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The functional properties of two types of barium strontium titan@8&T) thin film capacitor
structures were studied: one set of structures was made using pulsed-laser de{isRicend the

other using chemical solution deposition. While initial observations on PLD films looking at the
behavior ofT,, (the temperature at which the maximum dielectric constant was obgeawdd

(from Curie-Weiss analysissuggested that the paraelectric-ferroelectric phase transition was
progressively depressed in temperature as BST film thickness was reduced, further work suggested
that this was not the case. Rather, it appears that the temperatures at which phase transitions occur
in the thin films are independent of film thickness. Further, the fact that in many cases three
transitions are observable, suggests that the sequence of symmetry transitions that occur in the thin
films are the same as in bulk single crystals. This new observation could have implications for the
validity of the theoretically produced thin film phase diagrams derived by Pegtsa@v{Phys. Rev.

Lett. 80, 1988(1999] and extended by Ban and Alpa¥. Appl. Phys91, 9288(2002]. In addition,

the fact thafT ,, measured for virgin films does not correlate well with the inherent phase transition
behavior, suggests that the useTgf alone to infer information about the thermodynamics of thin

film capacitor behavior, may not be sufficient. @04 American Institute of Physics.

[DOI: 10.1063/1.1759084

I. INTRODUCTION not therefore be reliably used as a phase transition monitor in

in film systems. This means that interpretations of thin film
It has been known for many years that the measuregl y b

. . AR ehavior such as those given recently by Pagkeal.” need
functional properties of ferroelectric thin films are strongly to be considered with care
dependent on thicknedsFor example, as film thickness is - .
reduced: strong increases in coercive field otctgthough (i) Three phase transitions are generally displayed by

in some cases appear to saturate in extremely thin %im the thin films, which would be the case in bulk as symmetry
! ASES app 0 saturate in ex y i S changes from cubic to tetragonal to orthorhombic to rhom-
catastrophic reductions in dielectric consfaate observed:;

“curi les” in dielectri fant I . bohedral. Such similarities to bulk behavior may have impli-
b Iukne 3no_ma|1 '€s Irt] | Ielectric cons a? normally s(,jeen ('jn. cations for the validity of recent theoretical work by Pertsev

ulk-and singie crystal are progressively suppressed, and It 13 g extended by Ban and Alpiyin the treatment of
crease in diffusenesshe temperature at which the dielectric -

. ; . real thin film systems.
constant is at a maximumir(,) can change dramaticalfy?
ity 0

and ferroelegtrlcny itself can be 103t° Unfortunately, .all- Il EXPERIMENTAL METHOD
though considerable debate has taken place, the origins of _ _
such “size effects” are still not fully understood, despite the A. Pulsed-laser deposited films

technological imperative of integrating thin film ferroelec- Bay S, <TiOs-based thin film capacitors (Au/BST/
trics into data storage devics: _ ~ LagsSiCo0s[LSCO]), with varying thickness of BST

In this paper, the authors present a series of functionalye; \were produced by PLD on commercially available
property observations on barium strontium titan&BST) MgO {100} substrates. A KrF excimer lasérambda Physik
thin film capacitor structures made using both pulsed-lasefoppex 205 with \=248 nm, energy density of-2
deposition(PLD) and chemical solution depositiof€SD) 512 o the target surface, repetition rate of 10 Hz, and a
techniques. At first sight, measurements seemed to be largefy et substrate distance of 75 mm was used. The pressure in
consistent with the size effects described above. Howevef, o growth chamber was maintained at 0.15 mbaa@y the
further investigations suggested the following. _ _ deposition temperature at 650 °C for both the lower electrode

(i) T (the temperature at which the observed dielectricng the dielectric layer. A postdeposition anneal for 30 min
constant is maximuinmeasured on virgin films is not nec- in 0.15 mbar Q and 20 min at 1 bar Qat 550 °C was used.
essarily simply related to phase transition behavior, and canfrparmal evaporation of Au top electrodes through a hard
mask enabled functional measurements by contacting two
dElectronic mail: m.gregg@qub.ac.uk gold pads and measuring two capacitors in series. The elec-
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FIG. 1. Out-of-plane lattice parameters for the BST and LSCO as a function
of BST film thickness. No effects of strain coupling were evident, suggest- (a)
ing interfacial relaxation of misfit strain through semicoherence.

