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Lead zirconate - lead titanate (PZT) materials are commercially important piezoelectric and 
ferroelectrics in a wide range of applications, such as data storage (dynamic access and ferroelectric 
random access memories) and sensing and actuating devices. PZT with the morphotropic phase 
boundary composition offers the highest piezoelectric response and at the present there are no fully-
developed alternative materials to PZT. The importance of PZT associated with the continuous 
requirements of device miniaturization, imposes the development of high quality PZT thin films 
with optimized properties. Concomitantly due to the dependence of the final properties of thin films 
on the details of the microstructure a thoroughly analysis at the local scale of their microstructure is 
necessary. Sol-gel method, is one of the Chemical Solution Deposition techniques used to prepare 
oxide thin films, such as PZT. Starting from a solution, a solid network is progressively formed via 
inorganic polymerisation reactions. Most metal alkoxides used for sol-gel synthesis are highly 
reactive towards hydrolysis and condensation. Therefore their chemical reactivity has to be tailored 
via the chemical modification (or complexation) of metal alkoxides to avoid uncontrolled reactions 
and precipitation. For PZT sol gel thin film preparation, two chemical routes are frequently used 
depending on the nature of the molecular precursor, namely methotoxyethanol (MOE) route and 
diol-route. In a MOE route, the precursors, lead acetate trihydrate, titanium isopropoxide and 
zirconium propoxide, are modified with MOE to change their reactivity. In a diol route, dihydroxy 
alcohol, such as ethylene glycol or propanediol, is used as a solvent to modify the metal alkoxides. 
Though XRD pattern of the films derived from different routes showed perovskite structure, these 
films displayed different final morphology, microstructure and dielectric properties. In the current 
work a detailed analysis of the local structure of PZT films synthesised from these two routes by 
means of scanning electron microscopy (SEM) and atomic force microstructure (AFM), is 
conducted. Local electric properties via piezo-force microscopy (PFM) are also analyzed and 
correlated to their microstructures. 

Figure 1 shows the surface morphology obtained by atomic force microscopy of PZT films derived 
from diol (1a – 1c) and MOE (1d-1f). The RMS (root mean square) surface roughness of PZT films 
derived from diol route is relatively smaller (2.62nm) than the roughness of the films derived from 
MOE route (8.12nm). At the same time these last films possess a bimodal grain size distribution 
easily identified from the deflection image (Fig. 1e), in which big grains are indicated by a green 
arrow and a group of small grains specified by a red arrow. In accordance, topography of surface 
analysis (1c, 1f) evidences a single modal distribution of grain height for diol derived films and a 
multimodal distribution for MOE derived ones. 

Local piezo-response has been studied in detail on individual domains of the films and Figure 2 
depicts their local piezoelectric properties. Local piezoloops of MOE derived PZT films (Fig. 2b) 
clearly show a dependence on the grain size: for grains with similar domain orientation, big grains 
show a higher average remanent d33 value (~32) than the small grains with lower d33 value (~28). In 
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comparison the piezo-response signal of different grains in diol derived PZT films showed similar 
d33 values. Domains with opposite orientation (black domain and white domain) have been tested 
and the measured d33-loops are similar. In conclusion: i) the microstructure of PZT films as a 
function of processing route has been clearly visualized by AFM and details at the nano-scale 
electrical response related with the microstructure undoubtedly highlighted by PFM and ii) because 
the macroscopic electric response of these films results from the average reaction of domains 
switching under the electric field that by itself depend on the individual response of each domain, 
the knowledge of the individual domain behaviour is fundamental to understand and optimise the 
dielectric properties of PZT and other ferroelectric thin films. 

Financial support from CICECO, FCT and FEDER is acknowledged. 

Figure 1 Microstructure of PZT films revealed by AFM: surface morphology of PZT films derived 
with diol (a – c) and MOE (d-f). 

Figure 2 Local piezoelectric hysteresis-loops of PZT films derived from different routes: (a) Diol-
derived and (b) MOE derived film.   

0 5 10 15 20 25 30
0

200

400

600

800

1000

1200

Topo [nm]

N
um

be
r 

of
 e

ve
nt

s

0 1 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

Topo [nm]

N
um

be
r 

of
 e

ve
nt

s

200nm

300nm

big grain

small 
grains 

(b) (a) (c) 

(d) (e) (f) 

-50

-40

-30

-20

-10

0

10

20

30

40

-30 -20 -10 0 10 20 30

Applied dc voltage (V)

p
ie

zo
re

sp
o

n
se

 (
d

33
 c

o
ef

fi
ci

en
t,

 a
.u

.)

big grain

small grain

-40

-30

-20

-10

0

10

20

30

40

-30 -20 -10 0 10 20 30

Applied dc voltage (V)

P
ie

zo
re

sp
o

n
se

 (
d

33
 c

o
ef

fi
ci

en
t,

 a
.u

.)

black domain
white domain

(a) (a) (b) 

Microsc Microanal 15 (supp 3), 200954

https://doi.org/10.1017/S1431927609990729 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927609990729


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


