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Abstract. In this paper we discuss some fundamentals orondensation and the formation of clusters and nanocrystals.
uniform target ablation and present some new results on thifhe latter have diameters of, typicallyto 20 nmand con-
films of high-temperature superconductors, ferroelectricstain 107 to 10° atoms. By condensing the nanoparticles onto

and polymers. a substrate, nanocrystalline or cluster-assembled films have
been fabricated. Nanocrystalline films have physical prop-
PACS: 73.50.-h; 81.15.Fg; 68.60.-p erties that are quite different from epitaxial or large-grain

polycrystalline films. They may show quantum confinement
effects or may consist of entirely new composite materials
Pulsed laser deposition (PLD) has become a popular tecfiermed, e.g., in a reactive atmosphere [2-5].

nigue for the fabrication of thin films of multicomponent  We discuss some fundamentals of uniform target abla-
materials. Among the materials studied in most detail ar¢éion and concentrate on new results on thin films of high-
high-temperature superconductors, compound semiconduemperature superconductors, ferroelectrics, and polymers.
tors, dielectrics, ferroelectrics, electrooptic and giant mag-

netoresistance oxides, polymers, and various types of het-

erostructures [1]. PLD is very reliable, offers great experi-L Homogeneous target ablation

mental versatility, and is fairly simple and fast — as long as

small-area films of up to several square centimeters are to Btulsed laser deposition of uniform films with low particulate
fabricated. With many materials, thin films can be fabricatedlensities requires the suppression of cone formation and uni-
without the use of corrosive apdr hazardous chemicals. form target ablation. Optimal conditions are achieved when
The short turn-around times enable one to efficiently studyhe target is rotated and simultaneously translated. The fre-
a great variety of different compounds and film dopings. Foquencies of rotationy,, and translatione;, and laser-pulse

these reasons, PLD is particularly suitable in materials rerepetition,w;, must all be incommensurate. The target must
search and development. The short interaction times and thee moved symmetrically to the fixed laser beam. If the radius
strong non-equilibrium conditions in PLD allow, however, of the laser beam is very small compared to the radius of the
someuniqueapplications. Among those aneetastablenate- target, i.e. ifw < R, the temporal dependence of the trans-
rials that cannot be synthesized by standard techniques, afational motion along the diameter of the target, say in the
the fabrication of films from species, clusters or fragmentx direction, must follow a square-root dependence:

that are generated only during pulsed laser ablation. With cer-

tain systems, the physical properties of such films are superior NG 2t 207\ Y2 . t t

to those fabricated by standard evaporation, electron-beaf 2Rt( T [ﬁ} > agn(i - [?tD ' (1)
evaporation, etc.

Epitaxial and large-grain oriented films are fabricated byThe square brackets indicate that the round value, i.e., the
ablating the target material in either vacuum or an inert ointeger closest to a given value should be tal&ns the am-
reactive atmosphere at pressures of aboQfi &nd a few plitude of the target oscillations in thedirection. Figure 1
mbar In this regime, the films are synthesized primarily fromshows the average exposure as a function of the normalized
a flux of atomgions and small molecules impinging onto distance from the target center,R;, for four different beam
the substrate surface. The situation changes significantly witthapes. The most uniform exposure of targets is achieved
higher gas pressures that are, typically, within the range of dvith top-hat circular beams of radié < 0.1R; (full curve).
to several hundrethbar Such conditions favor vapor-phase A nonlinear dependence of the ablation rate on intensity will

sharpenthe interaction zone and thereby diminish nonuni-
COLA99 — 5th International Conference on Laser Ablation, July 19-23,formities in the ablation related to the finite size of the laser
1999 in Géttingen, Germany beam [6].
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Fig. 1. Dependence of the (average) target exposure on the (dimensionles| SUBSTRATE
distance from the target centes/R:. In all cases, the ratio of frequen-
cies isw| : wr : wy = 10e: 7 : 1. The different beam shapes employed have
the sametotal power. ) and 2vy are the size of the laser beam in
x and y directions, respectivelySolid curve top-hat circular beam with
wy = wy = 0.1 R;; beam center ab = (0, 0). Dotted curve top-hat square
beam withwy = wy = 0.1 R;, b= (0, 0). Dashed curvethin vertical top-hat
rectangular beam withwy = 0.01R;, wy =0.2R;, b= (0,0.2R;). Dash-
dotted curve top-hat rectangular beam witwy =0.1R;, wy =04R,

b = (0, 0.4 R;) andsinusoidaltranslational motion (after [6])

