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ABSTRACT In this paper, luminance compensation and optimization without internal or external sensing
circuits to delay OLED degradation based on equivalent lifetime detection is proposed. The proposed
method can estimate the dynamic luminance degradation with the equivalent lifetime equation derived by
converting display time of any OLED cell at different luminance to a reference display time at a certain
luminance. According to the calculated equivalent lifetime, luminance compensation is carried out by
increasing drive current. In order to obtain a better lifetime extension of the OLED, three key parameters,
such as compensation iteration m, compensation goal value Lgoq, and compensation origin value Lyyigin
are optimized. Experimental results indicate that the relative error of dynamic luminance degradation
estimation is about 2.2% with the proposed method. The lifetime of OLED cells can be prolonged by
32.64% with the optimized parameters m = 5, Loyigin/Lo = 0.75, and Lgoai/Lo = 0.83.

INDEX TERMS Equivalent lifetime, luminance compensation, lifetime extension, OLEDs.

I. INTRODUCTION
Organic Light Emitting Diode (OLED) has attracted sig-
nificant attention due to its high contrast, low power
consumption, self-light emission, high color reproduction
ranges and other advantages [1]. However, the OLED dis-
play suffers from severe luminance degradation as usage
time increasing [2]-[4]. The mechanistic of the OLED
luminance degradation mainly focused on thermal stabil-
ity, trap, luminescence quencher formation, and interface
degradation [5]-[8]. OLED lifetime is usually defined as
the consumed time when the luminance drops to half of
initial luminance, which means OLED lifetime is deter-
mined directly by the luminance decrease [9]. Therefore,
most of the methods for retarding lifetime degradation of
the OLED mainly focus on delaying and compensating
luminance degradation.

Luminance compensation is usually implemented after the
degree of luminance degradation is obtained. Currently there
are a few external circuits compensation methods, which

need sensing circuits and additional circuit components to
delay the luminance degradation. These methods adjust the
driving current to an expected value based on the detected
current [10]-[12]. On the other hand, the internal compensa-
tion methods can delay luminance degradation by designing
5TI1C or 4T0.5C pixel circuits. However, these pixels have
strict requirements of well-designed new pixel circuits and
high complexity of manufacturing to maintain the pixel
size [3], [13]. And the luminance for AMOLED displays
using integrated MIS (metal-insulator-semiconductor) sen-
sor was conducted. The luminance adjusting algorithm is
based on realistic models for pixel circuit elements to predict
the relation between the programming voltage and OLED
luminance [14]. All of the above methods require addi-
tional sensor circuits to detect the degradation degree of
OLED [15], [16], which needs a period of time setting aside
before the display cycle for detection. The pulsed driven
internal circuits combined with external circuits can prolong
the OLED lifetime by 20%. In addition, the pulsed driven
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circuits combined with the reverse bias can achieve a better
lifetime extension, however, the specific lifetime extensions
are not provided [3], [12], [13].

Luminance compensation based on lifetime prediction
does not need additional sensor circuits. OLED lifetime esti-
mation based on mathematical modeling has been studied.
For example, lifetime estimation based on Weibull distri-
bution and experimental test has been studied [17], [18].
However, this method is not conductive to obtain the aging
status of OLED in real time. Currently, some researches can
predict the lifetime based on the luminance degradation mod-
els, such as coulombic degradation and stretched exponential
decay (SED) model [19], [20]. Compared with SED model,
the coulomb model has deviations in case of high luminance.
And they cannot be directly used for lifetime prediction of
actual variable luminance. The lifetime extension method for
active matrix OLED using a modified stretched exponential
decay model can compensate the luminance by increasing
the duty ratio of digital driving. The lifetime is significantly
improved while the test time is 40 hours [21]. In addition,
the luminance compensation is significant if the balance is
obtained among the display quality, lifetime extension, and
hardware cost.

