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Abstract—We introduced thin-film electroluminescent cells process of the injected electrons as these electrons are trans-
(TFEL) with a new multilayered-BaTiO 3 layer for the low-voltage  ported across the phosphor. The large insulator capacitance also
driven devices. We begin by simulating the basic parameters for reduces the operating voltage.

TFEL devices in eletrostatic boundary condition and point out AT . .

how the insulator parameters influences on the typical operating The Ia_rgerthe breakdown fieldin m_sulatmg layers, the hlgher_
properties of the devices. Next, we performed the voltage accel- the applied voltage the device can withstand and the more reli-
erated breakdown testing of the multilayered-BaTiQ; having able the device. Unfortunately, the high dielectric constant ma-
both high dielectric constant and high breakdown strength. The terials tend to have low breakdown field strength. Thus, we can
time-zero-breakdown distribution is shown to be dependent y5qine that one of the methods of increasing the dielectric con-
on surface roughness, while the long-term failure studied by . L ; .
time-dependent-dielectric breakdown technique at high field is sta_nt while maintaining a Iz_;\rge _breakdown field is to u§e alter-
dependent on the bulk characteristics, i.e., transition layers within nating layers of one material with a large breakdown field and
m-BT films. Thirdly, the TFEL devices were prepared using another material with a high dielectric constant [2], [3]. When
the multilayered-BaTiO; as dielectric materials. We observed g polycrystalline-BaTi@ film (p-BT), having a high dielectric

a decrease of turn-on voltage with increasing thickness and the .qnstant but relatively low breakdown field, was used as an insu-
increase of the maximum over voltage. Finally, typical symmetric . . .

capacitance-voltage C-V) and internal charge-phosphor field Igt_lng Iayerforelet_:trolummescent cells, itwas fou_ndthatthe ef-
characteristics were obtained for the device with thin m-BT layers. ficiency of the device decreases because of the high leakage cur-
With increasing thickness of m-BT the significant asymmetry rent of a p-BT layer. However, a recent work has shown that, by
with respect to the applied voltage polarity was observed. Thisis a a new stacking method, multilayered-Bagi@n-BT) films can

main difference as compared with the symmetric characteristics of e fapricated where both the high dielectric constartiO at 1
conventional TFEL devices with low dielectric constant insulators. : . .

The experimental results indicate the fact that a selection of the KHz) an_d high dielectric breakdown strengthdc 1 MV/cm)
thickness of upper m-BT and their deposition process would are achievable features [4]. Furthermore, the above study has

strongly affect the interfacial characteristics as well as bulk presented that a m-BT film can be successfully applied to the

characteristics of an as-grown ZnS: Pr, Ce layer. lower insulating layer for highly efficient thin film electrolumi-
Index Terms—BaTiOs, electroluminescence, insulating films, nescent (TFEL) cells.
TFEL. The aim of this paper is to present the results of the electrical

