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Effect of Bottom Electrodes on Resistance
Degradation and Breakdown of (Ba, Sr)Ri@hin
Films
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Abstract—The influence of bottom electrodes (Pt, Ir, Ru) on the - applied to the films. The degradation process limits the lifetime
degradation of (Ba,Sr)TiOs (BST) thin films under dc stress condi-  and reliability of BST capacitors. There is a constant bias on
tions was investigated. The current-time {—¢) and current—voltage the capacitor dielectrics in both DRAM and on-chip capacitor

(I-V') measurement results indicated that the BST thin films de- licati iti th studving their d
posited on Ru have faster degradation than those deposited on pt @PP!ICAlIONS, as a consequence, IL1s worth studying their degra-

and Ir. The degradation was considered to be caused by the dete- dation under static dc stresses. Many parameters, such as doping
rioration of Schottky-barrier. Under dc stress conditions, the di- [18], stoichiometry [16], grain size [17] and electrode properties
electric relaxation current in the BST dielectric films probably en-  affect the degradation. Thus, it is important to evaluate such in-
hances the deterioration. The breakdown time was found to be ap- giapjilities in case of BST thin films, for its applications. In this

proximated by an exponential function of an electric field[tg = . .
o exp(—BE)] for dc stress. The value of the exponential factos work, we investigate the effect of bottom electrodes (Pt, Ir, Ru)

for BST deposited on Pt and Ir was about a quarter of that for BST on the resistance degradatlon and breakdown of BST thin films.
deposited on Ru. The different value of3 observed under dc stress A qualitative explanation for BST breakdown based on band di-
indicates that the degradation of BST on Ru would be more serious agram is presented.

than on Pt and Ir. The ten years lifetime of time-dependent dielec-

tric breakdown (TDDB) studies indicate that BST on Pt, Ir and Ru

have longer lifetime over ten years on operation at the voltage bias Il. EXPERIMENTAL

of 1 V. BST thin films were deposited on metals/3i(100)Si
_Index Terms—Bottom electrodes, BST thin films, degradation, (metals are Pt, Ir, and Ru) bottom storage node electrodes by
dielectric film, dynamic random-access memories, sputtering. rf magnetron sputtering. The detailed deposition conditions
of the BST thin films on various bottom electrodes were
|. INTRODUCTION described in reference [19], [20]. The BST/50 targets with

HE (Ba,Sr)TiGQ (BST) dielectric film has attracted greata qllameter of 3 in a_nd a th|cknes_s Df4 in were synthesized .
attention for practical use in a capacitor of giga-bit dyL_Jsmg standard solid-state reaction process. The sputtering
cFamber was evacuated to a base pressuzexaf0—° torr. All

namic random-access memories (DRAM’s) because of its hig hns were prepared at fixed power of 100 W (power density

dielectric constant, low Ieakage_ current dgnsny, high d|electri|é: %.26 Wicrd) and constant pressure of 10 mtorr which was
breakdown strength, paraelectric perovskite phase that does hg

. . 0 0
exhibit fatigue, aging and the ease of composition control Dmamtamed by a mixture of 50% Ar and 50% (xygen flow

o . . 0 ;
[2]. The electrical characteristics of BST thin films greatly de- ing ratio G/(O; + Ar) (O.MR) Is 50%) with a toFaI flow

- . . of 20 sccm. All of the BST films have the same thickness of

pend on the deposition conditions (sputtering power, substrate

. . round 80 nm. The substrate temperature of the sputtered BST

temperature, sputtering ambient, gas pressure etc.) [3]-[7], the

- o iIms was at 500°C. The composition of sputtered films was
composition of the BST thin films [8], [9], the bottom elec- - N . . .
trode materials [10]-[12], e.g., Pt, Pt/Ta, PUTIN/Ti, Pd/Ti, P a/Sr= 0.47/0.53 on the basis of ICP analysis. The BST thin

etc., post-annealing condition [5], [13]-[15], and the electric i msowe_re post-annealed at temperatures ranging from 500 to
. . : 00 °C in O, atmosphere using a quartz glass tube furnace
degradation and breakdown for ceramics of perovskite-type fj- . : .
. N) for 20 min. Then, the 50 nm thick top Pt electrodes with
tanate [16]-[18]. In these BST materials, a dc stress causes{e- .
. : . . lameters of 165, 255, and 30n were formed by sputtering
sistance degradation, characterized by a slow increase of the

o : and patterned by the shadow mask process.
leakage current after a characteristic time. The resistance degraI:he flm thickness was determined from ellipsometry

dation of BST films is characterized by extreme lowering of thtlehe structure was characterized by X-ray diffraction (XRD
resistance when simultaneous temperature and dc field Stres%%%ens D5000). Depth profiles of oxygen near the inter,-

face of BST/bottom electrodes were analyzed by secondary
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Fig. 1. Leakage current-stress time properties of BST films deposited &G0 (a) Pt, (b) Ir, (c) Ru, and (d) Ir* under different dc stress fields.