In this paper, we propose a novel luminance compensa-
tion and optimization method by calculating the degradation
degree of the OLED. The method can calculate the luminance
degradation without any internal or external sensor circuits
based on a proposed equivalent lifetime method. And the
proposed equivalent lifetime method of OLED can convert
display time at different luminance to a reference display
time at a certain luminance. Primarily, the parameters of the
luminance degradation model are calculated while the OLED
is driven by a constant current. Then, using an equivalent life-
time equation, the estimated dynamic degradation with the
calculated parameters is converted to the static degradation
degree (The degradation is calculated by luminance decay
curve driven by constant current). To improve the OLED
lifetime, the driven voltage is changed to compensate the
luminance degradation based on the converted static degra-
dation degree. To obtain a better OLED lifetime extension,
three key parameters, i.e., compensation iteration m, compen-
sation goal value Lgo,, and compensation origin value Loyigin
are optimized. The proposed lifetime extension method can
obtain balance among cost, real time performance, and the
lifetime of OLED.

The rest of this paper is organized as follows:
Section II describes the process of estimating dynamic
luminance degradation and proposes the equivalent life-
time method. Section III elaborates on the compensation
optimization of OLED lifetime. Experimental results and
discussions are presented in Section IV. Section V gives the
conclusions.

Il. EQUIVALENT LIFETIME METHOD
The OLED luminance degradation curve should be ascer-
tained before estimating degradation degree of dynamic
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FIGURE 1. Luminance decay curves measured at various initial
luminance [9].

images. The parameters of luminance degradation curve can
be calculated by measuring the OLED luminance degrada-
tion and fitting the degradation curve at a constant drive
current. Based on these parameters, the equivalent lifetime
method to estimate dynamic degradation degree is proposed
and the details are given in the following sections.

A. LUMINANCE DEGRADATION MODEL

Since OLED lifetime is defined as the consumed time of the
initial luminance decreased by half, the key to improve the
OLED lifetime is to reduce the luminance degradation rate
or compensate luminance. Fig. 1 [9] is the normalized lumi-
nance decay curve of an OLED display from 0 to 3000 hours
with initial luminance 800, 400, 200, and 100 cd/m?. It
is evident that the OLED luminance gradually decreases
with time and the decrease rate is proportional to the ini-
tial luminance. The coulomb aging model has deviations
compared to the actual decay in case of high luminance,
while the SED model can accurately fit the luminance decay
curve of OLED in the whole range of luminance [9], [18].
Therefore, after comparing the two typical luminance
decay models, the SED model is chosen to fit luminance
decay curve:

L(r) = Loexp(—(t/7)P), (1)
L8t1/2 =C, 2)

where Ly is the initial luminance of OLED, ¢ is the dis-
play time, t;, is the time when luminance decays to
half of the initial luminance, t is the coefficient which
is related to the initial luminance, and S is related to the
material and manufacturing processes of the OLED sam-
ple. The parameters C and n are constants for a certain
OLED sample, where the accelerated factor n reflects the
decay rate.

B. CALCULATION OF LUMINANCE DEGRADATION

The OLED luminance degradation model is expressed by (1)
and (2). Moreover, the luminance degradation can be cal-
culated using this model when the OLED is driven by
a constant current. The luminance degradation degree o is
usually defined as L(#)/Ly. The OLED lifetime 1,5 can be
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FIGURE 2. The principle of equivalent lifetime method for dynamic
images.

obtained when the luminance decays to half of initial lumi-
nance, i.e., L(f) = Lo/2. The relationship between t and Ly
shown in (3) is deduced from (1) and #13:

T = C/(Lg(ln 2)‘/ﬁ), 3)

Therefore, the luminance degradation can be described as
follows:

L) = Lo exp<—<tLg(1n 2)1/P /C)ﬁ), &)

Using (4), the luminance degradation degree o is given
as follows:

o= exp(—(tLg/K)ﬁ>, (5)

where K as a constant is equal to C /(In2)"/B.

C. EQUIVALENT LIFETIME METHOD

According to (5), for any two initial luminance values Ly and
Ly, to achieve the same degradation degree «, the display
time and initial luminance should meet the relationship given
as follows:

toLy = 1Ly, (6)

where 7y and ¢, are the display times of initial luminance
values Lo and L,, respectively.

