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Registration Number 57,046
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-879) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which mayresult in termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

4. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (6 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Departmentof Justice to determine whether
disclosure of these recordsis required by the Freedom ofInformation Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

4. record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A-record related to an international Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
Worid Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any otherrelevant (/.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboutindividuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedor in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes awareof a violation or potential
violation of law or regulation.
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Docket No.: MASIMO.1007A Customer No. 64735

INFORMATION DISCLOSURE STATEMENT

First Inventor: Ammar Al-Ali

App. No. : Unknown

Filed >: Herewith

For >: ADVANCED PULSE OXIMETRY|

SENSOR

Examiner : Unknown

Art Unit : Unknown

Conf. No. >: Unknown

 
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is

provided herewith. Copies of any listed foreign and non-patent literature references are being

submitted.

No Disclaimers

To the cxtent that anything in the Information Disclosure Statement or the listed

references could be construed as a disclaimer of any subject matter supported by the present

application, Applicant hereby rescinds and retracts such disclaimer.

Timing of Disclosure

This Information Disclosure Statement is being filed within three months of the filing

date or date of national phase entry, with an RCEorbefore receipt of a First Office Action after

an RCE,and nofee is believed to be required.
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Application No.: Unknown
Filing Date: Herewith

The Commissioner is hereby authorized to charge any additional fees which may he

required, or credit any overpayment, to Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

 Dated: June 28, 2016 By: /Jarom Kesler/
Jarom D. Kesler

Registration No. 57,046
Attorney of Record
Customer No. 64735

(949) 760-0404
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INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET1 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCode,itknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovert
Example: 1,234,567 Bi Figures Appear

1 9,351,675 05/31/2016 Al-Ali et al.

2 9,351,673 05/31/2016 Diab et al.

3 2016/0143548 05/26/2016 Al-Ali

4 2016/0051205 02/25/2016 Al-Ali et al.

5 9,341,565 05/17/2016 Lamegoet al.

6 9,339,220 05/17/2016 Lamegoet al.

7 9,333,316 05/10/2016 Kiani

8 D755,392 05/03/2016 Hwanget al.

9 9,326,712 05/03/2016 Kiani

10 2016/01 13527 04/28/2016 Al-Ali et al.

11 9,323,894 04/26/2016 Kiani

12 2016/0103598 04/14/2016 Al-Ali et al.

13 9,307,928 04/12/2016 Al-Ali et al.

14 2016/0095548 04/07/2016 Al-Ali et al.

15 2016/0095543 04/07/2016 Telfort et al.

16 9,295,421 03/29/2016 Kiani et al.

17 2016/0081552 03/24/2016 Wojtczuketal.

18 9,289,167 03/22/2016 Diab etal.

19 2016/0073967 03/17/2016 Lamegoet al.

20 2016/0072429 03/10/2016 Kiani et al.

21 2016/0066879 03/10/2016 Telfort et al.

22 2016/0066824 03/10/2016 Al-Ali et al.

23 2016/0066823 03/10/2016 Kind etal.

24 9,277,880 03/08/2016 Poezeet al.

25 2016/0058347 03/03/2016 Reichgott etal.

26 2016/0058338 03/03/2016 Schurmanetal.

27 9,267,572 02/23/2016 Barkeretal.

28 2016/0045118 02/18/2016 Kiani

29 9,259,185 02/16/2016 Abdul-Hafiz et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.
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Unknown

INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET2 OF24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

30 2016/0029933 02/04/2016 Al-Ali et al.

31 2016/0029932 02/04/2016 Al-Alli

32 9,245,668 01/26/2016 Vo et al.

33 9,241,662 01/26/2016 Al-Ali et al.

34 2016/0007930 01/14/2016 Weberet al.

35 2016/0000362 01/07/2016 Diab etal.

36 9,226,696 01/05/2016 Kiani

37 2015/0380875 12/31/2015 Coverstonet al.

38 2015/0374298 12/31/2015 Al-Ali et al.

39 2015/0366507 12/24/2015 Blank

40 2015/0366472 12/24/2015 Kiani

41 9,218,454 12/22/2015 Kiani et al.

42 9,211,095 12/15/2015 Al-Ali

43 9,211,072 12/15/2015 Kiani

44 2015/0359429 12/17/2015 Al-Ali et al.

45 2015/0351704 12/20/2015 Kiani et al.

46 2015/0351697 12/10/2015 Weberet al.

47 9,195,385 11/24/2015 Al-Ali et al.

48 9,192,351 11/24/2015 Telfort et al.

49 9,192,329 11/24/2015 Al-Alli

50 9,192,312 11/24/2015 Al-Ali

51 9,186,102 11/17/2015 Bruinsma et al.

52 9,176,141 11/03/2015 Al-Ali et al.

53 9,167,995 10/27/2015 Lamegoet al.

54 9,161,713 10/20/2015 Al-Ali et al.

55 9,161,696 10/20/2015 Al-Ali et al.

56 9,153,121 10/06/2015 Kiani et al.

57 9,153,112 10/06/2015 Kiani et al.

58 2015/0272514 10/01/2015 Kiani et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.
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INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET3 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

59 9,142,117 09/22/2015 Muhsinetal.

60 9,138,192 09/22/2015 Weberet al.

61 9,138,182 09/22/2015 Al-Ali et al.

62 9,138,180 09/22/2015 Coverstonetal.

63 2015/0257689 09/17/2015 Al-Ali et al.

64 9,131,917 09/15/2015 Telfort et al.

65 9,131,883 09/15/2015 Al-Ali

66 9,131,882 09/15/2015 Al-Ali et al.

67 9,131,881 09/15/2015 Diab etal.

68 2015/0245794 09/03/2015 Al-Ali

69 2015/0245773 09/03/2015 Lamegoet al.

70 2015/0245793 09/02/2015 Al-Ali et al.

71 9,119,595 09/01/2015 Lamego

72 2015/0238722 08/27/2015 Al-Ali

73 9,113,832 08/25/2015 Al-Ali

74 9,113,834 08/25/2015 Al-Ali

75 2015/0230755 08/20/2015 Al-Ali et al.

76 9,107,626 08/18/2015 Al-Ali et al.

77 9,107,625 08/18/2015 Telfort et al.

78 9,106,038 08/11/2015 Telfort et al.

79 2015/0216459 08/06/2015 Al-Ali et al.

80 9,095,316 08/04/2015 Welchetal.

81 2015/0208966 07/30/2015 Al-Ali

$2 2015/0201874 07/23/2015 Diab

83 9,084,569 07/21/2015 Weberet al.

84 2015/0196237 07/16/2015 Lamego

8&5 9,078,560 07/14/2015 Schurmanetal.

86 9,072,474 07/07/2015 Al-Ali et al.

87 9,066,680 06/30/2015 Al-Ali et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.
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INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET4 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCode,itknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovert
Example: 1,234,567 Bi Figures Appear

88 9,066,666 06/30/2015 Kiani

89 9,060,721 06/23/2015 Reichgott et al.

90 2015/0165312 06/18/2015 Kiani

91 2015/0141781 05/21/2015 Weberet al.

92 2015/0140863 05/21/2015 Al-Ali et al.

93 9,037,207 05/19/2015 Al-Ali et al.

94 2015/0133755 05/14/2015 Smith et al.

95 9,028,429 05/12/2015 Telfort et al.

96 2015/01 26830 5/07/2015 Schurmanetal.

97 2015/01 16076 4/30/2015 Al-Ali et al.

98 2015/0112151 04/23/2015 Muhsin et al.

99 2015/0106121 04/16/2015 Muhsin etal.

100) 2015/0101844 04/16/2015 Al-Ali et al.

101 2015/0099955 04/09/2015 Al-Ali et al.

102 2015/0099951 04/09/2015 Al-Ali et al.

103 2015/0099950 04/09/2015 Al-Ali et al.

104 2015/0097701 04/09/2015 Al-Ali et al.

105) 2015/0099324 04/09/2015 Wojtezuket al.

106 8,998,809 04/07/2015 Kiani

107 2015/0094546 04/02/2015 Al-Alli

108 8,996,085 03/31/2015 Kiani et al.

109) 2015/0087936 03/26/2015 Al-Ali et al.

110 8,989,831 03/24/2015 Al-Ali et al.

111 2015/0080754 03/19/2015 Purdonetal.

112 8,983,564 03/17/2015 Al-Ali

113 8,965,471 02/24/2015 Lamego

114 2015/0051462 02/19/2015 Olsen

115 2015/0045685 02/12/2015 Al-Ali et al.

116 2015/0045637 02/12/2015 Dalvi

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.

APL_MAS_ITC_00556968

PAGE 9 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

PTO/SB/08 Equivalent

 

 

 

 

 

 

 

 

 

 

 

Unknown

INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET 5 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

117 2015/0038859 02/05/2015 Dalvi et al.

118) 8,948,835 02/03/2015 Diab

119 8,948,834 02/03/2015 Diab etal.

120 2015/0032029 01/29/2015 Al-Ali et al.

121 8,942,777 01/27/2015 Diab etal.

122 2015/0025406 01/22/2015 Al-Ali

123 2015/0018650 01/15/2015 Al-Ali et al.

124 2015/0012231 01/08/2015 Poeze et al.

125 2015/001 1907 01/08/2015 Purdonetal.

126) 8,929,964 01/06/2015 Al-Ali et al.

127 2015/0005600 01/01/2015 Blank etal.

128) 8,922,382 12/30/2014 Al-Ali et al.

129 8,921,699 12/30/2014 Al-Ali et al

130 8,920,317 12/30/2014 Al-Ali et al.

131 201 4/0378784 12/25/2014 Kiani et al.

132 201 4/0371548 12/28/2014 Al-Ali et al.

133 2014/0371632 12/18/2014 AI-Ali et al.

134) 8,912,909 12/16/2014 Al-Ali et al.

135) 8,911,377 12/16/2014 Al-Ali

136 8,909,310 12/09/2014 Lamegoet al.

137 201 4/0357966 12/04/2014 Al-Ali et al.

138 8,897,847 11/25/2014 AlL-Ali

139 8,892,180 11/18/2014 Weberet al.

140 8,888,708 11/18/2014 Diab etal.

144 8,888,539 11/18/2014 Al-Ali et al.

142 201 4/0336481 11/13/2014 Shakespeare et al.

143 8,886,271 11/11/2014 Kiani et al.

144) 201 4/0330099 11/06/2014 Al-Ali et al.

145 2014/0330098 11/06/2014 Merritt et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.
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INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET 6 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

146) 201 4/0330092 11/06/2014 Al-Ali et al.

147 2014/0323898 10/30/2014 Purdonet al.

148) 201 4/0323897 10/30/2014 Brownetal.

149 2014/0323825 10/30/2014 Al-Ali et al.

150 8,870,792 10/28/2014 Al-Ali et al.

151 2014/0316218 10/23/2014 Purdonetal.

152) 2014/0316217 10/23/2014 Purdon etal.

153 8,868,150 10/21/2014 Al-Ali et al.

154) 8,868,147 10/21/2014 Stippick etal.

155) 201 4/0316228 10/23/2014 Blank etal.

156 8,852,994 10/07/2014 Wojtczuk et al.

157 2014/0303520 10/09/2014 Telfort et al.

158 8,852,094 10/07/2014 Al-Ali et al.

159 8,849,365 09/30/2014 Smith et al.

160) 8,847,740 09/30/2014 Kiani et al.

161 8,845,543 09/30/2014 Diab et al.

162 8,840,549 09/23/2014 Al-Ali et al.

163 8,831,700 09/09/2014 Schurmanetal.

164 8,830,449 09/09/2014 Lamegoet al.

165) 2014/0288400 09/25/2014 Diab et al.

166 2014/0276115 09/18/2014 Dalvi et al.

167 2014/027588 1 09/18/2014 Lamegoet al.

168 2014/0275872 09/18/2014 Merritt etal.

169 2014/0275871 09/18/2014 Lamegoet al.

170 2014/0275835 09/18/2014 Lamegoet al.

171 2014/0275808 09/18/2014 Poeze et al.

172 8,821,415 09/02/2014 Al-Ali et al.

173 201 4/0266790 09/18/2014 Al-Ali et al.

174 8,821,397 09/02/2014 Al-Ali et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
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452) 7,496,391 02/24/2009 Diab et al.

453 7,489,958 02/10/2009 Diab etal.

454 7,483,730 01/27/2009 Diab etal.

455) 7,483,729 01/27/2009 Al-Ali et al.

456] 7,471,971 12/30/2008 Diab etal.

457 7,471,969 12/30/2008 Diab et al.

453) 7,469,157 12/23/2008 Diab et al.

459 7,467,002 12/16/2008 Weberet al.

460 7,454,240 11/18/2008 Diab et al.

461 7,440,787 10/21/2008 Diab

462) 7,438,683 10/21/2008 Al-Ali et al.

463 7,428,432 09/23/2008 All et al.

464 7,415,297 08/19/2008 Al-Ali et al.
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465 7,383,070 06/03/2008 Diab etal.

466] 7,377,899 05/27/2008 Weberet al.

467 7,377,794 05/27/2008 Al Ali et al.

468) 7,376,453 05/20/2008 Diab et al.

469 7,373,194 05/13/2008 Weberet al.

479) 7,373,193 05/13/2008 Al-Ali et al.

471 7,371,981 05/13/2008 Abdul-Hafiz

472 7,356,365 04/08/2008 Schurman

473 D566,282 04/08/2008 Al-Ali et al.

474 7,355,512 04/08/2008 Al-Ali

475) 7,343,186 03/11/2008 Lamegoet al.

476 7,341,559 03/11/2008 Schulz et al.

477 7,340,287 03/04/2008 Masonetal.

478 7,332,784 02/19/2008 Mills, et al.

479 2008/0030468 02/07/2008 Al-Ali et al.

480 7,328,053 02/05/2008 Diab et al.

481 2007/0282478 12/06/2007 Al-Ali et al.

482) 7,295,866 11/13/2007 Al-Ali

483 7,292,883 11/06/2007 De Felice etal.

484) D554,263 10/30/2007 Al-Alli

485 7,289,835 10/30/2007 Mansfield etal.

486 7,280,858 10/09/2007 Al-Ali et al.

487 7,274,955 09/25/2007 Kianiet al.

488] 7,272,425 09/18/2007 Al-Ali

489 7,254,434 08/07/2007 Schulz et al.

490 7,254,433 08/07/2007 Diab et al.

494 7,254,431 08/07/2007 Al-Ali

492 7,254,429 08/07/2007 Schurmanet al.

493 7,245,953 07/17/2007 Parker
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494 7,239,905 07/03/2007 Kiani-Azarbayjanyetal.

495 RE39,672 06/05/2007 Shehadaet al.

496] 7,225,007 05/29/2007 Al-Ali

497 7,225,006 05/29/2007 Al-Ali et al.

498) 7,221,971 05/22/2007 Diab

499 7,215,986 05/08/2007 Diab

500 7,215,984 05/08/2007 Diab

501 7,190,261 03/13/2007 Al-Ali

502 7,186,966 03/06/2007 Al-Ali

503) 7,149,561 12/12/2006 Diab

504 7,142,901 11/28/2006 Kiani et al.

505) 7,132,641 11/07/2006 Schulz et al.

506 7,096,054 08/22/2006 Abdul-Hafiz et al.

507| 7,096,052 08/22/2006 Masonetal.

508 7,067,893 06/27/2006 Mills et al.

509) 7,044,918 05/16/2006 Diab

510 7,041,060 05/09/2006 Flaherty etal

511 7,039,449 05/02/2006 Al-Ali

512 7,030,749 04/18/2006 Al-Ali

513) 7,027,849 04/1 1/2006 Al-Alli

514 7,024,233 04/04/2006 All et al.

515 7,015,451 03/21/2006 Dalke etal.

516] 7,003,339 02/21/2006 Diab et al.

517 7,003,338 02/21/2006 Weberet al.

518 6,999,904 02/14/2006 Weberet al.

519 6,996,427 02/07/2006 All et al.

520) 6,993,371 01/31/2006 Kiani et al.

521 6,985,764 01/10/2006 Masonetal.

522) 6,979,812 12/27/2005 Al-Ali
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§23 2005/0277819 12/18/2005 Kiani et al.

524) 6,970,792 11/29/2005 Diab

525 6,961,598 11/01/2005 Diab

526 6,950,687 09/27/2005 Al-Ali

527 6,943,348 09/13/2005 Coffin IV

528] 6,939,305 09/06/2005 Fiaherty etal.

529 6,934,570 08/23/2005 Kiani et al.

530) 6,931,268 08/16/2005 Kiani-Azarbayjanyetal.

531 6,920,345 07/19/2005 Al-Ali et al.

532) 6,898,452 05/24/2005 Al-Ali et al.

533 8,861,639 03/01/2005 Al-Ali

534 6,852,083 02/08/2005 Caro et al.

535) 6,850,788 02/01/2005 Al-Ali

536 6,850,787 02/01/2005 Weberet al.

537 6,830,711 12/14/2004 Mills et al.

538 6,826,419 11/30/2004 Diab et al.

539 6,822,564 11/23/2004 AI-Ali

540 6,816,741 11/09/2004 Diab

541 6,813,511 11/02/2004 Diab etal.

542) 6,792,300 09/14/2004 Diab et al.

543 6,771,994 08/03/2004 Kiani et al.

544 6,770,028 08/03/2004 Ali et al.

545 6,760,607 07/06/2004 Al-Ali

546] 6,745,060 06/01/2004 Diab etal.

547 6,735,459 05/11/2004 Parker

548) 6,728,560 04/27/2004 Kollias, et al.

549 6,725,075 04/20/2004 Al-Ali

550 6,721,585 04/13/2004 Parker

551 6,721,582 04/13/2004 Trepagnier,etal.
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552 RE38,492 04/06/2004 Diab etal.

553) 6,714,804 03/30/2004 Al-Ali et al.

554 RES8,476 03/30/2004 Diab etal.

555) 6,699,194 03/02/2004 Diab et al.

556) 6,697,658 02/24/2004 Al-Ali

557| 6,697,657 02/24/2004 Shehada,et al.

558 6,697,656 02/24/2004 Al-Ali

559 6,684,091 01/27/2004 Parker

560) 6,684,090 01/27/2004 All et al.

561 6,678,543 01/13/2004 Diab etal.

562 6,671,531 12/30/2003 Al-Ali et al.

563) 6,661,161 12/09/2003 Lanzoetal.

564) 6,658,276 12/02/2003 Kiani et al.

565 6,654,624 11/25/2003 Diab etal.

566 6,650,917 11/18/2003 Diab etal.

567 6,643,530 11/04/2003 Diab et al.

568 6,640,116 10/28/2003 Diab

569) 6,639,668 10/28/2003 Trepagnier, Pierre

570 6,632,181 10/14/2003 Flaherty et al.

571 6,606,511 08/12/2003 All et al.

572 6,597,933 07/22/2003 Kianiet al.

573 6,597,932 07/22/2003 Tian et al.

574 6,595,316 07/22/2003 Cybulski et al.

575 6,584,336 06/24/2003 Alli et al.

576 6,580,086 06/17/2003 Schulz et al.

577 6,542,764 04/01/2003 Al-Ali et al.

578 6,541,756 04/01/2003 Schulz et al.

579 6,526,300 02/25/2003 Kianiet al.

580) 6,525,386 02/25/2003 Mills etal.
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581 6,519,487 02/11/2003 Parker

582 6,515,273 02/04/2003 Al-Alli

583) 6,505,059 01/07/2003 Kollias, et al.

584) 6,501,975 12/31/2002 Diab et al.

585) 6,470,199 10/22/2002 Kopotic et al.

586 6,463,311 10/08/2002 Diab

587| 6,430,525 08/06/2002 Weberet al.

588 6,430,437 08/06/2002 Marro

589) 6,397,091 05/28/2002 Diab etal.

590) 6,388,240 05/14/2002 Schulz et al.

591 6,377,829 04/23/2002 Al-Ali

592 6,371,921 04/16/2002 Caro et al.

593) 6,368,283 04/09/2002 Xu, et al.

594) 6,360,114 03/19/2002 Diab et al.

595) 6,349,228 02/19/2002 Kiani et al.

596 6,343,224 01/29/2002 Parker

597 6,334,065 12/25/2001 Al-Ali et al.

598) 6,325,761 12/04/2001 Jay

599) 6,321,100 11/20/2001 Parker

600 6,317,627 11/13/2001 Ennenetai.

601 6,301,493 10/09/2001 Marroet al.

602 6,285,896 09/04/2001 Tobler etal.

603 6,280,213 08/28/2001 Tobleret al.

604) 6,278,522 08/21/2001 Lepper, Jr. et al.

605) 6,263,222 07/17/2001 Diab et al.

606 6,256,523 07/03/2001 Diab et al.

607 6,253,097 06/26/2001 Aronow etal.

608 6,241,683 06/05/2001 Macklem,et al.

609) 6,236,872 05/22/2001 Diab et al.

      
 

Examiner Signature Date Considered

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.

APL_MAS_ITC_00556985

PAGE 26 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

PTO/SB/08 Equivalent

 

 

 

 

 

 

 

 

 

 

 

Unknown

INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET 22 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

616 6,232,609 05/15/2001 Snyder, etal.

611 6,229,856 05/08/2001 Diab et al.

612) 6,206,830 03/27/2001 Diab etal.

613 6,184,521 02/06/2001 Coffin, IV et al.

614 6,165,005 12/26/2000 Mills et al.

615 6,157,850 12/05/2000 Diab etal.

616 6,152,754 11/28/2000 Gerhardtet al.

617 6,151,516 11/21/2000 Kiani-Azarbayjany et al.

618) 6,144,868 11/07/2000 Parker

619 6,129,675 10/10/2000 Jay

620 6,128,521 10/03/2000 Marro et al.

621 6,124,597 09/26/2000 Shehada

622) 6,110,522 08/29/2000 Lepper, Jr. et al.

623 6,088,607 07/11/2000 Diab et al.

624 6,081,735 06/27/2000 Diab etal.

625 6,067,462 05/23/2000 Diab et al.

626] 6,045,509 04/04/2000 Caroet al.

627 6,036,642 03/14/2000 Diab etal.

628) 6,027,452 02/22/2000 Flaherty et al.

629 6,011,986 01/04/2000 Diab et al.

630) 6,002,952 12/14/1999 Diab etal.

631 5,997,343 12/07/1999 Mills et al.

632 5,995,855 11/30/1999 Kiani et al.

633 5,940,182 08/17/1999 Lepper, Jr. et al.

634 5,934,925 08/10/1999 Tobler etal.

635) 5,919,134 07/06/1999 Diab

636 5,904,654 05/18/1999 Wohlitmannetal.

637 5,890,929 04/06/1999 Mills et al.

633 5,860,919 01/19/1999 Kiani-Azarbayjanyetal.
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639 5,833,618 11/10/1998 Caro et al.

640 5,830,131 11/03/1998 Caro et al.

641 5,823,950 10/20/1998 Diab etal.

642 5,810,734 09/22/1998 Caro et al.

643 5,791,347 08/11/1998 Flaherty et al.

644 5,785,659 07/28/1998 Caro etal.

645 5,782,757 07/21/1998 Diab et al.

646) 5,769,785 06/23/1998 Diab et al.

647 5,760,910 06/02/1998 Lepper, Jr. et al.

648) 5,758,644 06/02/1998 Diab etal.

649 5,743,262 04/28/1998 Lepper, Jr. et al.

650 D393,830 04/28/1998 Tobler etal.

651 5,685,299 11/11/1997 Diab et al.

652 5,645,440 07/08/1997 Tobier etal.

653 5,638,818 06/17/1997 Diab etal.

654 5,638,816 06/17/1997 Kiani-Azarbayjanyet al.

655 9,632,272 05/27/1997 Diab et al.

656) 5,602,924 02/11/1997 Durand et al.

657 5,590,649 01/07/1997 Caro et al.

658) 5,562,002 10/08/1996 Lalin

659 5,561,275 10/01/1996 Savage,et al.

660) 5,533,511 07/09/1996 Kaspari et al.

661 5,534,851 07/09/1996 Russek

662 5,494,043 02/27/1996 O’Suilivan etal.

663 5,490,505 02/13/1996 Diab et al.

664) 5,482,036 01/09/1996 Diab et al.

665) 5,479,934 01/02/1996 Imran

666) 5,456,252 10/10/1995 Vari, et al.

667| D363,120 10/10/1995 Savage,et al.
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ADVANCED PULSE OXIMETRY SENSOR

INCORPORATION BY REFERENCETO ANY PRIORITY APPLICATIONS

[0001] This present application claims priority benefit under 35 U.S.C. §

119(e) from U.S. Provisional Application No. 62/188,430, filed July 2, 2015, entitled

“Advanced Pulse Oximetry Sensor,” which is incorporated by reference herein. Any

and all applications for which a foreign or domestic priority claim is identified in the

Application Data Sheet as filed with the present application are hereby incorporated

by reference under 37 CFR 1.57.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field of non-invasive

optical-based physiological monitoring sensors, and more particularly to systems,

devices and methods for improving the non-invasive measurement accuracy of

oxygen saturation, among other physiological parameters.

BACKGROUND

[0003] Spectroscopy is a common technique for measuring the

concentration of organic and some inorganic constituents of a solution. The

theoretical basis of this technique is the Beer-Lambert law, which states that the

concentration c, of an absorbent in solution can be determined bythe intensity of light

transmitted through the solution, knowing the pathlengthd,, the intensity of the

incidentlight/,,,and the extinction coefficient ¢,, at a particular wavelength A.aa}

[0004] In generalized form, the Beer-Lambert law is expressed as:

I, = Ie. d, . Hua (1 )

Mi = Sea °C; (2)i=]

where ba, is the bulk absorption coefficient and represents the probability of

absorption per unit length. The minimum numberof discrete wavelengths that are
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required to solve equations 1 and 2 is the numberof significant absorbers that are

present in the solution.

[0005] A practical application of this technique is pulse oximetry, which

utilizes a noninvasive sensor to measure oxygen saturation and pulse rate, among

other physiological parameters. Pulse oximetry relies on a sensor attached

externally to the patient to output signals indicative of various physiological

parameters, such as a patient’s blood constituents and/or analytes, including for

example a percent value for arterial oxygen saturation, among other physiological

parameters. The sensor has an emitter that transmits optical radiation of one or

more wavelengths into a tissue site and a detector that respondsto the intensity of

the optical radiation after absorption by pulsatile arterial blood flowing within the

tissue site. Based upon this response, a processor determines the relative

concentrations of oxygenated hemoglobin (HbO2z) and deoxygenated hemoglobin

(Hb) in the blood so as to derive oxygen saturation, which can provide early

detection of potentially hazardous decreases in a patient’s oxygen supply.

[0006] A pulse oximetry system generally includes a patient monitor, a

communications medium such as a cable, and/or a physiological sensor having one

or more light emitters and a detector, such as one or more light-emitting diodes

(LEDs) and a photodetector. The sensor is attached to a tissue site, such as a

finger, toe, earlobe, nose, hand, foot, or other site having pulsatile blood flow which

can be penetrated by light from the one or more emitters. The detector is responsive

to the emitted light after attenuation or reflection by pulsatile blood flowing in the

tissue site. The detector outputs a detector signal to the monitor over the

communication medium. The monitor processes the signal to provide a numerical

readout of physiological parameters such as oxygen saturation (SpO2) and/or pulse

rate. A pulse oximetry sensor is described in U.S. Patent No. 6,088,607 entitled Low

Noise Optical Probe; pulse oximetry signal processing is described in U.S. Patent

Nos. 6,650,917 and 6,699,194 entitled Signal Processing Apparatus and Signal

Processing Apparatus and Method, respectively; a pulse oximeter monitor is

described in U.S. Patent No. 6,584,336 entitled Universal/Upgrading Pulse
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Oximeter; all of which are assigned to Masimo Corporation, Irvine, CA, and eachis

incorporated by reference herein in its entirety.

[0007] There are many sources of measurementerror introduced to pulse

oximetry systems. Some such sources of error include the pulse oximetry system’s

electronic components, including emitters and detectors, as well as chemical and

structural physiological differences between patients. Another source of

measurement error is the effect of multiple scattering of photons as the photons

pass through the patient’s tissue (arterial blood) and arrive at the sensor's light

detector.

SUMMARY

[0008] This disclosure describes embcdiments of non-invasive methods,

devices, and systems for measuring blood constituents, analytes, and/or substances

such as, by way of non-limiting example, oxygen, carboxyhemoglobin,

methemoglobin, total hemoglobin, glucose, proteins, lipids, a percentage thereof

(e.g., saturation), pulse rate, perfusion index, oxygen content, total hemoglobin,

Oxygen Reserve Index'™ (ORI) or for measuring many other physiologically

relevant patient characteristics. These characteristics can relate to, for example,

pulse rate, hydration, trending information and analysis, and the like.

[0009] In an embodiment, an optical physiological measurement system

includes an emitter configured to emit light of one or more wavelengths. The system

also includes a diffuser configured to receive the emitted light, to spread the

received light, and to emit the spread light over a larger tissue area than would

otherwise be penetrated by the emitter directly emitting light at a tissue

measurementsite. The tissue measurement site can include, such as, for example,

a finger, a wrist, or the like. The system further includes a concentrator configured to

receive the spread light after it has been attenuated by or reflected from the tissue

measurement site. The concentrator is also configured to collect and concentrate

the received light and to emit the concentrated light to a detector. The detector is

configured to detect the concentrated light and to transmit a signal indicative of the

detected light. The system also includes a processor configured to receive the
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transmitted signal indicative of the detected light and to determine, based on an

amount of absorption, an analyte of interest, such as, for example, arterial oxygen

saturation or other parameter, in the tissue measurementsite.

[0010] In certain embodiments of the present disclosure, the diffuser

comprises glass, ground glass, glass beads, opal glass, or a microlens-based,

band-limited, engineered diffuser that can deliver efficient and uniform illumination.

In some embodiments the diffuser is further configured to define a surface area

shape by which the emitted spread light is distributed onto a surface of the tissue

measurement site. The defined surface area shape can include, by way of non-

limiting example, a shape that is substantially rectangular, square, circular, oval, or

annular, among others.

[0011] According to some embodiments, the optical physiological

measurement system includes an cpticalfilter having a light-absorbing surface that

faces the tissue measurement site. The optical filter also has an opening that is

configured to allow the spread light, after being attenuated by the tissue

measurement site, to be received by the concentrator. In an embodiment, the

opening has dimensions, wherein the dimensions of the opening are similar to the

defined surface area shape by which the emitted spread light is distributed onto the

surface of the tissue measurement site. In an embodiment, the opening has

dimensionsthat are larger than the defined surface area shape by which the emitted

spread light is distributed onto the surface of the tissue measurementsite. In other

embodiments, the dimensions of the opening in the opticalfilter are not the same as

the diffuser opening, but the dimensions are larger than the detector package.

[0012] In other embodiments of the present disclosure, the concentrator

comprises glass, ground glass, glass beads, opal glass, or a compound parabolic

concentrator. In some embodiments the concentrator comprises a_ cylindrical

structure having a truncated circular conical structure on top. The truncated section

ig adjacent the detector. The light concentrator is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site, and to direct the

reflected light to the detector.
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[0013] In accordance with certain embodiments of the present disclosure,

the processor is configured to determine an average level of the light detected by

the detector. The average level of light is used to determine a physiological

parameterin the tissue measurementsite.

[0014] According to another embodiment, a method to determine a

constituent or analyte in a patients blood is disclosed. The method includes

emitting, from an emitter, light of at least one wavelength; spreading, with a diffuser,

the emitted light and emitting the spread light from the diffuser to a tissue

measurement site; receiving, by a concentrator, the spread light after the spread

light has been attenuated by the tissue measurement site; concentrating, by the

concentrator, the received light and emitting the concentrated light from the

concentrator to a detector; detecting, with the detector, the emitted concentrated

light; transmitting, from the detector, a signal responsive to the detected light;

receiving, by a processor, the transmitted signal responsive to the detected light;

and processing, by the processor, the received signal responsive to the detected

light to determine a physiological parameter.

[0015] In some embodimenis, the method to determine a constituent or

analyte in a patient’s blood includesfiltering, with a light-absorbing detector filter,

scattered portions of the emitted spread light. According to an embodiment, the

light-absorbing detectorfilter is substantially rectangular in shape and has outer

dimensionsin the range of approximately 1-5 cm in width and approximately 2-8 cm

in length, and has an opening through which emitted light may pass, the opening

having dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-7 cm in length. In another embodiment, the light-absorbing detector

filter is substantially square in shape and has outer dimensions in the range of

approximately 0.25-10 cm*, and has an opening through which emitted light may

pass, the opening having dimensions in the range of approximately 0.1-8cm?. In yet

another embodiment, the light-absorbing detector filter is substantially rectangularin

shape and has outer dimensions of approximately 3 cm in width and approximately

6 cm in length, and has an apening through which emitted light may pass, the
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opening having dimensions of approximately 1.5 cm in width and approximately 4

cm in length.

[0016] In still other embodiments of the method to determine a constituent

or analyte in a patient’s blood, spreading, with a diffuser, the emitted light and

emitting the spread light from the diffuser to a tissue measurementsite is performed

by at least one of a glass diffuser, a ground glass diffuser, a glass bead diffuser, an

opal glass diffuser, and an engineered diffuser. In some embodiments the emitted

spread light is emitted with a substantially uniform intensity profile. And in some

embodiments, emitting the spread light from the diffuser to the tissue measurement

site includes spreading the emitted light so as to define a surface area shape by

which the emitted spread light is distributed onto a surface of the tissue

measurementsite.

[0017] According to yet another embodiment, a pulse oximeter is

disclosed. The pulse oximeter includes an emitter configured to emit light at one or

more wavelengths. The pulse oximeter also includes a diffuser configured to receive

the emitted light, to spread the received light, and to emit the spread light directed at

a tissue measurementsight. The pulse oximeter also includes a detector configured

to detect the emitted spread light after being attenuated by or reflected from the

tissue measurementsite and to transmit a signal indicative of the detected light. The

pulse oximeter also includes a processor configured to receive the transmitted

signal and to process the received signal to determine an average absorbance of a

blood constituent or analyte in the tissue measurement site over a larger

measurement site area than can be performed with a point light source or point

detector. In some embodiments,the diffuser is further configured to define a surface

area shape by which the emitted spread light is distributed onto a surface of the

tissue measurementsite, and the detector is further configured to have a detection

area corresponding to the defined surface area shape by which the emitted spread

light is distributed onto the surface of the tissue measurement site. According to

some embodiments, the detector comprises an array of detectors configured to

cover the detection area. In still other embodiments, the processor is further

configured to determine an average of the detected light.
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[0018] For purposes of summarizing, certain aspects, advantages and

novel features of the disclosure have been described herein. It is to be understood

that not necessarily all such advantages can be achieved in accordance with any

particular embodiment of the systems, devices and/or methods disclosed herein.

Thus, the subject matter of the disclosure herein can be embodied or carried outin

a manner that achieves or optimizes one advantage or group of advantages as

taught herein without necessarily achieving other advantages as can be taught or

suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Throughout the drawings, reference numbers can be re-used to

indicate correspondence between referenced elements. The drawings are provided

to illustrate embodiments of the disclosure described herein and not to limit the

scope thereof.

[0020] FIG. 7 illustrates a conventional approach to 2D pulse oximetry in

which the emitter is configured to emit optical radiation as a point optical source.

[0021] FIG. 2 illustrates the disclosed 3D approach to pulse oximetry in

which the emitted light irradiates a substantially larger volume of tissue as compared

to the point source approach described with respect to FIG. 2A.

[0022] FIG. 3 illustrates schematically a side view of a 3D pulse oximetry

sensor according to an embodimentof the presentdisclosure.

[0023] FIG. 4A is a top view of a portion of a 3D pulse oximetry sensor

according to an embodimentof the present disclosure.

[0024] FIG. 4B illustrates the top view of a portion of the 3D pulse

oximetry sensor shownin FIG. 4A, with the addition of a tissue measurementsite in

operational position.

[0025] FIG. 5 illustrates a top view of a 3D pulse oximetry sensor

according to an embodimentof the present disclosure.

[0026] FIG. 6 illustrates a conventional 2D approach to reflective pulse

oximetry in which the emitter is configured to emit optical radiation as a point optical

source.
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[0027] FIG. 7Ais a simplified schematic side viewillustration of a reflective

3D pulse oximetry sensor according to an embodiment of the present disclosure.

[0028] FIG. 7B is a simplified schematic top view illustration of the 3D

reflective pulse oximetry sensor of FIG. 7A.

[0029] FIG. 8 illustrates a block diagram of an example pulse oximetry

system capable of noninvasively measuring one or more blood analytes in a

monitored patient, according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0030] FIG. 1 illustrates schematically a conventional pulse oximetry

sensor having a two-dimensional (2D) approach to pulse oximetry. Asillustrated,

the emitter 104 is configured to emit optical radiation as a point optical source, ie.,

an optical radiation source that has negligible dimensions such that it may be

considered as a point. This approach is referred to herein as “two-dimensional”

pulse oximetry because it applies a two-dimensional analytical model to the three-

dimensional space of the tissue measurementsite 102 of the patient. Point optical

sources feature a defined, freely selectable, and homogeneous light beam area.

Light beams emitted from LED point sources often exhibit a strong focus which can

produce a usually sharply-defined and evenly-lit illuminated spot often with high

intensity dynamics. Illustratively, when looking at the surface of the tissue

measurementsite 102 (or “sample tissue”), which in this example is a finger, a small

point-like surface area of tissue 204 is irradiated by a point optical source. In some

embodiments, the irradiated circular area of the point optical source is in the range

between 8 and 150 microns. Illustratively, the emitted point optical source of light

enters the tissue measurement site 102 as a point of light. As the light penetrates

the depth of the tissue 102, it does so as a line or vector, representing a

two-dimensional construct within a three-dimensional structure, namely the patient's

tissue 102.

[0031] Use of a point optical source is believed to reduce variability in light

pathlength which would lead to more accurate oximetry measurements. However,in

practice, photons do nottravel in straight paths. Instead, the light particles scatter,
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bouncing around between various irregular objects (Such as, for example, red blood

cells) in the patient’s blood. Accordingly, photon pathlengths vary depending on,

among other things, their particular journeys through and around the tissue at the

measurement site 102. This phenomenonis referred to as “multiple scattering.” In a

study, the effects of multiple scattering were examined by comparing the results of

photon diffusion analysis with those obtained using an analysis based on the Beer-

Lambert law, which neglects multiple scattering in the determination of light

pathlength. The study found that that the difference between the average lengths of

the paths traveled by red and infrared photons makes the oximeter’s calibration

curve (based on measurements obtained from normal subjects) sensitive to the total

attenuation coefficients of the tissue in the two wavelength bands used for pulse

oximetry, as well as to absorption by the pulsating arterial blood.

[0032] FIG.2 illustrates schematically the disclased systems, devices, and

methods to implement three-dimensional (8D) pulse oximetry in which the emitted

light irradiates a larger volume of tissue at the measurement site 102 as compared

to the 2D point optical source approach described with respect to FIG. 1. In an

embodiment, again looking at the surface of the tissue measurementsite 102, the

irradiated surface area 206 of the measurement site 102 is substantially rectangular

in shape with dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-6 cm in length. In another embodiment, the irradiated surface area

206 of the measurement site 102 is substantially rectangular in shape and has

dimensions of approximately 1.5 cm in width and approximately 2 cm in length. In

another embodiment, the irradiated surface area 206 of the measurement site 102

is substantially rectangular in shape and has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the irradiated

surface area 206 of the measurement site 102 is substantially rectangular in shape

has dimensions of approximately 1 cm in width and approximately 1.5 cm in length.

In yet another embodiment, the irradiated surface area 206 of the measurementsite

102 is substantially square in shape and has dimensionsin a range of approximately

0.25-9 cm*. In certain embodiments, the irradiated surface area 206 of the

measurement site 102 is within a range of approximately 0.5-2 cm in width, and

-9-

APL_MAS_ITC_00556997

PAGE 38 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

approximately 1-4 cm in length. Of course a skilled artisan will appreciate that many

other shapes and dimensions of irradiated surface area 206 can be used.

Advantageously, by irradiating the tissue measurementsite 102 with a surface area

206, the presently disclosed systems, devices, and methods apply a three-

dimensional analytical model to the three-dimensional structure being measured,

namely, the patient's sample tissue 102.

[0033] According to the Beer-Lambert law, the amountof light absorbed

by a substance is proportional to the concentration of the light-absorbing substance

in the irradiated solution (/.e., arterial blood). Advantageously, byirradiating a larger

volume of tissue 102, a larger sample size of light attenuated (or reflected) by the

tissue 102 is measured. The larger, 3D sample provides a data set that is more

representative of the complete interaction of the emitted light as it passes through

the patient's blood as compared to the 2D point source approach described above

with respect to FIG. 1. By taking an average of the detected light, as detected over a

surface area substantially larger than a single point, the disclosed pulse oximetry

systems, devices, and methods will yield a more accurate measurement of the

emitted light absorbed by the tissue, which will lead to a more accurate oxygen

saturation measurement.

[0034] FIG. 3 illustrates schematically a side view of a pulse oximetry 3D

sensor 300 according to an embodiment of the present disclosure. In the illustrated

embodiment, the 3D sensor 300 irradiates the tissue measurement site 102 and

detects the emitted light, after being attenuated by the tissue measurementsite 102.

In other embodimenis, for example, as describe below with respect to FIGS. 7A and

7B, the 3D sensor 300 can be arranged to detectlight that is reflected by the tissue

measurement site 102. The 3D sensor 300 includes an emitter 302, a light diffuser

304, a light-absorbing detectorfilter 306, a light concentrator 308, and a detector

310. In some optional embodiments, the 3D sensor 300 further includes a reflector

305. The reflector 305 can be a metallic reflector or other type of reflector.

Reflector 305 can be a coating, film, layer or other type of reflector. The reflector

305 can serve as a reflector to prevent emitted light from emitting out of a top

portion of the light diffuser 304 such that light from the emitter 302 is directed in the
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tissue rather than escaping out of a side or top of the light diffuser 304. Additionally,

the reflector 305 can prevent ambient light from entering the diffuser 304 which

might ultimately cause errors within the detected light. The reflector 305 also

prevent light piping that might occur if light from the detector 302 is able to escape

from the light diffuser 304 and be pipped around a sensor securement mechanism

to detector 310 without passing through the patient's tissue 102.

The emitter 302 can serve as the source of optical radiation transmitted

towards the tissue measurementsite 102. The emitter 302 can include one or more

sources of optical radiation, such as LEDs, laser diodes, incandescent bulbs with

appropriate frequency-selective filters, combinations of the same, or the like. In an

embodiment, the emitter 302 includes sets of optical sources that are capable of

emitting visible and near-infrared optical radiation. In some embodiments, the

emitter 302 transmits optical radiation of red and infrared wavelengths, at

approximately 650 nm and approximately 940 nm, respectively. In some

embodiments, the emitter 302 includes a single source optical radiation.

