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(57) ABSTRACT

The disclosure discloses an active matrix organic light
emitting diode panel and a method for manufacturing the
same. The active matrix organic light emitting diode panel
includes: a substrate, an organic film formed on the sub-
strate, and a plurality of red, green and blue organic light
emitting diodes formed on the organic film. A first recess or
a first protrusion is formed in the organic film in a region
corresponding to the blue organic light emitting diode. The
blue organic light emitting diode is formed on the first recess
or first protrusion, and a contact area of the blue organic light
emitting diode with the organic film is

S0
T —
\/ Lifetime,,

Lifetime,

times as great as a contact area of the red organic light
emitting film with the organic film, wherein n is a value
ranging from 1.4 to 1.6.

13 Claims, 8 Drawing Sheets
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1
ACTIVE MATRIX ORGANIC LIGHT
EMITTING DIODE PANEL AND METHOD
FOR MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. patent
application Ser. No. 14/086,613, filed on Nov. 21, 2013,
which claims the benefit of priority to Chinese Patent
Application No. 201210526005.9, entitled “ACTIVE
MATRIX ORGANIC LIGHT EMITTING DIODE PANEL
AND METHOD FOR MANUFACTURING THE SAME”,
filed on Dec. 7, 2012 with the State Intellectual Property
Office of People’s Republic of China. The entire disclosures
of the above applications are incorporated herein by refer-
ence.

BACKGROUND

An active matrix organic light emitting diode (AMOLED)
panel is far superior to a thin-film technology liquid crystal
display (TFT LCD) in picture quality, efficiency and cost. As
for the display efliciency, the response speed of the AMO-
LED is faster, the contrast of the AMOLED is higher and the
viewing angle of the AMOLED is broader. In addition, the
AMOLED has a feature of self-luminous, whereby no
backlight source is needed and the AMOLED can be lighter,
thinner and more energy efficient than the TFT. Therefore,
the AMOLED is referred to as the next generation of display
technology.

Generally, as shown in FIG. 1, an AMOLED panel 100
includes: a substrate 101 and a plurality of pixels 102 formed
on the substrate 101. The pixel 102 includes a red organic
light emitting diode 1021, a green organic light emitting
diode 1022 and a blue organic light emitting diode 1023. In
general, the areas of the red organic light emitting diode
1021, the green organic light emitting diode 1022 and the
blue organic light emitting diode 1023 are equal. However,
the lifetime of the blue organic light emitting diode is
typically shorter, as shown in FIG. 2, because the lifetime of
the blue organic light emitting diode has stronger depen-
dency with the current density thereof. The greater the
current density is, the shorter the lifetime of the blue organic
light emitting diode is, while the smaller the current density
is, the longer the lifetime of the blue organic light emitting
diode is, as shown in FIG. 3. In order to prolong the lifetime
of the blue organic light emitting diode, the blue organic
light emitting diode 1023 having large bottom area is
typically manufactured and the current density thereof is
reduced to prolong the lifetime of the blue organic light
emitting diode such that the service life of the whole
AMOLED is prolonged.

However, as shown in FIG. 4, in the case where the
bottom area of the blue organic light emitting diode is
increased, the area of the whole pixel tube 102 is also
increased, causing the resolution of the whole AMOLED
panel to be reduced. That is, the prolonging of the service
life of the AMOLED is at the expense of compromising the
resolution of the AMOLED parnel.

SUMMARY

The present disclosure provides an active matrix organic
light emitting diode panel, including: a substrate; a patterned
layer comprising thin film transistors (TFTs) on the sub-
strate, divided into red, green, and blue regions; a passiva-
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tion layer disposed on the patterned layer; an organic film
formed on the substrate; and a plurality of red, green and
blue organic light emitting diodes formed on the organic
film; wherein a first recess or a first protrusion is formed in
the organic film in a region corresponding to the blue
organic light emitting diode, the blue organic light emitting
diode is formed on the first recess or the first protrusion, and
a contact area of the blue organic light emitting diode with
the organic film is

Sro

———
Lifetime,,

{1/ Lifetime,

times as great as a contact area of the red organic light
emitting diode with the organic film, wherein the S,, rep-
resents the contact area of the red organic light emitting
diode with the organic film, Lifetime,, represents a lifetime
of the red organic light emitting diode in a case that the
contact area of the red organic light emitting diode with the
organic film is S,; Lifetime,, represents a lifetime of the
blue organic light emitting diode in a case that the contact
area of the blue organic light emitting diode with the organic
film is S,; and n is a value ranging from 1.4 to 1.6.

