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Ahstract

We proposed Z-phase regression of power function inside exponential for PDP lifetithe data anatysiz. In introducing o
methodwe discussedthe reason why PDP degradation behavioris described by exponential function basically. By applyving
our methodto S0HD and S0FHD FDP lifetime experiment data, we obtained more than 100,000Hs lifetime. From these results,

we claith that PDP lifetime iz more than 100,000Hz.
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1. INTRODUCTION

Fecently Plasma Display Panel (FDF) has been widely
accepted as a Flat Display to customer together with
Liguid Crystal Display (LCLY. There are several reasons to
become this circumstance such as good dizsplay quality
and reasonable price, etc. Among these i iz one of the
largest reasons that PDP satisfles proper Lfetime. PDF
tnakers claimn that FD'P has tnote than 60,000Hr lfetime,
and especially Mlatsushita had claimed that thew 2007
products had more than 100,000Hr ifetime. LCT malers
also claitn that LCD has more than 60,000Hr Lifetime bhased
ot CCFL bacldight lifetine[ 1]. However, there have been
no makers which have dizclosed their data to conwvince
theit declaration. In order to conwinice declaration,
showing theit data only is not sufficient but showing
analysis method is also wnportant. For this purpose, we
propose 2-phase regression of power function inside
exponential  method.  Recently, Georgia Tech [Z]
proposed 2-phase exzponential regression method but we
noticed a few difficulties when we applied their method to
our panel data. One of the difficulties iz that as panel
tunning timeis longer the first phase regression line fails o
restore the initial walue when satisfying the second phase
regression propetly. Another difficulty is that data fitting is
not o good compared to our method. In addition, they did
not show the reason why exponential regression is
applicable to FDP. On the contrast to this, in this paper,
we showed the reazon why PDP degradation behavior
was basically described by exponential function and
further it was shown that data fitting was quite well

This paper is consisted as follows. In section 2, we show
the basic cause that FDP degradation behawior basically
applies the exponential function. In section 3, we explain
how to apply 2-phase regression of power function inside
exponential method to measured data and show how to

estitnate lifetitne at which lominance is a half of indtial walue.

In section 4, we give 3 examples which show the
comparizon between measured data and calculated line,

and also give some discussion. In final section, we
conchude this paper.

2. BAsic THEORY

Fecently Georgia Tech. had reported to use 2-phase
exponential regression to estimate FDP lfetime This
argument was based on that PDP panel degraded
exponentially. They showed thiz from fitting data but we
show the more fundamental argument. First we hawve to
notice that panel lminance degradation comes from
tainly phosphor degradation. In addition one of the
authors [3] and Yamamoto etal[4] pointed that PDP
degradation, especially green phosphor, occurred due to
ion bombardment. Since white luminance degradation
behaves as almost same as that of green because green
luminatnce occupies about A0% of white luninance, we
can consider that the cause of white degradation is same
as green’ s such as ion hombardment. Then we can male
following argurnent.
Given that there are indtially My lght-emitting cellz in a unit
area, the mumber of 1ons with velocity v, which collide into
2 unit area in a unit time iz described as:

nafa(“‘raj :h"ra
Where fy(w,, 1) is the welocity dependent distribution
function of ionized atoms; n, is the density of atoms.
Therefore, the total number of ions with welocity greater
than w, colliding mto a unit arsa in a unit time is:

Fif-(va, 10 = [dv:"dmv,"nafvy 1 v, (2-1)
Suppose that light emitting cells are destroyed by ion
hombardment such that one colliding ion with velocity
areater than w, destroys one emtting cell. In addition, from
the fact that ions are emerged by discharge, this colliding
occurs discontinuously because discharge is ignited by
sustain pulses. Therefore precise description of munber of
remaited emitting cells after n discharge iz satisfied by
following recursion formula.
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N(n=+1)=N{n)-(N(MMF (v, 1) (2-2)

The second term of right hand side shows the munber of
destroved emitting cells at (n+1) discharge. The precise
form of solution of this equation is given in [3]. Howewer,
suppose discharge occurs continuously, in other word,
destruction occurs continuously. Then eq(2-2) changes

to:
Mil+  B=NE MNP va 1)t as ~t—0  (2-5)
Thiz gives us
Fak Fif v, 1
fim NAFSTENGD . bty Nt
al—1 Lt Moy

Left side 1z definition of dertvative with respect to t, so
final equation becomes:

Aty Fifuee
i | My
The solution of thiz egquation uvnder the initial condition

such az at t=0, N[ 0=ty

Mt} = Mpexpl-Bt)  where, B=(Fif (v, 10/H-) [2-3)
Thiz shows the verification of Georgia Tech’s argument.
Here we modify above argumnent following. Preswiously we
supposed that one colliding ion destroys one light-emitting
cell, howewer, more likely probability a should be
mltiplied. Then,

