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Buck-Boost DC to DC Converter for Thermoelectric Generator with
Constant Output Voltage

EARG - EARA TR E A E

(Sungkyu Cho - Soonseo Park - Jigon Kim + Kihun Nam - Shiho Kim)

Abstract - We have proposed and fabricated a Buck-Boost DC to DC Converter for Thermoelectric generator (TEG)
with constant output voltage suitable for battery chargers or constant voltage supplies in the range of several watt. The
experimental and simulation results have shown that the proposed method allows stable operation with maximum 86%
power transfer efficiency. The proposed circuit has a merit in cost and miniaturization of a system compared to
conventional MPPT algorithms, because the proposed method adopts only analog circuit without DSP or micro controller
unit for calculating peak power point by iterative methods.
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Table 1 Summary of measured results
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Ma%.peakto peak 6 mv 50 mv
ripple voltage

% 3& TEST HER FE 34 ﬁfjré &S Ao
o} F W9 Ring oscillator 2279 &8 A3 Fu4
= 9F.25MHzolx, €4 REY 949 EHH] =% dge] A
g 89 Hd FS  BuckmodedlAE  oF 86%,
Boost-Model A= ¢ %=  FAEJT. Ayl
DC-DC W7ol F&o] 90%°]14<l S azstd Actd
dd 2EY HHY DC-DC W7o g8&o] v oz
B o, 289 A dd A iE A wEol
g @ @H g9 DC-DC HEr|s 4= dde] U3
Aol 091 WEH7]7F obyal, WF- A3 RSE zhe W]
wdw sfaafor gt A °J-4 W43 RS} 958443
RLE Zte= 79 o]4<2l Boost mode DC-DC W 3H7]<]
EE nE U ol 7% £ ATHI10L

U:# 1)

1 )
R,(1—D)
A EEL UF Aggie] 026, 3 F3b Aol 10Q
s, 82. EES YY Agde

2.3%9 H AY 2
91 DC-DCe %¥ H] D7} 0.65¢
=} }d¢ MPPT #Alo] 3|=E A
Ag-o= Hd A 3%% 96% = TEHA 5],
Aol B Rl 500mW AXEQ F7 A AdE 4w
7} B ER[5-6], MPPT #lo}71¢ ZEZE 4n A
S 2 =Tl Akste 4W o)t A A
OM—E MPPT Alesl2g Agsix] dxn AL &4
= DC-DC W3 27 wge 4 9 Axctdos Ag
o}f gl = 4§24 o)t}

%2 It o g
2
mE

g 82 £ oo

=
)
e
=

Roo2 o w
b

o ol
—O|L 2L ol e

1848

ZhulE 2 o] g3te] SPICEA EHolde 4
Al ﬂl%}aiv}. AZE Chips o] &3l = 2
go] 82% AERHA gl 44T 52U

B odg e AARAT 2 BN 15 o
g ITATAE AL e d7Z23=2 3505
(NIPA-2009-(C1090-0904-0007))

# d7olrM= IDECeA A3 EDA  tools¥
MPW A=l 29 3)E AH8ssies, IDECH v
YR E) AA=HY

iy

I

32

[1] L. Bell, "Cooling, Heating, Generating Power, and
Recovering  Waste Heat with  Thermoelectric
Systems”, Science Vol. 321 pp 1457-1461, Sep. 2008

[2] %73§, 0]6:1_7,: z%x]i AANE “arary] A ARE AR
43 3D IC Y4 $3 &% Ao ZEEH”, SoC g+
=3 2010, pp. 426-429, 20101 5¢

[3] Hyunju Lee, Soonseo Park, Sungkyu Cho, Hyojong
Kim and Shiho Kim, "A Thin Film Thermoelectric
Cooler for Chip-on-Board direct Assembly”, IEEE
Electrical Design of Advanced Packaging & Systems
Symposium(EDAPS) 2009, #47, Dec. 3 2009.

[4] o994, o]F2, o]Add, B, HE3, “Fdid& wig e
TEA~EE 93 8V-12V W3 CMOS DC-DC #
HE” 2002 A 718ts] aAstEts] =&F D,
pp. 2577-2579, 20023 7€

[5] R. Kim and J. Lai, ” A seamless mode power
transfer Maximum Power Tracking controller for
Thermoelectric generator applications”, IEEE Tr. on
Power electronics, Vol. 23, No. 5, Sep. 2008

[6] R. Kim, J. Lai, B. York, and A.Koran, “Analysis and
Design of Maximum Power Point Tracking scheme
for Thermoelectric battery energy storage system”,
IEEE Tr. on Industrial Electronics, Vol. 56, pp
3709-3716, 2009

(71 vreA, A, 244, AAE, AA2"Ed 49 34
Al2®]lS 913 Buck-Boost DC to DC Converter”,
proceeding of SoC conference 2009, 2009 5¢¥

[8] tﬂ—)\ -] z}ﬂ;ﬁ th]_o];e 717\]&, “od;q HE_,] SPICE
Modeling”, AA}F8+3]=&%], #4778 SDA A435, pp.
7-12, 2010 4¢¥

9] +H8H, o3, °]s &l;
ix}~ o] &3 XA wd 547, 2000 thEhd
718+8] steug =3 C, pp. 1614-1616, 2000 7€,

[10] R. W.
electronics”, pp 170 ~ 173, International Thomson
Publishing, 1997.

R
o] Eon 71%;\1 71t§7—1 “Oaﬂztﬂ-

’ 1=

Ericksom, "Fundamentals of Power



A A A2 A
=M 7 (8B D
20004 Z2djsta A7 5ok staEg
20099 39 < #A FEUFa et

A71g 8t A ALA
: Power IC, MPPT 3|2 A
e Agat A A 71E>

g = M (4 #8)
2009 ZEostn A7) Fen FAEY
2009 3¢ T Al FEOtw ok

R E R
<Ak
Design. Battery Management System>

Power electronics circuit

2007 ¥Fstn M)A
2009
AAEY
2009d~ & A Silicon Works 7 2] %
<FIA RO RFID Tag IC, High
Speed I/O Transciever IC, Power IC >

Trans. KIEE. Vol. 59, No. 10, OCT, 2010

721 (@ EX®

1999 M AW w 7AFE 33 sApE
2001 A eetan 3 RE Aheh AabEd
2006 A A A FE I S
200610 3€~2008'd 2¢ AAuisa A
REA

20061 119 ~2009 8Y 3rkdistu
2ZHolF A FA AIdATY
2009 99 ~ & A &l
<FAFEok SoC, IT &
& AEd>

e

T
} 714, Flash memory controller

4 Al 5 (& & &)
%1718+ 3] 4 3] 9, IEEE Senior Member

19861 AA e Mgty gAbEY
19884 KAIST A7) 2 A4 Fah3} 4]
AFEY
1991 ~1995d KAIST #7] % Azt
RIS
19881 ~1991d LGHH=A] F4A T4 FIA+4
19959 ~19969 LGUHEA] S4AT4 AddAT¢
19979 ~2006 A oista A9, s, Had
20001 ~2001.2 IMEC 174(KU Leuven) 2% u4
2005 ~&d A FEWS A7) AR wg
2009 ~ & A sfol BBl =xME A ol YA 3 A&
AT AE ITRC) AMEH, System Chip Integration (SCI)
Oﬂ:r'- 29
A FoF © System on Chip Design, slo]H = #45
i} A 347]%, 3DIC W7 71%, NAND Flash

Memory A& 4>

1849




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


