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ABSTRACT \&\
We present t evn%ction mechanisms of Ba,;Sri;3TiO;s thin films integrated in
metal-insulator-metal ( )/ capacitors and the modelling of the frequency-dependent
£
electrostrictin/e%“a es/(in the 100 MHz -10 GHz domain) induced in the devices upon

applying different voltage biases. Au/BST/Ir MIM structures on MgO substrates have been

fabricdted and, pending on their specific polarization, we highlighted different conduction

chanisms.ifi the devices. Depending on the dc bias polarity, the conduction current across

“the rial shows a space-charge-limited-current behavior under negative polarization, while
de)

\

positive bias the conduction obeys an electrode-limited Schottky-type law at the Au/
BST interface.
The application of an electric field on the device induces the onset of acoustic resonances
related to electrostrictive phenomena in the ferroelectric material. We modeled these acoustic
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Publi shing resonances over a wide frequency range, by using a modified Lakin model which takes into

account the dispersions of acoustic properties near the lower electrode/ thin film interface.

I. INTRODUCTION
Ba,Sr;4TiO; (BST) thin films are receiving considerab cwation as high-

potential solutions for the conception of tunable devices in the microwaves and even the

millimeter-waves '~. When integrated in capacitive metalAnstlator-metal (MIM) structures,
BST films are changing their permittivity upon application-of aDC electric field, resulting in
the modification of the overall capacitance of the.M de)rice with ratios up to 5:1 ®.
Different ferroelectric thin layer compositions have eer;)tudied in detail > '". These barium

L
contents can impose a specific state of he\ﬂ{ terial (in ferroelectric or paraelectric

forms) at room temperature. i\

The research presented in this papee&\\?:@a and high-frequency characterization of BST
material integrated in tunable stype varactor devices) is a necessary step for the
integration of the presente(mnts in compact and low power consumption high-
frequency devices. T ﬁ%d specific goal is to realize a reconfigurable antenna exploiting
the agility of BST,_materialssintegrated in MIM devices. The integration of a tunable BST-
based capacitance, within an antenna will reconfigure its working frequency for wireless

communi 'Qon the ISM band going from 2.4GHz to 2.5GHz. To be competitive with other

co{np?e ts such as AsGa varactor diodes, the BST capacitors need to have low

12-14

losses whﬂe aving a good tunability and reliability . Two factors are directly influencing

—
bothghe ST losses and reliability: leakage currents of the MIM capacitances and the onset

S acoustic resonances at high frequencies. The global understanding and characterisation of

-
these two phenomena are important and necessary steps for improving the quality of the BST
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Publi shlng layer in order to obtain the best adapted capacitance value of the devices on the ISM band

and, at the same time, the lowest losses in the same frequency band.

Depending on the electrode’s type (noble metals, rutile-type oxides or complex perovskite
oxides like LaNiOs or SrRuO; "> ~'7, typical conduction mechanisms proposed for BST thin
film capacitors include film/electrodes interface- dominated Schottky CM bulk-related
mechanisms like space-charge-limited conduction (SCLC) ' Frenkel conduction *
etc. For MIM capacitive structures, the electrode nature is re 1 uencmg the properties

of the devices. Moreover, a variation of both latti¢e“parameter and thermal expansion
1m>0

coefficient between the electrode and the film c n.c rtant variations of dielectric

properties and increase significantly leakage ‘) Thus, interfacial layers between
electrodes (the upper and/or the lower on@)@ T ﬁlm have a significant impact on the
degradation of dielectric BST thin fil 2 . eason of this degradation can be explain by
the bias drop across the interface, \y) the' occurrence of a depolarizing field near the
electrodes. Indeed, when a diele aterial is submitted to an external electric field, the
dipoles induced in the matena%&te a depolarizing electric field, which tends to oppose
the external field an thth\tributes to the fall of the polarization at the interfaces ** .
Consequently, th 'ntcrfac? ayer shows a much lower permittivity than the rest of the film

and can be considered asta series parasitic capacitance, which may greatly reduce the material

permittiyi aa therefore the capacitance of the BST device.

