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It is an object of the invention to achieve Weight saving and 
downsizing of an electronic apparatus, in particular a por 
table electronic apparatus While enlarging a display screen 
thereof. The invention provides an electronic apparatus 
using a light emitting device Which includes a light emitting 
element, a color ?lter provided on either side of an anode or 
a cathode of the light emitting element, and tWo polariZers 
sandWiching the light emitting element and the color ?lter, 
in Which the anode and the cathode transrnit light, de?ection 
angles of the tWo polariZers are different from each other, 
and light obtained from the light emitting element is White. 
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ELECTRONIC APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to an electronic appa 
ratus using a light emitting device, and more particularly to 
a portable electronic apparatus. 

BACKGROUND ART 

[0002] Portable electronic apparatuses typi?ed by a por 
table phone, an electronic databook, and the like have been 
required to be equipped With various functions such as 
transmission/reception of e-mail, voice recognition, image 
pickup With a small-siZe camera as Well as a display device 
for displaying images, While there have been strong demand 
of users for doWnsiZing and Weight saving. Therefore, it is 
required that the larger number of ICs having a larger circuit 
scale and higher memory capacity is formed in a limited 
volume of the portable electronic apparatus. In order to 
achieve higher performance of the portable electronic appa 
ratus While securing enough space for mounting ICs and also 
achieve the doWnsiZing and Weight saving thereof, an essen 
tial key is to fabricate a ?at panel to be mounted as thin and 
light as possible. 

[0003] For eXample, in the case of a liquid crystal display 
device Which is used for a portable electronic apparatus With 
relative frequency, a light source, an optical Waveguide, and 
the like are required When it is of a light transmissive type, 
Which prevents the thinner shape and the Weight saving. 
MeanWhile, in the case of a re?ective type Which utiliZes the 
outside light, an image cannot be recogniZed easily in a dark 
place, Which makes it dif?cult to take advantage of a 
portable electronic apparatus in its usability in any place. In 
recent years, a light emitting device using light emitting 
elements as display elements has been researched and devel 
oped to be mounted on a portable electronic apparatus. Since 
a light emitting element emits light by itself, a clear image 
can be displayed in a dark place Without a need of a light 
source, unlike the case of using a liquid crystal display 
device. Accordingly, there is no need of using a backlight 
component such as a light source and an optical Waveguide, 
Which enables the thinner shape and the Weight saving of the 
display device. 

DISCLOSURE OF INVENTION 

[0004] [Problems to be Solved by the Invention] 

[0005] By using a light emitting device, higher perfor 
mance, doWnsiZing, and Weight saving of a portable elec 
tronic apparatus can be achieved, While there remains a 
problem concerning hoW a display screen can be enlarged. 
One of the reasons is that a larger volume of information is 
required to be displayed in accordance With the higher 
performance of a portable electronic apparatus. Besides, 
there is another reason that the demand for a portable 
electronic apparatus With enlarging a display screen for 
senior citiZens is increasing With the increase of the popu 
lation of senior citiZens. 

[0006] In vieW of the foregoing problems, it is an object of 
the invention to achieve Weight saving and doWnsiZing of an 
electronic apparatus, in particular a portable electronic appa 
ratus While enlarging a display screen thereof. 
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[0007] [Means for Solving the Problems] 
[0008] In order to solve the above problems, the invention 
takes the folloWing measures. A structure of a light emitting 
device in Which light from light emitting elements can be 
emitted to both screen sides is employed, Whereby an area 
capable of displaying images is increased tWice as large by 
using both the front and back screen sides. In the case of 
displaying different images on each screen, video signals 
corresponding to tWo screens are alternately inputted. By 
using the light emitting device capable of performing dis 
play on both screen sides in this manner, doWnsiZing and 
Weight saving of the light emitting device can be achieved 
While enlarging an area capable of displaying images. 

[0009] It should be noted that the light emitting device 
includes a light emitting panel in a state of being sealed With 
light emitting elements and a module in a state Where an IC 
or the like including a controller is mounted on the panel. 

