
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
3 1 January 2008 (31.01.2008) PCT WO 2008/013946 A3

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HOlL 35/32 (2006.01) F25B 21/02 (2006.01) kind of national protection available): AE, AG, AL, AM,

AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY,BZ, CA, CH,
(21) International Application Number: CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,

PCT/US2007/0 16924 ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,

(22) International Filing Date: 27 July 2007 (27.07.2007) IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

(25) Filing Language: English MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,

(26) Publication Language: English TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(30) Priority Data: ZM, ZW

60/834,005 28 July 2006 (28.07.2006) US (84) Designated States (unless otherwise indicated, for every
60/834,007 28 July 2006 (28.07.2006) US kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant (for all designated States except US): BSST

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
LLC [US/US]; 5426 Irwindale Avenue, Irwindale, Califor

European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
nia 91706 (US).

FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, PL,

(72) Inventors: BELL, Lon, E.; 1819 N. Grand Oaks, Al- PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

tadena, California 91001 (US). CRANE, Douglas, Todd; GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

259 N. Holliston Avenue, #13, Pasadena, California 91106 Published:
(US). DILLER, Robert, W.; 610 Rim Road, Pasadena, — with international search report
California 9 1107 (US). HARRIS, Fred, R.; 2640 Gardi — before the expiration of the time limit for amending the
Street, Duarte, California 91010 (US). claims and to be republished in the event of receipt of

(74) Agent: SIMPSON, Andrew, H.; Knobbe, Martens, Olson amendments

& Bear, LLP, 2040 Main Street, 14th Floor, Irvine, Califor (88) Date of publication of the international search report:
nia 92614 (US). 12 September 2008

(54) Title: HIGH CAPACITY THERMOELECTRIC TEMPERATURE CONTROL SYSTEMS

FIB. 34

(57) Abstract: A thermoelectric system includes a first plurality of thermoelectric elements and a second plurality of thermoelectric
elements. The thermoelectric system further includes a plurality of heat transfer devices. Each heat transfer device has a first side
in thermal communication with two or more thermoelectric elements of the first plurality of thermoelectric elements and a second
side in thermal communication with one or more thermoelectric elements of the second plurality of thermoelectric elements, so as
to form a stack of thermoelectric elements and heat transfer devices. The two or more thermoelectric elements of the first plurality
of thermoelectric elements are in parallel electrical communication with one another, and the two or more thermoelectric elements
of the first plurality of thermoelectric elements are in series electrical communication with the one or more thermoelectric elements



A. CLASSIFICATION OF SUBJECT MATTER ,
INV. H01L35/32 F25B21/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F25B HOlL F24F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 6 598 403 Bl (GHOSHAL UTTAM SHYAMALINDU 1-4
[US]) 29 July 2003 (2003r07-29)
column 6 , line 43 - column 7 , line 5 ;

figure 6b

WO 03/090286 A (RES TRIANGLE INST [US]; 1-4,7
VENKATASUBRAMANIAN RAMA [US]; SIIVOLA
EDWARD P ) 30 October 2003 (2003-10-30)
figure 6 5,6,8-13

/

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but1A" document defining the general state of the art which Is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

1E1 earlier document but published on or after the international "X1 document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

1L" document which may throw doubts on priority clalm(s) or involve an inventive step when the document is taken alone
which Is cited to establish the publication date of another 1Y1 document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document Is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P" document published prior to the international filing date but in the art.
later than the priority date claimed "&1 document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 June 2008 04/07/2008

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV RiJSWiJk

TeI. (+31-70) 340-2040, Tx. 3 1 651 epo nl,
Fax: (+31-70) 340-3016 de Graaf, Jan Douwe

Form PCT/ISA/210 (second sheet) (April 2005)



C(Contlπuatlon). DOCUMENTS CONSIDERED TO B E RELEVANT

Category * Citation of document, with indication, where appropriate, ofthe relevant passages Relevant to claim No.

X DILLER R W ET AL: "Experimental results 14,22

confirming improved performance of systems.

using thermal isolation"

THERMOELECTRICS, 2002. PROCEEDINGS ICT

'02. TWENTY-FIRST INTERNATIONAL CONFERENCE

ON AUG. 25-29, 2002, PISCATAWAY, NJ,

USA 5IEEE, 25 August 2002 (2002-08-25),

pages 548-550, XP010637541

ISBN: 0-7803-7683-8

Y the whole document 5,6,8-13

X FR 1 280 711 A (CSF) 1 ' ,

8 January 1962 (1962-01-08)

figure 4

X ' JP 2002 232028 A (YAMAHA CORP) 1

16 August 2002 (2002-08-16)

the whole document

X FR 2 419 479 A (COMP GENERALE ELECTRICITE 14,22.

