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5,461,361 
D363,920 
5,469,187 
5,469,298 
5,475,366 
5,475,494 
5,481,409 
5,483,453 
5,485,161 
5,485,378 
5,487,522 
5,488,496 
5,497,305 
5,497,306 
5,500,760 
5,506,701 
5,509,606 
5,510,983 
5,515,448 
5,519,621 
5,521,744 
5,521,760 
5,523,811 
5,523,877 
5,525,264 
5,525,977 
5,528,422 
5,528,474 
5,529,138 
5,530,240 
5,530,420 
5,530,421 
5,535,056 
5,535,144 
5,539,397 
5,541,590 
5,550,677 
5,555,172 
5,561,333 
5,566,224 
5,567,360 
5,568,316 
5,570,127 
5,572,354 
5,574,426 
5,574,443 
5,575,552 
5,576,687 
5,576,854 
5,576,975 
5,578,404 
5,587,236 
5,587,699 
5,593,221 
5,594,222 
5,594,560 
5,594,615 
5,602,542 
5,602,670 
5,603,104 
5,608,550 
5,609,652 
5,610,380 
5,610,756 
5,611,966 
5,614,885 
5,615,023 
5,615,857 
5,617,085 
5,619,374 
5,619,375 
5,626,800 
5,631,089 
5,631,638 
5,631,639 
5,632,092 
5,632,551 
5,634,709 
5,640,216 

10/1995 
11/1995 
11/1995 
11/1995 
12/1995 
12/1995 
1/1996 
1/1996 
1/1996 
1/1996 
1/1996 
1/1996 
3/1996 
3/1996 
3/1996 
4/1996 
4/1996 
4/1996 
5/1996 
5/1996 
5/1996 
5/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
6/1996 
7/1996 
7/1996 
7/1996 
7/1996 
8/1996 
9/1996 
10/1996 
10/1996 
10/1996 
10/1996 
10/1996 
11/1996 
11/1996 
11/1996 
11/1996 
11/1996 
11/1996 
11/1996 
11/1996 
12/1996 
12/1996 
1/1997 
1/1997 
1/1997 
1/1997 
2/1997 
2/1997 
2/1997 
3/1997 
3/1997 
3/1997 
3/1997 
3/1997 
3/1997 
3/1997 
4/1997 
4/1997 
4/1997 
4/1997 
5/1997 
5/1997 
5/1997 
5/1997 
5/1997 
5/1997 
6/1997 
6/1997 

Moore 
Roberts et al. 
Yaniv 
Suman et al. 
Van Lente et al. 
Nishida et al. 
Roberts 
Uemura et al. 
Vaughn 
Franke et al. 
Hook 
Pine 
Pastrick et al. 
Pastrick 
Varaprasad et al. 
IchikaWa 
Breithaupt et al. 
Iino 
Nishitani 
Worthman 
MaZurek 
DeYoung et al. 
Wada et al. 
Lynam 
Cronin et al. 
Suman 
Roberts 
Roney et al. 
Shaw et al. 
Larson et al. 
Tsuchiya et al. 
Marshall et al. 
Caskey et al. 
Kise 
Asanuma et al. 
Nishio 
Scho?eld et al. 
Potter 
Darius 
ul AZam et al. 
Varaprasad et al. 
Schrenck et al. 
Schmidt 
Desmond et al. 
Shisgal et al. 
Hsieh 
Faloon et al. 
Blank et al. 
Schmidt et al. 
Sasaki et al. 
Kliem 
Agrawal et al. 
Faloon et al. 
Evanicky et al. 
Caldwell 
Jelley et al. 
Spijkerman et al. 
Widmann et al. 
Keegan 
Phelps, III et al. 
Epstein et al. 
Yamada et al. 
Nicolaisen 
Lynam et al. 
Varaprasad et al. 
Van Lente et al. 
Yang 
Hook 
Tsutsumi et al. 
Roberts 
Roberts 
Williams et al. 
Center, Jr. et al. 
Kaspar et al. 
Hibino et al. 
Blank et al. 
Roney et al. 
IWama 
Hasegawa et al. 
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5,642,238 
5,644,851 
5,646,614 
5,649,756 
5,649,758 
5,650,765 
5,650,929 
5,661,455 
5,661,651 
5,661,804 
5,662,375 
5,666,157 
5,667,289 
5,668,663 
5,668,675 
5,669,698 
5,669,699 
5,669,704 
5,669,705 
5,670,935 
5,671,996 
5,673,994 
5,673,999 
5,677,598 
5,679,283 
5,680,123 
5,680,245 
5,680,263 
5,686,975 
5,686,979 
5,689,241 
5,689,370 
5,691,848 
5,692,819 
5,696,529 
5,696,567 
5,699,044 
5,699,188 
5,703,568 
5,708,410 
5,708,415 
5,708,857 
5,715,093 
5,724,187 
5,724,316 
5,729,194 
5,737,226 
5,741,966 
5,744,227 
5,745,050 
5,745,266 
5,748,172 
5,748,287 
5,751,211 
5,751,246 
5,751,390 
5,751,489 
5,754,099 
D394,833 
5,760,828 
5,760,931 
5,760,962 
5,761,094 
5,762,823 
5,764,139 
5,765,940 
5,767,793 
5,768,020 
5,775,762 
5,777,779 
5,780,160 
5,786,772 
5,788,357 
5,790,298 
5,790,502 
5,790,973 
5,793,308 
5,793,420 
5,796,094 

6/1997 
7/1997 
7/1997 
7/1997 
7/1997 
7/1997 
7/1997 
8/1997 
8/1997 
8/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
9/1997 
10/1997 
10/1997 
10/1997 
10/1997 
10/1997 
10/1997 
10/1997 
11/1997 
11/1997 
11/1997 
11/1997 
11/1997 
12/1997 
12/1997 
12/1997 
12/1997 
12/1997 
12/1997 
1/1998 
1/1998 
1/1998 
2/1998 
3/1998 
3/1998 
3/1998 
4/1998 
4/1998 
4/1998 
4/1998 
4/1998 
5/1998 
5/1998 
5/1998 
5/1998 
5/1998 
5/1998 
5/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
6/1998 
7/1998 
7/1998 
7/1998 
7/1998 
8/1998 
8/1998 
8/1998 
8/1998 
8/1998 
8/1998 
8/1998 

