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achievement superconducting transition temperatures 

 
 

Abstract: A new method for determining electric and thermal characteristics of Peltier devices is analyzed with the aim of optimization of Peltier 
devices. Obtained results give the possibility to optimize thermoelectric cooler systems to reach most efficient operating state and to achieve the 
lowest possible temperature. In optimized by proposed method four stage Peltier cooling cascade the achieved temperature could be near to the 
superconducting transition temperature of HgBa2CaCu2O6+δ. Peltier device is not damaged during the test process and still can be used.  

 
Streszczenie: W artykule przeanalizowano nową metodę wyznaczania elektrycznych oraz termicznych parametrów ogniw Peltiera. Otrzymane 
wyniki dają możliwość optymalizowania chłodziarek termoelektrycznych w celu osiągnięcia najbardziej efektywnego punktu pracy. 
W czterostopniowej chłodziarce termoelektrycznej zoptymalizowanej przy użyciu proponowanej metody otrzymana temperatura może być bardzo 
bliska temperaturze nadprzewodnictwa HgBa2CaCu2O6+δ. Badany element Peltiera nie ulega uszkodzeniu podczas testu  i może być dalej używany. 
(Wykorzystanie metody badań ogniw Peltiera do optymalizacji ich punktu pracy w celu osiągania temperatur nadprzewodnictwa) 
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Introduction 

Thermoelectric modules are widely used in military 
equipment, aeronautics and industry. They owe their 
popularity to simple construction without any mechanical 
elements, that increases the reliability. Peltier cooling 
devices have special place in superconductor electronics. 
Superconducting microelectronic circuits are largely 
miniaturized and only a small cooling power of the order of 
milliwatts is needed. In multi-stage thermoelectric coolers 
the temperature as low as 149 K can be reached [1,2]. This 
temperature approaches the superconducting transition 
temperature of 124 K which can be achieved in thin films of 
HgBa2CaCu2O6+δ However, the designing of high 
performance cooling systems or thermoelectric generators 
is very difficult because the characteristics of modules 
provided by manufactures do not fit the required cooling 
levels [3,4]. The optimization of cooling or generating 
systems, based on  ΔTmax, Imax or Qmax , is hard to realize. 

In this article, the new concept for testing method of the 
Peltier devices [5] is analyzed. The proposed method allows 
determining Peltier device characteristics [6], including 
thermal and thermoelectric material characteristics and 
electric resistance without affecting the device structures, 
unlike classic methods do [7-11]. The accuracy of different 
versions of the method was analyzed and the most 
accurate version was chosen. The results obtained from the 
proposed method give the possibility to optimize the 
thermoelectric cooler systems towards the most efficient 
operating state. 
 
Method 

In the experimental setup, the thermoelectric module is 
placed between a heat source (1) and a cooler (5), that 
causes heat flux through the tested element. The 
temperatures Th0 and Tc0, the heat flux Q0, the electromotive 
force E0 and the current I0  (generated immediately after the 
circuit is shortened) are measured when the thermoelement 
approaches a thermally stable state. After the 
measurements are conducted, the circuit is shorted and I0 is 
measured with an ammeter of the lowest available 
resistance. Then, a change in the temperature distribution 
inside the Peltier device, caused by Peltier effect, takes 
place. When the Peltier device reaches a new thermally 
stable state, the temperatures Thz and Tcz, the current Iz , the 
heat flux Qz and the voltage Ez (generated immediately after 
the circuit is opened) are measured. 

 
Fig. 1. The test system for Peltier device: 1 - electric heater; 2, 4 - 
heat conducting and temperature equalizing plates; 3- the Peltier 
device under test; 5 – cooler; V – voltmeter; A-ammeter; K-switch 
 

The basic principle of the proposed method is that the 
heat fluxes through the surfaces at temperatures Th and Tc 
are  equal when no external electric load is inserted into the 
circuit. There are two states of the Peltier device which 
meet abovementioned condition: when the electrical circuit, 
fed from the device, is shorted, and when it is opened. 

For a single thermoelectric element of Peltier device, 
the heat equation can be written as follows: 
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where Qh,c are the heat fluxes on the hot and cold sides 
respectively, T1 and T2 are the temperatures at the contact 
points between thermoelectric material and copper 
connectors, Ψp is the thermal resistance of thermoelectric 
material, A is the real electromotive force, I is the current, 
R is the electric resistance of the Peltier device (the true 
electric resistance of the thermoelectric material added to 
the electric resistance of the contact layer Rc). 
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n is the number of semiconductor blocks, h is the height of 
semiconductor blocks, ρ is resistivity, s is the cross-section 
area of semiconductor blocks.  

When the circuit is short, and assuming that mutual 
dependence of heat fluxes can be applied and written down 
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using average values of thermoelectric material properties, 
the following set of equations can be written: 
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where Ψt is the total thermal resistance of copper 
connections, contact  surfaces adjacent to the structure of 
a heating or cooling system at the level of temperature 
measurement points Th or Tc. From equations (3) the 
following relationship can be obtained: 
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Taking into account that,Tz=(Thz+Tcz)/2=(T1z+T2z)/2 for heat 
fluxes in the contact point between the thermoelectric 
material and the copper connection layer, the following 
formula can be written: 
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From the aforementioned equations, one can obtain: 
- for the true electromotive force: 
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‐	for the thermal resistance of semiconductor elements of 
the Peltier device: 
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- for the summary thermal resistance of copper 
connections, joint surfaces with the structure of the 
heating/cooling system: 
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 - for the electric resistance: 
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Equation (6) shows that it is possible to conduct the 
experiment in several ways. The tests can be performed: 
- at a constant average value of temperature during the 

experiment: 
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eliminating the inaccuracy resulting from thermal 
dependencies of constructional materials and the 
temperature, 

- at equal heat fluxes 
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gives possibility to make experiment faster, 
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 In order to compare the accuracy of abovementioned 
variants, they are analyzed using the maximum 
approximation error formula: 
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The derivatives for each term of equation (11) and for each 
variant of the experiment are given in Table 1.	
Table 1. Expressions for derivatives coefficients 
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After substitution the experimental data into relationships 
from Table 1, the values of derivative coefficients can be 
obtained. 
 