[0035] The light diffuser 304 receives the optical radiation emitted from the

emitter 302 and spreads the optical radiation over an area, such as the area 206

depicted in FIG. 2. In some embodiments, the light diffuser 304 is a beam shaper

that can homogenize the input light beam from the emitter 302, shape the output

intensity profile of the received light, and define the way (e.g., the shape or pattern)

the emitted light is distributed to the tissue measurement site 102. Examples of

materials that can be used to realize the light diffuser 304 include, without limitation,

a white surface, glass, ground glass, glass beads, polytetraflucroethylene (also

known as Tefion®, opal glass, and greyed glass, to name a few. Additionally,

engineered diffusers can be used to realize the diffuser 304 by providing customized

light shaping with respect to intensity and distribution. Such diffusers can, for

example, deliver substantially uniform illumination over a specified target area (such

as, for example, irradiated surface area 206) in an energy-efficient manner.

Examples of engineered diffusers can include molded plastics with specific shapes,

patterns or textures designed to diffuse the emitter light across the entirety of the

patient’s tissue surface.
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[0036] Advantageously, the diffuser 304 can receive emitted light in the

form of a point optical source and spread the light to fit a desired surface area on a

plane defined by the surface of the tissue measurement site 102. In an embodiment,

the diffuser 304 is made of ground glass which spreads the emitted light with a

Gausian intensity profile. In another embodiment the diffuser 304 includes glass

beads. In some embodiments, the diffuser 304 is constructed so as to diffuse the

emitted light in a Lambertian pattern. A Lambertian pattern is one in which the

radiation intensity is substantially constant throughout the area of dispersion. One

such diffuser 304 is made from opal glass. Opal glass is similar to ground glass, but

has one surface coated with a milky white coating to diffuse light evenly. In an

embodiment, the diffuser 304 is capable of distributing the emitted light on the

surface of a plane (e.g., the surface of the tissue measurement site 102) in a

predefined geometry (e.g., a rectangle, square, or circle), and with a substantially

uniform intensity profile and energy distribution. In some embodiments, the

efficiency, or the amountoflight transmitted by the diffuser 304, is greater than 70%

of the light emitted by the emitter 302. In some embodiments, the efficiency is

greater than 90%of the emitted light. Other optical elements known in the art may

be used for the diffuser 304.

[0037] In an embodiment, the diffuser 304 has a substantially rectangular

shape having dimensions within a range of approximately 0.5-2 cm in width and

approximately 1-4 centimeters in length. In another embodiment, the substantially

rectangular shape of the diffuser 304 has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the diffuser's 304

substantially rectangular shape has dimensions of approximately 1 cm in width and

approximately 1.5 cm in length. In yet another embodiment, the diffuser 304 has a

substantially square shape with dimensions in the range of approximately

0.25-10 cm’.

[0038] The light-absorbing detector filter 306, which is also depicted in

FIG. 4A in a top view, is a planar surface having an opening 402 through which the

emitted light may pass after being attenuated by the tissue measurement site 102.

In the depicted embodiment, the opening 402 is rectangular-shaped, with
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dimensions substantially similar to the irradiated surface area 206. According to an

embodiment, the light-absorbing detector filter is substantially rectangular in shape

and has outer dimensions of 4 cm in width and 8 cm in length, and has an opening

through which emitted light may pass, the opening having dimensions of 2 cm in

width and 5 cm in length. In another embodiment, the light-absorbing detector filter

is substantially rectangular in shape and has outer dimensions in the range of

1-3 cm in width and 2-8 cm in length, and has an opening through which emitted

light may pass, the opening having dimensions in the range of 0.25-2 cm in width

and 1-4 cm in length. In yet another embodiment, the light-absorbing detector filter

is substantially rectangular in shape and has outer dimensions of 3 cm in width and

6 cm in length, and has an opening through which emitted light may pass, the

opening having dimensions of 1.5 cm in width and 4 cm in length.

[0039] The top surface of the light-absorbingfilter 306 (facing the tissue

measurement site 102 and the emitter 302) is coated with a material that absorbs

light, such as, for example, black pigment. Many other types of light-absorbing

materials are well known in the art and can be used with the detector filter 306.

During operation, light emitted from the emitter 302 can reflect off of the tissue

measurementsite 102 (or other structures within the 3D sensor 300) to neighboring

portions of the 3D sensor 300. If those neighboring portions of the 3D sensor 300

possess reflective surfaces, then the light can reflect back to the tissue

measurement site 102, progress through the tissue and arrive at the detector 310.

Such multiple scattering can result in detecting photons whose pathlengths are

considerably longer than most of the light that is detected, thereby introducing

variations in pathlength which will affect the accuracy of the measuremenis of the

pulse oximetry 3D sensor 300. Advantageously, the light-absorbing filter 306

reduces or eliminates the amount of emitted light that is reflected in this manner

because it absorbs such reflected light, thereby stopping the chain of scattering

events. In certain embodiments, the sensor-facing surfaces of other portions of the

3D sensor 300 are coveredin light-absorbing material to further decrease the effect

of reflective multiple scattering.
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[0040] The light concentrator 308 is a structure to receive the emitted

optical radiation, after attenuation by the tissue measurementsite 102, to collect and

concentrate the dispersed optical radiation, and to direct the collected and

concentrated optical radiation to the detector 310. In an embodiment, the light

concentrator 308 is made of ground glass or glass beads. In some embodimenis,

the light concentrator 308 includes a compound parabolic concentrator.

[0041] As described above with respect to FIG. 1, the detector 310

captures and measures light from the tissue measurement site 102. For example,

the detector 310 can capture and measure light transmitted from the emitter 302

that has been attenuated by the tissue in the measurementsite 102. The detector

310 can output a detector signal responsive to the light captured or measured. The

detector 310 can be implemented using one or more photodiodes, phototransistors,

or the like. In addition, a plurality of detectors 310 can be arranged in an array with a

spatial configuration corresponding to the irradiated surface area 206 to capture the

attenuated or reflected light from the tissue measurementsite.

[0042] Referring to FIG. 4A, a top view of a portion of the 3D sensor 300 is

provided. The light-aosorbing detectorfilter 306 is illustrated having a top surface

coated with a light-absorbing material. The light-absorbing material can be a black

opaque material or coating or any other dark coler or coating configured to absorb

light. Additionally, a rectangular opening 402 is positioned relative to the light

concentrator 308 (shown in phantom) and the detector 310 such that light may pass

through the rectangular opening 402, into the light concentrator 308, and to the

detector 310. FIG. 4B illustrates the top view of a portion of the 3D sensor 300 asin

FIG. 4A, with the addition of the tissue measurement site 102 in operational

position. Accordingly, the rectangular opening 402, the light concentrator 308 and

the detector 310 are shown in phantom as being under the tissue measurementsite

102. In FIGS. 4A and 4B, the light concentrator 308 is shown to have dimensions

significantly larger than the dimensions of the rectangular opening 402. In other

embodiments, the dimensions of the light concentrator 308, the rectangular opening

402, and ihe irradiated surface area 206 are substantially similar.
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[0043]  FiG. 5 illustrates a top view of a 3D pulse oximetry sensor 500

according to an embodiment of the present disclosure. The 3D sensor 500 is

configured to be worn on a patient’s finger 102. The 3D sensor 500 includes an

adhesive substrate 502 having front flaps 504 and rear flaps 506 extending outward

from a center portion 508 of the 3D sensor 500. The center portion 508 includes

components of the 3D pulse oximetry sensor 300 described with respect to FIGS.3,

4A and 4B. Onthe front side of the adhesive substrate 502 the emitter 302 and the

light diffuser 304 are positioned. On the rear side of the adhesive substrate 502 the

light-absorbent detectorfilter 306, the light concentrator 308 and the detector 310

are positioned. In use, the patient's finger serving as the tissue measurementsite

102 is positioned over the rectangular opening 402 such that when the front portion

of the adhesive substrate is folded over on top of the patient's finger 102, the emitter

302 and the light diffuser 304 are aligned with the measurementsite 102, the filter

306, the light concentrator 308 and the detector 310. Once alignment is established,

the front and rear flaps 504, 506 can be wrapped around the finger measurement

site 102 such that the adhesive substrate 502 provides a secure contact between

the patient's skin and the 3D sensor 500. Fig. 5 also illustrates an example of a

sensor connector cable 510 which is used to connect the 3D sensor 500 to a

monitor 809, as described with respect to FIG. 8.

[0044] FIG. 6 is a simplified schematic illustration of a conventional, 2D

approach to reflective pulse oximetry in which the emitter is configured to emit

optical radiation as a point optical source. Reflective pulse oximetry is a method by

which the emitter and detector are located on the same side of the tissue

measurement site 102. Light is emitted into a tissue measurement site 102 and

attenuated. The emitted light passes into the tissue 102 and is then reflected back

to the sameside of the tissue measurementsite 102 as the emitter. As illustrated in

FIG. 6, a depicted reflective 2D pulse oximetry sensor 600 includes an emitter 602,

a light block 606, and a detector 610. The light block G06 is necessary because the

emitter 602 and the detector 610 are located on the same side of the tissue

measurement site 102. Accordingly, the light block 606 prevents incident emitter

light, which did not enter the tissue measurement site 102, from arriving at the
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detector 610. The depicted 2D pulse oximetry sensor 600 is configured to emit light

as a point source. As depicted in FIG. 6, a simplified illustration of the light path 620

of the emitted light from the emitter 602, through the tissue measurementsite 102,

and to the detector 610 is provided. Notably, a point source oflight is emitted, anda

point source oflight is detected. As discussed above with respect to FIG. 1, use of a

point optical source can result in substantial measurement error due to pathlength

variability resulting from the multiple scatter phenomenon. The sample space

provided by a 2D pcint optical emitter source is not large enough to account for

pathlength variability, which will skew measurement results.

[0045] FIGS. 7A and 7B are simplified schematic side and top views,

respectively, of a 3D reflective pulse oximetry sensor 700 according to an

embodiment of the present disclosure. In the illustrated embodiment, the 3D sensor

700 irradiates the tissue measurement site 102 and detects the emitted light that is

reflected by the tissue measurementsite 102. The 3D sensor 700 can be placed on

a portion of the patient’s body that hasrelatively flat surface, such as, for example a

wrist, because the emitter 702 and detector 710 are on located the same side of the

tissue Measurement site 102. The 3D sensor 700 includes an emitter 702, a light

diffuser 704, a light block 706,a light concentrator 708, and a detector 710.

[0046] As previously described, the emitter 702 can serve as the source of

optical radiation transmitted towards the tissue measurement site 102. The emitter

702 can include one or more sources of optical radiation. Such sources of optical

radiation can include LEDs, laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same,orthe like. In an embodiment,

the emitter 702 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation. In some embediments, the emitter 702 transmits

optical radiation of red and infrared wavelengths, at approximately 650 nm and

approximately 940 nm, respectively. In some embodiments, the emitter 702 includes

a single source of optical radiation.

[0047] The light diffuser 704 receives the optical radiation emitted from the

emitter 302 and homogenously spreads the optical radiation over a wide, donut-

shaped area, such as the area outlined by the light diffuser 704 as depicted in FIG.
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7B. Advantageously, the diffuser 704 can receive emitted light in the form of a 2D

point optical source (or any other form) and spread the light to fit the desired surface

area on a plane defined by the surface of the tissue measurementsite 102. In an

embodiment, the diffuser 704 is made of ground glass or glass beads. A skilled

artisan will understand that may other materials can be used to make the light

diffuser 704.

[0048] The light blocker 706 includes an annular ring having a cover

portion 707 sized and shaped to form a light isolation chamber for the light

concentrator 708 and the detector 710. (For purposesofillustration, the light block

cover 707is notillustrated in FIG. 7B.) The light blocker 706 and the cover 707 can

be made of any material that optically isolates the light concentrator 708 and the

detector 710. The light isolation chamber formed by the light blocker 706 and cover

708 ensures that the only light detected by the detector 710 is light that is reflected

from the tissue measurementsite.

[0049] ‘The light concentrator 708 is a cylindrical structure with a truncated

circular conical structure on top, the truncated section of which of which is adjacent

the detector 710. The light concentrator 708 is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site 102, and to direct

the reflected light to the detector 710. In an embodiment, the light concentrator 708

is made of ground glass or glass beads. In some embodiments, the light

concentrator 708 includes a compound parabolic concentrator.

[0050] As previously described, the detector 710 captures and measures

light from the tissue measurement site 102. For example, the detector 710 can

capture and measurelight transmitted from the emitter 702 that has been reflected

from the tissue in the measurementsite 102. The detector 710 can output a detector

signal responsive to the light captured or measured. The detector 710 can be

implemented using one or more photodiodes, phototransistors, or the like. In

addition, a plurality of detectors 710 can be arranged in an array with a spatial

configuration corresponding to the irradiated surface area depicted in FIG. 7B by the

light concentrator 708 to capture the reflected light from the tissue measurement

site.
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[0051] Advantageously, the light path 720 illustrated in FIG. 7A depicts a

substantial sample of reflected light that enter the light isolation chamber formed by

the light blocker 706 and cover 707. As previously discussed, the large sample of

reflected light (as compared to the reflected light collected using the 2D point optical

source approach) provides the opportunity to take an average of the detectedlight,

to derive a more accurate measurement of the emitted light absorbed by the tissue,

whichwill lead to a more accurate oxygen saturation measurement.

[0052] Referring now to FIG. 7B, a top view of the 3D sensor 700 is

ilustrated with both the emitter 702 and the light blocker cover 707 removed for

ease ofillustration. The outerring illustrates the footprint of the light diffuser 704. As

light is emitted from the emitter 702 (not shown in FIG. 7B), it is diffused

homogenously and directed to the tissue measurement site 102. The light blocker

706 forms the circular wall of a light isolation chamber to keep incident light from

being sensed by the detector 710. The light blocker cover 707 biocks incidentallight

from entering the light isolation chamber from above. The light concentrator 710

collects the reflected light from the tissue measurement site 102 and funnels it

upward toward the detector 710 at the center of the 3D sensor700.

[0053] FIG. 8 illustrates an example of an optical physiological

measurement system 800, which may also be referred to herein as a pulse oximetry

system 800. In certain embodiments, the pulse oximetry system 800 noninvasively

measures a blood analyte, such as oxygen, carboxyhemoglobin, methemoglobin,

total hemoglobin, glucose, proteins, lipids, a percentage thereof (e.g., saturation),

pulse rate, perfusion index, oxygen content, total hemoglobin, Oxygen Reserve

Index'™(ORI™) or many other physiologically relevant patient characteristics. These

characteristics can relate to, for example, pulse rate, hydration, trending information

and analysis, and the like. The system 800 can also measure additional blood

analytes and/or other physiological parameters useful in determining a state or trend

of wellness of a patient.

[0054] The pulse oximetry system 800 can measure analyte

concentrations at least in part by detecting optical radiation attenuated by tissue ata
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measurement site 102. The measurement site 102 can be any location on a

patient’s body, such as a finger, foot, earlobe, wrist, forehead, or the like.

[0055] The pulse oximetry system 800 can include a sensor 801 (or

multiple sensors) that is coupled to a processing device or physiological monitor

809. In an embodiment, the sensor 801 and the monitor 809 are integrated together

into a single unit. In another embodiment, the sensor 801 and the monitor 809 are

separate from each other and communicate with one another in any suitable

manner, such as via a wired or wireless connection. The sensor 801 and monitor

809 can be attachable and detachable from each other for the convenience of the

user or caregiver, for ease of storage, sterility issues, or the like.

[0056] In the depicted embodiment shown in FIG. 8, the sensor 801

includes an emitter 804, a detector 806, and a front-end interface 808. The emitter

804 can serve as the source of optical radiation transmitted towards measurement

site 102. The emitter 804 can include one or more sourcesof optical radiation, such

as light emitting diodes (LEDs), laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same, or the like. In an embodiment,

the emitter 804 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation.

[0057] The pulse oximetry system 800 also includes a driver 811 that

drives the emitter 804. The driver 111 can be a circuit or the like that is controlled by

the monitor 809. For example, the driver 811 can provide pulses of current to the

emitter 804. In an embodiment, the driver 811 drives the emitter 804 in a

progressive fashion, such as in an alternating manner. The driver 811 can drive the

emitter 804 with a series of pulses for some wavelengths that can penetrate tissue

relatively well and for other wavelengths that tend to be significantly absorbed in

tissue. A wide variety of other driving powers and driving methodologies can be

used in various embodiments. The driver 811 can be synchronized with other parts

of the sensor 801 to minimize or reduce jitter in the timing of pulses of optical

radiation emitted from the emitter 804. In some embediments, the driver 811 is

capable of driving the emitter 804 to emit optical radiation in a pattern that varies by

less than about 10 parts-per-million.
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[0058] The detector 806 captures and measures light from the tissue

measurement site 102. For example, the detector 806 can capture and measure

light transmitted from the emitter 804 that has been attenuated or reflected from the

tissue at the measurement site 102. The detector 806 can output a detector signal

107 responsive to the light captured and measured. The detector 806 can be

implemented using one or more photodiodes, phototransistors, or the like. In some

embodiments, a detector 806 is implemented in detector package to capture and

measure light from the tissue measurement site 102 of the patient. The detector

package can include a photodiode chip mounted to leads and enclosed in an

encapsulant. In some embodiments, the dimensions of the detector package are

approximately 2 square centimeters. In other embodiments, the dimensions of the

detector package are approximately 1.5 centimeters in width and approximately 2

centimeters in length.

[0059] The front-end interface 808 provides an interface that adapts the

output of the detectors 806, which is responsive to desired physiological

parameters. For example, the front-end interface 808 can adapt the signal 807

received from the detector 806 into a form that can be processed by the monitor

809, for example, by a signal processor 810 in the monitor 809. The front-end

interface 808 can have its components assembled in the sensor 801, in the monitor

809, in a connecting cabling (if used), in combinations of the same,or the like. The

location of the front-end interface 808 can be chosen based on various factors

including space desired for components, desired noise reductions or limits, desired

heat reductions or limits, and the like.

[0060] The front-end interface 808 can be coupled to the detector 806 and

to the signal processor 810 using a bus, wire, electrical or optical cable, flex circuit,

or some other form of signal connection. The front-end interface 808 can also be at

least partially integrated with various components, such as the detectors 806. For

example, the front-end interface 808 can include one or more integrated circuits that

are on the same circuit board as the detector 806. Other configurations can also be

used.
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[0061] As shown in FIG. 8, the monitor 909 can include ihe signal

processor 810 and a user interface, such as a display 812. The monitor 809 can

also include optional outputs alone or in combination with the display 812, such as a

storage device 814 and a network interface 816. In an embodiment, the signal

processor 810 includes processing logic that determines measurements for desired

analytes based on the signals received from the detector 806. The signal processor

810 can be implemented using one or more microprocessors or sub-processors

{(e.g., cores), digital signal processors, application specific integrated circuits

(ASICs), field programmable gate arrays (FPGAs), combinations of the same, and

the like.

[0062] The signal processor 810 can provide various signals that control

the operation of the sensor 801. For example, the signal processor 810 can provide

an emitter control signal to the driver 811. This control signal can be useful in order

to synchronize, minimize, or reduce jitter in the timing of pulses emitted from the

emitter 804. Accordingly, this control signal can be useful in order to cause optical

radiation pulses emitted from the emitter 804 to follow a precise timing and

consistent pattern. For example, when a transimpedance-based front-end interface

808 is used, the control signal from the signal processor 810 can provide

synchronization with an analog-to-digital converter (ADC) in order to avoid aliasing,

cross-talk, and the like. As also shown, an optional memory 813 can be included in

the front-end interface 808 and/or in the signal processor 810. This memory 813 can

serve as a buffer or storage location for the front-end interface 808 and/or the signal

processor 810, among otheruses.

[0063] The user interface 812 can provide an output, e.g., on a display,for

presentation to a user of the pulse oximetry system 800. The user interface 812 can

be implemented as a touch-screendisplay, a liquid crystal display (LCD), an organic

LED display, or the like. In alternative embodiments, the pulse oximetry system 800

can be provided without a user interface 812 and can simply provide an output

signal to a separate display or system.

[0064] The storage device 814 and a network interface 816 represent

other optional output connections that can be included in the monitor 809. The
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storage device 814 can include any computer-readable medium, such as a memory

device, hard disk storage, EEPROM, flash drive, or the like. The various software

and/or firmware applications can be stored in the storage device 814, which can be

executed by the signal processor 810 or another processor of the monitor 809. The

network interface 816 can be a serial bus port (RS-232/RS-485), a Universal Serial

Bus (USB) port, an Ethemet port, a wireless interface (e.g., WiFi such as any 802.1x

interface, including an internal wireless card), or other suitable communication

device(s) that allows the monitor 809 to communicate and share data with other

devices. The monitor 809 can also include various other components not shown,

such as a microprocessor, graphics processor, or controller to output the user

interface 812, to contro! data communications, to compute data trending, or to

perform other operations.

[0065] Although not shown in the depicted embodiment, the pulse

oximetry system 800 can include various other components or can be configured in

different ways. For example, the sensor 801 can have both the emitter 804 and

detector 806 on the same side of ithe tissue measurement site 102 and use

reflectance to measure analytes.

[0066] Although the foregoing disclosure has been described in terms of

certain preferred embodiments, many other variations than those described herein

will be apparent to those of ordinary skill in the art.

[0067] Conditional language used herein, such as, among others, "can,"

“might,” “may,” “e.g.,” and the like, unless specifically stated otherwise, or otherwise

understood within the context as used, is generally intended to convey that certain

embodiments include, while other embodiments do not include, certain features,

elements and/or states. Thus, such conditional language is not generally intended to

imply that features, elements and/or states are in any way required for one or more

embodiments or that one or more embodiments necessarily include logic for

deciding, with or without author input or prompting, whether these features,

elements and/or states are included or are to be performed in any particular

embodiment. The terms “comprising,” "including," "having," and the like are

synonymous and are used inclusively, in an open-ended fashion, and do not
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exclude additional elements, features, acts, operations, and so forth. Also, the term

“or" is used in its inclusive sense (and not in its exclusive sense) so that when used,

for example, to connect a list of elements, the term "or" means one, some, orall of

the elements in the list. Further, the term “each,” as used herein, in addition to

having its ordinary meaning, can mean any subset cf a set of elements to which the

term "each"is applied.

[0068] While the above detailed description has shown, described, and

pointed out novel features as applied to various embodiments,it will be understood

that various omissions, substitutions, and changes in the form and details of the

systems, devices or algorithmsillustrated can be made without departing from the

spirit of the disclosure. As will be recognized, certain embodiments of the disclosure

described herein can be embodied within a form that does not provide all of the

features and benefits set forth herein, as some features can be used or practiced

separately from others.

[0069] The term “and/or” herein has its broadest, least limiting meaning

which is the disclosure includes A alone, B alone, both A and B together, or A orB

alternatively, but does not require both A and B or require one of A or one of B. As

used herein, the phrase “at least one of” A, B, “and” C should be construed to mean

a logical A or B or C, using a non-exclusive logical or.

[0070] The apparatuses and methods described herein may be

implemented by one or more computer programs executed by one or more

processors. The computer programs include processor-executable instructions that

are stored on a non-transitory tangible computer readable medium. The computer

programs mayalso include stored data. Non-limiting examples of the non-transitory

tangible computer readable medium are nonvolatile memory, magnetic storage, and

optical storage. Although the foregoing disclosure has been described in terms of

certain preferred embodiments, other embodiments will be apparent to those of

ordinary skill in the art from the disclosure herein. Additionally, other combinations,

omissions, substitutions and modifications will be apparent to the skilled artisan in

view of the disclosure herein. Accordingly, the present invention is not intended to
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be limited by the description of the preferred embodiments, but is to be defined by

reference to claims.

[0071] Additionally, all publications, patents, and patent applications

mentioned in this specification are herein incorporated by reference to the same

extent as if each individual publication, patent, or patent application were specifically

and individually indicated to be incorporated by reference.
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WHAT IS CLAIMEDIS:

1. An optical physiological measurement system comprising:

an emitter which emits light of a wavelength;

a diffuser which receives, spreads and emits the spread light, wherein

the emitted spread light is directed at a tissue measurementsite of a patient;

and

a detector configured to detect the emitted light after attenuation by

tissue of the patient, the detector further configured to transmit a signal

responsive to the detected light.

2. The optical physiological measurement system of Claim 1, further

comprising a concentrator which receives the spread light after attenuation by tissue

of the patient, concentrates the received spread light and emits the concentrated

light in the direction of the detector.

3. The optical physiological measurement system of Claim 1, further

comprising a processor configured to receive the transmitted signal responsive to

the detected light and to determine a physiological parameter.

4. The optical physiological measurement system of Claim 3, wherein the

parameteris arterial oxygen saturation.

5. The optical physiological measurement system of Claim 1, wherein the

diffuser comprises at least one of a glass diffuser, ground glass diffuser, a glass

bead diffuser, an opal glass diffuser, and an engineered diffuser.

6. The optical physiological measurement system of Claim 1, wherein the

diffuser emits the spread light with a substantially uniform intensity profile.

7. The optical physiological measurement system of Claim 1, wherein the

diffuser defines a surface area shape by which the emitted spread light is distributed

onto a surface of the tissue measurementsite.

8. The optical physiological monitor of Claim 7, further comprising a

detectorfilter having a light-absorbing surface facing the tissue measurementsite

and an opening, the opening having dimensions, wherein the dimensions of the

opening are substantially similar to the defined surface area shape by which the

emitted spread light is distributed onto the surface of the tissue measurementsite.
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9. The optical physiological measurement system of Claim 7, wherein the

surface area shape is rectangular.

10. The optical physiological measurement system of Claim 9, wherein the

rectangular surface area shape has dimensions within a range of approximately

0.25 cm to 3 cm in width and a range of approximately 1 cm to 6 cm in length.

11. The optical physiological measurement system of Claim 9, wherein the

rectangular surface area shape has dimensions in the range of approximately 0.1

cm to 2 cm in width and approximately 0.5 cm to 5 cm in length.

12. The optical physiological measurement system of Claim 9, wherein the

rectangular surface area shape has dimensions of approximately 1 centimeter in

width and approximately 1.5 centimeters in length.

13. The optical physiological measurement system of Claim 7, wherein the

surface area shapeis square.

14. The optical physiological measurement system of Claim 13, wherein

the square surface area shape has dimensionsin the range of approximately 0.25

em* to 10 cm*.

15. The optical physiological measurement system of Claim 9, further

comprising a detector filler comprising a light-absorbing surface facing the tissue

measurement site and an opening, the opening having dimensions, wherein the

dimensions of the opening are substantially similar to dimensions of the rectangular

shape.

16. The optical physiological measurement system of Claim 1, wherein the

concentrator comprises at least one of glass, ground glass, glass beads, opal glass,

and a compound parabolic concentrator.

17. The optical physiological measurement system of Claim 1, further

comprising a detector filter comprising a light-absorbing surface facing the tissue

measurement site and an opening, wherein the opening is configured to allow the

spread light, after being attenuated by or reflected from the tissue measurement

site, to be received by the concentrator.

18. A method to determine a constituent or analyte in a patient’s biood, the

method comprising:
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emitting, from an emitter, light of a wavelength;

spreading, with a diffuser, the emitted light and emitting the spread

light from the diffuser to a tissue measurement site, wherein the diffuser

spreads the light over a greater area of the tissue measurementsite than

would otherwise beilluminated by the emitter directly emitting light at a tissue

measurementsite; and

detecting, with the detector, the emitted concentrated light.

19. The method of Claim 18, further comprising receiving, by a

concentrator, the emitted spread light after the spread light has been attenuated by

or reflected from the tissue measurement site and concentrating, by the

concentrator, the received light and emitting the concentrated light from the

concentrator to a detector.

20. The method of Claim 18, further comprising transmitting, from the

detector, a signal responsive to the detected light; receiving, by a processor, the

transmitted signal responsive to the detected light; and processing, by the

processor, the received signal responsive to the detected light to determine a

physiological parameter.

21. The method of Claim 18, further comprising filtering, with a light-

absorbing detector filter, scattered portions of the emitted spread light.

22. The method of Claim 18, wherein spreading, with a diffuser, the

emitted light and emitting the spread light from the diffuser to a tissue measurement

site is performed by at least one of a glass diffuser, a glass bead diffuser, an opal

glass diffuser, and an engineered diffuser.

23. The method of Claim 18, wherein spreading, with a diffuser, the

emitted light and emitting the spread light from the diffuser to a tissue measurement

site further comprises spreading the emitted light with a substantially uniform

intensity profile.

24. The method of Claim 18, wherein spreading, with a diffuser, the

emitted light and emitting the spread light from the diffuser to a tissue measurement

site further comprises spreading the emitted light so as to define a surface area
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shape by which the emitted spread light is distributed onto a surface of the tissue

measurementsite.

25. The method of Claim 18, wherein concentrating, by the concentrator,

the received light and emitting the concentrated light from the concentrator to a

detector is performed by at least one of a glass concentrator, a glass bead

concentrator, an opal glass concentrator, and a compound parabolic concentrator.

26. A pulse oximeter sensor comprising:

an emitter configured to emit light at a wavelength;

a diffuser configured to receive the emitted light, to spread the

receivedlight, and to emit the spread light, wherein the emitted spread light is

directed at a tissue measurementsite; and

a detector configured to detect the emitted spread light, the spread

light having been attenuated by the tissue measurementsite, the detector

further configured to output a signal responsive to the detectedlight.

27. The pulse oximeter sensor of Claim 26, further comprising a

concentrator which concentrates the emitted light after it has been attenuated by the

tissue measurementsite and directs the concentrated light toward the detector.

28. The pulse oximeter sensor of Claim 26, wherein the detectoris further

configured to output the signal response to the detected light to a processor

configured to receive the signal responsive to the detected light and to determine a

physiological parameter.

29. The pulse oximeter sensor of Claim 26, wherein the diffuser is further

configured to define a surface area shape by which the emitted spread light is

distributed onto a surface of the tissue measurementsite.

30. The pulse oximeter sensor of Claim 29, wherein the detectoris further

configured to have a detection area corresponding to the defined surface area

shape by which the emitted spread light is distributed onto the surface of the tissue

measurementsite.

31. The pulse oximeter sensor of Claim 30, wherein the detector further

comprises an array of detectors configured to cover the detection area.

32. A pulse oximeter sensor comprising:
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an emitter configured to emit light at a wavelength;

a concentrator which concentrates the emitted light after it has been

attenuated by the tissue measurementsite; and

a detector configured to detect the emitted spread, the spread light

having been attenuated by or reflected from the tissue measurementsite, the

detector further configured to output a signal responsive to the detected light.

33. The pulse oximeter sensor of Claim 32, wherein the detectoris further

configured to transmit the output signal responsive to the detected light to a

processor configured to receive the signal responsive to the detected light and to

determine a physiological parameter.

34. The pulse oximeter sensor of Claim 32, wherein the concentrator is

further configured to define a surface area shape by which the emitted spread light

is received from a surface of the tissue measurementsite.

35. The pulse oximeter sensor of Claim 34, wherein the concentrator is

further configured to have a detection area corresponding to the defined surface

area shape by which the emitted spread light is distributed onto the surface of the

tissue measurementsite.

36. The pulse oximeter sensor of Claim 35, wherein the detector further

comprises an array of detectors configured to cover the detection area.
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ABSTRACT OF THE DISCLOSURE

A non-invasive, optical-based physiological monitoring system is disclosed.

One embodiment includes an emitter configured to emit light. A diffuser is

configured to receive and spread the emitted light, and to emit the spread light at a

tissue Measurement site. The system further includes a concentrator configured to

receive the spread light after it has been attenuated by or reflected from the tissue

measurement site. The concentrater is also configured to collect and concentrate

the received light and to emit the concentrated light to a detector. The detectoris

configured to detect the concentrated light and to transmit a signal representative of

the detected light. A processor is configured to receive the transmitted signal and to

determine a physiological parameter, such as, for example, arterial oxygen

saturation, in the tissue measurementsite.
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. . Attorney Docket Number|MASIMO.1007A
Application Data Sheet 37 CFR 1.76
 

Application Number

Title of Invention|ADVANCED PULSE OXIMETRY SENSOR

The apolication data sheetis part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a formal specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paperfiled application.

 
Secrecy Order 37 CFR 5.2:

‘i. Portions or all of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuantto
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not befiled electronically.)

 

  

Inventor Information:

[inventor4 [Remove| 
 Legal Name

Prefix) Given Name Middle Name Family Name Suffix

_EyBemaea
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

|city|Ban Juan Capistrano State/Province Country of Residencd |

Mailing Address of Inventor:

Address 1 Heer Via BellaAddress 2|City|Ban Juanea State/Province | ka
Postal Code | 92675 Country i US

[inventor_|
Legal Name

 

 

 

 

Prefix; Given Name Middle Name Family Name Suffix

{EfBeenBes
Residence Information (Select One) (s) US Residency Non US Residency Active US Military Service 

 |city|| ewport Beach State/Province Country of Residence |fs

Mailing Address of Inventor:

Address 1 aSnug Harbor RoadAddress 2

city[ReootBean _————S—S——SY StateiProvince [PA
Postal Code 92663

All Inventors Must Be Listed - Additional Inventor information blocks may be
generated within this form by selecting the Add button.

 

  
 

 

  
  

 Add

Correspondence information:

Enter either Gustomer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33{a).

EFS Web 2.2.12
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Attorney Docket Number|MASIMO.1007A

 

 
Application Data Sheet 37 CFR 1.76  Application Number 

ADVANCED PULSE OXIMETRY SENSORTitle of Invention   
[| An Address is being provided for the correspondence Information of this application.

Customer Number | 4735
Email Address efiling@knobbe.com Add Email | Remove Email|

 

   
   

Application Information:

AiiomeyDocketNumber|WASMOG07A______|SmallEntStatueClammed[J__—_—_—|
[ApplicationType|mwowsenatiE
SubjectWater[pay

Total Number of Drawing Sheets(if any) Suggested Figure for Publication (if any)

 

 

Filing By Reference:
Only complete this section whenfiling an application by reference under 35 U.S.C. 111{c) and 37 CFR 1.57(a). Da not complete this section if
application papers including a specification and any drawingsare being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (L.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information’).

For the purposesof a filing date under 37 CFR 1.53(b)}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). i

Application numberof the previausly Filing date (YYYY-MM-DD} Intellectual Property Authority or Country
filed application 
 

Publication Information:

[| Request Early Publication (Fee required at time of Request 37 CFR 1.219)

 

 

Request Not to Publish. | hereby request that the attached application not be published under
‘a 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.

  
 

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number cr complete the Representative Name section below. If both sections are completed the customer
Numberwill be used for the Representative Information during processing.

 

Please Select One: @ Customer Number US Patent Practitioner C) Limited Recognition (37 CFR 11.9)
Customer Number

  
EFS Web 2.2.12

APL_MAS_ITC_00557025

PAGE 66 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

PTO/AIA14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

ULS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contral number.
 

Attorney Docket Number|MASIMO.1007A 
Application Data Sheet 37 CFR 1.76  Application Number 

Title of Invention|ADVANCED PULSE OXIMETRY SENSOR  
Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c} or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119{e) or 120, and 37 CFR 1.78.
Whenreferring to the current application, please leave the “Application Number’field blank.

Application Number Continuity Type

 

 
 
 

 

 
Filing or 371(c) Date

(YYYY-MM-DDB)

 

  
 

Prior Application Number

ee| laims benefit of provisional |] 62/188430
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

 

 
 

 

2015-07-02

Add

 
 

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. Whenpriority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)! the information will be used by the Office to
automatically attempt retrieval pursuant fo 37 CFR 1.55()(1) and (2). Under the PDX program, applicant bears the ultirmale

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is fled, within the time period specified in 37 CFR 1.55{g){1).

Remove

Application Number Country’ Filing Date (YYYY-MM-DD} Access Code! (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

 
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications
 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[|] 16, 2043.
NOTE:By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined underthefirst inventor to file provisions of the AIA.
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Application Data Sheet 37 CFR 1.76  Application Number 

Title of Invention|ADVANCED PULSE OXIMETRY SENSOR  
 

Authorization or Opt-Out of Authorization to Permit Access:

Whenthis Application Data Sheet is properly signed andfiled with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph Ain subsection 1 below) and the European Patent Office (EPO) access io any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant mustopt-out of the
authorization by checking the corresponding box A or B or bath in subsection 2 beiow.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIALfiling of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any otherforeign intellectual property office
participating with the USPTOin a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application toe which priority or benefit is claimed by the
instant application andits related bibliographic data, and (3) the date offiling of this Authorization. See 37 CFR 71.14{h)
(1).

 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO accessto the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

 

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claimspriority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign intellectual Property Office(s)

[-] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any decuments and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTOto transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.74.
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Application Data Sheet 37 CFR 1.76  Application Number 

Title of Invention|ADVANCED PULSE OXIMETRY SENSOR    

Applicant Information:

Providing assignment information in this section does net substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant |

If the applicantis the inventor (or the remaining joint inventor or inventors under 3/ CFR 1.45), this section should not be completed.
Theinformation to be provided in this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventoris under an obligation to assign the invention, or person
who otherwise showssufficient proprietary interest in the matter whois the applicant under 37 CFR 1.46.If the applicantis an
applicant under 37 CFR 1.46 (assignee, person to whom the inventoris obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Joint Inventor

 

@ Assignee Legal Representative under 35 U.S.C. 117   
Person to whom the inventoris obligated to assign. Person who shows sufficient proprietary interest

if applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

Nameof the Deceased or Legally incapacitated Inventor:

If the Applicant is an Organization check here. x]

Organization Name ASIMO CORPORATION

Mailing Address Information For Applicant:

jAdiresst|fdaeowoySSS
rresess?|

Email Address

 

 

 

   
 

Additional Applicant Data may be generated within this form by selecting the Add button. Add

 
 

Assignee Information including Non-Applicant Assignee Information:
 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.   
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Application Data Sheet 37 CFR 1.76 —

Application Number  
Title of Invention|ADVANCED PULSE OXIMETRY SENSOR  
Assignee ,

Complete this section if assignee information, including non-applicant assignee information, is desired toe be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

 Remove 
lf the Assignee or Non-Applicant Assignee is an Organization check here. | 

Prefix Given Name Middle Name Family Name Suffix

ul u
Mailing Address information For Assignee including Non-Applicant Assignee:

  
 

 

 

Address 1

Address 2

City State/Province

Country! Postal Code

Phone Number Fax Number   
Email Address  

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

 

Signature:
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However,if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). lf the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
powerof attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

  
 
 
 

 
 

 

 
 

 

Signature Date (YYYY-MM-DD)| 2016-06-28

Additional Signature may be generated within this form by selecting the Add button. Add
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This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending uponthe individual case. Any comments on the amountof time you require to
complete this form and/or suggestions for reducing this burden, should be sent fo the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (PLL. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements ofthe Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonmentof
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom ofInformation Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 952a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this systern of records may be disclosed, as a routine use,in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of sett ement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecordin this system of records may be disclosed, as a routine use, to a contractcr of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, a5 amended, pursuant to 5 U.S.C.
S52a(m}.

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuantto the Patent CooperationTreaty.

6. Arecordinthis system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}}.

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA requlations governing inspection of
recordsfor this purpose, and any other relevant(i.e, GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. Arecord from this systern of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may bedisclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record wasfiled in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open te public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.   
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor : Ammar Al-Ali

App. No. > 15/195199

Filed : June 28, 2016

For >: ADVANCED PULSE OXIMETRY

SENSOR

Examiner > Unknown

Art Unit >: 3777

Conf. No. : 3453
 

PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Prior to examination of the above-identified application, please enter the amendments set

forth herein.

Amendments to the Specification begin on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
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AMENDMENTS TO THE SPECIFICATION

Please amend the originally filed specification as sct forth below.

Please amend Paragraph [0020] as follows:

[0020] FIG. 1 illustrates a conventional approach to [[2D]]two-dimensional pulsc

oximetry in which the emitter is configured to emit optical radiation as a point optical source.

Please amend Paragraph [0021] as follows:

[0021] FIG. 2 illustrates the disclosed [[3D]]three-dimensional approach to pulse

oximetry in which the emitted light irradiates a substantially larger volume oftissue as compared

to the point source approach described with respect to FIG-2APIG, 1.

Please amend Paragraph [0022] as follows:

[0022] FIG. 3 illustrates schematically a side view of a [[3D]]three-dimensional pulse

oximetry sensor according to an embodimentof the present disclosure.

Please amend Paragraph [0023] as follows:

[0023] FIG. 4A is a top view of a portion of a [[3D]]three-dimensional pulse

oximetry sensor according to an embodiment of the present disclosure.

Please amend Paragraph [0024] as follows:

[0024] FIG. 4B illustrates the top view of a portion of the [[3D]]three-dimensional

pulse oximetry sensor shown in FIG. 4A, with the addition of a tissue measurement sile in

operational position.

Please amend Paragraph [0025] as follows:

[0025] FIG. 5 illustrates a top view of a [[3D]]|threc-dimensional pulsc oximetry

sensor according to an embodiment of the present disclosure.

Please amend Paragraph [0026] as follows:

-2-
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[0026] FIG. 6 illustrates a conventional [[2D]]two-dimensional approach to reflective

pulse oximetry in which the emitter is configured to emit optical radiation as a point optical

source.

Please amend Paragraph [0027] as follows:

[0027] FIG. 7A is a simplified schematic side view ilustration of a reflective

{[3D]]three-dimensional pulse oximetry sensor according to an embodiment of the present

disclosure.

Please amend Paragraph [0028] as follows:

[0028] FIG. 7B is a simplified schematic top view illustration of the [[3D]]three-

dimensional reflective pulse oximetry sensor of PIG. 7A.

-3-
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REMARKS

Prior to cxamination, please amend the Specification as shown herein. Accompanying

this Amendment is both a marked up and clean version of the specification. Applicants submit

that no new matter is submitted by way of this Amendment.

No Disclaimers or Disavowals

Although the present communication may include alterations to the application or claims,

or characterizations of claim scope or referenced art, Applicant is not conceding in this

application that previously pending claims are not patentable over the cited references. Rather,

any alterations or characterizations are being made to facilitate expeditious prosecution of this

application. Applicant reserves the right to pursue at a later date any previously pending or other

broader or narrower claims that capture any subject matter supported by the present disclosure,

including subject matter found to be specifically disclaimed herein or by any prior prosecution.

Accordingly, reviewers of this or any parent, child or related prosecution history shall not

reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter

supported by the present application.

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: September 8, 2016 By: /Jarom Kesler/
Jarom D. Kesler

Registration No. 57,046
Attorney of Record
Customer No. 64735

(949) 760-0404
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MASIMO.1007A PATENT

ADVANCED PULSE OXIMETRY SENSOR

INCORPORATION BY REFERENCETO ANY PRIORITY APPLICATIONS

[0001] This present application claims priority benefit under 35 U.S.C. §

119(e) from U.S. Provisional Application No. 62/188,430, filed July 2, 2015, entitled

“Advanced Pulse Oximetry Sensor,” which is incorporated by reference herein. Any

and all applications for which a foreign or domestic priority claim is identified in the

Application Data Sheet as filed with the present application are hereby incorporated

by reference under 37 CFR 1.57.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field of non-invasive

optical-based physiological monitoring sensors, and more particularly to systems,

devices and methods for improving the non-invasive measurement accuracy of

oxygen saturation, among other physiological parameters.