The disclosure further provides a method for manufac-
turing an active matrix organic light emitting diode panel,
including: providing a substrate; forming an organic film on
the substrate; exposing the organic film with a gray-tone
mask; etching to remove part of the organic film and forming
a first recess or a first protrusion on the organic film; and
forming a plurality of red, green and blue organic light
emitting diodes on the organic film; wherein the blue organic
light emitting diode is formed on the first recess or the first
protrusion, and a contact area of the blue organic light
emitting diode with the organic film is

S0

—_—
Lifetime,

{1/ Lifetime,,

times as great as a contact area of the red organic light
emitting film with the organic film, wherein the S  repre-
sents the contact area of the red organic light emitting film
with the organic film, Lifetime,, represents a lifetime of the
red organic light emitting film in a case that the contact area
of the red organic light emitting film with the organic film
is S,q; Lifetime, represents a lifetime of the blue organic
light emitting film in a case that the contact area of the blue
organic light emitting film with the organic film is S,,; and
n is a value ranging from 1.4 to 1.6.

In the active matrix organic light emitting diode panel
provided in the present disclosure, the first recess or pro-
trusion is formed in the organic film in the region corre-
sponding to the blue organic light emitting diode, and the
blue organic light emitting diode is formed on the first recess
or protrusion for which the surface area is larger than or
equal to the contact area of the red or green organic light
emitting diode with the organic film. The blue organic light
emitting diode is formed on the first recess or protrusion,
that is, the contact area of the blue organic light emitting
diode with the organic film depends on the surface area of
the recess or protrusion. Therefore, in the case where the
surface area of the recess or protrusion is larger than the
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contact area of the red or green organic light emitting diode
with the organic film, the contact area of the blue organic
light emitting diode with the organic film is relatively
increased and the current density of the blue organic light
emitting diode may be reduced accordingly, so that the
lifetime of the blue organic light emitting diode is pro-
longed. Since the increase in the contact area of the blue
organic light emitting diode with the organic film may be
implemented simply by increasing the surface area of the
recess or protrusion without increasing the opening area of
the recess or the bottom surface area of the protrusion, the
size of the pixel can be maintained as it is, that is, the contact
area of the blue organic light emitting diode with the organic
film is increased without changing the resolution, and the
service life of the whole AMOLED is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural diagram of an active
matrix organic light emitting diode panel in the prior art;

FIG. 2 is a diagram of lifetimes of the red, green and blue
organic light emitting diodes;

FIG. 3 is a diagram of the relation between the lifetime
and the surface current density of the organic light emitting
diode;

FIG. 4 is a schematic structural diagram of another active
matrix organic light emitting diode panel in the prior art;

FIG. 5 to FIG. 12 are sectional views of an active matrix
organic light emitting diode panel in the manufacturing
process according to an embodiment of the present disclo-
sure;

FIG. 13 is a schematic structural diagram of an active
matrix organic light emitting diode panel according to
another embodiment of the present disclosure;

FIG. 14 is a top view of an active matrix organic light
emitting diode panel according to an embodiment of the
present disclosure; and

FIG. 15 is a method for enlarging the contact area between
organic light emitting diode and the organic film according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

In an embodiment of the present disclosure, a blue organic
light emitting diode and/or green organic light emitting
diode is formed on a recess or protrusion and the contact
area of the blue and/or green organic light emitting diode
with an organic film below the blue and/or green organic
light emitting diode is changed by changing the surface area
of the recess or protrusion. In the case where the surface area
of the recess or protrusion is larger than the contact area of
the red organic light emitting diode with the organic film, the
contact area of the blue and/or green organic light emitting
diode with the organic film is relatively increased and the
current density therein may be reduced accordingly, thus the
lifetime of the blue and/or green organic light emitting diode
and hence the service life of the whole AMOLED are
prolonged without compromising the resolution of the
whole AMOLED.

In the following, a method for manufacturing an active
matrix organic light emitting diode panel according to an
embodiment of the present disclosure will be described in
detail in conjunction with FIG. 5 to FIG. 12. In the embodi-
ment, only the contact area of the blue organic light emitting
diode with the organic film is enlarged. In other embodi-
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ment, the contact area of the green organic light emitting
diode with the organic film may also be enlarged in a similar
way.

Firstly, as shown in FIG. 5, a substrate 201 is provided.
The substrate 201 typically is a transparent glass substrate.

Next, as shown in FIG. 6, a plurality of thin film transis-
tors 202 are formed on the substrate 201, and a passivation
layer 203 is formed on the thin film transistors 202 and the
substrate 201.

