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Impact of thermal strain on the dielectric constant of sputtered barium
strontium titanate thin films
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Barium strontium titanate thin films were deposited by sputtering on Pi/StiQctures using five
different host substrates: magnesium oxide, strontium titanate, sapphire, silicon, and vycor glass.
These substrates were chosen to provide a systematic change in thermal strain while maintaining the
same film microstructure. All films have a weakly textured microstructure. Temperature dependent
dielectric measurements from 100—-500 K determined that decreasing thermal expansion coefficient
of the host substrat@.e., larger tensile thermal straireduced the film dielectric permittivity. The
experimentally determined Curie—Weiss temperature decreased with increasing tensile thermal
strain and the Curie—Weiss constant increased with tensile strain as predicted by Pealsgl.
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Oxide thin films remain very attractive to researchersSiO, deposited by plasma-enhanced chemical vapor deposi-
due to their wide range of useful physical properties. Mostion at 250 °C. The samples were radially loaded onto the
groups have focused on the fabrication of thin films for op-substrate holder after being ultrasonically cleaned in acetone,
tical and dielectric applications. The properties of oxide/followed by isoproponal, and baked at 115°C for 10 min.
ferroelectric thin films deviate from their bulk counterparts. Prior to film growth, the Si@ layer was heat treated in 25
Specifically, the (Ba,Sr)TiQ (BST) and Pb(Zr,Ti)Q sys- mTorr of oxygen at 750 °C for 30 min. Subsequently, a 100
tems display a range of size dependent properties. A largem platinum bottom electrode was grown. Approximately 5
amount of literature has emerged on the epitaxial growth ohm of Zr was used as an adhesion layer between thg SiO
ferroelectric thin films and subsequent stress relaxdtidn. and Pt. X-ray diffraction(XRD) measurements revealed
The properties of polycrystalline ferroelectric thin films (111) textured polycrystalline platinized substrates witth1)
grown on metal electrodes are more difficult to understandPt rocking curves full width at half maximum values from
mainly due to the oxide film electrode interface and nano5°—7°. Additional platinized substrates were characterized
crystalline microstructure. Grain size suppression, interfaciaby atomic force microscopyAFM) to insure that the Pt
chemical reactions, and the exact nature of the metal—oxidgrowth surfaces were similar across the samples. Stoichio-
contact are poorly understood. Strain also has a major influmetric Bg 3Sry ,TiO; targets were used to deposit the 100
ence on film propertie%.ln epitaxial film systems, it has nm BST film. Separate samples grown for AFM and XRD
been proposed that the misfit strain between the film an¢heasurements showed polycrystalline films with wé&Es0)
substrate can suppress the stable ferroelectric phé&een  and (110 texture and similar surface morphology. The AFM
the paraelectric phase is placed under biaxial tension due fghages and XRD data revealed no distinguishing features
the substrate, a contraction occurs along the film normal, petween the samples. TH#&11) BST peak can not be de-
axis, resulting in an in-plane orientation of the polar &3s. tected because of the overlap with tHELl) Pt peak. The

In this letter, the impact of thermal strain on the film BST film composition was determined from a separate stan-
dielectric constant was investigated. Films were depositegarg by Rutherford backscattering spectroscgpBS) yield-
concurrently by rf magnetron sputtering on PUSIGsing  ing a (Bat Sr)/Ti and Ba/Sr ratio of approximately 1.04 and
five different support substrates: magnesium oxide, sapphirgy 32 respectively (Bg.St 7¢Tio odO5). The specific growth
silicon, strontium titanate, and vycor glass. The growtheonditions for the Zr, Pt, and BST films are given in Table .
chamber has sputtering sources 30° off axis from the heated parallel plate capacitors were fabricated on the BST/Pt/
substrate with a 4.25 in. source to substrate distance. Tgpstrate samples by a two-step mask process. The first mask
avoid texture variation between films resulting from different|q\e| was an HF etch mask that was used to isolate and
substrates and growth surfaces, each substrate had 60 nMffine the active dielectric area. The second mask step de-
fined the top electrode area by a liftoff method. ®00
dE|ectronic mail: speck@mrl.ucsb.edu nm)/Au (100 nm top contacts were deposited by electron-
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TABLE I. Sputtering conditions.
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beam evaporation. The Au/Pt/BST/Pt capacitors were char- a 5 : ;

acterized using an Agilent 4294A variable frequendp— 100 frovondor b

110 MH2 impedance analyzer. The measured series 0 i i i i i

resistances for shorted 3@m by 50 um capacitors with 20 0 100 200 300 400 500 600

um spacing ranged from 310—3400mA Keithley 540 CV Temperature [K]

Analyzer was used along with an MMR temperature probe
station to measure capacitance over a 100—500 K temper&lG. 1. Dielectric constant as a function of temperature for BST/Pt/substrate
ture range at 1 MHz with a 500 mV oscillating electric field. Structures.

