wo 2015/065613 A1 |[IN 00O A 0 00RO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

7 May 2015 (07.05.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/065613 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
F21V 3/00 (2015.01) F21V 5/04 (2006.01)
F21K 99/00 (2010.01) G02B 3/00 (2006.01)

International Application Number:
PCT/US2014/056509

International Filing Date:
19 September 2014 (19.09.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/896,193 28 October 2013 (28.10.2013) US
14/453,857 7 August 2014 (07.08.2014) US
Applicant: GE LIGHTING SOLUTIONS, LLC

[US/US]; 1975 Noble Road, Bldg. 338, Nela Park, East
Cleveland, OH 44112 (US).

Inventors: CHINNIAH, Jeyachandrabose; 1975 Noble
Rd., Apt. 216, East Cleveland, OH 44112-6300 (US).
CLYNNE, Thomas; 1975 Noble Road, East Cleveland,
OH 44112 (US). KNAPP, Thomas, Alexander; 1975
Noble Rd, Building 335C, FEast Cleveland, OH 44112-
6300 (US). YODER, Benjamin, Lee; 1975 Noble Road,
East Cleveland, OH 44112-6300 (US).

Agents: DIMAURO, Peter, T. et al.; General Electric
Company, Global Patent Operation, 2 Corporate Drive,
Suite 648, Shelton, CT 06484 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: OMNIDIRECTIONAL LIGHT EMITTING DIODE LENS

140,
100 |

i

J

ASANASNAA AN
A AANNABANAAANANAN
VAVAVAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAY

\
N
NN

I WS

100

200

FiG. 2

(57) Abstract: Provided is an omnidirectional lens (100), having a housing (105) having a closed end (110) and an open end (115),
a series of facets (120) circumferentially arranged on the housing (105); and a series of concentric facets (140) disposed on the
closed end (110).



WO 2015/065613 A1 |IIWANL 00N VAT 00 OO

Published:
—  with international search report (Art. 21(3))



WO 2015/065613 PCT/US2014/056509

OMNIDIRECTIONAL LIGHT EMITTING DIODE LENS

Field of the Invention
[0001] The present invention relates generally to light emitting diode (LED) lamps. More
particularly, the present invention relates to an omnidirectional LED lamp with thin Fresnel-like
ring lens inside a diffuser.

Background of the Invention
[0002] Currently, LED lamps and light bulbs are replacing traditional incandescent lamps
and other types of lamps. Traditional incandescent lamps (e.g., filament bulbs) produce an
omnidirectional luminous intensity distribution. In contrast, LED sources produce a Lambertian
distribution in which the light is emitted in one hemisphere and the luminous intensity decreases
as a function of the cosine of the angle of the emitted light ray with respect to the axis normal to
the emitting plane. Existing LED lamps use various shapes of optics to produce omnidirectional
light. Those optics include diffusers, lenses, reflectors, and combinations thereof. Optical
efficiency is an important design consideration for LED lamps, particularly for omnidirectional
lamps attempting to achieve uniform light distribution. In general, more optical elements will
increase losses and therefore decrease optical efficiency. Current solutions attempt to achieve
omnidirectional light distribution by using thick lens internal reflectors, sideways positioning of
LEDs, and thick total internal reflection (TIR) lenses and thin TIR disks, which can be bulky and
costly.

Summary of Embodiments of the Invention
[0003] Given the aforementioned deficiencies, a need exists for an optical system that
combines a thin TIR ring lens, similar to a Fresnel lens, and a diffuser in an omnidirectional LED
lamp meeting the Energy Star requirements established by the EPA. Specifically, the lamp
should exhibit a uniform intensity distribution, within a 25% tolerance, over range from 0 to 135

degrees around the lamp. The omnidirectional lens and diffuser system should work well for
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A19, A21 or similar type of lamp configurations, such as but not limited to candelabra lamps.
Finally, lens and diffuser system should have low optical losses with an optical efficiency above
85%.

[0004] Embodiments of the present invention include an omnidirectional lens, having a
housing with a closed end and an open end, a series of facets circumferentially arranged on the
housing; and a series of concentric facets disposed on the closed end.

[0005] In another illustrative embodiment, an omnidirectional lens is provided that includes a
housing having a closed end and an open end, the housing having a refraction zone, a total
internal reflection side zone and a total internal reflection top zone, and a light source disposed
within the housing. The omnidirectional lens further includes a first series of facets
circumferentially arranged on the housing, a second series of facets circumferentially arranged on
the housing and a series of concentric facets disposed on the closed end.

[0006] In yet another embodiment, a lamp system, including a diffuser, an omnidirectional
lens disposed within the diffuser, and a heat sink coupled to the diffuser is provided.

