provided to which the 
Second terminals of all Second light emitting diodes are 
coupled. The invention resides in the provision of a first 
tri-state buffer and a second tri-state buffer, or like first 
Semiconductor device and a Second Semiconductor device of 
controllable conductivity. The first tri-state buffer includes a 
buffer control input, for receiving a buffer control Signal 
having an active level, for causing the first tri-State buffer to 
be conductive, and an inactive level, for causing the first 
tri-state buffer to be non-conductive, The first tri-state buffer 
further includes a buffer input, for receiving first color 
control Signals, and a buffer output, coupled to the first bus. 
The second tri-state buffer includes a buffer control input, 
for receiving a buffer control Signal having an active level, 
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for causing the Second tri-State buffer to be conductive, and 
an inactive level, for causing the Second tri-State buffer to be 
non-conductive. The second tri-state buffer further includes 
a buffer input, for receiving Second color control Signals, and 
a buffer output, coupled to the Second bus. A Single enable 
input is provided for receiving an enable Signal having an 
active level and an inactive level. The buffer control input of 
the first tri-state buffer and the buffer control input of the 
Second tri-State buffer are jointly connected to the enable 
input; AS a result, the enable signal of the active level causes 
the first bus and the second bus to be conductive, for 
illuminating those of the first light emitting diodes and those 
of the Second light emitting diodes Selected by the decoder 
Signals, in a color in accordance with the first color control 
Signals and the Second color control Signals, and the enable 
Signal of the inactive level causes the first buS and the Second 
bus to be non-conductive, for extinguishing all first light 
emitting diodes and Second light emitting diodes. 

0055. It would be obvious, in the view of the present 
disclosure, that other types of gates, or like devices, may be 
also used in the design of the multicolor display element of 
the invention. It would be further obvious that the hardware 
design of the present invention may be also implemented by 
Software. It would be further obvious that persons skilled in 
the art may resort to modifications in the construction of the 
preferred embodiment described herein, without departing 
from the Spirit and Scope of the invention as defined in the 
appended claims. It is contemplated that the principles of the 
invention are also applicable to numerous diverse types of 
display devices, such as luminescent devices, liquid crystal 
display devices, plasma display devices, fluorescent display 
devices, cathode ray tube display devices and the like. 

0056) Correlation Table 

0057 This is a correlation table of reference characters 
used in drawings herein, their descriptions, and examples of 
commercially available parts. 

# DESCRIPTION EXAMPLE 

red LED 
green LED 
blue LED 
red bus 
green bus 
blue bus 
segment body 

16 light scattering material 
23 common cathode 7-segment decoder 
24 common anode 7-segment decoder 
42 multicolor 7-segment display element (2 LEDs) 
43 multicolor 7-segment display element (3 LEDs) 
46 one multicolor display character (2 LEDs) 
47 one multicolor display character (3 LEDs) 
52 color control (2 LEDs) 
53 color control (3 LEDs) 
60 2-input OR gate 74HC32 
61 4-input OR gate 4O72 
62 non-inverting buffer 74LS244 
63 inverting buffer 74LS240 
64 inverter part of 74LS2404 

1. 

0058. The parts in the Correlation Table are merely 
exemplary. It would be obvious to those skilled in the art that 
other components may be readily and effectively used. 
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What I clam is: 
1. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light signals of a first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light Signals of a Second primary color, and 
means for combining Said light signals in Said display 
area to obtain a light signal of a composite color, each 
Said light emitting diode including a first terminal and 
a Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled; 

a Second bus to which said Second terminals of all Said 
Second light emitting diodes are coupled; 

a first semiconductor device of controllable conductivity 
including a control input, for receiving a control Signal 
having an active level, for causing Said first Semicon 
ductor device to be conductive, and an inactive level, 
for causing Said first Semiconductor device to be non 
conductive, a device input, for receiving first color 
control signals, and a device output, coupled to Said 
first bus; 

a Second Semiconductor device of controllable conduc 
tivity including a control input, for receiving a control 
Signal having an active level, for causing Said Second 
Semiconductor device to be conductive, and an inactive 
level, for causing Said Second Semiconductor device to 
be non-conductive, a device input, for receiving Second 
color control Signals, and a device output, coupled to 
Said Second bus, 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

