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(57) ABSTRACT 

Fiberoptic luminaire With scattering and specular side-light 
extractor patterns comprises a ?beroptic light pipe With 
elongated side-light emitting portion. Such portion illumi 
nates a target area With a scattering, and a specular, light 
extractor pattern. The extractor patterns are arranged to 
extract light from the side-light emitting portion over a 
radial angle, orthogonal to said main axis, of less than 180°. 
The scattering extractor pattern alone may provide greater 
than 50% of light on the target area, and light extracted by 
the specular extractor pattern alone may produce an illumi 
nance on a selected portion of the target area that is greater 
than 5% of the maximum illuminance produced on the target 
area by the scattering extractor pattern. Furthermore, the 

(21) Appl, NQ; 11/466,645 scattering extractor pattern may comprise a Lambertian type 
of extractor pattern. Each specular extractor pattern may 
comprise a notch having main faces parallel to Within 10° of 

(22) Filed: Aug. 23, 2006 each other. 
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FIBEROPTIC LUMINAIRE WITH 
SCATTERING AND SPECULAR SIDE-LIGHT 

EXTRACTOR PATTERNS 

FIELD OF THE INVENTION 

[0001] The present invention relates to ?beroptic lumi 
naires With scattering and specular side-light extractor pat 
terns. More particularly, the invention relates to such a 
?beroptic luminaire Wherein a scattering extractor pattern 
provides more side light than a specular extractor pattern, 
but Wherein the specular extractor pattern alloWs more 
control in directing extracted light in a desired direction. 

BACKGROUND 

[0002] The folloWing two US. patent applications 
describe the use of ?beroptic luminaires that may be used for 
lighting refrigerated or other types of cases for displaying 
food or other contents: US. patent application Ser. No. 
ll/39,997 ?led 24 Apr. 2006 for Lighted Refrigerated Dis 
play Case With Remote Light Source by Roger BueloW et al., 
and US. patent application Ser. No. ll/39,999 ?led 24 Apr. 
2006 for Lighted Display Case With Remote Light Source by 
Roger BueloW et al. The foregoing applications have some 
common inventors With the present application, and they are 
assigned to the same joint oWners as the present application: 
the joint oWners are Fiberstars, Inc. and Optical Research 
Associates. The entireties of the disclosures of the foregoing 
applications are hereby incorporated by reference. 
[0003] The foregoing US. patent applications disclose 
?beroptic luminaires With extractor patterns for extracting 
light from the side of the luminaires. The extractor patterns 
may comprise light-scattering particles or a textured pattern 
on the surface of a luminaires by Way of example. As used 
herein, “?beroptic luminaire” includes an acrylic rod lumi 
naire that receives light directly from a light source as Well 
as indirectly through a ?beroptic cable or other structure. 
Typically, the foregoing paint or textured-pattern surfaces 
comprise a scattering-type extractor pattern, as opposed to a 
specular-type extractor pattern. 
[0004] As used herein, an extractor pattern, of either the 
scattering or specular type, produces a continuous sWath of 
light on a target area. 

[0005] As used herein, some extractor patterns are catego 
riZed as “scattering” extractor patterns and others are cat 
egoriZed as “specular” extractor patterns. These terms are in 
more detail beloW in the detailed description beloW. Gen 
erally, a scattering extractor pattern of light on an elongated 
luminaire tends to provide light onto a target area, along the 
length of the luminaires With a moderate degree of direc 
tional control over the light in the length direction. In the 
direction orthogonal to the length, the scattering extractor 
pattern density and the cross sectional shape of the elongated 
luminaire provide a smooth target distribution that is free of 
localiZed spatial structure but still provides good directional 
control. Scattering extractor patterns are relatively insensi 
tive to fabrication errors. 

[0006] In contrast, a specular extractor pattern can provide 
light along the length of a luminaire With more localiZed 
control than can a scattering extractor pattern. 

[0007] Sometimes, it Would be desired to not only utiliZe 
a scattering extractor pattern on a luminaire but also be able 
to exert a higher degree of longitudinal directional control 
over some of the light emitted by the luminaire. In some 
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cases, this longitudinal directional control can provide more 
localiZed control over the target distribution, thereby 
enabling improved uniformity and a reduction in the fraction 
of light that spills outside of the target area. 

BRIEF SUMMARY OF THE INVENTION 

[0008] One embodiment of the present invention provides 
a luminaire With scattering and specular side-light extractor 
patterns. The luminaire comprises a ?beroptic light pipe 
having a light-carrying core. The light pipe has, in addition 
to a main axis, an elongate side-light emitting portion of the 
light pipe Which emits light from the side of the light pipe 
to illuminate a target area. The light pipe emits light from the 
side by a side-light extractor pattern arrangement compris 
ing a scattering and specular extractor pattern of light, each 
of Which directs light onto the target area. The scattering and 
specular extractor patterns are positioned on the side-light 
emitting portion to extract light from the side-light emitting 
portion over a radial angle, orthogonal to the main axis, of 
less than 180°. 