£

esides onset of leakage currents, an acoustic phenomenon occurs when applying DC
“bias ages for tuning the BST permittivity within MIM structures. The magnitude of the
lied electric fields breaks the central symmetry of the crystal and induces acoustic-type

2730 which are a combination of electrostrictive and piezoelectric

Ny
resonance phenomena
effects >'**. These bias-induced electrostrictive phenomena are resulting in non-linear effects

such as instabilities of the device capacitance and increased losses at specific resonant

3
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Publishin g frequencies in the microwave domain. Although these acoustic resonance phenomena can be

appropriately used to develop voltage controlled resonators or filters *> *°

they may become
easily a critical issue for high-frequency applications where losses, stability and linearity of

the agile capacitors are essential. /

N

A Dbetter understanding of this phenomenon on a wide fre eD range (especially at

permittivity, acoustic velocities and impedances, etc.),.as | as<device designs (type of
_—

c
microwave frequencies) requires to take into account Variozz- | properties (thicknesses,

electrodes, electrode/ BST film interfaces, etc.). Lakin ctal *’ d%veloped a convenient analysis
of these acoustic resonances induced by polarizatgaﬁeldj. The model is using the electrical
impedance description of each layer of thel ferroe th? MIM capacitance considered as a
parallel plate composite resonator. How, V&me modeling of such acoustic phenomena

was performed only for the firs aa%s esonance appearing in the device response

{1
it
corresponding to a limited frequ s;d\o ain ™.
The present paper focuse sport properties and mechanisms for leakage current of
asymmetric Au/ Bay3Sr /ﬁi% Ir ferroelectric capacitors as well on the broad frequency band
modelling of theip'electrosirictive behavior at different applied biases. Although there is a

£

significant number o su‘ﬁs concerning the electrical properties of the Pt / BST interface >
#  the elegfrical properties of the It/ BST system (Ir as bottom electrode) are less described in

the 1i ratuge <

- 4
wdemonstrate, that the interfacial Ir electrode/ BST film layer plays a fundamental
ﬁ

role yithin the Lakin formalism for properly model the additional secondary harmonic

wa@usﬁc resonances of the electrostrictive responses in the MIM device, on a broader

frequency domain.
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II. EXPERIMENTAL PROCEDURE /
In order to characterise the electrical transport properties of the M we fabricated
MIM structures and evaluate their current-voltage (I-V) chagacteristics. The fabrication

process starts with the deposition of an optimized iridi M ectrode (100 nm) by

-~
radiofrequency magnetron reactive sputtering, at 600°C, on a %g (100) substrate. It follows

p— .

the deposition of the BST layer by pulsed laser d osition ) from a Ba,3Sr;3TiO5 target
using a KrF (248 nm) excimer laser with a plk\%&: 10 Hz and a fluence of 4.5 J/cm®.
During deposition, the substrate was kept% oxygen atmosphere (ambient pressure
of 0.3 mbar). The deposition tim V:W&m 30 and 60 min with a target-substrate

distance of 5 cm, resulting in BST filmthicknesses between 200 nm and 1450 nm. Following
W

their deposition, the BST fi ctured in square patterns (100 x 100 pm?) using a

photolithography step and wet etching. A 200-nm thick gold (Au) electrode with 10-nm thick
Ti adhesion layer was hermally evaporated and patterned by a lift-off process on the
top of the BS?att { Tpé surface of facing top and bottom electrodes is 30um x 30um and

the typicaQﬂog the obtained MIM devices is depicted in Fig. 1.

'Y

Au/ Ti

= MgO
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FIG.1. Schematic view of the fabricated MIM device and the associated optical microscopy top-view image. TE: top
electrode, BE: bottom electrode.

DC and high-frequency characterization studies of the fabricated ferroelectric devices have
been conducted at different temperatures and for different polarization voltages. The DC
characterization allows extracting the current-voltage (I -V) char?oferistics of the MIM
devices and was performed using a probe station connected to a K thlsyE\L{A sourcemeter.
The device temperature was controlled using a Peltier mo&;le\ﬂced underneath. The
response of the device in the high frequency domain (100 MHz- LQE z) was recorded using
a Rohde & Schwarz vector network analyser ( )ﬁt)y uring devices’ reflection
coefficient S;; (magnitude and phase) under diffe@elec teal fields applied between the top
and the bottom electrodes (using a GSG (Ground=Signal-Ground) probe and an external bias