Said control input of Said first Semiconductor device and 
Said control input of Said Second Semiconductor device 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes Said 
first bus and said second bus to be conductive, for 
illuminating the Selected display unit in a color in 
accordance with Said first color control Signals and Said 
Second color control Signals, and Said enable signal of 
Said inactive level causes Said first bus and Said Second 
bus to be non-conductive, for extinguishing the 
Selected display unit. 

2. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light signals of Said first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light signals of Said Second primary color, a 
third light emitting diode for emitting, when forwardly 
biased, light Signals of a third primary color, and means 
for combining Said light signals in Said display area to 
obtain a light signal of a composite color, each Said 
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light emitting diode including a first terminal and a 
Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled; 

a Second bus to which Said Second terminals of all Said 
Second light emitting diodes are coupled; 

a third bus to which said second terminals of all said third 
light emitting diodes are coupled; 

a first semiconductor device of controllable conductivity 
including a control input, for receiving a control Signal 
having an active level, for causing Said first Semicon 
ductor device to be conductive, and an inactive level, 
for causing Said first Semiconductor device to be non 
conductive, a device input, for receiving first color 
control signals, and a device output, coupled to Said 
first bus; 

a Second Semiconductor device of controllable conduc 
tivity including a control input, for receiving a control 
Signal having an active level, for causing Said Second 
Semiconductor device to be conductive, and an inactive 
level, for causing Said Second Semiconductor device to 
be non-conductive, a device input, for receiving Second 
color control Signals, and a device output, coupled to 
Said Second bus, 

a third semiconductor device of controllable conductivity 
including a control input, for receiving a control Signal 
having an active level, for causing Said third Semicon 
ductor device to be conductive, and an inactive level, 
for causing Said third Semiconductor device to be 
non-conductive, a device input, for receiving third 
color control Signals, and a device output, coupled to 
said first bus; 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

Said control input of Said first Semiconductor device, Said 
control input of Said Second Semiconductor device, and 
Said control input of Said third Semiconductor device 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes said 
first bus, said second bus, and said third bus to be 
conductive, for illuminating the Selected display unit in 
a color in accordance with Said first color control 
Signals, said Second color control Signals, and Said third 
color control signals, and Said enable Signal of Said 
inactive level causes Said first bus, Said Second bus, and 
Said third bus to be non-conductive, for extinguishing 
the Selected display unit. 

3. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light signals of a first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light Signals of a Second primary color, and 
means for combining Said light signals in Said display 
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area to obtain a light signal of a composite color, each 
Said light emitting diode including a first terminal and 
a Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 

a plurality of decoder inputs for receiving decoder Signals 
for Selectively activating Said light emitting diodes in 
Said display areas, Said decoder inputs being coupled to 
Said first terminals of Said light emitting diodes, in 
accordance with their positions in Said pattern, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled; 

a Second bus to which said Second terminals of all Said 
Second light emitting diodes are coupled; 

a first tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said first tri-State buffer to be conductive, 
and an inactive level, for causing Said first tri-State 
buffer to be non-conductive, a buffer input, for receiv 
ing first color control Signals, and a buffer output, 
coupled to Said first bus, 

a Second tri-State buffer including a buffer control input, 
for receiving a buffer control Signal having an active 
level, for causing Said Second tri-State buffer to be 
conductive, and an inactive level, for causing Said 
Second tri-state buffer to be non-conductive, a buffer 
input, for receiving Second color control Signals, and a 
buffer output, coupled to said Second bus; 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

said buffer control input of said first tri-state buffer and 
said buffer control input of said second tri-state buffer 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes Said 
first bus and said second bus to be conductive, for 
illuminating those of Said first light emitting diodes and 
those of Said Second light emitting diodes Selected by 
Said decoder Signals, in a color in accordance with Said 
first color control Signals and Said Second color control 
Signals, and Said enable signal of Said inactive level 
causes Said first bus and Said Second bus to be non 
conductive, for extinguishing all Said first light emitting 
diodes and Said Second light emitting diodes. 

4. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light signals of Said first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light signals of Said Second primary color, a 
third light emitting diode for emitting, when forwardly 
biased, light Signals of a third primary color, and means 
for combining Said light signals in Said display area to 
obtain a light signal of a composite color, each Said 
light emitting diode including a first terminal and a 
Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 
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a plurality of decoder inputs for receiving decoder Signals 
for Selectively activating Said light emitting diodes in 
Said display areas, Said decoder inputs being coupled to 
Said first terminals of Said light emitting diodes, in 
accordance with their positions in Said pattern, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled; 

a Second bus to which Said Second terminals of all Said 
Second light emitting diodes are coupled; 

a third bus to which said second terminals of all said third 
light emitting diodes are coupled; 

a first tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said first tri-State buffer to be conductive, 
and an inactive level, for causing Said first tri-State 
buffer to be non-conductive, a buffer input, for receiv 
ing first color control Signals, and a buffer output, 
coupled to Said first bus, 

a Second tri-State buffer including a buffer control input, 
for receiving a buffer control Signal having an active 
level, for causing Said Second tri-State buffer to be 
conductive, and an inactive level, for causing Said 
Second tri-state buffer to be non-conductive, a buffer 
input, for receiving Second color control Signals, and a 
buffer output, coupled to Said Second bus, 

a third tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said third tri-State buffer to be conductive, 
and an inactive level, for causing Said third tri-State 
buffer to be non-conductive, a buffer input, for receiv 
ing third color control Signals, and a buffer output, 
coupled to Said first bus, 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

said buffer control input of said first tri-state buffer, said 
buffer control input of said second tri-state buffer, and 
said buffer control input of said third tri-state buffer 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes said 
first bus, said second bus, and said third bus to be 
conductive, for illuminating those of Said first light 
emitting diodes, those of Said Second light emitting 
diodes, and those of Said third light emitting diodes 
Selected by Said decoder input code, in a color in 
accordance with Said first color control signals, Said 
Second color control signals, and Said third color con 
trol Signals, and Said enable signal of Said inactive level 
causes Said first bus, Said Second bus, and Said third bus 
to be non-conductive, for extinguishing all Said first 
light emitting diodes, said Second light emitting diodes, 
and Said third light emitting diodes. 

5. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light Signals of Said first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light Signals of Said Second primary color, and 
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means for combining Said light signals in Said display 
area to obtain a light signal of a composite color, each 
Said light emitting diode including a first terminal and 
a Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 

a plurality of decoder inputs for receiving decoder Signals 
for Selectively activating Said light emitting diodes in 
Said display areas, Said decoder inputs being equal in 
number to the plurality of Said display areas, Said 
decoder inputs being respectively coupled to Said first 
terminals of Said light emitting diodes, in accordance 
with their positions in Said pattern, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled, Said first buS includ 
ing a first color control input for receiving first color 
control Signals, 

a Second bus to which said Second terminals of all Said 
Second light emitting diodes are coupled, said Second 
bus including a Second color control input for receiving 
Second color control Signals, 

a first tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said first tri-State buffer to be conductive, 
and an inactive level, for causing Said first tri-State 
buffer to be non-conductive, a buffer input, coupled to 
Said first color control input, and a buffer output, 
coupled to said first bus; 

a Second tri-State buffer including a buffer control input, 
for receiving a buffer control Signal having an active 
level, for causing Said Second tri-State buffer to be 
conductive, and an inactive level, for causing Said 
Second tri-state buffer to be non-conductive, a buffer 
input, coupled to Said Second color control input, and a 
buffer output, coupled to Said Second bus, 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