Next, as shown in FIG. 7, an organic film 204 is formed
on the passivation layer 203. The material of the shrinking
organic film is polyimide. Then, photoresist 2041 is coated
on the organic film 204 and the photoresist 2041 is exposed
with a gray-tone mask 205. On the gray-tone mask 205, slits
206 with different widths less than the size of pixel are
arranged. Therefore, after the photoresist 2041 is exposed
with the gray-tone mask 205, exposed parts with different
exposure levels may be formed on the photoresist 2041, that
is, different levels of exposure are formed on the photoresist
2041 and a part of the organic film is revealed.

Next, as shown in FIG. 8, a first dry etching is performed
on the organic film 204, so as to form a first etched recess
2071 on the organic film 204.

Next, as shown in FIG. 9, a second exposing is performed
on the photoresist 2041 with the same gray-tone mask 205,
and another part of the organic film 204 may be further
revealed due to different exposure levels.

Next, as shown in FIG. 10, a second dry etching is further
performed on the organic film 204 in addition to the first
etched recess 2071. Accordingly, multiple recesses 207 with
different depths are formed in the organic film 204.

Next, as shown in FIG. 11, the residual of the photoresist
2041 is stripped off. Then the organic film 204 undergoes
high-temperature baking under the temperature in a range of
180 to 220 degrees Celsius for a period of 10 mins to 15
mins. In the baked organic film 204, steps of the recess 207
may shrink under heat, therefore a smooth hemispherical or
semi-ellipsoidal shape is formed. And since the recess 207
is formed in the organic film 204, the maximum depth D of
the recess 207 should be less than or equal to the thickness
H of the organic film 204.

Next, as shown in FIG. 12, a plurality of pixels 208 are
formed on the organic film 204. Each of the plurality of
pixels 208 includes a red organic light emitting diode 2081,
a green organic light emitting diode 2082 and a blue organic
light emitting diode 2083. The blue organic light emitting
diode 2083 is formed on the recess 207, and the surface area
of the recess 207 is larger than or equal to the contact area
of the red organic light emitting diode 2081 or the green
organic light emitting diode 2082 with the organic film 204.

Each of the colored organic light emitting diodes, i.e. the
red organic light emitting diode 2081, the green organic light
emitting diode 2082 and the blue organic light emitting
diode 2083 which are included in each pixel 208, includes
a transparent anode layer formed on the organic film, a hole
injection layer formed on the transparent anode layer, a hole
transport layer formed on the hole injection layer, an organic
light emitting layer formed on the hole transport layer, an
electron transport layer formed on the organic light emitting
layer, an electron injection layer formed on the electron
transport layer and a cathode formed on the electron injec-
tion layer. The construction and the manufacture of the
colored organic light emitting diodes are well known and
will not be described herein.

So far, an active matrix organic light emitting diode
(AMOLED) panel 200 as shown in FIG. 12 is formed,
including the substrate 201, the organic film 204 formed on
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the substrate 201, and the plurality of pixels 208 formed on
the organic film 204. Each of the pixels 208 includes the red
organic light emitting diode 2081, the green organic light
emitting diode 2082 and the blue organic light emitting
diode 2083. A recess 207 is formed in the organic film 204
in the region corresponding to the blue organic light emitting
diode 2083, the blue organic light emitting diode 2083 is
formed on the recess 207, and the surface area of the recess
207 is larger than the contact area of the red organic light
emitting diode 2081 or the green organic light emitting diode
2082 with the organic film 204.

The blue organic light emitting diode 2083 is formed on
the recess 207. According to the relation between the life-
time and the current density of the organic light emitting
diode as shown in FIG. 3, it can be seen that the lifetime of
the organic light emitting diode depends on the current
density on the surface. That is to say, the lifetime of the blue
organic light emitting diode 2083 depends on the surface
area of the recess 207. The larger the surface area of the
recess 207 is, the smaller the density of the current flowing
through the blue organic light emitting diode 2083 is, and the
longer the lifetime of the blue organic light emitting diode
2083 is. Therefore, it is just needed to increase the surface
area of the recess 207 to prolong the lifetime of the blue
organic light emitting diode 2083. In the case where the
surface area of the recess 207 is larger than the contact area
of the red organic light emitting diode 2081 or the green
organic light emitting diode 2082 with the organic film 204,
the lifetime of the blue organic light emitting diode 2083
may be prolonged.

It should be noted that the above arrangement of the
organic light emitting diodes is only exemplary, and there
may be various arrangements for the red organic light
emitting diode 2081, the green organic light emitting diode
2082 and the blue organic light emitting diode 2083 to form
a pixel, with the only condition that the contact area of the
blue organic light emitting diode 2083 with the organic film
is larger than the contact area of the red organic light
emitting diode 2081 or the green organic light emitting diode
2082 with the organic film.