Table 2. Values of derivative coefficients 
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constT  0,001 0,001 0,4 0,04 1·10-4 

Qz=Qo 0,001 0,2 0,2 5·10-5 

Iz=Io 0,009 0,009 0,12 1·10-4 

 
Let the accuracy of the research setup equipment is as 
follows:  ΔT = ± 0,5 oC, ΔQ = ± 0,5 W, ΔI = ± 0,01 A. 
From equation (11) and the coefficients given in Table 2, 
the accuracy for each variant of the method can be 
expressed as: ΔA = 2,26% (for Ts=const), ΔA = 1,13% (for 
Qz=Q0), and ΔA = 0,7%. (for Iz=I0) 
 From the obtained results It can be seen that the 
experiment  conducted at Iz=Io is the most accurate. In this 
variant ∆A should be about 0,7%; that gives very good 
support for precise optimization. 
 
Conclusions 

The proposed method allows determining Peltier 
device parameters, and it is possible to determine the total 
thermal resistance of copper connections, contact surfaces 
with structure of a heating or cooling system and thermal 
resistance of semiconductor material. This feature gives the 
possibility to obtain the true electromotive force (A) based 
on the temperatures T1 and T2. There are several ways to 
conduct the experiment, and each one has own 
advantages. The analysis shows that the accuracy of each 
variant of experiment is different. The most accurate is the 
variant for Io=Iz which gives ΔA about 0,7%. The variant of 
experiment to be chosen depends on the result that is 
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preferred, e.g. a short time of experiment, a high accuracy 
or elimination of the inaccuracy resulting from thermal 
considerations of constructional materials, and the 
temperature. Results obtained using the proposed method 
give the possibility to optimize the thermoelectric coolers 
systems for most efficient operating state, and to achieve 
the lowest possible temperatures. For a four-stage Peltier 
cooling cascade optimized by this method, it could be 
possible to achieve the temperature as low as 124 K which 
is sufficient for superconducting transition of thin films of 
HgBa2CaCu2O6+δ . 
 

REFERENCES 
[1] Huebener  R .P . ,  Tsue i  C .C . ,  Prospects for Peltier 

cooling of superconduction electronics, Cryogenics 38 
(1998) 325-328 

[2] Huebener  R.P . ,  Me tzger  T . , Modelling and cooling 
behaviour of Peltier cascades, Cryogenics 39 (1999) 235-239 

[3] Jianlin Y., Beiming W., Enhancing the maximum coefficient of 
performance of thermoelectric cooling modules using 
internally cascaded thermoelectric couples, International 
Journal of Refrigeration 32 (2009) 32-39 

[4] Huang  B .J ,  Ch in  C .J . ,  Duang  C .L . ,  A design method 
of thermoelectric cooler, International Journal of Refrigeration 
23 (2000) 208-218 

[5] Lozb in  V . ,  By l i ck i  P . ,  Cuba  V . ,  New method of 
determining electric and thermal  characteristics of Peltier 
device, 7th International Conference NEET 2011 [ in review] 

[6 ]  Te rasak i  I .  Thermal Conductivity and Thermoelectric 
Power of Semiconductors, Comprehensive Semiconductor  
Science and Technology,  2011,  326-358 

[7] Rowe D.  M. ,  Thermoelectrics Handbook – Macro to Nano 
edited by D.M. Rowe, PhD., D.Sc.,2006 

[8] Ah iska  R . ,  New Method for Investigation of Dynamic 
Parameters of Thermoelectric Modules, Turk J Elec Engin, 
vol. 15, no 1, 2007 

[9] Greber ,  G . ,  Erk ,  S . ,  Gr igu l l ,  U . ,  Principles of Heat 
Exchange. Translation from the German edited by Prof. A. A. 
Gukhman. M., ИЛ, 1958. 

[10] Ch i rk in  V .  S . ,  Thermal Conductivity of Industrial 
Materials, Fd. 2 [in Russian], Mashgiz, Moscow,1962 

[11] C iy lan  B . ,  Y ı lmaz  S . ,  Design of a thermoelectric module 
test system using a novel test method, International Journal 
of Thermal Sciences 46 (2007) 717–725 

 
Authors: prof. dr hab. inż. Viktor Lozbin, National University of 
Water Industry and Nature Management, Thermal Energetics 
Chair, Rivne,  Ukraine, E-mail: v.lozbin@ukr.net; dr hab. inż. 
Oleksandra Hotra, prof. PL, Lublin University of Technology, 
Electrical Engineering and Computer Science Faculty, 38A 
Nadbystrzycka Street, 20-618 Lublin, Poland E-mail: 
o.hotra@pollub.pl; mgr inż. Piotr Bylicki, Lublin University of 
Technology, Electrical Engineering and Computer Science Faculty, 
38A Nadbystrzycka Street, 20-618 Lublin, Poland E-mail: 
piotrbylicki@wp.pl  

 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


