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EMITTING, VIA LIGHT SOURCE ASSEMBLY, FIRST
LIGHT HAVING FIRST LUMINOUS FLUX AND PEAK
INTENSITY AT FIRST WAVELENGTH THAT IS
GREATER THAN OR EQUAL TO 680 NANOMETERS
{NM) AND LESS THAN OR EQUAL TO 750 NM,
WHERE FIRST LUMINOUS FLUX IS VARIABLE OR
EMISSION OF FIRST LIGHT IS INTERRUPTED ONE
OR MORE TIMES
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EMITTING, VIA LIGHT SOURCE ASSEMBLY,
SECOND LIGHT HAVING SECOND LUMINOUS FLUX
AND PEAK INTENSITY AT SECOND WAVELENGTH

THAT IS GREATER THAN OR EQUAL TO 440 NM
AND LESS THAN OR EQUAL TO 680 NM, WHERE
SECOND LUMINOUS FLUX IS VARIABLE OR
EMISSION OF SECOND LIGHT IS INTERRUPTED
ONE OR MORE TIMES,

WHERE FIRST LUMINOUS FLUX IS AT MAXIMUM AT
LEAST DURING TIME AT WHICH SECOND
LUMINOUS FLUX IS NOT AT MAXIMUM
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LIGHTING DEVICES AND METHODS FOR USE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0061} This application claims the benefit of U.S. Provisional Patent Application No.
G2/S8286, fded on May 1R, 2017, and claims the bepefit of U.S. Provisional Patent
Application No, 62/546475, filed on August 16, 2017, the contents of both of which are
incorporated herein by reference b their entirgty,
BACKGROUND
002} Unless otherwise mdicated heremn, the matenials deseribed o this section are not
prior art to the claims in this application and are not admitted to be prior art by mclusion i
this section,
10063} it may be useful to alter a persoi’s civcadian rhythm ot “sleep ovele” for reasons
such as jet lag and adjustinent 1o von-traditional work shifis. A person’s circadian rhythn is
priucipally governed by the suprachiasmatic nucleus {SCN), which is a small region within
the brawn’s hypothalamus. Previous methods for altering a person’s circadian thythm have
generally avolved divect  stimulation of the light-sensitive protein melanopsin within
intrinsically photosensitive retinal ganglion cells (ipRGCs) that make up about 1% of retinal
ganglion cells within the retina. 1l 1s thought that Hlumination of the reting with blue Hight
{e.g, peak wavelength of about 480 nanometers) causes melanopsity excited within a person’s
ipRGCs to stimulate the SCN via nevral pathways, thereby altering the person’s circadian
thythm {(e.g, delaying the pnset of tiredness). However, due to the ipRGCs” refatively low
photosensitivity, their relatively sparse presence within the retina, and slow photoactive
responsé, such methods nay undesirably volve luminating the veting with intensities that
are unpleasant or even painful, for relatively long periods of time.
SUMMARY
{0084} One example describes a device that includes a fight source assembly and a
control system configured {o cause the Hght source assembly to perform functions. The
functions mclude emitting a frst light baving a first luiminous flux and a peak intensity at a
first wavelength that is greater thap ov equal to 400 nanometers (nm) and less than or equal to
480 nm. The first lnnunoas fux 1z variable or the emission of the first hight is intervupted one
or more fimes. The functions frther include enutiing o second light having a second
lenimons flux and a peak intensily at 2 second wavelenpth that is greater than or equal to 500
nm and less than o equal to 630 nm. The second huntinous flux is variable or the envission of

the second hight is interrupted one or more times. The first huninous flux s at @ maximum at
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feast during & time at which the second huminous fhux 5 vot at & maxiiuum,

[H0aS] Another example desceribes a method that includes enntiing; via a hght source
assembly, a first light having a first luminous flux and a peak intensuty at a first wavelenpth
that is greater than or equal to 400 nanometers (un) and less than or equal to 480 nm. The
first luminous flux is variable or the enussion of the first light is interrupted one or more
times. The method further includes emitting, via the light source assembly, a second light
having a second lununous flux and g peak intensity at g second wavelength that is greater
than or equal to SO0 am and less than or equal to 630 wm. The second luminous fhax
variable or the emission of the second light 15 mterrupted one or more times. The first
fnpunons flux is at & maxinuan at least during a time a1 which the second lununous flux is not
al 8 maxinwm,

{00686} Yet another examiple describes a white light source having a color rendering index
of greater than 70 as compared o daviight. a blackbody, or anpther lghting reference

standard. The white hight source is conligured to emui fight with a peak wavelength within 2

range of 480 nm to SR80 am.
{071 Yet another sxample describes 3 lght sowrce that includes one or more diserete

fight enutting diodes (LEDs) configured 1o enut first Hight baving a peak intensity within g
range of 480 mn to 560 anv. The Hght scurce further includes one or more white LEDs having
a volor rendenny index hpher than 70 when compared o daylight, a blackbody, or another
lighting reference standard, the one or move white LEDs being configured to emit second
Light such that the first light and the second light combined have g peak intensity at a
wavelength within a range of 48 nm to 580 .