As shown in FIG. 14, the opening area of the recess 207
may be less than or equal to the contact area of the red
organic light emitting diode 2081 or the green organic light
emitting diode 2082 with the organic film 204, to further
improve the resolution of the active matrix organic light
emitting diode panel 200. The resolution of the active matrix
organic light emitting diode panel 200 depends on the size
of the cross sectional of the pixel 208. The contact area of
the red organic light emitting diode 2081 or the green
organic light emitting diode 2082 with the organic film 204
is unchanged, while the opening area of the recess 207 is less
than or equal to the contact area of the red organic light
emitting diode 2081 or the green organic light emitting diode
2082 with the organic film 204. That is, the contact area of
the blue organic light emitting diode 2083 with the organic
film is less than or equal to the area of the surface where the
red organic light emitting diode 2081 or the green organic
light emitting diode 2082 contacts the organic film. There-
fore, the size of the whole pixel 208 is reduced relatively,
and the resolution of the whole active matrix organic light
emitting diode panel 200 is improved.

Still referring to FIG. 11, the recess 207 in the embodi-
ment is hemispherical. Of course, the shape of the recess 207
is not limited to be hemispherical and may be arbitrary shape
with an opening area less than or equal to the area of the
surface where the red organic light emitting diode 2081 or
the green organic light emitting diode 2082 contacts the
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organic film 204, such as W-shaped, step-shaped or wedge-
shaped. Recess of different shapes may be formed by
employing different gray-tone masks 205. In the case where
the boundary of the recess 207 is sharp, for example, for the
W-shaped, step-shaped or wedge-shaped recess, the high-
temperature baking may not be performed to maintain the
sharp boundary of the recess 207.

In the present disclosure, the contact area of the blue
organic light emitting diode with the organic film is larger
than the contact area of the red or green organic light
emitting diode with the organic film, thereby the service life
of the blue organic light emitting diode is prolonged. For this
purpose, the blue organic light emitting diode is formed on
the recess for which the surface area is larger than the
contact area of the red or green organic light emitting diode
with the organic film in this embodiment. It should be
understood that, in another embodiment of the present
disclosure, the recess may be replaced with a protrusion. As
long as the surface area of the protrusion is larger than the
contact area of the red or green organic light emitting diode
with the organic film and the blue organic light emitting
diode is formed on the protrusion, the lifetime of the blue
organic light emitting diode can also be prolonged. Simi-
larly, the protrusion may be hemispherical, M-shaped or
wedge-shaped. In addition, the bottom surface area of the
protrusion may be less than or equal to the contact area of
the red or green organic light emitting diode with the organic
film to further improve the resolution of the active matrix
organic light emitting diode panel.

It should be noted that a recess or protrusion may also be
formed in the organic film at the place corresponding to the
red organic light emitting diode 2081 and/or the green
organic light emitting diode 2082, under the condition that
the contact area of the blue organic light emitting diode 2083
with the organic film is larger than the contact area of the red
organic light emitting diode 2081 or the green organic light
emitting diode 2082 with the organic film.

The lifetime of the green organic light emitting diode is
longer than that of the blue organic light emitting diode but
is shorter than that of the red organic light emitting diode, as
shown in FIG. 2. Accordingly, in another embodiment of the
present disclosure, both the blue and green organic light
emitting diodes are formed on recesses or protrusions, where
the surface area of the recess or protrusion for the blue
organic light emitting diode is larger than the surface area of
the recess or protrusion for the green organic light emitting
diode. As shown in FIG. 13, an active matrix organic light
emitting diode panel 300 is formed, including the substrate
301, the organic film 304 formed on the substrate 301, and
the plurality of pixels 308 formed on the organic film 304.
Each of the pixels 308 includes the red organic light emitting
diode 3081, the green organic light emitting diode 3082 and
the blue organic light emitting diode 3083. A first recess 307
and a second recess 309 are formed in the organic film 304
in the region corresponding to the blue organic light emitting
diode 3083 and the green organic light emitting diode 3082,
respectively. The blue organic light emitting diode 3083 is
formed on the first recess 307, and the contact area of the
blue organic light emitting diode 3083 with the organic film
is larger than the contact area of the red organic light
emitting diode 3081 with the organic film 304 and is further
larger than the contact area of the green organic light
emitting diode 3082 with the organic film 304. The green
organic light emitting diode 3082 is formed on the second
recess 309, and the contact area of the green organic light
emitting diode 3082 with the organic film is larger than the
contact area of the red organic light emitting diode 3081
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with the organic film 304 but is smaller than the contact area
of the blue organic light emitting diode 3083 with the
organic film 304.

