United States Patent

US007309830B2

(12) (10) Patent No.: US 7,309,830 B2
Zhang et al. 45) Date of Patent: Dec. 18, 2007
(54) NANOSTRUCTURED BULK 2002/0026856 Al 3/2002 Suzuki et al. ......ccceeeeee 75/343
THERMOELECTRIC MATERIAL 2002/0170590 Al* 11/2002 Heremans et al. .......... 136/240
2002/0175408 Al 112002 Majumdar et al. .......... 257/734
(75 o Minjuan Zhan. Ao Ao MU, I 308 gl
curial ¢l ¢ eeeeeeeseeans
Yunfeng Lu, New Orleans, LA (US) 2003/0099279 Al 5/2003 Venkatasubramanian et al.
(73) Assignees: Toyota Motor Engineering & 2006/0102224 Al* 5/2006 Chenetal. ................. 136/203
Manufacturing North America, Inc.,
Ann Arbor, MI (US); The FOREIGN PATENT DOCUMENTS
Admini.strators of the Tulane P 2001-007407 1/2001
Educational Flllld, New Orleans, LA JP 2004-193526 7/2004
(Us) P 2004-265988 9/2004
(*) Notice: Subject to any disclaimer, the term of this * cited by examiner
patent is extended or adjusted under 35 Y
U.S.C. 154(b) by 3 days. Primary Examiner—Edna Wong
Assistant Examiner—Anthony Fick
(21) Appl. No.: 11/120,731 (74) Attorney, Agent, or Firm—Gifford, Krass, Sprinkle,
) Anderson & Citkowski, P.C.
(22) Filed: May 3, 2005
(57) ABSTRACT
(65) Prior Publication Data
US 2006/0118158 Al Jun. 8, 2006 A thermoelectric material comprises two or more compo-
nents, at least one of which is a thermoelectric material. The
Related U.S. Application Data first component is nanostructured, for example as an elec-
(60) Provisional application No. 60/633,918, filed on Dec. trically conducting nanostructured network, and can include
72004 T nanowires, nanoparticles, or other nanostructures of the first
’ ’ component. The second component may comprise an elec-
(51) Int. CL trical insulator, such as an inorganic oxide, other electrical
HOIL 3526 (2006.01) insulator, other low thermal conductivity material, voids,
(52) US.Cl 136/236.1: 136/205: 438/54 air-filled gaps, and the like. Additional components may be
(58) Field of Classification Search ’ 1 3’6 1236.1: included, for example to improve mechanical properties.
""""""" 438 /'5 4’ Quantum size effects within the nanostructured first com-
See anplication file for complete search histo ponent can advantageously moditfy the thermoelectric prop-
PP P R4 erties of the first component. In other examples, the second
(56) References Cited component may be a thermoelectric material, and additional

U.S. PATENT DOCUMENTS
5,448,109 A 9/1995 Cauchy ......coocuviiinnins 257/719

components may be included.

18 Claims, 14 Drawing Sheets




