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a b s t r a c t

In order to acquire the reliability information of White Organic Light Emitting Display (OLED), three
groups of OLED constant stress accelerated life tests (CSALTs) were carried out to obtain failure data of
samples. Lognormal distribution function was applied to describe OLED life distribution, and the acceler-
ated life equation was determined by Least square method (LSM). The Kolmogorov–Smirnov test was per-
formed to verify whether the white OLED life meets lognormal distribution or not. Author-developed
software was employed to predict the average life and the median life. The numerical results indicate that
the white OLED life submits to lognormal distribution, and that the accelerated life equation meets
inverse power law completely. The estimated life information of the white OLED provides manufacturers
and customers with important guidelines.

Published by Elsevier Ltd.

1. Introduction

With the continuous development and maturity in luminescent
material and device technology, Organic Light Display (OLED) has
shown high efficiency and brightness, wide viewing angle, low
power consumption, self-luminous, low driving voltage, fast re-
sponse time and full-color. It has received extensive attention from
the international communities, in particular from industry and
academic circle, and has got into the various display fields gradu-
ally [1]. At present, OLED is widely used in many applications, such
as television, MP3 players, mobile phones, automotive display [2].
The double-light-emitting devices (OLEDs) were reported in 1987,
a considerable progress on the OLED research, whether theoreti-
cally or experimentally, has been achieved. However, OLED work-
ing stability and lifetime prediction still remains an issue.

For the input market of the organic EL devices (OLEDs), service
life and storage life under continuous operation condition are re-
quired to exceed 10,000 h and 5 years, respectively. For the time
being, the green organic EL device has reached the practical require-
ments at the constant current and initial brightness of 100 cd/m2

[3]. In July 2006, Konica Minolta technology center successfully
developed the white OLED device, whose brightness half-life was
about 10,000 h at the initial brightness of 1000 cd/m2 with the
luminous efficiency being 64 lm/W. Further, a brightness half-life
of 16,000 h was realized at the initial brightness of 300 cd/m2 [4].
The half-life of the light-emitting device in green, yellow and blue
also surpassed 80,000, 30,000 and 8000 h, respectively [5]. In
2007 SID exhibition, Japan developed a white light device, whose
efficiency reached 16.8 lm/W, and life exceeded 40,000 h [4]. In
the same year, Seiko Epson Company released the latest research
achievement—‘‘the ultimate black’’ OLED display system. They
solved the problem of plaguing OLED life all along, and extended
the product life to over 50,000 h successfully [6]. In lighting area,
the life of white OLED at the initial luminance 1000 cd/m2 was more
than 10,000 h, and OLED decoration lighting products have been
launched in recent years [7].

From passive to active, OLED products have dominated certain
markets after 30 years’ development. However, they have to be im-
proved further in order to compete with LCD all over the large, med-
ium and small size display fields. Relatively short life of the OLED
remains one of the biggest technical challenges. As OLED technol-
ogy continues to progress, the general life test under normal work-
ing conditions needs more than 1 year, which has become a heavy
burden of enterprises in terms of time and cost. Moreover, when the
test results come out, products might have been updated already,
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and hence the significance of the test disappears. As we know, life is
an important index of device performance, and product life span is
the key factor deciding whether a product can survive on the mar-
ket. Therefore, in order to estimate the OLED life accurately and
quickly, accelerated life test (ALT) is needed urgently. A series of
automatic measurement systems were designed and built to mea-
sure the OLED current density–voltage-brightness and attenuation
curve (the brightness attenuation with time) [8,9]. The factors
affecting the primary failure mechanism were defined and charac-
terized, and a general method for accelerated stress testing of TFT
pixel circuits was developed, but the application of the method
was limited to some certain device types [10].

Currently, the most widely used ALT is constant stress acceler-
ated life test (CSALT), which has been also adopted by IEC (Interna-
tional Electrotechnical Commission) standard. CSALT shows many
merits: mature theory, simple test procedures and accurate test
data [11,12]. In view of these advantages, we carried out the accel-
erated life test of constant stress on the M00071 type OLEDs man-
ufactured by Visionox Company. The test data statistics and
analysis were achieved by using logarithmic normal distribution
function and LSM. Rapidly and accurately predicted OLED life pro-
vides users and manufacturers with the key reference.