Tee). For both the DC and RF measurements, top gold (Au) electrode was biased either

negatively or positively. i\

S
III. RESULTS AND DISC‘&O

A. DC electrical conducti&b%h@nisms

The current density ghrough the MIM device is defined as the ratio between the current and

7%

the square surface/©f fapin léctrodes can be deduced from the current-voltage measurements

and plotted a@ plied voltage. The interpretation of current density results reveals
specific @ijn mechanisms between metal (electrodes) and insulator (BST) which are
i linked touthe metal/ insulator contact: neutral, blocking or ohmic. In this framework,

uction mechanisms can be distinguished: the conduction mechanism limited by

“electr / film interfaces and the bulk limited conduction mechanism. The first one drives
conduction when the metal/ insulator contact is either neutral or blocking while the second

one 1s observed for ohmic contacts.
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Publi shing The log-log current density as a function of the applied voltage characteristics have been
obtained for I-V measurements performed on a 450 nm-thick BST MIM device, for

temperatures and DC bias voltages ranging between 293K and 333K and from -4V to 30V,

respectively. /
el
e a

For negative bias voltages applied to the top Au electrode (withélr }tr%t 20V), Figure
2 (a) shows that the current density is rapidly increasing w%\

lied voltage. Since
current values are limited by the sourcemeter to 1.5 mA (in ‘?eﬁtravoid additional heating
_—

and current breakdown phenomena in the thin film due highjeakage currents), the value of

-4V is the lowest applied voltage which could be r(@urﬂ)
-
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FIG. 2. Log-log representation of current density as a functign of bi s’:/]tage applied to the top Au electrode for (a)
Eﬂ'rages.

negative and (b)gpositive bias v
In this case, the bias voltage evolutio and)‘\te'lmerature dependence can be related to a

\
conduction mechanism limited by th@%lt ces and particularly to a Schottky emission

—
mechanism ', Indeed, the Sch Nggect corresponds to an injection of charges in the

dielectric by passing above tial barrier represented by the interface **. In this case,

the current density fi Gvo%temperature and electrical field evolution described by the
equation (1).
£
AN
* 0 qE
J=A exp| —— - [ 1
Q kT (o8 \/ 41T808r):| W
£
- 4

here 5* is the Richardson’s constant, T the temperature, qd)% the potential barrier height,
ﬁ

E thelapplied electric field and &, the relative dielectric permittivity of the BST material. The

S application of an electric field reduces the potential barrier and thus favours this type of

charge injection.
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The Schottky barrier is formed because the metal work function of gold electrode (®a,= 5
eV) is larger than the electron affinity of the BST film (ygst = 4.1 eV). Consequently, in order
to extract the apparent potential barrier at the BST (450 nm)/ Au interface, a Schottky

mechanism can be considered in the case where the applied bias Volta?on the MIM device is

negative. The equation (1) can be also expressed as follows: 3\

J .
ln(?) =In(A ) - %(bapp Q} (2)
)

—
Where q@p,, 1s the apparent barrier height, defi d-a(gﬂd&ug to the equation (3):

)
<

(I)app = (I)OB - L \‘\\ 3)
N

4nepe,

The apparent barrier height c@ﬁfed with the slope of the In(J/T?) versus 1000/T

representation which is pl&‘%i re 3 for different bias voltages. These plots are
reasonably linear in t}riKtigate emperature domain.
4
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FIG. 3. Ln (J/T?) representation as the function of 1000/T for different negative bias voltages; inset: Evolution of
activation energy as a function of DC bias.

The Schottky barrier height is the energy difference between the metal work function of Au
and the electron affinity of the BST film and corresponds to the height of barrier that have to
cross the charges when passing into the dielectric. It can be obtaingd by extrapolating the
electric field to zero in the description of the apparent barrier hei Ej'he endence of the
apparent barrier height on V72is represented in the inset of Figure.
~
The extrapolation of the ®,,, =f (V'"%) at V'* = 0 @lfows tosextract the Schottky barrier

height, with a value of 1.39 eV at the BST/Au jnterface. This value is in agreement with

. . 4
previous results on similar systems *°. \ D

The current-voltage evolution is dif] reh& a positive polarization (top Au electrode at
\
0

positive bias and bottom Ir electro QSV, igure 2-b). A different conduction mechanism
.