BACKGROUND

[0003] Spectroscopy is a common technique for measuring the

concentration of organic and some inorganic constituents of a solution. The

theoretical basis of this technique is the Beer-Lambert law, which states that the

concentration c, of an absorbent in solution can be determined bythe intensity of light

transmitted through the solution, knowing the pathlengthd,, the intensity of the

incidentlight/,,,and the extinction coefficient ¢,, at a particular wavelength A.oA}

[0004] In generalized form, the Beer-Lambert law is expressed as:

I, = Ie. d, . La (1 )

Ley a al Sea . c; (2)i=1

where ba, is the bulk absorption coefficient and represents the probability of

absorption per unit length. The minimum numberof discrete wavelengths that are
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required to solve equations 1 and 2 is the numberof significant absorbers that are

present in the solution.

[0005] A practical application of this technique is pulse oximetry, which

utilizes a noninvasive sensor to measure oxygen saturation and pulse rate, among

other physiological parameters. Pulse oximetry relies on a sensor attached

externally to the patient to output signals indicative of various physiological

parameters, such as a patient’s blood constituents and/or analytes, including for

example a percent value for arterial oxygen saturation, among other physiological

parameters. The sensor has an emitter that transmits optical radiation of one or

more wavelengths into a tissue site and a detector that respondsto the intensity of

the optical radiation after absorption by pulsatile arterial blood flowing within the

tissue site. Based upon this response, a processor determines the relative

concentrations of oxygenated hemoglobin (HbO2z) and deoxygenated hemoglobin

(Hb) in the blood so as to derive oxygen saturation, which can provide early

detection of potentially hazardous decreases in a patient’s oxygen supply.

[0006] A pulse oximetry system generally includes a patient monitor, a

communications medium such as a cable, and/or a physiological sensor having one

or more light emitters and a detector, such as one or more light-emitting diodes

(LEDs) and a photodetector. The sensor is attached to a tissue site, such as a

finger, toe, earlobe, nose, hand, foot, or other site having pulsatile blood flow which

can be penetrated by light from the one or more emitters. The detector is responsive

to the emitted light after attenuation or reflection by pulsatile blood flowing in the

tissue site. The detector outputs a detector signal to the monitor over the

communication medium. The monitor processes the signal to provide a numerical

readout of physiological parameters such as oxygen saturation (SpO2) and/or pulse

rate. A pulse oximetry sensor is described in U.S. Patent No. 6,088,607 entitled Low

Noise Optical Probe; pulse oximetry signal processing is described in U.S. Patent

Nos. 6,650,917 and 6,699,194 entitled Signal Processing Apparatus and Signal

Processing Apparatus and Method, respectively; a pulse oximeter monitor is

described in U.S. Patent No. 6,584,336 entitled Universal/Upgrading Pulse
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Oximeter, all of which are assigned to Masimo Corporation, Irvine, CA, and eachis

incorporated by reference herein in its entirety.

[0007] There are many sources of measurementerror introduced to pulse

oximetry systems. Some such sources of error include the pulse oximetry system’s

electronic components, including emitters and detectors, as well as chemical and

structural physiological differences between patients. Another source of

measurement error is the effect of multiple scattering of photons as the photons

pass through the patient’s tissue (arterial blood) and arrive at the sensor’s light

detector.

SUMMARY

[0008] This disclosure describes embcdiments of non-invasive methods,

devices, and systems for measuring blood constituents, analytes, and/or substances

such as, by way of non-limiting example, oxygen, carboxyhemoglobin,

methemoglobin, total hemoglobin, glucose, proteins, lipids, a percentage thereof

(e.g., saturation), pulse rate, perfusion index, oxygen content, total hemoglobin,

Oxygen Reserve Index'™ (ORI) or for measuring many other physiologically

relevant patient characteristics. These characteristics can relate to, for example,

pulse rate, hydration, trending information and analysis, and the like.

[0009] In an embodiment, an optical physiological measurement system

includes an emitter configured to emit light of one or more wavelengths. The system

also includes a diffuser configured to receive the emitted light, to spread the

received light, and to emit the spread light over a larger tissue area than would

otherwise be penetrated by the emitter directly emitting light at a tissue

measurementsite. The tissue measurement site can include, such as, for example,

a finger, a wrist, or the like. The system further includes a concentrator configured to

receive the spread light after it has been attenuated by or reflected from the tissue

measurement site. The concentrator is also configured to collect and concentrate

the received light and to emit the concentrated light to a detector. The detector is

configured to detect the concentrated light and to transmit a signal indicative of the

detected light. The system also includes a processor configured to receive the

-3-
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transmitted signal indicative of the detected light and to determine, based on an

amount of absorption, an analyte of interest, such as, for example, arterial oxygen

saturation or other parameter, in the tissue measurementsite.

[0010] In certain embodiments of the present disclosure, the diffuser

comprises glass, ground glass, glass beads, opal glass, or a microlens-based,

band-limited, engineered diffuser that can deliver efficient and uniform illumination.

In some embodiments the diffuser is further configured to define a surface area

shape by which the emitted spread light is distributed onto a surface of the tissue

measurement site. The defined surface area shape can include, by way of non-

limiting example, a shape that is substantially rectangular, square, circular, oval, or

annular, among others.

[0011] According to some embodiments, the optical physiological

measurement system includes an cpticalfilter having a light-absorbing surface that

faces the tissue measurement site. The optical filter also has an opening that is

configured to allow the spread light, after being attenuated by the tissue

measurement site, to be received by the concentrator. In an embodiment, the

opening has dimensions, wherein the dimensions of the opening are similar to the

defined surface area shape by which the emitted spread light is distributed onto the

surface of the tissue measurement site. In an embodiment, the opening has

dimensionsthat are larger than the defined surface area shape by which the emitted

spread light is distributed onto the surface of the tissue measurementsite. In other

embodiments, the dimensions of the opening in the opticalfilter are not the same as

the diffuser opening, but the dimensions are larger than the detector package.

[0012] In other embodiments of the present disclosure, the concentrator

comprises glass, ground glass, glass beads, opal glass, or a compound parabolic

concentrator. In some embodiments the concentrator comprises a_ cylindrical

structure having a truncated circular conical structure on top. The truncated section

ig adjacent the detector. The light concentrator is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site, and to direct the

reflected light to the detector.
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[0013] In accordance with certain embodiments of the present disclosure,

the processor is configured to determine an average level of the light detected by

the detector. The average level of light is used to determine a physiological

parameterin the tissue measurementsite.

[0014] According to another embodiment, a method to determine a

constituent or analyte in a patients blood is disclosed. The method includes

emitting, from an emitter, light of at least one wavelength; spreading, with a diffuser,

the emitted light and emitting the spread light from the diffuser to a tissue

measurement site; receiving, by a concentrator, the spread light after the spread

light has been attenuated by the tissue measurement site; concentrating, by the

concentrator, the received light and emitting the concentrated light from the

concentrator to a detector; detecting, with the detector, the emitted concentrated

light; transmitting, from the detector, a signal responsive to the detected light;

receiving, by a processor, the transmitted signal responsive to the detected light;

and processing, by the processor, the received signal responsive to the detected

light to determine a physiological parameter.

[0015] In some embodimenis, the method to determine a constituent or

analyte in a patient’s blood includesfiltering, with a light-absorbing detector filter,

scattered portions of the emitted spread light. According to an embodiment, the

light-absorbing detectorfilter is substantially rectangular in shape and has outer

dimensionsin the range of approximately 1-5 cm in width and approximately 2-8 cm

in length, and has an opening through which emitted light may pass, the opening

having dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-7 cm in length. In another embodiment, the light-absorbing detector

filter is substantially square in shape and has outer dimensions in the range of

approximately 0.25-10 cm*, and has an opening through which emitted light may

pass, the opening having dimensions in the range of approximately 0.1-8cm?. In yet

another embodiment, the light-absorbing detector filter is substantially rectangularin

shape and has outer dimensions of approximately 3 cm in width and approximately

6 cm in length, and has an apening through which emitted light may pass, the
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opening having dimensions of approximately 1.5 cm in width and approximately 4

cm in length.

[0016] In still other embodiments of the method to determine a constituent

or analyte in a patient’s blood, spreading, with a diffuser, the emitted light and

emitting the spread light from the diffuser to a tissue measurementsite is performed

by at least one of a glass diffuser, a ground glass diffuser, a glass bead diffuser, an

opal glass diffuser, and an engineered diffuser. In some embodiments the emitted

spread light is emitted with a substantially uniform intensity profile. And in some

embodiments, emitting the spread light from the diffuser to the tissue measurement

site includes spreading the emitted light so as to define a surface area shape by

which the emitted spread light is distributed onto a surface of the tissue

measurementsite.

[0017] According to yet another embodiment, a pulse oximeter is

disclosed. The pulse oximeter includes an emitter configured to emit light at one or

more wavelengths. The pulse oximeter also includes a diffuser configured to receive

the emitted light, to spread the received light, and to emit the spread light directed at

a tissue measurementsight. The pulse oximeter also includes a detector configured

to detect the emitted spread light after being attenuated by or reflected from the

tissue measurementsite and to transmit a signal indicative of the detected light. The

pulse oximeter also includes a processor configured to receive the transmitted

signal and to process the received signal to determine an average absorbance of a

blood constituent or analyte in the tissue measurement site over a larger

measurement site area than can be performed with a point light source or point

detector. In some embodiments,the diffuser is further configured to define a surface

area shape by which the emitted spread light is distributed onto a surface of the

tissue measurementsite, and the detectoris further configured to have a detection

area corresponding to the defined surface area shape by which the emitted spread

light is distributed onto the surface of the tissue measurement site. According to

some embodiments, the detector comprises an array of detectors configured to

cover the detection area. In still other embodiments, the processor is further

configured to determine an averageof the detected light.
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[0018] For purposes of summarizing, certain aspects, advantages and

novel features of the disclosure have been described herein. It is to be understood

that not necessarily all such advantages can be achieved in accordance with any

particular embodiment of the systems, devices and/or methods disclosed herein.

Thus, the subject matter of the disclosure herein can be embodied or carried outin

a manner that achieves or optimizes one advantage or group of advantages as

taught herein without necessarily achieving other advantages as can be taught or

suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Throughout the drawings, reference numbers can be re-used to

indicate correspondence between referenced elements. The drawings are provided

to illustrate embodiments of the disclosure described herein and not to limit the

scope thereof.

[0020] _—=*FIG. 1 illustrates a conventional approach to [[2D]|two-dimensional

pulse oximetry in which the emitter is configured to emit optical radiation as a point

optical source.

[0021] FIG.2 illustrates the disclosed [[SD]]three-dimensional approach to

pulse oximetry in which the emitted light irradiates a substantially larger volume of

tissue as compared to the point source approach described with respect to FlG-

2AFIG.1.

[0022] FIG. 3 illustrates schematically a side view of a [[3D]|three-

dimensional pulse oximetry sensor according to an embodiment of the present

disclosure.

[0023] FIG. 4A is a top view of a portion of a [[8D]|three-dimensional pulse

oximetry sensor according to an embodiment of the present disclosure.

[0024] FIG. 4B illustrates the top view of a portion of the [[SD]]three-

dimensional pulse oximetry sensor shown in FIG. 4A, with the addition of a tissue

measurementsite in operational position.

[0025] FIG. 5 illustrates a top view of a [[8D]]three-dimensional pulse

oximetry sensor according to an embodiment of the present disclosure.
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[0026] FIG.6 illustrates a conventional [[2D]|two-dimensional approach to

reflective pulse oximetry in which the emitter is configured to emit optical radiation

as a point optical source.

[0027] FIG. 7Ais a simplified schematic side view illustration of a reflective

[[3D]|three-dimensional pulse oximetry sensor according to an embodiment of the

presentdisclosure.

[0028] FIG. 7B is a simplified schematic top view illustration of the

[[3D]]three-dimensionalreflective pulse oximetry sensor of FIG. 7A.

[0029] FIG.8illustrates a block diagram of an example pulse oximetry

system capable of noninvasively measuring one or more blood analytes in a

monitored patient, according to an embodimentof the disclosure.

DETAILED DESCRIPTION

[0030] FIG. 1 illustrates schematically a conventional pulse oximetry

sensor having a two-dimensional (2D) approach to pulse oximetry. Asillustrated,

the emitter 104 is configured to emit optical radiation as a point optical source, /.e.,

an optical radiation source that has negligible dimensions such that it may be

considered as a point. This approach is referred to herein as “two-dimensional”

pulse oximetry because it applies a two-dimensional analytical model to the three-

dimensional space of the tissue measurement site 102 of the patient. Point optical

sources feature a defined, freely selectable, and homogeneous light beam area.

Light beams emitted from LED point sources often exhibit a strong focus which can

produce a usually sharply-defined and evenly-lit illuminated spot often with high

intensity dynamics. Illustratively, when looking at the surface of the tissue

measurementsite 102 (or “sample tissue”), which in this example is a finger, a small

point-like surface area of tissue 204 is irradiated by a point optical source. In some

embodiments, the irradiated circular area of the point optical source is in the range

between 8 and 150 microns. Illustratively, the emitted point optical source of light

enters the tissue measurement site 102 as a point of light. As the light penetrates

the depth of the tissue 102, it does so as a line or vector, representing a
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two-dimensional construct within a three-dimensional structure, namely the patient's

tissue 102.

[0031] Use of a point optical source is believed to reduce variability in light

pathlength which would lead to more accurate oximetry measurements. However,in

practice, photons do nottravel in straight paths. Instead, the light particles scatter,

bouncing around between various irregular objects (such as, for example, red blood

cells) in the patient’s blood. Accordingly, photon pathlengths vary depending on,

among other things, their particular journeys through and around the tissue at the

measurementsite 102. This phenomencnis referred to as “multiple scattering.” In a

study, the effects of multiple scattering were examined by comparing the results of

photon diffusion analysis with those obtained using an analysis based on the Beer-

Lambert law, which neglects multiple scattering in the determination of light

pathlength. The study found that that the difference between the average lengths of

the paths traveled by red and infrared photons makes the oximeter’s calibration

curve (based on measurements obtained from normal subjects) sensitive to the total

attenuation coefficients of the tissue in the two wavelength bands used for pulse

oximetry, as well as to absorption by the pulsating arterial blood.

[0032] FIG.2 illustrates schematically the disclosed systems, devices, and

methods to implement three-dimensional (3D) pulse oximetry in which the emitted

light irradiates a larger volume of tissue at the measurement site 102 as compared

to the 2D point optical source approach described with respect to FIG. 1. In an

embodiment, again looking at the surface of the tissue measurementsite 102, the

irradiated surface area 206 of the measurementsite 102 is substantially rectangular

in shape with dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-6 cm in length. in another embodiment, the irradiated surface area

206 of the measurement site 102 is substantially rectangular in shape and has

dimensions of approximately 1.5 cm in width and approximately 2 cm in length. In

another embodiment, the irradiated surface area 206 of the measurementsite 102

is substantially rectangular in shape and has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the irradiated

surface area 206 of the measurementsite 102 is substantially rectangular in shape
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has dimensions of approximately 1 cm in width and approximately 1.5 cm in length.

ln yet another embodiment, the irradiated surface area 206 of the measurementsite

102 is substantially square in shape and has dimensionsin a range of approximately

0.25-9 cm*. In certain embodiments, the irradiated surface area 206 of the

measurement site 102 is within a range of approximately 0.5-2 cm in width, and

approximately 1-4 cm in length. Of course a skilled artisan will appreciate that many

other shapes and dimensions of irradiated surface area 206 can be used.

Advantageously, by irradiating the tissue measurement site 102 with a surface area

206, the presently disclosed systems, devices, and methods apply a_ three-

dimensional analytical model to the three-dimensional structure being measured,

namely, the patient’s sample tissue 102.

[0033] According to the Beer-Lambert law, the amountof light absorbed

by a substance is proportional to the concentration of the light-absorbing substance

in the irradiated solution (/e., arterial blood). Advantageously, by irradiating a larger

volume of tissue 102, a larger sample size of light attenuated (or reflected) by the

tissue 102 is measured. The larger, 3D sample provides a data set that is more

representative of the complete interaction of the emitted light as it passes through

the patient's blood as compared to the 2D point source approach described above

with respect to FIG. 1. By taking an average of the detected light, as detected over a

surface area substantially larger than a single point, the disclosed pulse oximetry

systems, devices, and methods will yield a more accurate measurement of the

emitted light absorbed by the tissue, which will lead to a more accurate oxygen

saturation measurement.

[0034] FIG. 3 illustrates schematically a side view of a pulse oximetry 3D

sensor 300 according to an embodiment of the present disclosure. In the illustrated

embodiment, the 3D sensor 300 irradiates the tissue measurement site 102 and

detects the emitted light, after being attenuated by the tissue measurementsite 102.

In other embodiments, for example, as describe below with respect to FIGS. 7A and

7B, the 3D sensor 300 can be arranged to detectlight that is reflected by the tissue

measurement site 102. The 3D sensor 300 includes an emitter 302, a light diffuser

304, a light-absorbing detectorfilter 306, a light concentrator 308, and a detector
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310. In some optional embodiments, the 3D sensor 300 further includes a reflector

305. The reflector 305 can be a metallic reflector or other type of reflector.

Reflector 305 can be a coating, film, layer or other type of reflector. The reflector

305 can serve as a reflector to prevent emitted light from emitting out of a top

portion of the light diffuser 304 such that light from the emitter 302 is directed in the

tissue rather than escaping out of a side or top of the light diffuser 304. Additionally,

the reflector 305 can prevent ambient light from entering the diffuser 304 which

might ultimately cause errors within the detected light. The reflector 305 also

prevent light piping that might occur if light from the detector 302 is able to escape

from the light diffuser 304 and be pipped around a sensor securement mechanism

to detector 310 without passing through the patient’s tissue 102.

[0035] The emitter 302 can serve as the source of optical radiation

transmitted towards the tissue measurement site 102. The emitter 302 can include

one or more sources of optical radiation, such as LEDs, laser diodes, incandescent

bulbs with appropriate frequency-selective filters, combinations of the same,or the

like. In an embodiment, the emitter 302 includes sets of optical sources that are

capable of emitting visible and near-infrared optical radiation. In some

embodiments, the emitter 302 transmits optical radiation of red and infrared

wavelengths, at approximately 650 nm and approximately 940 nm, respectively. In

some embediments, the emitter 302 includes a single source optical radiation.

[0036] Thelight diffuser 304 receives the optical radiation emitted from the

emitter 302 and spreads the optical radiation over an area, such as the area 206

depicted in FIG. 2. In some embodiments, the light diffuser 304 is a beam shaper

that can homogenize the input light beam from the emitter 302, shape the output

intensity profile of the received light, and define the way (e.g., the shape or pattern)

the emitted light is distributed to the tissue measurement site 102. Examples of

materials that can be used to realize the light diffuser 304 include, without limitation,

a white surface, glass, ground glass, glass beads, polytetrafluoroethylene (also

known as Tefion®, opal glass, and greyed glass, to name a few. Additionally,

engineered diffusers can be used to realize the diffuser 304 by providing customized

light shaping with respect to intensity and distribution. Such diffusers can, for
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example, deliver substantially uniform illumination over a specified target area (such

as, for example, irradiated surface area 206) in an energy-efficient manner.

Examples of engineered diffusers can include moided plastics with specific shapes,

patterns or textures designed to diffuse the emitter light across the entirety of the

patient’s tissue surface.

[0037] Advantageously, the diffuser 304 can receive emitted light in the

form of a point optical source and spread the light to fit a desired surface area ona

plane defined by the surface of the tissue measurementsite 102. In an embodiment,

the diffuser 304 is made of ground glass which spreads the emitted light with a

Gausian intensity profile. In another embodiment the diffuser 304 includes glass

beads. In some embodiments, the diffuser 304 is constructed so as to diffuse the

emitted light in a Lambertian pattern. A Lambertian pattern is one in which the

radiation intensity is substantially constant throughout the area of dispersion. One

such diffuser 304 is made from opal glass. Opal glass is similar to ground glass, but

has one surface coated with a milky white coating to diffuse light evenly. In an

embodiment, the diffuser 304 is capable of distributing the emitted light on the

surface of a plane (e.g., the surface of the tissue measurement site 102) in a

predefined geometry (e.g., a rectangle, square, or circle), and with a substantially

uniform intensity profile and energy distribution. In some embodiments, the

efficiency, or the amountof light transmitted by the diffuser 304, is greater than 70%

of the light emitted by the emitter 302. In some embodiments, the efficiency is

greater than 90%of the emitted light. Other optical elements known in the art may

be used for the diffuser 304.

[0038] In an embodiment, the diffuser 304 has a substantially rectangular

shape having dimensions within a range of approximately 0.5-2 cm in width and

approximately 1-4 centimeters in length. In another embodiment, the substantially

rectangular shape of the diffuser 304 has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the diffuser’s 304

substantially rectangular shape has dimensions of approximately 1 cm in width and

approximately 1.5 cm in length. In yet another embodiment, the diffuser 304 has a
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subsiantially square shape with dimensions in the range of approximately

0.25-10 cm’.

[0039] The light-absorbing detector filter 306, which is also depicted in

FIG. 4A in a top view, is a planar surface having an opening 402 through which the

emitted light may pass after being attenuated by the tissue measurement site 102.

In the depicted embodiment, the opening 402 is rectangular-shaped, with

dimensions substantially similar to the irradiated surface area 206. According to an

embodiment, the light-absorbing detector filter is substantially rectangular in shape

and has outer dimensions of 4 cm in width and 8 cm in length, and has an opening

through which emitted light may pass, the opening having dimensions of 2 cm in

width and 5 cm in length. In another embodiment, the light-absorbing detector filter

ig substantially rectangular in shape and has outer dimensions in the range of

1-3 cm in width and 2-8 cm in length, and has an opening through which emitted

light may pass, the opening having dimensions in the range of 0.25-2 cm in width

and 1-4 cm in length. In yet another embodiment, the light-absorbing detector filter

is substantially rectangular in shape and has outer dimensions of 3 cm in width and

6 cm in length, and has an opening through which emitted light may pass, the

opening having dimensions of 1.5 cm in width and 4 cm in length.

[0040] The top surface of the light-absorbingfilter 306 (facing the tissue

measurement site 102 and the emitter 302) is coated with a material that absorbs

light, such as, for example, black pigment. Many other types of light-absorbing

materials are well known in the art and can be used with the detector filter 306.

During operation, light emitted from the emitter 302 can reflect off of the tissue

measurement site 102 (or other structures within the 3D sensor 300) to neighboring

portions of the 3D sensor 300. If those neighboring portions of the 3D sensor 300

possess reflective surfaces, then the light can reflect back to the tissue

measurement site 102, progress through the tissue and arrive at the detector 310.

Such multiple scattering can result in detecting photons whose pathlengths are

considerably longer than most of the light that is detected, thereby introducing

variations in pathlength which will affect the accuracy of the measurements of the

pulse oximetry 3D sensor 300. Advantageously, the light-absorbing filter 306
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reduces or eliminates the amount of emitted light that is reflected in this manner

because it absorbs such reflected light, thereby stopping the chain of scattering

events. In certain embodiments, the sensor-facing surfaces of other portions of the

3D sensor 300 are covered in light-abserbing material to further decrease the effect

of reflective multiple scattering.

[0041] The light concentrator 308 is a structure to receive the emitted

optical radiation, after attenuation by the tissue measurementsite 102, to collect and

concentrate the dispersed optical radiation, and to direct the collected and

concentrated optical radiation to the detector 310. In an embodiment, the light

concentrator 308 is made of ground glass or glass beads. In some embodiments,

the light concentrator 308 includes a compound parabolic concentrator.

[0042] As described above with respect to FIG. 1, the detector 310

captures and measureslight from the tissue measurement site 102. For example,

the detector 310 can capture and measure light transmitted from the emitter 302

that has been attenuated by the tissue in the measurementsite 102. The detector

310 can output a detector signal responsive to the light captured or measured. The

detector 310 can be implemented using one or more photodiodes, phototransistors,

or the like. In addition, a plurality of detectors 310 can be arranged in an array with a

spatial configuration corresponding to the irradiated surface area 206 to capture the

attenuated or reflected light from the tissue measurementsite.

[0043] Referring to FIG. 4A, a top view of a portion of the 3D sensor 300 is

provided. The light-absorbing detectorfilter 306 is illustrated having a top surface

coated with a light-absorbing material. The light-absorbing material can be a black

opaque material or coating or any other dark color or coating configured to absorb

light. Additionally, a rectangular opening 402 is positioned relative to the light

concentrator 308 (shown in phantom) and the detector 310 such that light may pass

through the rectangular opening 402, into the light concentrator 308, and to the

detector 310. FIG. 4B illustrates the top view of a portion of the 3D sensor 300 asin

FIG. 4A, with the addition of the tissue measurement site 102 in operational

position. Accordingly, the rectangular opening 402, the light concentrator 308 and

the detector 310 are shown in phantom as being under the tissue measurementsite
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102. In FIGS. 4A and 4B, the light concentrator 308 is shown to have dimensions

significantly larger than the dimensions of the rectangular opening 402. In other

embodiments, the dimensions of the light concentrator 308, the rectangular opening

402, and the irradiated surface area 206 are substantially similar.

[0044] FIG.5illustrates a top view of a 3D pulse oximetry sensor 500

according to an embodiment of the present disclosure. The 3D sensor 500 is

configured to be worn on a patient's finger 102. The 3D sensor 500 includes an

adhesive substrate 502 having tront flaps 504 and rear flaps 506 extending outward

from a center portion 508 of the 3D sensor 500. The center portion 508 includes

components of the 3D pulse oximetry sensor 300 described with respect to FIGS. 3,

4A and 4B. On thefront side of the adhesive substrate 502 the emitter 302 and the

light diffuser 304 are positioned. On the rear side of the adhesive substrate 502 the

light-absorbent detector filter 306, the light concentrator 308 and the detector 310

are positioned. In use, the patient’s finger serving as the tissue measurementsite

102 is positioned over the rectangular opening 402 such that when the front portion

of the adhesive subsirate is folded over on top of the patient’s finger 102, the emitter

302 and the light diffuser 304 are aligned with the measurementsite 102, thefilter

306, the light concentrator 308 and the detector 310. Once alignment is established,

the front and rear flaps 504, 506 can be wrapped around the finger measurement

site 102 such that the adhesive substrate 502 provides a secure contact between

the patient's skin and the 3D sensor 500. Fig. 5 also illustrates an example of a

sensor connector cable 510 which is used to connect the 3D sensor 500 to a

monitor 809, as described with respect to FIG. 8.

[0045] ==FIG.6 is a simplified schematic illustration of a conventional, 2D

approach to reflective pulse oximetry in which the emitter is configured to emit

optical radiation as a point optical source. Reflective pulse oximetry is a method by

which the emitter and detector are located on the same side of the tissue

measurement site 102. Light is emitted into a tissue measurement site 102 and

attenuated. The emitted light passes into the tissue 102 and is then reflected back

to the sameside of the tissue measurementsite 102 as the emitter. Asillustrated in

FIG. 6, a depicted reflective 2D pulse oximetry sensor 600 includes an emitter 602,
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a light block 606, and a detector 610. The light block 606 is necessary because the

emitter 602 and the detector 610 are located on the same side of the tissue

measurement site 102. Accordingly, the light block 606 prevenis incident emitter

light, which did not enter the tissue measurement site 102, from arriving at the

detector 610. The depicted 2D pulse oximetry sensor 600 is configured to emit light

as a point source. As depicted in FIG. 6, a simplified illustration of the light path 620

of the emitted light from the emitter 602, through the tissue measurementsite 102,

and to the detector 610 is provided. Notably, a point source of light is emitted, and a

point source of light is detected. As discussed above with respect to FIG. 1, use ofa

point optical source can result in substantial measurement error due to pathlength

variability resulting from the multiple scatter phenomenon. The sample space

provided by a 2D point optical emitter source is not large enough to account for

pathlength variability, which will skew measurementresuits.

[0046] FIGS. 7A and 7B are simplified schematic side and top views,

respectively, of a 3D reflective pulse oximetry sensor 700 according to an

embodiment of the present disclosure. In the illustrated embodimeni, the 3D sensor

700 irradiates the tissue measurement site 102 and detects the emitted light that is

reflected by the tissue measurement site 102. The 3D sensor 700 can be piaced on

a portion of the patient's body that has relatively flat surface, such as, for example a

wrist, because the emitter 702 and detector 710 are on located the same side of the

tissue measurement site 102. The 3D sensor 700 includes an emitter 702, a light

diffuser 704, a light block 706,a light concentrator 708, and a detector 710.

[0047] As previously described, the emitter 702 can serve as the source of

optical radiation transmitted towards the tissue measurement site 102. The emitter

702 can include one or more sources of optical radiation. Such sources of optical

radiation can include LEDs, laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same,or the like. In an embodiment,

the emitter 702 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation. In some embodiments, the emitter 702 transmits

optical radiation of red and infrared wavelengths, at approximately 650 nm and
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approximately 940 nm, respectively. In some embodiments, the emitter 702 includes

a single source of optical radiation.

[0048] Thelight diffuser 704 receives the optical radiation emitted from the

emitter 302 and homogenously spreads the optical radiation over a wide, donut-

shaped area, such as the area outlined by the light diffuser 704 as depicted in FIG.

7B. Advantageously, the diffuser 704 can receive emitted light in the form of a 2D

point optical source (or any other form) and spread the light to fit the desired surface

area on a plane defined by the surface of the tissue measurement site 102. In an

embodiment, the diffuser 704 is made of ground glass or glass beads. A skilled

artisan will understand that may other materials can be used to make the light

diffuser 704.

[0049] The light blocker 706 includes an annular ring having a cover

portion 707 sized and shaped to form a light isolation chamber for the light

concentrator 708 and the detector 710. (For purposesofillustration, the light block

cover 707 is notillustrated in FIG. 7B.) The light blocker 706 and the cover 707 can

be made of any material that optically isolates the light concentrator 708 and the

detector 710. Thelight isolation chamber formed by the light blocker 706 and cover

708 ensures that the only light detected by the detector 710 is light that is reflected

from the tissue measurementsite.

[0050] The light concentrator 708 is a cylindrical structure with a truncated

circular conical structure on top, the truncated section of which of which is adjacent

the detector 710. The light concentrator 708 is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site 102, and to direct

the reflected light to the detector 710. In an embodiment, the light concentrator 708

is made of ground glass or glass beads. In some embodiments, the light

concentrator 708 includes a compound parabolic concentrator.

[0051] As previously described, the detector 710 captures and measures

light from the tissue measurement site 102. For example, the detector 710 can

capture and measurelight transmitted from the emitter 702 that has been reflected

from the tissue in the measurementsite 102. The detector 710 can output a detector

signal responsive to the light captured or measured. The detector 710 can be
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implemented using one or more photodiodes, phototransistors, or the like. In

addition, a plurality of detectors 710 can be arranged in an array with a spatial

configuration corresponding to the irradiated surface area depicted in FIG. 7B by the

light concentrator 708 to capture the reflected light from the tissue measurement

site.

[0052] Advantageously, the light path 720 illustrated in FIG. 7A depicts a

substantial sample of reflected light that enter the light isolation chamber formed by

the light blocker 706 and cover 707. As previously discussed, the large sample of

reflected light (as compared to the reflected light collected using the 2D point optical

source approach) provides the opportunity to take an average of the detected light,

to derive a more accurate measurement of the emitted light absorbed by the tissue,

which will lead to a more accurate oxygen saturation measurement.

[0053] Referring now to FIG. 7B, a top view of the 3D sensor 700 is

illustrated with both the emitter 702 and the light blocker cover 707 removed for

ease of illustration. The outer ring illustrates the footprint of the light diffuser 704. As

light is emitted from the emitter 702 (not shown in FIG. 7B), it is diffused

homogenously and directed to the tissue measurement site 102. The light blocker

706 forms the circular wall of a light isolation chamber to keep incident light from

being sensed by the detector 710. The light blocker cover 707 blocksincidentallight

from entering the light isolation chamber from above. The light concentrator 710

collects the reflected light from the tissue measurement site 102 and funnels it

upward toward the detector 710 at the center of the 3D sensor 700.

[0054] FIG. 8 illustrates an example of an optical physiological

measurement system 800, which may also be referred to herein as a pulse oximetry

system 800. In certain embodiments, the pulse oximetry system 800 noninvasively

measures a blood analyte, such as oxygen, carboxyhemoglobin, methemoglobin,

total hemoglobin, glucose, proteins, lipids, a percentage thereof (e.g., saturation),

pulse rate, perfusion index, oxygen content, total hemoglobin, Oxygen Reserve

Index™ (on™) or many other physiologically relevant patient characteristics. These

characteristics can relate to, for example, pulse rate, hydration, trending information

and analysis, and the like. The system 800 can also measure additional blood
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analytes and/or other physiological parameters useful in determining a state or trend

of wellness of a patient.

[0055] The pulse oximetry system 800 can measure analyte

concentrations at least in part by detecting optical radiation attenuated by tissue ata

measurement site 102. The measurement site 102 can be any location on a

patient’s body, such asafinger, foot, earlobe, wrist, forehead,or the like.

[0056] The pulse oximetry system 800 can include a sensor 801 (or

multiple sensors) that is coupled to a processing device or physiological monitor

809. In an embodiment, the sensor 801 and the monitor 809 are integrated together

into a single unit. In another embodiment, the sensor 801 and the monitor 809 are

separate from each other and communicate with one another in any suitable

manner, such as via a wired or wireless connection. The sensor 801 and monitor

809 can be attachable and detachable from each other for the convenience of the

user or caregiver, for ease of storage, sterility issues, or the like.

[0057] In the depicted embodiment shown in FIG. 8, the sensor 801

includes an emitter 804, a detector 806, and a front-end interface 808. The emitter

804 can serve as the source of optical radiation transmitted towards measurement

site 102. The emitter 804 can include one or more sourcesof optical radiation, such

as light emitting diodes (LEDs), laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same, or the like. In an embodiment,

the emitter 804 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation.

[0058] The pulse oximetry system 800 also includes a driver 811 that

drives the emitter 804. The driver 111 can be a circuit or the like that is controlled by

the monitor 809. For example, the driver 811 can provide pulses of current to the

emitter 804. In an embodiment, the driver 811 drives the emitter 804 in a

progressive fashion, such as in an alternating manner. The driver 811 can drive the

emitter 804 with a series of pulses for some wavelengths that can penetrate tissue

relatively well and for other wavelengths that tend to be significantly absorbed in

tissue. A wide variety of other driving powers and driving methodologies can be

used in various embodiments. The driver 811 can be synchronized with other parts
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of the sensor 801 to minimize or reduce jitter in the timing of pulses of optical

radiation emitted from the emitter 804. In some embodiments, the driver 811 is

capable of driving the emitter 804 to emit optical radiation in a pattern that varies by

less than about 10 parts-per-million.

[0059] The detector 806 captures and measures light from the tissue

measurement site 102. For example, the detector 806 can capture and measure

light transmitted from the emitter 804 that has been attenuated or reflected from the

tissue at the measurement site 102. The detector 806 can output a detector signal

107 responsive to the light captured and measured. The detector 806 can be

implemented using one or more photodiodes, phototransistors, or the like. In some

embodiments, a detector 806 is implemented in detector package to capture and

measure light from the tissue measurement site 102 of the patient. The detector

package can include a photodiode chip mounted to leads and enclosed in an

encapsulant. In some embodiments, the dimensions of the detector package are

approximately 2 square centimeters. In other embodiments, the dimensions of the

detector package are approximately 1.5 centimeters in width and approximately 2

centimeters in length.

[0060] The front-end interface 808 provides an interface that adapts the

output of the detectors 806, which is responsive to desired physiological

parameters. For example, the front-end interface 808 can adapt the signal 807

received from the detector 806 into a form that can be processed by the monitor

809, for example, by a signal processor 810 in the monitor 809. The front-end

interface 808 can have its components assembled in the sensor 801, in the monitor

809, in a connecting cabling (if used), in combinations of the same,or the like. The

location of the front-end interface 808 can be chosen based on various factors

including space desired for components, desired noise reductions or limits, desired

heat reductions or limits, and the like.

[0061] The front-end interface 808 can be coupled to the detector 806 and

to the signal processor 810 using a bus, wire, electrical or optical cable, flex circuit,

or same other form of signal connection. The front-end interface 808 can aiso be at

least partially integrated with various components, such as the detectors 806. For
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example, the front-end interface 808 can include one or more integrated circuits that

are on the samecircuit board as the detector 806. Other configurations can also be

used.

[0062] As shown in FIG. 8, the monitor 909 can include the signal

processor 810 and a user interface, such as a display 812. The monitor 809 can

also include optional outputs alone or in combination with the display 812, such as a

storage device 814 and a network interface 816. In an embodiment, the signal

processor 810 includes processing logic that determines measurements for desired

analytes based on the signals received from the detector 806. The signal processor

810 can be implemented using one or more microprocessors or sub-processors

(é.g., cores), digital signal processors, application specific integrated circuits

(ASICs), field programmable gate arrays (FPGAs), combinations of the same, and

the like.

[0063] The signal processor 810 can provide various signals that control

the operation of the sensor 801. For example, the signal processor 810 can provide

an emitter control signal to the driver 811. This control signal can be useful in order

to synchronize, minimize, or reducejitter in the timing of pulses emitted from the

emitter 804. Accordingly, this contro! signal can be useful in order to cause optical

radiation pulses emitted from the emitter 804 to follow a precise timing and

consistent pattern. For example, when a transimpedance-based front-end interface

808 is used, the control signal from the signal processor 810 can provide

synchronization with an analog-to-digital converter (ADC) in order to avoid aliasing,

cross-talk, and the like. As also shown, an optional memory 813 can be included in

the front-end interface 808 and/or in the signal processor 810. This memory 813 can

serve as a buffer or storage location for the front-end interface 808 and/orthe signal

processor 810, among otheruses.

[0064] The user interface 812 can provide an output, e.g., on a display, for

presentation to a user of the pulse oximetry system 800. The user interface 812 can

be implemented as a touch-screen display, a liquid crystal display (LCD), an organic

LED display, or the like. In alternative embodiments, the pulse oximetry system 800
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can be provided without a user interface 812 and can simply provide an output

signal to a separate display or system.

[0065] The storage device 814 and a network interface 816 represent

other optional output connections that can be included in the monitor 809. The

storage device 814 can include any computer-readable medium, such as a memory

device, hard disk storage, EEPROM, flash drive, or the like. The various software

and/or firmware applications can be stored in the storage device 814, which can be

executed by the signal processor 810 or another processor of the monitor 809. The

network interface 816 can be a serial bus port (RS-232/RS-485), a Universal Serial

Bus (USB) port, an Ethernet port, a wireless interface (e.g., WiFi such as any 802.1x

interface, including an internal wireless card), or other suitable communication

device(s) that allows the monitor 809 to communicate and share data with other

devices. The monitor 809 can also include various other componenis not shown,

such as a microprocessor, graphics processor, or controller to output the user

interface 812, to control data communications, to compute data trending, or to

perform other operations.

[0066] Although not shown in the depicted embodiment, the pulse

oximetry system 800 can include various other components or can be configured in

different ways. For example, the sensor 801 can have both the emitter 804 and

detector 806 on the same side of the tissue measurement site 102 and use

reflectance tea measure analytes.

[0067] Although the foregoing disclosure has been described in terms of

certain preferred embodiments, many other variations than those described herein

will be apparent to those of ordinary skill in the art.

[0068] Conditional language used herein, such as, among others, "can,"

“might,” "may," "e.g.," and the like, unless specifically stated otherwise, or otherwise

understood within the context as used, is generally intended to convey that certain

embodiments include, while other embodiments do not include, certain features,

elements and/or states. Thus, such conditional language is not generally intended to

imply that features, elements and/or states are in any way required for one or more

embodiments or that one or more embodiments necessarily include logic for
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deciding, with or without author input or prompting, whether these features,

elements and/or states are included or are to be performed in any particular

embodiment. The terms “comprising,” “including,” “having,” and the like are

synonymous and are used inclusively, in an open-ended fashion, and do not

exclude additional elements, features, acts, operations, and so forth. Also, the term

“or" is used in its inclusive sense (and not in its exclusive sense) so that when used,

for example, to connecta list of elements, the term “or” means one, some, orall of

the elements in the list. Further, the term “each,” as used herein, in addition to

having its ordinary meaning, can mean any subset of a set of elements to which the

term "each"is applied.

[0069] While the above detailed description has shown, described, and

pointed out novel features as applied to various embodiments, it will be understood

that various omissions, substitutions, and changes in the form and details of the

systems, devices or algorithmsillustrated can be made without departing from the

spirit of the disclosure. As will be recognized, certain embodiments of the disclosure

described herein can be embadied within a form that does not provide all of the

features and benefits set forth herein, as some features can be used or practiced

separately from others.

[0070] The term “and/or” herein has its broadest, least limiting meaning

which is the disclosure includes A alone, B alone, both A and B together, or A or B

alternatively, but does not require both A and B or require one of A or one of B. As

used herein, the phrase “at least one of” A, B, “and” C should be construed to mean

a logical A or B or C, using a non-exclusive logical or.

[0071] The apparatuses and methods described herein may be

implemented by one or more computer programs executed by one or more

processors. The computer programs include processor-executable instructions that

are stored on a non-transitory tangible computer readable medium. The computer

programs may also include stored data. Non-limiting examples of the non-transitory

tangible computer readable medium are nonvolatile memory, magnetic storage, and

optical storage. Although the foregoing disclosure has been described in terms of

certain preferred embodiments, other embodiments will be apparent to those of
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ordinary skill in the art from the disclosure herein. Additionally, other combinations,

omissions, substitutions and modifications will be apparent to the skilled artisan in

view of the disclosure herein. Accordingly, the present invention is not intended to

be limited by the description of the preferred embodiments, but is to be defined by

reference to claims.

[0072] Additionally, all publications, patents, and patent applications

mentioned in this specification are herein incorporated by reference to the same

extent as if each individual publication, patent, or patent application were specifically

and individually indicated to be incorporated by reference.
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MASIMO.1007A PATENT

ADVANCED PULSE OXIMETRY SENSOR

INCORPORATION BY REFERENCETO ANY PRIORITY APPLICATIONS

[0001] This present application claims priority benefit under 35 U.S.C. §

119(e) from U.S. Provisional Application No. 62/188,430, filed July 2, 2015, entitled

“Advanced Pulse Oximetry Sensor,” which is incorporated by reference herein. Any

and all applications for which a foreign or domestic priority claim is identified in the

Application Data Sheet as filed with the present application are hereby incorporated

by reference under 37 CFR 1.57.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field of non-invasive

optical-based physiological monitoring sensors, and more particularly to systems,

devices and methods for improving the non-invasive measurement accuracy of

oxygen saturation, among other physiological parameters.

