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6,061,584 
6,064,898 
6,064,899 
6,067,462 
6,073,038 
6,078,829 
6,078,833 
6,081,735 
6,083,157 
6,083,172 
6,088,607 
6,094,592 
6,095,974 
6,104,938 
6,104,939 
6,112,107 
6,113,541 
6,115,621 
6,122,535 
6,133,994 
6,135,952 
6,144,444 
6,144,867 
6,144,868 
6,149,481 
6,151,107 
6,151,516 
6,151,518 
6,152,754 
6,154,667 
6,157,850 
6,159,147 
6,163,715 
6,165,005 
6,173,196 
6,178,343 
6,179,159 
6,181,958 
6,181,959 
6,184,521 
6,188,470 
6,192,260 
6,195,575 
6,198,951 
6,206,830 
6,213,952 

11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
12/1999 
12/1999 
12/1999 
12/1999 
12/1999 
1/2000 
1/2000 
1/2000 
1/2000 
1/2000 
2/2000 
2/2000 
2/2000 
2/2000 
2/2000 
3/2000 
3/2000 
3/2000 
3/2000 
4/2000 
4/2000 
5/2000 
5/2000 
5/2000 
5/2000 
6/2000 
6/2000 
6/2000 
6/2000 
7/2000 
7/2000 
7/2000 
7/2000 
8/2000 
8/2000 
8/2000 
8/2000 
9/2000 
9/2000 
9/2000 
10/2000 
10/2000 
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 
1/2001 
1/2001 
1/2001 
1/2001 
1/2001 
2/2001 
2/2001 
2/2001 
2/2001 
3/2001 
3/2001 
4/2001 

Kinast 
Levin 
Kiani et al. 
Mannheimer et al. 
Kinast 
Takahashi 
Mills et al. 
Wang et al. 
Diab et al. 
KaluZa et al. 
Levin 
Athan et al. 
Diab et al. 
Raley et al. 
Chin et al. 
Aronow 
Amano et al. 
Merchant et al. 
Shemwell et al. 
Amerov et al. 
Fine et al. 
Baker, Jr. 
Diab et al. 
Weckstrom et al. 
Fein et al. 
Jackson, 111 
Well 
Lovej oy et al. 
Aldrich 
Fein et al. 
Diab et al. 
Wang et al. 
Uchida 
Hueber 
Diab et al. 
Noller 
Baker, Jr. et al. 
Diab et al. 
Yorkey et al. 
Shemwell et al. 
Huiku et al. 
Groner 
Hannula 
Dias et al. 
Chin 
Kaestle et al. 
Mathews et al. 
CoetZee 
Haworth et al. 
Walker et al. 
Parker 
Wang et al. 
Schollermann et al. 
Kiani-Azarbayjany et al. 
Hayashi 
Gerhardt et al. 
Miura et al. 
Diab et al. 
Lichter et al. 
Larsen et al. 
Mills et al. 
DelonZor et al. 
BindsZus et al. 
Gurley 
Steuer et al. 
Schollermann et al. 
Cof?n, IV et al. 
Grace 
Chance 
Levinson 
Kosuda et al. 
Diab et al. 
Finarov et al. 
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6,217,523 
6,222,189 
6,223,064 
6,226,539 
6,226,540 
6,229,856 
6,230,035 
6,233,470 
6,236,871 
6,236,872 
6,240,305 
6,253,097 
6,253,098 
6,256,523 
6,256,524 
6,261,236 
6,263,221 
6,263,222 
6,263,223 
6,266,546 
6,266,547 
6,272,363 
6,278,522 
6,280,213 
6,280,381 
6,285,894 
6,285,895 
6,285,896 
6,298,252 
6,308,089 
6,321,100 
6,330,468 
6,334,065 
6,339,715 
6,342,039 
6,343,223 
6,343,224 
6,349,228 
6,351,658 
6,353,750 
6,356,774 
6,360,113 
6,360,114 
6,361,501 
6,363,269 
D455,834 
6,370,408 
6,370,409 
6,371,921 
6,374,129 
6,377,829 
6,381,479 
6,381,480 
6,385,471 
6,385,821 
6,388,240 
6,393,310 
6,393,311 
6,397,091 
6,397,092 
6,397,093 
6,400,971 
6,400,972 
6,400,973 
6,402,690 
6,408,198 
6,411,832 
6,411,833 
6,421,549 
6,430,423 
6,430,513 
6,430,525 
6,434,408 

4/2001 
4/2001 
4/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
5/2001 
6/2001 
6/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
8/2001 
8/2001 
8/2001 
8/2001 
9/2001 
9/2001 
9/2001 
10/2001 
10/2001 
11/2001 
12/2001 
12/2001 
1/2002 
1/2002 
1/2002 
1/2002 
2/2002 
2/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
3/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
4/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
6/2002 
6/2002 
6/2002 
6/2002 
6/2002 
6/2002 
6/2002 
7/2002 
8/2002 
8/2002 
8/2002 
8/2002 