[0010] A full color image is displayed on at least one 
screen of the light emitting device. Speci?cally, a full color 
image can be obtained by using a light emitting element for 
White emission in each piXel, and passing light that is 
emitted from the light emitting element through a color ?lter. 
A full color image by the use of a color ?lter is the eXisting 
technology Which has been established in a liquid crystal 
display, and it has the advantage of being applied to a light 
emitting device easily. Further, it has another advantage that 
a ?ne selective coating of an electroluminescent material 
With a shadoW mask is not required as compared to a method 
of performing a full color display by using light emitting 
elements each corresponding to three primary colors, thus 
luminance variations in accordance With the passage of time 
is uniform among all the colors. There is no concern that 
purity of red color is decreased due to a loW color conversion 
ef?ciency, or that a piXel emits light due to the outside light 
such as sunlight because of the color conversion material 
itself being a ?uorescent body, Which may loWer contrast, as 
in the case of a CCM method in Which blue light is converted 
into green or red light by using a color conversion material 
formed of a ?uorescent material. 

[0011] In addition, in the case of using a light emitting 
element for White emission, it is possible that a full color 
image is displayed on one screen side While a monochrome 
image is displayed on the other screen side by providing a 
color ?lter on one screen side. In this case, the number of 
piXels for the monochrome display can be increased three 
times as large as those of other methods for full color 
displays. It should be noted that since light transmissivity of 
a color ?lter differs betWeen each color, luminance of a light 
emitting element Which is obtained through the color ?lter 
may vary in each color correspondingly. In this case, When 
a voltage applied to a light emitting element is changed in 
each color in order to correct colors, a light emitting element 
Which is applied With the highest voltage decays most 
quickly, While a light emitting element Which is applied With 
the lowest voltagc dccays sloWly, which tends to thc lumi 
nance variations in accordance With the passage of light 
emission time. According to the invention, an image is 
displayed by using a light emitting element Which is applied 
With the loWest voltage in the case of displaying a mono 
chrome image on the opposite side to a side provided With 
a color ?lter. According to the above structure, variations in 
degradation of light emitting elements due to a difference in 
the applied voltage can be suppressed. 
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[0012] A TFT using polysilicon has a problem in that its 
characteristics easily vary due to a defect in a crystal grain 
boundary. When a threshold voltage of a TFT varies, lumi 
nance of a light emitting element of Which ?oWing current 
is controlled by the TFT also varies. Further, there is another 
problem that luminance of a light emitting element decays 
With the degradation of an electroluminescent material. 
When the electroluminescent material degrades, luminance 
decays even When a current supplied to the light emitting 
element is constant. The degree of degradation depends on 
a light emission period and the amount of ?oWing current. 
Therefore, When a gray level differs among piXels depending 
on a displayed image, degradation of a light emitting ele 
ment in each piXel also differs, leading to variations in 
luminance. 

[0013] Luminance decay With the degradation of an elec 
troluminescent layer can be suppressed to a certain level by 
operating a transistor for controlling a current value Which 
is supplied to a light emitting element in a saturation region. 
Since a drain current in a saturation region largely in?uences 
a ?oWing current relatively to a slight change in the gate 
source voltage Vgs, it is required that the gate-source 
voltage Vgs does not change during a period in Which the 
light emitting element emits light. Therefore, it is required 
that capacity of a capacitor provided betWeen the gate and 
the source of the transistor is increased, and the off-current 
of a transistor for controlling an input of a video signal to a 
piXel is suppressed loW. Further, there is another problem 
that the Vgs of the transistor for controlling a current value 
Which is supplied to the light emitting element changes With 
the sWitching of other transistors, and a potential change in 
a signal line and a scan line, and the like. This derives from 
a parasitic capacitance of the gate of the transistor. 

[0014] According to the invention, the folloWing piXel 
con?guration can be adopted for a light emitting device 
besides the above measure. 

[0015] First, In addition to a transistor for supplying a 
current to a light emitting element (driving transistor), a 
transistor (current controlling transistor) Which functions as 
a sWitching element is connected to a driving transistor in 
series. The gate potential of the driving transistor is ?xed, 
Whereby the driving transistor operates in a saturation 
region, through Which a current can ?oW constantly. The 
current controlling transistor operates in a linear region, 
Whereby a video signal is inputted to the gate of the current 
is controlling transistor. 