As shown in Fig. 2, the same degradation degree | can be
achieved by initial luminance Ly for displaying #y, L; for dis-
playing t19, or Ly for displaying ty9 if toL{ = t1oL] = t20L2n.
For the dynamic image display, we suppose that the initial
luminance Ly < L; < Lp are all normalized and the cor-
responding specific luminance decay curves are Cp, Ci,
and C,, respectively. The display times for initial lumi-
nance values Lo, L1, and L are fg, t1, and t», respectively,
and the corresponding degradation degrees are o1, oo, and
a3, respectively. Using (5) and (6), we get the following
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FIGURE 3. The principle of luminance compensation.
expression of a3:
o3 = exp(—((21 + )13/K)")
= eXP(—(((tlo + )L} + tng)/K)ﬂ)
= exp(—((toLg + Ll +0L3)/K)). @)

When the dynamic image serials contain / images corre-
sponding initial luminance values Lo, L1, ..., L; and display

times fp, 1, ..., 1, the final degradation degree o can be
expressed by (8):
a(T) = exp(—((tlL’ll N + thLZ)/K)ﬁ), @)

1Il. OPTIMIZATION OF LUMINANCE COMPENSATION
A. COMPENSATION METHOD
To improve the OLED lifetime, luminance compensation
is implemented by adjusting the drive voltage Vg (drive
voltage converted from image signal through source driver)
and drive current successively when the luminance drops to
a certain threshold. The luminance compensation principle
is shown in Fig. 3. In this figure, the parameter m indicates
the compensation iteration while #,,con and t..,, are lifetime
without and with compensation, respectively. The compen-
sation goal value Lgo, and compensation origin value Loyigin
are the same for any compensation modes Ag, A1, Az, ... Ap.
The initial luminance is proportional to the drive current.
In the compensation mode Ao, the initial luminance L, is
expressed as Lo. When the luminance drops to Ly, along
the degradation curve, the compensation mode changes from
Ap to Aj. Then, in the compensation mode Aj, the initial
luminance L,, is expressed as L; and the luminance decays
along the curve, while initial luminance value L; is equal to
Lo(Lgoat/Lorigin)- The compensation mode will change from
Aj to Ay when the luminance drops to Lyyigin again. Further,
the initial luminance L, has the value Lo(Lgoar/Lorigin)™ in
the compensation mode A,,. Therefore, the luminance com-
pensation is a dynamic process, and the lifetime of OLED
after m compensation iterations can be deduced based on (6)
and (8) as follows:

ty2 = (k/(BLY))
x |In (L—()lrzm) +

Lgoul 2Lgoul
ln (Lurigin> ln < Lo

Lyoat \ "2 (LLHI‘) m
Lorigin L”'igi’
©)
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FIGURE 4. The (a) process and (b) system diagram of luminance compensation implementation.

where n, K and S are constants for a certain OLED sam-
ple with initial luminance Ly, which is similar to it in (5).
The compensated lifetime 12 depends on parameters Lgoar,
Lorigin, and m. In order to obtain a longer lifetime #1/2, Lgoai,
Lorigin, and m should be optimized to obtain the balance
among lifetime, image quality, and hardware resource, etc.

In addition, the system diagram of luminance compen-
sation implementation is indicated in Fig. 4. The OLED
luminance compensation process is shown in Fig. 4(a). The
external image signal is converted into Vg signal by the
source driver. The Vs voltage determines the source cur-
rent Igs flowing through the driving TFT. Compensation
for OLED luminance degradation can be implemented from
adjusting Vgs voltage. Figure 4(b) represents the system
diagram of luminance compensation applied in real active
matrix OLED. Here, an example of 2T1C pixel circuit is
given to illustrate how the luminance compensation method
is applied to active matrix OLED. To the real active matrix
OLED displays, firstly, R/G/B and synchronizing signals are
inputted into control signals generation module in FPGA.
Then, the video and interpolation signals are sent to the
luminance compensation and image processing module, and
the luminance degradation is calculated according to the
previous calculated luminance degradation data stored in
RAM, video and interpolation signals. Finally, according to
the degradation status, the compensation mode is built and
the video signal is compensated. The corresponding Vg is
sent to the OLED driver circuits to compensate the lumi-
nance degradation. Meanwhile, new degradation degree is
stored in RAM. Due to the newest luminance degradation
is calculated by superimposing the accumulated degradation
with the new degradation, the degradation and corresponding
address data is stored in Flash to avoid the data loss when
the power is off.