Amano et al. 
Misner et al. 
Lynn 
PotratZ 
Bernreuter et al. 
Diab et al. 
Aoyagi et al. 
Tsuchiya 
Tsuchiya 
Diab et al. 
Tsuchiya 
AronoW et al. 
Walker et al. 
Diab et al. 
Walker et al. 
Grinblatov 
Chance et al. 
Diab et al. 
Sheperd et al. 
Steuer et al. 
Walker et al. 
Casciani et al. 
Lepper, Jr. et al. 
Tobler et al. 
Malin et al. 
Oppelt et al. 
Ristolainen et al. 
Tobler et al. 
Kovach et al. 
Von der Ruhr et al. 
Parker 
Scharf 
Al-Ali et al. 
Bahr et al. 
Lynn 
Chin et al. 
Parker 
Kiani et al. 
Middleman et al. 
Kimura 
Bernstein et al. 
Dettling 
Diab et al. 
Amano et al. 
Hanna et al. 
Donars et al. 
Merchant et al. 
Chung et al. 
Caro 
Chin et al. 
Al-Ali et al. 
Norris 
Stoddar et al. 
MortZ 
Modgil et al. 
Schulz et al. 
Kuenster 
Edgar, Jr. et al. 
Diab et al. 
Norris et al. 
Aldrich 
Finarov et al. 
Fine 
Winter 
Rhee et al. 
Hanna et al. 
Guthermann 
Baker, Jr. et al. 
Jacques 
DeLonZor et al. 
Wang et al. 
Weber et al. 
Heckel et al. 

6,438,396 
6,438,399 
6,449,501 
6,453,183 
6,453,184 
6,456,862 
6,461,305 
6,463,310 
6,463,311 
6,466,808 
6,466,809 
6,470,199 
6,470,200 
6,480,729 
6,490,466 
6,493,568 
6,496,711 
6,498,942 
6,501,974 
6,501,975 
6,505,060 
6,505,061 
6,505,133 
6,510,329 
6,510,331 
6,512,937 
6,515,273 
6,519,484 
6,519,486 
6,519,487 
6,525,386 
6,526,300 
6,526,301 
6,541,756 
6,542,764 
6,546,267 
6,553,241 
6,553,242 
6,553,243 
6,554,788 
6,556,852 
6,560,470 
6,564,077 
6,564,088 
6,571,113 
6,571,114 
6,574,491 
6,580,086 
6,584,336 
6,587,703 
6,587,704 
6,589,172 
6,591,122 
6,591,123 
6,594,511 
6,594,512 
6,594,513 
6,597,931 
6,597,933 
6,600,940 
6,606,510 
6,606,511 
6,606,512 
6,608,562 
6,609,016 
6,615,064 
6,615,065 
6,618,602 
6,622,034 
6,628,975 
6,631,281 
6,632,181 
6,640,116 

8/2002 
8/2002 
9/2002 
9/2002 
9/2002 
9/2002 
10/2002 
10/2002 
10/2002 
10/2002 
10/2002 
10/2002 
10/2002 
11/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
1/2003 
1/2003 
1/2003 
1/2003 
1/2003 
1/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
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 
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 
8/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
10/2003 
10/2003 
10/2003 

Cook 
Kurth 
Reuss 
Walker 
Hyogo et al. 
Benni 
Schnall 
Swedlow et al. 
Diab 
Chin et al. 
Riley 
Kopotic et al. 
Walker et al. 
Stone 
Fein et al. 
Bell 
Athan et al. 
Esenaliev et al. 
Huiku 
Diab et al. 
Norris 
Larson 
Hanna et al. 
Heckel 
Williams et al. 
Blank et al. 
Al-Ali 
Lovej oy et al. 
Edgar, Jr. et al. 
Parker 
Mills et al. 
Kiani et al. 
Larsen et al. 
Schulz et al. 
Al-Ali et al. 
Sugiura et al. 
Mannheimer et al. 
Sarussi 
Gurley 
Hunley 
SchulZe et al. 
Pologe 
Mortara 
Soller et al. 
Fein et al. 
Koike et al. 
ElghaZZaWi 
SchulZ et al. 
Ali et al. 
Cheng et al. 
Fine et al. 
Williams et al. 
Schmitt 
Fein et al. 
Stone et al. 
Huang 
Jobsis et al. 
Cheng et al. 
Kiani et al. 
Fein et al. 
Swedlow et al. 
Ali et al. 
MuZ et al. 
Kimura et al. 
Lynn 
Aldrich 
Barrett et al. 
Levin 
Gorski et al. 
Fein et al. 
Kastle 
Flaherty 
Diab 
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6,643,530 
6,643,531 
6,647,279 
6,647,280 
6,650,916 
6,650,917 
6,650,918 
6,654,621 
6,654,622 
6,654,623 
6,654,624 
6,658,276 
6,658,277 
6,662,033 
6,665,551 
6,668,182 
6,668,183 
6,671,526 
6,671,528 
6,671,530 
6,671,531 
6,671,532 
6,675,031 
6,678,543 
6,681,126 
6,681,128 
6,681,454 
6,684,090 
6,684,091 
6,694,160 
6,697,653 
6,697,655 
6,697,656 
6,697,658 