BACKGROUND

[0003] Spectroscopy is a common technique for measuring the

concentration of organic and some inorganic constituents of a solution. The

theoretical basis of this technique is the Beer-Lambert law, which states that the

concentration c, of an absorbent in solution can be determined bythe intensity of light

transmitted through the solution, knowing the pathlengthd,, the intensity of the

incidentlight/,,,and the extinction coefficient ¢,, at a particular wavelength A.

[0004] In generalized form, the Beer-Lambert law is expressed as:

I, = Ie. d, . Hua (1 )

Mi = Sea °C; (2)i=]

where ba, is the bulk absorption coefficient and represents the probability of

absorption per unit length. The minimum numberof discrete wavelengths that are
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required to solve equations 1 and 2 is the numberof significant absorbers that are

present in the solution.

[0005] A practical application of this technique is pulse oximetry, which

utilizes a noninvasive sensor to measure oxygen saturation and pulse rate, among

other physiological parameters. Pulse oximetry relies on a sensor attached

externally to the patient to output signals indicative of various physiological

parameters, such as a patient’s blood constituents and/or analytes, including for

example a percent value for arterial oxygen saturation, among other physiological

parameters. The sensor has an emitter that transmits optical radiation of one or

more wavelengths into a tissue site and a detector that respondsto the intensity of

the optical radiation after absorption by pulsatile arterial blood flowing within the

tissue site. Based upon this response, a processor determines the relative

concentrations of oxygenated hemoglobin (HbO2z) and deoxygenated hemoglobin

(Hb) in the blood so as to derive oxygen saturation, which can provide early

detection of potentially hazardous decreases in a patient’s oxygen supply.

[0006] A pulse oximetry system generally includes a patient monitor, a

communications medium such as a cable, and/or a physiological sensor having one

or more light emitters and a detector, such as one or more light-emitting diodes

(LEDs) and a photodetector. The sensor is attached to a tissue site, such as a

finger, toe, earlobe, nose, hand, foot, or other site having pulsatile blood flow which

can be penetrated by light from the one or more emitters. The detector is responsive

to the emitted light after attenuation or reflection by pulsatile blood flowing in the

tissue site. The detector outputs a detector signal to the monitor over the

communication medium. The monitor processes the signal to provide a numerical

readout of physiological parameters such as oxygen saturation (SpO2) and/or pulse

rate. A pulse oximetry sensor is described in U.S. Patent No. 6,088,607 entitled Low

Noise Optical Probe; pulse oximetry signal processing is described in U.S. Patent

Nos. 6,650,917 and 6,699,194 entitled Signal Processing Apparatus and Signal

Processing Apparatus and Method, respectively; a pulse oximeter monitor is

described in U.S. Patent No. 6,584,336 entitled Universal/Upgrading Pulse
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Oximeter, all of which are assigned to Masimo Corporation, Irvine, CA, and eachis

incorporated by reference herein in its entirety.

[0007] There are many sources of measurementerror introduced to pulse

oximetry systems. Some such sources of error include the pulse oximetry system’s

electronic components, including emitters and detectors, as well as chemical and

structural physiological differences between patients. Another source of

measurement error is the effect of multiple scattering of photons as the photons

pass through the patient’s tissue (arterial blood) and arrive at the sensor’s light

detector.

SUMMARY

[0008] This disclosure describes embcdiments of non-invasive methods,

devices, and systems for measuring blood constituents, analytes, and/or substances

such as, by way of non-limiting example, oxygen, carboxyhemoglobin,

methemoglobin, total hemoglobin, glucose, proteins, lipids, a percentage thereof

(e.g., saturation), pulse rate, perfusion index, oxygen content, total hemoglobin,

Oxygen Reserve Index'™ (ORI) or for measuring many other physiologically

relevant patient characteristics. These characteristics can relate to, for example,

pulse rate, hydration, trending information and analysis, and the like.

[0009] In an embodiment, an optical physiological measurement system

includes an emitter configured to emit light of one or more wavelengths. The system

also includes a diffuser configured to receive the emitted light, to spread the

received light, and to emit the spread light over a larger tissue area than would

otherwise be penetrated by the emitter directly emitting light at a tissue

measurementsite. The tissue measurement site can include, such as, for example,

a finger, a wrist, or the like. The system further includes a concentrator configured to

receive the spread light after it has been attenuated by or reflected from the tissue

measurement site. The concentrator is also configured to collect and concentrate

the received light and to emit the concentrated light to a detector. The detector is

configured to detect the concentrated light and to transmit a signal indicative of the

detected light. The system also includes a processor configured to receive the
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transmitted signal indicative of the detected light and to determine, based on an

amount of absorption, an analyte of interest, such as, for example, arterial oxygen

saturation or other parameter, in the tissue measurementsite.

[0010] In certain embodiments of the present disclosure, the diffuser

comprises glass, ground glass, glass beads, opal glass, or a microlens-based,

band-limited, engineered diffuser that can deliver efficient and uniform illumination.

In some embodiments the diffuser is further configured to define a surface area

shape by which the emitted spread light is distributed onto a surface of the tissue

measurement site. The defined surface area shape can include, by way of non-

limiting example, a shape that is substantially rectangular, square, circular, oval, or

annular, among others.

[0011] According to some embodiments, the optical physiological

measurement system includes an cpticalfilter having a light-absorbing surface that

faces the tissue measurement site. The optical filter also has an opening that is

configured to allow the spread light, after being attenuated by the tissue

measurement site, to be received by the concentrator. In an embodiment, the

opening has dimensions, wherein the dimensions of the opening are similar to the

defined surface area shape by which the emitted spread light is distributed onto the

surface of the tissue measurement site. In an embodiment, the opening has

dimensionsthat are larger than the defined surface area shape by which the emitted

spread light is distributed onto the surface of the tissue measurementsite. In other

embodiments, the dimensions of the opening in the opticalfilter are not the same as

the diffuser opening, but the dimensions are larger than the detector package.

[0012] In other embodiments of the present disclosure, the concentrator

comprises glass, ground glass, glass beads, opal glass, or a compound parabolic

concentrator. In some embodiments the concentrator comprises a_ cylindrical

structure having a truncated circular conical structure on top. The truncated section

ig adjacent the detector. The light concentrator is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site, and to direct the

reflected light to the detector.
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[0013] In accordance with certain embodiments of the present disclosure,

the processor is configured to determine an average level of the light detected by

the detector. The average level of light is used to determine a physiological

parameterin the tissue measurementsite.

[0014] According to another embodiment, a method to determine a

constituent or analyte in a patients blood is disclosed. The method includes

emitting, from an emitter, light of at least one wavelength; spreading, with a diffuser,

the emitted light and emitting the spread light from the diffuser to a tissue

measurement site; receiving, by a concentrator, the spread light after the spread

light has been attenuated by the tissue measurement site; concentrating, by the

concentrator, the received light and emitting the concentrated light from the

concentrator to a detector; detecting, with the detector, the emitted concentrated

light; transmitting, from the detector, a signal responsive to the detected light;

receiving, by a processor, the transmitted signal responsive to the detected light;

and processing, by the processor, the received signal responsive to the detected

light to determine a physiological parameter.

[0015] In some embodimenis, the method to determine a constituent or

analyte in a patient’s blood includesfiltering, with a light-absorbing detector filter,

scattered portions of the emitted spread light. According to an embodiment, the

light-absorbing detectorfilter is substantially rectangular in shape and has outer

dimensionsin the range of approximately 1-5 cm in width and approximately 2-8 cm

in length, and has an opening through which emitted light may pass, the opening

having dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-7 cm in length. In another embodiment, the light-absorbing detector

filter is substantially square in shape and has outer dimensions in the range of

approximately 0.25-10 cm*, and has an opening through which emitted light may

pass, the opening having dimensions in the range of approximately 0.1-8cm?. In yet

another embodiment, the light-absorbing detector filter is substantially rectangularin

shape and has outer dimensions of approximately 3 cm in width and approximately

6 cm in length, and has an apening through which emitted light may pass, the
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opening having dimensions of approximately 1.5 cm in width and approximately 4

cm in length.

[0016] In still other embodiments of the method to determine a constituent

or analyte in a patient’s blood, spreading, with a diffuser, the emitted light and

emitting the spread light from the diffuser to a tissue measurementsite is performed

by at least one of a glass diffuser, a ground glass diffuser, a glass bead diffuser, an

opal glass diffuser, and an engineered diffuser. In some embodiments the emitted

spread light is emitted with a substantially uniform intensity profile. And in some

embodiments, emitting the spread light from the diffuser to the tissue measurement

site includes spreading the emitted light so as to define a surface area shape by

which the emitted spread light is distributed onto a surface of the tissue

measurementsite.

[0017] According to yet another embodiment, a pulse oximeter is

disclosed. The pulse oximeter includes an emitter configured to emit light at one or

more wavelengths. The pulse oximeter also includes a diffuser configured to receive

the emitted light, to spread the received light, and to emit the spread light directed at

a tissue measurementsight. The pulse oximeter also includes a detector configured

to detect the emitted spread light after being attenuated by or reflected from the

tissue measurementsite and to transmit a signal indicative of the detected light. The

pulse oximeter also includes a processor configured to receive the transmitted

signal and to process the received signal to determine an average absorbance of a

blood constituent or analyte in the tissue measurement site over a larger

measurement site area than can be performed with a point light source or point

detector. In some embodiments,the diffuser is further configured to define a surface

area shape by which the emitted spread light is distributed onto a surface of the

tissue measurementsite, and the detectoris further configured to have a detection

area corresponding to the defined surface area shape by which the emitted spread

light is distributed onto the surface of the tissue measurement site. According to

some embodiments, the detector comprises an array of detectors configured to

cover the detection area. In still other embodiments, the processor is further

configured to determine an averageof the detected light.
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[0018] For purposes of summarizing, certain aspects, advantages and

novel features of the disclosure have been described herein. It is to be understood

that not necessarily all such advantages can be achieved in accordance with any

particular embodiment of the systems, devices and/or methods disclosed herein.

Thus, the subject matter of the disclosure herein can be embodied or carried outin

a manner that achieves or optimizes one advantage or group of advantages as

taught herein without necessarily achieving other advantages as can be taught or

suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Throughout the drawings, reference numbers can be re-used to

indicate correspondence between referenced elements. The drawings are provided

to illustrate embodiments of the disclosure described herein and not to limit the

scope thereof.

[0020] FIG. 1 illustrates a conventional approach to two-dimensional pulse

oximetry in which the emitter is configured to emit optical radiation as a point optical

source.

[0021] FIG.2 illustrates the disclosed three-dimensional approach to pulse

oximetry in which the emitted light irradiates a substantially larger volume of tissue

as compared to the point source approach described with respectto FIG. 1.

[0022] FIG. 3 illustrates schematically a side view of a three-dimensional

pulse oximetry sensor according to an embodimentof the present disclosure.

[0023] FIG. 4A is a top view of a portion of a three-dimensional pulse

oximetry sensor according to an embodiment of the present disclosure.

[0024] FIG. 4B illustrates the top view of a portion of the three-dimensional

pulse oximetry sensor shown in FIG. 4A, with the addition of a tissue measurement

site in operational position.

[0025] FIG. 5 illustrates a top view of a three-dimensional pulse oximetry

sensor according to an embodimentof the present disclosure.
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[0026] FIG. 6 illustrates a conventional two-dimensional approach to

reflective pulse oximetry in which the emitter is configured to emit optical radiation

as a point optical source.

[0027] FIG. 7Ais a simplified schematic side view illustration of a reflective

three-dimensional pulse oximetry sensor according to an embodimentof the present

disclosure.

[0028] FIG. 7B is a simplified schematic top viewillustration of the three-

dimensionalreflective pulse oximetry sensor of FIG. 7A.

[0029] FIG. 8 illustrates a block diagram of an example pulse oximetry

system capable of noninvasively measuring one or more blood analytes in a

monitored patient, according to an embodimentof the disclosure.

DETAILED DESCRIPTION

[0030] FIG. 1 illustrates schematically a conventional pulse oximetry

sensor having a two-dimensional (2D) approach to pulse oximetry. Asillustrated,

the emitter 104 is configured to emit optical radiation as a point optical source, /.e.,

an optical radiation source that has negligible dimensions such that it may be

considered as a point. This approach is referred to herein as “two-dimensional”

pulse oximetry because it applies a two-dimensional analytical model to the three-

dimensional space of the tissue measurement site 102 of the patient. Point optical

sources feature a defined, freely selectable, and homogeneous light beam area.

Light beams emitted from LED point sources often exhibit a strong focus which can

produce a usually sharply-defined and evenly-lit illuminated spot often with high

intensity dynamics. Illustratively, when looking at the surface of the tissue

measurementsite 102 (or “sample tissue”), which in this example is a finger, a small

point-like surface area of tissue 204 is irradiated by a point optical source. In some

embodiments, the irradiated circular area of the point optical source is in the range

between 8 and 150 microns. Illustratively, the emitted point optical source of light

enters the tissue measurement site 102 as a point of light. As the light penetrates

the depth of the tissue 102, it does so as a line or vector, representing a
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two-dimensional construct within a three-dimensional structure, namely the patient's

tissue 102.

[0031] Use of a point optical source is believed to reduce variability in light

pathlength which would lead to more accurate oximetry measurements. However,in

practice, photons do nottravel in straight paths. Instead, the light particles scatter,

bouncing around between various irregular objects (such as, for example, red blood

cells) in the patient’s blood. Accordingly, photon pathlengths vary depending on,

among other things, their particular journeys through and around the tissue at the

measurementsite 102. This phenomencnis referred to as “multiple scattering.” In a

study, the effects of multiple scattering were examined by comparing the results of

photon diffusion analysis with those obtained using an analysis based on the Beer-

Lambert law, which neglects multiple scattering in the determination of light

pathlength. The study found that that the difference between the average lengths of

the paths traveled by red and infrared photons makes the oximeter’s calibration

curve (based on measurements obtained from normal subjects) sensitive to the total

attenuation coefficients of the tissue in the two wavelength bands used for pulse

oximetry, as well as to absorption by the pulsating arterial blood.

[0032] FIG.2 illustrates schematically the disclosed systems, devices, and

methods to implement three-dimensional (3D) pulse oximetry in which the emitted

light irradiates a larger volume of tissue at the measurement site 102 as compared

to the 2D point optical source approach described with respect to FIG. 1. In an

embodiment, again looking at the surface of the tissue measurementsite 102, the

irradiated surface area 206 of the measurementsite 102 is substantially rectangular

in shape with dimensions in the range of approximately 0.25-3 cm in width and

approximately 1-6 cm in length. in another embodiment, the irradiated surface area

206 of the measurement site 102 is substantially rectangular in shape and has

dimensions of approximately 1.5 cm in width and approximately 2 cm in length. In

another embodiment, the irradiated surface area 206 of the measurementsite 102

is substantially rectangular in shape and has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the irradiated

surface area 206 of the measurementsite 102 is substantially rectangular in shape
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has dimensions of approximately 1 cm in width and approximately 1.5 cm in length.

ln yet another embodiment, the irradiated surface area 206 of the measurementsite

102 is substantially square in shape and has dimensionsin a range of approximately

0.25-9 cm*. In certain embodiments, the irradiated surface area 206 of the

measurement site 102 is within a range of approximately 0.5-2 cm in width, and

approximately 1-4 cm in length. Of course a skilled artisan will appreciate that many

other shapes and dimensions of irradiated surface area 206 can be used.

Advantageously, by irradiating the tissue measurement site 102 with a surface area

206, the presently disclosed systems, devices, and methods apply a_ three-

dimensional analytical model to the three-dimensional structure being measured,

namely, the patient’s sample tissue 102.

[0033] According to the Beer-Lambert law, the amountof light absorbed

by a substance is proportional to the concentration of the light-absorbing substance

in the irradiated solution (/e., arterial blood). Advantageously, by irradiating a larger

volume of tissue 102, a larger sample size of light attenuated (or reflected) by the

tissue 102 is measured. The larger, 3D sample provides a data set that is more

representative of the complete interaction of the emitted light as it passes through

the patient's blood as compared to the 2D point source approach described above

with respect to FIG. 1. By taking an average of the detected light, as detected over a

surface area substantially larger than a single point, the disclosed pulse oximetry

systems, devices, and methods will yield a more accurate measurement of the

emitted light absorbed by the tissue, which will lead to a more accurate oxygen

saturation measurement.

[0034] FIG. 3 illustrates schematically a side view of a pulse oximetry 3D

sensor 300 according to an embodiment of the present disclosure. In the illustrated

embodiment, the 3D sensor 300 irradiates the tissue measurement site 102 and

detects the emitted light, after being attenuated by the tissue measurementsite 102.

In other embodiments, for example, as describe below with respect to FIGS. 7A and

7B, the 3D sensor 300 can be arranged to detectlight that is reflected by the tissue

measurement site 102. The 3D sensor 300 includes an emitter 302, a light diffuser

304, a light-absorbing detectorfilter 306, a light concentrator 308, and a detector
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310. In some optional embodiments, the 3D sensor 300 further includes a reflector

305. The reflector 305 can be a metallic reflector or other type of reflector.

Reflector 305 can be a coating, film, layer or other type of reflector. The reflector

305 can serve as a reflector to prevent emitted light from emitting out of a top

portion of the light diffuser 304 such that light from the emitter 302 is directed in the

tissue rather than escaping out of a side or top of the light diffuser 304. Additionally,

the reflector 305 can prevent ambient light from entering the diffuser 304 which

might ultimately cause errors within the detected light. The reflector 305 also

prevent light piping that might occur if light from the detector 302 is able to escape

from the light diffuser 304 and be pipped around a sensor securement mechanism

to detector 310 without passing through the patient’s tissue 102.

[0035] The emitter 302 can serve as the source of optical radiation

transmitted towards the tissue measurement site 102. The emitter 302 can include

one or more sources of optical radiation, such as LEDs, laser diodes, incandescent

bulbs with appropriate frequency-selective filters, combinations of the same,or the

like. In an embodiment, the emitter 302 includes sets of optical sources that are

capable of emitting visible and near-infrared optical radiation. In some

embodiments, the emitter 302 transmits optical radiation of red and infrared

wavelengths, at approximately 650 nm and approximately 940 nm, respectively. In

some embediments, the emitter 302 includes a single source optical radiation.

[0036] Thelight diffuser 304 receives the optical radiation emitted from the

emitter 302 and spreads the optical radiation over an area, such as the area 206

depicted in FIG. 2. In some embodiments, the light diffuser 304 is a beam shaper

that can homogenize the input light beam from the emitter 302, shape the output

intensity profile of the received light, and define the way (e.g., the shape or pattern)

the emitted light is distributed to the tissue measurement site 102. Examples of

materials that can be used to realize the light diffuser 304 include, without limitation,

a white surface, glass, ground glass, glass beads, polytetrafluoroethylene (also

known as Tefion®, opal glass, and greyed glass, to name a few. Additionally,

engineered diffusers can be used to realize the diffuser 304 by providing customized

light shaping with respect to intensity and distribution. Such diffusers can, for

-11-

APL_MAS_ITC_00557082

PAGE 123 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

Clean Specification

example, deliver substantially uniform illumination over a specified target area (such

as, for example, irradiated surface area 206) in an energy-efficient manner.

Examples of engineered diffusers can include moided plastics with specific shapes,

patterns or textures designed to diffuse the emitter light across the entirety of the

patient’s tissue surface.

[0037] Advantageously, the diffuser 304 can receive emitted light in the

form of a point optical source and spread the light to fit a desired surface area ona

plane defined by the surface of the tissue measurementsite 102. In an embodiment,

the diffuser 304 is made of ground glass which spreads the emitted light with a

Gausian intensity profile. In another embodiment the diffuser 304 includes glass

beads. In some embodiments, the diffuser 304 is constructed so as to diffuse the

emitted light in a Lambertian pattern. A Lambertian pattern is one in which the

radiation intensity is substantially constant throughout the area of dispersion. One

such diffuser 304 is made from opal glass. Opal glass is similar to ground glass, but

has one surface coated with a milky white coating to diffuse light evenly. In an

embodiment, the diffuser 304 is capable of distributing the emitted light on the

surface of a plane (e.g., the surface of the tissue measurement site 102) in a

predefined geometry (e.g., a rectangle, square, or circle), and with a substantially

uniform intensity profile and energy distribution. In some embodiments, the

efficiency, or the amountof light transmitted by the diffuser 304, is greater than 70%

of the light emitted by the emitter 302. In some embodiments, the efficiency is

greater than 90%of the emitted light. Other optical elements known in the art may

be used for the diffuser 304.

[0038] In an embodiment, the diffuser 304 has a substantially rectangular

shape having dimensions within a range of approximately 0.5-2 cm in width and

approximately 1-4 centimeters in length. In another embodiment, the substantially

rectangular shape of the diffuser 304 has dimensions of approximately 0.5 cm in

width and approximately 1 cm in length. In another embodiment, the diffuser’s 304

substantially rectangular shape has dimensions of approximately 1 cm in width and

approximately 1.5 cm in length. In yet another embodiment, the diffuser 304 has a
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subsiantially square shape with dimensions in the range of approximately

0.25-10 cm’.

[0039] The light-absorbing detector filter 306, which is also depicted in

FIG. 4A in a top view, is a planar surface having an opening 402 through which the

emitted light may pass after being attenuated by the tissue measurement site 102.

In the depicted embodiment, the opening 402 is rectangular-shaped, with

dimensions substantially similar to the irradiated surface area 206. According to an

embodiment, the light-absorbing detector filter is substantially rectangular in shape

and has outer dimensions of 4 cm in width and 8 cm in length, and has an opening

through which emitted light may pass, the opening having dimensions of 2 cm in

width and 5 cm in length. In another embodiment, the light-absorbing detector filter

ig substantially rectangular in shape and has outer dimensions in the range of

1-3 cm in width and 2-8 cm in length, and has an opening through which emitted

light may pass, the opening having dimensions in the range of 0.25-2 cm in width

and 1-4 cm in length. In yet another embodiment, the light-absorbing detector filter

is substantially rectangular in shape and has outer dimensions of 3 cm in width and

6 cm in length, and has an opening through which emitted light may pass, the

opening having dimensions of 1.5 cm in width and 4 cm in length.

[0040] The top surface of the light-absorbingfilter 306 (facing the tissue

measurement site 102 and the emitter 302) is coated with a material that absorbs

light, such as, for example, black pigment. Many other types of light-absorbing

materials are well known in the art and can be used with the detector filter 306.

During operation, light emitted from the emitter 302 can reflect off of the tissue

measurement site 102 (or other structures within the 3D sensor 300) to neighboring

portions of the 3D sensor 300. If those neighboring portions of the 3D sensor 300

possess reflective surfaces, then the light can reflect back to the tissue

measurement site 102, progress through the tissue and arrive at the detector 310.

Such multiple scattering can result in detecting photons whose pathlengths are

considerably longer than most of the light that is detected, thereby introducing

variations in pathlength which will affect the accuracy of the measurements of the

pulse oximetry 3D sensor 300. Advantageously, the light-absorbing filter 306
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reduces or eliminates the amount of emitted light that is reflected in this manner

because it absorbs such reflected light, thereby stopping the chain of scattering

events. In certain embodiments, the sensor-facing surfaces of other portions of the

3D sensor 300 are covered in light-abserbing material to further decrease the effect

of reflective multiple scattering.

[0041] The light concentrator 308 is a structure to receive the emitted

optical radiation, after attenuation by the tissue measurementsite 102, to collect and

concentrate the dispersed optical radiation, and to direct the collected and

concentrated optical radiation to the detector 310. In an embodiment, the light

concentrator 308 is made of ground glass or glass beads. In some embodiments,

the light concentrator 308 includes a compound parabolic concentrator.

[0042] As described above with respect to FIG. 1, the detector 310

captures and measureslight from the tissue measurement site 102. For example,

the detector 310 can capture and measure light transmitted from the emitter 302

that has been attenuated by the tissue in the measurementsite 102. The detector

310 can output a detector signal responsive to the light captured or measured. The

detector 310 can be implemented using one or more photodiodes, phototransistors,

or the like. In addition, a plurality of detectors 310 can be arranged in an array with a

spatial configuration corresponding to the irradiated surface area 206 to capture the

attenuated or reflected light from the tissue measurementsite.

[0043] Referring to FIG. 4A, a top view of a portion of the 3D sensor 300 is

provided. The light-absorbing detectorfilter 306 is illustrated having a top surface

coated with a light-absorbing material. The light-absorbing material can be a black

opaque material or coating or any other dark color or coating configured to absorb

light. Additionally, a rectangular opening 402 is positioned relative to the light

concentrator 308 (shown in phantom) and the detector 310 such that light may pass

through the rectangular opening 402, into the light concentrator 308, and to the

detector 310. FIG. 4B illustrates the top view of a portion of the 3D sensor 300 asin

FIG. 4A, with the addition of the tissue measurement site 102 in operational

position. Accordingly, the rectangular opening 402, the light concentrator 308 and

the detector 310 are shown in phantom as being under the tissue measurementsite
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102. In FIGS. 4A and 4B, the light concentrator 308 is shown to have dimensions

significantly larger than the dimensions of the rectangular opening 402. In other

embodiments, the dimensions of the light concentrator 308, the rectangular opening

402, and the irradiated surface area 206 are substantially similar.

[0044] FIG.5illustrates a top view of a 3D pulse oximetry sensor 500

according to an embodiment of the present disclosure. The 3D sensor 500 is

configured to be worn on a patient's finger 102. The 3D sensor 500 includes an

adhesive substrate 502 having tront flaps 504 and rear flaps 506 extending outward

from a center portion 508 of the 3D sensor 500. The center portion 508 includes

components of the 3D pulse oximetry sensor 300 described with respect to FIGS. 3,

4A and 4B. On thefront side of the adhesive substrate 502 the emitter 302 and the

light diffuser 304 are positioned. On the rear side of the adhesive substrate 502 the

light-absorbent detector filter 306, the light concentrator 308 and the detector 310

are positioned. In use, the patient’s finger serving as the tissue measurementsite

102 is positioned over the rectangular opening 402 such that when the front portion

of the adhesive subsirate is folded over on top of the patient’s finger 102, the emitter

302 and the light diffuser 304 are aligned with the measurementsite 102, thefilter

306, the light concentrator 308 and the detector 310. Once alignment is established,

the front and rear flaps 504, 506 can be wrapped around the finger measurement

site 102 such that the adhesive substrate 502 provides a secure contact between

the patient's skin and the 3D sensor 500. Fig. 5 also illustrates an example of a

sensor connector cable 510 which is used to connect the 3D sensor 500 to a

monitor 809, as described with respect to FIG. 8.

[0045] ==FIG.6 is a simplified schematic illustration of a conventional, 2D

approach to reflective pulse oximetry in which the emitter is configured to emit

optical radiation as a point optical source. Reflective pulse oximetry is a method by

which the emitter and detector are located on the same side of the tissue

measurement site 102. Light is emitted into a tissue measurement site 102 and

attenuated. The emitted light passes into the tissue 102 and is then reflected back

to the sameside of the tissue measurementsite 102 as the emitter. Asillustrated in

FIG. 6, a depicted reflective 2D pulse oximetry sensor 600 includes an emitter 602,
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a light block 606, and a detector 610. The light block 606 is necessary because the

emitter 602 and the detector 610 are located on the same side of the tissue

measurement site 102. Accordingly, the light block 606 prevenis incident emitter

light, which did not enter the tissue measurement site 102, from arriving at the

detector 610. The depicted 2D pulse oximetry sensor 600 is configured to emit light

as a point source. As depicted in FIG. 6, a simplified illustration of the light path 620

of the emitted light from the emitter 602, through the tissue measurementsite 102,

and to the detector 610 is provided. Notably, a point source of light is emitted, and a

point source of light is detected. As discussed above with respect to FIG. 1, use ofa

point optical source can result in substantial measurement error due to pathlength

variability resulting from the multiple scatter phenomenon. The sample space

provided by a 2D point optical emitter source is not large enough to account for

pathlength variability, which will skew measurementresuits.

[0046] FIGS. 7A and 7B are simplified schematic side and top views,

respectively, of a 3D reflective pulse oximetry sensor 700 according to an

embodiment of the present disclosure. In the illustrated embodimeni, the 3D sensor

700 irradiates the tissue measurement site 102 and detects the emitted light that is

reflected by the tissue measurement site 102. The 3D sensor 700 can be piaced on

a portion of the patient's body that has relatively flat surface, such as, for example a

wrist, because the emitter 702 and detector 710 are on located the same side of the

tissue measurement site 102. The 3D sensor 700 includes an emitter 702, a light

diffuser 704, a light block 706,a light concentrator 708, and a detector 710.

[0047] As previously described, the emitter 702 can serve as the source of

optical radiation transmitted towards the tissue measurement site 102. The emitter

702 can include one or more sources of optical radiation. Such sources of optical

radiation can include LEDs, laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same,or the like. In an embodiment,

the emitter 702 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation. In some embodiments, the emitter 702 transmits

optical radiation of red and infrared wavelengths, at approximately 650 nm and
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approximately 940 nm, respectively. In some embodiments, the emitter 702 includes

a single source of optical radiation.

[0048] Thelight diffuser 704 receives the optical radiation emitted from the

emitter 302 and homogenously spreads the optical radiation over a wide, donut-

shaped area, such as the area outlined by the light diffuser 704 as depicted in FIG.

7B. Advantageously, the diffuser 704 can receive emitted light in the form of a 2D

point optical source (or any other form) and spread the light to fit the desired surface

area on a plane defined by the surface of the tissue measurement site 102. In an

embodiment, the diffuser 704 is made of ground glass or glass beads. A skilled

artisan will understand that may other materials can be used to make the light

diffuser 704.

[0049] The light blocker 706 includes an annular ring having a cover

portion 707 sized and shaped to form a light isolation chamber for the light

concentrator 708 and the detector 710. (For purposesofillustration, the light block

cover 707 is notillustrated in FIG. 7B.) The light blocker 706 and the cover 707 can

be made of any material that optically isolates the light concentrator 708 and the

detector 710. Thelight isolation chamber formed by the light blocker 706 and cover

708 ensures that the only light detected by the detector 710 is light that is reflected

from the tissue measurementsite.

[0050] The light concentrator 708 is a cylindrical structure with a truncated

circular conical structure on top, the truncated section of which of which is adjacent

the detector 710. The light concentrator 708 is structured to receive the emitted

optical radiation, after reflection by the tissue measurement site 102, and to direct

the reflected light to the detector 710. In an embodiment, the light concentrator 708

is made of ground glass or glass beads. In some embodiments, the light

concentrator 708 includes a compound parabolic concentrator.

[0051] As previously described, the detector 710 captures and measures

light from the tissue measurement site 102. For example, the detector 710 can

capture and measurelight transmitted from the emitter 702 that has been reflected

from the tissue in the measurementsite 102. The detector 710 can output a detector

signal responsive to the light captured or measured. The detector 710 can be
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implemented using one or more photodiodes, phototransistors, or the like. In

addition, a plurality of detectors 710 can be arranged in an array with a spatial

configuration corresponding to the irradiated surface area depicted in FIG. 7B by the

light concentrator 708 to capture the reflected light from the tissue measurement

site.

[0052] Advantageously, the light path 720 illustrated in FIG. 7A depicts a

substantial sample of reflected light that enter the light isolation chamber formed by

the light blocker 706 and cover 707. As previously discussed, the large sample of

reflected light (as compared to the reflected light collected using the 2D point optical

source approach) provides the opportunity to take an average of the detected light,

to derive a more accurate measurement of the emitted light absorbed by the tissue,

which will lead to a more accurate oxygen saturation measurement.

[0053] Referring now to FIG. 7B, a top view of the 3D sensor 700 is

illustrated with both the emitter 702 and the light blocker cover 707 removed for

ease of illustration. The outer ring illustrates the footprint of the light diffuser 704. As

light is emitted from the emitter 702 (not shown in FIG. 7B), it is diffused

homogenously and directed to the tissue measurement site 102. The light blocker

706 forms the circular wall of a light isolation chamber to keep incident light from

being sensed by the detector 710. The light blocker cover 707 blocksincidentallight

from entering the light isolation chamber from above. The light concentrator 710

collects the reflected light from the tissue measurement site 102 and funnels it

upward toward the detector 710 at the center of the 3D sensor 700.

[0054] FIG. 8 illustrates an example of an optical physiological

measurement system 800, which may also be referred to herein as a pulse oximetry

system 800. In certain embodiments, the pulse oximetry system 800 noninvasively

measures a blood analyte, such as oxygen, carboxyhemoglobin, methemoglobin,

total hemoglobin, glucose, proteins, lipids, a percentage thereof (e.g., saturation),

pulse rate, perfusion index, oxygen content, total hemoglobin, Oxygen Reserve

Index™ (on™) or many other physiologically relevant patient characteristics. These

characteristics can relate to, for example, pulse rate, hydration, trending information

and analysis, and the like. The system 800 can also measure additional blood
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analytes and/or other physiological parameters useful in determining a state or trend

of wellness of a patient.

[0055] The pulse oximetry system 800 can measure analyte

concentrations at least in part by detecting optical radiation attenuated by tissue ata

measurement site 102. The measurement site 102 can be any location on a

patient’s body, such asafinger, foot, earlobe, wrist, forehead,or the like.

[0056] The pulse oximetry system 800 can include a sensor 801 (or

multiple sensors) that is coupled to a processing device or physiological monitor

809. In an embodiment, the sensor 801 and the monitor 809 are integrated together

into a single unit. In another embodiment, the sensor 801 and the monitor 809 are

separate from each other and communicate with one another in any suitable

manner, such as via a wired or wireless connection. The sensor 801 and monitor

809 can be attachable and detachable from each other for the convenience of the

user or caregiver, for ease of storage, sterility issues, or the like.

[0057] In the depicted embodiment shown in FIG. 8, the sensor 801

includes an emitter 804, a detector 806, and a front-end interface 808. The emitter

804 can serve as the source of optical radiation transmitted towards measurement

site 102. The emitter 804 can include one or more sourcesof optical radiation, such

as light emitting diodes (LEDs), laser diodes, incandescent bulbs with appropriate

frequency-selective filters, combinations of the same, or the like. In an embodiment,

the emitter 804 includes sets of optical sources that are capable of emitting visible

and near-infrared optical radiation.

[0058] The pulse oximetry system 800 also includes a driver 811 that

drives the emitter 804. The driver 111 can be a circuit or the like that is controlled by

the monitor 809. For example, the driver 811 can provide pulses of current to the

emitter 804. In an embodiment, the driver 811 drives the emitter 804 in a

progressive fashion, such as in an alternating manner. The driver 811 can drive the

emitter 804 with a series of pulses for some wavelengths that can penetrate tissue

relatively well and for other wavelengths that tend to be significantly absorbed in

tissue. A wide variety of other driving powers and driving methodologies can be

used in various embodiments. The driver 811 can be synchronized with other parts
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of the sensor 801 to minimize or reduce jitter in the timing of pulses of optical

radiation emitted from the emitter 804. In some embodiments, the driver 811 is

capable of driving the emitter 804 to emit optical radiation in a pattern that varies by

less than about 10 parts-per-million.

[0059] The detector 806 captures and measures light from the tissue

measurement site 102. For example, the detector 806 can capture and measure

light transmitted from the emitter 804 that has been attenuated or reflected from the

tissue at the measurement site 102. The detector 806 can output a detector signal

107 responsive to the light captured and measured. The detector 806 can be

implemented using one or more photodiodes, phototransistors, or the like. In some

embodiments, a detector 806 is implemented in detector package to capture and

measure light from the tissue measurement site 102 of the patient. The detector

package can include a photodiode chip mounted to leads and enclosed in an

encapsulant. In some embodiments, the dimensions of the detector package are

approximately 2 square centimeters. In other embodiments, the dimensions of the

detector package are approximately 1.5 centimeters in width and approximately 2

centimeters in length.

[0060] The front-end interface 808 provides an interface that adapts the

output of the detectors 806, which is responsive to desired physiological

parameters. For example, the front-end interface 808 can adapt the signal 807

received from the detector 806 into a form that can be processed by the monitor

809, for example, by a signal processor 810 in the monitor 809. The front-end

interface 808 can have its components assembled in the sensor 801, in the monitor

809, in a connecting cabling (if used), in combinations of the same,or the like. The

location of the front-end interface 808 can be chosen based on various factors

including space desired for components, desired noise reductions or limits, desired

heat reductions or limits, and the like.

[0061] The front-end interface 808 can be coupled to the detector 806 and

to the signal processor 810 using a bus, wire, electrical or optical cable, flex circuit,

or same other form of signal connection. The front-end interface 808 can aiso be at

least partially integrated with various components, such as the detectors 806. For
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example, the front-end interface 808 can include one or more integrated circuits that

are on the samecircuit board as the detector 806. Other configurations can also be

used.

[0062] As shown in FIG. 8, the monitor 909 can include the signal

processor 810 and a user interface, such as a display 812. The monitor 809 can

also include optional outputs alone or in combination with the display 812, such as a

storage device 814 and a network interface 816. In an embodiment, the signal

processor 810 includes processing logic that determines measurements for desired

analytes based on the signals received from the detector 806. The signal processor

810 can be implemented using one or more microprocessors or sub-processors

(é.g., cores), digital signal processors, application specific integrated circuits

(ASICs), field programmable gate arrays (FPGAs), combinations of the same, and

the like.

[0063] The signal processor 810 can provide various signals that control

the operation of the sensor 801. For example, the signal processor 810 can provide

an emitter control signal to the driver 811. This control signal can be useful in order

to synchronize, minimize, or reducejitter in the timing of pulses emitted from the

emitter 804. Accordingly, this contro! signal can be useful in order to cause optical

radiation pulses emitted from the emitter 804 to follow a precise timing and

consistent pattern. For example, when a transimpedance-based front-end interface

808 is used, the control signal from the signal processor 810 can provide

synchronization with an analog-to-digital converter (ADC) in order to avoid aliasing,

cross-talk, and the like. As also shown, an optional memory 813 can be included in

the front-end interface 808 and/or in the signal processor 810. This memory 813 can

serve as a buffer or storage location for the front-end interface 808 and/orthe signal

processor 810, among otheruses.

[0064] The user interface 812 can provide an output, e.g., on a display, for

presentation to a user of the pulse oximetry system 800. The user interface 812 can

be implemented as a touch-screen display, a liquid crystal display (LCD), an organic

LED display, or the like. In alternative embodiments, the pulse oximetry system 800
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can be provided without a user interface 812 and can simply provide an output

signal to a separate display or system.

[0065] The storage device 814 and a network interface 816 represent

other optional output connections that can be included in the monitor 809. The

storage device 814 can include any computer-readable medium, such as a memory

device, hard disk storage, EEPROM, flash drive, or the like. The various software

and/or firmware applications can be stored in the storage device 814, which can be

executed by the signal processor 810 or another processor of the monitor 809. The

network interface 816 can be a serial bus port (RS-232/RS-485), a Universal Serial

Bus (USB) port, an Ethernet port, a wireless interface (e.g., WiFi such as any 802.1x

interface, including an internal wireless card), or other suitable communication

device(s) that allows the monitor 809 to communicate and share data with other

devices. The monitor 809 can also include various other componenis not shown,

such as a microprocessor, graphics processor, or controller to output the user

interface 812, to control data communications, to compute data trending, or to

perform other operations.

[0066] Although not shown in the depicted embodiment, the pulse

oximetry system 800 can include various other components or can be configured in

different ways. For example, the sensor 801 can have both the emitter 804 and

detector 806 on the same side of the tissue measurement site 102 and use

reflectance tea measure analytes.

[0067] Although the foregoing disclosure has been described in terms of

certain preferred embodiments, many other variations than those described herein

will be apparent to those of ordinary skill in the art.

[0068] Conditional language used herein, such as, among others, "can,"

“might,” "may," "e.g.," and the like, unless specifically stated otherwise, or otherwise

understood within the context as used, is generally intended to convey that certain

embodiments include, while other embodiments do not include, certain features,

elements and/or states. Thus, such conditional language is not generally intended to

imply that features, elements and/or states are in any way required for one or more

embodiments or that one or more embodiments necessarily include logic for
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deciding, with or without author input or prompting, whether these features,

elements and/or states are included or are to be performed in any particular

embodiment. The terms “comprising,” “including,” “having,” and the like are

synonymous and are used inclusively, in an open-ended fashion, and do not

exclude additional elements, features, acts, operations, and so forth. Also, the term

“or" is used in its inclusive sense (and not in its exclusive sense) so that when used,

for example, to connecta list of elements, the term “or” means one, some, orall of

the elements in the list. Further, the term “each,” as used herein, in addition to

having its ordinary meaning, can mean any subset of a set of elements to which the

term "each"is applied.

[0069] While the above detailed description has shown, described, and

pointed out novel features as applied to various embodiments, it will be understood

that various omissions, substitutions, and changes in the form and details of the

systems, devices or algorithmsillustrated can be made without departing from the

spirit of the disclosure. As will be recognized, certain embodiments of the disclosure

described herein can be embadied within a form that does not provide all of the

features and benefits set forth herein, as some features can be used or practiced

separately from others.

[0070] The term “and/or” herein has its broadest, least limiting meaning

which is the disclosure includes A alone, B alone, both A and B together, or A or B

alternatively, but does not require both A and B or require one of A or one of B. As

used herein, the phrase “at least one of” A, B, “and” C should be construed to mean

a logical A or B or C, using a non-exclusive logical or.

[0071] The apparatuses and methods described herein may be

implemented by one or more computer programs executed by one or more

processors. The computer programs include processor-executable instructions that

are stored on a non-transitory tangible computer readable medium. The computer

programs may also include stored data. Non-limiting examples of the non-transitory

tangible computer readable medium are nonvolatile memory, magnetic storage, and

optical storage. Although the foregoing disclosure has been described in terms of

certain preferred embodiments, other embodiments will be apparent to those of

-23-

APL_MAS_ITC_00557094

PAGE 135 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

Clean Specification

ordinary skill in the art from the disclosure herein. Additionally, other combinations,

omissions, substitutions and modifications will be apparent to the skilled artisan in

view of the disclosure herein. Accordingly, the present invention is not intended to

be limited by the description of the preferred embodiments, but is to be defined by

reference to claims.

[0072] Additionally, all publications, patents, and patent applications

mentioned in this specification are herein incorporated by reference to the same

extent as if each individual publication, patent, or patent application were specifically

and individually indicated to be incorporated by reference.
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DETAILED ACTION

Notice of Pre-AlA or AIA Status

1. The present application, filed on or after March 16, 2013, is being examined

underthefirst inventor to file provisions of the AIA.

Status of Claims

2. Claim(s) 1-36 is/are originally presented for examination.

Priority

3. Applicant's claim for the benefit of priority under 35 U.S.C. 119(e) to provisional

application(s), 62/188,430 filed 07/02/2015, is acknowledged.