[0007] Specific implementations of some of the embodiments include an omnidirectional
lens having a housing having a closed end and an open end, a first series of facets
circumferentially arranged on the housing, a second series of facets circumferentially arranged on
the housing and a series of concentric facets disposed on the closed end.

[0008] Further features and advantages of the invention, as well as the structure and
operation of various embodiments of the invention, are described in detail below with reference
made to the accompanying drawings. It is noted that the invention is not limited to the specific
embodiments described herein. Such embodiments are presented herein for illustrative purposes
only. Additional embodiments will be apparent to persons skilled in the relevant art(s) based on

the teachings contained herein.
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Brief Description of the Drawings
[0009] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further serve to
explain the principles of the invention and to enable a person skilled in the relevant art(s) to make
and use the invention.
[0010] FIG. 1 illustrates a side view of an exemplary omnidirectional lens.
[0011] FIG. 2 illustrates a cross sectional internal view of the exemplary omnidirectional lens
of FIG. 1.
[0012] FIG. 3 illustrates a cutaway perspective bottom view of the omnidirectional lens of
FIGs. 1-2.
[0013] FIG. 4 is a top view of the omnidirectional lens of FIGs. 1-3.
[0014] FIGs. § and 6 illustrate example ray trace diagrams.
[0015] FIG. 7 illustrates a side view of the omnidirectional lens 100 of FIGs. 1-4, showing
lens details and angles.
[0016] FIG. 8 illustrates a close up detailed view of a first series of circumferentially
arranged facets.
[0017] FIG. 9 illustrates an embodiment of a diffuser that can be implemented with the
omnidirectional lens of FIGs. 1-4 in a lamp system.
[0018] FIG. 10 illustrates a table showing an exemplary normalized intensity distribution.
Detailed Description of Embodiments of the Invention
[0019] While the present invention is described herein with illustrative embodiments for
particular applications, it should be understood that the invention is not limited thereto. Those
skilled in the art with access to the teachings provided herein will recognize additional
modifications, applications, and embodiments within the scope thereof and additional fields in

which the invention would be of significant utility.
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[0020] FIG. 1 illustrates a side view of an exemplary omnidirectional lens 100, FIG. 2
illustrates a cross sectional internal view of the exemplary omnidirectional lens 100 of FIG. 1,
and FIG. 3 illustrates a cutaway perspective bottom view of the omnidirectional lens 100 of
FIGs. 1-2. In one embodiment, the omnidirectional lens 100 includes a housing that is a cylinder
having a side wall 105 with a smooth inner surface 106, a closed circular end 110 having a
smooth inner surface 111 and an open end 115.

[0021] The omnidirectional lens 100 includes a thin Fresnel-like ring lens arrangement,
which is illustrated in FIGs. 1 and 2 as a first series of circumferentially arranged facets 120
about the side wall 105. The omnidirectional lens 100 also includes a thin refractive ring lens
arrangement, which is illustrated in FIGs. 1 and 2 as a second series of circumferentially
arranged facets 130 about the side wall 105, adjacent the first series of the circumferentially
arranged facets 120, and the open end 115. In one embodiment, the omnidirectional lens 100
further includes a series of concentrically arranged facets 140 arranged on the closed end 110.
FIG. 4 illustrates a top view of the omnidirectional lens 100 of FIGs. 1-3, further illustrating the
concentrically arranged facets 140.

[0022] It will be appreciated that although the embodiments described herein have been
described with the omnidirectional lens 100 as a cylinder, the omnidirectional lens 100 can be
cylindrical, spherical, conical or a combination of these shapes. The omnidirectional lens 100 can
also have arbitrarily shaped curved geometry.

[0023] Referring again to FIG. 2, an idealized point light source 200 is shown for illustrative
purposes. It will be appreciated that as described herein, the point light source refers to an
idealized source used solely to simplify the behavior of the facets. In contrast, any non-idealized
light source, such as a solid-state light source, does not exhibit this simple behavior. It will
therefore be understood, that a facet designed to completely control the light from a point will

allow some uncontrolled light to escape the facet when a real source is employed. This difference
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in behavior must to be taken into account during the design process in order to ensure that the
desired intensity distribution is created when a real light source is employed. As used herein, the
term “solid-state light source” (or SSL source) includes, but is not limited to, light-emitting
diodes (LEDs), organic light-emitting diode (OLEDs), polymer light-emitting diodes (PLEDs),
laser diodes, lasers, and the like.