RE038,476 
6,699,194 
6,699,199 
6,701,170 
6,702,752 
6,707,257 
6,708,049 
6,709,402 
6,711,424 
6,711,425 
6,712,762 
6,714,803 
6,714,804 
6,714,805 

RE038,492 
6,719,686 
6,719,705 
6,720,734 
6,721,584 
6,721,585 
6,725,074 
6,725,075 
6,731,962 
6,731,963 
6,731,967 
6,735,459 
6,745,060 
6,745,061 
6,748,253 
6,748,254 
6,754,515 
6,754,516 
6,760,607 
6,760,609 
6,760,610 
6,763,255 
6,763,256 
6,770,028 
6,771,994 

11/2003 
11/2003 
11/2003 
11/2003 
11/2003 
11/2003 
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 
12/2003 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
3/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
5/2004 
5/2004 
5/2004 
5/2004 
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 

Diab et al. 
KataroW 
Pologe 
Bahr et al. 
Cook 
Diab et al. 
Terry 
Palatnik et al. 
Eberhard et al. 
Kastle 
Diab et al. 
Kianl et al. 
Wassermann 
Casciani et al. 
Suzuki 
Hubelbank 
Hicks et al. 
Aoyagi et al. 
Steuer et al. 
Chung et al. 
Al-Ali et al. 
Fudge et al. 
Porges et al. 
Diab et al. 
Solenberger 
Steuer et al. 
Modgil et al. 
Ali et al. 
Parker 
Chin 
Hanna 
Sueppel et al. 
Al-Ali 
Al-Ali 
Diab et al. 
Diab et al. 
Asada et al. 
Stetson 
Dekker 
Norris 
Berson et al. 
Dekker 
Fine et al. 
Reuss 
Lichter 
MortZ 
Al-Ali et al. 
Jeon et al. 
Diab et al. 
Coakley et al. 
Mills 
Norris 
Baker, Jr. et al. 
Parker 
Kastle 
Al-Ali 
KataroW 
Finarov et al. 
Turcott 
Parker 
Diab et al. 
Hicks et al. 
Norris et al. 
O’Neill et al. 
Pologe 
Mannheimer 
Al-Ali 
Jacques 
Tscupp et al. 
DeLonZor et al. 
Kimball et al. 
Ali et al. 
Kiani et al. 

6,773,397 
6,778,923 
6,780,158 
6,791,689 
6,792,300 
6,801,797 
6,801,798 
6,801,799 
6,801,802 
6,802,812 
6,805,673 
6,810,277 
6,813,511 
6,816,741 
6,819,950 
6,822,564 
6,825,619 
6,826,419 
6,829,496 
6,830,711 
6,836,679 
6,839,579 
6,839,580 
6,839,582 
6,839,659 
6,842,635 
6,845,256 
6,850,787 
6,850,788 
6,850,789 
6,861,639 
6,863,652 
6,865,407 
6,879,850 
6,882,874 
6,898,452 
6,909,912 
6,912,413 
6,920,345 
6,931,269 
6,934,570 
6,941,162 
6,947,781 
6,950,687 
6,954,664 
6,968,221 
6,979,812 
6,983,178 
6,985,763 
6,985,764 
6,990,426 
6,992,751 
6,992,772 
6,993,371 
6,993,372 
6,996,427 
7,003,338 
7,003,339 
7,006,855 
7,006,856 
7,016,715 
7,020,507 
7,024,233 
7,024,235 
7,025,728 
7,027,849 
7,027,850 
7,039,449 
7,043,289 
7,047,055 
7,060,035 
7,062,307 
7,067,893 

B2 

B2 
B1 
B1 
B2 
B2 
B2 
B2 
B1 
B2 
B2 
B2 

B2 
B2 
B2 
B2 
B2 

B2 
B1 
B2 
B2 
B2 

B2 
B2 
B2 
B2 
B2 
B2 

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

Kelly 
Norris et al. 
Yarita 
Weckstrom 
Diab et al. 
Mannheimer et al. 
Geddes et al. 
Mendelson 
SitZman et al. 
Walker et al. 
Dekker 
Edgar, Jr. et al. 
Diab et al. 
Diab 
Mills 
Al-Ali 
Norris 
Diab et al. 
Nagai et al. 
Mills et al. 
Baker, Jr. et al. 
Chin 
Zonios et al. 
Heckel 
Tarassenko et al. 
Parker 
Chin et al. 
Weber et al. 
Al-Ali 
Schweitzer, Jr. et al. 
Al-Ali 
Huang et al. 
Kimball et al. 
Kimball 
Huiku 
Al-Ali et al. 
Melker et al. 
Rantala et al. 
Al-Ali et al. 
Terry 
Kiani et al. 
Fudge et al. 
Asada et al. 
Al-Ali 
SWeitZer 
Rosenthal 
Al-Ali 
Fine et al. 
Boas et al. 
Mason et al. 
Yoon et al. 
Okita et al. 
Block 
Kiani et al. 
Fine et al. 
Ali et al. 
Weber et al. 
Diab et al. 
Sarussi 
Baker, Jr. et al. 
Stetson 
Scharf et al. 
Ali et al. 
Melker et al. 
Ito et al. 
Al-Ali 
Wasserman 
Al-Ali 
Fine et al. 
Boas et al. 
Wasserman 
Norris et al. 
Mills et al. 



