00 0 0 0 0 Ot

. US005303322A
United States Patent ps) (1] Patent Number: 5,303,322
Winston et al. [451 Date of Patent:  Apr. 12, 1994
[54] TAPERED MULTILAYER LUMINAIRE 4,649,462 3/1987 Dobrowolski et al. ...cevureeee 362/2
DEVICES 4,706,173 11/1987 Hamada et al. ....ccoevvnreenene. 362/341
. 4,729,068 3/1988 Ohe 362/31
[75] Inventors: Roland Winston; Benjamin A, 4,735,495 4/1988 Henkes ....cccovurviviusersreninrnnns 362/310
Jacobson, both of Chicago; Robert L. 4,737,896 4/1988 Mochizulki et al. w.in 3627301
Holman, Naperville; Neil A. Gitkind, 4,747,223  5/1988 BODAS ..covvmrernsnrirsseronssrsnenease 40/219
Chicago, all of Ili. 4,765,718 8/1988 Henkes ... 359/49
X 4,799,050 1/1989 Prine et al. ..ccoeeiecnnennsnccans 340/765
[73] Assignee: NiOptics Corporation, Evanston, Il1. 4,799,137 1/1989 Abo 362/309
[21] Appl. No.: 29,883 4,832,458 5/1989 Fergason ......ccicsscscsene 350/338
. No.: 29,
[22] Filed: Mar, 11, 1993 (List continued on next page.)
Related U.S. Application Data OTHER PUBLICATIONS

'[63] Continuation-in-part of Ser. No. 855,838, Mar. 23,  “Flat Panel Backlight Reflecting Device,” R. L. Gar-
1992, Pat. No. 5,237,641 win and R. T. Hodgson, IBM Technical Disclosure Bul-

[51] It CLS cooooeeerrerrerensneneenennessssssesssssssssess GO02B 6/26  letin, vol. 31, No. 2, Jul. 1988, pp. 150-191.
[52] U.S. CL cooovvrrsermserreessmsasssssssesiens 385/146; 385/43;  ‘Dielectric Totally Internally Reflecting Concentra-
385/901; 385/129; 385/131 tors” Xisohui, Ming, Roland Winston and Joseph O’-
[58] Field of Search ................. 385/43, 129, 130, 131,  Gallagher, Applied Optics, vol. 26, Jan. 15, 1987, pp.

385/140, 146, 147, 901, 31; 359/599, 833, 834  300-305.
[56] References Cited Primary Examiner—John D. Lee

U.S. PATENT DOCUMENTS

2,347,665
2,712,593
3,617,109
3,752,974
3,832,028
3,980,392
4,059,916
4,111,538
4,114,592
4,161,015
4,176,908
4,212,048
4,240,692
4,257,084
4,277,817
4,323,951
4,373,282
4,420,796
4,453,200
4,528,617
4,547,043
4,573,766
4,618,216
4,648,690

5/1944
7/1955
11/1971
8/1973
8/1974
9/1976
11/1977
+ 9/1978
9/1978
7/1979
12/1979
7/1980
12/1980
3/1981
7/1981
4/1982
2/1983
12/1983
6/1984
7/1985
10/1985
3/1986
10/1986
3/1987

Christensen et al. ....oeeneeees 362/31
Merchant ......ccoevcrccincinnnnns 362/27
Tlen 385/43
Baker et al. oo 240/1
Kapron ........ . 385/43
AUnacher ..o, 385/43
Tachihara et al. ......cccovuinenne 40/130
Sheridon .......... . 3537122
Winston ... ... 1267270
Dey et al. . 3627263
Wagner .... . 350/96.15
Castleberry .enrnrinisnnnns 362/19
Winston ....... . 350/96.10
Reynolds .....cvnncrenisnrenes 362/31
Hehr 362/31
Pasco ..coccierinrinniinnneiiennn 362/27
WIAZE .corverecmnrernniseresesenianens 40/546
Mori 362/32
Troka et al. ..coeevereccirniens 362/31
Blackington ..........

Penz

Bournsy, Jr. et al. .............. 350/345
SUZAWA ereecverrcesveresnesascessnsss 359/49
Obe 350/321

Assistant Examiner—Phan Thi Heartney
Attorney, Agent, or Firm—Reinhart, Boerner, Van
Deuren, Norris & Rieselbach

[57] ABSTRACT

An optical device for collecting light and selectively
outputting or concentrating the light. A wedge layer
has an optical index of refraction nj, and top, bottom
and side surfaces intersecting to define an angle of incli-
nation d. A back surface spans the top, bottom and side
surface. A first layer is coupled to the bottom surface of
the layer and has an index of refraction ny. The first
layer index nz causes light input through the back sur-

face of the layer to be preferentially output into the first

layer. A second layer is coupled to the bottom of the
first layer and selectively causes output of light into
ambient. Additional layers, such as an air gap, can be
provided adjacent to the wedge shaped layer. The
wedge shaped layer can also have a variable index of
refraction n (x,y,2).
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