B. LIFETIME COMPENSATION OPTIMIZATION
The purpose of lifetime compensation optimization is to
extend the lifetime sufficiently with a lower cost. Among
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the three parameters Lgoqi, Lorigin, and m, Loyigin is mainly
determined by display uniformity while m and Lg,q are
mainly limited by IC driver ability and characteristics of the
OLED. Specifically, the optimized values of these parame-
ters should create a balance among the resources, real-time
implementation and significant lifetime extension.

For a certain OLED sample with IC driver bonded, the
luminance corresponding to the maximum drive current
Lynax is a constant. In theory, the initial luminance Lo(Lgoa
Lorigin)™ after m compensation iterations becomes

Limax = Lo (Lgaal/Larigin)my

where Ly is a constant, and m is inversely proportional to
Lgoq under the fixed Loyigin-

For the different luminance compensation modes shown in
Fig. 3, the compensation iteration can be obtained using (5).
By substituting (5) into (8), the luminance degradation o
can be expressed as in (11). The luminance cannot be com-
pensated if degradation degree « is lower than the worst
threshold ¢ii; because OLED is seriously damaged due to
exciton quenching and stability of radical cations and anions.

(10)

L 1/8 L (m—1)n
o =exp| — (111( 0 )) ++<ﬂ)
Lorigin Lorigin
1/ -1 1/8

| Lo x ;noal | Lo x Lfgoal

X n o — | In —m
origin origin

= Wlimits (11

Based on the principle of luminance compensation men-
tioned above, the parameters m, Loyigin, and Lgoq can be
optimized according to the flow chart shown in Fig. 5.
Primarily, different parameters are initialized. The Lyygin is
set according to the threshold of luminance uniformity. For
example, if the luminance uniformity of the OLED panel is
0.85, the Lyyigin is 0.85Lg. The value of tLy" in (5) after m
compensations is expressed as ¢tL"(m), which is used to cal-
culate the luminance degradation « after m™ compensations.
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FIGURE 5. Flow chart of the luminance compensation optimization.

The initial value of ¢tL"(m) is tL"*(0) and initial luminance L,,
is Lo when compensation iteration m = 0. The Lg,y changes
from Losigin to Lo with a fixed step A L, where Loyigin is
initialized to a fixed value. After setting the initial parame-
ters, we obtain the maximum m corresponding to each Lgoq;
iteratively and finally select the optimal Lgoq and Loyigin.
The flow chart shown in Fig. 5 can be used to calculate m
and Lg,y for different Lyyigin. For each Lyyigin, the steps are
as follows:

Step 1: Calculating Lgoqs, i.€., Lgoal = Lgoar + AL.

Step 2: Keeping Lgoq unchanged, calculating « and initial
luminance L, after m” compensations using (11).

Step 3: According to the limiting conditions L,, < Ly
and o > ojjmir, we can determine whether the next compen-
sation should be carried out or not. Step 2 is carried out
for the next compensation, otherwise, Step 4 will be carried
out.

Step 4: The maximum m corresponding to the values
of Lgoar and Lyyigin can be obtained when L, = Ly or
o = yimi, and t12 corresponding to the values of m, Lgoar,
and Loigin can then be calculated using (9). The number of
maximum m 1S (Lgoai — Lorigin)/ AL corresponding to Lgoa;
and Lgyigin. Subsequently, when Lg,y = Lo, Step 1, ie.,
Lgoal = Lgoa + AL is no longer carried out and Step 5 will
be carried out instead.