characterization that we have found in our experience to be par-
ticularly useful for the realization of the reliable high dielectric
insulating films for the TFEL devices and additionally, compre-
HE INSULATORS in alternating current thin film electro-hensive informations to enable the researchers in TFEL field
luminescent (ACTFEL) cells should have high dielectrieo persist the on-going experimental efforts toward developing
reliability as well as a high figure of merit in order to achievehe low-voltage driven TFEL devices. The successful achieve-
both the low power consumption and the stable operation of theent for the devices relies heavily on the designing high di-
device. A large insulator capacitance increases the voltage dedgctric materials, thin film processing technology for the ma-
across the phosphor layer, thus increasing the magnitude of tégals and optimizing the structure for reliable TFEL devices.
phosphor field [1]. A large phosphor field contributes effectivelrior to describing specific experimental trials, we begin by
to the emission of deep interface traps into the phosphor condsignulating the basic parameters for TFEL devices using eletro-
tion band and (a large phosphor field) enhances the accelerag@itic boundary condition and point out how the insulator prop-
erties influence on the typical operating characteristics of the
. . _ ﬂevices. Next, we attempt to evaluate the dielectric reliability
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ability. Results from capacitance-voltagé+") and internal down field of capacitor was defined as the applied field at
charge @in)-phosphor field £},) analysis are used to inves-which the leakage current exceeded 1 mA. Time-to-break-
tigate the effect of different thickness of m-BT’s on the elecdown was monitored over the time interval of O 1000
trical behavior and the maximum overvoltage margins of oseconds. In order to measure dielectric reliability of our
TFEL cells. The surface roughness estimated by atomic foncmiltilayerd-BaTiQ, a ramp-voltage-stresses-V (TZDB)
microscopy was utilized to understand for the abruptness of thed constant-voltage-stresdeg (TDDB) characteristics were
experimentally obtained—V curves before and after turn-on.taken by a fully automated Keithley 237 high voltage source
Finally, we presented auger electron spectroscopy spectraanfi measure unit. In this measurement the breakdown field
TFEL cells with different m-BT films, accounting for the ef-of M (ITO)-I (m-BT)-M (Al) capacitor was defined as the
fect of m-BT thickness on both interface between m-BT arapplied field at which the leakage current exceeded 1 mA.
ZnS: Pr, Ce. This result enables the explanation of strong asyhime-to-breakdown was monitored over the time interval of
metric properties for the upper interface and helps to determide1000 s for the 180 dot capacitors with a dot area®k 103

the usable structure for manufacturing reliable TFEL devices¥. An impedance analyzer (HP 4192A) was used to obtain

using high dielectric constant insulators. ac dielectric properties such as dielectric constant and dielectric
loss as a function of the applied frequency for the m-BT.
Il. FABRICATION AND CHARACTERIZATION TFEL devices were fabricated in the stack configuration in

which an electron-beam evaporated ZnS : Pr, Ce layer was sand-
rf-magnetron sputtering technique on glass (Corning 705 ched between the m-BT layers which were contacted by a

NN ) . . 4 ttom indium thin oxide (ITO) and a top aluminum (Al) elec-
coated with |nd|um-t|n-_OX|de (IT.O) havmg_ a s_heet resistantgy jo The zns: Pr, Ce phosphor thickness was approximately
?f abi)ut.tio 0/9%')9;:; /4—|nc.rt1 BaTiQy Ce(;aml_'r? dl')Sk sputtering constant for all the EL devices. The m-BT layers used as upper
arget with a =9. ) purity was Lfe - 1€ Dase pressure iy o ver insulators were about 200, 400, and 700 nm in thick-
the chamber was adjusted 3ox 10~° Torr and the pressure

. " L ness. The symmetric ac TFEL cells of ITO/m-BT (200, 400, 700
during the deposition was maintained at 4 mTorr of an Ar and9 y ! (

0,(20%) gas mixture. The poly-BT thin films were depositeﬁgl]m)/ZnS : Pr, Ce (450 nm)/m-BT (200, 400, 700 nm)/Al are re-

on the substrates heated at %60 after which the power to o?‘rtrr?ids t;azserSl, s2,"and *s3,” respectively, in the remainder

the substrate heater was turned off. Thus, nonpolycrystalline ) . .
) . : C-V and Q-F, I lished both

BaTiOs phases begin to grow on the naturally cooling p—B],:l and Q-F, analyzes were accomplished using bo

; ' rogrammable arbitrary waveform generator (HP model
l(?eytzrr-n::ﬁre% g)\//vas confirmed that the substrate temperature 120A) and a high-voltage amplifier (Apex model PA 85).