{0088 Yet another example describes a device that inclodes a hight source assembly and
a control system configured 1o cause the hight source assembly to emut hight having a
funinous flux and a peak intensity at a wavelength that is greater than or equal o 300
nanometers {(nmy) and less than or equal to 480 nm. The luminous fux is variable or the
ernisston of the light is intermupted one of more times,

{0089]  Yet another example describes one or more light sources configured (o emit: a
first heht having a peak wavelength within a range of 470 nm to 580 nmr and a second white
Hight baving a color rendering index of greater than 70 when compared to davhight, a
blackbody, or another highting reference standard. A fominous flux of the second hght is less
thaw a luminous flux of the first light.

{0016} Yet another example describes one or more Hizht sources confipured to emit: a

Grst hight having a peak wavelength withmn a range of 600 nm to 700 nm and a second white
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fight baving a color rendering index of greater than 70 when compared o daylight, a
Blackbody, or another hightine reference standard. A luminous flux of the second hght is less
than @ luminous flux of the first light.

[6011]  Yet another example describes a device that includes one or miore light sources
configured to emit first hight baving a color rendering index of preater than 70 when
compared to daylight, a blackbody, or another lighting reference standard, and oue or move
phosphors that, when ihuntnated by the one or more light sources, enmut second light such
that the first light and the second light combined have a peak intensity at a wavelength within
a range of 470 nm to 380 nm.

{0012} Yet another example describes a device that includes a light source assembly and
a conirol system configured to cause the light source assembly to perform functions. The
functions mclude evoitting 3 fivst light having a first hanimous fhay and a peak tensity at
first wavelength that is greater than or egual to 400 nanometers (nm) and less than or equal t©
440 am. The first luminous flux is variable or the enussion of the first light is interrupted one
or more times. The fumctions further melude emitting a second light having a- second
fomupons ey and havimg a color correlated temperatare of greater than or equal 62500
Kelvin and less than or equal to 6000 Kelvin, The second luminous flux is variable or the
ennssion of the second light is interrupted one or more times and the second light has a color
rendering index greater than 70 when compared to daylight, a blackbody, or another lighting
reference standard. The first lummous flax i3 at @ maximom at feast duting a gme at which
the second luminous flux is not at & maxunum.

J0013]  Yet another example describes a methed that mcludes emitting, via & lghi source
assembly, a first light having a first huminous flox and a peak intensity at & first wavelength
that is greater than or egual to 400 manometers (mn) and less than or egual to 440 mn. The
first lununous flux is variable or the enussion of the first Hght is interrupted one or morg
times. The method further mcludes emittng, via the Haht source assembly, a second Haht
having a second luminous flux and having a color correlated temperature of greater than of
gqual to 2500 Kelvin and less than or equal to 6000 Kelvin. The second lununous flux is
variable or the emission of the second Hght s interrapted one or more times. The second light
fas ¢ color rendering index greater than 70 when compared to davlight, a blackbody, or

T

another hghting reference standard. The first laminous flox 1y al 8 maanum at least during a
time at which the second luninous flux is not st 3 maximan.
{0014} Yet another example describes a plurality of light sources configured (o amit light

having a peak wavelength within a range of 400 nm o 440 nin,
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j0818] Yet another example describes a white light source having a colog rendering mdex
of greater than 70 as compared to dayhight, a blackbody, or another lighting reference
standard. The white light soutce is configured to emit hight with g peak wavelength within g
range of 400 wn 10 440 nm.

[0016] Yot another example desceribes a device that inchudes a hight source assembly; and
a control systenm coufigured to cause the light source assembly to perform functions
gomprising: emitting a first hight having a first laminous flux and a peak intensity af a first
wavelength that 1s greater than or equal to 680 nanometers (nm) and less than or equal to 750
mn, wheremn the first honinous flox 15 varable or the soussion of the first hight is interrupted
one or more times: and emitting a second hght having a second lununous flux and a peak
ntensity ot a second wavelength that is less than or equal to 630 nm, wherein the second
honmous flax s vanable or the emission of the second light 1s interrupted one or more bmes,
wherein the first luminous flux is at 3 maximun at legst during g time @ which the second
humineus flux is not at a maximum,

