US007722686B2

a2z United States Patent (10) Patent No.: US 7,722,686 B2
Xi et al. 45) Date of Patent: May 25, 2010
(54) COMPOSITE ELECTRODE AND METHOD 2,692,210 A 10/1954 Burnham
FOR FABRICATING SAME 2,800,616 A 7/1957 Becker
3,060,254 A 10/1962 Urry
(75)  Inventors: Xiaomei Xi, Qarlsbad, CA (US); Linda 3,105,178 A 9/1963 Meyers
ﬁ{;"ﬁ%snsasn Dggos ngUS);S Porter 3,201,516 A 8/1965 Weingartner
itchell, San Diego, CA (US) 3,288,641 A 11/1966 Rightmire
(73) Assignee: Maxwell Technologies, Inc., San Diego,
CA (US)
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent ilssi’(‘gltdegsardadjumd under 35 FOREIGN PATENT DOCUMENTS
S.C. 3% ays.
CA 660854 4/1963
(21) Appl. No.: 11/487,914
(22) Filed: Jul. 17, 2006
Continued
(65) Prior Publication Data (Continued)
US 2007/0026317 Al Feb. 1, 2007 OTHER PUBLICATIONS
Supplementary European Search Report, completed Oct. 9, 2009.
Related U.S. Application Data P o P P P
(62) Division of application No. 10/916,936, filed on Aug. (Continued)
12, 2004, now Pat. No. 7,090,946. Primary Examiner—Patrick Ryan
(60) Provisional application No. 60/578,722, filed on Jun. Assistant Examiner —Thomas H. Parsons .
10, 2004, provisional application No. 60/557,576, (74) Attorney, Agent, or Firm—Oppedahl Patent Law Firm
filed on Mar. 30, 2004, provisional application No. LLC
60/546,093, filed on Feb. 19, 2004. 57) ABSTRACT
(51) Imt.ClL
HOIM 4/82 (2006.01) ) ) )
HOIG 9/00 (2006.01) Composite electrodes are constructed with pressure-bonding
C09J 5/10 (2006.01) techniques instead of an adhesive. A current collector is made
(52) US.CL oo, 29/623.3; 361/502; 156/306.3; ~ iromaluminum foil roughed on both surfaces. The surfaces of
’ ’ 428 /232’ the collector can be treated to enhance adhesion to the sur-
(58) Field of Classification Search 428/232- faces. Layers of film that includes active electrode material,
156/306 3361/5 02 . 90/623 3’ such as activated carbon, are fabricated and pressure-bonded
See application file for com. le.te’search hi£t0 ’ to the current collector using a calender with heated rollers.
PP P o The resulting composite sheet is then processed to shape
(56) References Cited electrodes, which can be used in electrical energy storage
devices, including double layer capacitors.
U.S. PATENT DOCUMENTS
2,234,608 A 3/1941 Robinson 12 Claims, 4 Drawing Sheets

_— 300

306 _/ )

302

307




US 7,722,686 B2

Page 2

3,386,014
3,513,033
3,528,955
3,536,963
3,617,387
3,648,126
3,648,337
3,652,902
3,700,975
3,838,092
3,864,124
3,935,029
3,977,901
4,012,562
4,096,277
4,129,633
4,153,661
4,161,063
4,163,811
4,175,055
4,177,159
4,187,390
4,194,040
4,287,232
4,278,525
4,313,084
4,313,972
4,317,789
4,320,184
4,320,185
4,327,400
4,336,217
4,337,140
4,341,847
4,354,958
4,379,772
4,383,010
4,396,693
4,405,544
4,438,481
4,440,835
4,457,953
4,481,558
4,482,931
4,500,647
4,556,618
4,562,511
4,576,861
4,594,758
4,597,028
4,622,611
4,664,683
4,683,516
4,700,450
4,709,303
4,725,926
4,725,927
4,730,239
4,737,889
4,758,473
4,760,494
4,802,063
4,804,592
4,805,074
4,822,701
4,853,305
4,862,328
4,866,117
4,877,694
4,895,775
4,908,281