Information Disclosure Statement

4. The information disclosure statement (IDS) document(s) submitted on

06/28/2016 is/are in compliance with the provisions of 37 C.F.R. 1.97. Accordingly, the

IDS document(s) have been fully considered by the examiner.

Claim Objections

5. Applicant is advised that claim 26 are duplicate of claim 1. When two claimsin

an application are duplicates or else are so close in content that they both cover the

samething, despite a slight difference in wording, it is proper after allowing one claim to

object to the other as being a substantial duplicate of the allowed claim. See MPEP

§ 706.03(k). Claims 1 and 36 are indistinguishable. Claim 26 fails to positively claim

structures different than positively claimed structures of claim 1. Further, claim 26 fails
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to disclose two wavelengths or suitable wavelengths for pulse oximeter that would tie

the emitter to the preamble.

Claim Rejections - 35 USC § 112

6. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

7. Claim 32 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards

as the invention.

8. Claim 32 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second

paragraph, as being incomplete for omitting essential elements, such omission

amounting to a gap between the elements. See MPEP § 2172.01. The omitted

elements are: Claim 32 discloses a detector configured to detect the emitted spread

light. However, claim 32 fails to disclose a diffuser which receives, spreads and emits

the spreadlight.

Claim Rejections - 35 USC § 102

9. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section madein this Office action:

A person shall be entitled to a patent unless —
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(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

10. Claim(s) 1,3,4,6,7,9-14,18,,20,23,24, 26,28,29 is/are rejected under 35 U.S.C.

102b as being anticipated by Chin et al. (USPN 6,343,223).

Regarding claims 1, 18, 26, chin et al. discloses method and an optical

physiological measurement system (figure 7B) comprising: an emitter which emitslight

of a wavelength (figure 7B, emitter 176, Col.8 lines 20-50); a diffuser which receives,

spreads and emits the spread light, wherein the emitted spread light is directed at a

tissue measurementsite of a patient (diffuser 180. Figure 7B Col.8 lines 20-50); anda

detector (detector 178, figure 7B, Col.8 lines 20-50) configured to detect the emitted

light after attenuation by tissue of the patient, the detector further configured to transmit

a signal responsive to the detected light (Col.8 lines 20-50).

Regarding claims 3, 20, 28, Chin et al. discloses a processor configured to

receive the transmitted signal responsiveto the detected light and to determine a

physiological parameter (Col.4 lines 26-44).

Regarding claim 4, chin et al. discloses that the parameteris arterial oxygen

saturation (oximeters measure oxygen saturation, Col.1 lines 17-39, Col.8 lines 50-63).

Regarding claims 6 and 23, chin et al. discloses that the diffuser emits the spread

light with a substantially uniform intensity profile (diffuser 180. Figure 7B Col.8 lines 20-

50).
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Regarding claims 7, 24, 29, Chin et al. discloses that the diffuser defines a

surface area shape by which the emitted spread light is distributed onto a surface of the

tissue measurementsite (figure 7B).

Regarding claim 9, chin et al. discloses that the surface area shapeis

rectangular(figure 7B).

Regarding claim 10, Chin et al. discloses that the rectangular surface area shape

has dimensions within a range of approximately 0.25 cm to 3 cm in width and a range of

approximately 1 cm to 6 cm in length (diffuser 180. Figure 7B Col.8 lines 20-50).

Regarding claim 11, Chin et al. discloses that the rectangular surface area shape

has dimensions in the range of approximately 0.1 cm to 2 cm in width and

approximately 0.5 cm to 5 cm in length Giffuser 180. Figure 7B Col.8 lines 20-50).

Regarding claim 12, Chin et al. discloses that the rectangular surface area shape

has dimensions of approximately 1 centimeter in width and approximately 1.5

centimeters in length (diffuser 180. Figure 7B Col.8 lines 20-50).

Regarding claim 13, Chin et al. discloses that the surface area shape is square

(diffuser 180. Figure 7B Col.8 lines 20-50).

Regarding claim 14, Chin et al. discloses that the square surface area shape has

dimensions in the range of approximately 0.25 cm2 to 10 cm2 (diffuser 180. Figure 7B

Col.8 lines 20-50).

11.  Claim(s) 1-2, 5-9, 15-18-19, 21-27, 29, 30-36 is/are rejected under 35 U.S.C.

102b as being anticipated by Spycheret al. (USPN 2004/01 14783).
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Regarding claims 1, 18, 26, Spycheret al. discloses method and an optical

physiological measurement system (figure 1, [0053]) comprising: an emitter which emits

light of a wavelength (figure 1, light source 8, [0040], [0053]); a diffuser which receives,

spreads and emits the spread light, wherein the emitted spread light is directed at a

tissue measurementsite of a patient (transparent body mace of glass reads on diffuser,

[0039], figure 1 element 1); and a detector (detector 22 figure 1, [0043]) configured to

detect the emitted light after attenuation by tissue of the patient, the detector further

configured to transmit a signal responsive to the detected light ([(0053)).

Regarding claims 2, 19 and 27, Spycheret al. discloses a concentrator (lens 21

figure 1, [0043]) which receives the spread light after attenuation by tissue of the

patient, concentrates the received spread light and emits the concentrated light in the

direction of the detector (figure 1, [0043]).

Regarding claims 5 and 22, Spycheret al. discloses that the diffuser comprises

at least one of a glass diffuser, ground glass diffuser, a glass bead diffuser, an opal

glass diffuser, and an engineered diffuser (transparent body 1 made of glass [0039)).

Regarding claims 6 and 23, Spycheret al. discloses that the diffuser emits the

spreadlight with a substantially uniform intensity profile (figure 1, [0039]).

Regarding claims 7, 24, 29, Spycheret al. discloses that the diffuser defines a

surface area shape by which the emitted spreadlight is distributed onto a surface of the

tissue measurementsite (figure 1).

Regarding claim 8, Spycheret al. discloses detectorfilter having a light-

absorbing surface facing the tissue measurementsite and an opening, the opening
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naving dimensions, wherein the dimensions of the opening are substantially similar to

the defined surface area shape by which the emitted spreadlight is distributed onto the

surface of the tissue measurementsite (figure 1, diaphragm 20 reads on filter with

opening).

Regarding claim 9, Spycheret al. discloses that the surface area shapeis

rectangular(figure 1).

Regarding claim 15, Spycher et al. discloses a detectorfilter comprising a light-

absorbing surface facing the tissue measurementsite and an opening, the opening

having dimensions, wherein the dimensions of the opening are substantially similar to

dimensions of the rectangular shape (diaphragm 20 figure 1).

Regarding claims 16, 21 and 25, Spycheret al. discloses that the concentrator

comprises at least one of glass, ground glass, glass beads, opal glass, and a compound

parabolic concentrator (lens 21 made of glass).

Regarding claim 17, Spycher et al. discloses a detector filter comprising a light-

absorbing surface facing the tissue measurementsite and an opening, wherein the

opening is configured to allow the spreadlight, after being attenuated by or reflected

from the tissue measurementsite, to be received by the concentrator (diaphragm 20

reads onfilter and lens 21 reads on concentrator, figure 1).

Regarding claim 30, spycheret al. discloses that the detectoris

further configured to have a detection area corresponding to the defined surface

area shape by which the emitted spread light is distributed onto the surface of the

tissue measurementsite (figure 1).
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Regarding claim 31, Spycheret al. discloses that the detector further comprises

an array of detectors configured to cover the detection area ((0047)).

Regarding claim 32, Spycheret al. discloses a pulse oximeter sensor ([0053])

comprising: an emitter configured to emit light at a wavelength (figure 1, light source 8,

[0040], [0053]); a concentrator which concentrates the emitted light after it has

been attenuated by the tissue measurementsite (lens 21 figure 1, [0043]); anda

detector configured to detect the emitted spread, the spread light having been

attenuated by or reflected from the tissue measurementsite, the detector further

configured to output a signal responsive to the detected light (detector 22 figure 1,

[0043)).

Regarding claim 33, Spycheret al. discloses that the detectoris

further configured to transmit the output signal responsive to the detected light to

a processor configured to receive the signal responsive to the detected light and

to determine a physiological parameter ([0053}).

Regarding claim 34, Spycheret al. discloses that the concentratoris further

configured to define a surface area shape by which the emitted spread light is received

from a surface of the tissue measurementsite (lens 21, figure 1, [0043]).

Regarding claim 35, Spycheret al. discloses that the concentratoris further

configured to have a detection area corresponding to the defined surface area shape by

which the emitted spreadlight is distributed onto the surface of the tissue measurement

site (lens 21, figure 1, [0043)).
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Regarding claim 36, Spycheret al. discloses that the detector further comprises

an array of detectors configured to cover the detection area ([0047)).

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to MARJAN FARDANESHwhosetelephone numberis

(571)270-5508. The examiner can normally be reached on Monday-Friday 9:30-18:00.

lf attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Mailari Patricia can be reached on (571)272-4729. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA)or 571-272-1000.

/MARJAN FARDANESH/

Examiner, Art Unit 3735
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117 2015/0038859 02/05/2015 Dalvi et al.

118) 8,948,835 02/03/2015 Diab

119 8,948,834 02/03/2015 Diab etal.

120 2015/0032029 01/29/2015 Al-Ali et al.

121 8,942,777 01/27/2015 Diab etal.

122 2015/0025406 01/22/2015 Al-Ali

123 2015/0018650 01/15/2015 Al-Ali et al.

124 2015/0012231 01/08/2015 Poeze et al.

125 2015/001 1907 01/08/2015 Purdonetal.

126) 8,929,964 01/06/2015 Al-Ali et al.

127 2015/0005600 01/01/2015 Blank etal.

128) 8,922,382 12/30/2014 Al-Ali et al.

129 8,921,699 12/30/2014 Al-Ali et al

130 8,920,317 12/30/2014 Al-Ali et al.

131 201 4/0378784 12/25/2014 Kiani et al.

132 201 4/0371548 12/28/2014 Al-Ali et al.

133 2014/0371632 12/18/2014 AI-Ali et al.

134) 8,912,909 12/16/2014 Al-Ali et al.

135) 8,911,377 12/16/2014 Al-Ali

136 8,909,310 12/09/2014 Lamegoet al.

137 201 4/0357966 12/04/2014 Al-Ali et al.

138 8,897,847 11/25/2014 AlL-Ali

139 8,892,180 11/18/2014 Weberet al.

140 8,888,708 11/18/2014 Diab etal.

144 8,888,539 11/18/2014 Al-Ali et al.

142 201 4/0336481 11/13/2014 Shakespeare et al.

143 8,886,271 11/11/2014 Kiani et al.

144) 201 4/0330099 11/06/2014 Al-Ali et al.

145 2014/0330098 11/06/2014 Merritt et al.
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146) 201 4/0330092 11/06/2014 Al-Ali et al.

147 2014/0323898 10/30/2014 Purdonet al.

148) 201 4/0323897 10/30/2014 Brownetal.

149 2014/0323825 10/30/2014 Al-Ali et al.

150 8,870,792 10/28/2014 Al-Ali et al.

151 2014/0316218 10/23/2014 Purdonetal.

152) 2014/0316217 10/23/2014 Purdon etal.

153 8,868,150 10/21/2014 Al-Ali et al.

154) 8,868,147 10/21/2014 Stippick etal.

155) 201 4/0316228 10/23/2014 Blank etal.

156 8,852,994 10/07/2014 Wojtczuk et al.

157 2014/0303520 10/09/2014 Telfort et al.

158 8,852,094 10/07/2014 Al-Ali et al.

159 8,849,365 09/30/2014 Smith et al.

160) 8,847,740 09/30/2014 Kiani et al.

161 8,845,543 09/30/2014 Diab et al.

162 8,840,549 09/23/2014 Al-Ali et al.

163 8,831,700 09/09/2014 Schurmanetal.

164 8,830,449 09/09/2014 Lamegoet al.

165) 2014/0288400 09/25/2014 Diab et al.

166 2014/0276115 09/18/2014 Dalvi et al.

167 2014/027588 1 09/18/2014 Lamegoet al.

168 2014/0275872 09/18/2014 Merritt etal.

169 2014/0275871 09/18/2014 Lamegoet al.

170 2014/0275835 09/18/2014 Lamegoet al.

171 2014/0275808 09/18/2014 Poeze et al.

172 8,821,415 09/02/2014 Al-Ali et al.

173 201 4/0266790 09/18/2014 Al-Ali et al.

174 8,821,397 09/02/2014 Al-Ali et al.
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175 8,801,613 08/12/2014 Al-Ali et al.

176 8,790,268 07/29/2014 Al-Alli

177 8,788,003 07/22/2014 Schurmanetal.

178) 8,781,549 07/15/2014 Al-Ali et al.

i793 8,781,544 07/15/2014 Al-Ali et al.

186 2014/0213864 07/31/2014 Abdul-Hafiz et al.

181 8,781,543 07/15/2014 Diab et al.

182 201 4/0206963 07/24/2014 Al-Ali

183 8,777,634 07/15/2014 Kiani et al.

184 8,771,204 07/08/2014 Telfort et al.

185) 2014/0187973 07/03/2014 Brown etal.

186 2014/0194766 07/10/2014 Al-Ali et al.

187 8,768,423 07/01/2014 Shakespeare et al.

188 8,764,671 07/01/2014 Kiani

189 2014/0180160 06/26/2014 Brownetal.

199 8,761,850 06/24/2014 Lamego

191 8,755,872 06/17/2014 Marinow

192 8,755,856 06/17/2014 Diab etal.

193 2014/0180154 06/26/2014 Sierra et al.

194) 2014/0180038 06/26/2014 Kiani

195) 8,755,535 06/17/2014 Telfort et al.

196 2014/0171763 06/19/2014 Diab

197 2014/0166076 06/19/2014 Kiani et al.

198) 8,754,776 06/17/2014 Poezeetal.

199) 2014/0163402 06/12/2014 Lamegoet al.

200 2014/0163344 06/12/2014 Al-Ali

201 8,740,792 06/03/2014 Kiani et al.

202) 8,723,677 05/13/2014 Kiani

203 8,721,542 05/13/2014 Al-Ali et al.
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204 8,721,541 05/13/2014 Al-Ali et al.

205 2014/0142401 05/22/2014 Al-Ali et al.

206) 8,720,249 05/13/2014 Al-Ali

207 2014/0135588 05/15/2014 Al-Ali et al.

208) 8,718,738 05/06/2014 Blank etal.

209 2014/0129702 05/08/2014 Lamegoet al.

210 2014/0127137 05/08/2014 Bellott et al.

ait 8,718,737 05/06/2014 Diab et al.

212 8,718,735 05/06/2014 Lamegoet al.

213 2014/0121483 05/01/2014 Kiani

214 2014/0121482 05/01/2014 Merritt et al.

215) 2014/01 20564 05/01/2014 Workmanetal.

216 8,715,206 05/06/2014 Telfort et al.

217 8,712,494 04/29/2014 MacNeish, III et al.

218 8,706,179 04/22/2014 Parker

219 8,702,627 04/22/2014 Telfort et al.

220) 8,700,112 04/15/2014 Kiani

221 8,690,799 04/08/2014 Telfort et al.

222 2014/0114199 04/24/2014 Lamego etal.

223 2014/0100434 04/10/2014 Diab et al.

224 201 4/0094667 04/03/2014 Schurmanetal.

225) RE44,875 04/29/2014 Kiani et al.

226 RE44,823 04/01/2014 Parker

227 8,682,407 03/25/2014 Al-Ali

228) 2014/0081175 03/20/2014 Telfort

229 8,676,286 03/18/2014 Weberet al.

230 8,670,814 03/11/2014 Diab etal.

231 2014/0081 100 03/20/2014 Muhsinet al.

232) 8,670,811 03/11/2014 O'Reilly
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233 8,667,967 03/11/2014 Al- Ali et al.

234) 2014/0077956 03/20/2014 Sampath et al.

235 8,666,468 03/04/2014 Al-Ali

236 2014/0066783 03/06/2014 Kiani et al.

237 8,663,107 03/04/2014 Kiani

238] 2014/0051953 02/20/2014 Lamegoet al.

239 8,652,060 02/18/2014 Al-Ali

240) 2014/0034353 02/06/2014 Al-Ali et al.

241 8,641,631 02/04/2014 Sierra etal.

242) 8,634,889 01/21/2014 Al-Ali et al.

243 8,630,691 01/14/2014 Lamegoetal.

244) 2014/0012100 01/09/2014 Al-Ali et al.

245) 8,626,255 01/07/2014 Al-Ali et al.

246 2013/033 1660 12/12/2013 Al-Ali et ai.

247 2013/0331670 12/12/2013 Kiani

248) 8,606,342 12/10/2013 Diab

249 2013/0324808 12/05/2013 Al-Ali et al.

250 8,600,467 12/03/2013 Al-Ali et al.

251 8,588,880 11/19/2013 Abdul-Hafiz et al.

252 8,584,345 11/19/2013 Al-Ali et al.

253 8,581,732 11/12/2013 Al-Ali et al.

254 2013/0317370 11/28/2013 Dalvi et al.

255 2013/0296713 11/07/2013 Al-Ali et al.

256] 2013/0296672 11/07/2013 O’Neil et al.

257| 8,577,431 11/05/2013 Lamegoetal.

258] 8,571,619 10/29/2013 Al-Ali et al.

259 8,571,618 10/29/2013 Lamegoet al.

260 8,571,617 10/29/2013 Reichgott et al.

261 8,570,503 10/29/2013 Vo et al.
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262 8,570,167 10/29/2013 Al-Ali

263) D692,145 10/22/2013 Al-Ali et al.

264 2013/0274572 10/17/2013 Al-Ali et al.

265) 8,560,034 10/15/2013 Diabetal.

266 8,560,032 10/15/2013 Al-Ali et al.

267 2013/0267804 10/10/2013 Al-Ali

268 2013/0262730 10/03/2013 Al-Ali et al.

269 8,548,550 10/01/2013 Al-Ali et al.

270) 8,548,549 10/01/2013 Schurmanetal.

271 8,548 548 10/01/2013 Al-Ali

272 8,547,209 10/01/2013 Kiani et al.

273 8,532,728 09/10/2013 Diab etal.

274 2013/0253334 09/26/2013 Al-Ali et al.

275 8,532,727 09/10/2013 Ali et al.

276) 8,529,301 09/10/2013 Al-Ali et al.

277 2013/0243021 09/19/2013 Siskavich

278 8,523,781 09/03/2013 Al-Ali

279 8,515,509 08/20/2013 Bruinsmaet al.

280) 2013/0211214 08/15/2013 Olsen

281 8,509,867 08/13/2013 Workmanet al.

282 8,504,128 08/06/2013 Blanketal.

283) 8,498,684 0730//2013 Weberet al.

284 8,489,364 07/16/2013 Weberet al.

285) 2013/0190581 07/25/2013 Al-Ali et al.

286) 8,483,787 07/09/2013 Al-Ali et al.

287 8,473,020 06/25/2013 Kianiet al.

288 8,471,713 06/25/2013 Poezeetal.

289) 8,466,286 06/18/2013 Bellot et al.

290) 8,463,349 06/11/2013 Diab etal.
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291 8,457,707 06/04/2013 Kiani

292 8,457,703 06/04/2013 AL-Ali

293 8,455,290 06/04/2013 Siskavich

294 8,437,825 05/07/2013 Daivi et al.

295) 8,430,817 04/30/2013 Al-Ali et al.

296) 8,428,967 04/23/2013 Olsenetal.

297 8,423,106 04/16/2013 Lamegoet al.

293) 2013/0096936 04/18/2013 Sampathet al.

299) 8,418,524 04/16/2013 Al-Ali

300) 2013/0096405 04/18/2013 Garfio

301 8,414,499 04/09/2013 Al-Ali et al.

302) 8,405,608 03/26/2013 Al-Ali et al.

303) 8,401,602 03/19/2013 Kiani

304 2013/0060147 03/07/2013 Welchetal.

305) 8,399,822 03/19/2013 Al-Ali

306 8,388,353 03/05/2013 Kianiet la.

307 2013/0041591 02/14/2013 Lamego

308 8,385,996 02/26/2013 Smith et al.

309) 2013/0046204 02/21/2013 Lamego etal.

310 8,385,995 02/26/2013 Al-ali et al.

311 8,374,665 02/12/2013 Lamego

312 8,364,226 01/29/2013 Diab etal.

313 8,364,223 01/29/2013 Al-Ali et al.

314 2013/0023775 01/24/2013 Lamegoet al.

315) 8,359,080 01/22/2013 Diab etal.

316 8,385,996 02/26/2013 Smith etal.

317 8,374,665 02/12/2013 Lamego

318 8,355,766 01/15/2013 MacNeish, II! et al.

319 8,353,842 01/15/2013 Al-Alli et al.
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320) 2013/0006076 01/03/2013 McHale

321 8,346,330 01/01/2013 Lamego

322 2012/0330112 12/27/2012 Lamegoetal.

323) 8,337,403 12/25/2012 Al-Ali et al.

324 2012/0319816 12/20/2012 Al-Ali

325) RE43,860 12/11/2012 Parker

326 8,315,683 11/20/2012 Al-Ali et al.

327] 8,310,336 11/13/2012 Muhsin etal.

328 2012/0296178 11/22/2012 Lamegoetal.

329) 2012/0283524 11/08/2012 Kiani et al.

330) 8,306,596 11/06/2012 Schurmanet al.

331 8,301,217 10/30/2012 Al-Ali et al.

332) 8,274,360 09/25/2012 Sampathet al.

333 8,265,723 09/11/2012 McHaleetal.

334 8,260,577 09/04/2012 Weberetal.

335) 8,255,028 08/28/2012 Al-Ali et al.

336 8,255,027 08/28/2012 Al-Ali et al.

337 2012/0209084 08/16/2012 Olsenet al.

338 8,255,026 08/28/2012 Al-Ali

339) 2012/0209082 08/16/2012 AlL-Ali

340) 8,244,325 08/14/2012 Al-Ali et al.

341 8,233,955 07/31/2012 Al-Ali et al.

342 8,229,533 07/24/2012 Diab et al.

343 8,228,181 07/24/2012 Al-Ali

344) 8,224,411 07/17/2012 Al-Ali et al.

345) 2012/0179006 07/12/2012 Jansenetal.

346 8,219,172 07/10/2012 Schurmanetal.

347 2012/0165629 06/28/2012 Merritt et al.

348 8,204,566 06/19/2012 Schurmanetal.
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349 8,203,704 06/19/2012 Merritt et al.

350 8,203,438 06/19/2012 Kianiet al.

351 8,190,227 05/29/2012 Diabetal.

352 8,190,223 05/29/2012 Al-Ali et al.

353 8,185,180 05/22/2012 Diab et al.

354 8,182,443 06/22/2012 Kiani

355 8,180,420 05/15/2012 Diab etal.

356 8,175,672 05/08/2012 Parker

357 2012/0088984 04/12/2012 AIAli et al.

358 8,150,487 04/03/2012 Diab etal.

359 2012/0059267 03/08/2012 Lamegoet al.

360 8,145,287 03/27/2012 Diab etal.

361 8,130,105 03/06/2012 Al-Ali et al.

362 8,128,572 03/06/2012 Diabetal.

363 8,126,528 02/28/2012 Diab etal.

364 2012/0046557 02/23/2012 Kiani

365 8,118,620 02/21/2012 Al-Ali et al.

366 201 2/0041316 02/16/2012 Al-Ali et al.

367 RE43,169 02/07/2012 Parker

368 201 1/0301444 12/08/2011 Al-Ali

369 201 1/0288383 11/24/2014 Diab

370 8,050,728 11/01/2011 Al-Ali et al.

371 8,048,040 11/01/2014 Kiani

372 8,046,042 10/25/2014 Diabetal.

373 8,046,044 10/25/2011 Diabetal.

374 8,046,040 10/25/2014 All et al.

375 8,036,728 10/11/2011 Diab etal.

376 8,036,727 10/11/2011 Schurmanet al.

377| 8,029,765 10/04/2011 Bellott etal.
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378 8,028,701 10/04/2011 Al-Ali et al.

379 201 1/0237969 09/29/2011 Eckerbom et al.

380) 201 1/0230733 09/22/2011 Al-Ali

381 201 1/0213212 09/01/2011 Al-Ali

382 RE42,753 09/27/2011 Kiani-Azarbayjanyet al.

383) 8,019,400 09/13/2011 Diab etal.

384 201 1/0208015 08/25/2011 Welch etal.

385) 8,008,088 08/30/2011 Bellott et al.

386 8,000,761 08/16/2011 Al-Ali

387 7,991,446 08/02/2011 Al-Ali et al.

338 7,990,382 08/02/2011 Kiani

389) 7,988,637 08/02/2011 Diab

390) 7,976,472 07/12/2011 Kiani

391 7,962,190 06/14/2011 Diab et al.

392) 7,962,188 06/14/2011 Kiani et al.

393) 7,957,780 06/07/2011 Lamegoetal.

394 7,951,086 05/31/2011 Flaherty et al.

395) 201 1/0125060 05/26/2011 Telfort et al.

396 7,941,199 05/10/2011 Kiani

397 7,937,130 05/03/2011 Diab etal.

3938 201 1/0105854 05/05/2011 Kianiet al.

399) 7,937,129 05/03/2011 Masonet al.

400) 7,937,128 05/03/2011 Al-Ali

401 201 1/008271 1 04/07/2011 Poezeetal.

402) 7,919,713 04/06/2011 Al-Ali et al.

403) 7,910,875 03/22/2011 Al-Ali

404 7,909,772 03/22/2011 Popovetal.

405) 7,904,132 03/08/2011 Weberetal.

406) 7,899,518 03/01/2011 Trepagnieretal.
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407 7,899,507 03/01/2011 Al-Ali et al.

403) 7,894,868 02/22/2011 Al-Ali et al.

409 7,891,355 02/22/2011 Al-Ali et al.

410 7,880,626 02/01/2011 Al-Ali et al.

411 7,880,606 02/01/2011 Al-Ali

412 7,873,497 01/18/2011 Weberet al.

413 7,865,222 01/04/2011 Weberet al.

414 7,844,315 11/30/2010 Al-Ali

415) 7,844,314 11/30/2010 Al-Ali

416 7,844,313 11/30/2010 Kiani et al.

417 RE41,912 11/02/2010 Parker

418 7,822,452 10/26/2010 Schurmanetal.

419 7,801,581 09/21/2010 Diab

420 7,791,155 09/07/2010 Diab

421 D621.516 08/10/2010 Kiani et al.

422 7,764,982 07/27/2010 Dalke et al.

423 7,761,128 07/20/2010 Al-Ali et al.

424 7,761,127 07/20/2010 Al-Ali et al.

425) 7,734,320 06/08/2010 Al-Ali

426 7,729,733 06/01/2010 Al-Ali et al.

427 RE41,317 05/04/2010 Parker

428 D614,305 04/20/2010 Al-Ali et al.

429 2010/0030040 02/04/2010 Poeze et al.

430 D609, 193 02/02/2010 Al-Ali et al.

431 2010/0004518 01/07/2010 Vo etal.

432 7,647,083 01/12/2010 Al-Ali et al.

433 D606,659 12/22/2009 Kiani et al.

434 2009/0275844 11/05/2009 Al-Ali

435) 7,618,375 11/17/2009 Flaherty
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436| 2009/0275813 11/05/2009 Davis

437 2009/0247984 10/01/2009 Lamego et al.

438] 7,596,398 09/29/2009 Al-Ali et al.

439 7,563,110 07/21/2009 Al-Ali et al.

440) 7,530,955 05/12/2009 Diab et al.

441 7,530,949 05/12/2009 Al All et al.

442 7,530,942 05/12/2009 Diab

443 7,526,328 04/28/2009 Diab et al.

444 7,510,849 03/31/2009 Schurmanetal.

445) 7,509,494 03/24/2009 Al-Ali

446 7,509,154 03/24/2009 Diab et al.

447 7,500,950 03/10/2009 Al-Ali et al.

448 D587.657 03/03/2009 Al-Ali et al.

449 7,499,835 03/03/2009 Weberet al.

450 7,499,744 03/03/2009 Diab etal.

451 7,496,393 02/24/2009 Diab et al.

452) 7,496,391 02/24/2009 Diab et al.

453 7,489,958 02/10/2009 Diab etal.

454 7,483,730 01/27/2009 Diab etal.

455) 7,483,729 01/27/2009 Al-Ali et al.

456] 7,471,971 12/30/2008 Diab etal.

457 7,471,969 12/30/2008 Diab et al.

453) 7,469,157 12/23/2008 Diab et al.

459 7,467,002 12/16/2008 Weberet al.

460 7,454,240 11/18/2008 Diab et al.

461 7,440,787 10/21/2008 Diab

462) 7,438,683 10/21/2008 Al-Ali et al.

463 7,428,432 09/23/2008 All et al.

464 7,415,297 08/19/2008 Al-Ali et al.
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465) 7,383,070 06/03/2008 Diabetal.

466 7,377,899 05/27/2008 Weberet al.

467 7,377,794 05/27/2008 Al Ali et al.

468 7,376,453 05/20/2008 Diabetal.

469 7,373,194 05/13/2008 Weberet al.

479) 7,373,193 05/13/2008 Al-Ali et al.

471 7,371,981 05/13/2008 Abdul-Hafiz

472 7,356,365 04/08/2008 Schurman

473 D566,282 04/08/2008 Al-Ali et al.

474 7,355,512 04/08/2008 AL-Ali

475) 7,343,186 03/11/2008 Lamego et al.

476 7,341 559 03/11/2008 Schulz et al.

477 7,340,287 03/04/2008 Masonetal.

478 7,332,784 02/19/2008 Mills, et al.

479 2008/0030468 02/07/2008 Al-Ali et al.

480) 7,328,053 02/05/2008 Diab etal.

481 2007/0282478 12/06/2007 Al-Ali et al.

482 7,295,866 11/13/2007 Al-Ali

483 7,292,883 11/06/2007 De Felice etal.

484) D554,263 10/30/2007 AlL-Ali

485) 7,289,835 10/80/2007 Mansfield et al.

486 7,280,858 10/09/2007 Al-Ali et al.

487 7,274,955 09/25/2007 Kiani et al.

488 7,272,425 09/18/2007 Al-Ali

489) 7,254,434 08/07/2007 Schulz et al.

490) 7,204,433 08/07/2007 Diab etal.

491 7,254,431 08/07/2007 Al-Ali

492 7,254,429 08/07/2007 Schurmanetal.

493 7,245,953 07/17/2007 Parker

  
 

Date Considered
09/18/2018

“Examiner: Initial if reference considered, whether ornotcitation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant. 

T - Place a check mark in this area when an English language Translation is attached.

PAGE 172 OF 530

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.F/

APL_MAS_ITC_00557131

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

Receipt date: 06/28/2016 15/195,199 - GAG: 3735

PTO/SB/08 Equivalent

 

 

 

 

 

 

 

 

 

 

 

Unknown

INFORMATION DISCLOSURE Herewith

STATEMENT BY APPLICANT First Named Inventor|Ammar Al-AliArt Unit Unknown

(Multiple sheets used when necessary) Unknown
SHEET 18 OF 24 MASIMO.1007A

U.S. PATENT DOCUMENTS

Pramal nee Number°KindCodeitknown) vite Name of Patentee or Applicant RelevantPascuges‘orFielovertxample: 1,234,567 B1 Figures Appear

494 7,239,905 07/03/2007 Kiani-Azarbayjanyetal.

495 RE39,672 06/05/2007 Shehadaet al.

496] 7,225,007 05/29/2007 Al-Ali

497 7,225,006 05/29/2007 Al-Ali et al.

498) 7,221,971 05/22/2007 Diab

499 7,215,986 05/08/2007 Diab

500 7,215,984 05/08/2007 Diab

501 7,190,261 03/13/2007 Al-Ali

502 7,186,966 03/06/2007 Al-Ali

503) 7,149,561 12/12/2006 Diab

504 7,142,901 11/28/2006 Kiani et al.

505) 7,132,641 11/07/2006 Schulz et al.

506 7,096,054 08/22/2006 Abdul-Hafiz et al.

507| 7,096,052 08/22/2006 Masonetal.

508 7,067,893 06/27/2006 Mills et al.

509) 7,044,918 05/16/2006 Diab

510 7,041,060 05/09/2006 Flaherty etal

511 7,039,449 05/02/2006 Al-Ali

512 7,030,749 04/18/2006 Al-Ali

513) 7,027,849 04/1 1/2006 Al-Alli

514 7,024,233 04/04/2006 All et al.

515 7,015,451 03/21/2006 Dalke etal.

516] 7,003,339 02/21/2006 Diab et al.

517 7,003,338 02/21/2006 Weberet al.

518 6,999,904 02/14/2006 Weberet al.

519 6,996,427 02/07/2006 All et al.

520) 6,993,371 01/31/2006 Kiani et al.

521 6,985,764 01/10/2006 Masonetal.

522) 6,979,812 12/27/2005 Al-Ali
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§23 2005/0277819 12/18/2005 Kiani et al.

524) 6,970,792 11/29/2005 Diab

525 6,961,598 11/01/2005 Diab

526 6,950,687 09/27/2005 Al-Ali

527 6,943,348 09/13/2005 Coffin IV

528] 6,939,305 09/06/2005 Fiaherty etal.

529 6,934,570 08/23/2005 Kiani et al.

530) 6,931,268 08/16/2005 Kiani-Azarbayjanyetal.

531 6,920,345 07/19/2005 Al-Ali et al.

532) 6,898,452 05/24/2005 Al-Ali et al.

533 8,861,639 03/01/2005 Al-Ali

534 6,852,083 02/08/2005 Caro et al.

535) 6,850,788 02/01/2005 Al-Ali

536 6,850,787 02/01/2005 Weberet al.

537 6,830,711 12/14/2004 Mills et al.

538 6,826,419 11/30/2004 Diab et al.

539 6,822,564 11/23/2004 AI-Ali

540 6,816,741 11/09/2004 Diab

541 6,813,511 11/02/2004 Diab etal.

542) 6,792,300 09/14/2004 Diab et al.

543 6,771,994 08/03/2004 Kiani et al.

544 6,770,028 08/03/2004 Ali et al.

545 6,760,607 07/06/2004 Al-Ali

546] 6,745,060 06/01/2004 Diab etal.

547 6,735,459 05/11/2004 Parker

548) 6,728,560 04/27/2004 Kollias, et al.

549 6,725,075 04/20/2004 Al-Ali

550 6,721,585 04/13/2004 Parker

551 6,721,582 04/13/2004 Trepagnier,etal.
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552 RE38,492 04/06/2004 Diab etal.

553) 6,714,804 03/30/2004 Al-Ali et al.

554 RES8,476 03/30/2004 Diab etal.

555) 6,699,194 03/02/2004 Diab et al.

556) 6,697,658 02/24/2004 Al-Ali

557| 6,697,657 02/24/2004 Shehada,et al.

558 6,697,656 02/24/2004 Al-Ali

559 6,684,091 01/27/2004 Parker

560) 6,684,090 01/27/2004 All et al.

561 6,678,543 01/13/2004 Diab etal.

562 6,671,531 12/30/2003 Al-Ali et al.

563) 6,661,161 12/09/2003 Lanzoetal.

564) 6,658,276 12/02/2003 Kiani et al.

565 6,654,624 11/25/2003 Diab etal.

566 6,650,917 11/18/2003 Diab etal.

567 6,643,530 11/04/2003 Diab et al.

568 6,640,116 10/28/2003 Diab

569) 6,639,668 10/28/2003 Trepagnier, Pierre

570 6,632,181 10/14/2003 Flaherty et al.

571 6,606,511 08/12/2003 All et al.

572 6,597,933 07/22/2003 Kianiet al.

573 6,597,932 07/22/2003 Tian et al.

574 6,595,316 07/22/2003 Cybulski et al.

575 6,584,336 06/24/2003 Alli et al.

576 6,580,086 06/17/2003 Schulz et al.

577 6,542,764 04/01/2003 Al-Ali et al.

578 6,541,756 04/01/2003 Schulz et al.

579 6,526,300 02/25/2003 Kianiet al.

580) 6,525,386 02/25/2003 Mills etal.
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581 6,519,487 02/11/2003 Parker

582) 6,515,273 02/04/2003 AL-Ali

583) 6,505,059 01/07/2003 Kollias, et al.

584 6,501,975 12/31/2002 Diabetal.

585) 6,470,199 10/22/2002 Kopotic et al.

586 6,463,311 10/08/2002 Diab

587 6,430,525 08/06/2002 Weberetal.

588 6,430,437 08/06/2002 Marro

589) 6,397,091 05/28/2002 Diab etal.

590) 6,388,240 05/14/2002 Schulz et al.

591 6,377,829 04/23/2002 Al-Ali

592 6,371,921 04/16/2002 Caro et al.

593) 6,368,283 04/09/2002 Xu, et al.

594 6,360,114 03/19/2002 Diab etal.

595) 6,349,228 02/19/2002 Kianiet al.

596 6,343,224 01/29/2002 Parker

597 6,334,065 12/25/2001 Al-Ali et al.

598) 6,325,761 12/04/2001 Jay

599) 6,321,100 11/20/2001 Parker

600 6,317,627 11/13/2001 Ennen etal.

601 6,301,493 10/09/2001 Marro et al.

602 6,285,896 09/04/2001 Tobleret al.

603 6,280,213 08/28/2001 Tobieret al.

604 6,278,522 08/21/2001 Lepper, Jr. et al.

605) 6,263,222 07/17/2001 Diab etal.

606 6,256,523 07/03/2001 Diab etal.

607 6,253,097 06/26/2001 Aronow etal.

608 6,241,683 06/05/2001 Macklem,et al.

609) 6,236,872 05/22/2001 Diab etal.
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616 6,232,609 05/15/2001 Snyder, etal.

611 6,229,856 05/08/2001 Diab et al.

612) 6,206,830 03/27/2001 Diab etal.

613 6,184,521 02/06/2001 Coffin, IV et al.

614 6,165,005 12/26/2000 Mills et al.

615 6,157,850 12/05/2000 Diab etal.

616 6,152,754 11/28/2000 Gerhardtet al.

617 6,151,516 11/21/2000 Kiani-Azarbayjany et al.

618) 6,144,868 11/07/2000 Parker

619 6,129,675 10/10/2000 Jay

620 6,128,521 10/03/2000 Marro et al.

621 6,124,597 09/26/2000 Shehada

622) 6,110,522 08/29/2000 Lepper, Jr. et al.

623 6,088,607 07/11/2000 Diab et al.

624 6,081,735 06/27/2000 Diab etal.

625 6,067,462 05/23/2000 Diab et al.

626] 6,045,509 04/04/2000 Caroet al.

627 6,036,642 03/14/2000 Diab etal.

628) 6,027,452 02/22/2000 Flaherty et al.

629 6,011,986 01/04/2000 Diab et al.

630) 6,002,952 12/14/1999 Diab etal.

631 5,997,343 12/07/1999 Mills et al.

632 5,995,855 11/30/1999 Kianiet al.
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RESPONSE TO OFFICE ACTION DATED SEPTEMBER28, 2018

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Office Action dated September 28, 2018, please consider the following:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper.

Remarks/Arguments begin on page 9 of this paper.
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AMENDMENTS TO THE CLAIMS

A complete listing of all claims is presented below with insertions underlined (c.g.,

insertion), and deletions struck through or in double brackets (e.g., deleties or [[deletion]]).

1. (Currently Amended) An optical physiological measurement systermdevice

configured for placement on a paticnt at a tissuc measurementsitc, the devicc comprising:

one or more[[an]] emitters which emit[[s]] light-eFasvevelereth;

  

 

{fa]]one or more detectors configured to detect the emitted light after attenuation

by and reflection from by-tissue of the patient_at the tissue measurement site, the one or

more detectors further configured to transmit a signal responsive to the detected light;_and

a light block comprising an annular ring located between the emitted light at the

tissue measurement site and the one or more detectors, the light block reducing an
 

amount of incident light emitted from the one or more emitters from being detected by the
 

one or more detectors.

2. (Currently Amended) The optical physiological measurement systemdevice of

Claim [{1]]37, further comprising a concentrator which receives the-spread light after attenuation

by tissue of the patient, concentrates the received-spread light and emits the concentrated light in

the direction of the one or more detectors.

3. (Currently Amended) The optical physiological measurement systemdevice of

Claim 1, further comprising a processor configured to receive the transmitted signal responsive

to the detected light and to determine a physiological parameter.

4, (Currently Amended) The optical physiological measurement systemdevice_ of

Claim 3, wherein the parameteris arterial oxygen saturation.

2. (Currently Amended) The optical physiological measurement systemdeyice of
 

Claim [[1]]37, wherein the diffuser comprises at least one of a glass diffuser, ground glass
 

diffuser, a glass bead diffuser, an opal glass diffuser, and an engineered diffuser.

6. (Currently Amended) The optical physiological measurement systemdevice_of

Claim [[1]]37. wherein the diffuser emits the spread light with a substantially uniform intensity

profile.

2.
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7. (Currently Amended) The optical physiological measurement system of Claim

[[1]137, wherein the diffuser defines a surface area shape by which the emitted spread light is
 

distributed onto a surface ofthe tissue measurementsite.

8. (Cancelled)

9. (Cancelled)

10. (Cancelled)

V1. (Cancelled)

12. (Cancelled)

13. (Cancelled)

14, (Cancelled)

15. (Cancelled)

16. (Currently Amended) The optical physiological measurement systemdeviceof

Claim [[1]}]2, wherein the concentrator comprises at least one of glass, ground glass, glass beads,

opal glass, and a compound parabolic concentrator.

17. (Cancelled)

18, (Currently Amended) A method to determine a constituent or analyte in a

patient’s blood, the method comprising:

emitting, from [[an]]at least one emitter_of_an optical sensor, light of [[a]lone or
 

more wavelengths;

 
detecting, with [[the]Jone or more detectors, the emitted eoneentrated—light_after

attenuation by and reflection from tissue of the patient at the tissue measurement site; and 

located between the emitted light al the tissueroviding an annular rin    

measurement site and the one or more detectors, wherein the annular ring reduces an

amount of incident light emitted from the at least one emitter from arriving at the one or

more detectors.
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19. (Currently Amended) The method of Claim [[18]]39, further comprising

receiving, by a concentrator, the emitted spread light after the spread light has been attenuated by

[for]]and reflected from the tissue measurement site and concentrating, by the concentrator, the

received light and emitting the concentrated light from the concentrator to [[a]]the one or more

detectors.

20. (Currently Amended) The method of Claim 18, further comprising transmitting,

from the one or more detectors, a signal responsive to the detected light; receiving, by a

processor, the transmitted signal responsive to the detected light; and processing, by the

processor, the received signal responsive to the detected light to determine a physiological

parameter.

21. (Cancelled)

22. (Currently Amended) The method of Claim [[18]]39, wherein spreading, with a

diffuser, the emitted light and emitting the spread light from the diffuser to a tissue measurement

site is performed by at least one of a glass diffuser, a glass bead diffuscr, an opal glass diffuscr,

and an engineered diffuser.