M7y Yet another example describes a method that inclodes emitting, via a hght source
assembly, a first heght having a first haninous flax and a peak intensuty at a first wavelength
that is greater than or equal to 680 nanometers {mn) and less than or equal to 730 am,
wherein the first luminous flux is variable or the emission of the first light is interrupted one
orf mpre times; and emitting, via the liglt sowrce assembly, a second Hght having a second
hominous fux and g peak intensity af a second wavelength that is less than or equal to 680
nny, wherein the second luminous flux s variable or the smussion of the second lighs is
intenrupted one or more times, wherein the first laminous fhas is at & maxonum at least duwring
a time at which the second lanunous fhex 18 pot at & maximum,

[0018]  Yel another example describes a device that includes a Heht source gssembly; and
a control systam configured to cause the light source assembly to perform functions
comprising: emitting a first light having 8 furst heninous flux and a peak intensity at a first
witvelength that is greater than or equal to 300 nanometers (am) and less than or equal o 440
nm, wherein the first luminous flux is variable or the emission of the first light is interrupted
one or more times; and emitting 3 second hght having a second fapunous flax and a peak
mtensity at a second wavelength that 13 greater than or egual to 440 nm, wheremn the second
luminous flux is variable or the emission of the second hight is interrupted one or more thnes,
wherein the first fuminous flux is at a2 maxinum at lgast during a time at which the second
luminous flux i$ not at & maximum.

019 Yet another example describes a method that includes emitting; via a Hoht source
. . i ¢ &
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assembly, @ first fight having a first hanbnows flux and a peak ustensity at a first wavelength
that &y greater than or equal to 400 panometers (nm) and less than or equal o 440 nm,
wherein the first luminous fux is variable or the emission of the first light is interrupted ong
or more tintes: and emitting, via the hght sowrce assembly, a second light having a second
lununous flux and a peak intensity at a second wavelength that 13 greater than or equal Yo 440
nm, wherein the second luminous flux s variable or the emission of the second hght is
nterrupted one or more times, wherein the first luntous flux s at a maximum at least during
a time at which the second taminous They 18 notat a maxinuom.

028} Yet another example inchades a light source that includes one or more first hight
enntting diodes (1L.EDs) configured to emit first light having a peak intensity within g range of
400 noito 440 nm; and one or maore second LEDs configured to emit second hight having o
peak intensity greater than 4460 nmy, the first light and the second hight combined baving a
[0021]  Yet another example describes a method comprising: enmitting, via one or move
first Hight emitting diodes (LEDs} of a hight sowrce, first hght having a peak miensity within a
range of 400 nm {0 440 poy; and emitting, via one or more second LEDs of the light souree,
second light baving a peak intensity greater than 440 wm, the first Light and the second hght
combined having a peak intensity at & wavelength within a range of 400 nm to 440 am.

{0022} These, as well as other aspects, advantages, and alternatives will become apparent
16 those of ordinary skill 18 the art by reading the following detmled description, with
reference where appropriate to the accompanying drawings, Further, it should be understood
that this swnmary and other descriptions and Hipures provided herein are ntended {o tlustrate

the invention by way of example only and, as such, that numerons variations are possible.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]  Figure 1 is a schemauc diagram of a lighting device, according to an example
embodiment.
00241 Figure 2 i1s a block diagram of a method, accordmg to an example embodiment,
{0625 Figure 3 dllustrates intrinsically photosensitive retingd ganghion cell (pRGC)
response o excitation of S-iype cones.
{0026} Figure 4 illustrates ipROC response to excitation of L-type andfor M-type cones.
{0027} Figure 5 iflustrates 1pRGC response Yo excitation of various types of upstream
eanghon cells,

[0028]  Figure 6 includes photosensitivity curves of four tvpes of ganglion cells i the eye.
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{84929 Figure 7 tlhustrates the manipulation of circadian rhythm via fetina ilfanunation at
varying times of day.

[0038]  Figure 8 illustrates an advancement of ciwcadian thythm,

[6031]  Figwre 9 tllustrates a delay of circadimr thytinn,

[0032]  Figure 10 illustrates an example intensity curve for a Hght source.

{00331 Figure 11 illustrates exanple intensity curves for varous types of light sources.

j0034]  Figure 12 is a block diagram of a method, according to an example embodiment.

{H038] Figure 13 is a block diagram of a methad, according to an example embodiment.
{HIRTY Figure 14 15 a block diagram of a method, according to an example embodiment.