[0024] FIG. 5 illustrates a ray trace diagram 500 illustrating light rays from an idealized point
source 200 passing through the first series of circumferentially arranged facets 120 and the
second series of circumferentially arranged facets 130. FIG. 6 illustrates a ray trace diagram 600
illustrating light rays from the same idealized point source 200 passing through the series of
concentrically arranged facets 140.

[0025] In one embodiment, the first series of circumferentially arranged facets 120 and the
series of concentrically arranged facets 140 are TIR facets designed to totally internally reflect
light rays 505 from the idealized point light source 200. As described further herein, light rays
505 from the point light source 200 incident on the smooth inner surfaces 106, 111, adjacent the
first series of circumferentially arranged facets 120 and the series of concentrically arranged
facets 140, are refracted slightly before being totally internally reflected respectively in the first
series of circumferentially arranged facets 120 and the series of concentrically arranged facets
140, and reflected externally and omnidirectionally from the omnidirectional lens 100, as
external rays 506. Though all the rays from idealized point source will be reflected downward by
the circumferentially arranged facets 120, some uncontrolled light rays will escape from the facet
in other directions when a real light source is employed with the omnidirectional lens 100.

[0026] In one embodiment, the second series of circumferentially arranged facets 130 are
refractive facets designed to refract light rays 510 from the idealized point light source 200. As
described further herein, light rays 510 from the point light source 200 incident on the smooth

inner surface 106, adjacent the second series of circumferentially arranged facets 120, are
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refracted through the second series of circumferentially arranged facets 130 and pass externally
and omnidirectionally from the omnidirectional lens 100, as external rays 511.

[0027] FIG. 7 illustrates a side view of the omnidirectional lens 100 of FIGs. 1-4, showing
lens details and angles. As illustrated, the omnidirectional lens 100 can be broken into several
zones. In one embodiment, the zones are angles through which the rays 505, 510 travel. The
zones include a refractive zone, R, a total internal reflection side zone TIRg;q., and a total internal
reflection top zone TIRr,,. For example, in the R zone, the light rays 510 from the point light
source 200 travel within the angle defined within the R zone. For example, the angle of the R
zone can be about 33.1°. In addition, in the TIRsi¢c zone, the light rays 505 from the point light
source 200 travel within the angle defined within the TIRg;4. zone. For example, the angle of the
TIRsiq. zone can be about 39.8°. In addition, in the TIRt,, zone, the light rays 505 from the point
light source 200 travel within the angle defined within the TIRr,, zone. For example, the angle
of the TIRrq, zone can be about 34.2°. It is appreciated that the angles defined herein are
examples only, illustrating the behavior of the various light rays from the idealized point light
source 200.

[0028] The exemplary angles are dependent on the dimensions of the omnidirectional lens
100. The size of the angular zones relative to each other control the ratio of light passing through
cach type of facet and thus the amount of light directed upwards, downwards, and sideways with
respect to the lens. If the overall intensity distribution has too much uplight relative to downlight,
the size of the TIRgq4. zone can be increased and the size of the TIR,, zone decreased in order to
correct this. In general, however, the relative intensities in each direction and thus the sizes of the
three zones must be substantially similar in order to provide an overall intensity distribution that
is omnidirectional.

[0029] MMustrative examples of dimensions of the omnidirectional lens 100 are now

described. It is further understood that the following description is an example only and not
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limiting of various other dimensions possible in other embodiments. For example, the
omnidirectional lens 100 can include a non-idealized source with a diameter Dggyce, Which can be
about 15 mm. In addition, the thickness, T, of each of the facets in the first series of
circumferentially arranged facets 120 and the series of concentrically arranged facets 140 can be
about 2.2 mm. Furthermore, the width, W, of the omnidirectional lens 100 can be about
1.333*Dgource, and the height, H, can be about 2.107*Dgouce. The source diameter, Dgource, 18
arbitrary and is determined by how many or how large of LEDs are needed to provide the
required amount of light. In an exemplary embodiment a 15 mm LED source was needed to
provide the required amount of light. Dsouce 18 not currently shown visually in any of the figures.
The overall size of the lens is determined by several factors. The bigger the lens in comparison to
the source, the closer the real source will behave like a point source. Alternatively, it is generally
preferred to have the lens be smaller so that there is room for the diffuser and other lamp
components.

[0030] FIG. 8 illustrates a close up detailed view of the first series of circumferentially
arranged facets 120. The following description applies to design considerations for both the first
series of circumferentially arranged facets 120, and the series of concentrically arranged facets
140, both of which totally internally reflect the light rays 505 as described herein.