23. (Currently Amended) The method of Claim [[18]]39, wherein spreading, with a

diffuser, the emitted light and cmitting the spread light from the diffuser to a tissue measurement

site further comprises spreading the emitted light with a substantially uniform intensity profile.

2A. (Currently Amended) The method of Claim {[18]]39, wherein spreading, with a

diffuser, the emitted light and emitting the spread light from the diffuser to a tissue measurement

site further comprises spreading the emitted light so as to define a surface area shape by which

the emitted spread light is distributed onto a surface of the tissue measurementsile.

25. (Currently Amended) The method of Claim [[18]]19, wherein concentrating, by

the concentrator, the received light and emitting the concentrated light from the concentrator to

[fa]]the one or more detectors is performed by at least one of a glass concentrator, a glass bead

concentrator, an opal glass concentrator, and a compound parabolic concentrator.

26. (Currently Amended) A pulse oximeter sensor comprising:

atremitterone or more optical sources configured to emit light at [[a]]one or more

wavelengths, wherein, when the pulse oximeter sensor is placed on a patient at_a tissue

-4-
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measurement site, the one or more optical sources are positioned in _a_ reflectance
 

measurement configuration on a first side of the tissue measurementsite;
 

 
a detector plurality of detectors configured to detect the-emitted-spreadtehtthe

spread light emitted from the one or more optical sources after havying—bees

attenuation[[ed]]by tissue of the patient at the tissue measurement site. the plurality of

detectors arranged in an array so as to capture the emitted light reflected from the tissue 

of the patient at [[by ]]the tissue measurement site, wherein the plurality of detectors are

positioned in_a reflectance measurement configuration on the first side of the tissue 

measurement site when the pulse oximeter sensor is placed on the patient, the plurality of
 

detectors deteeter further configured to output a signal responsive to the detected light;

and

a light block comprising an annular ring located between the emitted light at the

tissue measurement site and the plurality of detectors, the light block reducing an amount

of incident light emitted from the one or more optical sources from arriving at the

plurality of detectors.

27. (Currently Amended) The pulse oximeter sensor of Claim 26, further

comprising a concentrator which concentrates the emitted light after if has been attenuated by the

tissue measurement site and directs the concentrated light toward the plurality of detectors.

28. (Currently Amended) The pulse oximeter sensor of Claim 26, wherein the

plurality of detectors [[is]]are further configured to output the signals response to the detected

light to a processor configured to receive the signals responsive to the detected light and to

determine a physiological parameter.

29. (Currently Amended) The pulse oximeter sensor of Claim [[26]]41, wherein the

diffuser is further configured to define a surface area shape by which the emitted spread light is

distributed onto a surface of the tissue measurementsite.

30. (Cancelled)

31. (Cancelled)
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32. (Currently Amended) A pulse oximeter sensor comprising:

an-emdtterone or more optical sources configured to emit light at [[a]]one or more
 

wavelengths. wherein, when the pulse oximeter sensor is placed on a patient at_a tissue

measurement site, the one or more optical sources are positioned in a_reflectance
 

measurement configuration on a first side of the tissuc measurementsite;

. hick - Hod Heht after it hast 4

a deteeter-plurality of detectors configured to detect the-emitted-spread-the-spread

light_emitted from the one or more optical sources after havine-been-attenuation[[ed]]by

and reflection from[{by]] tissue of the patient at er-refleeted-from-the tissue measurement

  

site, wherein the plurality of detectors are positioned in a reflectance measurement

configuration on the first side of the tissue measurement site when the pulse oximeter

sensor is placed on the patient, the plurality of detectors further configured to output [[a

JJsignals responsive to the detected light; and

a light block comprising an annular ring located between the emitted light at the

tissue measurement site and the plurality of detectors, the light block reducing an amount

of incident light emitted from the one or more optical sources that does not enter the 

tissuc measurement site arriving at the plurality of detectors.
 

33. (Currently Amended) The pulse oximeter sensor of Claim 32, wherein the

plurality of detectors [[is]]are further configured to transmit the output signals responsive to the

detected light to a processor configured to receive the signals responsive to the detected light and

to determine a physiological parameter.

34. (Cancelled)

35. (Cancelled)

36. (Cancelled)

37. (New) The optical physiological measurement device of Claim 1, further

comprising a diffuser which receives, spreads and emits the spread light, wherein the emitted

spread light is directed at the tissue measurementsite.

38. (New) The optical physiological measurement device of Claim 1, wherein the

emitter is positioned outside the annular ring whenthe optical physiological measurement device

-6-
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is placed on the patientat the tissue measurement site, and wherein the one or more detectors are

positioned inside the annular ring when the optical physiological mcasurement device is placed

on the patient at the tissue measurementsite.

39. (New) The method of Claim 18, further comprising spreading, with a diffuser, the

emitted light and emitting the spread light from the diffuser to the tissue measurement sitc,

wherein the diffuser spreads the light over a greater area of the tissue measurement site than

would otherwise be illuminated by the emitter directly emitting light al the issue measurement

site.

40. (New) The method of Claim 18, wherein the emitter is positioned outside the

annular ring when the optical sensor is placed on the patient at the tissue measurement sile, and

wherein the one or more detectors are positioned inside the annular ring when the optical sensor

is placed on the patient at the tissue measurementsite.

Al. (New) The pulse oximeter sensor of Claim 26, further comprising a diffuser

configured to receive the emitted light, to spread the reccived light, and to emit the spread light,

wherein the emitted spread lightis directed at the tissue measurementsite.

42. (New) The pulse oximeter sensor of Claim 26, wherein the one or more optical

sources are positioned outside the annular ring when the pulse oximeter sensor is placed on the

patient at the tissue measurementsite, and wherein the plurality of detectors are positioned inside

the annular ring when the pulse oximeter sensor is placed on the patient at the tissue

measurementsite.

43. (New) The pulse oximeter sensor of Claim 26, wherein the plurality of detectors

are arranged in an array with a special configuration corresponding to an irradiated surface area.

44, (New) The pulse oximeter sensor of Claim 43, wherein the irradiated surface arca

comprises an annular shape.

4S. (New) The pulse oximeter sensor of Claim 32, wherein the one or more optical

sources are positioned outside the annular ring when the pulse oximeter sensor is placed on the

patient at the tissue measurementsite, and wherein the plurality of detectors are positioned inside

the annular ring when the pulse oximeter sensor is placed on the patient at the tissue

measurementsite.
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46. (New) The pulse oximeter sensor of Claim 32, wherein the plurality of detectors

are arranged in an array so as to capture the emitted light reflected by tissue of the patient at the

tissue measurementsite.

AT. (New) The pulse oximeter sensor of Claim 46, wherein the plurality of detectors

are arranged in an array with a special configuration corresponding to an irradiated surface area.

48. (New) The pulse oximeter sensor of Claim 47, wherein the irradiated surface area

comprises an annular shape.
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REMARKS

This paper is filed in response to the Office Action mailed September 28, 2018 (*

Office Action’), in connection with the above-referenced patent application. Claims 1-36 were

pending prior to the submission ofthis paper. Claims 1-7, 16, 18-20, 22-29, and 32-33 have been

amended and Claims 8-15, 17, 21, 30-31, and 34-36 have been cancelled without prejudice or

disclaimer. Thus, Claims 1-7, 16, 18-20, 22-29, 32-33, and 37-48 are pending. Applicant

respectfully requests allowance of the pending claimsin light of the present response.

A. Claim Objection

The Office Action asserted that Claim 26 was a duplicate of Claim 1. Without necessarily

agrecing with this assertion, Applicant belicves this objection is moot in view of the amendments

shown above and respectfully requests that this objection be withdrawn.

B. Claim Rejection under 35 U.S.C. § 112 

The Office Action rejected Claim 32 as being allegedly incomplete for omitting essential

elements. Without necessarily agreeing with this assertion, Applicant believes this objection is

moot in view of the amendments shown above and respectfully requests that this rejection be

withdrawn.

Cc, The Pending Claims Are Patentable over the Cited Art

Independent Claims 1, 18, and 26 and dependent Claims3, 4, 6, 7, 9-14, 20, 23, 24, 26, 28,

and 29 were rejected under 35 U.S.C. § 102 as allegedly being anticipated by U.S. Patent No.

6,343,223 to Chin et al (hereinafter “Chin’’). Independent Claims 1, 18, 26, and 32 and dependent

Claims 2, 5-9, 15-17, 19, 21-25, 27, 30-31, and 33-36 were rejected under 35 U.S.C. § 102 as

allegedly being anticipated by U.S. Patent Pub. No. 2004/0114783 to Spycher et al (“Spycher’).

Applicant respectfully disagrees and requests that the rejections of Claims 1-7, 16, 18, 19, 22-29,

32-33 be withdrawn and newClaims 37-48 be allowed forat lcast the following reasons.

1. Independent Claim 1

Amended Claim 1 recites:

An optical physiological measurement device configured for placement on a
patient at a tissue measurementsite, the device comprising:

one or more emitters which cmit light;
one or more detectors configured to detect the emitted light after attenuation by

and reflection from tissue of the patient at the tissue measurement site, the one or more
detectors further configured to transmit a signal responsive to the detected light; and

-O-
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a light block comprising an annular ring located between the emitted light at the
tissue measurement site and the one or more detectors, the light block reducing an
amountof incidentlight emitted [rom the one or more emitters from being detected by the
one or more detectors.

Applicant respectfully submits that the cited art, alone or in combination, fails to teach or

suggest the above-recited limitations of Claim 1. For at least these reasons, Applicant

respectfully requests withdrawal of the rejection of independent Claim 1 and allowance of the

claim.

2. Independent Claim 18

Amended Claim18 recites:

A method to determine a constituent or analyte im a patient’s blood, the method
comprising:

emitting, from at least one emitter of an optical sensor, light of one or more
wavelengths;

detecting, with one or more detectors, the emitted light after attenuation by and
reflection from tissue of the patient at the tissue measurementsite; and

providing an annular ring located between the emitted light at the tissue
measurement site and the one or more detectors, wherein the annular ring reduces an
amount of incident light emitted from the at least one emitter from arriving at the one or
more detectors.

Applicant respectfully submits that the cited art, alone or in combination,fails to teach or

suggest the above-recited limitalions of Claim 18. For at least these reasons, Applicant

respectfully requests withdrawal of the rejection of independent Claim 18 and allowance of the

claim.

3. Independent Claim 26

Amended Claim 26 recites:

A pulse oximeter sensor comprising:
one or more optical sources configured to emit light at one or more wavelengths,

wherein, when the pulse oximeter sensor is placed on a patient at a issue measurement
site, the one or more optical sources are positioned in a reflectance measurement
configuration on a first side of the tissue measurementsite;

a plurality of detectors configured to detect light emitted from the one or more
optical sources after attenuation by tissuc of the patient at the tissue measurementsito, the
plurality of detectors arranged in an array so as to capture the emitted light reflected from
the issue of the paticnt at the tissuc measurement site, wherein the plurality of detectors
are positioned in a reflectance measurement configuration on the first side of the tissue
measurement site when the pulse oximeter sensor is placed on the patient, the plurality of
detectors further configured to output a signal responsive to the detected light; and

-10-
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a light block comprising an annular ring located between the emitted light at the
tissue measurement site and the plurality of detectors, the light block reducing an amount
of incident light emitted from the one or more optical sources from arriving at the
plurality of detectors.

Applicant respectfully submits that the cited art, alone or in combination, fails to teach or

suggest the above-recited limitations of Claim 26. For at least these reasons, Applicant

respectfully requests withdrawal of the rejection of independent Claim 26 and allowance of the

claim.

4. Independent Claim 32

Amended Claim32 recites:

A pulse oximeter sensor comprising:
one or more optical sources configured to emit light at one or more wavelengths,

wherein, when the pulse oximeter sensor is placed on a patient at a tissue measurement
site, the one or more optical sources are positioned in a reflectance measurement
configuration on a first side ofthe tissue measurementsite;

a plurality of detectors configured to detect light emitted from the one or more
optical sources after attenuation by and reflection from tissue of the patient at the tissue
measurement site, wherein the plurality of detectors are positioned in a reflectance
measurement configuration on the first side of the tissue measurement site when the pulse
oximeter sensor is placed on the patient, the plurality of detectors further configured to
output signals responsive to the detected light; and

a light block comprising an annular ring located between the emitted light at the
tissue measurement site and the plurality of detectors, the light block reducing an amount
of incident light emitted from the one or more optical sources that does not enter the
tissue measurementsite arriving at the plurality of detectors.

Applicant respectfully submits that the cited art, alone or in combination, fails to teach or

suggest the above-recited limitations of Claim 32. For at least these reasons, Applicant

respectfully requests withdrawal of the rejection of independent Claim 32 and allowance ofthe

claim.

5. Dependent Claims 2-7, 16, 19-20, 22-25, 27-29, and 33

Claims 2-7, 16, 19-20, 22-25, 27-29, and 33 depend directly or indirectly from Claims 1,

18, 26, or 32 and are thus patentably distinct from the cited art of record for at least the reasons

set forth above in regard to Claims 1, 18, 26, or 32. In addition, Applicant notes that these claims,

when taken in the context of Claims 1, 18, 26, or 32, set forth a numberof recitations not taught,

disclosed, or suggested by the cited references, alone or in combination. For at least these
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additional reasons, Applicant respectfully requests that the rejections of Claims 2-7, 16, 19-20,

22-25, 27-29, and 33 be withdrawn and the claims allowed.

6. New Claims 37-48

Claims 37-48 were added in the present paper and our believed to be patentable over the

cited art. Accordingly, Applicant respectfully requests that Claims 37-48 be indicated as

allowable.

D. Ne Disclaimers or Disavowals

Although the present communication may include alterations to the application or claims,

or characterizations of claim scope or referenced art, Applicant is not conceding in this

application that previously pending claims are not patentable over the cited references. Rather,

any alterations or characterizations are being made to facilitate expeditious prosecution of this

application. Applicant reserves the right to pursue at a later date any previously pending or other

broader or narrower claims that capture any subject mattcr supported by the present disclosure,

including subject matter found to be specifically disclaimed herein or by any prior prosecution.

Accordingly, reviewers of this or any parent, child or related prosecution history shall not

reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter

supported by the present application.

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: November6, 2018 By: /Aaron 8S. Johnson/
Aaron S$. Johnson

Registration No. 74,164
Registered Practitioner
Customer No. 64735

(949) 760-0404
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(64) Pulsoximeter sensor

(57) The invention relates to a pulsoximeter sensor
for measuring the degree of oxygen saturation in a pa-
tient's blood non-invasively. A sensor (100) comdprises:
radiation sources (38), which emit measuring radiation
with at least two wavelengths to a portion (6) cf the bady
of a patient; a detector (37) for receiving the measuring
radiation having passed through said body portion of a
patient and for converting the same to electric form; as
well as at least one radiation transfer section, which is
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located between either ihe radiation sources or respec-
tively the detectors and the external surface (50) of said
body portion of a patient. The radiation transfer section
includes measuring-radiation transmitting ends, where-
of an outer end (16; 26) facing the external body surface
(50) has a surface areca which is goncrally larger than
the surface area of an inner end (13a; 19a) facing any
given radiation sources or respectively detectors, as
well as a measuring-radiation diffusively reflecting sur-
face (14, 17) between these ends.
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Description

The present invention relates to a pulsoximeter for
measuring the degree of oxygen saturation in a patient's
blood non-invasively, said sensor comprising: a radia-
tion source or radiation sources for emitting measuring
radiation with at least two wavelengths to a portion of
the body of a patient; deleciors or respectively a delec-
tor for receiving measuring radiation transmitted
through said body portion of a patient and for transform-
ing the sameto electrical form; at least one radiation
transfer section which is located betweeneither the ra-

diation sources or respectively the detectors and the ex-
ternal surface of said body portion. The invention relates
also to the use of such a sensor.

Pulsoximeters are capable of measuring the degree
of oxygen saturation in a patient's blood non-invasively
and continuously. The term non-invasive indicates that
the patient is not subjected to subcutaneous penetration
by any physical means but the measuring is effected by
means of radiation and other than that the procedure
occurs externally of the body. This type of monitoring of
blood oxygen saturation is quite common today and is
one of the monitoring parameters required in many ap-
plications. The measurementis optical and based on
various absorption characteristics of red and infrared
light in blood hernogilobin. The principles of pulsoximetry
are disclosed e.g. in Patent publication JP-53-26437.
This reference describes a pulsoximeter sensor which
comprises a wide-band thermic radiation source and
two optical detectors fitted with a bandpassfilter for ex-
pressing various wavelengths. At present, the pulsoxi-
meter sensors include two light sources, which are typ-
ically light emitting diodes (LED), and a single detector,
and the radiation sources are operated alternately in
synchronism. In each case, the radiation sources and
detectors are included in the sensoritself near a target
to be measured and from the sensor extend electrical

cables to a control monitor. Usually, the patient experi-
ences no problems when using high-efficiency light
sources with a low power consumption. However, the
signal-to-noise ratio may sometimes suffer, particularly
if for some reasonit is desirable to use wavelengths oth-
er than those provided by said light sources. In order to
achieve as powerful a signal as possible, the light sourc-
es can be supplied with a lot of electric power. This may
sometimes lead to the situation that, as a result of ahigh-
er input of power, the heat generated by light sources
affects a target to be measured and causes even burns.
Thus, in practice, there is sometimes no choice but to
settle for quite a poor signal when sufficient light cannot
be produced without coincident heat generation. Neither
can the above-described conventional solution be used

for example during the course of currently more and
more popular magnetic imaging of a patient or while op-
erating someother powertul electromagnetic source.In
these conditions, the electrical cable of a sensor would
act as an antennafor interferences originating from a
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control monitor and these interferences would upset the
magnetic images. Also other metallic parts at the sensor
end disturb a magnetic imager and distort the imaging
result. Also in the imaging field, the electric conductor
of a sensor may be induced with currents sufficiently
sirong for a patient to sustain burns or to break down
the pulsoximeter equipment. In order to secure its im-
maculale operalion in magnelic imaging environment,
the oximeter sensor must not include any metallic com-
ponenisatall and, thus, ail normal electronics must aiso
be excluded.

The pulsoximeter sensors compatible with magnet-
ic imaging environment are typically designed with
fiberoptics. Hence, the light sources and detector are
spaced awayfrom an actualsite to be imaged. The light
supply is led to and from a site to be measured along
optical fibers. In practice, the fiberoptic cable is a bundie
of fibers, comprising a plurality of thin optical fibers and
having typically a diameter of 1-3 mm. In order to devel-
op a clinically useful sensor,it is necessary in many cas-
es to bring the bundles of optical fibers to the sensor
end in the direction at least roughly parallel to sensor
housings. This requires thatthe light supply be deflected
by about 90° inside the sensor housing. The light supply
can be deflected by bending the optical fibers to a 90°
angle, as disclosed in the publication MEDICAL & BIO-
LOGICAL ENGINEERING & COMPUTING, Vol. 18
41980 pp. 27 - 32: Yoshiya, Shimada, Tanaka - "Spec-
trophotometric monitoring of arterial oxygen saturation
in the fingertip". In terms of production, however, this
solution is difficult to carry out with sufficiently large bun-
dles of fibers and with a sufficiently small bending radi-
us. The cited glass fibers are easily broken upon bend-
ing. Likewise, someof the light supply manages to es-
cape out of the fibers at a sharp curve formed in the
fibers.

Other representative fiberoptic designs for a pul-
soximeter sensor are described in publications US-
5,279,295 and WO-92/21281. In both solutions, the end
of a fiber bundle is more or less bent for guiding a light
signal to and from a target. In each case, the object of
measuring is a patient's finger. In publication US-
5,279,295, the monitoring is based on the reflection of
light from the finger while publication WO-92/21281 dis-
closes a more conventional solution, wherein the finger
is radiographed. In publication WO-92/21281, the ma-
terial of a fiberoptic radiation guide is determined to be
plastics, i.e. the question is about a plastic fiber, which
is probablyalittle more resistant to bending than glass
fiber. However, a drawback in the plastic fiberis that, as
pointed out in the publication, its transmittance does not
extend very deepinto the infrared range. which prevenis
the use of wavelengths that would be optimal in terms
of measuring and also the use of best possible radiation
emitting diodes (LED). In these solutions, as well, some
radiation may escape out of the sharp fiber curve. The
described solutions provide a signai which is poorer
than what is achieved if a straight bundle of fibers were
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orthogonal to the target. Furthermore, the bending of a
bundle of fioers is an expensive approach in terms of
productivity. A bundle of fibers in the proximity of a target
represents a relatively small surface area. A result of
this is that the sensoris sensitive to a so-called motion- 5 means oftarget-attached straight or bentfibers. This ap-
related artefact. These result either directly from the parent paradox is explainable by the fact that it is pos-
movements of a target relative to the sensoror from vol- sible to employ larger target areas, as will be manifested
umelric changes, i.e. absorbency changes, introduced hereinbelow. The solulion is beneficial since the re-
in venous blood by external causes. The harmful effect quired materials are inexpensive and it occupieslittle
is further enhanced bythe fact that the numerical fiber 72 space since the bundle of fibers need not be bent. In
aperture is relatively small. Normally. a bundle of fibers addition, it is possible to employ reasonably priced
accepts light rays within the range of +/-40° or at best standard straight fiber bundies instead of expensive and
+/-60° with respect to the fiber axis. This is modest with damage-pronespecial designs.In the proximity of a tar-
respect to aconventional sensor, wherein the sourcera- get to be measured, the light apertures are sufficiently
diates in principle +/-90° and also the detector accepis 75 large, such that light can be delivered to the target con-
the same amount. sistently and also collected therefrom consistently over

The direction of light supply can also be deflected an area larger than the fiber diameter. By virtue of this,
by means of some external structure, for example a re- the sensitivity to a motion-related artefact will be insig-
flective mirror surface. The reflective mirror surface is nificant. Conditions permitting, a diffusively reflecting
created e.g. by metallizing a shiny plastic surface. How- 29 surface of the invention can be used without optical fib-
ever, a metallic mirror is not capable of deflecting all ra- ers in a sensor equipped with light sources and a detec-
diation supply corning frorn the fibers. Similarly, a me- tor. Thus, itis preferred thatthe side facing light sources
tallic mirror is invonvenient in coupling a sufficient be provided with a diffusively reflecting surface. This
amount of tissue-penetrated radiation with a second way the light sources are brought further away from a
bundle of fibers and further with the detector. Another 25 target to be measured and the heat generated thereby
downside in a metallic mirror is a metallic layer included is easily carried away from the target.
therein, which, as a result of evolving edy currents, may The invention will now be described in detail with
warm up during magnetic imaging and expose the pa- reference madeto the accompanying drawing figures.
tientto burn hazards. Furthermore, as described above, Fig. 1 is a plan view of a typical embodiment for a
a metallic layer may disturo magnetic imaging. 30 pulsoximeter sensorof the invention, whichis fitted with

A first object of this invention is to provide a pulsox- optical fibers for the transfer of radiation and a measur-
imeter sensor, wherein at least one radiation source or ing signal and, thus, for spacing a radiation source and
at least one bundle of fibers can be used for supplying detectors from a sensor itself and which is designed to
a target with radiation and/or radiation can be collected befitted on a finger and to operate on a finger-penetrat-
from a target to at least one detector oratieastone bun- 35 ing measuring technique.
dle of fibers effectively, advantageously and compacily, Fig. 2 is a lengthwise cross-section along a plane |-
which particularly means a high efficiency in the trans- lin fig. 1, showing a first embodiment for a pulsoximeter
mission of radiation. A second object of the invention is sensorof the invention, employing fiberoptics for spac-
to provide a pulsoximeter sensor whichis not highly sen- ing radiation sources and a detector from the actual sen-
sitive to a motion-related artefact. A third object of the 40 sor.
invention is to provide a pulsoximeter sensor, wherein Fig. 3 is a lengthwise cross-section along a planeI-
the heat generated by light sources does not reach a Lin fig. 1, showing a second embodimentfor a pulsaxi-
target to be measured but. as a result of the configura- meter sensorof the invention, employing fiberoptics for
tion, can be led away therefrom which, if necessary, en- spacing radiation sources and a detector from the actual
ables the use of high-powerradialion sources. Afourth 45 sensor.
object of the invention is this type of pulsoximeter sensor Fig. 4 shows graphically the reflection characteris-
which does not restrict too severely the use of an other- tics of diffusively reflective surfaces of the invention.
wise desired infrared wavelength range. Fig, 5A and 5B depict the behaviour of a ciffusively

The above-described drawbacks can be eliminated reflective surface of the invention with radiation arriving
and the above-defined objjects can be achieved by 50 thereon from various angles of incidence.
means of a pulsoximeter sensor of the invention, which Fig. Gis a lengthwise cross-section, in a view similar
is characterized by whatis set forth inthe characterizing to figs. 2 and 3, showing a third embodiment for a pul-
clauses of claims 1 and 6 andby the use of such a sen- soximeter sensorof the invention, wherein light sources
sor, said use being characterized by whatis set forth in are located remotely from a target to be measured and
the characterizing clause of claim 13. 55 electric current is brought tc and a signal delivered fram

Inan apparatus of the invention, the light supply can the sensoralong electric conductors.
be effectively collected and, if necessary, deflected in- Fig. 7 isa lengthwise cross-section, in a view similar
side a sensor housing by meansof a diffusively reflect- to figs. 2 and 3, showing a fourth embodiment for a pul-

3

APL_MAS_ITC_00557159

PAGE200 OF 530

MASIMO2057

Apple v. Masimo

ing surface. Measuring tests have indicated that, when
using this diffusively reflecting surface of the invention
in association with optical fibers, the resulting signalis
even substantially stronger than that produced by

CX-1760

IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

5 EP 0 781 527 Ai 6

soximeter sensorof the invention, wherein light sources
are located remotely from a target to be measured and
electric current is brought to and a signal delivered from
the sensor along electric conductors.

Fig. 8 isa lengthwise cross-section, ina view similar
to figs. 2 and 3, showingafifth embodiment for a pul-
soximeter sensorof the invention, wherein a detectoris
localed remotely from a largel |o be measured and elec-
tric current is brought to and a signal delivered from the
sensor along electric conductors.

Fig. 9 is alengthwise cross-section, ina view similar
to figs. 2 and 3, showing a sixth embodimentfor a pul-
soximeter sensor of the invention, wherein a detectoris
located remotely from a target to be measured and elec-
tric current is brought to and a signal delivered from the
sensor along electric conductors.

Fig. 10 is a lengihwise cross-section, correspond-
ing to the view of figs. 2-9, showing a seventh embodi-
ment for a pulseximeter sensorof the invention, wherein
a cetectoris located remotely from a target to be meas-
ured and electric current is brought to and a signal de-
livered from the sensor along electric conductors and
which is designed to be placed on the surface of a pa-
tient's body for a measuring technique effected by re-
flecting from a patient's tissue.

Fig. 11 is a lengthwise cross-section, in a view sim-
ilar to figs. 2 and 3, showing an eighth embodiment for
a pulsoximeter sensorof the invention, wherein adetec-
tor is located remotely from a target to be measured and
electric current is brought to and a signal delivered from
the sensor along electric conductors and which is de-
signed to be placed on the surface of a patient's body
for a measuring technique effected by reflecting from a
patient's tissue.

Fig. 12 shows in principle the relative position of
those radiation-transmissive end walls whereby the
measuring radiation arrives on a diffusively reflective
surface of the invention.

Fig. 13 showsin principle the first relative directions
of the principal radiating direction for a radiation source
assembly of the invention and the principal sensitivity
direction for a detector assembly of the invention, cor-
responding to the embodimentsof figs. 2-9.

Fig. 14 showsin principle the second relative direc-
tions of the principal radiating direction for a radiation
source assembly of the invention and the principal sen-
sitivity direction for a detector assembly of the invention,
corresponding to the embodiments of figs. 10 and 17.

A typical pulsoximeter sensor is attached to a fin-
gertip as shown in fig. 1. In this application, the expres-
sions radiation and light are used for representing the
samething,i.e. an electromagnetic radiation regardless
of a wavelength. In this embodiment, the radiation or
light arrives in a top senscr portion 1 along a fiberoptic
cable 2 and a light 54 having passed through the finger
is collected in a bottom sensor portion 3 for delivering it
therefrom along a fiberoptic cable 4 to a detector. In
commercially available sensors, the light source gener-
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ally comprises two diodes (LED) emitting at different
wavelengths and the detection of light is generally ef-
fected e.g. by means of a single silicon detector, since
the applied wavelengths remain within its sensitivity
range. Thus, the two radiating diodes (LED) are operat-
ed alternately in synchronized mannerat an appropriate
frequency, whereby signals produced at various wave-
lenglhs are dislinguishable from each olher. There is
nothing to exclude the use of even several wavelengths
as long as, for example, the present optical fiber is ca-
pablo of transmitting the same and also otheroptical
components operate in a manner compatible therewith.
It is alsc possible to employ other types of radiation
sources, such as thermic emitters or lasers. It is also
possibile to employ two wide-band radiation sources and
two detectors having sensitivies which are adapted, e.
g. by meansoffilters transmissive to narrow wavelength
bands, to comply with desired wavelengths. In terms of
this invention, neither the wavelegnth of applied racia-
tion nor the width of a wavelength band nor the number
of radiation sources and detectors northe type of radi-
ation sources and detectors are essential features. In

addition to a fingertip, the pulsoximeter sensor can be
attached for example to the ear, the palm of a hand, or
a toe. In that case, the sensor has a different appear-
ance but the diffusively reflective surfaces of this inven-
tion function exactly the same way regardless of a
measured target. Therefore, it is primarily a finger sen-
sor that will be studied hereinbelow.

A finger sensor 100 as shownin fig. 1 is depicted
e.g. in fig. 2 ina lengthwise section. The sensor 100 has
its top section 1 and bottom section 3 hinged at 5 in such
a mannerthat both sections of the sensor are capable
of opening and closing around a finger 6. Generally, the
sensor remains stationary by means of a spring force
and a friction develdoped by pads 7 and 8. Fiberoptic
cables 2 and 4, having optical diameters typically in the
order of 1-3 mm, are connected to the top and bottom
sensorsections 1 and 3 by meansof a conventionalfer-
rule 9 and 10 for holding individual fibers in a single bun-
dle and by means of a dewaterer 11 and 12 for providing
a durable assembly. The ferrules 9 and 10, like generally
all other components in the sensor, are made of mate-
rials other than metal if the intension is to employ the
sensorin an electromagnetic field. In order to provide a
clinically useful senscr, the fiberoptic radiation conduc-
tors 2 and 4 arrive in the sensor 100 moreorless in the

direction of a finger and in general terms the fiberoptic
cables arrive in the sensor principally in the direction
parallel to the external surface of a target to be meas-
ured, in this case an external finger surface 50. Thus,
for example in a finger sensor, the optical fibers may ar-
rive in the sensorfrom the direction of the palm or fram
the direction of the fingertip or in a direction crosswise
to the length of the finger. In a sensor connectable to
the earlobe, the optical fibers arrive typically in the di-
rection of the earlobe, and in a sensorto be fitted inside
the ear, in the direction of the external auditery canal.
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The use of tiberoptic radiation conductors enables all
metallic and electric componenis to be placed remotely
from the actual sensor 100, such as in connection with
the actual measuring monitor or in some converter be-
tween sensor and monitor. The distance is selectedto 5  flective surface 30is flat or a slanting cone or cylinder,
be sufficient for any given application, such that the pul- said diffusively reflective surface 30 being concaveto-
soximeter sensor does not cause trouble or be troubled wards the inside of a cavity 18. In the former case, the
ilself. When using a diffusively refleclive surface of the image-plane facing cross-seclion of the cavily is a rec-
invention, the optical radiation conducting fiber may tangle anc in the latter caseit is a circle or an eliipse. If
comprise a glass fiber which is well transmissive even 70 itis flat, the diffusively reflective surface should be pref-
to quite long-wave infrared radiation since, in a solution erably arrangedat least in a roughly orthogonalattitude
of the invention, the fiber need not be bent for bringing towards the bisector of an angle formed by the inner-
the radiation to a desired angle, i.e. generally to an or- end-wall normal and the outer-end-wall normaltogether,
thogonaldirection, relative to the external surface 50 of as shown e.g. in figs. 5A-5B. As for the arched funnel
the target6. 78 1c, on the other hand, it is appropriate to arrange the

The light, arriving from a radiation source 38 along inner end wall and the outer end wall in such a manner
a fiber cable 2, exits from the fiber end at a point provid- that the normais thereof intersect the diffusively reflec-
ed with an inner end wall 13a included in a radiation tive surface or a surface section or an extension thereof,

transfer section of the invention, as a beam of scattering in other words the normals of the end walls must be di-
light having a flare angle around the centre axis typically 2° rected towardsthe diffusively reflective surface. The ap-
of +/-40° and with wide-angle fibers +/-60°. A smail por- erture of the cuter end wail 16 of a funnel is preferably
tion of this light may fall on the externa! surface 50 of covered e.g. with a window for preventing dirt frorn find-
the finger 6 but mostofit falls on a diffusively reflective ing its way into the cavity 18 and further onto the end
surface 14 of the invention, which is included in a cavity surface of a bundle of fibers or onto the diffusively re-
18 and has a funnel-like shape as shownin the figure 25  flective surface. The window maybe constructed e.g. of
and opens towards the target 6. Preferably, the inner silicone or some other appropriate material. Another op-
end wall 13a of the cavity 18 has a surface area which tion is to fill the entire cavity 18 with a light transmitting
is in the same order as the cross-sectional area of the material, for example with similar bright silicone. This is
bundle of fioers and the surface area of an outer end not harmful for the proper function of a diffusively reflec-
wall 16 in the direction of at least roughly parallelito the 30 tive surface. It is obvious that the inner and outer end
finger surface 50 is larger than that. Thus, the cavity 18 wall can be sealed with windows made of an appropriate
diverges towards a target. The radiation arrives at the material and the cavity 18, 41 filled with an appropriate
transfer section by way of the inner end wall, progresses gas or liquid
by way of the diffusively reflective surface 14 and pen- Having passed throughthefinger, the light is com-
etrates into a target to be measured through the outer 35 pletely scattered and at the point of measuring each dot
end wall. Thus, depending on the fiber 2, the inner end of the finger operates as a Lambert source. Light is ar-
wall 13a may have a diameter of e.g. 1-3 mm anda pre- riving from quite a wide range andthe effective collec-
ferred diameter for the outer end wail 16 is for example tion thereof on the endwail surface of the fiber or bundie
about 7 mm, which enabies the scattering of light over of fibers 4 is not easy no matter which of the actually
a larger surface area andthe sensitivity to a motion-re- 40 occurring diameter and flare angle is used for the fiber
lated artefact remains insignificant with no light escap- or bundle of fibers. Nevertheless, the fiber 4 should be
ing from source to detector without passing through a capable of carrying to a detector 37 as much as possible
target. Also, a large surface area complies better with of the radiation coming from a target to be measured. A
the pulsoximeter's calibrating curve used for determin- diffusively reflective surface 17 similar to the surface 14
ing the relationship with the oxygen content of bloodas 45 contributes even on the radiation collection side to an
the local inhomogeneities of a target, such as bone-in- increased collecting efficiency, as pointed out hereinaf-
duced shadingsorindividual venous blood vessels, are ter. In terrns of its dimensions, it can be similar to the
not able to have as strong an effect on the measuring funnel surface 14 but it may also have some other con-
result as would be the case with a smaller outer-end- figuration, particularly if the fiber bundies 2 and 4 are
wall surface area. In terms of operation, the surface ar- $0 different from each other. Thus, the collection of radia-
eas of the apertures may have any givenratio out, in tion from a target 6 is effected by meansof a similar type
practice, it is thus preferred that the aperture which of cavity 18 as the supply of radiation to the target 6.
opens towards a target to be measured be larger. Ina said cavity 18 thus including an inner end wall 19a, by
typical case, the outer end wall has a surface area which wayf of which the collected radiation transfers to the fib-
is at least double with respect to that of the inner end 55 er 4, as well as an outer end wall 26, by way of which
wall but it can be even considerably larger, e.g. tenfold the radiation enters inside the cavity to be subsequently

The exact configuration of the diffusively reflective reflected from the diffusively reflective surface 17. The
surface 14 is not critical, oither. Itcan be a slanting cone design can be totally analogous to the above-described
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15b, as in tig. 2, but some other configuration, such as
an arched-surface funnel 15c shownin fig. 3, functions
equally well. in the embodimentof figs. 5A-5B, the fun-
nel can be an oblique wedge, whereby a diffusively re-
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radiation supplying cavity. Thus, the outer end wall 26
nas a surface area which preferably exceedsthat of the
inner end wall 19a, typically the outer end wali has sur-
face area whichis at least double with respect to that of
the inner end wail, but it may be even considerably larg- § The surface 21 is a so-called Lambert surface which
er, 6.g. tenfold. In view of the actual operation, the ap- completely scatters the light 20 fallen thereon. In that
ertures may have surface areas whoseratio to each oth- case, the roughnessof a surface material or the size of
er can be anylhing, as already described above. Also in the struciural elements of a material is lesser than or in
this case, the end walls must have the normals thereof the sameorderasthe light’s wavelength. The light scat-
directed towards the diffusively reflective surface or an 70 ters in every direction suchthat the reflected radiation
extension thereof, as explained above. Even in this has an intensity distribution which follows a dotted line
case, the aperturein the outer end wail 26 of the funnel 24 (the distribution is represented by a sphere whichis
can be covered with bright silicone or some other com- tangential with the reflective surface, the 5 intensity vec-
patible material or the entire cavity 18 filled with this ma- tors starting from tangential points and terminating at
terial without disturbing operation of the diffusively re- 75 the ball surface). Such a surface appears equally bright
flective surface. from every direction and is theoretically the best possi-

In the above-described embodimentsof figs. 2 and ble scattering surface, i.e. a diffusively reflective sur-
3, inthe embadirnent of figs. 54 and 5B, as well as par- face. Such a surfaceis difficult to manufacture, but for
tially in the embodiments of figs. 6 and 8, the cavity 18 example Labsphere, Inc. is marketing a material called
is provided with inner end walls 13a, 19a, 13b,19b and 2° Spectraion, having characteristics which are very close
32 which form an angle K relative to the outer end wall to those of the surface 21. The same type of material is
16, 26 and 35 of the cavily, said angle being within the also available as a coating. The materials and coatings
range of 30°-100°, generally at ieast 45°, preferably have a reflectance of about 99 %, hence the absorption
within the range of 60°-95° and typically about 90°. This and transmission are insignificant. The surface 22 de-
angle is explained further in fig. 12. In figs. 2-3, 5A-5B, 25 picts acase in whicha scattering section 25is significant
6 and 8, the angie K is essentially a right angle, but ifso but in which also a mirror reflection 26 of the surfaceis
required by a particular application, it can be somewhat visible. It is useful also in a sensor of the invention al-
more than 90°, as point out above. This described angle though the efficiency is slightly poorer than what is
configuration enables the passage of the fiberoptic ra- achieved by the surface 21. Several scattering materials
diation conductor 2, 4 toa sensor é6.g. inthe directionof 30 belong in this category. For example, the commercially
the external surface 50 of a target or in some otherap- available silicone polymers, which are readily moulda-
propriate direction without having to bend the optical fib- ble to a proper shape, may remain slightly shining over
er. Naturally, the inner end wails 13b and 19b can be the surface thereof and, thus, some mirror reflection is
perfectly or approximately parallel to the given respec- inevitable. However, the mirror reflection of a surface
tive outer end wall 16 and 26, as depicted in figs. 7 and 35 has an intensity whose proportion is generally modest
9 and to be subsequently described in more detail. In with respect to the diffusively reflected intensity, since
any event, between the inner end wall and the outer end the mirror reflection depends on the index of refraction
wall is fitted a diffusively reflective surface of the inven- of a material, which on silicone polymers is relatively
tion. The outer end wail is set against the external sur- low, and since the material is non-metallic. The surface
face of a target to be measured, wherebyaslight gap is 40 23is rougher than the surfaces 21 and 22, as evidenced
often left therebetween no matter if the question is about by the fact that an intensity distribution 27 is an ellipse
the side supplying radiation to a target or the side col- or ellipsoid parallel to a mirror reflection 28. However,
lecting radiation from a target. The inner end wall refers the scattering or ray-diffusing effect continues to be
to a point of contact with an optical fiber or some other dominant. The ray-diffusing results from the fact that
radiation conducting element or with radiation sources 45 light reflects from various roughness patterns of a sur-
or a cetecierora like. In theory, it is nol absolutely nec- face in directions other than the one in which the radia-
essary that a jacket of the cavity 18 be provided between tion wouid reflect from a common mirror surface and,
the end walis to surround the end walls as well as the hence, the intensity patterns resembles a scattering pat-
diffusively reflective surface although, in practive, the tern. Generally, the practical diffusively reflective sur-
cavity andits jacket are normally necessary for avoiding $0 face is acombination of all surfaces shownin fig. 4. Al-
external mechanical and physical and chemical draw- though non-metallic materials are in most cases used
backs. in diffusively reflective surfaces,it is not inconceivable,