Step 5: According to the values of m and #1,2, we can
obtain the optimal Lgon and Loyigin. A larger m will increase
the cost due to more hardware resources and more complex
algorithm. Therefore, we can optimize Lgoq and Loyigin tO
obtain longer lifetime 71/, with suitable m.
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TABLE 1. Constant and variable currents of the OLED samples (Unit: mA).

Sample A B C D E
1 1.17 1.24 1.34 1.46 0-1.72
2 1.17 1.24 1.34 1.67 0-1.72
3 1.17 1.24 1.34 1.65 1.17-1.65

IV. RESULTS AND DISCUSSION

A. LUMINANCE COMPENSATION SYSTEM

The proposed luminance compensation and optimization
method was implemented using several OLED macro cell
samples shown in Fig. 6. The verification system consists
of five OLED samples, which contain a total of twenty-five
light-emitting cells. The size of the OLED cells is 2 x2 mm?.
In our experiment, we choose typical OLED samples 1, 2,
and 3 for analysis since OLED samples 4 and 5 are broken
due to the circuit problem. Each OLED sample has 5 light-
emitting cells marked as A, B, C, D, and E. The cells A to
D are driven with constant current while E is driven with
variable current. Both variable currents and constant cur-
rents are set according to the actual luminance of OLED
panel. The variable drive current is controlled by the IEC
(International Electrotechnical Commission) standard video.
The specific current values are listed in Table 1. The steps
to verify equivalent lifetime and luminance compensation
methods are described in the following.

(1) Determination of parameters: Measuring and fit-
ting luminance decay curves with constant current, and
calculating the parameters of SED model.

(2) Verification of equivalent lifetime: Measuring the lumi-
nance degradation of OLED samples driven with variable
currents. According to the display contents and display
time, we compare the measured luminance degradation
with the estimated results calculated by equivalent lifetime
method.

(3) Optimization of luminance compensation: According
to the estimated luminance degradation, luminance com-
pensation is performed by increasing the drive current.
After analyzing the display uniformity, driver IC ability, and
resources usage, we simulate the optimization results with
Lorigin = 0.75Ly, 0.85Lg, and 0.95Ly.
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FIGURE 7. Actual and estimated luminance degradation of (a) cells A, B, C,
and D of OLED sample 1 with constant current and (b) cells B of OLED
sample 1, 2, and 3 with constant current.

(4) Comparison of simulation and measured results:
According to the simulation results, the optimal compen-
sation parameters Loyigin = 0.75Ly and Lgoy = 0.83L¢ are
obtained. Furthermore, we compare the luminance compen-
sation curves of simulation and measurement obtained by
using the optimal compensation parameters.

B. EQUIVALENT LIFETIME VERIFICATION
In our experiments, we measured the luminance degradation
of OLED samples driven with constant current and fitted
more than twelve luminance decay curves using the SED
model. The average relative error of these fitting curves is
about 1.08%. The relative error is caused by cell E because
cell £ is driven with variable currents, which results in
a propagation of luminance fluctuations and affects cells
A to D during luminance measurement. The fitting error
has less influence on luminance compensation, which can
be ignored. Based on the fitted luminance decay curves, the
parameters B, n, and K of SED model can be determined. In
our experiment, the parameter 8 is 0.958, the accelerated fac-
tors n of OLED samples 1, 2, and 3 are 1.649, 2.362, and
1.984, respectively, corresponding constants K of samples
1 to 3 are 6.98 x 10°, 4.3 x 10'2, and 1.69 x 101!, respec-
tively. The luminance degradation of different OLED sample
can be estimated by (5) with the corresponding parameters.
Fig. 7 shows the actual and estimated luminance degra-
dation with constant current. Fig. 7 (a) shows the luminance
degradation curves of cells A to D of OLED sample 1.
Fig. 7 (b) shows the luminance degradation curves of cell
B of OLED samples 1, 2, and 3. It can be observed that
the estimated luminance decay curves match the correspond-
ing actual luminance decay curves closely with the constant
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FIGURE 8. Actual and estimated luminance degradation of (a) four kinds
of variable current and (b) IEC standard video.

drive current. The average relative error of estimated lumi-
nance degradation with constant current is 1.9%, which is
small enough to cause less effect on luminance compensa-
tion. The luminance degradation can be estimated accurately
by (5) with constant current.