[0009] In one embodiment, the scattering extractor pattern 
comprises a Lambertian type of extractor pattern and the 
specular extractor pattern comprises some or all of the 
surface areas of one or more notches in the side-light 
emitting portion. Each notch has a pair of main faces parallel 
to Within 10° of each other. For this embodiment, the 
specular extractor pattern extends over less than 20% of a 
length of the side-light extractor pattern arrangement along 
the said main axis. 
[0010] In another embodiment, the scattering and specular 
extractor patterns differ from each other in shape and type. 
Lastly, the scattering extractor pattern may provide greater 
than 50% of light. 
[0011] The foregoing embodiments of the invention utiliZe 
both scattering and specular extractor patterns of ?ght to 
illuminate an elongated target area. This alloWs a higher 
degree of directional control over some of the light emitted 
by a luminaire than by using only a scattering extractor 
pattern. In some cases, the higher longitudinal directional 
control provides more localiZed control over the target 
distribution, thereby enabling improved uniformity and a 
reduction in the fraction of light that spills outside of the 
target area. 

[0012] Other features and advantages of the invention Will 
become apparent from the folloWing speci?cation in con 
nection With the appended draWings in Which same refer 
ence numerals refer to like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A is a simpli?ed side vieW of tWo pairs of 
?beroptic luminaires, partially covered by respective re?ec 
tors, one of Which is partially cut aWay, together With a target 
area and phantom illustration of doors of a display case. 
[0014] FIG. 1B is a simpli?ed cross-sectional vieW of the 
luminaires, re?ectors and target area of FIG. 1A taken at 
ArroWs 1B-1B in FIG. 1A. 

[0015] FIG. 2 is an upper perspective vieW of a ?beroptic 
luminaire With a scattering extractor pattern of light, shoW 
ing light rays reaching a target area. 
[0016] FIG. 3 is a plot of light source intensity and 
encircled ?ux versus a cone angle 4) With respect to a main 
axis of light propagation from the light source. 
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[0017] FIG. 4A is a plot of scatter distribution and 
encircled ?ux versus a cone angle 4) With respect to the 
specular direction, and FIG. 4B shows the same plot but With 
q) varying over a Wider range. 
[0018] FIGS. 4C and 4D are plots of scatter distribution 
and encircled ?ux versus a cone angle 4) With respect to the 
specular direction for the respective cases of a scattering 
extractor pattern and a borderline betWeen specular and 
scattering extractor patterns. 
[0019] FIG. 5 is a simpli?ed side vieW of a part of a 
luminaire With a specular extractor pattern notch of light and 
a light source, With tracings of light rays from the light 
source. 

[0020] FIGS. 6A, 6B and 6C are, respectively, top vieW, 
side vieW and top perspective vieW, partially in block form, 
of a portion of a luminaire near its input end and a light 
source. 

[0021] FIGS. 7A and 7B each shoW illuminance pro?les in 
association With a respective, simpli?ed luminaire Whose 
side vieW is shoWn, together With a light source. 
[0022] FIG. 7C is similar to FIG. 7B, but shoWs a different 
illuminance pro?le When using a specular extractor pattern. 
[0023] FIG. 7D is also similar to FIG. 7B, but shoWs a 
different illuminance pro?le When using specular extractor 
pattern notches near both an inlet and an outlet of a lumi 
naire. 
[0024] FIG. 7E is also similar to FIG. 7B, but shoWs a 
different illuminance pro?le When using a specular extractor 
pattern notch in a central region of a luminaire. 
[0025] FIG. 8A is a simpli?ed side vieW of a part of a 
luminaire shoWing a single specular extractor pattern notch 
of light and a scattering extractor pattern of light. 
[0026] FIG. 8B is similar to FIG. 8A, but shoWs multiple 
specular extractor pattern notches of light in addition to a 
scattering extractor pattern of light. 
[0027] FIG. 8C is also similar to FIG. 8A, but shoWs a 
specular extractor pattern notch on the loWer side of a 
luminaire. 
[0028] FIG. 8D is also similar to FIG. 5A, but shoWs a 
specular extractor pattern notch tunneling through the body 
of a luminaires 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] This description covers the three topics of (1) 
general considerations, (2) exemplary embodiments, and (3) 
variations in specular and scattering extractor patterns. 