without bias voltage. The dielectric properties were measurafter post-annealing were stabler than BST on Ru. The details
as a function of frequency with a Hewlett-Packard (HP) 4194%ere given in reference [19], [20].
impedance-gain phase analyzer. The current-voltdgé ) Fig.1(a)—(d) show that thé— characteristics of BST de-
and current-time I~) measurements were performed byosited on Pt, Ir, Ru, and Ir* (BST on Ir annealed at 6@0for
measuring the current through the sample with a HP41458) min in G, ambient after deposition) under different dc stress
And the leakage current at positive bias, the electrons fldield. The responses are substantially the same as those reported
from bottom electrode to top electrode. by Waser for SrTiQ thin films with a thickness of 200 nm [21].
Fig. 1(a) shows that the leakage current of BST deposited on Pt
under 1.5, 2.0, and 2.5 MV/cm dc stress fields slowly decreased
with stress time. And the leakage current of BST deposited on
The bottom electrode had a pronounced effect on the diel&t-under 3.0 and 3.3 MV/cm dc stress fields slowly decreased
tric constant and the leakage current density of the BST filmgth stress time in the beginning stage of the stress, and then
measured at 100 kV/cm with delay time 30 s. The dielectric cothe current stopped decreasing further, and gradually increased
stant and leakage current of the films were also strongly depeip- to the breakdown. For a field less than 2.5 MV/cm, only
dent on the post-annealing conditions. BST thin film depositetbw decrease of current without any significant current degra-
on Ir bottom electrode at 500C, after 700°C annealing in @ dation was observed within the measured time range. Fig. 1(b)
for 20 min, has the dielectric constant of 593, a loss tangeanticates that the leakage current of BST deposited on Ir under
of 0.019 at 100 kHz, a leakage current densityl &f x 10~% 2.5 and 3.0 MV/cm dc stress fields slowly increased with stress
A/cm? at an electric field of 100 kV/cm with a delay time oftime. Fig. 1(c) shows that the leakage current of BST deposited
30 s, and a charge storage density of 53:f67 at an applied on Ru under 0.5 MV/cm dc stress field slowly increased with
field of 150 kV/cm [19]. The BST films deposited on Ir withstress time. And the leakage current of BST deposited on
post-annealing can obtain better dielectric properties than Ba under 0.25 MV/cm dc stress field slowly decreased with
other bottom electrodes in our experiments. And Ru electrogeess time in the beginning stage of the stress, and then the
is unstable because the interdiffusion of Ru and Ti is occurredrrent stopped decreasing further, and gradually increased up
at the interface between the BST and Ru after post-annealinghe breakdown. For a field less than 0.25 MV/cm, only slow
[19], [20]. The leakage current of BST thin films was expectedecrease of current with a very small current degradation was
to be affected by the contact potential barrier and polarizatiobserved within the measured time range. From the leakage
loss. The BST films deposited on Pt, Ir, k@, and RUQ/Ru current versus stress time data, the BST thin film deposited

Ill. RESULTS AND DISCUSSION
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Fig. 2. SIMS profile of BST deposited on (a) Ir, (b) Ir after 60C, O*
annealing.

on Pt has the smaller resistance-degradation and the BST fHfh3 Barrier heightof ‘metal-h type-n type”and “metal-n type” structures.

film deposited on Ru has the larger resistance-degradation. Fig.