The qualities of a diffusively reflective surface are in principle, to employ a suitabiy surface-treated metal
depicted in fig. 4. Aray of light 20 falls on various types as well, ifthe particular application allows the use of mel-
of diffusively reflective surfaces 21, 22 and 23. The 55 alin the sensor. A metal treated to be diffusively reflec-
roughness of a surface and the optical characteristics tive may be the only solution whenit is necessary to use
of a material determine how the ray is reflected. It is of extremely long wavelengths. However, this is not the
course desirable that the surface does not absorb the case in anormal pulsoximeter sensor and, thus, the use
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applied radiation and that the material is not so thin that
the light is able io escape therethrough. The light may
reflect directly from the surface or it may travel deeper
in a diffusively reflective material priorto reflecting back.
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of non-metallic materials is plausible.
Figs. 5A and 5B illustrate how the diffusively reflec-

tive surface operates as a light collecting system and
whyits use is preferred. In fig. 5A, a ray 29 arrives from
a radial direction preferable in terms of mirror reflection § by the aperture 35 containsdiffusively transmitting Lam-
fromadiffusively reflective surface 30, which can be any bert sources (7/2)? = 12,25 times more than what could
of the surfaces 21, 22 or 23 depicted in fig. 4. Even after be directly accommodated by the aperture 32, ie. a
the mirror reflection, the ray would be likely lo [all on the higher number of sourcesin terms of the ratios belween
endwail surface of a bundle offibers 31, whichis in align- surface areas of the apertures. Thus, the gain of collec-
ment with an inner end wall 32, since the bundle of op- 70 tion would be 0,19+12,25 = 1,59 i.e. the result willbe a
ticalfibers 31 accepts all angles 36 smaller than the flare signal more than oneand a half times stronger than what
angle of the fiber. in fig. 5B, on the other hand, a ray 33 could be produced by collecting directly with the fiber
arrives from such a direction that the mirror reflection end. The performed measurements have clearly sup-
would take it completely out of the system as a ray 34. ported this theory, although the augmentation of a signal
This is not preferred, althoughit is possible to presume 75 has been slightly lesser than calculated, probably due
that a portion of the ray, having reflected again from the to an imperfect contact between target 6 and the outer
surface of a target, arrives in the funnel, be it in a deci- end wall of cavity 18, a lower-ihan-expected reflection
sively weakened condition. Presuming subsequently factor for the target, and inhomogeneouslighting of the
that the surface 30is totally diffusively reflective, ie. a target.
so-called Lambert surface mentioned above, and per- 29 Thus, with a larger surface area of the outer end
forming a comparison between such a diffusively reflec- wall 16, 26 and 35 it is possibie to callect more light on
tive surlace of the invention and a bundle of fibers in the inner end wall 13a, 13b, 13c, 19a, 19b and 32 by
direct contact with a target. Supposing 5 further that the using the diffusively reflective surface 14, 17, 21-23, 30
bundie of fibers 31 has a diameter of 2 mm in keeping between the target 6 and a radiation source or a detec-
with the diameter of the inner end wall 32 and that an 25 tor, e.g. in the cavity 18. 41, and at the sametime the
outer end wall 35, i.e. an inlet aperture, included in the direction of radiation coming frorn the target can be de-
cavity 18 and opening towardsthe target, has a diame- flected as desired or, in this case, to comply with the
ter of 7 mm. The operating principle of a diffusively re- direction of the optical fiber 4, 31. Other benefits from
flective cavity is the same as that of an integrating using a larger surface area incluce a reducedsensitivity
sphere and. thus, it is possible at a sufficient accuracy 30 to amotion-related artefact, be it a directly external dis-
to apply compuiation formulae relating to an integrating turbance or an internal disturbance resulting for exxam-
sphere. The cavily includes two apertures 32 and 35, as ple from volumetric changes in venous blood.
generally found in an integrating sphere. As an excep- The foregoing has described but a few examples of
tion from the normal integrating sphereit is possible to how a diffusively reflective surface or material can be
accept the fact that some radiation advances cirectly 35 utilized in a pulsoximeter sensor operating on fiberop-
from aperture 35 to aperture 32 without hitting the cavity tics. It is obvious that there are other conceivable types
wall, in other words, the aperture 35 is visible from the of solutions based on the sameprinciple of diffusive re-
aperture 32. This is beneficial in terms of the invention flection. The optical fiber is not absolutely necessaryfor
as there will be no reflection losses.It is contemplated, proper functioning of the inventive principle, although a
however, that the entire radiation falls atleast once on 40 fiberoptic pulsoxirneter sensoris a preferred application.
the diffusively reflective surface 30. A portion T2 of the Even a conventional sensor, wherein light sources 38
intensity arriving in the aperture 35, which exits from ap- and a detector 37 are included in a very sensor 100 clos-
erture 32, will thus be er to a target 6 to be measured, can be improved by

using diffusively reflective surfaces in accordance with

Te =f2* AL /ET-Re (1- ft -12)- ALA], 45 the invention. One such solution is depicted in fig. 6. In
this solution, a detector 37 is located close to a target 6
to be measured,asin traditional sensor designs. On the

wherein fi and f2 representthe ratio of the surface areas other hand, the light sources 38, normally two diodes
of aperture 32 and 35 to a surface area A of the entire (LED) emitting at different wavelongihs, are, according
cavity, Rw is a reflection factor for the diffusively reflec- 50 to the invention, mounted on an inner end wall 13b in-
tive surface and Ri is a reflection factor for the outer cluded in a diffusively reflective cavity 15c. In principle,
end wall 35 or, more precisely, for the external surface the numberof radiation sources 38 can be more than
50 of the target 6. The value of the surface area A is not two, if so required by a particular application, or a more-
highly critical although a small value seemsto beneficial than-normal amount of power can be supplied thereto.
in this case. The value given in this example is 100 mme2. 55 Ahigher light supply improves the signal-to-naise ratio,
The reflection factor for the cavity was measured with which otherwise may be too poor in certain operating
the use of white silicone as Rw = 0,93 and the reflection conditions. The increased power consumption and the
factor for a taget, i.e. the human skin, was estimated, accompanying rise in temperature are notin this assem-
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as measured with red light, to be Ri = 0.6. Thus, the
reflectivity of the target 6 is generally also contributing
to the signal. Using these values, the resulting transmis-
sion will be T2 = 0,13. A surface of the target 6 defined
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bly focused on a target 6 to be measured but can be
effectively guided to atop unit 1. This servesto eliminate
possible heat-inflicted damages in ihe target 6 to be
measured, In addition, the effect on a measuring result
due to the position of various light sources willbe equal- § including a diffusively reflective surface and having its
ized. Electric supply signals from both the detector 37 inner end wall 13¢ provided with a detector 37, is also
and the light sources 38 are carried along an electric in this type of sensor capable of collecting more light
cable 39 lo a conirol monilor. from deep in the lissue [han whal could be achieved if

Fig. 7 illustrates another corresponding sclution, the detector were in a direct contact with the target 6.
wherein a diffusively reflective surface 14 included ina 710 The sensorassembly is generally provided with just one
cavity 41 is not laterally curving but, instead, a direct body element 42 and a pad 43, sometimes combined,
cone 15a facing straight towards a target 6 and having on which light sources and a detector are mounted and
its inner end wall 13b, along with radiation sources 38 from which a signal is delivered for further processing
included therein, at such a distance from the target 6 to by way of a cable 39. The sensor 101 can be fastened
be measured that eventual generated heat canbe de- 75 toa target by means of atape, a rubber band or by other
livered away from ihe target to a frame 1. The cavity- respective means. Although the described sensoris
forming direct cone 15a hasa function otherwise similar electric, there is nothing that would prevent the use of
to slanting or arching funnels 15b and 15c exceot that optical fibers for this solution as well, as already ex-
the proportion of direct light fromm sources to target is plained above. The cavity 41, shown in fig. 10 and in-
higher. If the funnels 15a-c reflect diffusively at ahign 2° cluding a diffusively reflective surface, only measures
efficiency, the signal should indicate no difference be- light over one side of the light sources. The aperture in
tween the different types of cavities 18 and 41. the cavity 41, opening towards a targel 6, need not be

The detector may also tuilize a diffusively reflective circular as some other appropriate shapeis equally suit-
cavity for example for eliminating the effect of a motion- able. Fig. 11 depicts a configuration for radiation sourc-
related artefact, as in the solution shownin fig. 8. Inthis 25 es 38 effectively collecting radiation reflected from the
solutions, light sources 38 are located closeto the sur- entire environment. In this solution, the light sources 38
face of a target 6 but could just as well be located further are located in the middle of an outer end 26 includedin
away from a target according to fig. 6 or 7. A detector the cavity 41 provided with a diffusively reflective sur-
37 is further away from the surface of the target 6 at an face and at least close to the plane of said outer end, in
inner end 1 9b included in acavity, which is provided with 30 other words, the light sources and detectors are fitted
a diffusively reflective surface and is, in this case, an within each cther. Thus, the detector 37, whichis located
arched funnel 15c. Exactly the same way asin the so- in alignment with an inner end 1 3c of the cavity, receives
lution of fig. 7, the detector 37 may also be directed reflected light 44 from as large as possible a target sur-
straight towards the target 8, as shownin fig. 9, by using face area. The light sources 38 are optically insulated
an appropriately shaped direct cone 15aasacavity41. 35 fromthe cavity 41 with alight blocking surface 45, which
In the solutions shown in figs. 8 and 9, the detector 37 surroundsthe light sources in the direction of the outer
can be usecfor indicating light from a larger surface sec- end, whereby the light being collected in the cavily has
tion of the target 6 and, as pointed out above, for pro- inevitably been forced to travel deepin the tissue. In this
ducing even more signal than could be achievedif the case, the cavity 41 is preferablyfilled with a bright ma-
detector were in a conventional manner close tothe tar- 40 terial, such as silicone. In the embodiments of figs. 10
get surface. and 11, a direction S of the principal radiation from a

All the above pulsoximeter sensors have been ones radiation source 38 and/or a respective diffusively re-
that are based on a transmission measured straight flective surface and a principal sensitivity direction H in-
through a target. Thus, a direction S of the principal ra- dicated by way of a detector and/or a respective diffu-
diation from a radiation source 38 and/or a respective 45 sively reflective surface are substantially co-directional,
diffusively reflective surface and a principal sensitivily i.e. form a relative angle of 0° or form an acute angle
direction H indicated by way of a detector and/or a re- V2, as illustrated in fig. 14. This produces a light 44 re-
spective diffusively reflective surface are substantially flecting from the tissue of a target for obtaining a meas-
opposite to each other, i.e. form a relative angle of 180° uring signal.
or form an obtuse angle V1, as illustrated in fig. 13. This 50 The disclosed embodiments are but examples of
producesa light 54 passing directly through a target for how a diffusively reflective cavity can be used in a pul-
obtaining a measuring signal. soximeter sensor.It is self-evident that other represent-

There is nothing to stop applying the inventive prin- ative solutions exist as well. For example, it is conceiv-
ciple also to a pulsoximeter sensor 101 operating on a able to use just a single light source and respectively
reflection principle. In this type of preferred sensor con- 55 two or more detectors, although the above-cescribed
figuration, as shown e.g. in fig. 10, it is important that configurations are most common
light sources 38 and a detector 37 be located side by Thus, it is not a requirement in this invention that
side in the direction of an external target surface 50 at both the radiation sources 38 and the deteciors 37 be
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such a distance fram each otherthat a light 44 is forced
to progress an arterial-blood containing tissue of a target
6 to be measured prior to refiecting back instead of
traveling along the surface layer of atissue. Acavily 41,
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provided with diffusively reflective surfaces but either
one is nevertheless equippedwith a diffusively reflective
surfacefitted between the external target surface 50 and
a radiation source or a detector. Conditions permitting,
the sensor may only be provided with one above-men- §
tioned funnel, either on the inlet or outlet side, which pro- A pulsoximeter sensor as set forth in claim 1, ehar-
vides a diffusively reflective surface. A second funnel is acterized in that said diffusively reflective surface
then replaced by another type of construction, such as (14, 17; 21-23; 30) is al least a poriion of the jackel
electronic componentsor a different fiberoptic system of a cavity (18, 41), whichis in the shape of a direct
In principle, the funnel may be nearly any shape at all. 70 (15a), slanting (15b) or arched (15c) funnei, extend-
Fig. 2 illustrates a slanting cone 15b, figs. 3, 6 and 8 ing from inner end to outer end and having aninter-
depict an arched cone 15c, and figs. 7-8 and 10-11 show nal surface whose cross-sectional shapeis circular,
a direct cone 15a. The slanting wedge illustrated in con- elliptical or polygonal, that the inner end (13a,b,c;
junction with figs. 5A-5B is a special case among these 19a,b; 32) and the outer end (16; 26; 35) are either
funnels. The funnel, which forms a cavity 18,41, need=75 parallel to each other or form an angle (K) relative
not be diffusively reflective over its entire inner surface, to each other and that the outer end has surface
althoughit is most preferred. If necessary,it is possible area whichis at least double and typically about ten-
to employ such a diffusively reflective surface, towards fold with respect to the surface area of the inner end.
which the sensitive surface of detectors and/or respec-
tively the emitting surface of radiation sources and/or 29 A pulsoximeter sensoras setforth in claim 2. ehar-
the end of an optical fiber are directed. The rest of the acterized in that said cavity (18, 41) has a jacket
interior of an eventual cavity 18, 41 can be madeof an- whichis at least for the most part, preferably overall
other type of material, 6.g. some more or less radiation- ciffusively reflective: or alternatively said funnel isa
absorbing material. For example, if in the case of figs. symmetric or asymmetric wedge, wherein a first
5A-5B,. the diffusively reflective surface 30 is flatand or- 25 wedge surface (30) is more or less orthogonal to
thogonal to the image piane, the ends not shownin the the bisector of an angle formed by the normals of
figures and extending parallel to the image plane can an inner and outer end (32 and 34) with each other
be non-diffusively reflective. However,itis preferred that and that at least this first wedge surface (30)is dif-
as large a portion as possible of a radiation transfer sec- fusively reflective.
tion fitted between the inner end and the outer endbe 30

designedas diffusively reflective according to the inven- A pulsoximeter sensor as set forth in claim 2, char-
tion. acterized in that, when said funnel is an arched

cone (15c), the inner and outer end are located such
that the normals thereof intersect the diffusively re-

Claims 35 flective surface (14, 17} or an extension thereof on
the side of the cone with a maximum radius of cur-

1. Apulsoxirmeter for measuring the degree of oxygen vature.
saturation in a patient's blood non-invasively, a sen-
sor (100, 101) comprising: A pulsoximeter sensoras set forth in claim 1 or 2,

40 characterized in that the inner end and the outer

-  aradiation source or radiation sources (38) for end form a relative angle (K), which is at least 45°,
emitting measuring radiation with at least two preferably at least 60° and typically about 90°.
wavelengths to a portion of the body of a pa-
tient; A pulsoximeter for measuring the degree of oxygen

- deteciors or respectively a detector (37) forre- 45 saturation in a patient's blood non-invasively, a sen-
ceiving measuring radiation transmitted sor (100, 101) comprising:
through said body portion of a patient and for
transforming the same to electrical form; - atradiation source or radiation sources (38) for

- at least one radiation transfer section which is emitting measuring radiation with at least two
located betweeneither the radiation sources or 50 wavelengths to a portion of the body of a pa-
respectively the detectors and an external sur- tient;
face (50) of said body portion (6), - detectors or respectively a detector (37) for re-

ceiving measuring radiation transmitted
characterized in that the radiation transfer section ihrough said body portion of a patient and for
includes measuring-radiation transmitting ends 55 transforming the sameto electrical form;
(13a,b,c; 19a,b; 32 and 16: 26; 35), whereof the out- - at least one radiation transfer section which is
er end (16; 26; 35) facing the external body surface located betweeneither the raciation sources or
(50) has a surface area whichis larger than the sur- respectively the detectors and an external sur-
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face area of any given radiation sources or, respec-
tively, that of the inner end (13 a,b,c; 19a,b; 32), as
well as a measuring-radiation diffusively reflecting
surface (14, 17; 21-23; 30) between these ends.

CX-1760

IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

10.

11.

17 EP 0 781 527 Ai 18

face (50) of said body portion (6),

characterized in that the radiation transfer section

includes measuring-radiation transmitting ends
(13a,b,c; 19a,b; 32 and 16; 26; 35), whereoftheout- § sists of a partially radiation-transmitting and simul-
er end (16; 26; 35) facing ihe external body surface taneously diffusively reflective material, and that a
forms relative to the inner end facing any given ra- gap between the inner and outer ends (13a,b,c;
dialion sources or respectively deleciors an angle 19a,b; 32 and 16; 26; 35) is up the diffusively reflec-
(K), which is between 30°-100°, preferably between tive surfacefilled with a measuring-radiation trans-
60°-95° and typically about 90°, as wellasameas- 70 mitting material, such as an appropriate gas ora
uring-radiation diffusively reflecting surface (14, 17; bright silicone compound.
21-23; 30) between these ends.

12. A pulsoximeter sensor as set forth in claim 1 or 6,
A pulsoximeter sensor as set forth in claim 6, char- characterizedin that in this sensor:
acterized in that said diffusively reflective surface 75
(14, 17; 21-23; 30) is at least a portion of the jacket (a) the detector (37) with its associated diffu-
of acavity (18, 41), which is in the shape of a slant- sively reflective surfaces (17; 21-23; 30) and
ing funnel (15b) or an arched funnel (15c) extending ihe radiation sources (38); or
from inner end to outer end and being for the most (b) the detector (37) and the radiation source
part a diffusively reflective or asymmetric wedge, 2° (38) with its associated diffusively reflective
wherein a first wedge surface is more or less orthog- surfaces (14; 21-23); or
onal to the bisector of an angle forrned by the nor- {c) the detector (37) with its associated cliffu-
mals of the inner and cuter end relative to each oth- sively reflective surfaces (17; 21-23: 30) and
er and that at least this first wedge surface (30) is ihe radiation source (38) with its associated dif-
diffusively reflective. 25 fusively reflective surfaces (14; 21-23) are lo-

cated either

A pulsoximeter sensor as set forth in claim 1 or6,
characterized in that between said inner end (4 3a, - opposite to and essentially in register with
b.c; 19a,b; 32) and the radiation sources (38) and each other, whereby a sensitivity direction
respectively the detectors (37) is fitted a fiberoptic 30 (H) and a radiation direction (S) extend
radiation conductor (2, 4), which consists of one or against each otheror form together an ob-
a plurality of optical fibers, and that the fiberoptic tuse angle (V1) creating a direct transmis-
radiation conductor consists of glass fiber or some sion (54), or
other long-wave infrared radiation transmitting sin- - side by side, whereby the sensitivity direc-
gle or a plurality of fibers. 35 tion (H) and the radiation direction (S) ex-

tend in the same direction or form together
A pulsoximeter sensor as set forth in claim 1 or6, an acute angle (V2) creating a reflection
characterized in that the detector or detectors (38) (44).
and/or the radiation source or radiation sources (37)
are locatedin line with said inner end (13a,b,c; 19a, 40 13. Use of a pulsoximeter sensor, comprising: a radia-
b; 32) and that the radiation sensitive surfaces or tion source or radiation sources (38) which emit
respectively the emitting surfaces thereof or, alter- measuring radiation with at least two wavelengths
natively, the ends of optical fibers are directed to- to a portion of the body of a patient; detectors or
wards the diffusively reflective surface (14, 17; respectively a detector (37) for receiving the meas-
21-23; 30). 45 uring radiation having passed through said portion

of a patient's body and for converting the same to
A pulsoximeter sensor as set forth in claim 1 or 6, electric form; at least one radiation conducting sec-
characterized in that said diffusively reflective sur- tion, which is located between either the radiation
faces (14, 17; 21-23; 30) scatter a bulk (24; 25, 26; source or respectively the detectors and the exter-
27, 28) of arriving radiation intensity (20) in direc- 50 nal surface (50) of said body portion (6), for meas-
tions other than the mirror-reflection departing an- uring the degree of oxygen saturation in a patient's
gle correspondingto the angle of incidenceof arriv- blood non-invasively, characterized in ihat said
ing radiation and preferably the diffusively reflective section is a cavity (18, 41), having a jacket whichis
surfaces are as close as possible to a Lambert sur- at least over a substantial section thereof measur-
face in terms of the qualities thereof. 55 ing-radiation diffusively reflecting (14, 17; 21-23;

80), that, regarding the measuring-radiation trans-
A pulsoximeter sensor as set forth in claim 1 or 6, mitting ends of the cavity, the outer end (16; 26; 35)
characterizedin that said diffusively reflective sur- facing the external body surface has a surface area
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face (14, 17; 21-23; 30) consists of a solid material,
provided with a cavity which is coated on the inside
with a diffusively reflective surface material, or the
diffusively reflective surface (14, 17; 21-23; 30) con-
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which is larger than the surface area ot the inner
end (13a,b,c; 19a,b; 32) facing the radiation source
or respectively the detectors, and that his outer end
is set against the external body surface (50) of a
patient for measuring.

Use of a pulsoximeteras set forth in claim 13, char-
acterized in thal lhe measurermen| occurs on the

basis of that radiation which directly passes (54)
through the blood-containing portion (6) of a pa-
tient's body, whereby the detector with its associat-
ed cavity and the radiation source or the detector
and radiation source with its associated cavity are
located opposite to each other and substantially in
register with each other, the sensitivity direction (H)
and the radiation direction (S) extending against
each other or forming togetheran obtuse angle (v1).

Use of a pulsoximeter as set forth in claim 13, char-
acterized in that the measurement occurs on the

basis of that radiation which reflects (44) from inside
the blood-containing portion (6) of a patient's body,
whereby the detector with its associated cavity and
the radiation source or the detector and radiation

sourcewith its associated cavity are located side by
side or within each other, the sensitivity direction (H)
and the radiation direction (S) extending in the
samedirection or forming together an acute angle
(V2).

Use of a pulsoximeter as set forth in claim 13, char-
acterized in that the radiation source or radiation

sources (38) are located by meansof a fiberoptic
radiation conductor (2) remotely from the sensor
(100) and/or the detector or detectors (37) are lo-
cated by means of a fiberoptic radiation conductor
(4) rernotely frorn the sensor (100).
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Description

Technical Field

[0001] The present invention relates to a light-emitting
sensor device capable of measuring a bload flow velocity
or the like.

Background Art
70 part and the specimen and between the specimen and

[e002] As this type of light-emitting sensor device, the light receiving part, for scattering at least one oflight
there is a device for applying light such as laser light to emitted from the irradiating part and the light from the
a living body and for calculating the bload flow velocity specimen.
of the living body from a change in wavelength by Doppler (0008] According to the light-emitting sensor device of
shift in its reflection or scattering (e.g. referto patentdoc- 75 the present invention, in its detection, the light such as
uments 1 to 3). laser light is applied to the specimen, whichis one portion
[0003] On the other hand, for example, ina patent doc- of a living body, by the irradiating part including e.g. a
ument4, there is suggested a technology in which meas- semiconductorlaser. The light from the specimen caused
urement accuracy is increased by providing a light scat- by the light applied to the specimen in this manneris
terer on light incoming side and outgoing side with re- 2° detected by the light receiving part including e.g. a light
spect to body tissue on a device for measuring the con- receiving element. Here, the “light from the specimen
centration of a light absorbing material in the body tissue caused by the light applied to the specimen” meanslight
by using a pulse photometry technology. causedby the light applied to the specimen, suchaslights
[0004] reflected, scatterec, diffracted, refracted, transmitted

25 through, Doppler-shifted in the specimen and interfering
Patent document 1: Japanese Patent Application light by the abovelights. On the basis of the light detected
Laid Gpen No. 2004-357784 by the light receiving part, itis possible to obtain prede-
Patent document 2: Japanese Patent Application termined information such as a blood flow velocity asso-
Laid Open No. 2004-229920 ciated with the specimen.
Patent document 3: Japanese Patent Application 30 [0009]_In the present invention, in particular, the light
Laid Open No. 2006-130208 scattering part is disposed at least one of between the
Patent document 4: Japanese Patent Application irradiating part and the specimen and between the spec-
Laid Open No. 2001-198111 imen and the light receiving part. The light scattering part

is made of a fibrous material such as a woven fabric and

Disclosure of Invention 35 anonwoven fabric, andit scatters at least one of the light
emitted from the irradiating part and the light from the

Subject to be Solved by the Invention specimen. For example,if the light scattering part is dis-
posed both between the irradiating part and the specimen

[0005] However, according to the aforementioned and between the specimen and the light receiving part,
light-emitting sensor device, there is atechnical problem 42 the light emitted frorn the irradiating part is scattered by
in which the detection value, such as a blood flow velocity, the light scattering part and then applied to the specimen.
of the living bodylikely varies due to the subtle movement The light from the specimen caused by the light applied
of the living body and a change in pressure on the living to the specimenis scattered by the light scattering part
body in detection. Thus, if the aforementionedlight-emit- and then detected bythe light receiving part.
ting sensor device is used as a medical device, there is 45 [0010] According to the study of the inventors or the
a possibility that the accuracy of the detection value, such like, by that the light scattering part is disposed at least
as a blood flow velocity, of the living body is notsufficiently one of between theirradiating part and the specimen and
reliable. between the specimen and thelight receiving part, it is
[0006] In view of the aforementioned problems,it is possible to reduce a changein the detection value of the
therefore an object of the present invention to provide a 5° light detected bythelight receiving part, which is caused
light-emitting sensor device which reduces a changein by, for example, a shift in relative position relation be-
the detection value due to a shift in relative position re- tween the light receiving part and the specimen, in com-
lation between the light-emitting sensor device and a parison with a case wherethelight scattering part is not
specimen and which can stably detect a predetermined disposed between theirradiating part and the specimen
type of information, such as a bload flow velocity, on the 55 and between the specimen and the light receiving part.
specimen. Therefore, on the basis of the light detected by the light

receiving part, it is possible to stably detect the predeter-
mined type of information, such as a blood flow velocity,

2

APL_MAS_ITC_00557174

PAGE215 OF 530

MASIMO2057

Apple v. Masimo

Meansfor Solving the Subject

[0007] The above object of the present invention can
be achieved by a light-emitting sensor device provided
with: a substrate; an irradiating part, disposed on the sub-
strate, for applying light to a specimen;a light receiving
part, disposed on the substrate, for detecting light from
the specimen caused by the applied light; a light scatter-
ing part, disposed at least one of betweentheirradiating
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on the specimen. As a result, it is possibile to increase
the reliability of the detection value detected by the light-
emitting sensor device.
[0011] Asexplained above, according to the light-emit-
ting sensor device of the present invention, it is provided
with the light scattering part disposed at least one of be-
tween theirradiating part and the specimen and between
the specimen and the light receiving part, so thatit is
possible to reduce the change in the detection value
caused by the shift in relative position relation between 74 a front plate disposed to face the substrate, on a front
the light-emitting sensor device and the specimen. Thus, surface side where the specimenis disposed with respect
itis possible to stably detect the predetermined type of to the substrate, the light scattering part being bonded
information, such as a blood flow velocity, on the speci- to the front plate by an adhesive which can transmit the
men, at least onelight.
[0612] In one aspectofthe light-emittingsensordevice 75 [0019] According to this aspect, the frontplate is a light
of the present invention, the light scattering part includes shielding plate-like member where an exit aperture for
a fibrous material. transmitting the light emitted from the irradiating part and
[0013] According to this aspect, the light scattering part an entrance aperture for transmitting the light from the
is made of, for example, a woven fabric or a nonwoven specimen are formed. The light scattering part is dis-
fabric. Thus, by virtue of the light scattering part, itis 22 posed to cover the surface on the specimen side of the
possible to preferably scatter at least one of the light emit- front plate, and it is bonded to the front plate by the ad-
ted from the irradiating part and the light from the spec- hesive. Thus, for example, by that the specimen touches
imen, and it is possible to surely reduce the change in the light scattering part in the detection, it is possible to
the detection value causedbythe shift in relative position preventthat the position of the light scattering part on the
relation between the light-emitting sensordevice andthe 25 light-emitting sensor deviceis shifted. Here, the adhesive
specimen. Moreover,if the light scattering part is made can transmit at least one of the light emitted from the
of, for example, a woven fabric or a nonwovenfabric,it irradiating part and the light from the specimen, so that
is also possible to stably detect the predetermined type it has practically little or no adverse influence on the light
of information, such as a blood flow velocity, on the spec- detected by the light receiving part. incidentally, here,
imen, regardiess of a change in power of the specimen 30 the expression that “the light scattering part is bonded to
being pressed against the light scattering part in the the front plate by the adhesive"includes, in effect, not
measurement. only a case wherethe light scattering part is bonded to
[0014] In another aspect of the light-emitting sensor the frontplate itself by the adhesive but also a case where
device of the present invention, the light scattering part the light scattering part is bonded to a protective plate
includes foam. 35 disposed on the upper surface of the front plate.
[0015] According to this aspect, the light scattering part [0020] In another aspect of the light-emitting sensor
includes the foam such as a sponge (or a porous body device of the present invention, it is further provided with
having a plurality of continuous pores therein). Thus, by a light shielding part, disposed between the irradiating
virtue of the light scattering part, itis possible to preferably part and the light receiving part on the substrate, for
scatter atleast one of the light emitted from the irradiating 428 shielding between the irradiating part and thelight re-
part and the light from the specimen, and it is possible ceiving part from light.
to surely reduce the changein the detection value caused (0021] According to this aspect, for example, it is pos-
by the shift in relative position relation between the light- sible to block the light directly going from the irradiating
emitting sensor device and the specimen. Moreover,if part to the light receiving part, out of the light emitted from
the lightscattering partis madeof, forexample,asponge, 75  theirradiating part(i-e. the light which is emitted from the
itis also possible to stably detect the predetermined type irradiating part and which goes to the light receiving part
of information, such as a blood flow velocity, on the spec- without being applied to the specimen). Thus,it is pos-
imen, regardless of the change in powerof the specimen sible to prevent that the light detected by the light receiv-
being pressed against the light scattering part in the ing part changes dueto the light which directly goes from
measurement. 50 the irradiating part to the light receiving part. Therefore,
[0016]~~In another aspectof the light-emitting sensor it is possible to detect the predetermined type of infor-
device of the present invention, the light scattering part mation, such as a bloodflow velocity, on the specimen,
has a plurality of scattering materials dispersed in a trans- more highly accurately.
parent member which can transmit the at least one light, [0022] In another aspect of the light-emitting sensor
eachofthe plurality of scattering materials having are- 55 device of the present invention, the irradiating part and
fractive index whichis different from a refractive index of the light receiving part are integrated on the substrate.
the transparent member, the plurality of scattering ma- (6023] According to this aspect, the irradiating part and
terials being capable of scattering the at least one light. the light receiving part are integrated on the substrate,
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[0017] According to this aspect, by virtue of the light
scattering part,it is possible to preferably scatter at least
one of the light emitted from the irradiating part and the
lightfrom the specimen, and itis possible to surely reduce
the changein the detection value caused by the shift in
relative position relation between the light-emitting sen-
sor device and the specimen.
[0018] In another aspect of the light-emitting sensor
device of the present invention, it is further provided with
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so that the layout area for each part is reduced, which
further allows miniaturization. Due to the miniaturization,

itis possible to extend the use of the light-emitting sensor
device, such as making it not of a stationary type but a
mobile type.
[0024] In another aspect of the light-emitting sensor
device of the present invention, it is further provided with
a calculating part for calculating a blood flow velocity as-
sociated with the specimen, on the basis of the detected
light. 10 [FIG. 3] FIG. 3 is a plan view showing the structure
[0025] According to this aspect, by using that the pen- of a front plate of the blood flow sensor device in the
etration force of light to a living body depends on wave- first embodiment.
length, it is possible to measure the blood flow velacity [FIG. 4] FIG. 4 is a plan view showing the structure
of each of blood vessels which have different depth from of a scatterer of the blood flow sensor device in the
the skin surface. Specifically, by applying lighttothe sur- 75 first embodiment.
face of a living body, the light penetrating into the body [FIG. 5] FIG. 5 is a block diagram showing the struc-
is reflected or scattered by red blood cells flowing in the ture of the blood flow sensor device in the first em-
blood vessel, and its wavelength changes due to the Dop- bodiment.
pler-shiftt according to the transfer rate of the red blood [FIG. 6] FIG. 6 is a conceptual view showing one
cells. On the other hand,as for the light reflected orscat- 20 example of how to use the blood flow sensor device
tered by skin tissue which can be considered immovable in the first embodiment.
with respect to the red blood cells, the light reaches to [FIG. 7] FIG. 7 is a cross sectional view showing a
the light receiving part without any change in the wave- human subcutaneous structure.
length. By those lights interfering with each other, an op- (FIG. 8] FIG. 8 is a conceptual view showing one
tical beat signal corresponding to the Doppler shift 25 example of optical paths in the scatterer and a spec-
amount is detected on the light receiving part. The cal- imen on the blood flow sensordevicein the first em-
culating part performsan arithmetic process, such asfre- bodiment.
quency analysis, on the optical beat signal, thereby cal- [FIiG. 9] FIG. 9 is a cross sectional view having the
culating the velocity of the blood flowing in the blood ves- same conceptasin FIG.2 in afirst modified example.
sel. 30 (FIG. 10] FIG. 10 is a cross sectional view having
[0026] In another aspect of the light-emitting sensor the same conceptas in FIG. 2 in a second modified
device of the present invention, the irradiating part has example.
a semiconductor laser for generating laser light as the (FIG. 11] FIG. 11 is a cross sectional view having
light. the same concept as in FIG. 2 in a third modified
[0027] According to this aspect, the laser light canbe 35 example.
applied by applying a voltage to the semiconductorof the [FIG. 12] FIG. 12 is a cross sectional view having
irradiating part such that an electric current flows with a the same conceptas in FIG. 2 in a fourth modified
highervalue thanalaser oscillation threshold value. The example.
laser light has such a character that it has a different (FIG. 13] FIG. 13 is a schematic diagram showing a
penetration force to a living body or the like depending 40 position relation between the sensor part and the
ona difference in wavelength. By using such a character, specimen in the measurementof a blood flow veloc-
it is possible to perform the measurementin different ity by the blood flow sensor devicein the first em-
depth of the specimen. bodiment.
[0028] The operation and other advantages of the [FIG. 14] FIG. 14 is a graph showing a relation be-
present invention will become more apparent from the 46 tween a shift amount from a laser diode at a meas-
embodiment explained below. urement point and signal intensity of an optical beat
{0629] As explained in detail above, according to the signal in the measurementof the blood flow velocity
light-emitting sensor device of the present invention, it is by the blood flow sensor device in the first embodi-
provided with the substrate, the irradiating part, the light ment.
receiving part, and the light scattering part. Therefore, it 50 (FIG. 15] FIG. 15 is a graph showing a relation be-
is possible to reduce the changein the detection value tween a shift amountfrom a laser diode at a meas-
caused by the shift in relative position relation between urementpoint and signal intensity of an optical beat
the light-emitting sensor device and the specimen, and signal in the measurementof the blood flow velocity
thus, it is possible to detect the predetermined type of by a blood flow sensor device in a comparative ex-
information, such as a blood flow velocity, on the speci- 45 ample.
men, highly accurately. [FiG. 16] FIG. 16 is a graph showing the signal in-

tensity of the optical beat signal detected by the blood
flow sensor device in the first embodiment, by com-
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[0030]

(FIG. 1] FIG. 1 is a plan view showing the structure
of a sensor part of a blood flow sensor device in a
first embodiment.

[FIG. 2] FIG. 2 is an A-A’ cross sectional view in FIG.
1.
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paring acase where the specimenis pressedslightly
against the scatterer with a case where the specimen
is pressed firmly against the scatterer.
(FIG. 17] FIG. 17 is a graph showing the signal in-
tensity ofthe optical beat signal detected by the blood
flow sensor device in the comparative example, by
comparing a case where the specimen is pressed
slightly against the upper surface of the sensor part
with a case where the specimen is pressed firmly
against the uppersurface of the sensorpart. 10 the bottom of the sensorpart substrate 100 by wiring (not

illustrate) which penetrates the sensor part substrate
Description of Reference Codes 110, and it can drive the laser diode 120 by current in-

jection from the exterior of the sensor part 100.
feos] [0039] The laser dicde drive circuit 150 is a circuit for

75 controlling the crive of the laser diode 120, and it controls
100 sensor part the amount of an electric current injected to the laser
110—sensor part substrate diode 120.
120 laser diode [e040] The photodiode 160 is one example of the "light
150 laser diode drive circuit receiving part” of the present invention, and it functions
160 photodiode 20 as a light detector for detecting the light reflected or scat-
170 photodiode amplifier tered from a specimen (more specifically, the light scat-
180 light shielding wail tered by the scatterer 200 described later). Specifically,
190 front plate the photodiode 160 can obtain information about light
195 protective plate intensity by converting the light to an electric signal. The
200 scatterer 25 photodiode 160 is disposed in parallel with the laser diode
310 A/D converter 120 on the sensor part substrate 110.
320 blood flow velocity DSP [0041] The photodiode amplifier 170 is an amplifier cir-

cuit for amplifying the electric signal obtained by the pho-
Best Mode for Carrying Out the Invention todiode 160. The photodiode amplifier 170 is electrically

30 connected to the electric pad (notillustrated) disposed
[0032] Hereinafter, an embodiment of the present in- on the bottom of the sensor part substrate 100 by the
vention will be explained with reference to the drawings. wiring (notillustrate) which penetrates the sensor part
Incidentally, the embodiment below exemplifies a blood substrate 110, and it can output the amplified electric
flow sensor device, which is one example of the light- signal to the exterior. The photodiode amplifier 170 is
emitting sensor device of the present invention. 35 electrically connected to an A/D (Analog to Digital) con-

verter 310 (refer to FIG. 5 described later) disposed in
<First Embodiment> the exterior of the sensor part 100.

[0042] The light shielding wail 180 is formed in a wall
[0033] Ablood flow sensordevice in afirst embodiment shape on the sensorpart substrate 110, including a light
will be explained. 40 shielding material. The light shielding wall 180 has:a first
[0034] Firstly, the structure ofasensorpart of the blood light shielding part 181 formed along a circumference on
flow sensor device in the first embodiment will be ex- the sensor part substrate 110; and a secondlight shield-
plained with reference to FIG. 1 to FIG. 4. ing part 182 formed betweenthe laser diode 120 and the
[e035] FIG. 1 is a plan view showing the structure of photodiode 160 on the sensor part substrate 110. The
the sensorpart of the blood flow sensor device inthe first 45 first light shielding part 181 is formed to surround all the
embodiment. FIG. 2 is an A-A’ cross sectional view in laser diode 120, the electrode 130, the wire line 140, the
FIG. 1. Incidentally, in FIG. 1, for convenience of expla- laser ciode drive circuit 160, the photo diode 160, and
nation, the illustration of a front plate 190, a protective the photodiode amplifier 170, viewed in a two-dimension-
plate 195, and a scatterer 200 shownin FIG. 2 is omitted. al manner on the sensor part substrate 110. By virtue of
[0036] As shown in FIG. 1 and FIG. 2, a sensor part 42 thefirst light shielding part 181, it is possible to prevent
100 of the blood flow sensor device in the first embodi- the light from the surroundings of the sensor part 100
mentis provided with a sensorpart substrate 110, a laser from entering into the sensorpart 100(i.e. inner than the
diode 120, an electrode 130, a wire line 140, alaser diode first light shielding part 181 on the sensor part substrate
drive circuit 150, a photodiode 160, a photodiode ampli- 110). The second light shielding part 182 is formed to
fier 170, a light shielding wall 180, a front plate 190, a 55 connect a portion formed along one side of the sensor
protective plate 195, and a scatterer 200. part substrate 110 ofthe first light shielding part 181 and
[0037] Thesensorpart substrate 110 is made of a sem- a portion formed along the other side opposed to the one
iconductor substrate, such as a silicon substrate. On the side ofthefirst light shielding part 181, between the laser
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sensor part substrate 110, the laser diode 120, the laser
diode drive circuit 150, the photodiode 160, and the pho-
todiode amplifier 170 are integrated and disposed.
[0038] The laser diode 120 is one example of the “ir-
radiating part” of the present invention, and it is a semi-
conductorlaser for emitting laser light. The laser diode
120 is electrically connected to the electrode 130 through
the wire line 140. The electrode 130 is electrically con-
nected to an electrode pad (notillustrated) disposed on
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diode 120 and the photodiode 160 on the sensor part
substrate 110. By virtue of the secondlight shielding part
182, itis possible to shield between the laser diode 120
and the photodiode 160 from the light. Thus, for example,
it is possible to block the light going to the photodiode
160 asitis, without being applied to the specimen, out
of the light emitted from the laser diode 120. In other
words, it is possible to prevent the light which does not
have to be detected by the photodiode 160 from entering
the photodiode 160 from the laser diode 120 side tothe 74 such asa sponge, and a porous body. Alternatively, the
photodiode 160 side on the sensor part substrate 110, scatterer 200 may be made by dispersing small particles
thereby increasing the detection accuracy. made of polymer resin, glass, or the like, which have
[6043] The front plate 190 is a substrate including a different refraction indexes from that of a transparent ma-
light shielding material, and itis disposed abovethe laser terial, in the transparent material madeof plastic, glass,
diode 120, the photodiode 170, and the like (in other 75 orthelike. Incidentally, an effect by the scatterer 200 will
words, such that it faces the sensor part substrate 110 be detailed later. In the embodiment, in particular, the
via the light shielding wall 180). Incidentally, the plate sensor part 100 is provided with the scatterer 200, so
thicknessof the front plate 190 is, for example, about 300 that it is possible to stably detect the blood flow velocity
um. of the specimen.
[0044] FIG. 3 is a plan view showing the structure of 22 [0050] Next, the structure of the entire blood flow sen-
the front plate of the blood flow sensor devicein thefirst sor device in the first embodimentwill be explained with
embodiment. reference to FIG. 5.

[0045] As shown in FIG. 2 and FIG. 3,in the front plate (0051] FIG. 5is a block diagram showingthe structure
190, an exit aperture 191 for letting out or emitting the of the blood flow sensordevicein the first embodiment.
light from the laser diode 120 to the exterior is opened, 25 [0052] In FIG. 5, the blood flow sensor device in the
and an entrance aperture 192 forletting in the light re- first embodimentis provided with an A/D converter 310
flected or scattered from the specimen is formed in a and a blood flow velocity digital signal processor (DSP)
pinhole shape. The pinhole-shaped formation of the en- 320, in addition to the aforementioned sensor part 100.
trance aperture 192 allows the incidence of only the light [0053] The A/D converter 310 converts the electric sig-
from directly above (i.e. in a top-to-bottom direction in 30 nal outputted from the photodiode amplifier 170, from an
FIG. 2). Thus,it is possible to prevent the light that does analog signal to a digital signal. In other words, the elec-
not have to be detected from entering the photodiode tric signal cbtained by the photodiode 160 is amplified
160, thereby increasing the detection accuracy. Inciden- by the photodiode amplifier 170, and then it is converted
tally, the diameter of the entrance aperture 192 formed to the digital signal by the A/D converter 310. The A/D
in the pinhole shapeis, for example, about 40 um. 35 converter 310 outputs the digital signal to the blood flow
[0046] In FIG. 2, the protective plate 195 is disposed velocity DSP 320.
on the upper surface side of the front plate 190. The pro- [0054] The blocd flow velocity DSP 320 is one example
tective plate 195 is made of a transparent substrate and of the "calculating part” of the present invention, and it
can transmit the light from the laser diode 120 and the calculates the bloodflow velocity by performing a prede-
light from the specimen. The protective plate 195 is dis- 42 termined arithmetic process on the digital signal inputted
posed to averlap the entire surface of the front plate 190. from the A/D converter 310.
As the protective plate 195, for example, 4 resin sub- (0055] Next, the measurementof the bload flow veloc-
strate, a glass substrate, or the like can be used. The ity by the blood flow sensordevicein thefirst embodiment
protective plate 195 can increase the durability of the will be explained with reference to FIG. 6 and FIG. 7 in
sensor part 100. 45 addition to FIG. 5.
[0047] The scatterer 200 is one example of the "light [0056] FIG. Gis aconceptual view showing one exam-
scattering part" of the present invention, and it is made ple of how to use the blood flow sensor devicein thefirst
of a fibrous material, such as a woven fabric and a non- embodiment. FIG. 7 is a cross sectional view showing a
wovenfabric. The scatterer 200 is bonded to the protec- human subcutaneous structure.
tive plate 195 by an adhesive which can transmitthe light 5° [0057] AsshowninFIG.6, the blood flowsensordevice
from the laser diode 120 and the light from the specimen. in the first embodiment measures the blood flow velocity
Thus, in the measurement, it is possible to prevent that byirradiating a fingertip 500, which is one exampleof the
the specimen touches the scatterer 200 and shifts the specimen, with laser light with a predetermined wave-
position of the scatterer 200 on the sensor part 100. length (e.g. infrared light with a wavelength of 780nm,
[0048] FIG. 4 is a plan view showing the structure of 55 830nm, or 1300nm) by using the laser diode 120.Atthis
the scatterer of the blood flow sensor device in the first time, a portion irradiated with the laser light is more de-
embodiment. sirably a portion in which blood capillaries are distributed
[0049] In FIG.2 and FIG. 4, the scatterer 200 is formed densely ina position relatively close to the epidermis (e.g.