All of the electrical data were obtained using a digitizing

In this work, all BaTiQ thin films were prepared by the

T(t) — T, oscilloscope (Tektronix model 510A). Thé-V and internal
=50 — T + =1-erf[C(t - 75)] (1) charge @,)-phosphor field £,) characteristics were obtained
4 by plotting the dynamic capacitance as a function of the voltage

where,T" andt denote, the substrate temperature and time af@gross the EL devices and their analyses were made by the
turning off the power heater, respectivelf,, is the equilib- @p(t) andFy,(¢) equations [6], [7].

rium temperature of the unheated substrate during the deposi- (Ci+C,)

tion process, and for our system, the value was®ID 0he con- Qini(t) = — e L2 Cous(t) — Cplua(t) —vs(t)]  (2)
stantC' depends on the heat capacitance of the heating module 1 é v, ()

and pressure in the processing chamber, and the value is 0.043. E(t) = — <5_3 — [v2(t) — v;»,(t)]) (3)
Although the cooling rate of substrate was not intentionally con- dp Gi

trolled, it would not be difficult to adjust the rate by using &yhere(; andC,, are the insulator and phosphor capacitances,
cooling module. The thickness of single poly-BT thin film wagegpectively. Note that in order to obtain to a good estimate of
about 200 nm and in the case of a group of multi-BT thin fllms/,?im(t% C;, andC,, must be accurately knowrp(t) curves are

the thickness of underlying poly-BT layer was varied from 108rimarily used as the input data fQ—F, andQy,.x—Vimax aSs-

nm t_o 600 nm, while the thickness of the topmost amorphoggemem. The difference betwee®ga (¢) curve and e (t)
BaTiO; (a-BT) layer was fixed to 100 nm. 100 nm-thick-aluzyrve involves rescaling and subtraction of displacement charge.
minum top electrodes of 0.7 mm in diameter were formed ong9__ (+) is the transient charge measured externally with respect
the thin film by thermal evaporation and then the electric progy the phosphor of an ACTFEL device. From a device physics
erties of the capacitors with metal-insulator-metal (MIM) strugyerspective, it would be very useful to know the behavior of the

ture [g'O/ multi-BaTi0;(200, 400, 700 nm)/Al] were charac-internal charges between insulator/phosphor interfaggs(t).
terized.

The thickness of the prepared thin film was measured by . RESULTS AND DISCUSSION
stylus of TENCOR«x-200 model. The crystallinity of the thin ) )
films was studied by X-ray diffraction (XRD) measurementd Simple Sur_vey on the Effect of the Insulator Properties on
Ramp-voltage-stressed current—voltage-¥() (TZDB) and the TFEL Devices
constant-voltage-stressefl+ (TDDB) characteristics were  When insulating layer is present and the applied field is
obtained by a fully automated Keithley 237 high voltageulsed through the threshold field, only a limited number
source and measuring unit. In this measurement the break-charge per unit area can pass through the phosphor layer,
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depending upon the capacitance of the insulating layer [8]. In ' ) ;
this way the dissipation or heating is limited to an acceptable 10t N ;"crease o' Ep ]
level throughout the phosphor film and catastrophic failure is \o\&x fom 1o 2.5 MV/em
essentially eliminated. ro '\N’&

Therefore, we begin by examining on the insulator limitation o,
required in order for an AC TFEL device to have charge injec-
tion [8]-[10]. When a voltage is applied across the device such %
that the voltagd/,, then the phosphor conducts until the elec- 0.1
tric field in the phosphor is reduced 16,.;, by the charging of
the capacitor, i.e., insulating layers. Initially, the applied voltage

+(MV/cm)
¥

0.01L . : ]