1(d) shows that the leakage current of BST deposited on ktcumulation of the oxygen vacancies at the BST/Ir interface.
under 2.125 and 2.5 MV/cm dc stress fields slowly decreasgHerefore, the interface of the BST/Ir has reduced accumula-
with stress time, and then the current slightly increased aroutish of oxygen vacancies after post-annealing. The BST film
500 s. And the leakage current of BST deposited on Ir* undginds to show am-type conductivity because the oxygen
3.0 and 3.123 MV/cm dc stress fields slowly decreased wittacancy acts as a donor dopant. The higher concentration of
stress time in the beginning stage of the stress, and then gxggen vacancy accumulated at the interface tends to show
current stopped decreasing, and gradually increased up to &hert-type conductivity (Fig. 3). Hence, the BST/Ir structure
breakdown. For fields less than 2.5 MV/cm, slow decreagefore post-annealing are similar to the “metal-type-n

of current with less current degradation was observed withifpe” structure whereas those after post-annealing are similar
the measured time range. The leakage current versus stigsghe “metal-n type” structure. On the basis of the point of
time data show that the BST thin film deposited on Ir* hagiew of the physics of semiconductor devices, the “metal-n
the less resistance degradation than the BST on Ir, becaygse-n type” structure will result in barrier height reduction,
of the formation of IrQ at the interface of BST and Ir* will which leads to larger barrier height occurred in the “metal-n
suppress the accumulation of oxygen vacancy [20] and hengge” structure, as shown in Fig. 3. Therefore, the leakage
the degradation caused by the deterioration of Schottky-barrigirrent of BST on Ir after post-annealing decreases with the
would be smaller than those on Ir. annealing temperature [19], [20], because the barrier height of

For understanding the effect of annealing on the dielectd®ST on Ir after post-annealing increases with the annealing
properties and reliability of the BST on Ir bottom electrodeggmperature. The reliability of BST on Ir were further improved
we compare SIMS data of BST films before and after afy post-deposition annealing in,@t 600°C for 20 min.
nealing [Fig. 2(a) and (b)]. From SIMS data, we observed that The leakage current versus time of BST films under different
the oxygen concentration at BST/Ir* interface is larger thaghc stress is shown in Fig. 1. The leakage current decreased with
the oxygen concentration at BST/Ir interfaces, as shown stress time under “low dc stress field” (no degradation) which
Fig. 2(a) and (b). The Ti and Ir profiles of BST on Ir remairis called the charging current [22]. The leakage current gradu-
the same but the oxygen concentration at the interface slighéljy increased up to the breakdown under “high dc stress field”
increases, that is, a IgOlayer is probably formed. Fig. 3 is (with degradation), because that the migration and creation of
provided for further explaining the effect of the change in thexygen vacancies under high dc stress field would occur and the
interface due to annealing on the properties of BST films. Tloxygen vacancies migration toward the cathode and pilling up of
thinner interfacial layer of Ir@ are suggested to suppress thexygen vacancies near the cathode certainly lower the resistance
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Fig. 4. Leakage current-electric field properties of BST films deposited at 806n (a) Pt, (b) Ir, (c) Ru, and (d) Ir* under different dc stress fields with 500 s.
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of the Schottky junction which would increase the leakage cur-
rent. The resistance degradation can be better understood from
the band diagram of BST thin films, which will be described in
Fig. 9.

Fig. 4(a)—(d) depict that the leakage current with delay time

'Y
T

—
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30 s of BST deposited on Pt, Ir, Ru, and Ir* bottom electrodes, 10°F Ir t
under different stress field with 500 s. Fig. 4(a) shows that Ru
the leakage currents of BST on Pt under 1.5, 2.0, and 2.5 10°F

Ir*

Characteristic Time ( sec )