Sala 
Blank et al. 
Abersfelder et al. 
Adams et al. 
Dion 
Park 
Potter et al. 
Van Lente et al. 
Geschke et al. 
Dykema et al. 
Adams et al. 
Aviv 
Akahane et al. 
Varaprasad et al. 
Fredricks 
Veldman et al. 
Pastrick et al. 
Pastrick 
Pastrick et al. 
Scho?eld et al. 
Bos et al. 
Fant, Jr. et al. 
Koenck 
De Hair et al. 
Tonar et al. 
Lee 
Lynam 
Zimmermann et al. 
Lipton 
Weber et al. 
Clarke, Sr. et al. 
Tonar et al. 
Van Lente et al. 
Mitsutake et al. 
Evanicky et al. 
Wada et al. 
Van Lente et a1. 
Gilbert et al. 
Hegyi 
Blank et al. 
Van Lente et al. 
Ishibashi 
Schierbeek et al. 
Varaprasad et al. 
Brunts 
Spears et al. 
Olson et al. 
Hand?eld et al. 
Bright et al. 
Nakagawa 
Smith 
Song et al. 
Takahashi et al. 
Shirai et al. 
Hertel 
Crawford et al. 
Caskey et al. 
Nishimura et al. 
Muth 
Cortes 
Saburi et al. 
Scho?eld et al. 
Olson et al. 
Hikmet 
Nojima et al. 
Levy et al. 
Agravante et al. 
Nagao 
Vitito 
Hashimoto et al. 
Allemand et al. 
Scho?eld et al. 
Muth et al. 
Tonar 
Horinouchi et al. 
Blaker et al. 
Rosinski et al. 
Schmidt 
Scho?eld et al. 

5,796,176 
5,798,057 
5,798,575 
5,798,688 
5,800,918 
5,802,727 
5,803,579 
5,805,330 
5,805,367 
5,806,879 
5,806,965 
5,808,197 
5,808,566 
5,808,589 
5,808,713 
5,808,777 
5,808,778 
5,812,321 
5,813,745 
5,818,625 
5,820,097 
5,820,245 
5,822,023 
5,823,654 
5,825,527 
5,835,166 
5,837,994 
5,844,505 
5,848,373 
5,850,176 
5,850,205 
5,863,116 
5,864,419 
5,867,801 
5,871,275 
5,871,843 
5,877,707 
5,877,897 
5,878,353 
5,878,370 
5,879,074 
5,883,605 
5,883,739 
5,888,431 
5,894,196 
D409,540 
5,899,551 
5,899,956 
5,904,729 
5,910,854 
5,914,815 
5,917,664 
5,918,180 
5,922,176 
5,923,027 
5,923,457 
5,924,212 
5,926,087 
5,927,792 
5,928,572 
5,929,786 
5,931,555 
5,935,702 
5,936,774 
5,938,320 
5,938,321 
5,938,721 
5,940,011 
5,940,120 
5,940,201 
5,942,895 
5,947,586 
5,949,331 
5,949,506 
5,956,079 
5,956,181 
5,959,367 
5,959,555 
5,959,577 

8/1998 
8/1998 
8/1998 
8/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
9/1998 
10/1998 
10/1998 
10/1998 
10/1998 
10/1998 
10/1998 
11/1998 
11/1998 
12/1998 
12/1998 
12/1998 
12/1998 
1/1999 
1/1999 
2/1999 
2/1999 
2/1999 
3/1999 
3/1999 
3/1999 
3/1999 
3/1999 
3/1999 
3/1999 
3/1999 
4/1999 
5/1999 
5/1999 
5/1999 
5/1999 
6/1999 
6/1999 
6/1999 
6/1999 
7/1999 
7/1999 
7/1999 
7/1999 
7/1999 
7/1999 
7/1999 
7/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
9/1999 
9/1999 
9/1999 
9/1999 
9/1999 
9/1999 
9/1999 
9/1999 

Kramer et al. 
Hikmet 
O’Farrell et al. 
Scho?eld 
Chartier et al. 
Blank et al. 
Turnbull et al. 
Byker et al. 
KanaZaWa 
Hamada et al. 
Deese 
Dao 
Behr et al. 
Fergason 
Broer et al. 
Lynam et al. 
Bauer et al. 
Schierbeek et al. 
Fant, Jr. et al. 
Forgette et al. 
Spooner 
Desmond et al. 
Suman et al. 
Pastrick et al. 
Forgette et al. 
Hall et al. 
Stam et al. 
Van RyZin 
DeLorme et al. 
Kinoshita et al. 
Blouin 
Pastrick et al. 
Lynam 
Denny 
O’Farrell et al. 
Yoneda et al. 
Kowalick 
Scho?eld et al. 
111 AZam et al. 
Olson 
Pastrick 
Knapp 
Ashihara et al. 
Tonar et al. 
McDermott 
Muth 
NeijZen et al. 
Chan 
RuZicka 
Varaprasad et al. 
Bos 
O’Neill et al. 
Dimino 
Caskey 
Stam et al. 
Byker et al. 
Domanski 
Busch et al. 
Welling et al. 
Tonar et al. 
Scho?eld et al. 
Akahane et al. 
Macquart et al. 
Street 
Crandall 
Bos et al. 
Dussell et al. 
Agravante et al. 
Frankhouse et al. 
Ash et al. 
Popovic et al. 
Weber 
Scho?eld et al. 
Jones et al. 
Ridgley 
Lin 
O’Farrell et al. 
Furuta 
Fan et al. 
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5,963,247 
5,963,284 
5,965,247 
5,968,538 
5,971,552 
5,973,760 
5,975,715 
5,984,482 
5,986,730 
5,990,469 
5,990,625 
5,995,180 
5,998,617 
5,998,929 
6,000,823 
6,001,486 
6,002,511 
6,002,544 
6,002,983 
6,005,724 
6,007,222 
6,008,486 
6,008,871 
6,009,359 
6,016,035 
6,016,215 
6,019,411 
6,019,475 
6,020,987 
6,021,371 
6,023,229 
6,025,872 
6,028,537 
6,037,689 
6,040,939 
6,042,253 
6,042,934 
6,045,243 
6,045,643 
6,046,766 
6,046,837 
6,049,171 
D425,466 
6,060,989 
6,061,002 
6,062,920 
6,064,508 
6,065,840 
6,066,920 
6,067,111 
6,067,500 
6,068,380 
D426,506 
D426,507 
D427,128 
6,072,391 
6,074,077 
6,074,777 
6,076,948 
6,078,355 
6,078,865 
D428,372 
D428,373 
6,082,881 
6,084,700 
6,086,131 
6,086,229 
6,087,012 
6,087,953 
6,091,343 
6,093,976 
6,094,618 
D428,842 
D429,202 
D430,088 
6,097,023 
6,097,316 
6,099,131 
6,099,155 