V, is distributed according to the simple electrostatic continuity 1 10 100 1000
condition Relative dielectric constant
el = EpEpth (4) Fig. 1. Plot of the insulator field at the onset of phosphor conductigg, ,

for d; = 250 nm andd,, = 500 nm.
where £, is the insulator threshold field when the phosphor

electric field reaches its threshold value. Here, the interfa%(:e we assume that there is no polarization Cha{ggx:an

charge density is negligible, or at least small, at thresholgle calculated as follows, assuming an uniform field within the
Notice the fact that if the insulator breakdown fieltl,y i nsulator and assuming that (3) holds,

less than the value oF,;;,, the insulator cannot be used in
conjunction with that the particular phosphor layer, regardless Vi, = epdi Ep. )

of the insulator or the phosphor layer thickness. &
Fig. 1 shows a log-log plot aF;;;, versuse; obtained from Thys V7., is to be
(4). For each phosphor layer characterized by dielectric constant
g, andE,y,, the resultis a straight line with slope of unity. Insu- Vi = <di5p + dp> Epn. 8)
lating layers with properties which lies to the left of the line for €;

a given phosphor are not usable for that the particular phosphoi major interest in TFEL device, which we have ignored up

material; only regions of;;;, — e; plane to the right of the line 1, g hoin, is the brightness level and the magnitude is deter-
define where an insulator material is usable. This simple calgifineq by the amount of overvoltagé,..., that is applied in ex-

. . A . . . . . . vers
lation is particularly interesting since insulating layers with Veryass to the threshold voltagé,,.. Considering operating mech-

small £;,;.'s may be employed as TFEL insulators if the insuznism for the TFEL device, the overvoltage is dropped only

lator possesses a large dielectric constant. However, it is iImpQE;ss the insulator, since it is assumed that above threshold the
tant to note that the lines shown in Fig. 1 define only the Mifshosphor voltage is clamped at the threshaig,. Therefore,
imum required insulator properties att,s should be larger 4 relationship between the maximum overvoltagga. over

than the minimum value suggested by g, —¢; curve. Addi- 44 the phosphor and insulator variable is

tionally, the value of;;, required for TFEL device applications
depends on the operating voltage requirement, i.e., the threshol i N T . €p
applied voltagey,.,, and the overvoltagd/,...., which is the %laxom = di(Eiva = Euan) = d; <Ewd e

lied vol in ex f the threshold vol . . - . i
applied otage_ excess of the threshold voltage This insulator-limited overvoltage arises due to the finite break-
We do not wish to pursue any further, but merely state th . . ; :
. ; . . : ; own field of the insulator. At voltages above this maximum
there is a consideration for the insulating layer which can de-

termine to the minimum operation of TFEL device and that %vervoltage, the insulator breaks down and the TFEL device cat-

. . . . . astrophically burns out. The overvoltage is known to be about
defined within £;;,4 of insulating layer is larger than the value s L
of Eip. 40V for commercial displays. In order to minimize frequent

Next, in order to obtain relationship between the thresho@ﬁjm out problems, the TFEL device should be designed with

applied voltages and the phosphor and insulator variables, d’q?;(’gé”elat[]geere?s; ‘L? \t/h@ on the overvoltage margin
initial condition in which there is no polarization charge at th?/ (9) is rearranged ir:l{g the following form:

interface is assumed. Also, an ideal field-clamping case is as=**"“" :

sumed in which the phosphor electric field remains constant B Vinaxover Leg (10)
at E,.1. At the threshold for the injection, the applied voltage, d = T T etk

V.in, IS capacitively distributed according to

Epth) -9

From (10),E;,4 can be found for a particular phosphor mate-
Vaeh = Vien + Vo (5) rial by settingV;,,ax over t0 @ desired vglue. Fig. 2 shows a plot
of Eith, Fipa40, and Vatn @S the function Of—:i, WhereEibd 40
whereV,,,;, andV;,;, are the phosphor and the insulator field atefers to the required’;,, necessary to obtaintéax over 0f 40
threshold, respectively. Reassuming a uniform field across tMeHere, E;;,, refers the insulator field at the onset of conduc-
phosphory;.;, can be calculated as tion and this is the minimunk’;,;, and E;;4 49 refers to the re-
quiredE;,4 necessary to obtaintd, .x overr 0f 40 V. The distinct
Vor = dpEpii. (6) features of this are as follow: for a set of phosphor properties,
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E;y, is always smaller thaiv;, 4 40 and unlike the plot ofz;,;, o s f
. . . o
which continuously decreasesgdancreasesk;,q 4o saturates 8 10_9 4 BT 200 !
for £; < 1000. In fact, fore; < 1000, Ejpq40 exceedsE;;, by 10 o o soom 1
an order of magnitude. This arises becausg dscomes large, —10"F ¢ v m-BT 700nm 1
the second term of (9) become very small, &g, saturates to o' b ]
Vinax over/d; (1.6 MV/cm). 0.0 0.5 1.0 1.5 2.0
The preceding analysis indicates that for a large value of Electric Field (MV/cm)

