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PZT 캔틸레버의 길이와 면적에 따른 에너지 하베스팅 장치의 출력 특성
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Power source
Power

(μW)/cm3

Energy

(Joules)/cm3

Power

(μW)/cm3/yr
storage needed

Voltage

regulation

Commercially

available

Primary battery N/A 2880 90 No No Yes

Secondary battery N/A 1080 34 N/A N/A Yes

Micro fuel cell N/A 3500 110 Maybe Maybe No

Ultra capacitor N/A 50-100 1.6-3.2 No Yes Yes

Heat engine 1X1.06 3346 106 Yes Yes No

Radioactive(63Ni) 0.52 1640 0.52 Yes Yes No

Solar(outside) 15000 * N/A N/A Usually Maybe Yes

Solar(inside) 10 * N/A N/A Usually Maybe Yes

Temperature 40 *† N/A N/A Usually Maybe Soon

Human power 330 N/A N/A Yes Yes No

Air flow 380 †† N/A N/A Yes Yes No

Pressure variation 17 ††† N/A N/A Yes Yes No

Vibrations 200 N/A N/A Yes Yes No

Abstract - With recent advanced in portable electric devices, 
wireless sensor, MEMS and bio-Mechanics device, the new typed 
power supply, not conventional battery but self-powered energy 
source is needed. Particularly, the system that harvests from their 
environments are interests for use in self powered devices. For very 
low powered devices, environmental energy may be enough to use 
power source. Therefore, in other to made piezoelectric energy 
harvesting device, PMN-PZT thick film was formed by the screen 
printing method on the Ag/Pd coated alumina substrate. The layer 
was 8 layers and slurry where a-terpineol, ethycellulose, ferro 
B-75001 as Vehicle, PMN-PZT powder used are fabricated by ball 
mill. The output power quality was be also investigated by changing 
the load resistance, weight and frequency. The made piezoelectric 
energy harvesting device was resulted from the conditions of 33kΩ, 
0.25g, 197Hz respectively. The thick film was prepared at the 
condition of 2.75Vrms, and its power was 230㎼ and its thickness 
was 56㎛. The piezoelectric energy harvesting device output voltage 
was increased, when the load weight, load resistance was increasing 
and resonance frequency was diminishing. The other side, resonance 
frequency was diminished, when the weight was increasing. And 
output power was continuously it changed by load resistance, output 
voltage, weight and resonance frequency.

1. Introduction

  In the last decade great affords have been made in the performance 
enhancement and miniaturization of electronics. Beside mobile phones, 
PDAs and MP3-players, an increasing number of smart systems are 
patched to our environment to improve comfort and security.[1-2] 
However, all of them rely on electric energy usually supported by 
batteries. Vibration energy can be converted into electrical energy 
through piezoelectric, electromagnetic and capacitive transducers. 
Among them, piezoelectric vibration-to-electricity converters have 
received much attention, as they have high electro-mechanical 
coupling and no external voltage source requirement, and they are 
particularly attractive for use in MEMS [3-4]. As a result, the use of 
piezoelectric materials for scavenging energy from ambient vibration 
sources has recently seen a dramatic rise for power harvesting The 
present work aims at a concept of low cost energy harvesting 
devices to push them forward to industrial grade. The Energy and 
power sources comparison is shown in Table. 1. 
  In this study, we propose electric properties of piezoelectric 
cantilever by changing substrate length. We have focused on the 
development of piezoelectric generators to convert mechanical power 
to electrical power from vibrations in dynamic environment. 

2. Results and discussion  

  2.1 Experimental
  Industrial grade raw powders of PbO(99%), ZrO2(99%), TiO2(99%), 
Nb2O5(99.5%), MgO(99%) were used as the raw materials to prepare 
the powders and ceramics with the composition of 0.2Pb(Mg1/3 
Nb2/3)O3-0.8Pb(Zr0.475Ti0.525) (respectively abbreviated as PMN-PZT) 
and these specimens added 0.2wt% Li2CO3 by conventional method. 
The made-up piezoelectric cantilever was shown in Fig. 2 and 
experiment setup is shown in Fig. 3. A mechanical shaker obtained 
from Bruel and Kjaer Instruments (Model Type 4810) was used for 

 <Table. 1> Energy and power sources comparison

* Measured in power per square centimeter, rather than power per cubic centimeter.
† Demonstrated from a 5℃temperature differential.
†† Assumes an air velocity of 5m/s and 5 percent conversion efficiency.
††† Based on 1cm3 closed volume of helium undergoing a 10℃change once a day.

measuring the response of the piezoelectric cantilever under dynamic 
conditions. This shaker can apply a maximum of 10N force in a wide 
frequency range of DC to 10kHz. The shaker was driven at various 
voltages and frequencies by using the function generator (Agilent 
33120A) and a high power amplifier (NF 4055) to produce a cyclic 
force of required magnitude and frequency. The output voltage from 
the piezoelectric cantilever is monitored on a Tektronix digital 
oscilloscope (TDS 2014). In order to avoid any interference from the 
noise in the surrounding environment, all the experiment were 
performed on an isolated bench.