[0031] For illustrative purposes, reference is made to one facet 800 of the first series of
circumferentially arranged facets 120. It is appreciated that the description applies to all of the
facets of the first series of circumferentially arranged facets 120, and the series of concentrically
arranged facets 140. In one embodiment, each facet of the first series of circumferentially
arranged facets 120, and the series of concentrically arranged facets 140 is designed to reflect
incoming light rays 505 from a point light source 200, off a top surface 805 of the facet 800 and
through an outward exit face 810 of the facet 800. It will be appreciated from FIG. 6 that cach

opposing face in the concentrically arranged facets 140 serves to reflect incoming light rays 505
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that are incident on it while also serving as the exit face for light rays 505 that were incident on
and then totally internally reflected by the opposing face.

[0032] The facet 800 converges the light rays 505 through an approximate focal point 815
near the exit face 810 so that the light rays 506 spread out as the move away from the
omnidirectional Iens 100. In one embodiment, a curvature of the top surface 805 and an angle of
the exit face 810 define the location of approximate focal point 815, the angle of the light rays
506 with respect to the exit face 810, and a degree of spread of the light rays 506. For example
the location of the approximate focal point can be moved away from the tip of the adjacent facet
by increasing the angle between the top surface 805 and the exit face 810. Similarly, the degree
of spread of the light rays 506 can be increased by increasing the curvature of the top surface 805
or decreased by flattening the top surface 805. As described herein, the top surface uses TIR to
reflect the light rays 505. An acceptance angle of each facet 800 (which is defined by facet
height) is set so that all the light rays 505 from the idealized point source that hit the top surface
805 will exceed the critical angle of material used in the omnidirectional lens 100. For example,
the critical angle is 42.2° for poly(methyl methacrylate) (PMMA), and the critical angle is 39.1°
for polycarbonate. As such, the acceptance angle can be selected based on the critical angle of
the material used. In addition, the top surface 805 is designed so that the light rays 506 leaving
the exit face 810 miss adjacent facets.

[0033] In an exemplary embodiment, each refractive facet of a second series of
circumferentially arranged facets 130 is designed so that light rays from the point source 200 are
converged to an approximate focal point that is father away from the lens than that of the TIR
facet 800. The backside of each facet (sometimes called the draft side) is angled so that it is
easier to pull the lens out of the mold. The uppermost refractive facet is reversed with respect to
the other refractive facets so that draft surface of that facet can be used to TIR light that is

incident on it and prevent this light from reaching TIR facet above.
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[0034] FIG. 9 illustrates an embodiment of a diffuser 905 that can be implemented with the
omnidirectional lens of FIGs. 1-4 in a lamp system 900. In one embodiment, the omnidirectional
lens 100 can be implemented with a non-point source, which can be an array of LEDs. When
the omnidirectional lens 100 lens is used with a non-point source, a portion of the light can exit
the omnidirectional lens 100 in an uncontrolled manner (i.c., often referred to as leaking) because
the actual ray trajectories differ significantly from those of the point source to which the optical
surfaces were designed.

[0035] This effect must be taken into account during the omnidirectional lens 100 design, but
can help to reduce glare from the optic by starting to smooth out any sharp peaks in the intensity
distribution caused by the individual facets 800. In some cases the leaked light is not sufficient
to adequately smooth the distribution. As such, in one embodiment, a diffuser element, such as a
diffuser 905 is implemented to surround the omnidirectional lens. FIG. 9 illustrates a lamp
system 900, which includes the omnidirectional lens 100 surrounded by the weak diffuser 905.
[0036] For illustrative purposes, a heat sink 910 is shown to complete the lamp system 900 as
illustrated. In one embodiment, the strength of the diffuser is often fairly weak (i.e. the spread
from the material has a full width at half maximum (FWHM) less than 60°) though heavier
diffusers can be used as well in other embodiments. The diffuser 905 may be shaped such that
the sides are angled down towards the base of the lamp system 900 so that the smoothing effect
of the diffuser does not prevent the light from being directed towards the base of the lamp, as
shown by exit rays 915. In one embodiment, the shape of the diffuser and heat sink may be
varied for different applications or for aesthetics.

[0037] FIG. 10 illustrates a plot 1000 showing a normalized intensity distribution for the
exemplary lens 100 of FIG. 1 and the lamp 900 of FIG. 9. This plot shows that the intensity
distribution between 0 and 135 degrees around the lamp varies from the average by less than

20% and thus exceeds the Energy Star requirements for an omnidirectional distribution. By
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meeting these requirements the solid state lamp 900 demonstrates that it will produce a luminous
intensity distribution that meets or exceeds the omnidirectional standard of the incandescent lamp
it is intended to replace.