Stresso in polycrystalline sputtered films results from
both an intrinsiconyinsic and temperature-dependent compo-  To understand the impact of the growth substrate, mainly
nentoermar the thermal expansion characteristics of the substrate on the
dielectric permittivity of the deposited thin film, a direct
comparison was made between the films on the platinized
Various reasons exist for the development of intrinsic stresssubstrategmagnesium oxide, sapphire, silicon, strontium ti-
including capillary pressure and grain coalescence, but thganate, and vycor Each substrate had a similar growth sur-
thermal contribution is due to the difference in thermal ex-face, (111) textured polycrystalline Pt on amorphous $jO
pansion_coefficient between the film and the underlyingfor the deposited BST film. Figure 1 shows the zero-bias

Tfilm = Tintrinsict Tthermal T)- (1)

substraté® dielectric constant as a function of temperature for the five
T2 (i — @eupsrad Eim §amples, ar_1d Fig. 2 shows the dielectric constant as a func-
atherma,=f 1=, dT, (2)  tion of applied voltage at 100 K. For bulk (Ba,Sr) Bi@e-
film ramics, the Curie temperature linearly decreases from 120°C
™ for pure BaTiQ by 3.4°C per mole percent of strontiuth.
€ therma™ o (fiim — Asubstradd T, (3)  Thus, we predict a bulk Curie temperature -6f134.75 K

(—138.25°C) for the Bg,,St, 7¢Tio 005 films. Both Figs. 1
where E, «, and v represent the elastic modulus, thermaland 2 clearly show a reduction in the dielectric constant for
expansion coefficient, and Poisson’s ratio, respectively. It hagrowth on substrates with smaller thermal expansion coeffi-
been experimentally shown by Shaet al. that stress is cients. Table Il summarizes the thermal expansion, strain,
partly responsible for reducing the dielectric constant in BSTand stress data for the substrates investigetedTo calcu-
thin films? Pertsewet al. have shown that stress can shift the late the thermal stress in the films the elastic modulus and
Curie—Weiss temperatures and therefore suppress the ferrBoisson’s ratio were estimated from bulk values at E
electric phase in thin film& For (001) oriented fully relaxed ~~200 GPa and~0.23° The thermal strain was calculated
epitaxial films, Pertseet al. predicted that when the thermal at 25°C and 700°C due to the lack of accurate thermal
expansion coefficienta) of the film is larger than the sub- expansion data at low temperatures. The thermal mismatch
strate, the renormalized Curie—Weiss temperature of the filldetween the BST film and strontium titanate substrate was
(6*) is lower than that of the free crystéd) and the renor-
malized Curie—Weiss constant of the filil8%) is larger than

that of the free crystal@).° Equationg4) and(5) detail the 200 e e
shift in Curie—Weiss constant and temperature as a function ; W Ai KMG?O
of electrostrictive tensor@;;), elastic constants{;), growth T N e KsT0
temperature T,), and misfit/growth strairg,(T4) as given s 500 o .
by Pertsevet al!® For a fully relaxed film at the growth "g’ R
temperatureS,,(Ty) =0 ‘2’ 400 |
C Q
C*= , (4) % 300
Q12 [=]
1-4¢,C m(asubstrate_ film) 200
Q12 100 200
1 . - - - -
o 0+4g,C m[sm(-rg)_(asubstrate_ a’film)Tg] Voltage [V]
1-4¢ Cﬁ(a = fiim)
0 (511+ S12) substrate THfim FIG. 2. Dielectric constant vs applied voltage at 100 K for BST/Pt/substrate

(5) structures.
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TABLE II. Thermal expansion coefficients and calculated thermal strain andpetween the experimental results and the behavior predicted

stress. by Pertsevet al. are likely due to the weak texture in our
(25/700 °C) e e filr_ns whereas Pertseat al’s model was developed f@¢001)
Material 10°¢°C (%) (GPa oriented films.

In summary, by using a Pt growth surface on an amor-

BST fil 7.8/11 R . i
(24,7(|3n1 phous SiQ interlayer and varying the substrate, the film—
MgO 11.15/16.28 ~0.36 —0.94 substrate thermal mismatch could be changed. Similar to
Sapphire 6/8.7 0.15 0.38 other studies, our data clearly demonstrates that tensile strain
?To 2-3185/3/1‘1-4 0-5‘4 1616 reduces the dielectric permittivity of polycrystalline BST
Wcor 0,755 0.68 177 thin films. Future studies should investigate pure SgTaQd

BaTiO; films to determine the influence of thermal strain on
their dielectric properties. Film orientation and grain size
analysis will be studied in our future work.
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