10/1999 
10/1999 
10/1999 
10/1999 
10/1999 
10/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
1/2000 
1/2000 
2/2000 
2/2000 
2/2000 
2/2000 
2/2000 
2/2000 
2/2000 
3/2000 
3/2000 
3/2000 
3/2000 
4/2000 
4/2000 
4/2000 
4/2000 
4/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
6/2000 
6/2000 
6/2000 
6/2000 
6/2000 
6/2000 
6/2000 
6/2000 
6/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
7/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 

Banitt 
Jones et al. 
JonZa et al. 
Snyder, Jr. 
O’Farrell et al. 
DehmloW 
Bauder 
Rumsey et al. 
Hansen et al. 
Bechtel et al. 
Meissner et al. 
MoriWaki et al. 
Srinivasa et al. 
Bechtel et al. 
Desmond et al. 
Varaprasad et al. 
Varaprasad et al. 
Yatsu 
Alland et al. 
Todd 
Thau 
Stam et al. 
Okumura 
El-Hakim et al. 
Eberspacher et al. 
Byker 
Carter et al. 
Lynam et al. 
Baumann et al. 
FultZ 
Bugno et al. 
OZaki et al. 
Suman et al. 
Bingle et al. 
Demiryont et al. 
Fant, Jr. et al. 
Guiselin et al. 
Muth et al. 
Byker et al. 
Sakata 
Yamamoto 
Stam et al. 
Todd et al. 
Gehlot 
Weber et al. 
Jordan et al. 
Forgette et al. 
Caskey et al. 
Torihara et al. 
Hahn et al. 
Morimoto et al. 
Lynn et al. 
Todd et al. 
Todd et al. 
Mathieu 
SuZukie et al. 
Pastrick et al. 
Reimers et al. 
Bukosky et al. 
Zengel 
Koyanagi 
Todd et al. 
Todd et al. 
Hicks 
Knapp et al. 
Bingle et al. 
Pastrick 
Varaprasad et al. 
DeLine et al. 
Dykema et al. 
Kramer et al. 
Harada 
Todd et al. 
Todd et al. 
Todd et al. 
Scho?eld et al. 
LiaW et al. 
Fletcher et al. 
Pastrick et al. 

6,102,546 
6,102,559 
6,104,552 
6,106,121 
6,111,498 
6,111,683 
6,111,684 
6,111,685 
6,111,696 
6,115,086 
6,115,651 
6,116,743 
6,118,219 
6,122,597 
6,122,921 
6,124,647 
6,124,886 
6,127,919 
6,127,945 
6,128,576 
6,130,421 
6,130,448 
6,132,072 
6,137,620 
6,139,171 
6,139,172 
6,140,933 
6,142,656 
6,146,003 
6,147,934 
6,148,261 
6,149,287 
6,150,014 
6,151,065 
6,151,539 
6,152,551 
6,152,590 
6,154,149 
6,154,306 
6,157,294 
6,157,418 
6,157,424 
6,157,480 
6,158,655 
6,161,865 
6,164,564 
6,166,625 
6,166,629 
6,166,834 
6,166,847 
6,166,848 
6,167,755 
6,169,955 
6,170,956 
6,172,600 
6,172,601 
6,172,613 
6,173,501 
6,175,164 
6,175,300 
6,176,602 
6,178,034 
6,178,377 
6,181,387 
6,182,006 
6,183,119 
6,184,679 
6,184,781 
6,185,492 
6,185,501 
6,188,505 
6,191,704 
6,193,912 
6,195,194 
6,196,688 
6,198,409 
6,199,014 
6,199,810 
6,200,010 

8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
9/2000 
9/2000 
9/2000 
9/2000 
9/2000 
9/2000 
9/2000 
9/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
2/2001 
2/2001 
2/2001 
2/2001 
2/2001 
2/2001 
2/2001 
2/2001 
2/2001 
3/2001 
3/2001 
3/2001 
3/2001 
3/2001 

Carter 
Nold et al. 
Thau et al. 
Buckley et al. 
Jobes et al. 
Cammenga et al. 
Forgette et al. 
Tench et al. 
Allen et al. 
Rosen 
Cruz 
Hoek 
Okigami et al. 
Saneyoshi et al. 
BreZocZky et al. 
Marcus et al. 
DeLine et al. 
Wylin 
Mura-Smith 
Nishimoto et al. 
Bechtel et al. 
Bauer et al. 
Turnbull et al. 
Guarr et al. 
Waldmann 
Bos et al. 
Bugno et al. 
Kurth 
Thau 
Arikawa et al. 
Obradovich et al. 
Pastrick et al. 
Chu et al. 
Steed et al. 
BergholZ et al. 
Annas 
Furst et al. 
TyckoWski et al. 
Varaprasad et al. 
Urai et al. 
Ro sen 
Eichenlaub 
Anderson et al. 
DeVries, Jr. et al. 
Rose et al. 
Franco et al. 
Teowee et al. 
Hamma et al. 
Taketomi et al. 
Tench et al. 
Cammenga et al. 
Damson et al. 
FultZ 
Rumsey et al. 
Kakinami et al. 
Wada et al. 
DeLine et al. 
Blank et al. 
O’Farrell et al. 
Kendrick 
Pastrick et al. 
Allemand et al. 
Ishihara et al. 
Rosen 
Meek 
Desmond et al. 
Popovic et al. 
Ramakesavan 
Kagawa et al. 
Smith et al. 
Lomprey et al. 
Takenaga et al. 
Thieste et al. 
Roberts et al. 
Caskey et al. 
Scho?eld et al. 
Walker et al. 
Wu et al. 
Anders 
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6,201,642 
6,206,553 
6,207,083 
6,210,008 
6,210,012 
6,212,470 
6,217,181 
6,218,934 
6,222,447 
6,222,460 
6,222,689 
6,227,689 
6,232,937 
6,236,514 
6,239,851 
6,239,898 
6,239,899 
6,243,003 
6,244,716 
6,245,262 
6,247,820 
6,249,214 
6,249,310 
6,249,369 
6,250,148 
6,250,766 
6,250,783 
6,255,639 
6,257,746 
6,259,412 
6,259,475 
6,260,608 
6,262,842 
6,264,353 
6,265,968 
6,268,803 
6,268,837 
6,269,308 
6,271,901 
6,274,221 
6,276,821 
6,276,822 
6,277,471 
6,278,271 
6,278,377 
6,278,941 
6,280,068 
6,280,069 
6,281,804 
6,286,965 
6,286,984 
6,289,332 
6,290,378 
6,291,905 
6,291,906 
6,294,989 
6,296,379 
6,297,781 
6,299,333 
6,300,879 
6,301,039 
6,304,173 
6,305,807 
6,310,611 
6,310,714 
6,310,738 
6,313,454 
6,314,295 
6,315,440 
6,317,057 
6,317,180 
6,317,248 
6,318,870 
6,320,176 
6,320,282 
6,320,612 
6,324,295 
6,326,613 
6,326,900 