Fig.2. a Schematic picture which shows an affixis-oriented (001)
SrTiO; or MgO substrate (surface normé) and a step-like-grown film.
The angle betweeti and the (001) direction of the substratefis The
angle between the axis of the film and the substrate is®; < 2°. b SEM
picture of a Bi-2212 film on &rTiO; substrate wittds = 10° (after [7])

as a result of mixed growth in theandab directions. This
is reflected in the drop-off i.. With anglesfs < 15° the
values ofg. andoap areindependensf the film thicknesd,
2 High-temperature superconductors except for the thinnest film where inhomogeneitiefjrbe-
come important. A further point is the systematic difference

Almost all high-temperature superconductors (HTS) havén g values between the two pictures. This is probably related
been fabricated by PLD as epitaxial or large-grain ori-to the SrTiO; substrates. For the(9s) and o(h;) investiga-
ented thin films [1]: REBaCuwsO;_s (RE = rare earth) tions, we employed substrates that were supplied from Kelpin
and REBaSrCyOy_; including c-axis-oriented metastable and CrysTec, respectively. The initial results obtained with
LuBaCuw0O7_s, LuBaSrCy0O;_s, andTmBaSrCyO;_; [7], Hg-1212 films grown on vicinal (0013rTiO; substrates with
different phases of  BixSKCa_1CuhOoni2+s  Os = 10° are shown in Fig. 4. The anisotropy in electrical re-
To S 10K (n=1); 86K (n=2); 110K (n=3)] [8], sistivities derived from resistance measurements according to
TI:BaCa-1CuhO2ni2)2s [To =95 K(n=1), 110K(n=2), (2) and (3) isoc(300 K)/0an(300 K) ~ 684 [11].
125K (n = 3)] [9], and HgB&Ca-1ChOzn+1)+s [Teo =
95K(n=1); 124 K(n=2); 134K (n= 3)] [10, 11].

The physical properties of HTS are strongly anisotropic
and cannot be fully determined from epitaxial films. Also,

these materials are often not available as single crystals. | TILTANGLE O [degrees]
this situation it has been found useful to fabricate films or . . . 12 sy 3k
off-axis-oriented substrates. 10— ————— 10"
. . . 10°f '/\ 110’
2.1 Films with step-like morphology [
10°F Bi-2212/8rTiO, \ At
The growth of films with step-like morphology has been h,=100nm
demonstrated for YBCO, Bi-2212, and Hg-1212 on off- 10't 1=248nm 110"
axis-oriented (001BrTiO; substrates (Fig. 2). Theaxis of g P
such films is tilted by G< 6; < 2° with respect to the (001) & 10 b . 110"
direction of the substrate, which itself forms an amglavith = — T
the surface normdl. The step-like structure of the films per- 5= 10" 10"
mits one to investigate the strongly anisotropic properties 0 =
these materials. For example, the resistance along the proje E y
tion of thec axis onto the film surface is given by ® 10°t '\ 110°
w . —— e 4 —*
| , oo 4 2
Re ~ n (0ab COS O+ o Sirf 6s) 2) 10 P 10
(a]
1 He= 1
In the perpendicular direction we have Ll 0107 o
| 10°f " P, 110°
Rab = —0ab - ) \ . T
A ¥ - —n " -
10 10

o o 50 100 150 200 250 300
The resistivitiesoap and o derived in this way are plotted
in Fig. 3 for Bi-2212 films on vicinaBrTiO; substrates for FILMTHICKNESS by [nm]
various tilt angle®s and _d|ﬁerent f'!m thicknesses. W|t'h tilt  Fig. 3. Electrical resistivitiesoan andgc of Bi-2212 films deposited by PLD
anglesfs > 15° the quality of the films starts to deteriorate on vicinal SrTiO; substrates
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Fig. 4. (Hg,Re)-1212 film grown on vicinal (001prTiOs with s = 10°. The

anisotropy in electrical resistivities ig (300 K)/0ap(300 K) ~ 684

temperature (°C)

3 Ferroelectric films Fig. 5. Dielectric constants’ versus temperature foBrBi;Ta,Og (SBT)
films deposited by248nm KrF laser radiation ¢ ~ 2 J/cm?) at substrate
temperature§s = 750°C, 700°C, and800°C in 0.4-mbar G atmosphere.

Among the ferroelectric films fabricated by PLD are ox- Thefull curveshave been calculated, as described in the text (after [17])

idic perovskites such a8aTiOs;, KTa;_xNbyOsz (KTN),
PbTi_xZryO3 (PZT)[12],Ply_yLayTi1_xZryO3 (PLZT) [13],
SrBas_xNb»Og [14], and incipient ferroelectrics [15] such as mined. This is sufficient for applications in dynamic random
SrTiO; andKTaO;s. The perovskite-like materials deposited byaccess memory devices.
PLD incIudeBi4Ti3012 (BTO), LiNbO3, PlXMgl/ngz/g)Og
(PMN) [16], SrBi;Ta,0Og (SBT) [17, 18], etc. [1].