U.S. PATENT DOCUMENTS

5/1968
5/1970
9/1970
10/1970
11/1971
3/1972
3/1972
3/1972
10/1972
9/1974
2/1975
1/1976
8/1976
3/1977
6/1978
12/1978
5/1979
7/1979
8/1979
11/1979
12/1979
2/1980
3/1980
1/1981
7/1981
1/1982
2/1982
2/1982
3/1982
3/1982
4/1982
6/1982
6/1982
7/1982
10/1982
4/1983
5/1983
8/1983
9/1983
3/1984
4/1984
7/1984
11/1984
11/1984
2/1985
12/1985
12/1985
3/1986
6/1986
6/1986
11/1986
5/1987
7/1987
10/1987
11/1987
2/1988
2/1988
3/1988
4/1988
7/1988
7/1988
1/1989
2/1989
2/1989
4/1989
8/1989
8/1989
9/1989
10/1989
1/1990
3/1990

Burger
Watanabe
Lippman et al.
Boos

Grulke

Boos
Greskamp
Hart

Duane

Vogt

Breton et al.
Baker
Buzzelli
Saunders
Martin
Biddick

Ree et al.
Goebel
Kohlmayr
Goller et al.
Singer

Gore

Breton et al.
Bernstein et al.
Gestaut
Hosokawa
Goller et al.
Groukt et al.
Bernstein et al.
Bernstein et al.
Muranaka
Sauer
Solomon
Sammells
Solomon
Solomon
Spaepen
Bernstein
Solomon
Phillips
Vignaud

Mc Intyre
Endoh
Yializis
Solomon et al.
Shia
Nishino
Kato
Watanabe
Yoshida
Bennett
Degen
Miller
Pozzo
Fujiwara
Morimoto
Morimoto
Currie
Nishino et al.
Herscovici et al.
Crum
Carino
Vanderborgh
Harakawa
Ballard et al.
Anderman
Morimoto
Egashira
Solomon
Kato et al.
O’Callaghan

P B B e B D B B B B B D D B B e D 0 B B B 0 B B B B B B B 2 B B D B B D 0 D B B B D

4,917,309
4,985,296
4,987,518
4,992,910
5,012,385
5,019,311
5,064,805
5,065,286
5,071,610
5,072,335
5,072,336
5,072,337
5,077,634
5,080,963
5,086,373
5,096,663
5,099,398
5,100,747
5,102,745
5,103,379
5,117,065
5,121,301
5,136,472
5,136,474
5,142,451
5,144,595
5,145,752
5,147,539
5,147,722
5,150,283
5,158,722
5,162,178
5,168,019
5,172,307
5,190,833
5,198,313
5,214,564
5,219,673
5,227,960
5,253,148
5,277,729
5,304,330
5,318,862
5,350,643
5,351,164
5,381,301
5,381,303
5,393,617
5,398,155
5,420,747
5,436,093
5,442,197
5,450,279
5,453,909
5,456,000
5,468,674
5,470,357
5,471,365
5,478,668
5,482,906
5,518,823
5,550,706
5,557,497
5,581,438
5,585,999
5,593,462
5,620,597
5,620,807
5,621,607
5,621,608
5,636,437
5,649,982
5,659,457

PR e e B B e B 2 D B B e D B 0 B 0 B D 0 0 e B 0 0 0 B 0 B B 2 D B B B B B D B D B B B B B D

4/1990
1/1991
1/1991
2/1991
4/1991
5/1991
11/1991
11/1991
12/1991
12/1991
12/1991
12/1991
12/1991
1/1992
2/1992
3/1992
3/1992
3/1992
4/1992
4/1992
5/1992
6/1992
8/1992
8/1992
8/1992
9/1992
9/1992
9/1992
9/1992
9/1992
10/1992
11/1992
12/1992
12/1992
3/1993
3/1993
5/1993
6/1993
7/1993
10/1993
1/1994
4/1994
6/1994
9/1994
9/1994
1/1995
1/1995
2/1995
3/1995
5/1995
7/1995
8/1995
9/1995
9/1995
10/1995
11/1995
11/1995
11/1995
12/1995
1/1996
5/1996
8/1996
9/1996
12/1996
12/1996
1/1997
4/1997
4/1997
4/1997
4/1997
6/1997
7/1997
8/1997