3/2001 
3/2001 
3/2001 
4/2001 
4/2001 
4/2001 
4/2001 
4/2001 
4/2001 
4/2001 
4/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
6/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
9/2001 
9/2001 
9/2001 
9/2001 
9/2001 
9/2001 
9/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
10/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
11/2001 
12/2001 
12/2001 

Bos 
Boddy et al. 
Varaprasad et al. 
Hoekstra et al. 
Broer 
Seymour et al. 
Lynam et al. 
Regan 
Scho?eld et al. 
DeLine et al. 
Higuchi et al. 
Miller 
Jacobsen et al. 
Sato 
HataZaWa et al. 
Byker et al. 
DeVries et al. 
DeLine et al. 
Steenwyk et al. 
Varaprasad et al. 
Van Order 
KashiWaZaki 
Le?<oWitZ 
Theiste et al. 
Lynam 
Strumolo et al. 
Stidham et al. 
Stam et al. 
Todd et al. 
DurouX 
Ramachandran et al. 
Kim 
Ouderkirk et al. 
Caraher et al. 
BetZitZa et al. 
Gunderson et al. 
Kobayashi et al. 
Kodaka et al. 
Ide et al. 
Smith et al. 
Pastrick et al. 
Bedrosian et al. 
Tang 
Schott 
DeLine et al. 
Yokoyama 
Mertens et al. 
Pastrick et al. 
Haller et al. 
Caskey et al. 
Berg 
Menig et al. 
Buchalla et al. 
Drummond et al. 
Marcus et al. 
Scho?eld et al. 
Pastrick 
Turnbull et al. 
Pastrick et al. 
Ragan et al. 
Tench 
Pala et al. 
Schierbeek 
Caldwell 
Lomprey et al. 
Chu 
Bos et al. 
KaWamoto 
Satoh 
Lee 
Kuroiwa et al. 
Agrawal et al. 
Spooner et al. 
Scho?eld et al. 
Caldwell 
Young 
Valery et al. 
Heslin et al. 
DeLine et al. 

6,329,925 
6,330,511 
6,331,066 
6,333,759 
6,335,680 
6,336,737 
6,340,850 
6,341,523 
6,344,805 
6,346,698 
6,347,880 
6,348,858 
6,351,708 
6,353,392 
6,356,206 
6,356,376 
6,356,389 
6,357,883 
6,362,121 
6,362,548 
6,363,326 
6,366,013 
6,366,213 
6,370,329 
6,371,636 
6,379,013 
6,379,788 
6,382,805 
6,385,139 
6,386,742 
6,390,529 
6,390,626 
6,390,635 
6,396,397 
6,396,408 
6,396,637 
6,407,468 
6,407,847 
6,408,247 
6,411,204 
6,412,959 
6,412,973 
6,414,910 
6,415,230 
6,416,208 
6,417,786 
6,418,376 
6,419,300 
6,420,036 
6,420,800 
6,420,975 
6,421,081 
6,424,272 
6,424,273 
6,424,786 
6,424,892 
6,426,492 
6,426,568 
6,427,349 
6,428,172 
6,433,676 
6,433,680 
6,433,914 
6,437,688 
6,438,491 
6,439,755 
6,441,872 
6,441,943 
6,441,963 
6,441,964 
6,445,287 
6,447,128 
6,449,082 
6,452,533 
6,452,572 
6,462,795 
6,463,369 
6,466,701 
6,471,362 

12/2001 
12/2001 
12/2001 
12/2001 
1/2002 
1/2002 
1/2002 
1/2002 
2/2002 
2/2002 
2/2002 
2/2002 
2/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
6/2002 
6/2002 
6/2002 
6/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
9/2002 
9/2002 
9/2002 
9/2002 
9/2002 
10/2002 
10/2002 
10/2002 
10/2002 

Skiver et al. 
Ogura et al. 
Desmond et al. 
MaZZilli 
Matsuoka 
Thau 
O’Farrell et al. 
Lynam 
Yasui et al. 
Turnbull 
Furst et al. 
Weis et al. 
Takagi et al. 
Scho?eld et al. 
Takenaga et al. 
Tonar et al. 
Nilsen et al. 
Strumolo et al. 
Chopin et al. 
Bingle et al. 
Scully 
Leenders et al. 
DeLine et al. 
Teuchert 
Wesson 
Bechtel et al. 
Choi et al. 
Miyabukuro 
Arikawa et al. 
DeLine et al. 
Bingle et al. 
Knox 
Whitehead et al. 
Bos et al. 
Drummond et al. 
Roest et al. 
LeVesque et al. 
Poll et al. 
IchikaWa et al. 
Bloom?eld et al. 
Tseng 
Bos et al. 
Kaneko et al. 
Maruko et al. 
Pastrick et al. 
Learman et al. 
Olson 
Pavao et al. 
Varaprasad et al. 
LeVesque et al. 
DeLine et al. 
Markus 
Gutta et al. 
Gutta et al. 
Beeson et al. 
Matsuoka 
Bos et al. 
Turnbull et al. 
Blank et al. 
HutZel et al. 
DeLine et al. 
Ho 
Lomprey et al. 
Kobayashi 
Farmer 
Fant, Jr. et al. 
Ho 
Roberts et al. 
Murakami et al. 
Chu et al. 
Scho?eld et al. 
Lang et al. 
Agrawal et al. 
Yamabuchi et al. 
Fan et al. 
Clarke 
Sadano et al. 
Ejiri et al. 
Carter et al. 
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6,472,977 
6,472,979 
6,473,001 
6,474,853 
6,476,731 
6,477,460 
6,477,464 
6,483,429 
6,483,438 
6,483,613 
6,487,500 
6,494,602 
6,498,620 
6,501,387 
6,512,203 
6,512,624 
6,513,252 
6,515,581 
6,515,582 
6,515,597 
6,516,664 
6,518,691 
6,519,209 
6,520,667 
6,522,451 
6,522,969 
6,525,707 
6,534,884 
6,538,709 
6,539,306 
6,542,085 
6,542,182 
6,543,163 
6,545,598 
6,549,253 
6,549,335 
6,550,949 
6,552,326 
6,553,308 
6,559,902 
6,560,004 
6,560,027 
6,566,821 
6,567,060 
6,567,708 
6,568,839 
6,572,233 
6,573,957 
6,573,963 
6,575,582 
6,575,643 
6,578,989 
6,580,373 
6,580,479 
6,580,562 
6,581,007 
6,583,730 
6,591,192 
6,592,230 
6,593,565 
6,593,984 
6,594,065 
6,594,067 
6,594,090 
6,594,583 
6,594,614 
6,595,649 
6,597,489 
6,606,183 
6,611,202 
6,611,227 
6,611,759 
6,614,387 
6,614,419 
6,614,579 
6,615,438 
6,616,313 
6,616,764 
6,618,672 