The blue organic light emitting diode 3083 and the green
organic light emitting diode 3082 are formed on the first
recess 307 and the second recess 309 respectively. FIG. 3
shows the relationship between the decreasing lifetime and
the increasing current density of the organic light emitting
diode. The lifetime of the blue organic light emitting diode
3083 depends on the surface area of the first recess 307 and
the lifetime of the green organic light emitting diode 3082
depends on the surface area of the second recess 309. One
can apply the same amount of total power to the blue or
green diodes, the current density flowing through the organic
light emitting diode decreases from the larger surface area of
the recess or protrusion, resulting in prolonged lifetime of
the organic light emitting diode. Specifically, the surface
area of the first recess 307 and the second recess 309 are both
increased to benefit the lifetime of the green organic light
emitting diode 3082, similarly as in the case of blue OLED
3083.

In summary, in the active matrix organic light emitting
diode panels provided in the embodiments of the present
disclosure, the recess or protrusion is formed in the organic
film in the region corresponding to the blue and/or green
organic light emitting diode, the blue and/or green organic
light emitting diode is formed on the recess or protrusion,
and the surface area of the recess or protrusion is larger than
the contact area of the red organic light emitting diode with
the organic film. Therefore, the contact area of the blue
and/or green organic light emitting diode with the organic
film is increased and the lifetime of the blue and/or green
organic light emitting diode is prolonged. Since the increas-
ing in the contact area of the blue and/or green organic light
emitting diode may be implemented simply by increasing
the surface area of the recess or protrusion without increas-
ing the opening area of the recess or the bottom surface area
of the protrusion, the size of the pixel can be maintained as
it is, that is, the contact area of the blue and/or green organic
light emitting diode with the organic film is increased
without changing the resolution, so that the service life of
the whole AMOLED is improved.

The above describes increasing the contact area of the
blue and/or green organic light emitting diode with the
organic film to prolong the lifetime of the blue and/or green
organic light emitting diode. Following will describe how to
determine the proportion of the contact areas of the red,
green and blue organic light emitting diodes, to obtain a
good service life of the whole AMOLED.

The lifetime of the organic light emitting diode may
correlate luminance attenuation of the organic light emitting
diode. Based on the law of luminance attenuation, the
luminance of the organic light emitting diode may be
calculated using the following equation (1) which simulates
luminance attenuated with time:

L) =L exp[—( t)l/n]

a

wherein t represents running time of the organic light
emitting diode; L(t) represents the luminance of the organic
light emitting diode at time t; L, represents the initial
luminance of the organic light emitting diode, i.e., the initial
value of L(t); a is a constant; and n is an accelerating factor
which reflects attenuation rate of the luminance with time.
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Equation (2) can be derived from equation (1):

In[ln(Ly/LIOY=Unin(t)-1/nin(a) 2

The relation between luminance attenuation, i.e., lifetime,
of the organic light emitting diode and the luminance of the
organic light emitting diode can be obtained from equations
(1) and (2), and by calculating different lifetime and Iumi-
nance L(t,) and L(t,) using t, and t,, the luminance attenu-
ation, i.e., lifetime, of the organic light emitting diode may
be represented as following equations (3) and (4):

Lifetime, = ln(%)

[y
a
Lin)

Lifetime, = 1n(r) _ _(1;2)2

Lifetime, represents the lifetime of the organic light
emitting diode in a case that the luminance is L(t,); and
Lifetime, represents the lifetime of the organic light emitting
diode in a case that the luminance is L(t,).

From the above, the relationship between the lifetime and
the luminance of the organic light emitting diode is obtained
in the following equation (5):

o ool ®)
Lifetime, = szetlmez(L—)
1

FIG. 3 illustrates n experimental graph of lifetime attenu-
ation curves of the organic light emitting diode at different
current densities. The graph illustrates data obtained from
experiments. The graph shows that the greater the current
density is, the faster the lifetime attenuation is. In view of the
linear relationship between the luminance and the current
density, the greater the luminance is, the faster the lifetime
attenuation is.

FIG. 3 illustrates lifetime attenuation as a function of
illumination current density from 20 mA/cm2, 30
mA/em?2 . . . to 100 mA/cm2 obtained from experiments.
From these curves, the value of n is calculated to be about
1.5 according to the above equations. Preferably, the value
of n is 1.4-1.6. Following is an example taking n as 1.5.

The relationship between the lifetime ratio and the lumi-
nance ratio is further derived as:

L5

©)

Lifer imel (1/2 )

Lifetime, = L

In an embodiment, it is assumed that the original contact
area S, of the blue organic light emitting diode with the
organic film is equal to the original contact area S , of the
red organic light emitting diode with the organic film.
Enlarging the contact area of the blue organic light emitting
diode with the organic film will prolong the lifetime of the
blue organic light emitting diode, matching the lifetime of
the blue organic light emitting diode with the lifetime of the
red organic light emitting diode, and thus to prolong the
overall lifetime of the whole OLED panel. Specifically,
Lifetime,=Lifetime, is achieved.