General Considerations 

[0030] FIGS. 1A and 1B shoW an arrangement 10 of pairs 
of luminaires 12a, 12b and 13a, 13b. Pair of luminaires 12a, 
12b may be provided With a re?ector 16, and pair of 
luminaires 13a, 13b may be provided With a similar re?ector 
18. Luminaires 12a, 12b are provided With light from a light 
source 1411 via the direction shoWn by an arroW 14b. 
Similarly, luminaires 13a and 13b are provided With light 
from a light source 14CiWh1Ch may coincide With light 
source 14aifrom the direction shoWn by an arroW 14d. 
Luminaire 12b and luminaire 13a illuminate a rectangular 
target area 15 betWeen them, the target area extending higher 
than an upper end of the side-light emitting portion of the 
luminaires along a main axis of one of the luminaires. Target 
area 15 may be food or other contents of a display case (not 

Feb. 28, 2008 

shoWn), Which is usually placed on shelves in the display 
case. ShoWn in phantom in FIG. 1A are exemplary doors 17a 
and 17b of the display case, Which usually have hinges (not 
shoWn) extending vertically in front of the luminaires that 
are preferably mounted Within the case The display case may 
be refrigerated, if desired, to a temperature beloW 7C, in 
Which case ?beroptic light delivery means (not shoWn) 
typically supplies light to the luminaires from above. 
[0031] FIG. 1B shoWs light rays 20a, 20b, 20c and 20d. 
Exemplary rays 20b and 200, from luminaires 12b and 13a, 
respectively, converge at a point 22 on target area 15. Of 
course many other rays (not shoWn) from luminaires 12b 
and 13a converge on other points of target area 15, Whereby 
the output from these luminaires combine to illuminate the 
target area. 

[0032] It is occasionally desirable to provide a section of 
target area 15 With additional light beyond that Which a 
scattering extractor pattern on a luminaire can provide. FIG. 
1A shoWs section 24, cross-hatched for convenience, as an 
exemplary section on Which additional light is desired. As 
mentioned above, an extractor pattern of either the scattering 
or specular type, produces a continuous sWath of light on a 
target area. 

[0033] FIG. 2 illustrates the lack of a high degree of 
directionality for light extracted from a luminaire by a 
scattering extractor pattern. That ?gure shoWs an arrange 
ment 30 of a single luminaire 32 employing a scattering 
extractor pattern 3211 on a light-carrying member 32b. Scat 
tering extractor pattern 3211, whose thickness is shoWn 
exaggerated, may comprise paint having titanium dioxide or 
other light-scattering particles, or may comprise a laser 
etched pattern, by Way of example. Light-carrying member 
32b may comprise an acrylic rod. More particularly, lumi 
naire 32 may be formed as described in the above-noted US. 
patent application Ser. Nos. 11/366,711 and 11/108,279. A 
light source 33 supplies light to luminaire 32. 
[0034] Scattering extractor pattern 32a in FIG. 2 illumi 
nates a target area 34 along the length of luminaire 32. 
Exemplary light rays 38 from a single longitudinal position 
36 reach target area 34 along a lengthWise line 39, and 
exemplary light rays 40 from such position 36 reach target 
area 34 along crossWise line 41. The extent of crossWise line 
41 that receives light rays 40 depends on the circumferential 
coverage of luminaire 32 by extractor pattern 3211. Both the 
circumferential coverage of the extractor patterns and the 
cross sectional shape of the light carrying member Wilt affect 
the radial angle of light exiting the luminaire. For a given rod 
shape, extractor pattern 32 is preferably arranged to extract 
light from the luminaire over a radial angle, orthogonal to a 
main (i.e., lengthWise) axis of the luminaire, of less than 
180°. Of particular concern for the present invention is that 
light rays 38 disperse from position 36 of the luminaire in a 
substantially Lambertian manner along lengthWise line 39, 
but in a more directional manner in along the crossWise line 
41. As such, scattering extractor pattern 32a lacks a high 
degree of directional control of light it extracts in the 
longitudinal direction of the luminaire. 
[0035] FIGS. 3 and 4A-4D help de?ne the difference 
betWeen a scattering extractor pattern and a specular extrac 
tor pattern. Extractor patterns Will not only redirect the light 
so that the light can escape the luminaires but the extractor 
patterns Wilt also change the angular distribution of the 
redirected light. The distinction betWeen these tWo types of 
extractor patterns is related to the angular distribution of a 
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source of light coupled into a side-light emitting portion of 
a luminaire. The source of light can be a length of the 
luminaire lacking a side-light emitting portion. For a given 
source, 50% of the light Will be contained Within an X-de 
gree cone angle. Similarly, light at a given angle Will 
produce a distribution of light exiting an extractor pattern 
and the distribution can also be characterized With an 
encircled scattered light distribution. Scattering extractor 
patterns are de?ned herein such that less than 50% of 
encircled scattered ?ux from the extractor pattern is con 
tained Within X degrees. Conversely, “specular” extractor 
patterns are de?ned herein as having more than 50% of the 
encircled scattered ?ux from the extractor pattern contained 
Within X degrees. For both scattering and specular extractor 
patterns, the density of the extractor patterns is adjusted to 
match the desired target illumination distribution. In less 
precise terms, and only to illustrate the foregoing de?nitions, 
light extracted by a scattering extractor pattern has a Weak 
dependence upon the source’s angular distribution and light 
extracted by a specular extractor pattern has a strong depen 
dence on the source’s angular distribution. 