said buffer control input of said first tri-state buffer and 
said buffer control input of said second tri-state buffer 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes Said 
first bus and said second bus to be conductive, for 
illuminating those of Said first light emitting diodes and 
those of Said Second light emitting diodes Selected by 
Said decoder input code, in a color in accordance with 
Said first color control Signals and Said Second color 
control Signals, and Said enable signal of Said inactive 
level causes Said first bus and Said Second bus to be 
non-conductive, for extinguishing all Said first light 
emitting diodes and Said Second light emitting diodes. 

6. A multicolor display element comprising: 
a plurality of display areas arranged in a pattern for 

exhibiting, upon Selective activation, a plurality of 
display units, each Said display area including a first 
light emitting diode for emitting, when forwardly 
biased, light signals of Said first primary color, a Second 
light emitting diode for emitting, when forwardly 
biased, light signals of Said Second primary color, a 
third light emitting diode for emitting, when forwardly 
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biased, light signals of a third primary color, and means 
for combining Said light signals in Said display area to 
obtain a light signal of a composite color, each Said 
light emitting diode including a first terminal and a 
Second terminal, all Said first terminals being of the 
Same polarity, and all Said Second terminals being of the 
Same polarity, opposite of the polarity of Said first 
terminals, 

a plurality of decoder inputs for receiving decoder Signals 
for Selectively activating Said light emitting diodes in 
Said display areas, Said decoder inputs being equal in 
number to the plurality of Said display areas, Said 
decoder inputs being respectively coupled to Said first 
terminals of Said light emitting diodes, in accordance 
with their positions in Said pattern, 

a first bus to which said second terminals of all said first 
light emitting diodes are coupled, Said first buS includ 
ing a first color control input for receiving first color 
control Signals, 

a Second bus to which Said Second terminals of all Said 
Second light emitting diodes are coupled, said Second 
buS including a Second color control input for receiving 
Second color control signals, 

a third bus to which said second terminals of all said third 
light emitting diodes are coupled, Said third bus includ 
ing a third color control input for receiving third color 
control Signals, 

a first tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said first tri-State buffer to be conductive, 
and an inactive level, for causing Said first tri-State 
buffer to be non-conductive, a buffer input, coupled to 
Said first color control input, and a buffer output, 
coupled to Said first bus, 
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a Second tri-State buffer including a buffer control input, 
for receiving a buffer control Signal having an active 
level, for causing Said Second tri-State buffer to be 
conductive, and an inactive level, for causing Said 
Second tri-state buffer to be non-conductive, a buffer 
input, coupled to Said Second color control input, and a 
buffer output, coupled to Said Second bus, 

a third tri-state buffer including a buffer control input, for 
receiving a buffer control Signal having an active level, 
for causing Said third tri-State buffer to be conductive, 
and an inactive level, for causing Said third tri-State 
buffer to be non-conductive, a buffer input, coupled to 
Said third color control input, and a buffer output, 
coupled to Said first bus, 

a single enable input for receiving an enable signal having 
an active level and an inactive level; 

said buffer control input of said first tri-state buffer, said 
buffer control input of said second tri-state buffer, and 
said buffer control input of said third tri-state buffer 
being jointly connected to Said enable input; 

whereby said enable Signal of Said active level causes Said 
first bus, said second bus, and said third bus to be 
conductive, for illuminating those of Said first light 
emitting diodes, those of Said Second light emitting 
diodes, and those of Said third light emitting diodes 
Selected by Said decoder input code, in a color in 
accordance with Said first color control signals, Said 
Second color control signals, and Said third color con 
trol signals, and Said enable signal of said inactive level 
causes Said first bus, Said Second bus, and Said third bus 
to be non-conductive, for extinguishing all Said first 
light emitting diodes, said Second light emitting diodes, 
and Said third light emitting diodes. 
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