Taking the lifetime of the red organic light emitting diode
as reference, we make Lifetime, =L ifetime,, wherein Life-
time,, is the lifetime of the blue organic light emitting diode
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at the enlarged contact area S,,, and Lifetime,, is the
lifetime of the red organic light emitting diode at the original
contact area 3 . Then equation (7) can be obtained:

M

Lifetime, (L,o )1'5

Lifetime,, = L_bo

wherein Lifetime,, is the lifetime of the blue organic light
emitting diode at the original contact area S,,; L, is the
initial luminance of the red organic light emitting diode at
the original contact area S,,; and L, is the initial luminance
of the blue organic light emitting diode at the original
contact area S,

In addition, following equation (8) can be obtained:

®

Lifetime, ( Ly )1-5

I - E 15
-(= =(b1 bl)

_ (Ibl “Ep1 -Sho )1'5
Jp0 - Epg

Lifetime, Ioo " Epg  Sp1

wherein L, is the initial luminance of the blue organic
light emitting diode at the enlarged contact area S,,; I, is
the current density of the blue organic light emitting diode
at the original contact area S,,; J,, is the current density of
the blue organic light emitting diode at the enlarged contact
area S,,; E,, is the current efficiency of the blue organic light
emitting diode at the original contact area S,q; E,; is the
current efficiency of the blue organic light emitting diode at
the enlarged contact area S, ; 1, is the current of the blue
organic light emitting diode at the original contact area S,;
and I, ; is the current of the blue organic light emitting diode
at the enlarged contact area S,,,.

Because the current efficiency E of the organic light
emitting diode is the same and the panel current I of the
organic light emitting diode is the same in a same process-
ing, following equation (9) and (10) can be obtained:

Liferime, _ (@)15
Sp1

Lifetime,,

That is,

(10)

Lifetime,, (Sbo ]1'5

Lifetime,  \Sp1

Because the lifetime of the red and blue organic light
emitting diodes at the original contact area can be obtained
by test, the enlarged contact area at which the lifetime of the
blue organic light emitting diode can be matched with the
lifetime of the red organic light emitting diode can be
obtained as follows:

Sho an
Sp1 =
s Lifetimey,
N Lifetime,
S, 12
ie., Sy = o (12)
Lifetimey
Lifetime,,
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In this way, we can obtain how much the contact area of
the blue organic light emitting diode should be enlarged with
respect to the contact area of the red organic light emitting
diode.

In addition, the lifetime of the green organic light emitting
diode is greater than the lifetime of the blue organic light
emitting diode but is shorter than the lifetime of the red
organic light emitting diode at the same contact area, as
shown in FIG. 2. Therefore, in another embodiment of the
disclosure, both the contact area of the blue organic light
emitting diode and the contact area of the green organic light
emitting diode are enlarged, to make the lifetime of the blue,
green and red organic light emitting diodes be matched with
each other.

Specifically, Lifetime,,=Lifetime,,=Lifetime,, is also
achieved.

Similar as the above analysis, we can obtain how much
the contact area of the green organic light emitting diode
should be enlarged with respect to the red organic light
emitting diode:

s Sen (13)
1=
¢ 1.5[ Lifetime,,
Y Lifetime,,
ie., S, S0 4
e, Sg1 = —
s Lifetime,,
Lifetime

From equations (12) and (14), the enlarged contact areas
of the blue and green organic light emitting diodes can be
obtained. The various organic light emitting diodes then can
be layout in conjunction with allowable pitch range of pixel.

FIG. 15 illustrates another method for enlarging the
contact area of the organic emitting diode with the organic
film according to an embodiment of the disclosure. In FIG.
15, the contact area of the organic emitting diode with the
organic film is enlarged by forming a slope in the organic
film.

In the embodiment, D,=D_ =D, is maintained, i.e., the
lengths of the red, green and blue organic emitting diodes in
the horizontal direction are equal, as shown in FIG. 15.

In this case, the contact area of the blue organic emitting
diode with the organic film is S,=M,*D,/cos &,, wherein M,
is the length of the blue organic emitting diode in the vertical
direction; D, is the length of the blue organic emitting diode
in the horizontal direction; and ¢, is the angle of the blue
organic emitting diode with respect to the horizontal direc-
tion.

Similarly, the contact area of the green organic emitting
diode with the organic film is 8,=M_*D/cos &, wherein M,
is the length of the green organic emitting diode in the
vertical direction; D, is the length of the blue organic
emitting diode in the horizontal direction; and ¢, is the angle
of the green organic emitting diode with respect to the
horizontal direction.