US 7,869,849 B2 
Page7 

7,072,701 B2 7/2006 Chen etal. 2004/0162472 A1 8/2004 Berson etal. 
7,072,702 B2 7/2006 Edgar, Jr. et al. 2004/0167381 A1 8/2004 Lichter 
7,079,880 B2 7/2006 stetson 2004/0186358 A1 9/2004 Chernow etal. 
7,085,597 B2 8/2006 Fein etal. 2004/0204637 A1 10/2004 Diab etal. 
7,096,052 B2 8/2006 Mason etal. 2004/0204638 A1 10/2004 Diab etal. 
7,096,054 B2 8/2006 Abdul-Ha?z etal. 2004/0204639 A1 10/2004 casoianietal. 
7,107,088 B2 9/2006 Aceti 2004/0204865 A1 10/2004 Lee etal. 
7,113,815 B2 9/2006 O’Neiletal. 2004/0210146 A1 10/2004 Diab etal. 
7,123,950 B2 10/2006 Mannheimer 2004/0215085 A1 10/2004 Schnall 
7,130,671 B2 10/2006 Baker, Jr. etal. 2004/0236196 A1 11/2004 Diab etal. 
7,132,641 B2 11/2006 Schulz etal. 2005/0004479 A1 1/2005 Townsendetal. 
7,133,711 B2 11/2006 Chernoguz etal. 2005/0014999 A1 1/2005 Ralre-Meyer 
7,139,559 B2 11/2006 Kenagy etal. 2005/0020887 A1 1/2005 Goldberg 
7,142,901 B2 11/2006 Kianietal. 2005/0033131 A1 2/2005 Chen 
7,127,278 B2 12/2006 Melkeretal. 2005/0043599 A1 2/2005 O’Mara 
7,162,288 B2 1/2007 Nordstrorn etal. 2005/0043600 A1 2/2005 Diab etal. 
7,190,987 B2 3/2007 Kindekugeletal. 2005/0049468 A1 3/2005 carlson 
7,198,778 B2 4/2007 Achilefu etal. 2005/0070773 A1 3/2005 Chin 
7,215,984 B2 5/2007 Diab etal. 2005/0075546 A1 4/2005 sarnsoondar 
7,225,007 B2 5/2007 Al-Alietal. 2005/0075550 A1 4/2005 Lindekugel 
7,228,161 B2 6/2007 Chin 2005/0085704 A1 4/2005 Schulz 
7,236,811 B2 6/2007 Schmitt etal. 2005/0090720 A1 4/2005 Wu 
7,248,910 B2 7/2007 Li et al. 2005/0197548 A1 9/2005 Dietiker 
7,254,433 B2 8/2007 Diab etal. 2005/0228248 A1 10/2005 Dietiker 
7,254,434 B2 8/2007 Schulz etal. 2005/0256386 A1 11/2005 chan 
7,280,858 B2 10/2007 Al-Alietal. 2005/0272986 A1 12/2005 Smith 
7,295,866 B2 11/2007 Al-Ali 2005/0277819 A1 12/2005 Kianietal. 
7,305,262 B2 12/2007 Brodnick etal. 2006/0020179 A1 1/2006 Anderson 
7,313,427 B2 12/2007 Benni 2006/0030764 A1 2/2006 Porges 
7,315,753 B2 1/2008 Baker, Jr. etal. 2006/0058594 A1 3/2006 Ishizuka etal. 
7,369,886 B2 5/2008 DeLonZoretal. 2006/0074280 A1 4/2006 Martis 
7,373,188 B2 5/2008 DeLonZoretal. 2006/0084852 A1 4/2006 Mason etal. 
7,373,189 B2 5/2008 DeLonZoretal. 2006/0084878 A1 4/2006 Banet 
7,373,190 B2 5/2008 DeLonZoretal. 2006/0089547 A1 4/2006 sanrssi 
7,373,191 B2 5/2008 DeLonZoretal. 2006/0106294 A1 5/2006 Maser etal. 
7,389,130 B2 6/2008 DeLonZoretal. 2006/0122517 A1 6/2006 Banet 
7,561,905 B2 7/2009 DeLonZoretal. 2006/0129039 A1 6/2006 Lindner 
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OPAQUE, ELECTRICALLY 
NONCONDUCTIVE REGION ON A MEDICAL 

SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to medical devices 

and, more particularly, to sensors used for sensing physi 
ological parameters of a patient. 