FIG. 2. The dielectric constaité) and loss tangerb) for three of the thin

film capacitors illustrating the decrease in dielectric constant, and also the
trode area was-1.77x 10 ® m?. Low-field capacitance and migration of T,,, as BST thickness was reduced.
the dielectric loss tangents were measured using a HP 4284A
Precision LCR meter and HP 4263B LCR meter. Polarization )
measurements were taken using a Radiant Technologies p&micoherent rather than fully coherent. Indeed, in cross-
cision Workstation. For varying temperature, capacitors wer§€ctional TEM, “stitching” from misfit dislocations was fre-
mounted in an Oxford Instruments cryostat with temperaturdUently observed.

regulated using a calibrated Pt thermometer and Lakeshore 1he low-field dielectric constant was recorded as a func-
330 temperature controller. All data acquisition and instru-ion of the temperature and frequency at different BST thick-

ment control was achieved usin@VEE software. A Tecnai  N€SSeS, and several features were immedi.ately gppgrent: the
F20 field-emission transmission electron microscopelielectric constant decreased with decreasing thick(fégs
(FEGTEM) was used for microstructural characterization in-2); the temperature at which the maximum dielectric con-
cluding film-thickness information, with cross-sectional Stant was observedT(,) migrated to lower temperatures
specimens made in a focused ion beam microsdii (Figs. 2 ant_j Band the dlffu_seness of the peak in d|eI§ctr|c
FIB200TEM). X-ray diffraction (XRD) was performed on a constant with temperature increas@eg. 4) on decreasing

Briker-AXS D8 instrument at room temperature. thickness, as parametrized by fits used by Pagkal.” (note
the correction to the Taylor expansion in Ed)!® as per

Smolenski’):
B. Chemical solution deposited films )
. ) I . 1 1 (T—Tmad?
175 nm thick Bg;SrysTiOs-based thin film capacitor —= + —, (1)
structures were produced in Juelich by Dr. Susana Hoffman- &  &max 28 maxd
Eifert via a propionate-based chemical solution deposition e=Po+ BT+ B,T2. )

(CSD) with 48 ex situgold sputtered0.1 mnf) top elec- )

trodes and a continuous Pt11] bottom electrode on oxi- All of these features are commonly observed size-related ef-
dized Si[111] substrates. Zero-bias permittivity studies were€CtS: _ _ o

made on these structures with a Hewlett-Packard 4192A im-  Curie-Weiss plot§1/e(T) againsT] seen in Fig. 5 were

pedance analyzer. Temperature-variable XRD measuremerféoduced from the temperature dependence of the dielectric
were carried out using CuK,, radiation and a one- constant, and the changes in #ygparentCurie Temperature
(23

dimensional position sensitive detector.

350 —
I1l. RESULTS AND DISCUSSION
A. Pulsed-laser deposited films 300 + + ]
1. Experimental observations v 230 % i + + + _
The out-of-plane lattice parameter of the BST films was ;E }
monitored usingé-20 XRD, and was found to be indepen- 2001447 4 ]
dent of film thicknesgFig. 1). This was in contrast to previ- $
ous work using SrRu@lower electrode&;’® and was ex- 150 |- 1
tremely useful, as it allowed changes in functional behavior
with film thickness to be studied without the complications 1000 L 50 ' 8(')0 ' 12'00
and uncertainties associated with accounting for strain-
Thickness / nm