[8037]  Figure 15 s a block diggram of a method, according (0 an example embodiment.
DETAILED DESCRIPTION
{0038} As discussed above, current methods for altering civcadsan rhvthm via direct
stirnulation of melanopsin within mitrinsically photosensitive retinal ganghon cells (ipRGUs)
are ofien nconvenient, unpleasant, andior somewhat meffective. Accordingly, improved
devices and methods foraltering circadian rhythim are disclosed herein.
{1039} The pressnt inventors-have appreciated that circadian rhythin can be altered more
convemently and efficiently via stimulation of S-cones, M-cones, and L-cones within the eye,
which causes indirect stimulation of ipRGCs that are dowastream of the congs along neural
patlyways. Whergas previous methods involve lluminating pRGCs with blue light (e.g.,
A~480 mm) to ophnnize melanopsin photoactivity, the methods disclosed herein genervally
mvolve Hluminating 8 retina with wavelengths optimized to stivuglate S-cones having a
maximum photosensitivity  at about 420440 am, M-cones having a  maxinngm
photosensitivity at about 534-543 wn, andior L-cones having a maximum photosensitivity at
about 364580 nnu.
{0046]  More specifically, the inventors have appreciated that stinslation of cones, which
have a depse presence within the retina and higher photosensitivity when compared to
IpRGCs, can cause more intense exciagon of 1pRGCs than difect stinmdation of the pRGCY
themselves. This increased excitation of the pRGCs causes increased stimulation of the
suprachiasmatic nacteus (SCN}, causing larger changes in circadian rhvthm,
j0041} In particular, the mventors have appreciated that ipRGCs are most responsive io
sharp increases and decreases in ilhuminance of the cones. For example, the activity of
ipRGCs {and the resultant activity of the downstream SCN) 15 maxinmuzed i response to
sharp increases in photoabsorption by M-cones (e.g., green light) and Lecones {e.g., red

tight}, and sharp decreases i photoabsorption by S-cones (e.g.. vielet light).
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{80421 Figure 1 depicts a (lighting) device 100 that mehudes a hight source assembly 102
and a control system 14, In some examples, the hight source assembly 102 may inclade one
or more light sources such as light emitting diodes (LEDs), meandescent bulbs, or halogen
bulbs, but other examples are possible,

{0043} The controf system 104 may take the form of any combination of sofiware andiox
hardware that s configured to cause the Light source assembly 102 andior the device 100 1o
perform any of the functions that are described herein. For example, the control system 104
may inchide one or more Boolean circuls, programmable logic controllers {PLCs), andior
special purpose circuits ¢onfigored to provide electrical power andior control signals 1o the
light sourge assembly 102 for performing any of the functions described herein. Additionally,
the control svstem 104 may include one or more processors and a computer readable medivm
storing instructions that, when executed by the processors, cause the hght source agsembly
102 andior the device 100 to perform any of the funciions desenibed hevein. The control
system 104 may addittonally inclade o signal generator,

{44} In various examples, the device 100 may be incorporated into or take the formof a
wearable device, goggles, a headband, armwear, wristwear, or a therapeutic wearable device
configured to shine light onto a subject’s reting. In some examples, the device 100 is
incorporated inio a vehicle such as an automobile, an airplane, a helicopter, & boat, a ship, or
a train. The device 100 could also be incorporated into a dashboard, an accent ighting unit, a
cabin general highting unit, or a headlight anit. In various exawples, the device 100 &
incorporated into a display unit such as a cell phoue, g tablet computer, a monitor, or 8
television. The device 1 could also be incorporated imto a lighting wnit such as a lamp, a
mghtlight, a chandebier, or an overhead lighting unit.

[0045]  In some embodiments, the device 100 may take the form of a white light source
having a color rendering index of greater than 70 as comparad to daviight, a blackbody, or
another lighting reference standard, with the white light source being configured to emit lipht
with g peak wavelength within a range of 480 nm to SRO wm, or more specifically, within a
range of 520 am to 370 nm.

jO046] In some cmbodiments, the device 100 takes the form of a hight source that
includes one or more discrete hght emitting diodes (LEDs) configured to emit first hight
having a peak itensity within a range of 480 nm fo 360 nmy, and one or more white LEDs
having a color rendering index higher than 70 when compared to davlight, 3 blackbody, o
another hghting reference standard, the ong of more white LEDs being configured to emit

second light such that the first Hight and the second light combined have a peak ntensity at a
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wavelength within a range of 480 nm o 530 nm. In this context, the device 100 could be
operated in the presence of ambient light having one or more waveleagths within a range of
400 nm to 780 wm. In this context, at least 50%, at least 60%, at least T0%:, at least 80%, at
least 90% or at least 959% of 3 power speciral density of the first light might correspond to
wavelenpths within a range of 480 nny to $60 am.

[0047]  The tenm “white hight” as used herein may refer to any polyvchromatic hight having
a colov rendering index greater than 70 as defined by the huternational Comnussion on
Hhemination (CIE) R, scate. Such white light may include non~zero intensities throughout the
visthle spectrum of 400-700 nm. As such, a “white ight source” may include any hight source
configured to generate white light as described above. The term “volor rendering index™
{CRI) as used herein way also be generally defined with reference to the CIE R, scale.