MV/cm stress fields have no degradation and leakage current
degradation has already occurred in the film after 3.0 and 3.3 10 . . .
MV/cm stress fields. Fig. 4(b) shows the larger degradation on 00 1.0 20 3.0 40
the leakage currents of BST on Ir under 2.5 and 3.0 MV/cm Electric Field (MV/em )
stress fields. Fig. 4(c) indicates that the leakage currentsFof o _ o
BST on Ru under 0.25 MV/cm stress field have no degradatio'r[f" 5. Characteristic timé.,, ) is dependent on the electric field.
and leakage current degradation has already occurred in the
film after 0.5, 1.06, and 1.17 MV/cm stress fields. This ithe time when the current density shows a value larger than the
(Fig. 4) in good agreement with the results shown in Figs.rhinimum by one ordefx10) under dc stress. The character-
and 8. Fig. 4(d) shows that the leakage currents of BST on lstic time(¢,) increased with the decrease of the electric field.
under 2.125 MV/cm have only slight degradation. The BST ofhe BST on Pt, Ir, and Ir* have longer characteristic tirtigs)
Ir* under 2.5 and 3.0 MV/cm stress fields have degradation tifan those on Ru, hence the BST thin film deposited on Pt, Ir,
leakage current and it is smaller than those on Ir. Therefoad Ir* has the smaller resistance-degradation and the BST thin
the electrical characteristics (e.g., high dielectric constant afildh deposited on Ru has the larger resistance-degradation. The
low leakage current) and reliability of BST on Ir were furtheresults indicated in Fig. 5 have a good agreement with the re-
improved by post-deposition annealing in & 600°C for 20 sults shown in Figs. 1, 4, and 8. This phenomenon implys that
min. The details were given in the analysis of Figs. 1-3. the Schottky-barrier of BST might be affected by dc stress. The
Fig. 5 indicates that the characteristic tifig,) is dependent higher Sckottky-barrier has the less resistance-degradation (The
on the electric field. The characteristic tiniey,) is defined as difference in work functions which are, respectively, 5.6, 5.35,
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Fig. 6. Leakage current—electric field properties of BST films deposited at 60gh (a) Pt, (b) Ir, and (c) Ru under different measurement temperatures.

and 4.8 eV for Pt, Ir, and Ru). Hence, BST on Pt has less re- 10° ey
sistance-degradation and long characteristic time. And also the Ea(In) : 0477 e.V.

BST on Ir* has less resistance degradation than the BST on Ir. , g:gfu;‘:}‘;‘evv PGOMViem)
The resistance degradation can be better understood from the 10°F \E
band diagram of BST thin films, which will be described in Ir* (3.0 MViem)

Fig. 9.

Fig. 6(a)—(c) show that the leakage current with delay time
30 s of BST, deposited on Pt, Ir and Ru bottom electrodes at
500 °C with 50% OMR with Pt top electrode, under different
measurement temperatures. The asymmetry of leakage current
exists [19], [23], because the potential barrier formed at the in- A
terface between the top electrode and BST is not as high as that 100 .
at the interface between bottom electrode and BST [19], [23]. 23 30 1 33
The leakage currents at positive bias of BST on Pt have a little 1000/T (K )
change at various temperatures [Fig. 6(a)]. However, the IeakaF(YI;ge7 Characteristic i is dependent on the t ‘
currents at positive bias of BST on Ir have more changes at var- aracteristic iméf.»,) is dependent on the temperature.
ious temperatures (espectially at 180) than those of BST on
Pt [Fig. 6(b)]. The leakage currents at positive bias of BST on Fig. 7 illustrates the Arrhenius plot of the resistance degra-
Ru have the most significant changes at various temperatudagion for the BST thin films deposited on Pt, Ir, Ir*, and Ru.
among three different bottom electrodes. The results show tidie characteristic timét.,) is dependent on the temperature
the Schottky-barrier of BST might be affected by temperatuesnd shows a linear behavior, well fitted by the Arrhenius equa-
and the BST thin film deposited on Pt would have the smaller réen; ¢, = cexp(Ea/kT), wherex is the overall coefficient,
sistance-degradation for thermal breakdown (temperature) dfalthe activation energy,the Boltzmann constant afitthe ab-
the BST thin film deposited on Ru would have the larger resiselute temperature. Thg,, decreased with the increase of the
tance-degradation for thermal breakdown. temperature. The activation energies of the BST deposited on

Ir (3.0 MV/em ) A
r{3. em e g
1 02 | /\r\/’/.‘

o e
s

" Ru(1.14 MV/em)

Characteristic Time ( sec)
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8.9 cm/MV for BST films on Pt, Ir, Ir*, and Ru, respectively.
From the estimated datg the BST films deposited on Pt, Ir, and

Ir* have a longer lifetime at lower operating voltage than that on
Ru. The values gf for BST on Pt, Ir, and Ir* are about a quarter
of that for BST on Ru. The different value gfobserved under

dc stress indicates that the degradation of BST on Ru would be
more serious than on Pt, Ir, and Ir*, which is in good agreement
with the results shown in Figs. 1-7. It has been reported in [25]
that the value of7 at 27°C for BST on Ir was evaluated to be
2.5 cm/MV, which is resonably close to our value. Tetal.