coupling effects. It appears that any homogeneous strain as-
sociated with _the BST-LSCO interface has bee_n re“evefﬂ:IG. 3. The temperature at which the dielectric constant reached a maxi-
over a short distance and that the nature of the interface i®sum (T,,) as a function of BST film thickness.
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FIG. 4. When the variation in dielectric constant with temperature was fitted” /G- 6. ApparentCurie temperature as obtained from Curie-Weiss plots
to various equations used in previous literature to quantify “diffuseness” of Without taking interfacial capacitance into account.
peak, it was found that the diffuseness increased systematically on reduction
of BST film thickness.
debate-1°~2*Whatsoever its origin, there is no doubt that the
interfacial capacitance considerably affects the apparent Cu-
— ' ' ’ rie Temperature extracted directly from Curie-Weiss plots.
The collapse inT¢ as film thickness decreased mirrored the  Reference to Eq(3) indicates that determination of the
collapse inTp, (Fig. 3. o _inherentCurie Temperature, accounting for spurious interfa-
A tempting interpretation i§i) that the peal_< in d|eI<_-:-ctr|c cial capacitance effects, requires a plot[61/e o) — (K/d)]
constant(at Tp)) is a Curie anomaly associated with the 54ins(T rather than ¥ againstT. To determine the inter-
paraelectric-ferroelectric phase transition in the systm;  t5cial capacitance, a “series capacitor plot” for this capacitor
that the temperature at which the paraelectr|c—ferroelectngystem was constructéig. 7). Since the interfacial capaci-
phase transition occurs is suppressed by reducing film thicks e was temperature invariai@in observation taken from

Ness. _ , , ~ literature®™ but also by taking series capacitor plots across a
However, the care needed in the interpretation of Curle-range of temperatures for the films in this stud§cor-

Weiss plots has been well discussed by Veretilel*® They  ected” Curie-Weiss plots were made, from which inherent
point out the importance of the observation that the measureg,ie temperatures could be extracted. Figure 8 shows a
dielectric constant as a function of film thickness follows thecomparison between the apparent and inherent Curie tem-
so-called “series-capacitor” model: peratures as a function of thickness. Clearly, the inherent
d d Curie temperature does not suffer the same systematic col-
S_eff: 8bu|k+K’ lapse on redgcing BST film thicknes_s as is the case for t_he
apparent Curie temperature. Rather it looks to be largely in-

dependent of film thickness, implying that once the interfa-
measured dielectric constamty, is the inherent dielectric  cjal capacitance has been accounted for, the paraelectric-
constant of the thin film material, andKlis a constant para- ferroelectric phase change is not altered by thickness. It is

sitic “interfacial capacitance” that acts in series with the worth noting that as the film thickness decreases, the func-
film, and whose origin is still a matter of considerable

(T%) were monitored as a function of film thickne$3g. 6).

©)

whered is the thickness of the dielectric layet, is the
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FIG. 7. d/e as a function ofd—the “series-capacitor plot,” used to de-
FIG. 5. Curie-Weiss plot taken directly from the measured temperature determine the interfacial capacitance in the system. This plot is for 10 kHz at
pendence of the dielectric constatl), and also after a correction for the 150 K, but a series of such plots at different temperatures showed the inter-
“interfacial capacitance” in the syster(®). facial capacitance to be largely temperature and frequency independent.
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Curie-Weiss plots of raw dat@mpty circleg, andinherentCurie tempera- ) o )

ture after correction for interfacial capacitanfidled squares had been  FIG. 10. The Curie temperatures implied by two different analyses of po-

performed. The corrected data set suggests that the inherent Curie tempef@tization loops with temperature, as a function of BST thickness, for films

ture in the system is independent of BST film thickness. in which soundP-E loops could be obtained. Inset: an example of the
spontaneous polarization of one of the films as a function of temperature.
Since the transition behavior was classed as second order, the intersection of

. . the straight line of best fit with the temperature axis gave a representation of
tion [(1/e¢n) —(K/d)] becomes strongly sensitive to the value e curie temperature.

taken forK, hence the greater scatter observed in Fig. 8 in
the correctedr, asd becomes small.