Zander et al.
Mortimer, Jr.
Dain

Evans
Kurabayashi
Koslow
Otowa
Kurabayashi
Hagen
Kurabayashi
Kurabayashi
Kurabayashi
Shirata
Tatarchuk
Kurabayashi
Tatarchuk
Kurabayashi
Hayashida et al.
Tatarchuk
Kurabayashi
Savage
Kurabayashi
Tsuchiya
Sarangapani et al.
Kurabayashi
Graham
Goldstein
Hagen
Koslow
Yoshida et al.
Tlic

Ohsawa et al. .............. 429/213
Sugeno
Tabuchi
Goldstein
Juergens
Metzler et al.
Kaun
Kunishi
Katsu

Endo
Tatarchuk
Liu

Imahashi
Grigortchak
Hudis
Yoshida
Klein

Sato

Ivanov
Huang et al.
Andrieu
Yoshida et al.
Kobayashi
Gozdz et al.
Walker
Schmutz et al.
Nakamura
Gozdz et al.
Sakai et al.
Fujihira
Kurzweil
Ivanov et al.
Halliop

De Long
Gueguen et al.
Andelman
Mussell
Farahmandi et al.
Arai
Kaschmitter et al.
Halliop

Lian



US 7,722,686 B2

Page 3
5,665,212 A 9/1997 Zhong 6,152,970 A 11/2000 Wei
5,675,553 A 10/1997 O’Brien 6,159,611 A 12/2000 Lee et al.
5,682,288 A 10/1997 Wahni 6,181,545 Bl 1/2001 Amatucci et al.
5,697,390 A 12/1997 Garrison 6,187,061 Bl 2/2001 Amatucci et al.
5,698,342 A 12/1997 Klein 6,195,251 Bl 2/2001 Suhara
5,703,906 A 12/1997 O’Brien 6,198,623 Bl 3/2001 Amatucci
5,706,165 A 1/1998 Saito et al. 6,201,685 Bl 3/2001 Jerabek
5,707,763 A 1/1998 Shimizu et al. 6,201,686 Bl 3/2001 Hiratsuka
5,714,271 A 2/1998 Yamanoi 6,205,034 Bl 3/2001 Zayatz
5,720,780 A 2/1998 Liu et al. 6,207,251 Bl 3/2001 Balsimo et al.
5,742,474 A 4/1998 Shimizu 6,212,061 Bl 4/2001 Irwin
5,748,438 A 5/1998 Davis 6,212,062 Bl 4/2001 Day
5,748,439 A 5/1998 MacFarlane 6,222,715 Bl 4/2001 Gruhn
5,751,541 A 5/1998 Li 6,222,720 Bl 4/2001 Aoki
5,757,675 A 5/1998 O’Brien 6,225,733 Bl 5/2001 Gadkaree et al.
5,777,428 A 7/1998 Farahmandi 6,233,135 Bl 5/2001 Farahmandi
5,781,460 A 7/1998 Nguyen 6,236,560 Bl 5/2001 Ikeda et al.
5,785,786 A 7/1998 Suzuki 6,238,818 Bl 5/2001 Dalton
5,786,555 A 7/1998 Saito et al. 6,245,464 Bl 6/2001 Spillman et al.
5,786,980 A 7/1998 Evans 6,246,568 Bl 6/2001 Nakao
5,786,981 A 7/1998 Aoki 6,256,190 Bl 7/2001 Wei
5,793,603 A 8/1998 Lyman 6,259,595 Bl 7/2001 Hebel et al.
5,796,574 A 8/1998 Saito 6,262,360 Bl 7/2001 Michel
5,798,906 A 8/1998 Ando 6,262,879 Bl 7/2001 Nitta
5,812,367 A 9/1998 Kudoh 6,270,707 Bl 8/2001 Hori
5,837,630 A 11/1998 Owens 6,275,372 Bl 8/2001 Vassallo
5,840,087 A 11/1998 Gozdz et al. 6,282,081 Bl 8/2001 Takabayashi
5,846,675 A 12/1998 Sazhin et al. 6,294,292 Bl 9/2001 Tsushima
5,847,919 A 12/1998 Shimizu 6,301,092 B1  10/2001 Hata et al.
5,847,920 A 12/1998 Li 6,301,093 Bl  10/2001 Noguchi
5,849,431 A 12/1998 Kita et al. 6,304,426 B1  10/2001 Wei et al.
