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(57) ABSTRACT 

In one aspect, the present invention provides light emitting 
devices, including light ?xtures and luminaires. In some 
embodiments, a light emitting device comprises at least one 
light source, a lightguide operable to receive light from the at 
least one light source at a ?rst location on the lightguide, at 
least one light extraction region optically coupled to the light 
guide and a substantially non-scattering region along a por 
tion of the lightguide. 

46 Claims, 31 Drawing Sheets 



US 8,721,152 B2 
Page 2 

(56) References Cited 8,092,063 B2 1/2012 Isoda 
2004/0135273 A1 7/2004 Parker et a1. 

U_S_ PATENT DQCUMENTS 2005/0063174 A1 3/2005 Kaminsky et al. 
2005/0105186 A1 5/2005 Kaminsky et al. 

5,688,035 A 11/1997 Kashima et al‘ 2005/0162863 A1* 7/2005 Iwasaki ....................... .. 362/551 
5,803,579 A 9/1998 Tumbull et al‘ 2005/0265044 A1* 12/2005 Chen et al. .................. .. 362/558 
5,825,543 A 10/1998 Ouderkirk et a1, 2006/0028844 A1 2/2006 Parker et a1. 
5,843,578 A 12/1998 Sasaki et 31‘ 2006/0044824 A1* 3/2006 Chen ........................... .. 362/583 
5,867,316 A 2/1999 Carlson et al‘ 2006/0187676 A1* 8/2006 Ishikura ...................... .. 362/615 
5932342 A 8/1999 Zeira et a1, 2006/0290253 A1 12/2006 Yeo et a1. 
6,004,664 A 12/1999 Sasaki et 31‘ 2007/0139923 A1 6/2007 Negley et a1. 
6,099,135 A 8/2000 Oda et al‘ 2007/0153545 A1* 7/2007 Lee ............................. .. 362/610 
6,117,530 A 9/2000 Jonza et al‘ 2007/0285941 A1* 12/2007 Ishihara et a1. ............. .. 362/606 
6,130,278 A 10/2000 Hibiya et al‘ 2007/0297190 A1* 12/2007 Ng .............................. .. 362/558 
6,161,939 A 12/2000 Bansbach 2008/0043490 A1 2/2008 Coleman et a1. 
6,177,153 B1 1/2001 Uchiyama et al‘ 2008/0089093 A1 4/2008 Miller et al. 
6,215,409 131* 4/2001 Blach ““““““““““““ H 340/815‘4 2008/0106895 A1 5/2008 Van De Ven et al. 
6,228,313 B1 5/2001 Miki 2008/0130282 A1 6/2008 Negley 
6,272,265 131* 8/2001 Franklin ““““““““““““ H 385/31 2008/0136313 A1 6/2008 Van De Ven et al. 
6294983 131* 9/2001 Lee “““““““““““““““ N 340632 2008/0211416 A1 9/2008 Negley et al. 
6,317,263 B1 11/2001 Moshrefzadeh et al‘ 2008/0304288 A1* 12/2008 Iwasaki ....................... .. 362/632 
6,346,311 B1 2/2002 Yeo et al‘ 2009/0086504 A1 4/2009 Kim 
6,347,873 B1 2/2002 Hosseini et al. 2010/0296025 A1 11/2010 Gourlay 
6,379,016 B1 4/2002 Boyd et al‘ 2010/0321952 A1 12/2010 Coleman et a1. 
6,447,135 B1 9/2002 Wortman et 31‘ 2010/0321953 A1 12/2010 Coleman et a1. 
6,481,882 B1 11/2002 Pojar 
6,486,790 B1 * 11/2002 Perlo et al. ............. .. 340/815.45 OTHER PUBLICATIONS 

$213233 21 ,, @5885 ““““““““ n 1320/42 U.S. Appl. No. 12/772,395, ?led May 3, 2010 Of?ce Action mailed 
6,567,215 B2 5/2003 Ballen et a1. 0“ 121201216 Pages~ _ _ _ 
6,673,275 B1 1/2004 Allen et 31‘ US. Appl. No. 12/772,395 Non-Final Of?ce Action mailed May 31, 
6,773,801 B2 8/2004 Hattori 2013, 17 P9899 
6,789,910 B2 9/2004 Kimura et 31, US. Appl. No. 12/772,435 Final Of?ceAction mailed Mar. 13, 2013, 
6,795,244 B2 9/2004 Jagt et al. 23 pages. 
6,829,071 B2 12/ 2004 Allen et a1. Canadian Patent Application No. 2702690 Of?ce Action mailed Apr. 
6,867,927 B2 3/2005 Bourdelais et a1. 4, 2012, 3 pages, 
6,917,396 B2 700% H1r315h1_ et al~ Canadian Patent Application No. 2702690 Of?ce Action Response 

23318233 3% 38382 ?udeikirketal' ?led SeP' 4’ 2012, 63 Pages~ 
, , a e a , . . . . 