[0016] The current controlling transistor operates in a 
linear region, therefore, its source-drain voltage (drain volt 
age) Vds is quite small relatively to a voltage Vel Which is 
applied to the light emitting element, and thus a slight 
change in the gate-source voltage (gate voltage) Vgs does 
not in?uence the current supplied to the light emitting 
element. The driving transistor operates in a saturation 
region, therefore, its drain current does not change by the 
drain voltage Vds, but is determined only by the Vgs. That 
is, the current controlling transistor only selects Whether or 
not to supply a current to the light emitting element, and a 
current value supplied to the light emitting element is 
determined by the driving transistor Which operates in a 
saturation region. Accordingly, a current supplied to the light 
emitting element is not in?uenced even Without increasing 
capacity of a capacitor Which is provided betWeen the gate 
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and the source of the current controlling transistor or sup 
pressing the off-current of a transistor for controlling an 
input of a video signal to a piXel. In addition, the current 
supplied to the light emitting element is not in?uenced by a 
parasitic capacitance of the gate of the current controlling 
transistor. Therefore, cause of variations is decreased and 
image quality can thus be enhanced to a great eXtent. By 
operating the driving transistor in a saturation region, a value 
of the drain current is kept relatively constant even When the 
Vds is decreased in stead of the Vel increasing due to the 
degradation of the light emitting element. Accordingly, a 
luminance decay can be suppressed even When the light 
emitting element degrades. Further, since it is not necessary 
to optimiZe the process in order to suppress off-current of the 
transistor for controlling an input of a video signal to a piXel, 
the manufacturing process of a transistor can be simpli?ed, 
leading to the cost reduction and improvement in yield. 

[0017] L of the driving transistor may be longer than W 
thereof, and L of the current controlling transistor may be 
equal to or shorter than W thereof. The ratio of L to W of the 
driving transistor is desirably 5 or more. According to the 
above structure, luminance variations of light emitting ele 
ments among piXels due to the characteristic is variations of 
driving transistors can be suppressed. 

[0018] A transistor used in the light emitting device of the 
invention may be a transistor formed by using single crys 
talline silicon, a transistor formed by using an SOI, or a thin 
?lm transistor formed by using polycrystalline silicon or 
amorphous silicon. Alternatively, a transistor using an 
organic semiconductor or a transistor using carbon nanotube 
may be used. In addition, a transistor provided in a piXel of 
the light emitting device of the invention may have a 
single-gate structure, a double-gate structure, or a multi-gate 
structure having more gate electrodes. 

[0019] [Effect of the Invention] 
[0020] By using the light emitting device of the invention 
Which is capable of performing display on both screen sides, 
doWnsiZing and Weight saving of the light emitting device 
can be achieved While enlarging an area capable of display 
ing an image. A full color display through the use of a color 
?lter is the eXisting technology Which has been established 
in a liquid crystal display, and it has the advantage of being 
applied to a light emitting device easily. Further, it has 
another advantage that a ?ne selective coating of an elec 
troluminescent material With a shadoW mask is not required 
as compared to a method of performing a full color display 
by using light emitting elements corresponding to three 
primary colors, thus luminance variations With the passage 
of time is uniform among all the colors. There is no concern 
as in the case of a CCM method in Which blue light is 
converted into green or red light by using a color conversion 
material formed of a ?uorescent material, that purity of red 
color is decreased due to a loW color conversion ef?ciency, 
or a piXel emits light due to the outside light such as sunlight 
because of the color conversion material itself being a 
?uorescent body, Which may otherWise loWer contrast. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0021] Embodiment modes of the invention are described 
beloW With reference to the accompanying draWings. It is to 
be understood that the invention can be carried out in various 
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different modes, and therefore various changes and modi? 
cations are apparent to those skilled in the art unless depart 
ing from the point or the scope of the invention. Therefore, 
the invention is not to be understood to be limited to the 
description of the present embodiment modes. 