6

APL_MAS_ITC_00557178

PAGE219 OF 530

MASIMO2057

Apple v. Masimo

10

to overlap the entire surface of the protective plate 195,
on the upper surface side of the protective plate 195. The
scatterer 200 is madeofthe fibrous material as described

above, so thatit can scatter the light from the laser diode
420 and the light reflected or scattered from the speci-
men. It is only necessary for the scatterer 200 to scatter
the light from the laser diode 120 and the light reflected
or scattered from the specimen. The scatterer 200 may
be made of not only the fibrous materia! but also foam,
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hand, leg, face, ear, or the like). Incidentally, in FIG. 6
and FIG. 7, an arrow P1 conceptually shows the light
emitted from the sensorpart 100. Moreover, in the meas-
urement of the blood flow velocity, the blood flow sensor
device in the first embodiment is typically used in the
condition that the fingertip 500 touches the uppersurface
of the sensorpart 100 (i.e. the upper surface of the scat-
terer 200), however, for convenience of explanation, FIG.
6 shows a gap between the fingertip 500 and the sensor
part 100. However, according to the blood flow sensor 74 210,or is refracted on the surfaces of the fibrous mate-
device in the first embodiment, it is possible to measure rials 210. The light entering the scatterer 200, as de-
the bloodflow velocity evenif the fingertip 500 does not scribed above with reference to FIG. 6 and FIG.7, pen-
touch the upper surface of the sensor part 100. etrates to the depth according to its wavelength, and it
[0058] Here, as shownin FIG. 7, in the human subcu- is reflected or scattered by the body tissue of the fingertip
taneous structure, an anteriole 410 andavenule 420 are 75 500, suchas blood flowing in blood vessels and skin cells.
distributed in the cermis located between the epidermis The Dopplershift occursin the light reflected or scattered
and the subcutaneoustissue. Then, blood capillaries 430 by the red blood cells flowing in the blood vessels, and
branching from the antericle 410 are cistributed toward the wavelength of the light changes depending on the
to the vicinity of the epidermis, and one ends are con- transfer rate of the red blood cells. On the other hand,
nected to the venule 420. 20 asforthelight reflected or scattered by stationary tissue,
[0059]_In FIG. 6 and FIG.7, the laser light applied to such as the skin cells which can be considered immov-
the fingertip 500 penetrates to depth according to its able with respect to the red blood cells, the wavelength
wavelength, and it is reflected or scattered by the body of the light does not change. Incidentally, in FIG. 8, a
tissue of the fingertip 500, such as blood flowing in blood route R71 shows one example of the optical path in the
vessels like the blood capillaries or the like and skincells 25 scatterer 200 and the fingertip 500 with regard to the light
which constitute the epidermis. In general, the light with scattered or reflected by the red blood celis in the fingertip
alonger wavelength allows the measurementin a deeper 500, and a route R2 shows one example of the optical
portion, Incidentally, in FIG. 6 and FIG. 7, an arrow P2 path in the scatterer 200 and the fingertip 500 with regard
conceptually showsthe light entering the sensorpart 100 to the light scattered or reflected by the stationarytissue,
after being reflected or scattered by the body tissue of 30 such as the skin cells, in the fingertip 500. The light re-
the fingertip 500. Then, the Doppler shift occurs in the flected or scattered in the fingertip 500 as described
light reflected or scattered by red blood cells flowing in above enters the scatterer 200 again. The light entering
the blood vessels, and the wavelength of the light chang- from the fingertip 500 to the scatterer 200 is scattered
es depending on the transfer rate of the red blood cells again within the scatterer 200, penetrates through the
or the rate at which the blood flows(i.e. the biocd flowing 35 protective plate 195, and enters the photodiode 160 via
velocity). On the other hand, as for the light reflected or the entrance aperture 192 of the front plate 190. By that
scattered by the skin cells or the like which can be con- the light reflected or scattered by the red blood cells and
sidered immovable with respect to the rec blood cells, the light scattered or reflected by the stationary tissue,
the wavelength of the light does not change. By those which are included in the light entering the photodiode
lights interfering with each other, an optical beat signal 4 160, interfere with each other, the optical beat signal cor-
corresponding to the Dopplershift amount is detected on responding to the Doppler shift amount is detected on
the photodiode 160 (refer to FIG. 5). The blood flow ve- the photodiode 160.
locity DSP 320 (refer to FIG. 5) performs frequency anal- [0063] Here, particularly in the embodiment, the sen-
ysis on the optical beat signal detected by the photodiode sor part 100 is provided with the scatterer 200, so that
160 and calculates the Doppler shift amount, therebycal- 45 the light emitted from the laser diode 120 is reflected or
culating the blood flow velocity. scattered on the fingertip 500, which is one example of
[0660] Next, the scatterer of the blood flow sensor de- the specimen, and it is scattered by the scatterer 200 in
vice in the first embodiment will be explained together the middie of the route to the photodiode 150, as de-
with the operations of the blood flow sensor device in the scribed above. By this, as explained later, it is possible
first embodiment, with reference to FIG. 8 in addition to 5° to stably detect the blood flow velocity. Incidentally, in
FIG, 5. the embodiment, the scatterer 200 is disposed to overlap
[0661] FIG. 8 is a conceptual view showing one exam- the entire surface of the protective plate 195 such that
ple of optical paths in the scatterer and the specimen on the light emitted from the laser diode 120 is scattered
the blood flow sensor device in the first embodiment. before the light enters the fingertip 500 and suchthat the
[0062] In FIG. 8, inthe operation of the blood flow sen- 55 light emitted from the fingertip 500 after being reflected
sor devicein the first embodiment, firstly, the light with a or scattered in the fingertip 500 is scattered before the
predetermined wavelength is emitted from the laser di- light enters the photodiode 160. However, the scatterer
ode 120, underthe control by the laser diodedrive circuit 200 may be disposed only on the laser diode 120 side
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150 (refer to FIG. 5). The emitted light passes through
the exit aperture 191 of the front plate 190, penetrates
through the protective plate 195, and enters the scatterer
200. The light entering the scatterer 200 is scattered with-
in the scatterer 200 and then enters the fingertip 500,
which is one example of the specimen. More specifically,
the light entering the scatterer 200 is reflected on the
surfaces of the fibrous materials 210 which constitute the

scatterer 200,is transmitted through the fibrous materials
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on the protective plate 195 so that only the light emitted
from the laser diode 120 is scattered before the light en-
ters the fingertip 500. Alternatively, the scatterer 200 may
be disposed only on the photodiode 160 side on the pro-
tective plate 195 so that the light emitted from the fingertip
500 after being reflected or scattered in the fingertip 500
is scattered before the light enters the photodiode 160.
In any case, the scattering of the light in the scatterer 200
can appropriately provide an effect of increasing stability
in the detection of the blood flow velocity.
[0064] Moreover, the sensor part 100 of the blood flow
sensor device in the first embodiment has a relatively
simple structure, which facilitates mass production. In
other words, the sensor par 100 has such a relatively
simple structure that the scatterer 200 is provided for a
sensor part main body, which is provided with: the sensor
part substrate 110 on which the laser diode 120, the pho-
todiade 160, and the like are integrated; the light shielding
wall 180; the front plate 190; and the protective plate 195.
Thus, the blood flow sensor device in the first embodi-

mentis suitable for the mass production.
[0065]_In addition, particularly in the embodirnent, the
sensor part 100 is provided with the scatterer 200, so
that it is possible to almost or completely eliminate the
risk of the laser exposure of the specimen by the laser
light emitted from the laser diode 120. In other words,
since the light emitted from the laser ciode 120 is scat-
tered by the scatterer 200, only the scattered lightis let
out or emitted to the exterior of the sensor part 100. Thus,
the risk of the laser exposure of the specimen almost or
completely disappears. Incidentally, in the blood flow
sensor device in the first embodiment, it is enough to
perform an appropriate measurementif the laser light
emitted from the laser diode 120 has a powerof about
several milliwatt at most. Evenif the laser light emitted
from the laser diode 120 directly enters the specimen
without being scattered by the scatterer 200, although
there is practically almost no risk of the laser exposure
of the specimen, it is possible to further reduce the risk
of the laser exposure by being scattered by the scatterer
200.

<First Modified Example>
A blood flow sensor apparatus in a first modified example
will be explained with reference to FIG, 9.
[0066] FIG. Gisacross sectional view having the same
concept as in FIG. 2 in the first modified example. Inci-
dentally, in FiG. 9, the same constituents as thosein the
first embodiment shownin FIG. 1 to FIG. 8 will carry the
same reference numerals, and the explanation thereof
will be omitted, as occasion demands.
[0067] In FIG. 9, the blood flow sensor apparatus in
the first modified example is different from the blood flow
sensor apparatus in the first embodiment described
abovein the point thatit is provided with a scatterer 201
instead of the scatterer 200 in the first embodiment de-

scribed above, andit is constructed in substantially the
same manneras the blood flow sensor apparatus in the
first embodiment described abovein other points.
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[0068] As shownin FIG. 9, the scatterer 201 is dis-
posed to wrap around the protective plate 195, the front
plate 190, and the light shielding wall 180 from the upper
surface side of the protective plate 195. The scatterer
201 is made of a fibrous material, such as a wovenfabric
and a nonwoven fabric, asin the scatterer 200in thefirst
embodiment. Thus, itis possible to protect a sensor part
main body 100a (i.e. a portion other than the scatterer
201 out of the sensor part 100) by using the scatterer
201. In other words, itis possible to recuce the situation
that the sensor part main body 100a is exposed to the
exterior to cause the sensor part main body 100a to get
dirty and damaged, by virtue of the scatterer 201. Inci-
dentally, the scatterer 201 may wrap around the entire
sensor part main body 100a. In this case, it is possible
to increase the effect of protecting the sensor part main
body 100a by virtue of the scatterer 201.
<Second Modified Example>
A blood flow sensor apparatus in a second modified ex-
ample will be explained with reference to FIG. 10.
[0069] FIG. 10 is a cross sectional view having the
same concept as in FIG. 2 in the second modified exam-
ple. Incidentally, in FIG. 10, the same constituents as
thosein the first embodiment shown in FIG. 1 to FIG. 8

will carry the same reference numerals, and the expla-
nation thereof will be omitted, as occasion demands.

[0070] In FIG. 10, the blood flow sensor apparatus in
the second modified example is different from the blood
flow sensor apparatusin thefirst embodiment described
abovein the point thatit is provided with a scatterer 202
instead of the scatterer 200 in the first embodiment de-

scribed above and further with a structure 410, andit is
constructed in substantially the same manner as the
blood flow sensor apparatus in the first embodiment de-
scribed abovein otherpoints.
[0071] As shownin FIG. 10, in the sensor part 100 of
the blood flow sensor apparatus in the second modified
example, the sensor part main body 100a(i.e. a portion
other than the scatterer 202 out of the sensor part 100;
namely, the sensor part substrate 110, the laser diode
120 (and the laser ciode drive 150), the photodiode 160
(and the photodiode amplifier 170), the light shielding
wail 180, the front plate 190 and the protective plate 195)
is embedded or implanted within the structure 410, with
the protective plate 195 exposed from the upper surface
side of the structure 410, and the scatterer 202 is dis-
posed to overlap all the upper surfaces of the structure
410 anc the protective plate 195. The structure 410 can
be formedof, for example, resin, glass, metal, or the like.
The scatterer 202 is made of a fibrous material, such as
awoven fabric and a nonwovenfabric, as in the scatterer
200in the first embodiment.

{0072] According to the blood flow sensor apparatus
in the second modified example as constructed above,
it is possible to protect the sensor part main body 100a
by using the scatterer 202 and the structure 410. More-
over, the structure 410 can be protecied by the scatterer
202 from the upper surface side thereof.
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<Third Modified Example>
A blood flow sensor apparatusin a third modified exarnple
will be explained with reference to FIG. 11.
[0073] FIG. 11 is a cross sectional view having the
same concept as in FIG.2 in the third modified example.
Incidentally, in FIG. 11, the same constituents as those
in the first ernbodiment shown in FIG. 1 to FIG. 8 will

carry the sarne reference numerals, and the explanation
thereof will be omitted, as occasion demands.
[8074] In FIG. 11, the blood flow sensor apparatus in 7° or scattered from the specimen. As the protective mem-
the third modified example is different from the blood flow ber 510, for example, aresin substrate, a glass substrate,
sensor apparatus in the first embodiment described or the like can be used.
above in the point that it is provided with a protective [0080] Thus, itis possible to the situation that the scat-
plate 196 and a scatterer 203 instead of the protective terer 200 is exposed to the exterior, or the specimen
plate 195 and the scatterer 200 in the first enbodiment 75 touches the scatterer 200 to cause the scatterer 200 to
described above, respectively, and further with a struc- getdiry and damaged, byvirtue of the protective member
ture 420, andit is constructed in substantially the same 510. In particular, in a case where the scatterer 200 is
manner as the blood flow sensor apparatusin thefirst formed of foam, such as a sponge, and a porous body,
embodiment described abovein otherpoints. the scatterer 200 tends to get dirty relatively, so thatitis
[0075] As shownin FIG. 11, in the sensor part 100 of 20 extremely useful in practice that the scatterer 200 can be
the blood flow sensor apparatusin the third modified ex- protected by the protective member 510 as described
ample, a sensor part main body 100b (i.e. a portion other above.
than the scatterer 203 and the protective plate 196 out f0081] Next, the effect by the scatterer of the blood
of the sensorpart 100; namely, the sensorpart substrate flow sensordevicein the first embodiment will be detailed
110, the laser diode 120 (and the laser diode drive 150), 25 with reference to FIG. 13 to FIG. 17.
the photodiode 160 (and the photodiode amplifier 170), (0082] FIG. 13 is a schematic diagram showing a po-
the light shielding wall 180 and the front plate 190) is sition relation between the sensorpart and the specimen
embedded or implanted within the structure 420, with the in the measurementof the blood flow velocity by the blood
protective plate 196 exposed from the uppersurface side flow sensor devicein the first embodiment. FIG. 14 is a
of the structure 420, and the protective plate 196 is dis- 30 graph showing a relation between a shift amount from
posed to overlap all the upper surfaces of the structure the laser diode at a measurementpoint and signal inten-
420 and the front plate 190, and the scatterer 203is dis- sity of the optical beat signal in the measurementof the
posec to overlap the upper surface ofthe protective plate blood flow velocity by the blood flow sensor device in the
196. The structure 420 can be formed of, for example, first embodiment.
resin, glass, metal, or the like. The scatterer 203 ismade 35 [0083] FIG. 14 shows the relation between a shift
of a fibrous material, such as a woven fabric and a non- amount d from the laser diode 120 at a measurement

wovenfabric, as in the scatterer 200 in the first embod- point Q1 (refer to FIG. 13) and signal intensity of the
iment. optical beat signal detected by the photodiode 160, ina
[0076] According to the blood flow sensor apparatus case where the blood flow velocity of the fingertip 500,
in the third modified example as constructed above, itis 48 which is one example of the specimen, is measured by
pessible to protect the sensor part main body 100a by using the blood flow sensor device in the first embodi-
using the scatterer 203, the protective plate 196, and the ment. Incidentally, in this measurement, a towel fiberis
structure 420. Moreover, the structure 420 can be pro- used as the scatterer 200.
tected by the protective plate 196 and the scatterer 203 (0084] Here, in FIG. 13, the measurement point Q1 is
from the upper surface side thereof. 45 a pointof the fingertip 500 with the closest distance from
<Fourth Modified Example> the photodiode 160. The shift amount d is the amountof
A blood flow sensor apparatus in a fourth modified ex- shift from the laser diode 120 at the measurement point
ample will be explained with reference to FIG. 12. Q1 (more accurately, a distance between the measure-
[0077] FIG. 12 is a cross sectional view having the ment point Q1 and a portion of the laser diode 120 where
same conceptas in FIG. Zin the fourth modified example. 5° the light emits in a case where the sensor 100 is viewed
Incidentally, in FIG. 12, the same constituents as those from directly above. A distance g is a distance between
in the first embodiment shown in FIG. 1 to FIG. 8 will the upper surface of the sensor part main body 100a {i.e.
carry the same reference numerals, and the explanation a portion other than the scatterer 200 out of the sensor
thereof will be omitted, as occasion demands. part 100) and the measurement point Q1. In the meas-
[0078] In FIG. 12, the blood flow sensor apparatus in 55 urementofthe blood flow velocity, the fingertip 500 touch-
the fourth modified exampleis different from the blcod es the scatterer 200, so that the distance g almost or
flow sensor apparatusin the first embodiment described completely maiches the thickness of the scatterer 200.
above in the point that it is provided further with a pro- Incidentally, in FIG. 13, an arrow P3 conceptually shows
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tective member510, and itis constructed in substantially
the same manner as the blood flow sensor apparatus in
the first embodiment described abovein other points.
f0e79] As shown in FIG. 12, the protective member
510 is disposed to overlap the upper surface of the scat-
terer 200 (in other words, a surface opposedto the spec-
imen in the scatterer 200). The protective member 510
is made of a transparent substrate, and it can transmit
the light from the laser diode 120 and the light reflected

CX-1760

IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

17

the light emitted from the laser diode 120, and an arrow
P4 conceptually showsthe light entering the photodiode
160.

[0085] In FIG. 14, data D1 showsthe relation between
the shift amount d and the signal intensity of the optical
beat signal, in a case where the blood flow velocity is
measured with a distance g of 2mm between the upper
surface of the sensor part main body 100a and the meas-
urement point Q1 (in other words, with a thicknessof the
scatterer 200 of 2mm). Data D2 showsthe relation be- 7° bemeasured is wider than inthe blood flow sensor device
tween the shift amount d and the signal intensity of the in the comparative example. Thatis, as shownin the data
optical beat signal, in a case wherethe blood flow velocity E1, £2, and E3 in FIG. 15, the range of the shift amount
is measured with a distance g of 8mm between the upper d where the blood flow velocity can be measured is less
surface of the sensorpart main body 100a and the meas- than or equal to about Imm ait the widest in the blood
urementpoint Q1 {in other words, with athickness ofthe 75 flow sensor device in the comparative example, whereas
scatterer 200 of 8mm). as shownin the data D1 in FIG. 14, the range of the shift
foos6] FIG. 15 is a graph showing a relation between amount d where the blood flow velocity can be measured
a shift amount from a laser diode at a measurementpoint is less than or equal to about 2mmin the blood flow sensor
and signal intensity of an optical beat signal in the meas- device in the first ermbodiment. Moreover, as shownin
urement of the blood flow velocity by a blood flow sensor 22 the data D2 in FIG. 14, in the case where the distance g
device in a comparative example. Here, the blood flow is 8mm,i.e. in the case where the thickness of the scat-
sensor device in the comparative example is different terer 200 is 8mm, even if the shift amount d is e.g. 5mm,
from the blood flow sensordevicein the first embodiment the reduction in the detected signal intensity of the optical
in the point that it is not provided with the scatterer 200, beat signal is small, and thus the blood flow velocity can
and it is constructed in substantially the same manner 25 be measured well. As described above,in the blood flow
as the blood flow sensor apparatus in the first emnbodi- sensor device in the first embodiment, it is possible to
ment described abovein other points. In other words, in reduce the change in the signal intensity of the optical
FIG. 13, the sensor part of the blood flow sensor device beat signal detected by the photodiode 160, which is
in the comparative example corresponds to the sensor caused by the shift in the relative position relation be-
part main body 100a of the blood flow sensor apparatus 30 tween the sensor part 100 and the fingertip 500 as the
in the first embodiment. specimen, in comparison with the blood flow sensor de-
[6087] In FIG. 15, data E1 shows the relation between vice in the comparative example. In other words, in the
the shift amount d and the signal intensity of the optical blood flow sensor device in the first embodiment, the
beat signal, in a case where the blood flow velocity is range of the shift amount d where the appropriate detec-
measured with a distance g of Omm between the upper 35_tion value can be obtainedis wider(i.e. the acceptable
surface of the sensorpart of the blood flow sensor device range of the shift amount d allowed to obtain the appro-
in the comparative example and the measurement point priate detection value in the measurementis wider) than
Q1 (in other words, whenthe fingertip 500 touches the in the blood flow sensor device in the comparative ex-
uppersurface of the sensor part of the blood flow sensor ample. Here, the blood flow sensor device in the first
device in the comparative example). Data E2 shows the 48 embodimentand the blood flow sensordeviceinthe com-
relation between the shift amount d and the signal inten- parative example are different in whetheror not the scat-
sity of the aptical beat signal, in a case where the blood terer 200 is provided, and they are consiructed in sub-
flow velocity is measured with a distance g of 1mm be- stantially the same mannerin otherpoints. In otherwords,
tween the upper surface of the sensorpart of the blood the effect of reducing the changein the signal intensity
flow sensor device in the comparative example and the 45 of the optical beat signal, which is caused bythe shift in
measurement point Q1. Data E3 shows the relation be- the relative position relation between the sensor part and
tween the shift amount d and the signal intensity of the the specimen, can be obtained because the blood flow
optical beat signal, in a case where the blood flow velocity sensor device in the first embodiment is provided with
is measured with a distance g of 2mm between the upper the scatterer 200.
surface of the sensorpart of the blood flowsensordevice $5? [0090] Therefore, according to the blood flow sensor
in the comparative example and the measurement point devicein the first embodiment, the sensorpar 100is pro-
Q1. vided with the scatterer 200, so thatit is possible to stably
[0088] As shownin the data E1, E2, and E3, in the detect the blood flow velocity of the fingertip 500 on the
blood flow sensor device in the comparative example, basis of the optical beal signal. As a result, itis possible
the detected signal intensity of the optical beat signal 55 to increase the reliability of the detection value detected
rapidly decreases in accordance with an increase in the by the blood flow sensor device.
shift amount cd. In other words, if the position relation be- f0091] Incidenially FIG. 14 shows the case where the
tween the fingertip 500 and the sensor part changes, towel fiber is used as the scatterer; however, the inven-
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there is a possibility that the blood flow velocity cannot
be stably measured.
[0089] However, as shownin the data D1 and D2 in
FIG. 14, in the blood flow sensor device in the first em-

bodiment, the detected signal intensity of the optical beat
signal hardly decreases even if the shift amount d in-
creases, in comparison with the blood flow sensor device
in the cornparative example. In other words, the range
of the shift amount d where the blood flow velocity can
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tors in the present application obtain substantially the
same measurement results even if a nonwoven fabric

and a sponge are used as the scatterer.
[0092] Moreover, according to the blood flow sensor
device in the first embodiment, the sensor part 100 is
provided with the scatterer 200, so thatit is aiso possible
to limit or preventthat the detected signal intensity of the
optical beat signal is reduced by applying a relatively
large pressure to the specimen.
[60093] FIG. 16 is a graph showing the signal intensity 7°  laries of the fingertip tend to be occluded or blocked.
of the optical beat signal detected by the blood flow sen- [0098] However, the blood flow sensor device in the
sor devicein the first embodiment, by comparing a case first embodimentis provided with the scatterer 200 made
where the specimenis pressed slightly against the scat- of the towel fiber in this measurement, so thatitis possible
terer with a case where the specimenis pressed firmly to prevent that a relatively large pressure is applied to
against the scatterer. FIG. 17 is a graph showing the 75_the fingertip, which is one exampie of the specimen, and
signal intensity of the optical beat signal detected by the it is also possible to limit or control that the blood capil-
blood flow sensordevice in the comparative example, by laries of the fingertip tend to be occluded or blocked.
comparing a case where the specimenis pressedslightly Thus, as shown in FIG. 16, the signal intensity of the
against the upper surface of the sensor part with a case optical beat signal rarely changes between the case
where the specimenis pressed firmly against the upper 2° where the fingertip is pressed lightly against the scatterer
surface of the sensor part. Incidentally, in FIG. 16 and 200 and the case where the fingertip is pressed firmly
FIG. 17, the horizontal axis indicates a time axis, and the against the scatterer 200. Therefore, it is possible to re-
vertical axis indicates the intensity of an output signal duce or prevent that the measured blood flow velocity
from the photodiode (PD output). The signal intensity of changes depending on a changein powerofthe fingertip
the optical beat signal means the amplitude of the optical 25 being pressed against the upper surface of the sensor
beat signal. part 100 (or the upperpart of the scatterer 200in thefirst
[e094] FIG. 16 shows a change over time in the de- embodiment). As a result, itis possible to stably measure
tected signal intensity of the optical beat signal in the the blood flow velocity. Incidentally, the effect that the
case where the blood flow velocity is measured in the blood flow velocity can be stably measured regardless
condition that the fingertip, which is one example of the 30 of the change in powerfor the specimen being pressed
specimen, is pressedlightly against the scatterer 200 in against the sensor part can be obtained not only in the
a period T1 and the blood flow velocity is measured in case where the scatterer 200 is made of the towelfiber
the condition that the fingertip, which is one example of but alto in a case where the scatterer 200 is made of
the specimen,is pressed firmly against the scatterer 200 anotherfibrous material or sponge orthe like and is softer
in a period T2 following the period T1, by using the blood 35 or has higherelasticity than the protective plate and the
flow sensor device in the first embodiment. Incidentally, front plate.
in this measurement, the towelfiber is used as the scat- f0ces9] As explained in detail above, according to the
terer 200. blood flow sensor device in the first embodiment, it is

[e095] As shownin FIG. 16, according to the blood provided with the scatterer 200, so that the changein the
flow sensor device in the first embodiment, the signal 4@ detection value (i.e. the blood flow velocity) caused by
intensity of the optical beat signal rarely changes(i.e. the shift in the relative position relation between the blood
almost the same) between the case wherethefingertip flow sensor device and the specimenis reduced, and the
is pressed lightly against the scatterer 200 and the case blood flow velocity of the specimen can bestably detect-
wherethe fingertip is pressed firmly against the scatterer ed. Moreover,it is possible to reduce that the measured
200. 45 blood flow velocity changes due to the change in power
[0096] On the other hand, FIG. 17 shows a change of the specimen being pressed against the upper surface
over time in the detected signal intensity of the optical of the sensor pari.
beat signal in the case where the blood flow velocity is The presentinventionis not limited to the aforementioned
measuredin the condition that the fingertip, which is one example, but various changes may be made,if desired,
example of the specimen, is pressed lightly against the °? without departing from the essence orspirit of the inven-
sensor part (more specifically, e.g. the upper surface of tion which can be read from the claims and the entire
the protective plate made of a resin substrate, a glass specification. A light-emitting sensor device, which in-
substrate, or the like) in a period T3 and the biood flow volves such changes,is also intended to be within the
velocity is measured in the condition that the fingertip, technical scope of the present invention.
which is one example of the specimen, is pressed firmly 55
against the sensorpart in a period T4 following the period Industrial Applicability
T3, by using the blood flow sensor device in the compar-
ative example. (0100] The light-emitting sensor device of the present
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[0097] As shown in FIG. 17, according to the blood
flow sensor device in the comparative example, the sig-
nal intensity of the optical beat signal decreases in the
case wherethefingertip is pressed firmly against the sen-
sor part, in comparison with the case wherethe fingertip
is pressed lightly against the sensorpart. One of the caus-
es of this phenomenonis that a relatively large pressure
is applied on the fingertip by the fingertip being pressed
firmly against the sensor part and thus the blood capil-
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invention can be applied to a blood flow sensor device
or the like capable of measuring a blood flow velocity or
the like.

Claims

1. A light-emitting sensor device comprising:

a substrate;

an irradiating part, disposed on said substrate,
for applying light to a specimen;
a light receiving part, disposed on said sub-
strate, for detecting light from the specimen
caused by the applied light;
a light scattering part, disposed at least one of
betweensaid irradiating part and the specimen
and between the specimen and said light receiv-
ing part, for scattering at least one oflight emitted
from said irradiating part and the light from the
specimen.

The light-emitting sensor device according to claim
1, wherein said light scattering part includesafibrous
material.

The light-emitting sensor device according to claim
1, wherein said light scattering part includes foam.

The light-emitting sensor device according to claim
1, wherein said light scattering part has a plurality of
scattering materials dispersed in a transparent mem-
ber which can transmit the at least one light, each of
the plurality of scattering materials having a refrac-
tive index whichis different from a refractive index

of the transparent member,the plurality of scattering
materials being capable of scattering the at least one
light.

The light-emitting sensor device according to claim
1, further cornprising a front plate disposed to face
said substrate, on a front surface side where the
specimenis disposed with respect to said substrate,
said light scattering part being bonded to said front
plate by an adhesive which can transmit the at least
one light.

The light-emitting sensor device according to claim
1, further comprising a light shielding part, disposed
betweensaid irradiating part and said light receiving
part on said substrate, for shielding between said
irradiating part and said light receiving part from light.

The light-emitting sensor device according to claim
1, wherein said irradiating part and said light receiv-
ing part are integrated on said substrate.

The light-emitting sensor device according to claim
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1, further comprising a calculating part for calculating
a blood flow velocity associated with the specimen,
on the basis of the detectedlight.

The light-emitting sensor device according to claim
1, wherein said irradiating part has a semiconductor
laser for generating laser light as the light.
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[FIG. 6]
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[FIG. 8]
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[FIG. 9]
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[FIG. 10]
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[FIG. 11]

100

203 —

   
 

 
\

SN SN 
 

 
5NNS\ s, NNSANOY.ONIN.

23

APL_MAS_ITC_00557195

PAGE 236 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

EP 2 277 440 Ai

LFIG. 12]

 

  

24

APL_MAS_ITC_00557196

PAGE 237 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

[FIG. 13]

EP 2 277 440 Ai

25

PAGE 238 OF 530

500

 

CX-1760

APL_MAS_ITC_00557197

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

EP 2 277 440 Ai

 
 

CX-1760

[FIG. 14]

r 4 Sa

| D2 (g=8mm)

|

a] |
cS |
2

eS
oo | D1 (g=2mm)
a |

|

| |

be_ , onenocrrenn me . _
~6 ~4 -2 0 2 4 6

Shift amount d at measurement point Q1 [mm]

26

PAGE 239 OF 530

APL_MAS_ITC_00557198

MASIMO2057

Apple v. Masimo
IPR2022-01291



MASIMO 2057 
Apple v. Masimo 

IPR2022-01291

CX-1760

EP 2 277 440 Ai

[FIG. 15]
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[FIG. 17]
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International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2016/040190 29 June 2016 (29.06.2016) 02 July 2015 (02.07.2015)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ASA/237

Applicant
MASIMO CORPORATION

This international preliminary report on patentability (ChapterI) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).

This REPORT consists of a total of 7 sheets, including this cover sheet.

Tn die attached sheets, any ceference to the written vpinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter D instead.

This report contains indications relating to the following items:

x Box No. Basis of the report

Box No. Priority

Box No. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

[|
LJ

LJ Box No. Lack of unity of invention

x Bax No. Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Box No Certain documents cited
 

OU Box No Certain defects in the international application

Box No Certain observations on the international applicationXx
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1211 Geneva 20, Switzerland Athina Nickitas-Etienne
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  Applicant's or agent's file reference FOR FURTHER ACTION
see form PCTASA/220 See paragraph 2 below

International application No. | Internationalfiling date (daymonthVvear) Priority date (daymonth/ear)
PCTAJS2016/040190 29.06.2016 02.07.2015  
International Patent Classification (IPC) or both national classification and [PC
INV. A61B5/1455 A61B5/00
 

Applicant
MASIMO CORPORATION  

1. This opinion contains indications relating to the following items:

Box Na.| Basis of the opinion

C] Box No.II Priority

C1 Box No.Ill Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability

[1 Box No. 1V Lack of unity of invention |

KI Box No. V Reasoned statement under Rule 436is.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement i

(1 Box Ne. Vi Certain documentscited

C1 Box Ne. Vii Certain defects in the international application |

BJ Box No. VHI Gertain observations on the international application
2. FURTHER ACTION |

lf a demand for international preliminary examination is made, this opinion will usually be considered to bea |
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA hasnotifed the |
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authoritywill not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA,the applicantis invited to
submit to the [PEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Farm PCTASA226or before the expiration of 22 months from the priority date,
whichever expireslater.

For further options, see Form PCTASA220.

  

Date of completion of Authorized OfficerNameand mailing address of the ISA: Pat
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INTERNATIONAL SEARCHING AUTHORITY PCT/US201 6040190

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

tJ the international application in the languagein which it wasfiled.

[J] a translation of the international application into , which is the language of a translation furnished for the
purposesof international search (Rules 12.3(a) and 23.1 (b)).

2. (]_ This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43/s.1(a))

3. 4 With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, this
opinion has been established on the basis of a sequencelisting:

a. 1 forming part of the international application asfiled:

[ in the form of an Annex CAST.25 textfile.

[1 on paperorin the form of an imagefile.

b. O furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 textfile.

c. U1 furnished subsequentto the internationalfiling date for the purposes of international search only:

C in the form of an Annex CST.25 textfile (Rule 13fer.1(a)).

C] on paperorin the form of an imagefile (Rule 13tfer.1(b) and Administrative Instructions, Section
713).

4. 0 In addition, in the case that more than one version or copy of a sequencelisting has beenfiled or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application asfiled, as appropriate, were
furnished.

5. Additional comments:
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Box No. V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (IN) Yes: Claims
No: Claims 1:36

Inventive step (1S) Yes: Claims
No: Claims 1-36

Industrial applicability (IA) Yes: Claims 1-36
No: Claims

2. Citations and explanations

see separate sheet

 

Box No. Vill Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2016/040190

Re Item V

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

Reference is made to the following documents:

1 Independent Claim 1

1.1 The present application does not meet the criteria of Article 33(1) PCT,

because the subject-matter of claim 1 is not new in the senseof Article 33(2)
PCT. Document D1 discloses:

1.1.1 "An optical physiological measurement system [Fig. 1] comprising:

1.1.2 an emitter which emits light of a wavelength [Column 1, lines 5-8, column 7,

lines 16-21; Fig. 2];

1.1.2. adiffuser which receives, spreads and emits the spread light [Column7,lines

21-26; Fig. 2(14)], wherein the emitted spread light is directed at a tissue

measurement site of a patient|[Fig. 1-3]; and

1.1.4 a detector configured to detect the emitted light after attenuation by tissue of

the patient [Column 8, lines 34-41], the detector further configured to transmit

4 Signal responsive to the detected light [Column8, lines 41-43; Fig. 2, 3].”

1.2 Furthermore, documents D2 [§100, 102; Fig. 1, 3(12, 8)], D3 [§97; Fig. 4], D4

[Column 11, lines 18, 19, 32-34; Fig. 3(6, 9)], D5 [§46; Fig. 8] and D6 [§59;
Fig. 2] also disclose the features of claim 1.

1.3 Therefore, claim 1 is not new.

2 Independent Claim 18

2.4 Independent metho claim 18 has corresponding features to those of

apparatus claim 1.

2.2 Therefore, for the same reasons as for independent claim 1, mutatis

mutandis, corresponding method claim 18 lacks novelty (Article 33(2) PCT).

Form PCTASA/237 (Separate Sheet} (Sheet 1) (EPO-April 2005)
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INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2016/040190

3 Dependent Claims

3.4 Dependent claims 2-17, 19-36 do not appear to contain any additional

features which, in combination with the features of any claim to which they

refer, meet the requirements of the PCT with respect to novelty (Article 33(2)

POT):

3.1.1 claims 2, 19, 27, 32 (conciseness, see item Vill: concentrator, see Di

[Column8, lines 43-50; Fig. 2(17)], D2 [§100; Fig. 3(12)], D3 [§97; Fig. 4], D4

{Column 11, lines 18, 19, 32-34; Fig. 3(9)], D5 [§45:; Fig. 8(200, 160)], Dé

[§59; Fig. 2];

3.1.2 claims 3, 20, 28, 33: processor, see D1 [Column 14, lines 10-14], D2 [§87],

D3 [$105; Fig. 1], D4 [Fig. 2], D5 [§59; Fig. 5], D6 [§58]);

3.1.3. claims 4: oxygen saturation, see Di [Column 1, line 1], D2 [§7], D3 [§77], D4

[Column 1, lines 11-15], D5 [§57], D6 [§62];

3.1.4 claims 5, 16, 22, 25: multiple types of glass diffuser and concentrator, see D1

{Column 10, lines 29-34], D2 [§117], D3 [$76], D5 [$49], D6 [§93];

3.1.5 claims 6, 23: uniform intensity light profile diffusion, see D1 [Fig. 4], D2 [Fig.

1], DS [Fig. 3], D4 [Column 11, lines 45-47], D5 [Fig. 14], D6 [§59];

3.1.6 claims 7, 9, 18, 24, 29, 30, 34, 35: diffusion into area shape, namely

rectangular, square, see D1 [Fig. 2, 3], D2 [Fig. 1, 2], D3 [Fig. 4], D4 [Fig. 1],

D5 [Fig. 1, 2]:

3.1.7 claims 8, 15, 17, 21: filtering, see D1 [Column6, lines 14-18], D2 [Fig. 27], D3

[$8],

3.1.8 claim 10-12, 14: area shape dimensions, see D1 [Fig. 2, 3], D2 [Fig. 1, 2], D3

[Fig. 3], D4 [Fig. 1], DS [Fig. 1, 2];

3.1.9 claim 26: see a conciseness issue, Item VIIl; this claim is identical to claim 1,

see references therefor above;

3.1.10 claim 31, 36: sensor array, see D3 [§95; Fig. 5B).—

Form PCTASA/237 (Separate Sheet} (Sheet 2) (EPO-April 2005)
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ReitemVill

Certain observations on the international application

1 Although claims 1, 26 and 32 have been drafted as separate independent

claims, they appear to relate effectively to the same subject-matter and to

differ from each other only slightly in respect of the terminology used for the

features of that subject-matter. Namely, claims 1 and 26 comprise the same

subject-matter, and claim 32 comprises the same subject-matter as

dependent claim 2. The aforementioned claims therefore lack conciseness

and as such do not meet the requirements of Article 6 PCT.

Form PCTASA/237 (Separate Sheet} (Sheet 3) (EPO-April 2005)
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Copies of any listed foreign and non-patent literature references are being submitted.

No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed references could be

construed as a disclaimer of any subject matter supported by the present application, Applicant hereby rescinds and

Tetracts such disclaimer.

Timing of Disclosure

‘This Information Disclosure Statement is being filed after receipt of a First Office Action, but before the

mailing date of a final Action and before the mailing date of a Notice of Allowance.
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authorized to charge any additional fees which may be required or to credit any overpayment to Account No.

11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: December 20, 2018 By: /Aaron $. Johnson/
Aaron S. Johnson
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
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AcknowledgementReceipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371
if a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject te prescriptions concerning
national security, and the date shown on this AcknowledgementReceipt will establish the international filing date of
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Bux 1450
Alexandria, Virginia 22313-1450WWW USPIG.pOY 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO, 
15/195,199 06/28/2016 Ammar Al-Ali MAS.1007A 3453

KNOBBE, MARTENS, OLSON & BEAR, LLP
MASIMO CORPORATION (MASIMO) FARDANESH, MARIAN
2040 MAIN STREET

IRVINE, CA 92614 3791

 NOTIFICATION DATE DELIVERY MODE

03/29/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

efiling @ knobbe.com
jayna.cartee @ knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/195,199 Al-Ali et al.

Office Action Summary Examiner Art Unit AIA (FITF)Status
MARJAN FARDANESH 3791 Yes

~ The MAILING DATEofthis communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of lime may be available under the provisions of 37 CFR 1.136{a). In no event, however, may a reply be timely filed afler SIX (6) MONTHSfrom the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended periodfor reply will, by statute. cause the application to become ABANDONED(35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 11/6/18.
CJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on .

2a)l¥] This action is FINAL. 2b) () This action is non-final.
3)C) An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)() Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Exparte Quayle, 1935 C.D. 11, 453 ©.G. 213.

Disposition of Claims*
5) Claim(s}) 1-7,16,18-20,22-29 32-33 and 37-48 is/are pending in the application.

5a) Of the above claim(s)__is/are withdrawn from consideration.

6) [] Claim(s)___is/are allowed.

7) Claim(s) 1-7,16, 18-20 22-29 32-33 and 37-48 is/are rejected.

8) () Claim(s) _is/are objected to.

9) (] Claim(s) __ are subject to restriction and/or election requirement
“If any claims have been determined allowable, you may beeligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http:/Avww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers

10) The specification is objected to by the Examiner.

11)[] The drawing(s) filed on__siis/are: a){_] accepted or b){_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(] Acknowledgment is madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f}.

Certified copies:

aD All b)1 Some** c)X) Noneof the:

1.) Certified copies of the priority documents have been received.

2.0) Certified copies of the priority documents have been received in Application No.

3.02) Copies of the certified copies of the priority documents have been received in this Nationa! Stage
application from the International Bureau (PCT Rule 17.2(a)).

*“ See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) ([] Interview Summary (PTO-413)
Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (2) Other:
Paper No(s)/Mail Date 12/20/2018,11/07/2018,U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13} Office Action Summary Part of Paper No./Maii Date 20190219
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Application/Contral Number: 15/195,199 Page 2
Art Unit: 3791

Notice of Pre-AiA or AIA Siatus

1. The present application, filed on or after March 16, 2013, is being examined

underthe first inventorto file provisions of the AIA.

Claim Rejections - 35 USC § 102

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section madein this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effectivefiling date of the claimed
invention.

3. Claim(s) 1, 18, 26, 32, 38, 40, 42, 45 is/are rejected under 35 U.S.C. 102(a}(1) as

being anticipated by Rosenheimer (USPN 5,497,771).

Regarding claims 1, 18, 26 and 32, Rosenheimerdiscloses an optical

physiological measurement device configured for placement on a patient at a tissue

measurementsite (figures 4-5), the device comprising: one or more emitters which emit

light (photodiodes 10 and 11 figures 4-5); one or more detectors configured to detect

the emitted light after attenuation by and reflection from tissue of the patient at the

tissue measurementsite, the one cr more detectors further configured to transmit a

signal responsive to the detected light (photodetector 18 figures 4 and 5); and a light

block comprising an annular ring located between the emitted light at the tissue

measurementsite and the one or more detectors, the light block reducing an amountof

incident light emitted from the one or more emitters from being detected by the one or

more detectors (light block 28 figures 4-5). See Col.4 line 25-Col.5 line 30.

APL_MAS_ITC_00557229

PAGE 270 OF 530

MASIMO2057

Apple v. Masimo
IPR2022-01291