<Fig. 1> Experimental procedure

<Fig. 2> Schematics of piezoelectric cantilever
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<Fig. 3> Experimental setup with the piezoelectric thick 
film cantilever and oscilloscope

  2.2 Energy harvesting properties of piezoelectric       
cantilever

  Fig. 4 shows the piezoelectric cantilever properties with the 
variations of substrate length and weight in resonance frequency and 
Fig. 4(a) shows the output power with the variations of load weight. 
It was continuously it changed by weight and substrate length. The 
maximum power is 230㎼ at 0.25g weight and 5mm X 25mm length. 
Fig. 4(b) shows the resonance frequency with the variations of 
weight. The resonance frequency was decreased without regard to 
substrate length, when the weight was increasing. Fig. 4(c) shows 
the output voltage with the variations of weight. The output voltage 
was increased without regard to substrate length uniformly, when the 
load weight was increasing.

(a)

(b)

(c)

(a) Output power with the variations of substrate length and weight
(b) Resonance frequency with the variations of substrate length and weight
(c) Output voltage with the variations of substrate length and weight

<Fig. 4> Piezoelectric cantilever properties with the 
variations of substrate length and weight

Substrate length of 5mm*25mm, 197Hz 

<Fig. 5> Variation of the substrate length, output power 
and voltage as a function of load resistance 

in maximum output power boundary

  Fig. 5 shows the maximum output power in 5mm*25mm substrate 
length. The piezoelectric cantilever properties with the variations of 
load resistance and weight in resonance frequency. It was 33㏀ load 
resistance and 0.25g weight at 197Hz
  To improve the properties of the achieved prototype generator such 
as upgrading power, boosting voltage and tuning itself to variable 
vibration frequency, suitable PZT film length to enhance the 
conversion of vibration strain to electricity, attempting variable 
cantilevers design to realize cantilevers complementary potency. It can 
also be anticipated that the required generator for different vibration 
environments and a high-powered one can be obtained by cantilever 
length and changing the load weight. The experimental results show 
that the method is promising in ambient vibration energy harvesting. 
It is indicated that a potential in the development of the power 
generator meets applications in wireless/embedded sensor networks.

3. Conclusions

Piezoelectric cantilever on economical screen-printed PMN-PZT films 
can be useful to convert vibration energy into electrical current 
through piezoelectric effect to supply low-power systems.  
Technological parameters as load mass, load resistance, frequency a 
significant role on increasing the performance. 

 - The made piezoelectric cantilever was ideal condition, when the 
5mm X 25mm, 33kΩ, 0.25g, 197Hz respectively

 - The thick film was prepared at the condition of 2.75Vrms, and its 
power was 230㎼ and its thickness was 56㎛. 

 - The piezoelectric energy harvesting device output voltage was 
increased, when the load weight, load resistance was increasing 
and resonance frequency was decreasing and resonance frequency 
was decreased, when the load weight was increasing.

 - The output power was continuously it changed by load resistance, 
output voltage, load weight and resonance frequency.

[References]

[1] H. A. Sodano, G. Park, D. J. Inman, "Comparison of Piezoelectric 
energy harvesting Devices for recharging Batteries", Journal of 
Intelligent Material Systems and Structures, Vol. 16, No. 10,  
799-807, 2005.

[2] Jeon. Y. B, Sood. R, Jeong. J. H and Kim S. G. "MEMS power 
generator with transverse mode thin film PZT Sensors Actuators" 
, A, 122, 16–22, 2005

[3] Poulin. G, Sarraute. E and Costa. F, "Generation of electric energy 
for portable devices: comparative study of an electromagnetic and 
a piezoelectric system Sensors Actuators" , A, 116, 461–71, 2004

[4] Roundy. S, Wright. P. K and Rabaey. J, "A study of low level 
vibrations as a power source for wireless sensor nodes" , 
Comput, Commun, 26 1131–44, 2003



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /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