[0022] [Embodiment Mode 1] 
[0023] A speci?c structure of the invention is described 
With reference to FIG. 1. FIG. 1A shoWs one mode of a 
cross sectional structure of the light emitting device of the 
invention. The light emitting device of the invention shoWn 
in FIG. 1A includes a light emitting panel 101 in Which a 
light emitting element is disposed in each piXel, tWo color 
?lters 102 and 103 sandWiching the light emitting panel 101, 
and tWo polariZers 104 and 105 sandWiching the light 
emitting panel 101 and the color ?lters 102 and 103. 

[0024] The light emitting panel 101 has a structure in 
Which light from the light emitting element is emitted to the 
both sides as shoWn by holloW arroWs. Speci?cally, each 
light emitting element employs an electrode having a light 
transmitting characteristic (light transmissivity) as an anode 
and a cathode. The light emitting element is characteriZed by 
emitting White light. Among the light emitted from both 
sides of the light emitting panel 101, light having a Wave 
length Within a certain range passes through the color ?lters 
102 and 103, and light having a certain de?ection compo 
nent passes through the polariZers 104 and 105. 

[0025] The polariZers 104 and 105 are disposed so that 
their de?ection angles for transmission are different from 
each other, and preferably to be different by 90° in order to 
prevent the light emitting panel 201 from transmitting the 
outside light. FIG. 2A shoWs a direction of the outside light 
Which passes through a light emitting panel 201 in the case 
of providing no polariZer. FIG. 2B shoWs a direction of the 
light emitted from the light emitting panel 201 in the case of 
sandWiching the light emitting panel 201 by tWo polariZers 
202 and 203 each having a different de?ection angle. 

[0026] In the case of providing no polariZer as shoWn in 
FIG. 2A, each of an anode and a cathode of a light emitting 
element provided in the light emitting panel 201 transmits 
light. Therefore, the light emitting panel 201 transmits 
outside light, and thus a far side of the light emitting panel 
201 can be seen through by human eyes. On the other hand, 
in the case of providing polariZers 202 and 203 as shoWn in 
FIG. 2B, only one of the tWo polariZers 202 and 203 
transmits outside light. Therefore, it is prevented that a far 
side of the light emitting panel 201 is seen through, and a 
contrast of an image can thus be enhanced. HoWever, since 
speci?c de?ection component of the light emitted from the 
light emitting panel 201 passes through each of the polar 
iZers 202 and 203, light can be obtained from both sides. 

[0027] FIG. 1B shoWs another mode of a cross sectional 
structure of the light emitting element of the invention, 
Which is different from FIG. 1A. The light emitting device 
of the invention shoWn in FIG. 1B includes a light emitting 
panel 111 in Which a light emitting element is disposed in 
each piXel, tWo color ?lters 112 and 113 sandWiching the 
light emitting panel 111, and tWo liquid crystal panels 114 
and 115 sandWiching the light emitting panel 111 and the 
color ?lters 112 and 113. 

[0028] As in FIG. 1A, the light emitting panel 111 has a 
structure in Which light from the light emitting element is 
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emitted to both sides. Speci?cally, each light emitting ele 
ment employs an electrode having a light transmitting 
characteristic as each of an anode and a cathode. The light 
emitting element is characteriZed by emitting White light. 
Among the light emitted from the both sides of the light 
emitting panel 111, light having a Wavelength Within a 
certain range passes through the color ?lters 112, and 113, 
and the light passes through only one of the liquid crystal 
panels 114 and 115. 

[0029] Each of the liquid crystal panels 114 and 115 
includes a piXel electrode, a counter electrode, and liquid 
crystal sandWiched betWeen the piXel electrode and the 
counter electrode. Further, a polariZer and the like are 
provided. Light transmittancy of each of the liquid crystal 
panels 114 and 115 is controlled by a voltage applied 
betWeen the piXel electrode and the counter electrode. The 
tWo liquid crystal panels 114 and 115 are controlled to be 
driven in such a manner that only one of them transmits light 
Whereas the other does not transmit light. According to the 
above structure, it can be prevented that the light emitting 
panel 111 transmits outside light. 