2. Description of the Related Art 
This section is intended to introduce the reader to various 

aspects of art that may be related to certain aspects of the 
present invention, Which are described and/or claimed beloW. 
This discussion is believed to be helpful in providing the 
reader With background information to facilitate a better 
understanding of the various aspects of the present invention. 
Accordingly, it should be understood that these statements are 
to be read in this light, and not as admissions of prior art. 

In the ?eld of medicine, doctors often desire to monitor 
certain physiological characteristics of their patients. Accord 
ingly, a Wide variety of devices have been developed for 
monitoring many such characteristics of a patient. Such 
devices provide doctors and other healthcare personnel With 
the information they need to provide the best possible health 
care for their patients. As a result, such monitoring devices 
have become an indispensable part of modern medicine. 
One technique for monitoring certain physiological char 

acteristics of a patient is commonly referred to as pulse oxim 
etry, and the devices built based upon pulse oximetry tech 
niques are commonly referred to as pulse oximeters. Pulse 
oximetry measures various blood ?oW characteristics, such as 
the blood-oxygen saturation of hemoglobin in arterial blood, 
the volume of individual blood pulsations supplying the tis 
sue, and/ or the rate of blood pulsations corresponding to each 
heartbeat of a patient. In fact, the “pulse” in pulse oximetry 
refers to the time varying amount of arterial blood in the tissue 
during each cardiac cycle. 

Pulse oximeters typically utiliZe a non-invasive sensor that 
emits light into a patient’s tissue and that photoelectrically 
detects the absorption and/or scattering of the transmitted 
light in such tissue. One or more of the above physiological 
characteristics may then be calculated based upon the amount 
of light absorbed or scattered. More speci?cally, the light 
passed through the tissue is typically selected to be of one or 
more Wavelengths that may be absorbed or scattered by the 
blood in an amount related to the amount of a particular 
constituent present in the blood. The amount oflight absorbed 
and/ or scattered may then be used to estimate the amount of 
the blood constituent in the tissue using various algorithms. 

The pulse oximetry measurement depends in part on the 
assumption that the contribution of light that has not passed 
through a patient’ s tissue is negligible. HoWever, outside light 
may leak into a sensor, causing detection of light that is not 
related to the amount of blood constituent present in the 
blood. Additionally, shunted light or light from a sensor’s 
emitter, may be re?ected around the exterior of the tissue and 
may be sensed by the detector Without traveling ?rst through 
the tissue. These light sources may cause measurement varia 
tions that result in erroneous blood constituent readings. 
Some outside light in?ltration into the sensor may be 

avoided by ?tting the sensor snugly against the patient’s 
tissue. HoWever, such a conforming ?t may be dif?cult to 
achieve over a broad range of patient physiologies Without 
adjustment or excessive attention on the part of medical per 
sonnel. Additionally, an overly tight ?t may cause local 
exsanguination of the tissue around the sensor. Exsan 
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2 
guinated tissue, Which is devoid of blood, may shunt the 
sensor light through the tissue, Which may also result in 
increased measurement errors. 

External light and shunted light may also be prevented 
from reaching the sensor by certain coatings applied to the 
pulse oximetry device. For example, some sensors incorpo 
rate re?ective coating on the tissue contacting surface to 
re?ect shunted light aWay from the detector. HoWever, these 
re?ective materials are metal-based, and thus conductive, 
Which may result in capacitive coupling betWeen the emitter 
and detector. In particular, conductive re?ective materials 
may provide electrical paths betWeen the pulse oximeter’s 
light emitter and the detector. These electrical paths may 
cause corruption of the detector’s measurement signal, result 
ing in an incorrect reading of more or less absorption of light 
than is actually transmitted through the patient’s tissue. 
Therefore, noise added to the signal by crosstalk can lead to 
erroneous physiological measurements. 

SUMMARY 

Certain aspects commensurate in scope With the originally 
claimed invention are set forth beloW. It should be understood 
that these aspects are presented merely to provide the reader 
With a brief summary of certain forms that the invention might 
take and that these aspects are not intended to limit the scope 
of the invention. Indeed, the invention may encompass a 
variety of aspects that may not be set forth beloW. 

There is provided a sensor that includes: a sensor body; an 
emitter disposed on the sensor body, Wherein the emitter is 
adapted to transmit light into tissue; a detector disposed on the 
sensor body, Wherein the detector is adapted to detect the 
light; and at least one opaque region disposed on a tissue 
contacting surface of the sensor body, the opaque region 
including a substantially electrically nonconductive material. 

There is also provided a pulse oximetry system that 
includes a pulse oximetry monitor and a pulse oximetry sen 
sor adapted to be operatively coupled to the monitor. The 
sensor includes: a sensor body; and at least one opaque 
region, the opaque region disposed on a tissue-contacting 
surface of the sensor body, including a substantially electri 
cally nonconductive material. 

There is also provided a method that includes: emitting 
light into tissue With an emitter; detecting the emitted light 
With a detector; absorbing light that has not been transmitted 
from the emitter through the tissue With at least one opaque 
region, Wherein the at least one opaque region includes a 
substantially electrically nonconductive material; and mea 
suring a physiological characteristic based on the detected 
light. 