Polarization loops were taken at various temperatureg.e., whenc, changed signwas taken as a representation of
between 80 K and 250 K, and initially they were analyzed inthe ferroelectric-paraelectric transition temperature, and is
terms of fitting to a Landau-Ginzburg-Devonshit&D) ex-  shown in Fig. 10 as a function of thickness for all the films
pansion in polarization—an approach used in previougor which polarization loops could be obtained.
work.'® Essentially it is assumed that the derivative with re-Further, since the transition was found to be second order, it
spect to polarization of a LGD free energy can be given aswas assumed that beloW, the spontaneous polarization

I(AG) could be given as

—E— 3 5,...
(')'P —E C1P+C3P +C5P + (4) Pgoc(TC_T) (5)

While this appears a simplistic approach, it has been showiihus P2 (for both + P¢ and — P,) was plotted against tem-

to be appropriate, even when the form of the LGD expresperature for each capacitor, and the point at which the linear
sion is complex, and accounts for local variations in strairfit to the data crossed the temperature axis was taken as an
and polarizatiort® Sections of theP-E loops representative alternative representation af,. This is also shown in Fig.

of the derivative of the free enerdye., from +P, to large 10, and although the absolute value Tigris different from
positive field, and from— P, to large negative fieldwere that taken from LGD loop fitting, it is clear in both cases that
fitted to the polynomial given by Ed4), and, as in previous no thickness dependence of phase transition was implied
work®815it was noted thatz was positive, implying second from polarization loops.

order behavior. An example of the fitting is demonstrated in  Peaks in loss tangent are often observed associated with
Fig. 9. The behavior of; was then plotted as a function of phase transitions in ferroelectrics, and in most of the films
temperature and found to behave reasonably linearly. Thmvestigated here two loss peaks were observéhbig. 11).
point at which the best fit line crossed the temperature axi¥he positions of the loss peaks, when clearly seen, were
monitored as a function of film thickneg§ig. 11 insek
These also showed no thickness dependence.

1210% E Taking the evidence as a whole, it therefore seems that
- ; E despite initial observations, there is no noticeable change in
g 8100 the ferroelectric-paraelectric phase transition temperature
2 410" b across the series of thicknesses of BST capacitors examined
% g ] in this study. However, it must be noted that although con-
[ 0 sideration of the interfacial capacitance significantly affects
g 410 ¢ 3 the Curie temperature implied by Curie-Weiss analysis, it has
3 . absolutely no effect on the position @f, (see Fig. 5 We
m 8100 1 must therefore conclude that the positioriTgf is not simply
12108 3 related to phase transformation behavior in BST thin films.
-~ ' ' ‘ This observation means that the implications of previous ex-
015 -01 005 0 005 2 0.1 015 perimental workK, where the form of the dielectric constant-
Polarization / Cm temperature response has been used to infer information
FIG. 9. An example of the LGD polynomial fit used to parametrize polar- 8DOUt phase transition behavior in thin film systems, need to
ization loops. be considered with care.
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FIG. 11. Peaks in tadAwith temperature were seen in almost all films. Inset: g
when the temperature of the larger peak was monitored, it showed no de- a 10.03
pendence on thicknegbwer temperature peaks were less disfinct 8 700 “o
° 10.0255
E 600
= 0.02
So, how can the migration df,, to lower temperatures 8 500 0015
with decreased BST thickness be explained? Possible insight .
can be gained from consideration of the functional response 400 Sngdt 0,01
of the BST capacitors when poled at 80 K prior to taking 80 160 240 320 400
low-field dielectric constant data on heatiffgjg. 12. Such Temperature /K
low temperature poling changed the dielectric response from , .
a single !oe_ak .to a double or triple peak, as well as giving 1764 (C) . é {0.048
greater distinction to the peaks in the measured loss tangents. - .L o
From these observations it is proposed that these anomalies .§ 174k ‘ b o 10,044
are associated with phase transitions in the syst&f For S ° .
this composition of BST0.5-0.9, the bulk transition tem- 217 Q looa B
peratures are expected a235 K (cubic-tetragona) ~195 2 e
K (tetragonal-orthorhombjc and ~155 K (ortho- 3
; 6 A 170 {0.036
rhombic-rhombohedraf® and these temperatures are ap-
proximately reflected in many of the anomalies in the poled el 0.032
thin films [see particularly Fig. 1®)]. 100 150 200 250 300
When the positions of the peaks in both dielectric con- Temperature / K