[0030] It should be noted in FIG. 1A and FIG. 1B that a 
color ?lter is separately provided from each of the light 
emitting panels 101 and 111, hoWever, a ?lm Which func 
tions as a color ?lter may be provided inside the light 
emitting panel. 
[0031] FIG. 3A shoWs a vieW of a light emitting device 
including a light emitting panel 301 Which is sandwiched 
betWeen tWo liquid crystal panels 302 and 303, in Which 
light passes through the liquid crystal panel 302. FIG. 3B 
shoWs a vieW of a light emitting device including the light 
emitting panel 301 sandWiched by the tWo liquid crystal 
panels 302 and 303, in Which light passes through the liquid 
crystal panel 303. 

[0032] As shoWn in FIG. 3A and FIG. 3B, the liquid 
crystal panels 302 and 303 are driven in such a manner that 
one of them blocks light While the other transmits light. 
Accordingly, light emitted from a light emitting element 304 
of the light emitting panel 301 passes only one side as shoWn 
by a holloW arroW. According to the above structure, it can 
be prevented that a far side of the light emitting panel 301 
is seen through by human eyes due to the outside light 
passing therethrough, Which can enhance a contrast. SWitch 
ing of video signals can be performed in synchroniZation 
With the sWitching of the light transmittancy of the liquid 
crystal panels 302 and 303. Speci?cally, a video signal 
having image data for the side transmitting light is inputted 
to the light emitting panel 301 regardless of Which liquid 
crystal panel transmits light. According to the above struc 
ture, different images can be displayed on both sides of the 
light emitting panel 301 in parallel. 

[0033] It should be noted that a color ?lter is provided on 
both sides of the light emitting panel in each of FIG. 1A and 
FIG. 1B, hoWever, it may be provided on only one side. In 
that case, a monochrome image is displayed on the side of 
the light emitting panel having no color ?lter. In the case of 
a full color display, neutral colors are expressed by three 
piXels corresponding to three primary colors of red(R), 
green(G) and blue(B), While in the case of a monochrome 
display, an image is displayed basically by using one piXel 
since an achromatic color is required. HoWever, the achro 
matic color can not be expressed by one piXel When using 
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the method of performing a full color With light emitting 
elements corresponding to three primary colors or using a 
CCM method. Thus, according to these tWo methods, an 
image is displayed by using three pixels as one unit on the 
side for performing a monochrome display as Well as the 
side for performing a full color display. MeanWhile, the 
invention employs a light emitting element for White emis 
sion, therefore, a monochrome display can be performed 
With one pixel Without providing a color ?lter on one screen 
side. 

[0034] It should be noted that according to this embodi 
ment mode, the light emitting panel may be either of an 
active matrix type or of a passive matrix type. 

[0035] As described in this embodiment mode, since the 
light emitting device of the invention can display images on 
both sides of the light emitting panel, doWnsiZing and Weight 
saving of the light emitting device can be achieved While 
enlarging an area capable of displaying images. The struc 
ture of the invention is effective in particular for portable 
electronic apparatuses, Which place major emphasis on the 
doWnsiZing and Weight saving. 

[0036] [Embodiment Mode 2] 
[0037] FIG. 4A shoWs one mode of a pixel of the light 
emitting device of the invention. The pixel shoWn in FIG. 
4A includes a light emitting element 401, a transistor 
(sWitching transistor) 402 used as a sWitching element for 
controlling an input of a video signal to the pixel, a driving 
transistor 403 for controlling a current value supplied to the 
light emitting element 401, and a current controlling tran 
sistor 404 for selecting Whether or not to supply a current to 
the light emitting element 401. Further, a capacitor 405 for 
storing a potential of a video signal may be provided in the 
pixel as in this embodiment mode. 

[0038] The driving transistor 403 and the current control 
ling transistor 404 have the same polar character. In FIG. 
4A, both of them are of a P-type, hoWever, they may be of 
an N-type. According to the invention, the driving transistor 
403 operates in a saturation region While the current con 
trolling transistor 404 operates in a linear region. A channel 
length L of the driving transistor 403 may be longer than a 
channel Width W thereof. L of the current controlling 
transistor 404 may be equal to or shorter than W thereof. The 
ratio of L to W of the driving transistor 403 is desirably ?ve 
or more. The driving transistor 403 may be either an 
enhancement mode transistor or a depletion mode transistor. 