may be clearly noted and the Fi 4 describes the log-log evolution of the current density as

a function of the positive elecﬂﬂ'\\ﬁs}d\for a MIM device integrating a 450-nm BST thick film,

at 303 K. We observe/t r a low bias voltage, the leakage current densities were below

4x10™* A/em® and egiﬁm mechanism is ohmic (slope = 1 on Figure 4). Between 3.5 V
earl

and 5.5V, we' ¢l bsérve a transition to slope values greater than 1, reflecting a non-

ohmic re onwnder igher voltages, the log J-log V curve slopes are equal or greater than 2

and définesa bulk:type conduction regime which agrees well with the Space Charge Limited
y,

Clirrent _S LC) with deep traps mechanism 18,47

S

NI
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FIG. 4. Log-log plot of the current density vs the positive bias vo('qge for the MIM device integrating a 450-nm thick BST
film, at K.
L
Indeed, the SCLC theory describes the%@ ent evolution according to the electric

field by the relation **: N

\\‘ ~

9

] % )

Where ¢; is the rel % vity of the material, gy the permittivity of the free space, u the
~ 4
tio of fre

mobility, 0 the #a ?‘to trapped electric charges and d the film thickness.

At low bi Vhﬁ&lg},\@e injected carrier density is negligible compared to the intrinsic carrier

density’ and conduction is ohmic (slope equal to 1 in the J-V log-log representation on

Figure 4). heféCLC regime occurs when the concentration of the built-in space charge cloud
aneargthe }jected electrode is negligible against the injected charge density. The current

densi}y is following an E* dependence described by the equation 4 (slope around 2 in the log-

\ log characteristics).

11
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the amount of the injected charges is increasing and the density of free carriers injected into
the active region becomes larger than its intrinsic charge density. Above Vrrp all the trap

levels are filled and the device enters in a different regime (trap—free?ZLC or SCLC regime
If we consider the case of discrete shallow defect levels wi h‘i%\th%r lectric material (for
{Q

described by different trap level distributions) *'.

voltages up to VrrL), the density N; of the trapped charges ca expressed as:
_—

extracted value of VypL1s 5.5 V co ingto a N; value of 1.7%10% ¢m™ at 303 K, which

Where q is the charge of electron and \%experimentally deduced from Figure 4. The
E d

.
is consistent with previous repo bn{ ar materials *.

hvrther extracted from the expression of the ratio between

The trap energy level.E; can b
the density of free and t mlectrons, 0, which can be expressed as (6):
£
0=

4

< \ SN exp[;itl\;tEc)/ kT] (6)

K). )ssuming Ne = 10*"/em® "*'* e obtain the position of the energy level of traps with
\ respect to the conduction band energy level, Ec-E; = 0.16 €V, which is in the same order of

magnitude with those reported previously »,

12
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Taking into account the conduction mechanisms inferred for both negative and positive
polarizations, the proposed schematic energy band diagram of the Auw/ BST/ Ir capacitor is

presented on Figure 5.

Vacuum level

5.6eV

E;

ey

conduction mechanisms for an equivalent DC

FIG. 5. Energy bN of the Au/BST/Ir capacitor.

We obtained similar results (@nal
polarization) on MIM device$ incorporating BST films with different thicknesses.

%/
B. High-fréw\ﬂc racterization of the MIM devices

After 4a )ng the electrical characterization of BST thin films and the conduction
pheno né at}o metal-insulator interfaces, the next part of the paper will focus on the RF

-ﬁ
c racteriSatlon of the BST thin films integrated in MIM tunable devices.

ﬁ
r;n the measurement of MIM devices reflection coefficients S;; (magnitude and phase)

NS

under different applied voltages, we can extract both the global capacitance and the resistance

values > according to equations 7 and 8, respectively.

13
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Zo.(D.Im[ Hj
1+S
R eqs = Re(Zy1) = Re[ZO* 1 S“ ] (SX

= 3\

The capacitance values variation with the electric field are pkdxh igure 6 for different
thicknesses, of 200 nm, 450 nm and 1450 nm for the BST% that, the obtained films
—
are highly oriented and exhibit a (100) preferred orientation v&s’th small (111) contribution.

Irrespective of the ferroelectric film thickness,‘ the fabricated Ba,/;Sr;3TiO3-based MIM

devices show extremely high capacitance tuuinimirébtive capacitance variation goes up to

82% under an electric fields as low as ZZOM ich corresponds to an applied voltage of

only 10V for the 450-nm thick MI de}‘.{\
.