2. Test plan

The OLED life is briefly affected by two common kinds of accel-
erated stresses: current and temperature [13]. As current can be
changed and controlled easily, it is selected as accelerated stress
to study the light attenuation of high-power white OLED in this pa-
per [14].

2.1. Accelerated stress level and stress number

In order to ensure high test accuracy, the stress interval be-
tween the maximum stress and the minimum stress should be
large. Further, the maximum stress should not be larger than the
limit stress that the product can bear, so as not to bring new failure
mechanisms. According to reliability theory, the number of accel-
erated stress levels should not be less than 3; the number of sam-
ples under each stress should not be less than 10; the number of
special product should not be less than 5. Therefore, we selected
three stress levels [15], namely, I1 = 9.64 mA, I2 = 17.09 mA,
I3 = 22.58 mA. In addition, the current in the test samples during
the normal working hours is I0 = 3.20 mA.

2.2. Failure standard and termination time

Time-to-failure of each test sample was recorded based on the
failure criteria of OLED (test brightness is less than 50% of the ini-
tial intensity) [14,16]. The test was terminated when all the test
samples at each current stress level failed.

3. Mathematical model of CSALT

3.1. Basic assumption

Assumption 1. At the current stress I, the white OLED life satisfies
lognormal distribution and the distribution function is expressed
as follows:

FðtÞ ¼ UðzÞ ¼
Z z

1

1ffiffiffiffiffiffiffi
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p exp
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2

� �
dz ð1Þ

where z = (ln t� l)/r, l is the logarithmic mean value and r is the
logarithmic standard deviation.

Assumption 2. At the normal working stress I0 and each accelerate
stress Ii (i = 1,2,3), the failure mechanism of white OLED remains
unchanged. If the estimated values of logarithmic standard devia-
tion at each stress level are r1, r2, r3, respectively, the logarithmic
standard deviation r is the weighted average

r ¼
P3

i¼1niriP3
i¼1ni

ð2Þ

where ni is the total number of the samples at each stress Ii

(i = 1,2,3), and n1 = n2 = 10, n3 = 9 are used in this study.

Assumption 3. For white OLED, the accelerated life equation con-
forms to inverse power law completely, that is to say, the logarith-
mic mean value and the current stress level meet the following
equation:

l ¼ aþ b ln I ð3Þ

where a and b are the unknown acceleration parameters to be
determined.

Assumption 4. In 1980, the famous theory was put forward [17]:
The remaining life of a sample is only determined by the accumu-
lated failure parts and the stress level just at that time, but is not
related to the cumulative way. Therefore, the failure probability
is Fi (ti) when the product is working for time ti at the stress Ii. Cor-
respondingly, the failure probability is Fj (tj) with time tj at the
stress Ij. Then we have

FiðtiÞ ¼ FjðtjÞ ð4Þ

3.2. Least square method

Making the transformation of the distribution function (1), one
gets

U�1½FðtÞ� ¼ 1
r

ln t � l
r

ð5Þ

Let

x ¼ ln t; y ¼ U�1½FðtÞ� ð6Þ

a ¼ 1
r
; b ¼ �l

r
ð7Þ

Linear equation is rewritten as

y ¼ axþ b ð8Þ

After sorting the failure times from small to large numbers, the
following median rank formulae is used to calculate the cumula-
tive failure probability F(tk) at each failure time tk

FðtkÞ ¼
k� 0:3
ni þ 0:4

; k ¼ 1;2; . . . ;ni ð9Þ

Thus, a group of experimental data can be obtained

ðtk; FðtkÞÞ; k ¼ 1;2; . . . ;ni ð10Þ

Least square method (LSM) is employed to estimate the parameters
of lognormal distribution. Based on Eq. (6), the test data (10) are
transformed into the following form

ðln tk;U
�1F½tk�Þ ¼ ðxk; ykÞ ð11Þ

For lognormal distribution linear model using LSM regressing line,
the coefficient expressions are
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