€;, Varn, depends only on thé, £, product and/pax over de-
pends onIy on th@li, Eyg product. Ase; decreasesl,,;, in- Fi_g. 4. DC leakage curren_t—AppIiQd field curves for the m-BT with different
creases andt,,,.. ..., decreases. Therefore, the lower limit ofckness after about 10 minutes aging.

Ve and the upper limit oV, oo are described by

(a) m-BT 200nm

Vatr 2 dpEpth and Vinaxover < diEipa. (11) 15

Thus, we have concluded that for both device operation sta-
bility and turn-on voltage, in order to have a sufficient satisfac-
tion, the value of the insulator breakdown field must be maxi-
mized for the same thickness of insulating layer. Here, it is im-
portant that the multilayered high dielectric insulating layer de-
veloped in this work for the TFEL device falls on the region 20¢
bounded by th&”;;;, and E;;,4 490 lines sufficiently.

(b) m-BT 400nm

0 T
{c) m-BT 700nm ]

% Failure Frequency
o

B. Characteristics of m-BT Films Under the Accelerated DC Y o
Stress

Breakdown Electric Field (MV/cm)
Fig. 3 shows a close look at breakdown with scanning electron

microscope (SEM) measurements for three different types Fog. 5. Breakdown field histogram for the m-BT with different thickness.

m-BT. SEM pictures of the breakdown site clearly show the

m-BT destroyed by thermal run-away effects. The m-BT with Figs. 4 and 5 show time-zero curred)-Electric field (F)

a thicker p-BT underlayer has deeper hole and severe crackidgaracteristics and the time-zero-breakdown distribution for
As generally known, the breakdown is studied under the datwee types of m-BT at constant time, respectively. The leakage

celerating test condition of high field stress resulting in practcurrent at the fixed stress field decreased as thickness of m-BT

cally measurable breakdown time [11]. In order to extrapolatecreased and the most frequent breakdown of 700 nm-thick

the dc acceleration results to field conditions as are found im-BT occurred at the lower electric field when compared

common ac EL device application, a knowledge of TDDB bewith those of the thinner m-BTs. Furthermore, Fig. 3 of

havior is necessary. A probability distribution function that fit§ ZDB results with ramp-voltage-stressed for the 400 nm- and

breakdown data can be used to predict failure rates as a funcfi@® nm-thick m-BT films shows typical Weibull distribution

of time. Gaussian (or Normal) distribution is bell-shaped cunapplicable to failure in good insulating films [12]. Fig. 6 shows

and used for process monitoring and control charts. Weibull digpical cumulative Weibull plot for three types of m-BT. Here,

tribution is similar to log Normal distribution and appropriatéhe horizontal axis represents the stress tinaed the vertical

for accelerated life testing as well as this distribution predictxis represents the cumulative failure percent. Note that the