25—\ N— ‘ ‘
\\ —e= BsT200 nm
—— BST

450 nm |
-a=BST

1450 nm

- 4
KS % 100 200 300 400 500
Electric Field (kV/cm)

w ““. FIG. 6. Capacitance measurement as a function of electric field and for different thicknesses (maximum applied voltage

bias of 10 V for all samples).

The state-of-the-art literature reports presented in the introduction section describes the

relation between the degradation of both dielectric and acoustic properties of BST films with

14
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the presence of an interface layer. This degradation, introduced by the electrode: ferroelectric
film interface layer can be quantified by analysing its impact on the overall capacitance of the
MIM device. Following the formalism used in °', the capacitance measured for the MIM

structure (Cpeas) can be decomposed into the contribution of the BS} film and that of the

interfacial layer, according to the relationship (9): \

D,
1 11
. cte 3\

meas

K
—
Where Cieas corresponds to the measured capacitance &}ls @ (S is the surface of

the opposite electrodes and d the thickness of ‘M\SST&a.yer) and C; and C¢ are the interface

and ferroelectric layer capacitances, respectively.“if the thickness of the global structure (d) is
much higher than the one of the in ert&N@it can be approximated to the ferroelectric

film thickness, i.e. and the equation 9>or%s equivalent to the equation (10):

d 1
\ cas & f S f Ci
Therefore, the v atioy%\g characteris
1S

global thick«,s/

dielectricper

g(]
tic 1 /Cieas = f (d) for MIM structures with different

raight line whose slope is inversely proportional to the intrinsic

tivity of the ferroelectric layer, €. The figure 7 describes the evolution of

1/Cinezs= £(d) ctirve for BST films with different thicknesses of 200 nm, 450 nm and 1450

15


http://dx.doi.org/10.1063/1.4966942

AllP

Publishing

\J

| This manuscript was accepted by J. Appl. Phys. Click here to see the version of record.

0.15
R
”
~ ,’
T 01} s’
3 PR
= ’ /
- -’
8 7 )
£ ,v \
U P D
= 0.05 ’
»6
O C=38pF .
Qﬁ\
0 I il —
0 500 000 1500

Thickness (n

FIG. 7. Evolution of the inverse of capacitance (1/Cc.s) as aaction of BST film thicknesses.

The linear variation of the curve on Fig. 7\;@ ent with the series capacitance model

that assumes the existence of regions w Med dielectric properties close to the lower
electrode/ferroelectric interface. Sinc %ﬁi directly deduced from the y-intercept, we can
calculate the interface capaci anceN F. Moreover, the intrinsic permittivity of the BST

film (without the contribution o interface layer) extracted from the slope is & =2220 and

clearly exceeds the 11 relative dielectric permittivity &, (around 1000) obtained by taking

into account t of the interface layer. We can therefore conclude that the

nt{ibut}o

interface b tw?een

propertiés therefore cannot be disregarded when estimating the accurate dielectric
£ . .
properties of tb,é ferroelectric material.
-

-C. delhng of the electrostrictive phenomena in the ferroelectric-based MIM device

ectrode and BST film contributes to the degradation of the dielectric

ig. §is plotting the measured overall resistance of the tunable device for the 450 nm-thick
BST capacitor as a function of to the applied voltage. This resistance is equal to the real part
of the device input impedance, Z;;, extracted from the measurement of reflection parameters

Si1 according to the equation 8. Curves on Fig. 8 are exhibiting the onset of acoustic-like

16
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resonance effects when a DC-bias voltage is applied on the device, called electrostrictive
resonances ~* *. Therefore, the resistance values are corresponding to the global losses of the
capacitor device, i.e. including BST film losses, electrodes losses and electrostrictive effects.

The electrostrictive resonances are reproducible and both their res?ance frequencies and
amplitudes are linked to the BST thickness ®. Previous reports on these phenomena ** shows
that the main electrostrictive resonance is inversely proportion >0 the BST thickness.
However, the knowledge on only the first resonance f, qﬁE)cy not sufficient for the
integration of BST materials in practical devices like reconfigurable antennas or filters.