[23] assumed that the main conduction in the BST thin films
deposited at higher OMR (40%—-60%) is the thermionic emis-
sion of electrons from cathode electrode into the BST thin film
(Schottky emission). Therefore, the Schottky interface-barrier
Fig. 8. Time to breakdown of the BST films on various bottom electrodes g\s{omd lnfluence the — V' CharaCterlSthS_- Th_e tlme-dependent

a function of stress field. dielectric breakdown (TDDB) as shown in Fig. 8 is also refered
as resistance degradation of dielectrics which shows a slow in-

Pt Ir and Ir* under 3.0 MV/cm stress are 0.478 eV. 0.477 eg'€ase of leakage current under dc field stress, hence it is con-
and 0.477 eV, respectively. The activation energy of the B ered that the degradation of BST films was caused by the de-
deposited on Ru under 1.14 MV/cm is 0.392 eV. The BST &ﬁrioration of Schottky interface-barrier. On the other hand, the

Pt showed longet.;, of the degradation at the same bias angolarization enhanced electron transport (dielectric relaxation
temperature TheCéST on Pt, Ir, and Ir* exhibited longar current) under long-time dc stress would also cause the decrease

than that on Ru at the same temperature. The results dem%frF-he values of interface-barrier height and the depth of the trap

strate that the BST capacitors on Pt, I, and Ir* have less defenter level [23]. Under dc stress conditions, the dielectric re-
rioration of resistance to dc voltage stress compared to that!gation currentin the BST dielectric films probably enhances

Ru at elevated temperatures. The results shown in Figs. 6 4hg deterioration. N ,
7 are in good agreement. It has been reported that the activ,a-!-he theories pmp,osed for explgunmg the degra}datlon megha-
tion energy of the 18% OMR BST deposited on Pt at 660 NiSM of perovskite titanates may |r_lclude two major categone_s:
is 0.8 eV at 100 kv/cm [23], which is different from our datgd"@in boundary model and reduction model [18]. In the grain
0.478 eV at 3.0 MV/cm. This difference might be attributed tgoUndary model, a dc field induced deterioration of the grain
the differences in grain size and stoichiometry between filnpoundaries is responsible for the degradation phenomenon. The
fabricated at various processing conditions [24]. The activatigpede! assumes that the grain |n'd|.electr|c.: ceramics is a resistor
energy 0.478 eV at 3.0 MV/cm indicates much less temperatlré?nd the grain boundary is a thin insulating layer R. There are
sensitivity than the 0.8 eV at 100 kV/cm [24], hence our film ha@1any of RC series equivalent circuit in paralled throughout the
less deterioration of resistance to dc voltage stress at elevaiSfMIC. Based on the equivalent circuit analysis it indicates

temperatures than that reported in reference. The grain sizd/§t 9rain boundary plays a prominent role in the degradation

BST deposited on Ru has a larger value of 18 nm, while th&k the ceramics. Higher breakdown strength is obtained with

of BST on Pt and Ir has the smaller values of 7 nm and 12 nf€creasing grain size. In the case of the reduction model, the
The resistivity of BST deposited on Ru has a smaller value BpSitively charged oxygen vacancies with relative high mobility

7 MQ-cm, while that of BST on Ptand Ir has the larger values &iectromigrate toward the cathode under dc electric field. The
24 MQ-cm and 20 M2-cm. Hence, the BST capacitors on Pt, 10XY9en vacancies then pile up at the front of cathode and are
and Ir* have less deterioration of resistance to dc voltage str&@npensated by the electroninjected from cathode. On the other
compared to that on Ru at elevated temperatures. hand, at the anode, an electrode reaction leads to generation of

Fig. 8 shows that the breakdown time under a given dc stré88/9€n gas and electrons, leaving oxygen vacancies behind, and

for BST thin films deposited on the different bottom electrode§2Y cause an oxidation of electrode material. The reduction

which predicts the ten year lifetime at 1 V operating voltag&€@ction leads to a growth of n-conducting cathodic region to-
It indicates that the BST films on Pt. Ir. and Ir* have a Ionge‘P’ard the anode, and to an increase of the electronic conductivity.