6,945,668 B1 9/2005 Orlov et al‘ g?é?agefagegggpqllggggn No. 2702690 Notice of Allowance 

$32312; 3211‘ Canadian Patent Application No. 2702600 Of?ce Action mailed Apr. 
7,108,414 B2 9/2006 McCollum et al. 3120123 Pages~ _ _ _ 
7,132,136 B2 11/2006 Laney et al‘ Canadian Patent Application No. 2702600 Of?ce Action Response 
7,192,174 B2 3/2007 Myoung ?led 891121201222 Pages, 
7,210,839 B2 * 5/2007 Jung et a1 .................... .. 362/612 Canadian Patent Application No. 2702600 Notice of Allowance 
7,213,940 B1 5/2007 Van De Ven et al. mailed Jan. 17, 2013, 3 pages. 
7,226,197 B2 6/2007 Hayashi et al~ Canadian Patent Application No. 2702685 Of?ce Action mailed Apr. 
7,273,640 B2 9/2007 Laney et al. 5, 2012, 3 pages, 
7’278’775 B2 10/2007 Yeo et 31' Canadian Patent Application No. 2702685 Of?ce Action Response 
7,278,785 B2 10/2007 Fadler et al. ?led Se 27 2012 43 a es 
7,290,914 B2 * 11/2007 Yang ........................... .. 362/555 C .p' ’ ’ .P g. ' . 
7,322,732 B2 1/2008 Negley et al‘ anadian Patent Application No. 2702685 Notice of Allowance 
7,334,932 B2 * 2/2008 Klettke ....................... .. 362/612 malled NO“ 22’ 2012’ 1 Page~ _ _ _ 
7,408,702 B2 8/2008 Krylm, et al‘ US. Appl. No. 12/772,395, Non-Final Of?ce Action mailed Jan. 14, 
7,431,489 B2 10/2008 Yeo et al. 2014, 9 P9899 
7,542,635 B2 6/2009 Coleman U.S.Appl. No. 12/772,435,Non-Final Of?ce Actionmailed Dec. 16, 
7,766,531 B2 8/2010 Anderson et al. 2013, 23 1211899 
7,821,023 B2 10/2010 Yuan et al. 
8,068,187 B2 11/2011 HuiZinga et a1. * cited by examiner 



US. Patent May 13, 2014 Sheet 1 0131 US 8,721,152 B2 

108 





US. Patent May 13, 2014 Sheet 3 0131 US 8,721,152 B2 

107 

FIG. 3 



US 8,721,152 B2 Sheet 4 0f 31 May 13, 2014 U S. Patent 

FIG. 4 



US 8,721,152 B2 Sheet 5 0f 31 May 13, 2014 US. Patent 

as S @222] l .5 5 0822 . - . 





US. Patent May 13, 2014 Sheet 7 0131 US 8,721,152 B2 

\-Radius of curvature 

FIG. 7 



US. Patent May 13, 2014 Sheet 8 0131 US 8,721,152 B2 

(LUMINAIREE 10 112' W X 1 “2’8 WITH 5" X 18.5“ F1LM FLOAT LUMINAIRE 
6X8 ARRAY 53C 0N HEATSINK 2070/6231 = 3131mm 

SUMMARY DATA 

EFFmIENcY (Total): 57.5 1’» 
EFRCIENCY (001-11118le 19.4 % 
EFFICiENCY (Up?gm); :32 ea 
C1E cmssmcmou: SEMl-1N01RECT 
SPACiNG CRITERION (0-Deg.): 1.79 
SPAcmc crznmmn (90.0%.): 1.37 “9 
LUMENSMMP: 3600 
so. OF LAMPS: 1 
LUMINOUS OPENING: RECTANSULAR 

wmth: 0.111 (Feet) 
Lenmh: 2.00 100 
Height 0.00 

INPUT WATTS‘. 62 

ZONAL LUMEN SUMMARY 90 

2m m m w 
o - 30 149.3 42 7.2 
c - 40 273.6 7.6 13.2 
0 ~ so 5311; 14.9 25.0 90 
60 ~ 90 158.9 4.4 7.? 
0 - Qt: 896.? 19.4 33.5 
90 - no 1314.? 38.2 66.4 m 29 30 4o 50 so 70 
0 ~ 180 2071.4 57.5 100.0 Quadralawra?y Symmetric 