early failure. lifetime increases slightly as the thickness of m-BT gets thicker.
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It is generally accepted that an extrinsic breakdown is the
largest reliability problem for the oxide insulating film and that TPy T
the extrinsic breakdown is related to defects existing, which are (a) 200nm-thick m-BT
in the film before the electric stress, i.e., process-induced de = 2.0 MVicm
fects such as particle, surface asperities and structural weakne a 2.5 MVicm
[11], [13]. Here, in order to study the factor influencing the re- L e D 11
sults presented in Figs. 3—6, we investigate especially the inter
face roughness effect on the peak occurrence of time zero breal
down and the layered structural effect of m-BT, i.e., thickness of
atransition layer between polycrystalline-BT (p-BT) and amor-
phous-BT (a-BT), on the leakage current and TDDB properties
with increasing thickness. Fig. 7 shows AFM images for the : : ; i
surface of m-BT films. Root-mean-square (rms) roughness es 3= i i i #
timated from these results increases with increasing thicknes (b) 400nm-thick m-BT o
of m-BT, indicating that the roughness of M-BT is increased by L. 5.30 M\i/cm : .
forming a thicker p-BT underlayer. Thus, based on the explana . 1 45 M\;/cm R
tion that the nonuniformity and the sharp points are assumed t 0 [ S St FHOORORSo SO SR SN SO 4
be main sources of the weak spot under the dc electric field o :
1-2 MV/cm, the trends of Figs. 5 and 6(a) can be easily under-
stood.

-1

01o 10° 10’ 10° 10

In(-In(1-F))

Y O " ............... J.2

In(-In(1-F))

N A S SO S 1
C. Role of the Transition Layer within m-BT on the : ; ; :
Long-Life-Breakdown Behavior of m-BT Capacitors

On the other hand, the reduced leakage current with in- ) ; ; ; : )
creasing thickness as shown in Fig. 4 was not explainable L= L A B —
considering the increase of rms roughness. Here, it shoult (c) 70anm-thick m-BT
be emphasized that the increase of p-BT thickness is alway [ e 1.75MViem |
accompanied with the increase of the transition layer betweet s ) .00 MV/em |
p-BT and a-BT layers as shown in [5]. The decrease of leakagt
current at dc high stress voltage is most likely due to the thicket
transition layer with increasing the p-BT thickness, supporting ; : ;
the previous suggestion that the transition layer act as resistiv Y — N -2
against electron movemetht. N :

In same context the shift of Weibull plot toward to longer i s
time with increasing thickness in Fig. 6(b) can be attributed to ; : 3
both the stress relaxation and a reduction of moving oxyger -3 ' ' ' ' -3

vacancies by the widening of the transition region between p-BT 10" 10° 10’ 10° 10° 10°
and a-BT Time-to-breakdown (sec.)

In(-in(1-F))

D. Capacitance-Applied Voltag&’V) and Internal Fig. 6. TDDB time-to-failure distribution for m-BT with different thickness

) . _ under negative bias. Usually the cumulative distribution functiift{) is
Transferre_d _Charge Internal Phosphor_ Flel@i‘“‘ FP) . plotted and the breakdown data are often approximately Weibull distributed.
Characteristics of TFEL Cells Under Bipolar Pulse Drive F(t) = 1 — exp(—t/n)3 wheret, 3, andy represents time, shape parameter,

Note that the”—V curve of our EL devices shifts in a slightly and characteristic time to failure.
nonrigid manner with respect to M-BT thickness as shown in
Fig. 8(a). This nonrigid shift in th€ -V curve indicates that the interface state distribution at the two interfaces between the
interface state density in the preclamping field regimedB],, phosphor and insulators and thus, interface roughness.
is dependent on the m-BT thickness. The variation of rms rough-Next, we present the typical results®@f,,—I, measurements
ness with increasing thickness of m-BT is seen as the sourcdmfthe s1, s2, and s3 devices in Fig. 9. There are several differ-
the change of?,,. Note from the figure tha; (Al plus) is ences between these devices. At first, much more conduction
greater tharC; (Al minus). A family of C—V curves for the charge is transported across the phosphor in the s3 device. This
devices with 400 nm-thick m-BT and 700 nm-thick m-BT arés a consequence of the larger dielectric capacitance of m-BT of
displayed as a function of operating voltage in Fig. 8(b) arttie s3 device (i.e~~95) compared to those of $120) and s2(55
(c), respectively. Perhaps the most unusual aspects of the curvdsb). Secondly, contribution of relaxation charge to conduction
shown in these figures are the significant asymmetry with reharge is larger in “s2” and “s3.” Much of the charge across the
spect to the applied voltage polarity for all symmetric devicgshosphor of s2 and s3 appears to reside in deep traps such that it
fabricated in this work. Furthermore, the most significant asyns emitted from these traps when the external bias is maintained
metry was observed at a “s3” device. Tentatively, we attributeg peak voltage. Thirdly, the s1, s2 and s3 devices exhibit a dis-
the observed polarity-dependétitto the existence of different tinct steady state field df;; (Al plus). In contrastf; of s2 and
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200 their processing. Other evidence is shown in Fig. . (ITO