One of the most promising compounds for applica- )
tions as nonvolatile ferroelectric random access memd® Teflon (PTFE) films
ries (RAMSs) is SBT. This material shows very small po-
larization fatigue, low imprint tendency, and low leak- The good mechanical, thermal, and chemical stability of
age currents. For the fabrication 8fBi, TaxOg films and  polytetrafluoroethylene (PTFE) together with its low sur-
Bi»O3/SrBi, Ta,Og/Bi>O3 multilayers onPt/Ti/SiO,-coated  face adhesion, frictional resistance, and low dielectric con-
(100) Si substrates, Bi-enriched targe&rBio 2 TapOg) have  stant makes this material unique for numerous applications
been used in order to compensate for e loss dur- in mechanics, microelectronics, chemistry, medicine, and bio-
ing film deposition. The ferroelectric phase with a dom-science. For certain applications, it is desirable to fabricate
inant (115) orientation was obtained at a substrate tenPTFE in the form of thin films.
perature ofTs = 750°C. The formation of the ferroelectric PTFE films were deposited by meanskaf laser radia-
phase was favored at a lower temperatdie= 650°C, for  tion from pressed powder targets (grain siged um) [19].
Bi»O3/SrBi, TapOy/BioO3 multilayer structures. The SBT The films are highly crystalline, as shown in the opti-
films showed hysteresis loops with a maximum remnantal polarization micrographs of Fig. 6a,b. The size of the
polarization of P, = 6.5uC/cn?, and a coercive field of spherulites can be enlarged to diameters uBpadum by
E. =35kV/cm. postannealing a50°C. The high crystallinity of the PLD-

Figure 5 shows the temperature dependence of the dieleBTFE films has been demonstrated by IR transmission and
tric constant of films deposited at three different substratéemperature-dependent dielectric measurements [20]. Dur-
temperatures. The strength of the dielectric anomaly is largng film formation, PTFE grains are laser-transferred from
est for films deposited &aff; = 750°C. For temperatures well
below Tmax = T(epay the dielectric constant can be described
by a Curie-Weiss (CW) law. In the regiah40°C around
Tmax We find a relaxor-like behavior. The dependert@)
can be approximated by/& — 1/¢ep,.= B(T — Tma)™ with
m =1 ande,,,— oo within the CW region andn = 2 for
the relaxor state. The fit within the rang@0°C aroundTax
yields m= 1.8 andm = 2 for films deposited aiy =700 g%
and750°C, respectively. It confirms the tendency to relaxor-*
like behavior aroundlmax. At temperatures belov250°C
the deviation of¢’ from the CW fit has been ascribed to ;
domain-wall motions. The SBT films revealed no significan
fatigue after4 x 10'° switching cycles atl20°C. Domain "= - :
pinning led to slight fatigue at room temperature. However,Fl'g- 6323- }?g'ﬁier oo BT e e s o
recoyery of the non_SWItChable polarization was possible bgm%m ¢=25 J/cmz,pN| = 2500 pulses? Hz). The magnification is ?he
keeping the film under a field &0°C. Leakage currents of same with both pictures Ts = 400°C. b Ts = 400°C and additional post-
5x 1078 A/cn? for fields up to100 kV/cm have been deter- annealing aff, = 550°C (after [19])
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the target to the substrate with subsequent melting anahember to the family of “Teflon” materials, interesting for

crystallization.
PTFE is well known as an excellent electret (a dielectric
exhibiting a quasi-permanent electrical charge). The elec-

miniaturized electret applications.

tret charge may be either a “real” charge or an inherenheferences

polarization, or a combination of both. True charge elec-
trets, such as nonpolar PTFE, FEP (tetrafluoroethylene-co-
hexafluoropropylene copolymer), and PFA (tetrafluoroethyl-

ene-co-perfluoropropoxyethylene) have found widespread2.

applications in acoustic transducers, such as electret micro-

phones [21]. The increasing demand for miniaturized devices 3

makes PTFE films deposited on substrates an interesting,
charge electret.

The suitability of PLD-PTFE films as charge electrets s.

has been demonstrated by measuring the thermally stimu-
lated voltage decay of corona-charged PLD samples at a rat

of 4°C/min [22]. Figure 7 shows the surface voltage decay g 1 zanner.

of the PLD-PTFE electret. For comparison, data from com-
mercially available PTFE foils are included. Most notable is
the excellent temperature-dependent charge stability of PLD-
PTFE films with large spherulites, comparable or even better
than that of the PTFE foil. Thus, PLD-PTFE films add a new
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Fig. 7. Thermally stimulated surface potential decay for PTFE foils and 22.

PLD-PTFE films with large spherulites (after [22])
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