[0036] In FIG. 3, curve 42a shoWs source intensity for a 
light source that provides light to a side-light emitting 
portion of a luminaire With a relatively constant cross 
section along its length. Curve 42b shoWs the encircled ?ux 
according to the angle 4) With respect to a main axis of light 
propagation. For use in ascertaining the foregoing distinc 
tion betWeen specular and scattering extractor patterns, one 
considers encircled ?ux curve 42b to determine the angle 4) 
containing 50% of the encircled ?ux. Such angle 4) in FIG. 
3 can be determined to be about 21°. In generating the plot 
of FIG. 3, the scatter distribution, I(0), is integrated relative 
to the main direction of light propagation from the light 
source, to compute the portion of the ?ux that is Within a 
given cone angle Phi:(I>: 

Flux Within ¢ : 

f090I(0)cos(0) d0 

For the speci?c case of a Gaussian distribution: 

1(0) = [mg/“)2 and 

Flux within 4'5 = — 

?oeaosw/wz 905(0) de 

[0037] Next, employment of the foregoing equation can be 
used for generating the plots of FIGS. 4A-4D, Which relate 
to light re?ecting from an extractor pattern of light. When 
using the foregoing equation, the scatter distribution, I(0), is 
integrated relative to the specular direction of light re?ec 
tion. 

[0038] FIG. 4A shoWs a scatter distribution curve 43a for 
light re?ected in the specular direction from an extractor 
pattern of light. Curve 4311 represents the average scatter 
distribution for the Whole extractor pattern. Curve 43b 
shoWs the ?ux Within the cone angle (I). The plot of FIG. 4A 
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is for 0<(I><7°, and for (I:5°/2.33:2. 1 5°, Where the Gaussian 
scatter is given by: 

. i I. 2 

Gaussian Scatter we 0'5 (9m) 

[0039] In FIG. 4A, the angle at Which 50% of the light is 
contained is about 2.2°. FIG. 4B shoWs the same curves 43a 
and 43b as in FIG. 4A, but With (I) varying over a Wider 
range of angles, i.e., from 0 to 90°. 
[0040] FIGS. 4C and 4D shoW plots similar to FIG. 48 for 
the respective cases of a scattering extractor pattern and a 
borderline betWeen specular and scattering extractor pat 
terns. 
[0041] FIG. 4C shoWs a scatter distribution curve 44a and 
a ?ux Within cone angle (curve 44b for a scattering extractor 
pattern, Wherein the distribution is Lambertian. A Lamber 
tian scatter distribution is I((I>):cos((I>). 
[0042] FIG. 4D shoWs a scatter distribution curve 45a and 
a ?ux Within cone angle (I) curve 45b for a “borderline” 
Gaussian extractor pattern, Wherein :20‘. In particular, this 
?gure represents a borderline case betWeen a specular 
extractor pattern and a scattering extractor pattern, as those 
terms are de?ned herein. 

[0043] To illustrate optical properties of a specular extrac 
tor pattern, FIG. 5 shoWs a luminaire 46 that is supplied With 
light by a light source 48 and that includes a specular 
extractor pattern notch 50 of light. Extractor pattern notch 50 
may comprise a notch With sides 50a and 500 and notch end 
face 50b. Surfaces 50a, 50b and 500 are assumed su?iciently 
smooth and planar to make notch 50 of the specular type, as 
de?ned above in connection With FIGS. 3 and 4A-4D. 
Although the specular extractor pattern notch 50 of FIG. 5 
is described as having planar surfaces, other embodiments 
could use a notch (not shoWn) With non-planar surfaces. 
Further, if surfaces of a notch lack the requisite smoothness, 
then part or all of the notch surfaces Will be a scattering 
extractor pattern (as de?ned above). 