[FR] COMP GENERALE ELECTRICITE)

5 October 1979 (1979-10-05)

page 4 , line 11 - line 16; figures 2-4

X DATABASE WPI Week 198227 14-16,22

Thomson Scientific, London, GB; AN

1982-J1035E

XP002485188

& SU 861 869 B (BOCHIN G V )

7 September 1981 (1981-09-07)

the whole document

& SU 861 869 A l (BOCHIN GERMAN V [SU];

BUTYRSKIJ VALENTIN; KOCHKAREV VLADIMIR;

KUBALOV) 7 September 1981 (1981-09-07)

X DILLER R W ET AL: "Experimental results 14-28

confirming improved efficiency of

thermoelectric power generation systems

with alternate thermodynamic cycles"

THERMOELECTRICS, 2003 TWENTY-SECOND

INTERNATIONAL CONFERENCE ON - ICT LA

GRANDE MOTTE, FRANCE AUG. 17-21, 2003,

PISCATAWAY, NJ, USA, IEEE,

17 August 2003 (2003-08-17), pages

571-573, XP010697378

ISBN: 0-7803-8301-X

the whole document

X GB 1 040 485 A (LICENTIA GMBH) 14,22 .

24 August 1966 (1966-08-24)

figure 2

X WO 2005/020340 A (BSST LLC [US]) 14,22

3 March 2005 (2005-03-03)

the whole document

Form PCT/ISA/21 0 (continuation of second sheet) (April 2005)



C(Continuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation ofdocument, with indication, where appropriate, ofthe relevant passages Relevant to claim No.

X WO 2004/019379 A (BSST LLC [US]) 14,22

4 March 2004 (2004-03-04)

the whole document

X JP 01 131830 A (MATSUSHITA ELECTRIC WORKS 14,22-28

LTD) 24 May 1989 (1989-05-24)

the whole document

X JP 04 103925 A (NIPPON DENSO CO) 14,22-28

6 April 1992 (1992-04-06)

the whole document

A US 3 125 860 A (A.D.REICH)

24 March 1964 (1964-03-24)

A EP 1 366 328 A (BSST LLC [US])

3 December 2003 (2003-12-03)

A US 2 949 014 A (BELTON JR JOSEPH F ET AL)

16 August 1960 (1960-08-16)

A US 1 120 781 A (W. W .E ALTENKIRCH & G .R .

GEHLHOFF) 15 December 1914 (1914-12-15)

A BELL L E : "Use of thermal isolation to

improve thermoelectric system operating

efficiency"

THERMOELECTRICS, 2002. PROCEEDINGS ICT

'02. TWENTY-FIRST INTERNATIONAL CONFERENCE

ON AUG. 25-29, 2002, PISCATAWAY, NJ,

USAJEEE, 25 August 2002 (2002-08-25),

pages 477-487, XP010637528

ISBN: 0-7803-7683-8

A BELL L E : "Increased thermoelectric

system thermodynamic efficiency by use of

convective heat transport 1"

THERMOELECTRICS, 2002. PROCEEDINGS ICT

'02. TWENTY-FIRST INTERNATIONAL CONFERENCE

ON AUG. 25-29, 2002, PISCATAWAY, NJ,

USA, IEEE, 25 August 2002 (2002-08-25),

pages 488-499, XP010637529

ISBN: 0-7803-7683-8

A BELL L E : "Alternate thermoelectric

thermodynamic cycles with improved power

generation efficiencies"

THERMOELECTRICS, 2003 TWENTY-SECOND

INTERNATIONAL CONFERENCE ON - ICT LA

GRANDE MOTTE, FRANCE AUG. 17-21, 2003,

PISCATAWAY, NJ, USA 5IEEE/

17 August 2003 (2003-08-17), pages

558-562, XP010697375

ISBN: 0-7803-8301-X

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT PCT US2007016924

Box No. Ii Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:-

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1.
JL As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable

claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. ] I No required additional search fees were timely paid by the applicant. Consequently, this International search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees. .

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/US2007 /016924
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This International Searching Authority found multiple (groups of)

inventions in this international application, as follows:

1 . claims: 1-13

A thermoelectric system comprising a first and a second
plurality of thermoelectric elements, and a plurality of
heat transfer devices, each heat transfer- device having a
first side in thermal communication with two or more
thermoelectric elements of the first plurality of
thermoelectric elements (e.g. P-type) and a second side in

thermal communication with one or more thermoelectric
elements of the second plurality of thermoelectric elements
(e.g. N-type), so as to form as stack of thermoelectric
elements and heat transfer devices, wherein the two or more
thermoelectric elements of the first plurality of
thermoelectric elements are in parallel electrical
communication with each other and the two or more
thermoelectric elements of the first plurality of
thermoel electric elements are in series electrical
communication with the one or more thermoelectric elements
of the second plurality of thermoelectric elements, and
wherein each heat transfer device thermally isolates the two
or more thermoelectric elements of the first plurality of
thermoelectric elements from the two or more thermoelectric
elements of the second plurality of thermoelectric elements.

2 . claims: 14-28

A thermoelectric system comprising a plurality of
thermoelectric modules; and a plurality of heat transfer
devices, each heat transfer device comprising a housing and
one or more heat exchanger elements inside the housing, each
heat transfer device accepting a working fluid to flow
therethrough, at least some of the heat transfer devices in

thermal communcation with and sandwiched between at least
two thermoelectric modules of the plurality of

thermoelectric modules so as to form a stack of alternating
thermoelectric modules and heat transfer devices, arranged
to provide thermal isolation along a direction of a working
medium movement.
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