stant and loss for poled films were monitored as a function of

BST film thickn hev were foun hickn invari-F'G- 12. Diel_ectric constant and loss tangent as a function of temperature
S . thic ess.’ they .e e found to be t .C ess . a. for two PLD films (a) 260 nm andb) 975 nm after poling at 80 K prior to
ant (Fig. 13—consistent with the apparent thickness invari- yata collection on heating. Functional testing without poling revealed only

ant nature of the Curie temperature discussed above. one peak in dielectric constant, whereas poling revealed two clear peaks in
In fact, even in the unpoled virgin state, for films below thinner _films, and_ the sugge_stion_of three peaks in thicker _film(;c)lthree

150 nm, a change in the temperature dependence of the d:il_electnc anomalies are obvious in the 175 nm CSD BST film that had been

. . ooled to 30 K prior to collecting dielectric constant data on heating.

electric constant from a single anomaly to two was observeé

(Fig. 14, mirroring the observations on poled samples.

There is a significant difference between the Fermi energieflm thickness was reduced, such that the low temperature

of LSCO and Au electrodes, which produces a considerabl@homaly became increasingly important. As an illustration,

internal bias in the system. Capacitance-voltage\() mea- for the data taken from poling due to an externally applied

surements on the LSCO/BST/Au system presented here ifield, the low:high temperature anomaly height ratio is plot-

dicated an internal bias of around 1.1(&bnsistent with the ted as a function of thickness in Fig. 15. The increasing

Fermi level differenc®). It is a possibility that the internal strength of the low temperature anomaly contribution to the

bias has become significant enough in the thinnest films tdielectric constant-temperature response on reduced film

cause self-poling, and as a consequence, a change fromthickness is entirely consistent with the temperature shift in

single broadened anomaly to two distinguishable anomalieslm Observed in virgin films. The reason for the relative
In any case, across the entire series of observationﬁhange in strength of anomaly contributions demands further

when more than one peak in the dielectric constant as a funéesearch.

tion of temperature was observalgither through low tem-

perature poling or self-polinghe relative magnitude of the 2 Summary of observations on PLD films

dielectric constant associated with the highest and lowest The functional properties of thin film barium strontium

temperature anomalies was found to change significantly astanate capacitors made by PLD revealed the following as
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FIG. 15. Ratio of the height of the lowest temperature peak observed in
dielectric constant to the highest temperature peak observed after poling.
Clearly the relative strengths of these peaks changes reasonably systemati-
cally with thickness.

tance suggested that this was not the case, and that in fact
phase transition behavior was thickness invariant. Further,
since the migration of ,, was not affected by corrections for
interfacial capacitance, it can be concluded thgtis not
simply related to phase transformation behavior in BST thin
films. Instead, from examination of the dielectric response of
poled films, the migration of ,,, was thought to be related to

a change in the relative strengths of low and high tempera-
ture anomalies as film thickness changed.

tangent(b) were observed for the films in their virgin state, and after poling B. Observations on chemical solution deposited films

at 80 K. In the poled data ife) and (b) only the lowest and highest tem-

perature peaks observable for each film are plotted.

The kinds of trends revealed by examining the thickness
dependence of functional response in PLD films outlined
above could not be repeated in the CSD capacitors, since

film thickness was reducedt) there was a collapse in the only films with a BST layer 175 nm in thickness were avail-
dielectric constant(ii) the “Curie anomaly” broadened and aple for characterization. Nevertheless, the measured proper-

T, migrated to lower temperature@ii ) the Curie tempera-
ture taken directly from measured data decreased.

ties of these films served to confirm that the phase transition
behavior may not be dramatically different from biibug-

It was tempting to suggest that the paraelectric-gested above by the poled dielectric response for BST 0.5-
ferroelectric phase transition in the system was being deg 5 shown in Fig. 12b)].
pregsed as a result of decreasing thickness, however, polar- Figure 12c) (Ref. 29 illustrates the behavior of the di-
ization measurements, peaks in loss tangents, and th8ectric constant and loss tangent on heating from low tem-
correction of the Curie-Weiss analysis for interfacial capaciperature for the CSD films. Again three anomalies were ob-

served, in this case at185 K, ~215 K, and~240 K (see
Table |). For this compositior{0.7-0.3, the bulk transition
temperatures are expected-ai80 K, ~235 K, and~290

TABLE I. Compilation of the temperatures of anomalies in dielectric con-
stant observed in this study for 175 nm CSD films on cooling and heating,
compared with data from Rarket al. (Ref. 7) along with bulk single crys-

tal data for Bg;Sry3TiO5.