There is also provided a method of manufacturing a sensor 
that includes: providing a sensor body on Which at least one 
sensing element is disposed; and providing at least one 
opaque region disposed on a tissue-contacting surface of the 
sensor body, the opaque region includes a nonconductive 
material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Advantages of the invention may become apparent upon 
reading the folloWing detailed description and upon reference 
to the draWings in Which: 

FIG. 1 illustrates a perspective vieW of an embodiment of 
an exemplary bandage-style sensor With an opaque, electri 
cally nonconductive region in accordance With the present 
invention; 
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FIG. 2 illustrates a cross-sectional vieW of an embodiment 
of an exemplary bandage-style sensor With an opaque, elec 
trically nonconductive region applied to the patient’s digit; 

FIG. 3 illustrates an exploded vieW of the sensor of FIG. 1; 
FIG. 4 illustrates a perspective vieW of an embodiment of 

an exemplary bandage-style sensor With an opaque, electri 
cally nonconductive region disposed betWeen the emitter and 
detector, in accordance With the present invention; 

FIG. 5 illustrates a perspective vieW of an embodiment of 
an exemplary bandage-style sensor With an opaque, electri 
cally nonconductive region in accordance With the present 
invention; 

FIG. 6 illustrates a side vieW of an embodiment of an 
exemplary clip-style re?ectance sensor With an opaque, elec 
trically nonconductive region in accordance With the present 
invention; 

FIG. 7 illustrates a perspective vieW of an embodiment of 
an exemplary bandage-style re?ectance sensor With an 
opaque, electrically nonconductive region in accordance With 
the present invention; 

FIG. 8 illustrates a perspective vieW of an embodiment of 
an exemplary bandage-style re?ectance sensor With an 
opaque, electrically nonconductive region in accordance With 
the present invention; and 

FIG. 9 illustrates a pulse oximetry system coupled to a 
multi-parameter patient monitor and a sensor according to 
embodiments of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

One or more speci?c embodiments of the present invention 
Will be described beloW. In an effort to provide a concise 
description of these embodiments, not all features of an actual 
implementation are described in the speci?cation. It should 
be appreciated that in the development of any such actual 
implementation, as in any engineering or design project, 
numerous implementation-speci?c decisions must be made 
to achieve the developers’ speci?c goals, such as compliance 
With system-related and business-related constraints, Which 
may vary from one implementation to another. Moreover, it 
should be appreciated that such a development effort might be 
complex and time consuming, but Would nevertheless be a 
routine undertaking of design, fabrication, and manufacture 
for those of ordinary skill having the bene?t of this disclosure. 

It is desirable to eliminate or reduce the possible in?uence 
of light sources Which may cause errors in pulse oximetry 
measurements. In accordance With the present techniques, 
pulse oximetry sensors are provided that reduce the amount of 
outside light that impinges the detecting elements of a sensor. 
Such sensors also reduce the amount of “shunted” light, i.e., 
light originating from light emitting elements of the sensor 
that impinges the detecting elements of a sensor Without ?rst 
passing through tissue. Sensors according to the present tech 
niques incorporate features, such as a region of opaque mate 
rial, on or near the tissue-contacting surface of the sensor, to 
prevent the undesired light from reaching the detecting ele 
ments of the sensor. Such regions may absorb, refract, or 
diffract the light from these undesired light sources before 
such light can impinge the detecting elements of the sensor. 
The present sensors minimiZe the detection of unWanted 

external or shunted light to the sensor by application of an 
opaque, electrically nonconductive material to the body of the 
sensor. A substantially electrically nonconductive material 
may reduce electrical paths, interference and crosstalk 
betWeen electrical signals. An opaque material is one that is 
substantially impenetrable by light and is not translucent. The 
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4 
opaque characteristics prevent external light from penetrating 
the region covered by opaque material While also absorbing 
shunted light. 

Pulse oximetry sensors are typically placed on a patient in 
a location that is normally perfused With arterial blood to 
facilitate measurement of the desired blood characteristics, 
such as arterial oxygen saturation measurement (SpO2). The 
most common sensor sites include a patient’s ?ngertips, toes, 
earlobes or forehead. Regardless of the placement of a sensor 
used for pulse oximetry, the reliability of the measurement 
depends upon accurate detection of transmitted light that has 
passed through the perfused tissue Which has not been supple 
mented by undesired light sources, such as external light or 
shunted light. Such supplementation or modulation of the 
light detected by the sensor can cause errors in the resulting 
pulse oximetry measurements. 