Indeed, in the case presented Fig. 8, the fabricated.tunable c)jpacitance could be exploited

only on the [3.8 GHz — 5.5 GHz] frequency rarige s eL(.:. side this domain the overall losses
are too high. The need to predict the onset@ndiequency domain of electrostrictive resonance

effects is therefore necessary for practical deviee implementations.

AL
NS

£

3 Frequency (GHz)

. 8. Frequency evolution of the input impedance Z;; as a function of the bias voltage for MIM device integrating a
450-nm thick BST layer.

“As indicated in the introduction part, the Lakin model *** is a simple and convenient
approach for the simulation of acoustic/ electrostrictive behavior of ferroelectric layers
integrating in MIM devices. The model is based on the acoustic transmission line

17
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Publishing transformation by considering the acoustic properties of each constituent layers (substrate,
electrodes, ferroelectric film). The electric impedance of the MIM capacitor is described by
the normalized acoustic load impedances z; and z, on each side of the ferroelectric thin film

sandwiched between the metallic electrodes (Fig.9). /

Zair

\\ |
FIG. 9. Equivalen @noelectric MIM capacitor.

The equivalent acoustic impedanc }V @ ice is described by the equation (11):

T N (zt+zb)*cos2¢+jsin(2¢) 11
‘" Gcet K (‘V])\C)M(Zt ) oS 20) ¢ iz, 2y +Dsin(2p)

where © is the la/fre cy, C is the global device capacitance, @ is the phase over the

BST layer de ne ¢ k ¢t /2 with k the wave vector and t the BST thickness, K2 (Vpc) is

the ele amcal coupling coefficient depending on the applied bias voltage Vpc, z =
t/ZBST, = /ZBST, where, Zgsr is the acoustic impedance of the BST layer while Zt and Z,
are the ac ustlc impedances of the top and bottom electrodes interfaces, respectively. Z; and

-

Zy aIS calculating by using the classical transmission line equation (12):

I

7 Zi + ZL tanh(yiti)

=7 12
int erface L(ZL+Zitanh(Yiti)) (2
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Publishing vi= aitjPi, is the propagation constant for each layer within the structure, with o; the
attenuation constant and P; the phase constant depending on the acoustic velocity, va.: Bi=

2nf/v,.. Typical acoustic parameters for each layers composing the MIM device are described

in Table 1. /
Table 1. Geometrical and acoustic parameters of the layers con@MlM stack.

&

Material | Thickness (um) | v, (m/s) *10 /m’&).
A

Au 0.200 2200 Fe2
o

BST 0.45 4400 \‘95.1

Ir 0.100 (oeo T 30

MgO 500 8000 |) 28.6

[ =

The Lakin acoustic model has bee '%ted and the Fig. 10 is comparing the

measurement and simulation resultsw k&2 art of the Z;, parameter for different applied
\ | | - | ]
|l <% Measurement

X
N>

DC bias voltage.

Frequency (GHz)

FIG. 10. Frequency evolution of the real part of the input impedance Z;; (modelled and measured) for different bias voltages.
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38, 41 .
™, we noticed a good

agreement between the implemented model and the experimental results for the main acoustic
resonance peak, around 2.3 GHz. However, the current implementation of the model fails to
correctly simulate the frequency position of the second acoustic?rmonic which has a
significant frequency shift and an important magnitude differ ceWring with the
measurement results. In order to explain this shift, Vorobiev etial scussed the possibility

of a frequency dispersion of the acoustic velocity in the fefro material, which would

—
explain in their case the frequency position of the second harmonig resonance.

Following this hypothesis, we further considered the rod)lction of an interfacial layer

(typically about 10 - 70 nm) in the elecrostrictiie m el‘l)yers stack at the Ir/ BST interface,
o

with dissimilar acoustic properties in com:w he main BST layer.

The different interpretations proposed ature consider this interfacial layer as a low

permittivity medium and referred to }»aQ rinsic layer °® 7. Moreover, Grossmann et al

Y

and Junquera et al **>° show a \p&e ion of ferroelectric properties in Pb(Zr,Ti)Os and
BaTiOs; thin film due to themf such interfacial layers. Based on the deterioration of
the ferroelectric pro rtiesxvthe Ir/ BST interface, it is conceivable to consider also a
modification of the acotistic properties of this interface layer.