lifetime than the BST on Ru. We can describe the breakdovW?e net 'result iS, that the space charge accumulation at gra'in
time, ¢z, of each film in terms of the empirical equation boundaries and interface of BST and metal reduces the grain
boundary height and interface barrier height, and increase the
tp = aexp(—fSE) (1) leakage current. The experimental resultsin our study are related
to the grain boundary model and reduction model: 1) the BST
where« is preexponential factoy; exponential factor, and’  on Pt has more “grain boundaries” than BST on Ru because the
electric field. On the basis of the results shown in Fig. 8, thgrain size of BST on Ptis smaller[19], therefore, the BST on Ptis
values of« at room temperature are estimated to&4l x expected to have longer life-time on the basis of grain boundary
10%,8.35x 10%,8.36 x 10%, and1.78 x 10° s for BST thin films model, which was verified by the result indicated in Fig. 8, 2) the
deposited on Pt, Ir, Ir*, and Ru, respectively. And the values &ST on Pt has higher “interface barrier” than BST on Ru, as the
/3 at room temperature are estimated to be 2.33, 2.37, 2.36, avatk function of Pt is larger than that of Ru. It is considered that

Time to Breakdown ( sec)

0 . M S
00 1.0 2.0 3.0 40 50
Electric Field (MV/cm )
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rioration of Schottky-barrier. On the basis of reduction model,

this deterioration due to the accumulation of oxygen vacancies

at the interface which reduces the barrier height and increase

the leakage current. Therefore, the experimental result shows Cathode
that the BST on Pt processing higher Schottky-barrier have less

degradation, which is in accordance with the reduction model,

and 3) the polarization enhanced electron transport in BST film

on Ru is predicted to be more serious than that of BST on Pt

because the polarization of BST on Ru is higher than thatin BST

on Pt[19]. The effect of space charge (oxygen vacancy) accumu-

lation at grain boundaries leading to reduce the grain boundary Dielectric film
height and increase the leakage current is expected to be smaller

here, because the 50% ON.IR .BST employed in th.e present Stlllg . 9. Schematic of band diagram for BST thin film capacitor for explaining
has been reported to contain little oxygen vacancies [23]. Hengghduction and resistance degradation.

the BST film on Pt has smaller degradation and longer life-time,

and the BST on Ru has more degradation and shorter life-time. , . ) .
And the degradation of BST on Ir is between the BST/Pt alipt able to be directly derived from the available degradation

BST/Ru, because the number of grain boundaries interfd@@dels of the deterioration of Schottky junction. The detailed
barrier height and polarization enhanced electron transpgftdy Of migration and creation of defects, such as oxygen va-
(relaxation current) of BST on Ir are between the BST/Pt aif@"'CIeS, is suggested to be important for providing possible ex-

BST/Ru. The dielectric constant and leakage current of BST planation about the resistance degradation phenomena of the
Ir were further improved by post-deposition annealing inad 51 flMS.

600—-700°C for 20 min [20]. The TDDB life-time of BST on Ir*
exhibit better reliability under long-term electrical stress than IV. CONCLUSION

that on Ir. The formation of IrQin the interface of BST and Ir* We have demonstrated that the bottom electrodes appear to
can suppress the accumulation of oxygen vacancy, thus redugage a strong influence on the degradation and breakdown prop-
the deterioration of Schottky-barrier and the degradation.  erties of the BST thin films. The BST film deposited on Ru
Among various conduction mechanisms related to the currefys faster degradation than those deposited on Pt, Ir, and Ir*.
flow through a dielectric film under a dc applied stress, we prarhe relation between the breakdown tintgsand the dc elec-
pose that Schottky emission can explain our results better, sifge field £ were well fitted by the empirical equation; =
the net current across the dielectric is usually more sensitivef@xy,(—3E). The value of the exponential factgr for BST
electrode materials. Therefore, the Schottky current is the dogeposited on Pt, Ir, and Ir* was about a quarter of that for BST
inant current for the field region considered, although barriegs Ru, which indicates that the degradation of BST on Ru would
formed in grain boundaries probably also affect the carrier cope more serious than on Pt, Ir, and Ir*. The BST film on Pt has
duction. For the BST films used in this work, the decrease of tighger lifetime than those on Ir, Ru, and Ir*, which was ascribed

resistance in the Schottky barrier between the cathode (botte§smaller grain size, higher Schottky barrier, and less polariza-
electrode) and the dielectric seems to be the main cause of thgjgsy enhanced electron transport in the film on Pt.

sistance degradation, in accordance with the conduction mecha-
nism. We deduce a flatband model for metal-BST-metal system. REEERENCES
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