In many cases, light from undesired light sources propa 
gates along an optical path that is distinguishable from the 
optical path of the emitted light or signal light that is related 
to a blood constituent. TWo common pulse oximetry sensors 
are the transmission-type sensor and the re?ectance-type sen 
sor. In a transmission-type sensor, the sensor’s emitter and 
detector are positioned on opposing sides of the tissue When 
the sensor is applied to a patient. The optical path of the signal 
light, Which is light originating from the emitter that properly 
passes through perfused tissue, is substantially in-line With an 
imaginary axis connecting the emitter and the detector. For 
re?ectance-type sensors, the sensor’s emitter and detector 
generally lie on the same side of the patient’s tissue When 
applied. In re?ectance-type sensors, the optical path of the 
emitted signal light is someWhat more complicated, as the 
light ?rst enters the perfused tissue and then is scattered back 
to the detector. In both transmission-type and re?ectance 
type sensors, shunted light and ambient light generally propa 
gate at angles substantially off-axis from the optical path of 
the signal light. 
The exemplary sensors provided herein include opaque 

nonconductive regions that act to prevent shunted or external 
light from impinging on the light detecting elements of a 
sensor. In certain embodiments, those regions may be dis 
posed on the sensor as layers, patterns, designs or a combi 
nation thereof. Speci?cally, FIG. 1 illustrates a perspective 
vieW of an embodiment of an exemplary bandage-style sensor 
10A With an opaque, electrically nonconductive region 12 
disposed on the sensor body 14. As one With skill in the art 
understands, the opaque, electrically nonconductive region 
12 may be actually touching a patient’s tissue, or may be 
almost touching the patient’s tissue, depending on the close 
ness of the sensor’s ?t. As depicted, the region 12 is disposed 
on the entire tissue contacting surface of the sensor body 14, 
surrounding the emitter 20 and the detector 18. The sensor 
10A may be applied to a patient’s tissue With adhesive ban 
dages 11. In certain embodiments, the opaque, electrically 
nonconductive region 12 may also include an adhesive layer 
con?gured to couple the region 12 to the patient. 

Generally, it is envisioned that the opaque, electrically 
nonconductive region 12 Will cover at least 75% of the tissue 
contacting surface of sensor body 14. In other embodiments, 
the opaque, electrically nonconductive region 12 may cover 
at least 25-65% of the surface area of the sensor body 14. The 
opaque, electrically nonconductive region 12 may be of vari 
able siZe and con?guration in relation to its placement on the 
sensor body 14 so as to optimiZe shielding from unWanted 
shunted and ambient light. In one embodiment, Where the 
opaque, electrically nonconductive region 12 covers a portion 
of the tissue contacting surface, it is placed betWeen emitter 
20 and detector 18. 
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Turning to FIG. 2, a cross-sectional vieW of the sensor 10A 
is depicted, in Which a sensor body 14 including substantially 
opaque, electrically nonconductive region 12 is applied to a 
patient’s digit 28. As depicted, the region 12 is disposed on a 
tissue-contacting surface of the sensor body 14. The optical 
path of signal light originating from the emitter 20 and 
through a patient’s tissue is substantially in-line With an 
imaginary axis 26 connecting the emitter 20 and the detector 
18. The detector 18 detects light and transmits the light mea 
surement in the form of an electrical signal. A small percent 
age of the light emitted by the emitter 20 may not enter the 
perfused digit 28. Instead, this light may be shunted around 
the space betWeen the digit 28 and the sensor body 14. The 
shunted light, depicted by Wavy arroW 38, impinges the 
opaque, electrically nonconductive region 12, Which absorbs 
the light, thus preventing it from re?ecting around the gap 
betWeen the sensor body 14 and the digit 28 and impinging on 
the detector 18. External light, depicted by Wavy arroW 44, is 
similarly absorbed by the opaque, electrically nonconductive 
region 12. It should be understood that the gap betWeen the 
sensor body 14 and the digit 28 may be very small for a sensor 
body 14 that conforms closely to the digit 28. Further, the gap 
may be discontinuous When interrupted by points Where the 
sensor body 14 is touching the digit 28. The opaque region 12 
reduces the overall re?ectivity of the sensor body 14 on the 
tissue-contacting surface, Which may reduce the amount of 
shunted light that reaches the detector 18. In addition, the 
substantially electrically nonconductive characteristic of 
region 12 reduces electrical interference and crosstalk 
betWeen signals from the emitter 20 and detector 18, Which 
may result in a reduction of measurement errors. 

In certain embodiments, the opaque, electrically noncon 
ductive region 12 as provided herein may include a material 
that may absorb at least about 90% to at least 95% of one or 
more Wavelengths of visible light and near-infrared light. An 
opaque material may also absorb at least 50% of one or more 
Wavelengths of light from the emitter, or may absorb a range 
of 50% to 95% of one or more Wavelengths of light from the 
emitter. Examples of materials that may be used for the 
opaque, electrically nonconductive region 12 include non 
conductive polymers, pigments, epoxy, fabrics (e.g. polyes 
ter-based materials) and silicone-based materials. The region 
12 may be black or substantially dark in color. HoWever, a 
thick light-colored region may also be su?iciently opaque. An 
opaque, electrically nonconductive region 12 may be applied 
to the sensor body 14 by painting, printing, or impregnating a 
?lm on the sensor body 14, or by adhesively applying the 
region 12 as a layer to the sensor body 14. The opaque, 
electrically nonconductive region 12 can be of variable thick 
ness and may be one or more layers, depending upon the 
materials or application technique selected. The opaque, elec 
trically nonconductive region 12 may be generally ?exible, so 
as to alloW the sensor 10 to conform to the patient’s tissue. In 
certain embodiments, the opaque, electrically nonconductive 
region 12 is approximately 0.5 to 2.5 mils thick. 