[0038] A combination of a thin TIR ring lens similar to a Fresnel lens and a diffuser is
implemented for omnidirectional LED lamps meeting the Energy Star omnidirectionality
requirements established by the EPA. Specifically, the lamp exhibits a uniform intensity
distribution, within a 25% tolerance, over the range from 0 to 135 degrees around the lamp. The
omnidirectional lens and diffuser system also work well for A19, A21 or similar type of lamp
configurations, such as but not limited to candelabra lamps. Finally, lens and diffuser system
have low optical losses with an optical efficiency above 85%.

[0039] It is to be appreciated that the Detailed Description section, and not the Summary and
Abstract sections, is intended to be used to interpret the claims. The Summary and Abstract
sections may set forth one or more but not all exemplary embodiments of the present invention as
contemplated by the inventor(s), and thus, are not intended to limit the present invention and the

appended claims in any way.
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WHAT IS CLAIMED IS:
1. An omnidirectional lens, comprising:

a housing having a closed end and an open end;

a plurality of facets circumferentially arranged on the housing; and

a plurality of concentric facets disposed on the closed end.
2. The omnidirectional lens as claimed in Claim 1 wherein the plurality of facets
circumferentially arranged on the housing includes a first plurality of facets circumferentially
arranged on the housing, and a second plurality of facets circumferentially arranged on the
housing.
3. The omnidirectional lens as claimed in Claim 2 wherein the first plurality of
facets circumferentially arranged on the housing are total internal reflection facets.
4. The omnidirectional lens as claimed in Claim 3 wherein each facet of the first
plurality of facets circumferentially arranged on the housing include a top surface and an
outward exit face disposed at an angle with respect to the top surface.
5. The omnidirectional lens as claimed in Claim 2 wherein the second plurality of
facets circumferentially arranged on the housing are refraction facets.
6. The omnidirectional lens as claimed in Claim 2 wherein the plurality of
concentric facets are total internal reflection facets.
7. The omnidirectional lens as claimed in Claim 6 wherein each facet of the plurality
of concentric facets includes a top surface and an outward exit face disposed at an angle with

respect to the top surface.

11
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8. A lighting device comprising:

an omnidirectional lens having a housing with a closed end and an open end, the
housing having a refraction zone, a total internal reflection side zone and a total internal
reflection top zone;

a light source disposed within the housing;

a first plurality of facets circumferentially arranged on the housing;

a second plurality of facets circumferentially arranged on the housing; and

a plurality of concentric facets disposed on the closed end.
9. The omnidirectional lens as claimed in Claim 8 wherein the first plurality of
facets circumferentially arranged on the housing are total internal reflection facets.
10. The omnidirectional lens as claimed in Claim 9 wherein each facet of the first
plurality of facets circumferentially arranged on the housing include a top surface and an
outward exit face disposed at an angle with respect to the top surface.
11. The omnidirectional lens as claimed in Claim 9 wherein the total internal
reflection side zone defines angles through which light rays from the light source enter the first
plurality of facets circumferentially arranged on the housing.
12. The omnidirectional lens as claimed in Claim 8 wherein the second plurality of
facets circumferentially arranged on the housing are refraction facets.
13. The omnidirectional lens as claimed in Claim 10 wherein the refraction zone
defines angles through which light rays from the light source enter the second plurality of facets
circumferentially arranged on the housing.
14. The omnidirectional lens as claimed in Claim 8 wherein the plurality of

concentric facets are total internal reflection facets.

12
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15. The omnidirectional lens as claimed in Claim 14 wherein each facet of the
plurality of concentric facets includes a top surface and an outward exit face disposed at an angle
with respect to the top surface.
16. The omnidirectional lens as claimed in Claim 14 wherein the total internal
reflection top zone defines angles through which light rays from the light source enter the
plurality of concentric facets.
17. A lamp system, comprising;:

a light source;

an omnidirectional lens disposed around the light source, the omnidirectional lens
having a housing with a closed end and an open end, a plurality of facets circumferentially
arranged on the housing, and a plurality of concentric facets disposed on the closed end;

a diffuser disposed around said omnidirectional lens; and

a heat dissipating assembly coupled to the light source.
18. The lamp system as claimed in Claim 17 wherein the omnidirectional lens,
comprises

a housing having a closed end and an open end;

a first plurality of facets circumferentially arranged on the housing;

a second plurality of facets circumferentially arranged on the housing; and

a plurality of concentric facets disposed on the closed end.
19. The lamp system as claimed in Claim 18 wherein the first plurality of facets
circumferentially arranged on the housing, and the plurality of concentric facets are total internal

reflection facets.

13
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20. The lamp system as claimed in Claim 18 wherein the second plurality of facets

circumferentially arranged on the housing are refraction facets.

14
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