EXEMPLARY EMBODIMENTS 

[0044] FIG. 5 shoWs light rays in the fan 52 passing from 
light source 48 into luminaire 46 via input end 4611 of the 
luminaire. Some of the light rays in the fan 52 totally 
internally re?ect on surface 50a of notch 50, and are directly 
doWnWardly as light rays 54 With a relatively high degree of 
directional control. Some of the light rays in the fan 52 
refract at surfaces 50a and 50b before totally internally 
re?ecting as light rays 56 on the loWer surface of the 
luminaire and propagating along the luminaire. Some of the 
light rays 56 can be extracted from the light pipe by a further 
extractor pattern (not shoWn) in the luminaire. Similarly, one 
of the light rays 52 refracts at surfaces 50a and 500 and 
continues to propagate along the luminaire as light ray 58. 
[0045] Surfaces 50a and 500 of specular extractor pattern 
notch 50 are preferably parallel to each other, or at least 
Within about 10° of parallel to each other. This helps control 
the light (e.g., the angle of light ray 58) that passes through 
surfaces 50a and 500 and then propagates along the lumi 
naire, Where such light does not totally internally re?ect 
doWnWardly in the manner of light rays 54. 
[0046] The location and tilt angle 60 (FIG. 5) of notch 50 
can be adjusted to control Where the region of increased 
illuminance in the target area occurs. By changing the tilt 
angle 60, the region of increased illuminance does not have 
to be directly ‘beloW’ the notchithat is, differing from light 
rays 54. Instead, the increased-illuminance region can be 
decentered, along the length of luminaire 46, With respect to 
the location of the notch. For fabrication simplicity, light is 
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redirected by the notch using total internal re?ection (TIR), 
Which imposes limits on hoW much light ?ux can be 
redirected since some of the light Will propagate through the 
notch surface rather than being TIRed. In some embodi 
ments, the surface of the notch can have a specular re?ective 
coating applied to provide more control over Where the light 
is redirected. 
[0047] FIGS. 6A, 6B and 6C shoW a luminaire 70 con 
taining both scattering and specular extractor patterns. A 
light source 71 supplies light to an input end 70a of the 
luminaire. A scattering extractor pattern 72 may comprise 
strips of paint, Which may be applied according to the 
above-noted US. patent application Ser. Nos. 11/366,711 
and 11/108,279, and a specular extractor pattern 74 com 
prises a notch. The notch may be as described With respect 
to notch 50 of FIG. 5. Scattering extractor pattern 72 and 
specular extractor pattern 74 are each arranged to extract 
light from the luminaire over a radial angle of less than 1800 
With respect to the circumference of the luminaire. Specular 
extractor pattern 74 of FIGS. 6A, 6B and 6C overlaps 
scattering extractor pattern 72. Specular extractor pattern 74 
preferably extends over less than 20% of the length of 
scattering extractor pattern 72, such as over less than 5% of 
the foregoing length. 
[0048] In FIGS. 6A, 6B and 6C the respective circumfer 
ential center of each scattering extractor pattern 72 and 
specular extractor pattern 74, along the main axis of lumi 
naire 70, may or may not be aligned. If the scattering and 
specular extractor patterns are not circumferentially aligned 
With each other, then the extractors may preferentially 
illuminate different parts of the target area. 
[0049] FIGS. 7A-7D shoW various bene?cial illuminance 
curves for a target area that can be achieved by incorporating 
one or more specular extractor patterns in a luminaire that 
also has a scattering extractor pattern. 
[0050] FIG. 7A shares reference numerals in common 
With FIGS. 6A-6C. Luminaire 70 in FIG. 7A provides an 
illuminance pro?le 76 for a target area (not shoWn) beneath 
the luminaire in the absence of specular extractor pattern 74; 
illuminance pro?le 76 has a relatively loW illuminance in 
region 7611. In the presence of specular extractor pattern 74, 
luminaire 70 provides illuminance pro?le 78 With a rela 
tively high peak 78a associated With the specular extractor 
pattern. Peak 7811 may be a local peak in illuminance pro?le 
78, or it may be a global peakiie. maximum value4of the 
pro?le. This shoWs that, by causing illuminance peak 7811, 
the specular extractor pattern can guide the light it extracts 
to a compact portion of the target area. 
[0051] In the embodiment of FIG. 7A, as betWeen scat 
tering extractor pattern 72 and specular extractor pattern 74, 
the scattering extractor pattern preferably provides greater 
than 50% of light on a target area (not shoWn). The specular 
extractor pattern preferably produces an illuminance on a 
selected portion of the target area that is greater than 
5%iand more preferably greater than 10%iof the illumi 
nance produced on the mentioned “selected portion” by the 
scattering extractor pattern alone. In FIG. 7A, a “selected 
portion” of the target area corresponds to an area that 
contains the peak 78a of the illustrated illuminance pro?le 
and the increased illuminance on either side of the peak. 
[0052] FIG. 7B shoWs a luminaire 80 that produces a more 
concentrated peak 84a of an illuminance pro?le 84 com 
pared to peak 78a of FIG. 7A. In FIG. 7B, luminaire 80 has 
a tapered input section 82, and a section 83 having a constant 
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cross section along its length. Like luminaire 70 of FIG. 7A, 
section 83 has scattering extractor pattern 72 and specular 
extractor pattern 74. Tapered input section 82 functions as an 
area-to-angle converter, such that the light received by 
section 83 at angles relative to the longitudinal axis of the 
luminaire decreases in value. In other Words, the light 
received by section 83 at outlet 82b is more collimatedi 
relative to the longitudinal axis of the luminaireithan light 
received by tapered section 80 at inlet 8211. As such, light 
rays (not shoWn) from light source 71 are more narroWly 
redirected doWnWardly toWards some section of a target area 
(not shoWn) so as to create peak 84a of illuminance pro?le 
84. As With luminaire 70 of FIG. 7A, Without specular 
extractor pattern 74, an illuminance pro?le 76 is produced, 
and With specular extractor pattern 74, the mentioned peak 
84a in pro?le 84 is created. 