From the above, different slopes can be obtained by
adjusting & and M, to achieve varying lifetimes of the red,
green and blue organic emitting diodes.

In the embodiment, the lengths of the red, green and blue
organic emitting diodes in the horizontal direction are equal.
In this way, the length of the contact area in the horizontal
direction is not elongated, thus the resolution is not dete-
riorated while increasing the lifetime of the OLED panel. In
addition, the evaporation mask can be commonly used by
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just transforming in view that the three organic emitting
diodes have the same horizontal length. In addition, the
color displaying effect is good when the lengths of the red,
green and blue organic emitting diodes in the horizontal
direction are equal, and display distortion due to large D, or
D, can be avoided. In addition, the illumination density, and
the resulting pixel resolution are kept the same for all red,
green and blue colors.

In other embodiment of the disclosure, spherical surface,
cambered surface, convex surface or concave surface can
also be used, and the principle for shape adjusting and
surface calculating is similar as the above slope surface.

In an embodiment, the layer of the organic light emitting
diode and the layer of the cathode are evaporated in a same
process. In this case, these layers may form corresponding
radian along with the below layer, so the thickness is not
changed and the microcavity adjusting can follow the con-
ditions of the originally designed film thickness (i.e., micro-
cavity length) of the organic light emitting diode. In addi-
tion, considering process precision, the cathode of the
organic light emitting diode may be thinned, to weaken the
microcavity effect; or material with good electrical conduc-
tivity and good transparency, such as 170, is used to form
the cathode, to ensure the performance of the organic light
emitting diode and weaken the microcavity effect (due to the
good transparency of IZ0), so as to achieve a good effect as
a whole.

In an embodiment, a convex surface or a concave surface
in the organic film is used, then the layer of the organic light
emitting diode will also have a convex surface or a concave
surface along with the shape of the organic film in an
evaporation process. In this way, the contact area of the
organic light emitting diode is increased and the lifetime
attenuation of the organic light emitting diode is adjusted. A
printing manner such as an ink jet printing can also be used
to achieve a similar effect.

In addition, since the red, green and blue organic light
emitting diodes are fabricated with different materials,
chroma excursion of white dot due to unbalanced lifetime
attenuation will occur. This issue can also be relieved or
resolved in the embodiments of the disclosure.

Different embodiments are described above. It can be
understood that these embodiment can be combined with
each other arbitrarily when there is no conflict. It is obvious
that various changes and modifications may be made to the
present invention by those skilled in the art without depart-
ing from the spirit and the scope of the present invention.
Therefore, the changes and modifications within the scope
of claims of the present invention and its equivalents are
included in the present invention.

What is claimed is:

1. An active matrix organic light emitting diode panel,

comprising:

a substrate;

a patterned layer comprising thin film transistors (TFTs)
on the substrate, divided into red, green, and blue
regions;

a passivation layer disposed on the patterned layer;

an organic film formed on the passivation layer; and

red, green and blue organic light emitting diodes formed
on the organic film, aligning to the red, green, and blue
regions respectively;

wherein, the red organic light emitting diode is aligned to
the red region, wherein the organic film above the red
region is flat and has no recess;
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wherein a first recess is formed on the surface of the
organic film above the blue region, and wherein the
blue organic light emitting diode is formed on the first
recess,

wherein a contact area of the blue organic light emitting
diode with the organic film is larger than a contact area
of the red organic light emitting diode with the organic
film; and

wherein the contact area of the blue organic light emitting
diode with the organic film is

1
—_—
\/ Lifetime,,
n

Lifetime,

times as great as the contact area of the red organic light
emitting diode with the organic film, wherein S,
represents the contact area of the red organic light
emitting diode with the organic film, Lifetime,,, repre-
sents a lifetime of the red organic light emitting diode
in a case that the contact area of the red organic light
emitting diode with the organic film is S,,; Lifetime,,
represents a lifetime of the blue organic light emitting
diode in a case that the contact area of the blue organic
light emitting diode with the organic film is S,g; and n
is a value ranging from 1.4 to 1.6.

2. The active matrix organic light emitting diode panel
according to claim 1, wherein a second recess is formed in
the organic film in the green region, and wherein the green
organic light emitting diode is formed on the second recess,
and wherein a contact area of the green organic light
emitting diode with the organic film is larger than the contact
area of the red organic light emitting diode with the organic
film; wherein the wherein a contact area of the green organic
light emitting diode with the organic film is

1
\/ Lifetime,,

Lifetime

times as great as the contact area of the red organic light
emitting diode with the organic film, wherein Lifetime,,
represents a lifetime of the green organic light emitting
diode in a case that the contact area of the green organic light
emitting diode with the organic film is S,,.