[0039] The gate of the sWitching transistor 402 is con 
nected to a scan line Gj (j=1 to y). One of the source and the 
drain of the sWitching transistor 402 is connected to a signal 
line Si (i=1 to x) and the other is connected to the gate of the 
current controlling transistor 404. The gate of the driving 
transistor 403 is connected to a second poWer supply line Wi 
(i=1 to The driving transistor 403 and the current 
controlling transistor 404 are connected to a ?rst poWer 
supply line Vi (i=1 to x) and the light emitting element 401 
so that a current supplied from the ?rst poWer supply line Vi 
(i=1 to x) is supplied to the light emitting element 401 as a 
drain current of each of the driving transistor 403 and the 
current controlling transistor 404. In this embodiment mode, 
the source of the current controlling transistor 404 is con 
nected to the ?rst poWer supply line Vi (i=1 to x) While the 
drain of the driving transistor 403 is connected to a pixel 
electrode of the light emitting element 401. 
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[0040] It should be noted that the source of the driving 
transistor 403 may be connected to the ?rst poWer supply 
line Vi (i=1 to x) While the drain of the current controlling 
transistor 404 may be connected to the pixel electrode of the 
light emitting element 401. The driving transistor 403 is a 
depletion mode transistor 

[0041] The light emitting element 401 includes an anode, 
a cathode, and an electroluminescent layer sandWiched 
betWeen the anode and the cathode. As shoWn in FIG. 4A, 
in the case Where the anode is connected to the driving 
transistor 403, the anode is the pixel electrode While the 
cathode is a counter electrode. The counter electrode of the 
light emitting element 401 and the ?rst poWer supply line Vi 
(i=1 to x) have a potential difference so that a forWard bias 
current is supplied to the light emitting element 401. 

[0042] One of the tWo electrodes of the capacitor 405 is 
connected to the ?rst poWer supply line Vi (i=1 to x) and the 
other is connected to the gate of the current controlling 
transistor 404. The capacitor 405 is provided so as to store 
the potential difference betWeen the electrodes of the capaci 
tor 405 When the sWitching transistor 402 is not selected 
(OFF state). It should be noted that FIG. 4A shoWs a 
con?guration having the capacitor 405, hoWever, the inven 
tion is not limited to this and the capacitor 405 may not be 
provided. 

[0043] In FIG. 4A, the driving transistor 403 and the 
current controlling transistor 404 are P-channel transistors, 
and the drain of the driving transistor 403 is connected to the 
anode of the light emitting element 401. On the other hand, 
When the driving transistor 403 and the current controlling 
transistor 404 are N-channel transistors, the source of the 
driving transistor 403 is connected to the cathode of the light 
emitting element 401. In this case, the cathode of the light 
emitting element 401 is the pixel electrode While the anode 
thereof is the counter electrode. 

[0044] Next, a driving method of the pixel shoWn in FIG. 
4A is described. The operation of the pixel shoWn in FIG. 
4A can be divided into a Writing period and a is holding 
period. First, in the Writing period, When the scan line Gj 
(j=1 to y) is selected, the sWitching transistor 402 Whose gate 
is connected to the scan line Gj (j=1 to y) is turned ON. 
Then, a video signal inputted to signal lines Si to Sx is 
inputted to the gate of the current controlling transistor 404 
through the sWitching transistor 402. It should be noted that 
the driving transistor 403 is constantly ON since its gate is 
connected to the ?rst poWer supply line Vi (i=1 to 

[0045] When the current controlling transistor 404 is 
turned ON by a video signal, a current is supplied to the light 
emitting element 401 through the ?rst poWer supply line Vi 
(i=1 to The current controlling transistor 404 at this time 
operates in a linear region, therefore, a current supplied to 
the light emitting element 401 is determined by the V-I 
characteristics of the driving transistor 403 Which operates 
in a saturation region and the light emitting element 401. The 
light emitting element 401 emits light at a luminance cor 
responding to the supplied current. When the current con 
trolling transistor 404 is turned OFF by a video signal, no 
current is supplied to the light emitting element 401, thus the 
light emitting element 401 does not emit light. 

[0046] In the holding period, the sWitching transistor 402 
is turned OFF by controlling a potential of the scan line Gj 
