B = a (Fifylva 1Mo
Thiz destruction probability should depend on time, for
instance, the layer in which emitting cells are distributed
has a depth and efficiency of destruction should change as
depth changes. Firstly, only cells distributed in surface are
destroyed, but later on, efficiency of destruction is getting
smaller as remained hght-emitting cells lay in deeper. Or
we may consider that the more fragile light ernitting cells
are destroyed first, and if remaimns the cells which are more
tolerated against ion bombardment Then probability o
becomes smaller as time passes. For both cases,
probability o, that means B, is a most likely decreasing
function of time Actually thiz iz the case as shown in
exarnples.
Thiz consideration suggests that degradation rate factor
B iz not constant but function of tune t smee now @ 12
function of tirne t. Then hininance depends on time t as
most likely power function of t inside exponential:

Rit) (2_4}

L = L,expfat™

(2-fi)
Here we uged the fact that lumnance 15 proportional to
murnber of light ermitting cells.

3. ESTIMATION WAY

By following the armument of Georgia Tech. way we use
2-phase argument to treat experiment data also. Howewer,
we firstly explain why linear regression can he applied to
our formula taking log successively twice for both side of
e[ 2-07, we obtain:
Ln{Lh(L})) = Lnga) + b Lnit) (3-1)

By redefiningv=LoTaln, ¥y =Lnfa), A =h, z=Lut),
eq.(3-1) hecomes:
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Y=y +ax (3-2)

This is precisely linear algebraic equation so that we can
apply lnear regression for eq.(3-2). In order to determine
¥. A from data, we need following formmula,

" NZXiyi - ZXEY

= = 3-3
NZx? - (Zx)° 2

=y -k [3-47
where y =(3y)/™ ; average of y, x =(2x)M ; average of x
M iz Mumber of data

Dertwation of eq (3-3) and eq.(3-4) are given in Appendis
In order to precisely fit the experimental data with
calculated line we introduce 2-phaze method. The method
of 2-phaseis referred by for instance [5][6]. Firstly, divide
data into two regions such that one region is consisted by
data group before time t. (v, ¥, * * *, %) and that the
other region iz consisted by data group after too (Yo, Vesa,
* ok g Applying linear regression argument for both
regions such as:

SIXY: - XY,

s (3-5)
2N - (2 x)
171 i=T1
Ti = Y1 = Mxq (3-6)
kS 4
x.
where — _ 21?' = % :
YI=—= M="g
; I hooN
(M-5)2 Xy = 2 X2 Y
Ao =7+ =5-1 -a-1
2 F o~ (3-7)
(Msyrw’ - g’
=241 =2-1
T =_2 2 ?'-z_z (3-8
H %
AN e it
Rt ol Tt
Then we can obtain two regression formulas:
YW=+ A 1 I:fl:ll’ | PR ,13}
1"’::1'1*' AJK; (_fﬂrt;+1..... .1\|]

Important point is that intersection time © of two lines
should satisfy following condition:

_ L™=
T = exp{ LSk } (3-3)
<oy (3-10y

In order to estimate hfetime, which is defined by the
required time to reach half hininance, we assume that
degradation rate B approaches to some constant gradually
as panel rnning time 15 increased.  Actually  this
assumption shortens the estimated lifetime compared to
that without this requirement. In practice, this assumption
15 applied the following way. Taking final data point titne ty,
we involke following condition. At ty, calculated curve L =



explezpiytALot), which was from eq(2-6) and
eq.(3-1), and asymptotic form L, = explo,+P.t) are
smoothly continued. Stmoothly continue means that at i,
Lip=Lalr, (dLidtifer = (dlo/dtils. Then B, and o, are
ohtaitied as the following formula.

A Ln{L{t))

B.= “hoe (3-11
M
etz = Ln(L(ty)) - Batr. (3-13)
Then half huninance titne Ty,p 13 given as:
Lnmil+/2) - e,
Tiy= . (3-13)

If panel lifetime experiment was done by TV or Video
display, then Lfetine would be same az Tim, but by
acceleration pattern, then we have to multiply acceleration
factor to Tym to estimate hfetime

Lifetime = (Acceleration facter) x Ty, (3-14)

[Acceleration factor=1 for TV or Video display running)

4. RESULTS AND DIS CUSSION

We ghow 3 results here. 2 resultz are come from S0HD
and 1 result is come from S0FHD. Their munning pattern
was TV display so that Ty 15 a ifetime. We measured up
to 4000Hr for 50HD and 6000Hr for S0FHD. Luminance
was measured in Full White display, which means, it panel
running TV display pattern was used but at measuremnent
we changed to Full White display pattern. Fig 1 to Fig.3
shows the experiment data pomts and calculation results
using Z-phase regression of power function inside
exponential method. Fig 1 and Fig 2 are results of S0HD
and Fig. 3 is result of S0FHD. Table 1 show the calculation
factors included lifetime.