3. The active matrix organic light emitting diode panel
according to claim 1, wherein an opening area of the first
recess 1s equal to the contact area of the red organic light
emitting diode with the organic film.

4. The active matrix organic light emitting diode panel
according to claim 2, wherein an opening area of the first
recess and an opening area of the second recess each is equal
to the contact area of the red organic light emitting diode
with the organic film.

5. The active matrix organic light emitting diode panel
according to claim 1, wherein the first recess is wedge-
shaped, W-shaped or hemispherical.

6. The active matrix organic light emitting diode panel
according to claim 3, wherein a depth of the first recess is
less than or equal to a thickness of the organic film.

7. A method for manufacturing an active matrix organic
light emitting diode panel, comprising:
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providing a substrate;

forming an organic film on the substrate;

exposing the organic film with a gray-tone mask;

etching to remove part of the organic film and forming a
first recess on the organic film; and

forming red, green and blue organic light emitting diodes
on the organic film aligning to a red, a green, and a blue
regions in the organic film respectively;

wherein the blue organic light emitting diode is formed on
the first recess in the organic film aligned to the blue
region, wherein the organic film above the red region is
flat and has no recess,

wherein a contact area of the blue organic light emitting
diode with the organic film is larger than a contact area
of the red organic light emitting diode with the organic
film; and

wherein the contact area of the blue organic light emitting
diode with the organic film is

1
Lifetime,,
Lifetime

times as great as the contact area of the red organic light
emitting diode with the organic film, wherein the S,
represents the contact area of the red organic light
emitting diode with the organic film, Lifetime,, repre-
sents a lifetime of the red organic light emitting diode
in a case that the contact area of the red organic light
emitting diode with the organic film is S,; Lifetime,,
represents a lifetime of the blue organic light emitting
diode in a case that the contact area of the blue organic
light emitting diode with the organic film is S ,; and n
is a value ranging from 1.4 to 1.6.

8. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 7,
further comprising forming a second recess on the organic
film, wherein the green organic light emitting diode is
formed on the second recess, and wherein a contact area of
the green organic light emitting diode with the organic film
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is larger than the contact area of the red organic light
emitting diode with the organic film; wherein the contact
area of the green organic light emitting diode with the
organic film is

1

—
Lifetimey,

i

times as great as the contact area of the red organic light
emitting diode with the organic film, wherein Lifetime,,
represents a lifetime of the green organic light emitting
diode in a case that the contact area of the green organic light
emitting diode with the organic film is S,.

9. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 7,
wherein an opening area of the first recess is equal to the
contact area of the red organic light emitting diode with the
organic film.

10. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 8,
wherein an opening area of the first recess and an opening
area of the second recess each is equal to the contact area of
the red organic light emitting diode with the organic film.

11. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 7,
wherein the first recess is wedge-shaped, W-shaped or
hemispherical.

12. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 7,
wherein a depth of the first recess is less than or equal to a
thickness of the organic film.

13. The method for manufacturing the active matrix
organic light emitting diode panel according to claim 7,
wherein, before forming the organic film on the substrate,
the method further comprises:

forming a plurality of thin-film transistors on the sub-

strate; and

forming a passivation layer on the thin-film transistor.

Lifetime,,

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
REBHHI(F)
LR

H AT SRR
ShEREERE

E)

ARAXF T -—HEFREEENE X -REERREHES . BRE
AN -REERSE : B, EREERLOHENE , URER
EENEELNZSNME  FENESFNRLE-RE., £ENEFHE
EERNAX-RENMN XS HRAE - UBRE—RE, BEF
EX-RMEXBREF-—LUELE-—OEL  BEeAIAX-RESHEN
FRAVEMERN Sro £MmEfE b 0 Fdw r 0 BiH SLEGFEIAKES

BREMFEIA X - REERREHESE
US10121840

US15/462135

LBXDMBFERAT
LBREHYBFHRAT
LBRDHMBFERATF.

XIONG ZHIYONG
ZHAO BENGANG

XIONG, ZHIYONG
ZHAO, BENGANG

HO1L27/32

HO1L27/3216 HO1L27/3258

ALSTON&BIRD LLP

201210526005.9 2012-12-07 CN
US20170194391A1

Espacenet

BYRENEMER-HFX , EPn2ETBEMN1.451.6.

2018-11-06

2017-03-17

patsnap



https://share-analytics.zhihuiya.com/view/4c519fd9-4d42-4c4f-8402-74a8ee852f48
https://worldwide.espacenet.com/patent/search/family/059235903/publication/US10121840B2?q=US10121840B2