Dashed: 0 Degrees $171501 90 Degrees 
AVERAGE LUMINANCE 
(Candeias I Square Meter) 

Male A 22.5. .41 $1.5. .E. 
0 8342 8342 8342 8342 8342 
65 13700 1 3417.?!v 13776 14309 14690 
55 12573 13136 12855 13230 13230 
85 9306 12989 10315 10315 10-143 
75 5614 14346 7278 7278 7278 
85 2‘70 30258 8545 11733 14820 

COEFFICIENT OF UTIUZATION 1ABLE 

Elfeciive Floor Cavity Re?eciance 1' 20% 

FCC“ 813 TO 50 30 10 0 
PW... ?0 50 30 10 70 50 30 10 56 30 10 50 30 10 50 30 10 O 
RC-R 
0 .59 .59 .58 .59 .54 .54 .54 54 43 43 43 .33 .33 33 24 24 24 19 
1 .54 .51 .49 .47 .49 .36 .44 43 .3? .35 34 .28 23 .2? .20 .20 .19 16 
2 .49 .45 .41 .38 .44 .40 .37 35 32 3O 28 15 ~23 22 1B 17 16 13 
3 .45 .39 .15 .32 .40 .35 .32 29 2B 26 24 32 .20 18 16 15 14 11 
4 .41 .34 .31] .26 .35 .31 .27 24 .25 22 21) .19 17 16 14 13 11 09 
5 3? .30 .26 22 .33 .23 14 .21 .22 19 .17 .17 .15 13 12 .11 10 08 
6 .311 .27 B .19 .31 .25 .21 18 20 17 15 .15 .13 .11 11 .10 09 O7 
7 .31' .24 .213 .17 .28 .22 .18 15 1B 15 13 .14 .11 10 .10 09 07 06 
8 .29 22 18 .15 .26 20 .16 .13 16 13 11 .13 .10 .09 .09 88 07 D5 
9 .2? 20 16 .13 .24 .18 .14 .12 15 12 10 .11 09 .08 .08 67 06 O4 
10 .25 18 14 .11 23 .1? .13 .10 13 11 .05 .10 .86 .0? 08 .05 05 04 



US. Patent May 13, 2014 Sheet 9 0131 US 8,721,152 B2 

102 

901 

1% , . 
km? \903 

FIG. 9 

106 105 i 5109 903 

E ;L.1L 

J17 w\ \ 
FIG. 10 



US. Patent May 13, 2014 Sheet 10 0131 US 8,721,152 B2 

102 

A 

Eg» , 

117 $\ \ 
FIG. 11 



US. Patent May 13, 2014 Sheet 11 0131 US 8,721,152 B2 

FAR—FIELD PHOTOHEIRY 

021101112 DISTHBUDON FLUX 
11.0 45.11 211.0 135.0 120.11 

a 5.1 as s: as s: 
s s"; 511 5:1 50 4a 5 
1s 22 5a 52 44 4a 14 
25 a1 51 so a? a2 22 
35 54 52 44 .11 25 211 
45 15 43 as 25 211 21 
55 55 3:1 211 19 14 24 
as 24 22 19 12 9 1a 
25 1.1 12 111 a s 2 
as 4 :1 a 1 11 :1 
'20 a :1 1 1 a 
as 511 :11 s 2 1 1a 
105 162 s1 11 11 11 4a 
115 165 as 20 2 12 44 
12.1 111 511 1a 11 11 :14 
1:5 as 411 20 11 12 22 
14s 51 22 20 14 1: 14 
155 21 25 1a 14 1: 2 
155 21 21 17 14 1+ 5 
115 1a 1a 11 11.1 15 2 
11m 17 11 11 11 17 

/ 1011.11. wusu suuumr -____ 20115 mucus 111.1111:a 2111111 
300 11- so 41 5.: 12.2 

0- 40 1111 111.0 111.11 
0- so 115 22.7 34.5 

93133 13% 2%? $1“? 
[IL-:1 90-130 110 211.1 41.: 

90-150 1711 35.2 51.9 
211-120 1112 311.4 511.1 
0-1110 :40 1111.11 100.11 

1111111 11111111111111: H-‘HUENCY = 1.15.0 1: 
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FIG. 12 
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