{0048} I some embodiments, the control system 104 ¥ configared 1o cause the lght
sonrce assembly 102 fo emtt hight having a luminous flux and g peak ntensity ol a
wavelength that ts grester than or equal to 400 nanometers (nm) and less than or equal to 480
am, the lununous flux being vartable or the emission of the hebt beawmg mnterrupted one or
more times. More specifically, the peak mtensity may occiy within any of the following
wavelength ranges: 410-430 nm, 415-425 nm, 418422 nm (a5 measwed by a
spectrophotometer having a tolerance of +/- 2 mm). Such fuminous fux may take the form of
a squarg wave, a sinusoidal wave, a sawtooth wave, or a wiangle wave, The luminous flux
may be penodic with a frequency that 1s less than or equad to 100 Hz, or less than or equal to
S8 Hy. 1 this context; af least 0%, at least 6095, at least 70%, at least 0%, at least 9% or
at least 93% of a power spectral density of the light might correspond to wavelengths within a
range of 400 nm to 480 nm. Additionally, the Juminous flux might periodically veach a
mimimum that is greater than zero or equal to zero.

{0049]  The device 100 may be coufigured to illunuvate 3 retina of & user with an
ilfuminance that 13 less than or equal to 10,000 lux, less than or equal to 3,000 lux, less than
or equal to 1,000 hux, less than or equal {0 500 hex, ess than or equal to 100 tux, less than or

equal 10 50 lux, less than or equal to 10 lux, or less than or equal to 1 hwd. In tns context,

2), with “t" being the distance from the light sowrce
to the reting and DV bemng the honunous flux of the ight sonrce.

{0088]  In another example, the device 100 may take the form of one or more hight sources
condigured to enut: a first Light having a peak wavelength within a range of 470 am to 580
pn: and 3 second white light having a color rendering index of greater than 7¢ when

compared to davhight, g blackbody, or avother lighting reference standard, the huminous flux
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of the second haht being fess than a hoaninous fux of the fist ght. In this context, at eayt
S81%6, at least 60%; at feast 70%,, at least 80%, at least 90%6 or at least 5% of a power spectral
density of the first light nught cotrespond 1o wavelengths within a range of 470 mn to 380
/N,

{0051}  in another example, the device 10 mav take the form one or more Hght sources
coufipured to emitr a first ight having a peak wavelength within a range of 600 am 10 700
any and a second white light having a color rendering index of greater than 70 when
compared to davlight, a blackbody, or another highting reference standard, the luminous flux
of the second heght being fess than a honinous flux of the first Light. In this coutext, at least
S0%, at least 60%, at least T0%. at Teast 80%, at least 20% or at least 98% of g power specteal
density of the first light might correspond o wavelengihs within a range of 600 i to 700
nm,

[O052 In another example, the device 100 may take the form of one or more Hght sources
configured to emumt first light having a color rendering index of greater than 70 when
compared to dayhight, a blackbody, or another hghting reference standard; and one or more
phosphors that, when Huminated by the one or more Heht sources, emit second light such
that the first Heht and the second fight combined have a peak intensity at a wavelength within
a range of 470 nny to S80 mm. In this context, at feast S0%6, at feast 60%, at least 70%, at least
0%, at least 90% or at least 95% of a power speciral density of the second hight might
corvéspond o wavelengths within a range of 470 nm {0 580 nm.

{00531 Figure 2 is a block diagram of a method 200, The miethod 200 and related methods
disclosed herein can be performed to cause advancement ov defay of a subject’s circadian
eycle for vartous purposes. Such methods can be performed to weal a subject afflicted with
sgasonad affective disorder {SAD) or another mood disorder, such gs depression, bipolar
disorder, or dysthymia, Disrupted or iregular slegp can also affect those suffering with
cancer sndfor heart disease, and these methods can be used accordingly to counteract such
effects.

{00541 At block 202, the method mncludes enutting, via a hight source assembly, a first
Hight having a first laminous fhux and a peak imtensity at a fisstwavelength that is greater than
or aqual 1o 40 nanometers (omy and less than orequal to 480 nm. T other words, the first
tight may be most intense {or have a local maxionsm) at @ wavelength that is greater than or
equal to 400 nm and less than or equal to 480 nm. More specifically, the first wavelenpth
may be greater than or equal to 410 nm and less than or equal to 430 mn, wreater than o

equal to 413 nm and less than or equal 1o 425 nm, or greater than or equgl to 418 nm and less
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than or equal 0 422 .

[OHISS] As the term {s used throughout this disclosare, Hght defined as having a “peak
intensity” within a ventain range of wavelengths is not meant to exclude the possibility that
the light might have a global peak mtensity outside of the recited range of wavelengihs. That
15, the term “peak intensity” can refer 1o a local peak intensity and, in addition or in the
alternative, to a global peak intensity.