Thickness/nm

Temperature of anomaly/K

1541 4148
- -.\":\ -
§ 152 %, % g
2 % 60nm %, 1146 @
3 150nm, —p o 3
5 15017 ~ g 2
g “ 4 8
[+ . [}
©  148f ~ ] T
A “J142 A
'. B
146 o]
' : T 140
100 150 200 250 300
Temperature / K

FIG. 14. Dielectric constant as a function of temperature for the 150 nm and

60 nm BST films(at 10 kH32. For these thinner films, rather than display a On heating from~30 K

single anomaly, two anomalies were observable.

Bulk 242930 ~o0 290 235 180
On cooling: 580’ 269
3007 253
175 186
687 144
407 102 ... .
175 238 212 186
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B L B B A A S Relevant lattice parameters for consideration are LSCO: 3.81
seo7 ] A (determined in this study Pt: 3.92 A, SrRu@: 3.93 A,
o3 BagsStyeTiO3: 3.957 A (determined in this study and

5 ok ] Bay 7SIy 5TiO3: 3.97 A3 All combinations of the above

2 ool a i electrode and BST materials should cause in-plane compres-

T el . l R ] sion of the BST, with the associated stabilization of the

g ol ., l e ] phase as defined in literatd?é* for (001) in plane orienta-
asoo [ D@ l S tions. In the case of SrRuQower electrodes this stabiliza-
4799 - HIN R 1 tion of ¢ phase has been observed in previous vidraw-
4798 - : : e ever, here little evidence for similarphase stabilization is
e : : : ] evident on LSCO, despite the out-of-plane QQHI001sst
P T ey orientation relation. The semicoherent nature of the LSCO-

Temperature (K) BST interface could mean that strain relaxation has taken

FIG. 16. Channel position for the 311 reflection from the CSD 175 nm BSTp!ace’ but the local interfacial strain Stat? S_hOL_"d 'nV9lve re-
film on heating. The presence of small but discernible anomalies in thdions of full coherence separated by misfit dislocations—a
lattice constant shows that the dielectric peaks in Figcjleannot be arti-  situation that Pertseet all® tried to take into account by
facts from the electrical setup, nor caused by the electrode-BST interfacasing an “effective substrate lattice parameter.” We note
physics. however, that there is a significant difference between a film
that is able to relax from interfacial constrairfighere lattice
there are differences in the absolute temP2rameter is a function of thickngsand one that is con-

K.242930 Clearly, ; o .
Y tha|ned to anodifiedlattice parametefassumed to be con-

peratures of the apparent phase transitions, but the fact t t with thick
three transitions are observed suggests that the resultiﬁ'sé"’mI V\t/;1 IC pesr)]s t bict f the LSCO-BST interf
symmetry changes may well be the same as those in bulk. n this semiconerent picture of the i intertace

Temperature-variable x-ray diffraction studié&g. 16, on we would expect either slight negative misfit strain or none

these films revealed distinct departure from linear thermaijlt all. In the former case, the predicted transition sequence

behavior at~190 K, rejoining linear behavior at230 K. rom high to low temperature is paraelectiicubiq to ¢

Between these temperatures, it is difficult to interpret addijtahas_ei_ tor pt?ase ;tjohac phasle,t_ In]pli/kl]ngk ft_lhree th?hs_e
tional phase change information, but a local strain minimum' 21SMHONS—obServed here In retatively thick Tims. =or thin-
jer films only two transitions were evident, which could be

can be seen around 210 K. Taking the evidence as a Whole,'?t‘a

seems that the dielectric constant anomalies can be correlat GEd'Ct.ed by zero misfit strain in the tra_nS|t|on sequence
rom high to low temperature of paraelectricrtphase tac

with spontaneous strain features, and that therefore the di- . )
hase. However, we would expect the thinner films to expe-

electric peaks genuinely indicate phase transitions in thig . . . . 8
system P 9 y P rience less effective strain relaxation than thicker films, and

Importantly, dielectric peaks were not always observeopenfhe extp;lect the changg from three to two anomalies to oc-
in these samples, and were only induced after cooling t ur the other way around.