10/2002 
10/2002 
10/2002 
11/2002 
11/2002 
11/2002 
11/2002 
11/2002 
11/2002 
11/2002 
11/2002 
12/2002 
12/2002 
12/2002 
1/2003 
1/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
3/2003 
3/2003 
3/2003 
4/2003 
4/2003 
4/2003 
4/2003 
4/2003 
4/2003 
4/2003 
4/2003 
4/2003 
5/2003 
5/2003 
5/2003 
5/2003 
5/2003 
5/2003 
5/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
8/2003 
8/2003 
8/2003 
8/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 

Pochmuller 
Scho?eld et al. 
Blum 
Pastrick et al. 
Miki et al. 
Kepler 
McCarthy et al. 
Yasui et al. 
DeLine et al. 
Woodgate et al. 
Lemelson et al. 
Pastrick et al. 
Scho?eld et al. 
Skiver et al. 
Jones et al. 
Tonar et al. 
Schierbeek et al. 
Ho 
Teowee 
Wada et al. 
Lynam 
Baba 
Arikawa et al. 
Mousseau 
Lynam 
Kannonji 
Kaneko et al. 
Marcus et al. 
Kurihara et al. 
Turnbull et al. 
Yang 
Chautorash 
Ginsberg 
de Villeroche 
Robbie et al. 
Trapani et al. 
Bauer et al. 
Turnbull 
Uhlmann et al. 
Kusuda et al. 
Theiste et al. 
Meine 
Nakatsuka et al. 
Sekiguchi 
Bechtel et al. 
Pastrick et al. 
Northman et al. 
Suzuki 
Ouderkirk et al. 
Tenmyo 
Takahashi 
Osumi et al. 
Ohashi 
Sekiguchi et al. 
Aoki et al. 
Hasegawa et al. 
Lang et al. 
Okamura et al. 
Dupay 
Heslin et al. 
Arakawa et al. 
Byker et al. 
Poll et al. 
KruschWitZ et al. 
Ogura et al. 
Studt et al. 
Hoekstra et al. 
Guarr et al. 
Ikai et al. 
Scho?eld et al. 
Nebiyeloul-Ki?e et al. 
Brosche 
Deadman 
May 
Roberts et al. 
Franco et al. 
Furst et al. 
Kramer et al. 
Sasaki et al. 

6,621,616 
6,624,936 
6,627,918 
6,630,888 
6,636,190 
6,636,258 
6,638,582 
6,639,360 
6,642,840 
6,642,851 
6,646,697 
6,648,477 
6,650,457 
6,657,607 
6,661,482 
6,661,830 
6,665,592 
6,669,109 
6,669,285 
6,670,207 
6,670,910 
6,670,941 
6,671,080 
6,672,731 
6,672,734 
6,672,744 
6,672,745 
6,674,370 
6,675,075 
6,678,083 
6,678,614 
6,679,608 
6,683,539 
6,683,969 
6,685,348 
6,690,262 
6,690,268 
6,690,413 
6,690,438 
6,693,517 
6,693,518 
6,693,519 
6,693,524 
6,700,692 
6,709,136 
6,713,783 
6,717,109 
6,717,610 
6,717,712 
6,719,215 
6,724,446 
6,726,337 
6,727,807 
6,727,808 
6,727,844 
6,731,332 
6,734,807 
6,736,526 
6,737,629 
6,737,630 
6,737,964 
6,738,088 
6,742,904 
6,744,353 
6,746,775 
6,747,716 
6,748,211 
6,749,308 
6,755,542 
6,756,912 
6,757,039 
6,757,109 
D493,131 
D493,394 
6,759,113 
6,759,945 
6,760,157 
6,773,116 
6,774,356 

9/2003 
9/2003 
9/2003 
10/2003 
10/2003 
10/2003 
10/2003 
10/2003 
11/2003 
11/2003 
11/2003 
11/2003 
11/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
3/2004 
3/2004 
3/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
5/2004 
5/2004 
5/2004 
5/2004 
5/2004 
5/2004 
5/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
7/2004 
7/2004 
7/2004 
7/2004 
7/2004 
8/2004 
8/2004 