Fig. 8 shows the actual and estimated luminance degra-
dation values with variable current. There are two cases for
the variable current tests. Case 1: Cell E of OLED sample
3 is driven with four kinds of currents, which are 1.17, 1.24,
1.34, and 1.65 mA. Case 2: Cells E of OLED sample 1 and
2 are driven with variable currents corresponding IEC stan-
dard video. Based on the equivalent lifetime equation given
in (8), the luminance degradation of dynamic image can be
estimated. Fig. 8 (a) and (b) are the actual and estimated
luminance degradation of case 1 and case 2, respectively. It
can be seen that the luminance degradation in case 1 can be
estimated accurately. Luminance decay curves in case 2 have
some fluctuations. The distances between cell E and cells
A to D are 14 mm. The measured luminance of cell E is
affected by cells A to D due to the light diffusion. The maxi-
mum relative error of estimated luminance degradation with
variable currents is 2.2%, which cause about 2% change of
lifetime extension and can be tolerated in our experiment.

C. OPTIMIZATION COMPENSATION RESULTS

According to the principle of luminance compensation
optimization mentioned in Section III, the results of lumi-
nance compensation optimization are not affected by the
initial luminance because the initial luminance can be can-
celed out. In our experiment, we simulate the optimization
of Lorigin, Lgoal, and m with an initial luminance of 5000 nits.
We suppose that the displayed image quality is acceptable
if the luminance uniformity of display device is larger than
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75%. The maximum drive current of driver IC is usually
three times of the initial current/initial luminance. Therefore,
we set three values of Lyyigin as 0.75Lg, 0.85Lg, and 0.95Lg,
and Ly, = 3Lo. The step AL and the worse degradation
degree oyimir are 0.01Ly and 30%, respectively.

Fig. 9 shows the relationship of compensation iterations i,
compensation goal Lg,,, and lifetime extension when Loyigin
is 0.75Ly, 0.85Lp, and 0.95Ly. We can get the following
conclusions:

(1) Both compensation iteration m and lifetime extension
are inversely proportional t0 Lgoql.

(2) When Lyigin is 0.75L¢ and 0.85Ly, m keeps the same
for a number of adjacent Lgoy under the limited driver IC
ability.

(3) With increase of Lgoq, the lifetime will increase for
the fixed m, while decrease with decrease of m. Therefore,
the lifetime extension curves show fluctuations.

(4) When Lyyigin is 0.95Lg, the lifetime extension reduces
with increasing Lgoq and decreasing m. Lifetime extension
curve does not have any fluctuations because the compen-
sation iteration m for adjacent increasing Lgo, values shows
a monotonically decreasing trend.

(5) The larger Lgoq and m, the longer of lifetime extension.

As Lgoq is a discrete value, we can individually analyze
the influence of Lyyigin, Lgoar, and m on lifetime extension.

The iteration m can affect resource usage and compen-
sation result. The lifetime cannot be extended remarkably
if compensation times m is smaller. However, larger m
means more hardware resources and more complex algorithm
because luminance will be compensated too many times. In
addition, the iteration times m is limited due to the limited IC
driver ability and the worst luminance degradation ;. The
iteration m between 3 to 7 can get better balance between
resource usage and compensation result. Based on simulation
results, if the lifetime extension is almost same with differ-
ent iteration m, the smallest m is the best chance. Therefore,
when Lyyigin = 0.75Lo and Lyyigin = 0.85Lg, longer life-
time extension can be achieved with a relatively smaller m
and larger Lgoq due to the fluctuations of lifetime exten-
sion curves. When Lyigin = 0.75L¢, the iteration times m
is larger than 10 when Lgoq < 0.79Lg, otherwise, the life-
time extension is longest when m = 5 and Lgoq = 0.83Ly.
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FIGURE 10. The comparison of luminance compensation of simulations
and measurements when L, g, = 0.75L¢, Lgoqy = 0.83Lg.