For example, FIG. 3 illustrates an exploded vieW of an 
embodiment of the bandage- style sensor 1 0A With an opaque, 
electrically nonconductive region 12 disposed on the sensor 
body 14. In certain embodiments, the emitter 20 and the 
detector 18 may be placed betWeen the sensor body 14 and the 
opaque, electrically nonconductive region 12, protruding 
through holes in the opaque, electrically nonconductive 
region 12. The emitter 20 and detector 18 have leads 19 Which 
connect the sensor 10A to the pulse oximetry system. As 
depicted, leads 19 are positioned near the center of sensor 
body 14, connecting the emitter 20 and detector 18 to a 
monitoring device. The opaque, electrically nonconductive 
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region 12 is disposed to shield the leads 19, the emitter 20 and 
the detector 18, reducing crosstalk betWeen signals. 

In certain embodiments, it may be advantageous to place 
opaque regions of differing patterns or designs on the sensor 
body. For example, FIG. 4 and FIG. 5 illustrate perspective 
vieWs of bandage-style sensors With opaque nonconductive 
regions disposed on the sensor body. FIG. 4 illustrates a 
sensor 10B Where the opaque, electrically nonconductive 
region 13 is disposed on the sensor body 14 betWeen the 
emitter 20 and the detector 18. In an alternative embodiment, 
FIG. 5 illustrates a sensor 10C Where the opaque, electrically 
nonconductive region 15, disposed on the sensor body 14, 
surrounds the emitter 20 and the detector 18. FIGS. 4 and 5 
both depict adhesive bandages 1 1 for a?ixing the sensor to the 
patient’s digit. 

FIG. 6 illustrates a side vieW of an embodiment of an 
exemplary clip-style re?ectance sensor 50 With the opaque, 
electrically nonconductive region 54 disposed on the sensor 
body 52. In certain embodiments, the opaque, electrically 
nonconductive region 54 may be disposed on the entire tis 
sue-contacting surface of the portion of the sensor body 52 
Where an emitter 58 and a detector 56 are disposed. As the 
emitted light, depicted by Wavy arroW 55, strikes the opaque 
region 54, it is absorbed, preventing the unWanted light from 
impinging the detector 56. As stated above, it is desirable to 
avoid detection of the emitted light 55 as it has not traveled 
through the patient’s tissue. The opaque, electrically noncon 
ductive region 54 is disposed to shield the Wire leads (not 
shoWn) to the emitter 58 and detector 56, reducing crosstalk 
betWeen signals that may be transmitted to a doWnstream 
monitoring device, discussed beloW. 

In another embodiment, FIG. 7 illustrates a perspective 
vieW of an exemplary bandage-style forehead sensor 60A 
With an opaque, electrically nonconductive region 64 dis 
posed on a sensor body 62. The opaque, electrically noncon 
ductive region 64 may be disposed on the entire tissue-con 
tacting surface of the sensor body 62, surrounding emitter 68 
and the detector 66. Alternatively, FIG. 8 illustrates an 
embodiment of an exemplary bandage-style re?ectance sen 
sor 60B With an opaque, electrically nonconductive region 84 
disposed on a portion of the sensor body 82. As shoWn, the 
opaque, electrically nonconductive region 84 surrounds an 
emitter 88 and a detector 86. FIGS. 7 and 8 depict adhesive 
bandages 61 and 81, respectively, for a?ixing the sensor to the 
patient’s tissue. 
A sensor as provided herein, illustrated generically as a 

sensor 10, may be used in conjunction With a pulse oximetry 
monitor 116, as illustrated in FIG. 9. It should be appreciated 
that the cable 118 of the sensor 10 may be coupled to the 
monitor 116 or it may be coupled to a transmission device 
(not shoWn) to facilitate Wireless transmission betWeen the 
sensor 10 and the monitor 116. The monitor 116 may be any 
suitable pulse oximeter, such as those available from Nellcor 
Inc. Furthermore, to upgrade conventional pulse oximetry 
provided by the monitor 116 to provide additional functions, 
the monitor 116 may be coupled to a multi-parameter patient 
monitor 120 via a cable 122 connected to the sensor input port 
or via a cable 124 connected to a digital communication port. 
The sensor 10 includes an emitter 128 and a detector 126 

that may be of any suitable type. For example, the emitter 128 
may be one or more light emitting diodes adapted to transmit 
one or more Wavelengths of light in the red to infrared range, 
and the detector 126 may be a photodetector selected to 
receive light in the range or ranges emitted from the emitter 
128. For pulse oximetry applications using either transmis 
sion or re?ectance type sensors, the oxygen saturation of the 
patient’s arterial blood may be determined using tWo or more 