0056 In this context, the first luminous flux is variable or the emission of the first light
is interrapted one or more times. For example, the first humwmous flux may take the form of a
square wave, a sinusordal wave, a sawtooth wave, g tnangle wave, or any digial or analog
wave. Other examples are passible.

[0037)  The fust hight may be emitted by the hight source assermbly 102 such that the first
Light tuninates a retina of a user with an Hluminance that is less than or equal to 10,000 lux,
less than or equal to 5,000 hux, less than or equal to 1,000 Tux, less than or equal to 500 lux,
less than or equal to 100 Jux, less than or equal to 50 lux, less than or equal to 10 lux, or less

than or equal to 1 ug

{088 In one example, the lght source asssmbly 102 emits a first light having a
funinous flux 302 as shown in Figure 3. The huninous flux 302 has a peak mtensity at a

wavelenpth that is preater thaw or equal to 400 mm and less than or equsl o 480 nm. The
fuminous flux 302 fakes the form of a square wave that osciliates between a high level of
hominous flux 304 and a low level of huminous flux 306, The fow level of luminous flux 306
could be zero or near zero, but the low level of fuminous flux 306 is generally less than the
high level of hunineus fux 304, The huminous fhix 302 having a peak infensily at a
wavelength between 400-480 nm primarily excites S-cones within the retina, vesulting in a
response 308 of downstream pRQOCs. As shown, the response 308 is most frequent and
intense immediately afler the luminous {fhux 302 switches from the high level 304 (o the low
level 306 at =0, for example. However, the response 308 continues at reduced intensity and
frequency while the luminous fhex 302 continues to be at the low level 306, The S-cones
become relatively mnactive alier the lununous flux 302 switches to the bigh level 304,

0088 In short, high response mtenstty and high response frequencies for downstream
PRGOS occur mworesponse to relatively guick negative changes (decregses) 1 the haninous
flux of the first light having g peak itensity between 200 and 480 mwu. Although Figare 3
shows. the luminous fux 302 in the form of a squate wave, wavelorms such as a sinusoidal
wave, 3 sawiooth wave, or 2 triangle wave cars alse exhibit relatively quick negative changes

v fuminous flux with peak intensity between 400 nm and 480, thereby efficiently exciting
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dovwnstrean ipRGCs.

j006b] In particelar embodiments, at least S0%, at least 60%, at least 70%, at least 8%,
at least 20% or ot least 95% of a power spectral density of the first hght corresponds o
wavelenaths within a range of 400 nny to 420 am.

{0061} in particular embodiments, at least 50%, at least 60%, at least 7%, af least 80,
at legst 9% or at least 95% of g power spectral density of the first light corresponds to

p P 3 & P

wavelengths within a vange of 420 wn to 440 nn.

{0062} In particelar embodiments, at least S0%6, at least 60%, at least 70%, at feast 8%,

at least 90% or gt least 95% of a power spectral densiiy of the first hight corresponds 1o
wavelengihis within a range of 440 nnito 460 nm.

[0063]  In particular embodiments, at least 50%, at least 60%, at least 7%, at least §0%,
at least 90% or at least ¥58% of a power spectral density of the first light corresponds to
wavelengths within a range of 460 mm to 480 nm.

j0064] In particular embodiments, the first luminous flux pertodically reaches a mimmum
that is greater than zero.

[H65] In particulas embodiments; the first nnimous fux periodically reaches a nugingm
that is equal to zero.At block 204, the method includes emitting, via the light source
assembly, a second light having a seécond luminous flux and a peak intensity at a second
wavelenpth that is greater than or equal to 300 nm and less than or equal to 630 mm. In other
words, the second light may be most intense (or have a local maximumy al 8 wavelength that
15 greater thas or equial to 500 um gnd less than or equal o 630 wn. Muore specifically, the
second wavelength mav be greater than or equal to 535 nny and less than or equal o 565 nm,
greater than or equal o 345 mn and less than or equal 10 3535 wn, or greater than or equal o
548 nrm and less than or equal to 552 mn,

[0066] in this context, the second luminous flux is variable or the emission of the second
Hedst is interrupted ove or more times. For example, the second huminous flux mav take the
forny of a square wave, a sinusoidal wave, g sawtooth wave, & {riangle wave, or any other
digital or analog wave, Other examples are possible.

J677  The second light may be emiited by the hght source assembly 102 such that the
second bight Hluminates a retina of a user with an ilhavinasce that is less than or equal to
13,000 luk, less than or equal to 5,000 hux, less than or equal 1o 1,000 lux, less than or equal
{o 500 lux, less than or equal to 100 fux, less than or egual to 50 lux, less than or equal to 10
fux, or less than or equal to 1 lux.