Bauer et al. 
Kotchick et al. 
GetZ et al. 
Lang et al. 
Hirakata et al. 
Strumolo 
Uchiyama et al. 
Roberts et al. 
Lang et al. 
DeLine et al. 
Sekiguchi et al. 
HutZel et al. 
Busscher et al. 
Evanicky et al. 
Hara 
Reed et al. 
Kodama 
Ivanov et al. 
Park et al. 
Roberts 
Delcheccolo et al. 
Albu et al. 
Poll et al. 
Schnell et al. 
Lammers 
DeLine et al. 
Bauer et al. 
Rodewald et al. 
Engelsburg et al. 
Anstee 
McCarthy et al. 
Bechtel et al. 
Trajkovic et al. 
Nishigaki et al. 
Pastrick et al. 
Winnett 
Scho?eld et al. 
Moore 
Sekiguchi 
McCarthy et al. 
Kumata et al. 
Keirstead 
Payne 
Tonar et al. 
Pastrick et al. 
Mase et al. 
Macher et al. 
Bos et al. 
Lynam et al. 
Droulliard 
Motomura et al. 
Whitehead et al. 
Trajkovic et al. 
Uselmann et al. 
Zimmermann et al. 
Yasui et al. 
King 
Matsuba et al. 
Nixon et al. 
Turnbull 
Samman et al. 
Uskolovsky et al. 
Bechtel et al. 
Sj onell 
Boire et al. 
KuroiWa et al. 
Isaac et al. 
Niendorf et al. 
Bechtel et al. 
Skiver et al. 
Ma 
Bos 
LaWlor et al. 
LaWlor et al. 
Tang 
Richard 
Allen et al. 
De Vaan et al. 
Heslin et al. 
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6,774,810 
6,778,904 
6,779,900 
6,784,129 
6,797,396 
6,800,871 
6,801,283 
6,805,474 
6,806,452 
6,806,922 
6,810,323 
6,812,907 
6,819,231 
6,824,281 
6,831,268 
6,832,848 
6,834,969 
6,836,725 
6,842,276 
6,845,805 
6,846,098 
6,847,424 
6,847,487 
6,848,817 
6,849,165 
6,853,491 
6,861,789 
6,870,655 
6,870,656 
6,871,982 
6,877,888 
6,882,287 
6,889,064 
6,891,563 
6,891,677 
6,902,284 
6,904,348 
6,906,632 
6,909,486 
6,910,779 
6,912,396 
6,916,099 
6,922,902 
6,928,180 
6,928,366 
6,930,737 
6,934,067 
6,946,978 
6,947,576 
6,947,577 
6,949,772 
6,951,410 
6,951,681 
6,952,312 
6,958,495 
6,958,683 
6,961,178 
6,963,438 
6,968,273 
6,972,888 
6,974,236 
6,975,215 
6,977,702 
6,980,092 
6,985,291 
6,992,718 
7,001,058 
7,004,592 
7,004,593 
7,006,173 
7,009,751 
7,012,543 
7,029,156 
7,038,577 
7,041,965 
7,042,616 
7,046,418 
7,046,448 
7,050,908 

8/2004 
8/2004 
8/2004 
8/2004 
9/2004 
10/2004 
10/2004 
10/2004 
10/2004 
10/2004 
10/2004 
11/2004 
11/2004 
11/2004 
12/2004 
12/2004 
12/2004 
12/2004 
1/2005 
1/2005 
1/2005 
1/2005 
1/2005 
2/2005 
2/2005 
2/2005 
3/2005 
3/2005 
3/2005 
3/2005 
4/2005 
4/2005 
5/2005 
5/2005 
5/2005 
6/2005 
6/2005 
6/2005 
6/2005 
6/2005 
6/2005 
7/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
9/2005 
9/2005 
9/2005 
9/2005 
10/2005 
10/2005 
10/2005 
10/2005 
10/2005 
11/2005 
11/2005 
11/2005 
12/2005 
12/2005 
12/2005 
12/2005 
12/2005 
1/2006 
1/2006 
2/2006 
2/2006 
2/2006 
2/2006 
3/2006 
3/2006 
4/2006 
5/2006 
5/2006 
5/2006 
5/2006 
5/2006 
5/2006 

DeLine et al. 
IWami et al. 
Nolan-Brown 
Seto et al. 
Liu et al. 
Matsuda et al. 
Koyama et al. 
Walser et al. 
Bos et al. 
Ishitaka 
Bullock et al. 
Gennetten et al. 
Berberich et al. 
Scho?eld et al. 
Bechtel et al. 
Pastrick 
Bade et al. 
Millington et al. 
Poll et al. 
Koster 
Bourdelais et al. 
Gotoh et al. 
Burgner 
Bos et al. 
Kloppel et al. 
Ruhle et al. 
Wei 
Northman et al. 
Tonar et al. 
Holman et al. 
DeLine et al. 
Scho?eld 
Baratono et al. 
Scho?eld et al. 
Nilsen et al. 
HutZel et al. 
Drummond et al. 
DeLine et al. 
Wang et al. 
Abel et al. 
SZiraki et al. 
Su et al. 
Schierbeek et al. 
Stam et al. 
Ockerse et al. 
Weindorf et al. 
Ash et al. 
Scho?eld 
Stam et al. 
Stam et al. 
ShimiZu et al. 
Parsons 
Hartley et al. 
Weber et al. 
Nishijima et al. 
Mills et al. 
Sugino et al. 
Busscher et al. 
Ockerse et al. 
Poll et al. 
Tenmyo 
Scho?eld et al. 
Wu 
Turnbull et al. 
Watson et al. 
Takahara 
Inditsky 
Varaprasad et al. 
Weller et al. 
Hiyama et al. 
Tonar et al. 
DeLine et al. 
Suehiro et al. 
Pawlicki et al. 
Heslin et al. 
Tonar et al. 
Lin et al. 
Burgner 
Schwartz et al. 

7,057,681 
7,063,893 
7,064,882 
7,074,486 
7,081,810 
7,092,052 
7,095,567 
7,106,213 
7,106,392 
7,108,409 
7,114,554 
7,121,028 
7,125,131 
7,130,727 
7,132,064 
7,136,091 
7,138,974 
7,149,613 
7,151,515 
7,151,997 
7,153,588 
7,154,657 
7,158,881 
7,160,017 
7,161,567 
7,167,796 
7,168,830 
7,175,291 
7,176,790 
7,184,190 
7,185,995 
7,187,498 
7,188,963 
7,193,764 
7,195,381 
7,199,767 
7,206,697 
7,209,277 
7,215,238 
7,215,473 
7,221,363 
7,224,324 
7,227,472 
7,230,523 
7,232,231 
7,233,304 
7,235,918 
7,241,030 
7,241,037 
7,245,207 
7,245,231 
7,245,336 
7,248,305 
7,251,079 
7,255,451 
7,255,465 
7,259,036 
7,262,406 
7,262,916 
7,265,342 
7,268,841 
7,269,327 
7,269,328 
7,271,951 
7,274,501 
7,281,491 
7,286,280 
7,287,868 
7,289,037 
7,290,919 
7,292,208 
7,300,183 
7,302,344 
7,308,341 
7,310,177 
7,311,428 
7,316,485 
7,317,386 
7,318,664 

6/2006 
6/2006 
6/2006 
7/2006 
7/2006 
8/2006 
8/2006 
9/2006 
9/2006 
9/2006 
10/2006 
10/2006 
10/2006 
10/2006 
11/2006 
11/2006 
11/2006 
12/2006 
12/2006 
12/2006 
12/2006 
12/2006 
1/2007 
1/2007 
1/2007 
1/2007 
1/2007 
2/2007 
2/2007 
2/2007 
3/2007 
3/2007 
3/2007 
3/2007 
3/2007 
4/2007 
4/2007 
4/2007 
5/2007 
5/2007 
5/2007 
5/2007 
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BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 
The present invention relates to reversibly variable electro 

chromic devices for varying the transmittance to light, such as 
electrochromic rearvieW mirrors, WindoWs and sun roofs for 
motor vehicles, reversibly variable electrochromic elements 
therefor and processes for making such devices and elements. 