minus) for the “s2” is nearly constant except at larg&f.x
(Vimax = 220 V) while F_ (i.e., electrons emitted from the
Al side interface) increases continuously with increadifg..
The trends exhibited byt are attributed to an interface state
distribution of the bottom interface which sharply increases at a
certain energy to a large density as compared to those of the top
interface. This contention, that the interface state distribution is
abrupt for the bottom interface, is supported by ¢hg trends
shown in Figs. 5 and 6 and shaper interfacial profiles confirmed
by AES analysis.
In contrast, the trends shown in Figs. 10 and 11 indicate
that field-clamping does not occur when electrons are emitted
Voltage(Volts) from the top interface. It is possible that this absence of field-
clamping arises from shallow interface states that are distributed
Fig. 8. Capacitance-voltage curves of EL devices with different thickness gfer a large range of energy.
m-BT. Finally, to confirm the internal asymmetric properties of the
devices with the symmetric material and thickness, we mea-
s3 at Al minus is not well-defined as well as the magnitude amdired in-depth profile using AES method. Fig. 11(a)—(c) shows
shape as shown in Fig. 8. Finally, thg,.—£}, plot at Al minus awhole concentration profile of the composing ions for the “s1,”
is nearly symmetric for the s1 device but strongly asymmetris2” and “s3” devices, respectively. The result showed three fea-
for “s2” and “s3.” tures; first, the amount of Zn and Ba was slightly higher than S
From the observed results, we suppose that while the bottamd O at the lower interface between lower m-BT and ZnS: Pr,
interface is relatively independent of the lower m-BT layer, th€e, regardless of the thickness of m-BTs. Second, differing from
top interface is severely affected by the thickness of m-BT tie lower interface, the ratio of Zn to S at the upper interface

Jury -
[=] [£)]
(=] (=]

Capacitance(nF/cm?)