Taking into dccount all*these considerations, the previous electrostrictive model stack was

modifie Q in Fig. 11) by introducing an interface layer with optimized acoustic

and Qge modelled input impedance of the modified layers stack within the MIM capacitance

are represented on Figure 11.
-
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12 T T . T . r . I
* Measurement
Model

Au BST  BST, Ir MgO

Frequepcy (G

FIG. 11. Frequency evolution of the input impedance (modelléd,and nigasured) for different bias voltages considering an
equivalent model of the MIM capacitor which,is incorpegating an Ir/ BST interface layer (inset).

It is obvious from the results presente -n.Ein that by taking into account an interface

layer at the I/BST boundary h speeific acoustic properties, the electrostrictive
.
resonances induced in the devic hs\b odelled not only for the first resonance peak but
also for the successive harmon \m@larger frequency band.
These results are im rt'efn\"S:)m the point of view of predicting and evaluating the overall
ency domain. Indeed, it should be remind that the real part of

device losses on lar%pr
the Zy; paraq/ eq /the equivalent resistance of the tunable capacitance. Within the

radiating enb::of\amable antenna, a resistance higher than 2 Q is not acceptable therefore

trostrictive resonances (frequency positions and amplitude) need to be predicted in
iss them from the working frequency band of the antenna.

t of this interfacial layer on the global acoustic properties of ferroelectric MIM
ices is still not completely documented, and its real nature remains a subject of discussion
in the domain. Nevertheless, different hypothesis have been proposed concerning its origin
such as: (i) the destruction of the polarization states near the interface >* i) the formation of

specific conduction mechanisms due to the difference in the band structure between the BST

Z1
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1860 or (iii) a thin layer adjacent to the electrode with particular

microstructure which behaves like a series capacitor °'.

The evaluation of the interface layer thickness using the electrostrictive model approach

described above allows obtaining further information concerning th?&electric properties of

this boundary layer. \

In order to have a rough size of the permittivity near the interface, t }ickness obtained from

the electrostrictive effects simulation was reintroduced /in the expressions defining the
H

interface capacitance (eqs. 9 and 10). Indeed, from the“curve,on Figure 7 describing the

variation of the BST measured capacitance (1 /C,C,: as unéion of the ferroelectric layers

thicknesses we may extrapolate it and extract the -'nte‘r)ept of the curve which is defining
L

the capacitance associated with the interfa&r (eq.)13), which can be expressed as:
N e (13)
in £0&;Si

.
Where Ci is the interface capaci einsi and S; are the thickness, the permittivity and the

surface of the interface laye%tiyely. Considering a value of e= 50 nm, we obtained a

permittivity value of &; QﬁO)which is significantly lower than that of the BST film. As
s

indicated in the revi9u ction, such a small permittivity of the Ir/ BST interface layer
affects great]/ &% l(dielectric properties of the ferroelectric BST thin film and the
es

capacitan \@] of the MIM device. Nevertheless, these results confirm the assumptions

ingf the nature of this interface layer, which is expected to have highly dissimilar

4

erties compared to the ferroelectric film, with a very low permittivity and

. . . 2
“degra acoustic and ferroelectric behavior % % %,

The rigorous simulation of
ostrictive phenomena on a broad frequency domain of such metal/ferroelectric/metal

structures must therefore take imperatively into account the influence of the lower electrode/

ferroelectric film interface layer.
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IV. CONCLUSION

In this paper, we studied the conduction mechanisms MIM devices integrating a
paraelectric Bay;3Sr;3TiO; thin film with paraelectric behavior at ?m temperature. The
negative and positive polarization of the device allowed determi ingNnduction laws
(Schottky and SCLC, respectively) and the band diagram of the;Au 1T / Ir/ MgO structure.
The analysis of the dielectric properties of the BST fi %ith the modeling of

~——

electrostrictive acoustic resonance phenomena appeaging“i MIM devices in the high-
frequencies domain indicate the existence of an intetfac e>at the BST/ Ir boundary with
dissimilar dielectric and acoustic properties g\'

cc‘)apared with the BST layer. We
-

demonstrate that the modification of t w ctive Lakin model by including this
interface layer in the overall layer stac\ vice shows an excellent agreement between
the modeled and the measured resu W’)e,Ka ide frequency range. The modelling results

presented here are relevant ﬂOSQ?\d ice integration point of view, by predicting and
%&e&

evaluating the overall device | \ra large frequency domain.
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