[0068] In one example, the light source assembly 102 emits a second light having a

I
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fuminous flux 402 as shown i Figoere 4. The honmous fhix 402 has a peak intensity at a
wavelength that is greater than or equal to SO0 nm and less than or equal to 630 nm. The
lenunous flux 402 takes the form of a square wave that oscillates between a bigh level of
tuminous flux 404 and 3 low level of luminous flux 406, The low lavel of luminous flux 406
could be zero or near zevo, but the Jow level of huminous fhux 406 is penerally less than the
high level of luminous Bux 404, The luminous flux 402 having g peak intensity at a
wavelength between 300-630 nm primarily excites L-cones and M-cones within the reting,
resuliing moa response 408 of downstreamn 1pROCS. As shown, the response #8115 most
freguent and mtense ymmediately after the lunundus ux 402 switches from the fow level 406
to the high level 404 at 1=0, for exatple. However, the response 408 continues at reduced
intensiiy and frequency while the huniuous flux 402 continues 1o be at the high level 404,
The L-cones and M-cones beconte relatively inactive after the lupunouns fux 402 switches to
the low level 406,

{00691  In short, high response ntensity and high response fréquencies for downstremm
PRGOS ocour in response o relatively quick positive changss (increases) in the haninous
flax of the second Hght having a peak intensity between 500 and 63¢ nm. Although Figurs 4
shows the luminous Bux 402 i the form of g square wave, waveforms such as a sinusoidal
wave, a sawtooth wave, or a triangle wave can also exhibit relatively guick positive changes
m luminous fux with peak mntensity between SO0 am and 630, thereby efficiently exciting
downstream ipRGCs.

{00701 In accordance with the method 200, the light source assembly 102 may mclude a
first hight source configured to enut the first light (e g, huninous flux 302) and a second light
source confioured to enut the second light {e.g., lanunoas flux 4023

(0071}  In varous examples, the first luminpus flux (e.g, lununous flux 302) s owt of
phase with the second lununous flux (e.g., luminous {lux 402) by 180 degress. Although less
desirable, the phase difference between the first luminous flux and the second lnminous flux
could range anywhere from 0 fo 180 degrees. In some embodiments, the first huminous Sux
will be at o moaxiowsn when the second lunusous flux is at a sunimum. In some
cmbodiments, the first haminows Sux will be ata minimum when the second lununous flux is
at @ maxinnun,

{0072} In various examples, the first lanunows flux {eg., lanunous Bux 302) and the
second lunnnous flux {e.g., luminous flux 402} take the form of respective square waves with
equal respective duty cycles or other wavefonms having equal respective duty cyeles.

However, the first luminous Bux and the second huminous flux can also take the form of
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respective sguare waves with onequal respective duty eveles or other wavelormmy having
unequal respective doty cveles.

{0073]  In various examples, the first hominous flux and the second hpuinous flux are
periodic with respective oscillation frequencies that are less than or equal to 100 Hx. The first
fummous {fux and the second fuminous flus mayv also be periedic with respective nscillation
frequencies that are less than or equal to 30 Hz. The ipRGCs within the gve generally don't
respond i synchrony with hight that oscillates at frequencies greater than about 100 Hx
{0074} In particolar embodiments, at least S0%, at feast 60%, at least 70%, at least 80%,
at Jeast 90% or at feast 95% of a power speciral density of the second hight corresponds to
wavelengihs within a range of 330 anio 330 nm.

{0075} In padicular embodiments, at least 50%, at least 60%, at least 7%, at least 80%,
at Teast 90% or at least 93% of 4 power speciral density of the second light corresponds
wavelengths within a range of $30 mn fo 560 nm

0076} In particular entbodiments, at {east 309, at least 60%, at least 70%, at least 80%,
at feast 90% or at least 95%% of a power speciral density of the second Hght corresponds to
wavelengihs withby a range 68 560 nm to 390 am,

{0077 In particular embodiments, at least 50%, at least 60%, at least T0%, at least $0%,
at feast 90% or at least 95% of a power spectral density of the second hight corresponds to
wavelenpths within a range of 390 nm 1o 630 i

{6078} Tn partictlar embodiments, the second lumisows fux penodically reaches a
nunimum that 1s greater than zevo.

{00791 In particelar embodimenis, the second luminous fhux penodically reaches a
mivimun that is equal to xero.

{0088}  Figwre 3 illustrates ipRGC response to excitation of various ypes of upsticam
ganglion cells. As shown, PRGCs 512 are stimulated by onset of blue light 302, red light
506, green light 508, and rod excitation 510, The ipRGCs 512 are stimulated by offset of
viotet hight 304,

{00811  Figure 6 includes photosensitivity curves of four types of ganghon cells in the eye.
The carve 602 represents Secones, the curve 604 represents the melanopsin response of
PRGOS, the cuvve HU6 represents M-cones, and the corve 608 represents L-cones,

{0082}  Figure 7 illustrates the manipulation of circadian rhythny via retina flununation at
varying times of day. The methods disclosed herein will have different effects depending on
the time of day and/or the peint at which the subject is currently at in their circadian rhythin,

For a wraditional cireadian rhvihm, the disclosed methods generally advance circadian shythim
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when performed in the mowning, and defay circadian thythen when perfoned in the late
afternoon or evening. As shown 1 Figure 8, an “advancement”™ of circadian rhythm genegally
means one will become sleepy sooner. As shown in Figure 9, “delay™ of circadian rhythm
generally means one will beconve sleepy later.