[0053] FIG. 7B illustrates the terminology “source of 
light” used in the de?nition of “specular” and “scattering” 
extractor patterns in Paragraph [00035] above. In particular, 
the “source of light” is the light provided to cylindrical 
section 83 of luminaire 80 through tapered section 82, With 
right-hand section 83 of the luminaire having a relatively 
constant cross section compared to tapered luminaire section 
82. 

[0054] FIG. 7C shoWs a luminaire 90, Which like lumi 
naire 80 of FIG. 7B, includes a scattering extractor pattern 
92 and a specular extractor pattern 93. These extractor 
patterns may differ from the corresponding extractor pat 
terns in luminaire 80, although the simpli?ed vieW of FIG. 
7C portrays them as alike. Illuminance pro?le 95 shoWs 
illuminance resulting only from scattering extractor pattern 
92. The addition of specular extractor pattern 93 causes an 
illuminance pro?le 96 With increased illuminance in region 
9711. Region 9711, together With region 97b, comprises a 
target area. In particular, the ?rst 20% of length of the target 
area along the sidelight emitting portion of the luminaire 
90ii.e., to the right of outlet 91a of a tapered section 91b 
and speci?cally Where light extractor patterns are locatedi 
from a light-receiving end of the luminaire, preferably 
receives suf?cient light from specular extractor pattern 93 
that the average illuminance on the foregoing length of the 
target area is at least a factor about 0.3 times the average 
illuminance along the full length of the target area along the 
side-light emitting portion of the luminaire. Preferably, the 
foregoing factor is about 0.7. 
[0055] FIG. 7D shoWs a luminaire 100, Which like lumi 
naire 90 of FIG. 7C, includes a scattering extractor pattern 
102 and a specular extractor pattern 103. Additionally, 
luminaire 100 includes a second specular extractor pattern 
104 near end 10011 of the luminaire distant from light source 
71. As compared With an illuminance curve 106 resulting 
only from scattering extractor pattern 102, illuminance 
curve 108 resulting from all extractor patterns has a pair of 
regions 109a and 10919 With an increase in illuminance. 
Regions 109a and 109b, together With intermediate region 
1090, comprise a target area. Desirably, both the ?rst and last 
20% of length of the target area along the side-light emitting 
portion of the luminaire 100 from a light-receiving end of 
the luminaire, preferably receives a signi?cant amount of 
light from specular extractor pattern 103. By “signi?cant” is 
meant that the average illuminance on the foregoing length 
of the target area is at least a factor about 0.3 times the 
average illuminance along the full length of the target area 
along the side-light emitting portion of the luminaire. Pref 
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erably, the foregoing factor is about 0.7. The side-light 
emitting portion of luminaire 100 is located to the right of 
outlet 10111 of a tapered section 10119 and speci?cally 
located Where the extractor patterns are positioned. 
[0056] FIG. 7E shoWs a luminaire 110, Which like lumi 
naire 80 of FIG. 7B, includes a scattering extractor pattern 
72 and a specular extractor pattern 111. However, specular 
extractor pattern 111 results in a distinct illuminance pro?le 
112. Pro?le 112 has a peak 11211 that is aligned With some 
portion of central section 113 of the length of the side-light 
emitting portion along the main axis of the luminaire. By 
selecting a radial orientation of specular extractor pattern 
111 about the longitudinal axis of the luminaires peak 112a 
may be selectively positioned at one of various points in a 
target surface (not shoWn) along a direction orthogonal to 
the main axis of the luminaire. Such an arrangement is 
useful for providing a spotlight effect on the portion (not 
shoWn) of a target area associated With peak 112a. Central 
section 113 may comprise 60% of the length of the side-light 
emitting portion along the main axis of the luminaire, for 
instance. As shoWn, peak 11211 is a global peak of illumi 
nance from luminaire 110. 