LEE et al. ALTERNATING-CURRENT THIN-FILM ELECTROLUMINESCENCENT DEVICES 659

60 — ; ; . . 120
— l@)st S ~ £ e
X 50t ° j'f:'- o 3 100 /r (c)/gs/o
T a0l %“\‘ ":.g—m% -in D 804 i B S
o B<’=1~\o‘ ¢ +4fBa : 2 : ; /,o
8 30 \‘~' ‘57 . © 60
o [ ",}'&‘ ;’ . £
(AR . [$A * E
o 20} Ti .g', a . = 40
= PR 0 Y i f-/"?i—vo. . -
€ 10t XN * T 204
hed f WA 3,'3 C e o L
<< 0} < 04 - cw=" : i . —_
5 0 20 T 80 120 160 200
Sputter Time(min.) Applied Voltage(V,)
3 o, Fig. 12. Luminance-applied voltage curves of the s1, s2, and s3 devices,
< . respectively. Prior to starting measurement, EL devices were aged for about 90
- In min to stabilize. The waveform applied is nearly symmetric bipolar pulses of
GCJ VIR RE IRyeeaenl, . rectangular shape with a pulse with of b6ec and a frequency of 1 kHz.
e <F Ba
w . . . . - . . .
o - with increasing m-BT thickness, i.e., dielectric capacitance.
L2 [ 2 PI—— Essentially, the reason for this result is that with increasing
g HhoTi insulator dielectric capacitance there is an increasing portion
< ceesensasteattanadetl of the applied voltage which appears across the phosphor layer,
6 1'0 2'0 3'0 4'0 5'0 when the same value &f, was applied at the devices. Second,
Sputter Time(min.) e increase of maximum over voltage margin with increasin
th f It th
P : m-BT thickness. It is proposed that thicker insulating layer
— 60} (c)s3 has a beneficial influence on the operation reliability of TFEL
2 5l Zn 5 devices.
= ,,‘.3.3 0 ey AT An asymmetric TFEL device with different thick lower and
@ 40 A ;‘ . -::'5" Srttrett upper m-BT is further necessary for a complete evaluation of
o 30l \‘ : o TFEL devices using these dielectrics.
o > :.
© 20FTi \ & -~
g 10 _w"" "'\:-.;. ' et n o ¢ IV. CONCLUSIONS
A S,
<< 0 £ N In this work, we applied successfully a high dielectric con-
20 30 20 50 a0 Z0 stant material for the insulator of low voltage-driven white light

emitting ac TFEL devices. The time-zero and time-dependent
dielectric breakdown technique was employed as a method of
_ _ L _ investigating dielectric reliability for TFEL. The value of the
Fig. 11. AES depth-profile for the EL structure with different thickness of . L. .
m-BT. most frequent breakdown field was lowered with increasing
thickness of m-BT, while distribution of the breakdown field

o . ) _._was narrowed for thinner films. Analysis of the surface rough-
was significantly varied from sulfur rich “s1” to sulfurdeﬁuentneSS for the m-BT confirmed that the time-zero breakdown

's2” and "s3.” As frequently observed, the off-stoichiometri¢echanism is related to the rms deviation of roughness. The
ZnS, i.e., Znexcess (or sulfur deﬁmeqt) was easily resulted fro@yced dc leakage current at the thick m-BT and the long-time
phosphor process though controllability was dependent on {a€t5ijyre were related to the presence of a wide transition

PVD or CVD. Here, itis important that the ratio of S/Zn of “Sl”layer formed between poly- and amorphous-BT. Therefore
device was higher than 1 after the deposition of the upper ingya suggest that the width of “transition layer” in m-BT be a

‘I‘atcir followed by vacuum-anneal of ZnS while that of *s2” angjg,re of merit in determining whether a m-BT layer provides
s3" was lower than unity. Also, note that at the top interfacg icient margins to guarantee dielectric reliability.

region the layered interface was formed such as Ba-rich m-BT,

. . o X 'For our symmetric TFEL devices using the high dielectric
Zn-rich region and their mixed region. It was common to the ﬁgyers the most distinct feature of td&-V and O—F, char-
and s3 devices. ’ "

acteristics is the significant asymmetry with respect to the ap-
. ) o plied voltage polarity. Specially, the top interface is severely af-
E. Luminance-Applied Voltage Characteristics of TFEL Cellggcteq by the type of m-BT whereas the bottom interface is rela-
Using the m-BT Insulator tively independent of the lower dielectric layer. The luminance-
The luminance-applied voltage curves of the “sl1,” “s2V¥oltage characteristics show two distinct features; a decrease of
and “s3” devices are shown in Fig. 12. This figure showtsirn-on voltage with increasing m-BT thickness, i.e., dielectric
two distinct features. First, a decrease of turn-on voltagapacitance and the increase of maximum over voltage margin

Sputter Time(min.)
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with increasing m-BT thickness. It is proposed that thicker ir
sulating layers have a beneficial influence on the operation re
ability of TFEL devices.

The fabrication of asymmetric TFEL devices with differen
thick lower and upper m-BT and TDDB measurement of pho
phor film is further necessary for a complete evaluation of TF
devices using these dielectrics.
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