Flg. 1 LIfe estimatipn (SOHD (1))
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Fig. 2 Lifa estimation (50HD (2}
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Table 1. Calcutalion fadtors (includng lifetime)
Figl | Fig= Fig.s Fig.1 Fig.2 Figd |
Ba | -GAE-DG|-3.62E-06) £9E-D8[ b, -0.00234 -0.00201) -0.00201)
e i:..wnnT 5191422 5106943 1 GEOY02 1 SE2EEI 1 BEIREI
Tz 34-]"75.34! 1RaN92.3 118152 A -0.0048 -0.00273 -IJ.EUZTEI;
Ltecins (n | 3477834 16snsas] 11E18] v, 17a4dn 1s6TaSy 1 667aS)

All results chow that lfetime 12 about or more than
100,000Ht. From the fact that we uzed the assumption at
4000Hr for S0HD and at 6000Hr for S0FHD, these
estirnation results are rnost likely shorter than real lifetime.
Thms weare cotvinced that PDP lfetitne, at least 501 s, is
rnore than 100,000Hr. This lifetime is longer than that of
claitned PDF life such as 60,000H and hetter walue even
compared to the claimed hfe of LCD as 60,000Hr. The
clairned LCD lifetime is based on CCFL backlight lifetime
Thiz means actual LCD lifetime 15 shorter than 60, 000Hr
because backlight lifetitne is expected masirmum lifetime
of LCD systern. This shows that PDF has clearly better
lifetime than LCD. In addition, our 2-phase regression of
power function inside exponential method shows good
agreement to data for all 3 cazes. This means degradation
factor B is not constant but actually decreasing function of
time because A wvalues are less than 1. We mentioned the
two considerations for esplaining this fact, however real
physice is still not clear. Also, since 2-phase argument
worlcs  well, there are two significantly  different
degradation states. One stageis up to at most 300Hr and in
this region lwminance iz quickly down Since our
calculation 15 based on the consideration of ion
hombardment it may simply be relied on phosphor
property, howewer we should seel another improwernent
way besides improvement of phosphors because stage
differenceis as significant as shown &g and Ay difference
in Tahle 1.
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5. CONCLUSION

We introduced 2-phase regression of power function
inside exponential method to estimate PDP lifetime. We
applied thiz method to our S0HD and S0FHD. The results
are:

Tabla 2. Estimatad LIfs Time

Panal Ti(H) |Acc. Fac.|Lifatima (Hr
50HD (1) 94775 1 94775
50HD (2) 169083 1 169093

S0FHD 118152 1 118152

&z shown in Tahle 2 estimated lifetimes are about and
tnote thatt 100, 000Hr. Frotn these results we can declare
that PDF panel has 100,000 Hr lifetitme.
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" APPENDIX: Derivation for formula of eq.(3-3) and
eq.(3-4)

¥i

E y‘ n=1 matrix
Yr
1 Xy

= 1_ x. n=2 matrix
1 %,

i = :1 2x1 matrix

where k) =y, A =& for our case

Linear Fegression equation iz described as following
matriz equation forrm.

A AA
y=xh (A-1)

164 « IMID/IDMC/ASIA DISPLAY ‘08 DIGEST

Then A is obtained by following formula,

i

A=(xT ') (4-2)
where T denatas Transverse, -1 denatas inverse

Thus in order to obtain form of A, just calculation of right

hand side of eq.(A-2) is sufficient.

11 -1
K = 2xn matrix
b SR
'L
T T 1 | 1x n 3x
Xxx= . = B/ 4
XK ® t Mnl 1xg S vt
. il
.
1 ¥p
2x2 malrix

In order to obtain inwerse matrss, first we hawe to calculate
detertninatt;

del ['x| = nZx® - (Tx)
To calculate sub-determinant we need to take Transverse,
Since (2% = xx in this case, (x'2 ! iz

Ty
(xTy! =1—T ZaRX 2%2 matrlx
detjxx| [->x n

T 4 41 5

X'y = e ‘ 2x1 malric
XM= =Xy ZNY

¥
Y LI E R AP ED L [ ‘ Y ‘

Codet]ux] nIwy - DIV, A

2%1 matrlx
From this description we obtain
N3 Xiyi = > X7 X

ny % = ()"
Thet we can show

>y Zx
nl —A nl

=3
By our notation this gives:
¥ =? - hx