Variations in Specular and Scattering Extractor 
Patterns 

[0057] FIGS. 8A-8B and 9A-9C shoW various con?gura 
tions of specular extractor pattern notches that may be used. 
[0058] FIG. 8A shoWs a luminaire 120 having a single 
specular extractor pattern notch 122 in addition to a scat 
tering extractor pattern 116. The scattering extractor pattern 
116 covers an exemplary angle about the circumference of 
luminaire 120 of 60°, Whereas the corresponding angle for 
scattering extractor pattern 72 of FIGS. 6A-6C is 30°. These 
are typical angles of circumferential coverage. 
[0059] As shoWn in FIG. 8B, more than one specular 
extractor pattern notch 132 may be used instead of a single 
specular extractor pattern notch 122 (FIG. 8A) in a speci?ed 
region of the luminaire. Referring to both FIGS. 8A and 8B, 
typically one large single specular extractor pattern notch 
122 can be used instead of multiple, smaller specular extrac 
tor pattern notches 132. 
[0060] FIG. 8C shoWs a luminaire 140 having a single 
specular extractor pattern notch 142 in addition to a scat 
tering extractor pattern 116. Specular extractor pattern 142 
is located on the loWer side of the luminaire, in contrast to 
specular extractor pattern 122 in FIG. 8A. 
[0061] Finally, FIG. 8D shoWs a luminaire 150 having a 
single specular extractor pattern notch 152 that tunnels 
through the body of the luminaire, preferably all the Way 
through. More than one specular extractor pattern notch 152 
can be used along the length of the luminaire, and such 
notches can also be offset in the vertical direction illustrated. 
The luminaire With the specular tunneling feature 152 can be 
formed by a molding operation. Or, by Way of example, a 
luminaire can be severed at an angle of 45°, for instance, and 
then material removed from the severed end(s) to create a 
specular extractor pattern notch When the severed ends are 
then joined together With an optical index-matching adhe 
sive. 

[0062] On the other hand, FIGS. 8A-8D shoWs specular 
extractor pattern notches (e.g., 122) that do not result in 
removal of part of scattering extractor pattern 116. FIGS. 
6A-6C shoW a specular extractor pattern notch 74 that 
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results in removal of part of scattering extractor pattern 72. 
Either situation is acceptable. 
[0063] Further, Whereas the specular extractor pattern 
described above is formed from strips of light-extraction 
material oriented laterally across a luminaire, a specular 
extractor pattern can be formed from light-extraction mate 
rial oriented in many Ways. For instance, the light-extraction 
material for a scattering extractor pattern can be formed 
from random rectangles, random dots (i.e., non polygonal 
shapes), or longitudinal stripes. The lateral and longitudinal 
light-extraction ef?ciencies of a scattering extractor pattern 
may folloW the teachings of above mentioned US. patent 
application Ser. Nos. ll/366,7ll and ll/l08,279. 
[0064] The foregoing describes the use of both scattering 
and specular extractor patterns of light to illuminate an 
elongated target area. This alloWs enhanced directional 
control over some of the light emitted by a luminaire, 
compared to using only a scattering extractor pattern. 
[0065] While the invention has been described With 
respect to speci?c embodiments by Way of illustration, many 
modi?cations and changes Will occur to those skilled in the 
art. For instance, the specular extractor pattern can be 
formed in many shapes other than the notches designated 
herein. For instance, specular extractor patterns can com 
prise pyramids, curved surfaces, and holograms. It is, there 
fore, to be understood that the appended claims are intended 
to cover all such modi?cations and changes as fall Within the 
true scope and spirit of the invention. 

What is claimed is: 
1. A ?beroptic luminaire With scattering and specular 

sidelight extractor patterns, comprising: 
(a) a ?beroptic light pipe having a light-carrying core; 
(b) an elongated side-light emitting portion of the light 

pipe having a main axis and emitting light from the side 
of the light pipe for illuminating a target area; the light 
pipe emitting light from said side by a side-light 
extractor pattern arrangement comprising: 
(i) a scattering extractor pattern for light and a specular 

extractor pattern for light, each of Which directs light 
onto the target area; 

(ii) the scattering and specular extractor patterns being 
positioned on said side-light emitting portion so as to 
extract light from the side-light emitting portion over 
a radial angle, orthogonal to said main axis, of less 
than 180°; 

(iii) the scattering extractor pattern comprising a Lam 
bertian type of extractor pattern and the specular 
extractor pattern comprising some or all of surface 
areas of one or more notches in the side-light emit 
ting portion, each of Which notches has a pair of 
main faces parallel to Within 10° of each other; and 

(c) the specular extractor pattern extending over less than 
20% of a length of the side-light extractor pattern 
arrangement along said main axis. 

2. The luminaire of claim 1, Wherein the specular extrac 
tor pattern is positioned near an input end of the side-light 
emitting portion, the input end receiving light from a main 
light source for the side-light emitting portion. 

3. The luminaire of claim 1, Wherein the light directed to 
the target area by the specular extractor pattern results in a 
peak of illuminance on the target surface along a path 
corresponding to the path of said side-light emitting portion. 

4. The luminaire of claim 1, Wherein the specular extrac 
tor pattern overlaps the scattering extractor pattern. 
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5. The luminaire of claim 1, wherein the Lambertian type 
of extractor pattern comprises paint. 

6. The luminaire of claim 1 Wherein the light extractor 
pattern arrangement is adjustable to accommodate the angu 
lar distributions of light from each one of the light sources 
of a metal halide lamp, an LED lamp or a halogen tamp, one 
at a time. 