5,850,331 A 12/1998 Matsumoto 6,308,405 B1  10/2001 Takamatsu et al.
5,859,761 A 1/1999 Aoki 6,310,756 B1  10/2001 Miura et al.
5,862,035 A 1/1999 Farahmandi 6,310,762 B1  10/2001 Okamura
5,875,092 A 2/1999 Jow 6,310,765 B1  10/2001 Tanahashi
5,778,515 A 3/1999 Ikeda et al. 6,323,750 Bl 11/2001 Lampl et al.
5,877,935 A 3/1999 Sato 6,327,137 B1  12/2001 Yamamoto
5,879,836 A 3/1999 Ikedaetal. .............. 429/231.8 6,335,857 Bl 1/2002 Takimoto
5,900,585 A 5/1999 Winfield 6,339,529 Bl 1/2002 Kasahara
5,907,472 A 5/1999 Farahmandi 6,349,027 Bl 2/2002 Suhara et al.
5,909,356 A 6/1999 Hirabayashi 6,359,769 Bl 3/2002 Mushiake et al.
5,914,019 A 6/1999 Dodgson et al. 6,368,365 Bl 4/2002 Chi
5,914,852 A 6/1999 Hatanaka 6,377,441 Bl 4/2002 Ohya et al.
5,916,485 A 6/1999 Besenhard 6,383,427 B2 5/2002 Ishikawa
5,917,693 A 6/1999 Kono 6,397,234 Bl 5/2002 O’Brien
5,920,455 A 7/1999 Shah 6,397,274 Bl 5/2002 Miller
5,923,525 A 7/1999 Belyakov 6,402,792 Bl 6/2002 Hiratsuka
5,926,357 A 7/1999 Elias 6,403,257 Bl 6/2002 Christian et al.
5,926,361 A 7/1999 Alford 6,423,105 Bl 7/2002 lijima
5,930,108 A 7/1999 Kurzwell 6,424,514 Bl 7/2002 Boy et al.
5,949,637 A 9/1999 Iwaida 6,424,517 Bl 7/2002 Tkeda
5,949,638 A 9/1999 Greenwood 6,426,865 B2 7/2002 Kasahara
5,955,215 A 9/1999 Kurzwelil et al. 6,430,031 Bl 8/2002 Dispennette
5,956,225 A 9/1999 Okuyama 6,447,669 Bl 9/2002 Lain
5,959,832 A 9/1999 Kobayashi 6,452,782 Bl 9/2002 Otsuki
5,966,414 A 10/1999 O’Brien 6,456,484 Bl 9/2002 Matsuoka
5,973,912 A 10/1999 Kibi et al. 6,459,564 B1  10/2002 Watanabe et al.
6,022,436 A 2/2000 Koslow et al. 6,466,429 Bl  10/2002 Volfkovich
6,024,773 A 2/2000 Inuzuka et al. 6,466,516 B1  10/2002 O’Brien
6,031,712 A 2/2000 Kurihara et al. 6,493,210 B2  12/2002 Nonaka et al.
6,045,769 A 4/2000 Kambe 6,512,667 B2 1/2003 Shiue
6,045,947 A 4/2000 Shindo 6,552,894 B2 4/2003 Matsuoka
6,059,847 A 5/2000 Farahmandi 6,558,832 Bl 5/2003 Bruck
6,064,563 A 5/2000 Yamada 6,558,835 Bl 5/2003 Kurisu et al.
6,066,440 A 5/2000 Araki 6,589,299 B2 7/2003 Missling et al.
6,072,692 A 6/2000 Hiratsuka et al. 6,614,646 B2 9/2003 Bogaki et al.
6,094,338 A 7/2000 Hirahara et al. 6,625,008 B2 9/2003 Watanabe
6,094,788 A 8/2000 Farahmandi 6,627,252 Bl 9/2003 Nanjundiah et al.
6,110,335 A 8/2000 Avarbz et al. 6,627,337 B2 9/2003 Gan
6,114,835 A 9/2000 Price 6,628,504 B2 9/2003 Volfkovich
6,127,060 A 10/2000 Read 6,631,071 B2  10/2003 Kitagawa
6,127,474 A 10/2000 Andelman 6,638,385 B2  10/2003 Ishikawa
6,134,760 A 10/2000 Mushiake et al. 6,643,119 B2  11/2003 Bendale




































