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USOO663.2563B1 

(12) United States Patent (10) Patent No.: US 6,632,563 B1 
Krasnov et al. (45) Date of Patent: Oct. 14, 2003 

(54) THIN FILM BATTERY AND METHOD OF FOREIGN PATENT DOCUMENTS 
MANUFACTURE FR 2403652 A 4/1979 

(75) Inventors: Victor Krasnov, Tarzana, CA (US); E. 25 G. A g1984 y f2001 

Kai-Wei Nieh, Monrovia, CA (US); WO WOOO 60689 A 10/2000 
Su-Jen Ting, Encino, CA (US) WO WO O2 21627 A 3/2002 

(73) Assignee: Front Edge Technology, Inc., Baldwin OTHER PUBLICATIONS 
Park, CA (US) Bolster M-E, et al. “Investigation of lithium intercalation 

metal oxides for thermal batteries' Proceedings of the 
(*) Notice: Subject to any disclaimer, the term of this International Power Sources Symposium, Cherry Hill, Jun. 

patent is extended or adjusted under 35 25–28, 1990; Jun. 25, 1990, pp. 136–140, vol. SYMP. 34, 
U.S.C. 154(b) by 11 days. IEEE, New York, US. 

Wagner AV, et al. “Fabrication and testing of thermoelectric 
(21) Appl. No.: 09/656,012 thin film devices' Fifteenth International Conference on 

Thermoelectrics, Pasadena, CA, USA Mar. 26-29, 1996; pp. 
(22) Filed: Sep. 7, 2000 269-273, IEEE, New York, US. 
(51) Int. Cl." ................................................. H01M 646 U.S. Provisional Patent Application entitled, "Comprehen 
52) U.S. Cl. ................ ... 429/162: 429/127 sive Patent for the Fabrication of a High Volume, Low Cost 
S Field of Search f 2251 62 ? 27 Energy Products Such as Solid State Lithium Ion Recharge 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - s able Batter, Supercapacitators and Fuel Cells'; filed Mar. 24, 

(56) References Cited 2000; Ser. No. 60/191,774, Inventors: Jenson, et al. 

U.S. PATENT DOCUMENTS 

3,530,007 A * 9/1970 Golubovic .................. 136/263 
4,543,441. A * 9/1985 Kumada et al. .. ... 136/244 
5,019,467 A * 5/1991 Fujiwara .................... 29/623.5 
5,338,625 A 8/1994 Bates et al. 
5,445,906 A * 8/1995 Hobson et al. ............ 29/623.3 
5,512,147 A 4/1996 Bates et al. 
5,597.660 A 1/1997 Bates et al. 
5,612,152 A 3/1997 Bates 
5,705,293 A * 1/1998 Hobson ...................... 429/162 
5,705297 A * 1/1998 Warren ...................... 29/623.4 
6,168,884 B1 1/2001 Neudecker et al. 
6,280.875 B1 * 8/2001 Kwak et al. ................ 429/124 

(List continued on next page.) 
Primary Examiner Patrick Ryan 
ASSistant Examiner-Gregg Cantelmo 
(74) Attorney, Agent, or Firm Ashok K. Janah 
(57) ABSTRACT 

A thin film battery 10 comprises a Substrate 12 which 
permits the battery 10 to be fabricated to provide higher 
energy density. In one embodiment, the Substrate 12 of the 
battery 10 comprises mica. A crystalline lithium metal oxide 
film may be used as the cathode film 18. 

17 Claims, 3 Drawing Sheets 
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OTHER PUBLICATIONS 

U.S. Provisional Patent Application entitled, “ Apparatus and 
Method for Rechargeable Batteries and for Making and 
Using Batteries”, filed Aug. 14, 2000, Ser. No. 06/225,134, 
Inventor: Jenson. 
U.S. Provisional Patent Application entitled, “Battery Hav 
ing Ultrathin Electrolyte”, filed Oct. 6, 2000, Ser. No. 
60/238,673; Inventor: Jensen, et al. 
Roh N-S, et al., “Effects of deposition condition on the ionic 
conductivity and structure of amorphous lithium phosphorus 
oxynitrate thin film' Scripta Materialia, Dec. 17, 1999, pp. 
43–49, vol. 42, No. 1, Elsevier, New York, NY, US. 

Neudecker, et al., “Lithium-Free Thin-Film Battery with 
In-Situ Plated Li Anode”, Journal of the Electrochemical 
Society, Issue No 147(2) 517-523 (2000). 
Donald M. Mattox, Handbook of Physical Vapor Deposition 
(PVD) Processing, Film Formation, Adhesion, Surface 
Preparation and Contamination Control, 1998, pp. 127-135 
and 343-364, Noyes Publications, Westwood, New Jersey, 
U.S.A. 
Bates, J.B., et al., “Preferred Orientation of Polycrystalline 
LiCoO Films” Journal of the Electrochemicial Society; 
Issue No.147 (1) pp. 59–70 (2000). 
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Ameal Substrate 100 

Load Substrate and 
pump down chamber 200 

Backfill chamber with Ar 300 
and 0 to 5 to 25 mTorr 

Operate magnetron sputering 400 
cathode at 1 to 20 Wlcm 

Deliver an ion-flux of 0.1 to 500 
5 mA/cm2 during deposition 

Establish a negative potential 
of 5 to 100 W on the substrate 600 

Maintain parameters to 700 
desired cathode thickness --- 

FIG. 2 
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