7. The luminaire of claim 1, Wherein the specular extrac 
tor pattern extends over less than 5% of a length of the 
side-light extractor pattern arrangement along said main 
axis. 

8. The luminaire of claim 1, in combination With, 
(a) a display case refrigerated to a temperature beloW 7C; 
(b) a light source for the ?beroptic light pipe placed 

outside the display case; and 
(c) the luminaire being placed inside of the display case. 
9. A ?beroptic luminaire With scattering and specular 

side-light extractor patterns, comprising: 
(a) a ?beroptic light pipe having a light-carrying core, and 
(b) an elongated side-light emitting portion of the light 

pipe having a main axis and emitting light from the side 
of the light pipe for illuminating a target area; the light 
pipe emitting light from said side by a side-light 
extractor pattern arrangement comprising: 

(i) a scattering extractor pattern of light and a specular 
extractor pattern of light, each of Which directs light 
onto the target area; 

(ii) the scattering and specular extractor patterns being 
positioned on said side-light emitting portion so as to 
extract light from the side-light emitting portion over a 
radial angle, orthogonal to said main axis, of less than 
180°; 

(iii) the scattering and specular extractor patterns differing 
from each other in shape and type; and 

(iv) the scattering extractor pattern providing greater than 
50% of light on the target area in full and the light 
extracted by the specular extractor pattern producing an 
illuminance on a selected portion of the target area that 
is greater than 5% of the maximum illuminance pro 
duced on the target area by the scattering extractor 
pattern. 

10. The luminaire of claim 9, Wherein the ?rst or last 20% 
of length of the target area along the side-light emitting 
portion of luminaire, from a light-receiving end of the 
luminaires, receives su?icient light from the specular extrac 
tor pattern that the average illuminance on the foregoing 
length of the target area is at least about 0.3 times the 
average illuminance along the full length of the target area 
along the side-light emitting portion of luminaire. 

11. The luminaire of claim 9, Wherein the ?rst and last 
20% of length of the target area along the side-light emitting 
portion of luminaire, from the light-receiving end of the 
luminaire, receives suf?cient light from the specular extrac 
tor pattern that the average illuminance on the foregoing 
length of the target area is at least about 0.3 times the 
average illuminance along the full length of the target area 
along the side-light emitting portion of luminaire. 
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12. The luminaire of claim 9, Wherein the ?rst or last 20% 
of length of the target area along the side-light emitting 
portion of luminaire, from a light-receiving end of the 
luminaire, receives suf?cient light from the specular extrac 
tor pattern that the average illuminance on the foregoing 
length of the target area is at least about 0.7 times the 
average illuminance along the full length of the target area 
along the side-light emitting portion of luminaire. 

13. The luminaire of claim 9, Wherein the ?rst and last 
20% of length of the target area along the side-light emitting 
portion of luminaire from a light-receiving end of the 
luminaire, receives suf?cient light from the specular extrac 
tor pattern that the average illuminance on the foregoing 
length of the target area is at least about 0.7 times the 
average illuminance along the full length of the target area 
along the side-light emitting portion of luminaire. 

14. The luminaire of claim 9, Wherein the scattering and 
specular extractor patterns both illuminate said selected 
portion of the target area. 

15. The luminaire of claim 9, Wherein: 
(a) the side-light emitting portion has an input end for 

receiving ?ght from a main light source for the side 
light emitting portion and a far end; and 

(b) said selected portion of the target area is located closer 
to the input end than the far end. 

16. The luminaire of claim 15, Wherein said selected 
portion of the target area includes an end of the target area 
along the length of the luminaire. 

17. The luminaire of claim 9, Wherein said selected 
portion of the target area includes a peak of illuminance that 
is aligned With some portion of a central 60% of length of 
the side-light emitting portion along said main axis. 

18. The luminaire of claim 17, Wherein the light extracted 
by the specular extractor pattern produces an illuminance on 
a selected portion of the target area that is at least about 1.3 
times the maximum illuminance produced on the target area 
by the scattering extractor pattern. 

19. The luminaire of claim 17, Wherein the light extracted 
by the specular extractor pattern produces an illuminance on 
a selected portion of the target area that is at least about 1.7 
times the maximum illuminance produced on the target area 
by the scattering extractor pattern. 

20. The luminaire of claim 9, Wherein said selected 
portion of the target area extends beyond an end of the 
side-light emitting portion of the luminaire along the main 
axis of the luminaire. 

21. The luminaire of claim 20, Wherein said end is an 
input end for receiving light from a main light source. 

22. The luminaire of claim 9, Wherein the specular extrac 
tor pattern comprises at least some or all surface area of one 
notch in the side-light emitting portion. 

23. The luminaire of claim 9, Wherein the scattering 
extractor pattern comprises a Lambertian type of extractor 
pattern. 

24. The luminaire of claim 23, Wherein the Lambertian 
type of extractor pattern comprises paint. 

* * * * * 