According to the above analysis, the optimal compensation
parameters m =5, Loyigin = 0.75L¢, and Lgoq = 0.83L¢ are
chosen which can increase the lifetime by 28%.

According to the simulation results, three OLED sam-
ples are chosen to verify the luminance compensation
method with the optimal compensation parameters m = 5,
Lorigin = 0.75L9, and Lgo = 0.83Lg. In Fig. 10, the red
lines with filled circular markers and hollow circular markers
represent luminance decay curves of compensation of simu-
lations and measurements, respectively. The black lines with
solid square markers and hollow square markers represent
luminance decay curves without compensation of simula-
tions and measurements, respectively. It can be seen that the
luminance compensation results of simulations and measure-
ments are consistent. However, there are a few deviations
because of the following reasons: Firstly, we assumed the
same parameters among OLED macro cells in our exper-
iment while there is some inevitable difference between
the parameter values. The assumption may cause some dif-
ference of compensate start time between simulations and
measurements. Secondly, due to the driving voltage limita-
tion of the driver IC, the relationship between current and
luminance deviates from linearity with the increase of cur-
rent. It will affect the luminance compensation that can be
noticed in the Fig. 10, where the normalized luminance could
not be maintained between 0.75-0.83 as shown by the hollow
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TABLE 2. Performance of the proposed method compared with that of the

prior works.
Index 31 [12] [22] This work
Driving method Analog  Analog Digital Analog
Pixel circuit 4T0.5C 5T1C 3T1C No limit
Detection circuit or not yes yes no no
Initial luminance(cd/m?) -- 70 350 1500
Test time(hour) 250 3000 40 1000
R: 0.997
Normalized luminance 0.750 0.928 G:0.960 0.830
B: 0.926

circular markers. However, both the simulation and measure-
ment results indicated that the proposed equivalent lifetime
method can effectively extend the lifetime. The measurement
results show that the lifetime can be extended to 32.64%
when Lgyigin and Lgoq are 0.75Lg and 0.83Lo, respectively,
which is even longer than it of simulation results.

The performance of the proposed compensation method
is compare with that of the prior works is shown in Table 2.
Luminance compensation method in this work has no spe-
cific limitation on the pixel circuit and it can be used for the
basic 2T1C pixel circuit. No additional sensors are required
to predict luminance degradation. To accelerate the test pro-
cess of luminance compensation, the initial luminance is set
to 1500 cd/m? in our work. The luminance decays faster than
it used in normal display. In addition, considering the hard-
ware conditions, display performance, and lifetime extension
of OLED, the parameters of luminance compensation is
optimized.

V. CONCLUSION

Based on the measured luminance decay curves, we proposed
an equivalent lifetime method to calculate the luminance
degradation of dynamic images. The estimated luminance
degradation derived from the equivalent lifetime equation
agrees with the actual luminance degradation with variable
drive current. Subsequently, with the calculated equivalent
lifetime, the luminance is compensated with the method of
increasing the driving voltage. Three key parameters m, Lgoal,
and Lyigin are optimized to obtain a better lifetime exten-
sion under IC driver capability and OLED characteristics.
Experimental results showed that the average relative error
of estimated luminance degradation is 1.9% when the OLEDs
are driven by a constant current. As for dynamic degradation
estimation, such as the IEC standard video, the relative error
is approximately 2.2%. The relative error is small enough
to have very less influence on luminance compensation.
Therefore, the equivalent lifetime method can accurately esti-
mate the luminance degradation of actual dynamic display.
In addition, the parameter L,gin is limited by luminance
uniformity, and the maximum compensation iteration m of
each Lgyq can be obtained when L, < Ly and o > ojimr.
The measured OLED lifetime was prolonged to 32.64% with
parameters m = 5, Losigin/Lo = 0.75, and Lgoa/Lo = 0.83,
respectively.
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