: . e behavior of the CSD films on ®f1) has not yet been
cryogenic temperatures before heating. For samples th rrt{:)deled theoretically, but clearly stabilization of a rhombo-

were only cooled to 175 K, no sharp phase transition anoma- .

lies were evident on heating. This was also the case when t gdral phase might be expected. Here, the reasonaply CIO.Se
dielectric constant was monitored on cooling+&0 K. In corresppndence between . Fhe tempgratures of dielectric
both cases, a broad peak wilh,~ 186 K was observed. The anomalies qnd p_hase tranS|t|or)s seen in bulk, suggest that no
reasons for this behavior are not clear, and may indicate in§UCh alter§t|ons in the phase d|agram have occurred. We note
teresting kinetics in the system. However, it still seems Iikelyf[hat the existence of thaac phase predicted b.y'lf’ertset/al.
that when the samples have been cooled to cryogenic ten)>’ howevg-r, not conﬂrmed by @Sre receit initio calcula-
peratures, the subsequent phase transitions observed on het%ﬂ['s of Dieguez, Vanderbikt al.

ing are indicative of fundamental thermodynamics. Table |

;ummarizes infc_)rmation on the vglue;'b_; found on cool- |y cONCLUSIONS

ing in the CSD films, combined with similar data taken from

Parkeret al.” The data point for the 175 nm film studied here ~ In summary, the functional characterization of the two
clearly fits the trend with decreasing thickness. Also in thesets of barium strontium titanate thin film capacitors have

table are temperatures of dielectric anomalies in bulk singlgevealed the following.

crystal Ba /SK5Ti05, along with the temperatures of (i) When a single broad anomaly in the dielectric con-
anomalies observed in the 175 nm CSD film on heating fronstant as a function of temperature is observed in virgin films,
~30 K. T, of this anomaly may not be strongly related to the tem-

peratures at which phase transitions to thermodynamically
stable states occur. Inference of the thermodynamics of ferro-
electric thin film systems based dn, information alone is

A definitive statement about the phase diagram of thirtherefore not reliable.
film BST implied is difficult to make from the data presented (i) When relatively sharp distinct peaks were observed
here. However, some discussion is warranted. in the dielectric constant as a function of temperat(ine

C. Implications for phase diagrams of BST thin films
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duced by either low temperature poling or simply cooling t0*z.-G. Ban and S. P. Alpay, J. Appl. Phy&l, 9288(2002.
cryogenic temperaturgsoften three distinct features could *°L.J. Sinnamon, J. McAneney, R. M. Bowman, and J. M. Gregg, J. Appl.
be observed. This is consistent with the sequence of phasg hys.93, 736 (2003. N )

. in bulk. and mav have implications for the valid- n the article by Parkeet al. (Ref. 7), the authors fit their dielectric data
Fransmons In bu 3 Yy - p " as a function of temperature to an equation of the forme X%/ 1/e .y
ity of th? phase dl_agrams ]lgr thin films developed and diS= 4 [(T=T,m)/26 ma], from which they extract a “diffuseness” parameter
cussed in recent literatufd: Clearly, though, a definitive . The use of this equation is an unfortunate consequence of a typographi-

statement requires the symmetry of the thin film phases to becal error in the article by SmolenskRef. 17 from which the equation is
determined as a function of temperature. taken. It originates from the expression for inverse permittivitys)1/
= (1e ma)eXd (T—Tmaw? 8°] which can be reexpressed using the series

expansion for the exponential as
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