2. Brief Description of the Related Technology 
Reversibly variable electrochromic devices are knoWn in 

the art. In such devices, the intensity of light (e.g., visible, 
infrared, ultraviolet or other distinct or overlapping electro 
magnetic radiation) is modulated by passing the light through 
an electrochromic medium. The electrochromic medium is 
disposed betWeen tWo conductive electrodes, at least one of 
Which is typically transparent, Which causes the medium to 
undergo reversible electrochemical reactions When potential 
differences are applied across the tWo electrodes. Some 
examples of these prior art devices are described in US. Pat. 
Nos. 3,280,701 (Donnelly); 3,451,741 (Manos); 3,806,229 
(Schoot); 4,712,879 (Lynam) (“Lynam I”); 
US. Pat. No. 4,902,108 (Byker) (“Byker I”); and I. F. 

Chang, “Electrochromic and Electrochemichromic Materials 
and Phenomena”, in Nonemissive Electrooptic Displays, 
155-96, A. R. KmetZ and F. K. von Willisen, eds., Plenum 
Press, NeW York (1976). 

Reversibly variable electrochromic media include those 
Wherein the electrochemical reaction takes place in a solid 
?lm or occurs entirely in a liquid solution. See e.g., Chang. 
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2 
Numerous devices using an electrochromic medium, 

Wherein the electrochemical reaction takes place entirely in a 
solution, are knoWn in the art. Some examples are described 
in US. Pat. Nos. 3,453,038 (Kissa); 5,128,799 (Byker) 
(“Byker II”); Donnelly; Manos; Schoot; Byker I; and com 
monly assigned US. Pat. Nos. 5,073,012 (Lynam) (“Lynam 
II”); 5,115,346 (Lynam) (“Lynam III”); 5,140,455 (Vara 
prasad) (“Varaprasad I”); 5,142,407 (Varaprasad) (“Vara 
prasad II”); 5,151,816 (Varaprasad) (“Varaprasad III”) and 
5,239,405 (Varaprasad) (“Varaprasad IV”); and commonly 
assigned US. patent application Ser. No. 07/935,784 (?led 
Aug. 27, 1992), now US. Pat. No. 5,500,760. Typically, these 
electrochromic devices, sometimes referred to as electro 
chemichromic devices, are single-compartment, self-erasing, 
solution-phase electrochromic devices. See e.g., Manos, 
Byker I and Byker II. 

In single-compartment, self-erasing, solution-phase elec 
trochromic devices, the intensity of the electromagnetic 
radiation is modulated by passing through a solution held in a 
compartment. The solution often includes a solvent, at least 
one anodic compound and at least one cathodic compound. 
During operation of such devices, the solution is ?uid, 
although it may be gelled or made highly viscous With a 
thickening agent, and the solution components, including the 
anodic compounds and cathodic compounds, do not precipi 
tate. See e.g., Byker I and Byker II. 

Certain of these electrochemichromic devices have pre 
sented draWbacks. First, a susceptibility exists for distinct 
bands of color to form adjacent the bus bars after having 
retained a colored state over a prolonged period of time. This 
undesirable event is knoWn as segregation. Second, process 
ing and manufacturing limitations are presented With electro 
chemichromic devices containing electrochemichromic solu 
tions. For instance, in the case of electrochemichromic 
devices Which contain an electrochemichromic solution 
Within a compartment or cavity thereof; the siZe and shape of 
the electrochemichromic device is limited by the bulges and 
non-uniformities Which often form in such large area electro 
chemichromic devices because of the hydrostatic nature of 
the liquid solution. Third, from a safety standpoint, in the 
event an electrochemichromic device shouldbreak orbecome 
damaged through fracture or rupture, it is important for the 
device to maintain its integrity so that, if the substrates of the 
device are shattered, an electrochemichromic solution does 
not escape therefrom and that shards of glass and the like are 
retained and do not scatter about. In the knoWn electrochro 
mic devices, measures to reduce breakage or broken glass 
scattering include the use of tempered glass and/or a laminate 
assembly comprising at least tWo panels a?ixed to one 
another by an adhesive. Such measures control the scattering 
of glass shards in the event of breakage or damage due, for 
instance, to the impact caused by an accident. 
Numerous devices using an electrochromic medium, 

Wherein the electrochemical reaction takes place in a solid 
layer, are knoWn in the art. Typically, these devices employ 
electrochromic solid-state thin ?lm technology [see e.g., N. 
R. Lynam, “Electrochromic Automotive Day/ Night Mirrors”, 
SAE Technical Paper Series, 870636 (1987); N. R. Lynam, 
“Smart WindoWs for Automobiles”, SAE Technical Paper 
Series, 900419 (1990); N. R. Lynam and A. AgraWal, “Auto 
motive Applications of Chromogenic Materials”, Large Area 
Chromogenics: Materials & Devices for Transmittance Con 
trol, C. M. Lampert and C. G. Granquist, eds., Optical Eng’g 
Press, Washington (1990); C. M. Lampert, “Electrochromic 
Devices and Devices for Energy Ef?cient Windows”, Solar 
Enercry Materials, 11, 1-27 (1984); US. Pat. Nos. 3,521,941 
(Deb); 4,174,152 (Giglia); Re. 30,835 (Giglia); 4,338,000 
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(Kamimori); 4,652,090 (UchikaWa); 4,671,619 (Kamimori); 
Lynam I; and commonly assigned US. Pat. Nos. 5,066,112 
(Lynam) (“Lynam IV”) and 5,076,674 (Lynam) (“Lynam 
V”)]. 

In solid-state thin ?lm electrochromic devices, an anodic 
electrochromic layer and a cathodic electrochromic layer, 
each layer usually made from inorganic metal oxides, are 
typically separate and distinct from one another and 
assembled in a spaced-apart relationship. The solid-state thin 
?lms are often formed using techniques such as chemical 
vapor deposition or physical vapor deposition. Such tech 
niques are not attractive economically, hoWever, as they 
involve cost. In another type of solid-state thin ?lm electro 
chromic device, tWo substrates are coated separately With 
compositions of photo- or therrno-setting monomers or oli 
gomers to form on one of the substrates an electrochromic 
layer, With the electrochromic material present Within the 
layer being predominantly an inorganic material, and on the 
other substrate a redox layer. [See Japanese Patent Document 
JP 63-262,624]. 

Attempts have been made to prepare electrochromic media 
from polymers. For example, it has been reported that elec 
trochromic polymer layers may be prepared by dissolving in 
a solvent organic polymers, Which contain no functionality 
capable of further polymeriZation, together With an electro 
chromic compound, and thereafter casting or coating the 
resulting solution onto an electrode. It has been reported 
further that electrochromic polymer layers are created upon 
evaporation of the solvent by pressure reduction and/ or tem 
perature elevation. [See e.g., US. Pat. Nos. 3,652,149 (Rog 
ers), 3,774,988 (Rogers) and 3,873,185 (Rogers); 4,550,982 
(Hirai); Japanese Patent Document JP 52-10,745; andY. Hirai 
and C. Tani, “Electrochromism for Organic Materials in Poly 
meric All-Solid State Systems”, Appl. Phys. Lett., 43(7), 
704-05 (1983)]. Use of such polymer solution casting sys 
tems has disadvantages, hoWever, including the need to 
evaporate the solvent prior to assembling devices to form 
polymer electrochromic layers. This additional processing 
step adds to the cost of manufacture through increased capital 
expenditures and energy requirements, involves potential 
exposure to haZardous chemical vapors and constrains the 
type of device to be manufactured. 
A thermally cured polymer gel ?lm containing a single 

organic electrochromic compound has also been reported for 
use in display devices. [See H. Tsutsumi et al., “Polymer Gel 
Films With Simple Organic Electrochromics for Single-Film 
Electrochromic Devices”, J. Polym. Sci., 30, 1725-29 (1992) 
and H. Tsutsumi et al., “Single Polymer Gel Film Electro 
chromic Device”, Electrochemica Acta, 37, 369-70 (1992)]. 
The gel ?lm reported therein Was said to possess a solvent 
like environment around the electrochromic compounds of 
that ?lm. This gel ?lm Was reported to turn broWn, and ceased 
to perform color-bleach cycles, after only 35,200 color 
bleach cycles. 

SUMMARY OF THE INVENTION 

The present invention also provides novel electrochromic 
monomer compositions comprising anodic electrochromic 
compounds, cathodic electrochromic compounds, a mono 
mer component and a plasticiZer that are useful in the forma 
tion of such polychromic solid ?lms. More speci?cally, each 
of the electrochromic compounds are organic or organome 
tallic compounds. Electrochromic monomer compositions 
may also include, but are not limited to, either individually or 
in combination, cross-linking agents, photoinitiators, photo 
sensitiZers, ultraviolet stabiliZing agents, electrolytic materi 
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4 
als, coloring agents, spacers, anti-oxidiZing agents, ?ame 
retarding agents, heat stabiliZing agents, compatibiliZing 
agents, adhesion promoting agents, coupling agents, humec 
tants and lubricating agents. 
The present invention further provides novel processes for 

making polychromic solid ?lms by transforming such novel 
electrochromic monomer compositions into polychromic 
solid ?lms through exposure to electromagnetic radiation for 
a time su?icient to effect an M situ cure. 

The present invention still further provides electrochromic 
devices, such as those referred to above, particularly rearvieW 
mirrors, WindoWs and sun roofs for automobiles, Which 
devices are stable to outdoor Weathering, particularly Weath 
ering observed due to prolonged exposure to ultraviolet radia 
tion from the sun, and are safety protected against impact 
from an accident. Such outdoor Weathering and safety ben 
e?ts are achieved by manufacturing these devices using as a 
medium of varying transmittance to light the polychromic 
solid ?lms prepared by the in situ cure of an electrochromic 
monomer composition containing a monomer component 
that is capable of further polymeriZation. 

The present invention provides for the ?rst time, among 
other things (1) polychromic solid ?lms that may be trans 
formed from electrochromic monomer compositions by an in 
situ curing process through exposure to electromagnetic 
radiation, such as ultraviolet radiation; (2) a transformation 
during the in situ curing process from the loW viscosity, 
typically liquid, electrochromic monomer compositions to 
polychromic solid ?lms that occurs With minimum shrinkage 
and With good adhesion to the contacting surfaces; (3) poly 
chromic solid ?lms that (a) may be manufactured to be self 
supporting and subsequently laminated betWeen conductive 
substrates, (b) perform Well under prolonged coloration, (c) 
demonstrate a resistance to degradation caused by environ 
mental conditions, such as outdoor Weathering and all-cli 
mate exposure, particularly demonstrating ultraviolet stabil 
ity When exposed to the sun, and (d) demonstrate a broad 
spectrum of color under an applied potential; (4) polychromic 
solid ?lms that may be manufactured economically and are 
amenable to commercial processing; (5) polychromic solid 
?lms that provide inherent safety protection not knoWn to 
electrochromic media heretofore; and (6) electrochromic 
monomer compositions that comprise anodic electrochromic 
compounds and cathodic electrochromic compounds, Which 
compounds are organic or organometallic. 
The self-supporting nature of polychromic solid ?lms pro 

vides many bene?ts to the electrochromic devices manufac 
tured thereWith, including the elimination of a compartmen 
taliZation means, such as a sealing means, since no such 
means is required to con?ne or contain a polychromic solid 
?lm Within an electrochromic device. That polychromic solid 
?lms may be manufactured to be self-supporting also 
enhances processibility, and vitiates obstacles Well-recog 
niZed in the manufacturing of electrochromic devices con 
taining knoWn electrochromic media, especially those that 
are to be vertically mounted in their intended use. 

Moreover, since the electrochromic compounds are not 
free to migrate Within polychromic solid ?lms, in contrast to 
electrochromic compounds present Within a liquid solution 
phase environment, polychromic solid ?lms do not pose the 
segregation concern as do solution-phase electrochemichro 
mic devices; rather, polychromic solid ?lms perform Well 
under prolonged coloration. 

Further, from a safety perspective, in the event that elec 
trochromic devices manufactured With polychromic solid 
?lms should break or become damaged due to the impact 
from an accident, no liquid is present to seep therefrom since 






























































































