[0083]  Figure 10 llustrates an example intensity curve for a steady state “white” hight
source, As shown, the light source has a peak intensity around 570 am.

[0084]  Figure 11 illustrates example stensity curves for various types ol light sources.
Carve 702 18 a “warm” wihate light sowrce, cwrve 704 iy a “neatral” white light sowce, and
curve 706 15 a cool” white Light soarce. The curve 708, in contrast fo the other curves,
exhibits & maximum intensity around 550 mm. Sinnfar light sources might have 8 maximam
at a wavelength anywhere from 520-570 nm.

[008S)  Figure 12 15 a block diagrant of & method 1200, The method 1200 and related
micthods disclosed herein can be performed to cause advancement or delay of a subject’s
circadian cyele for various purposes. Such methods can be performed to treat a subject
affhicted ~with seasonal affective disorder {SADD  or another moeod disorder, such - as
depression, bipolar disorder, or dysthymia. Discapted or irregudar sleep can alse affect those
suffering with cancer and/or heart disease, and these methods can be used accordingly to
counterget such effects. The method 1200 may be performed with the device 100, for
example.

(00861 At block 1202, the method 1200 includes enuthing, via a light source assembly, a
first light having a first lumincus flux and a peak intensity at & first wavelength that is greater
than or equal to 400 nanometers (nmy) and fess than or equal © 440 nm. The fisst luminous
flax 1 vanable or the enngsion of the first Helt 15 interrupted one or more times. For
example, the light source assembly 102 may enut the first Light iy any manner descnibed
above with respect to hlock 202 or block 204 of the methad 200

[6087] At block 1204, the method 1200 incledes emitting, via the light source assembly,
4 second light having a second tonunous flux and having a color correlated temperatwe of
greater than or equal to 2500 Kelvin and less thau or equal to 6000 Kelvin, The second
fuminous flux 1§ variable or the emission of the second light is mterrupted one of more times.
The second Hght has a color rendering index greater than 70 when compared to daylight, a
blackbody, or another lighting reference standard, For example, the Light source assembly
102 may ennt the second light v any manner described above with respect to block 202 or
block 24 of the method 200,

[0088]  In vartous examples, the first hght andior the second blight has an intensity
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spectiim that mchuades a funte range of wavelengths.

{89} In some examyples, the hight sowrce assembly includes o fust hght sowree
configured to emit the first hght and a second light source configured to emit the second
hight,

{0090} fn particular examples, the hght source assembly includes one or more haht
emttting diodes (LEDs).

0091} In certain examples, the fivst lununous flux 1s out of phase with the second
lominous fhix by 180 degrees:

92} in some embodiments, the first hunmous Tux will be al g maximum when the
second luninous uy is at a nuninuam. In some embodiments, the first laminous flux will be
at o muniounn when the second lununous flux 1s gt @ maximuny,

{00934 In sowe exaniples, the first huminous flux andfor the second honinous fux takes
the fonm of @ square wave, a sinnsoidal wave, ¢ sawtooth wave, or a friangle wave,

[0094] In certain examples, the first knninous flux and the second luminous flux take the
form of respective square waves with equal or unequal respective duty cycles or other
waveforms having equal or unequal respective duty cycles.

{0095] In particular examples, the first luminous fux and the second humtnous flux are
periodic with respective frequencies that are less than or equal to 100 Hz or are less than o
equal to 50 Hx

[0096]  Iu certam examples, enuiting the first hght anddor the second light mchdes
emitting the frst hight andfor the second light such that the first light andior the second light
respectively tuminates a retina of a user with an illuminance that is less than or equal o
13,000 lax, less than or equal to 5,000 lux, less than or equal to 1,000 fux, less than or equal
to 500 lux, less than or equal to 100 lux, less than or egqual to 30 lux, less than or equal to 10
fux, or less than or equal to 1 lux.

{0097]  in parucular embodiments, the first lumunous flux pertodically reaches 2 minimum
that 13 greater than zero,

[0098] In particular embodiments, the first luminous flux pertodically reaches a mininwm
that 1s equal to zero.

[0098]  Additional examples nclude a plurabity of light sources {e.g.. habt emiiting
diodes) configured 1o ennt ight having a peak wavelength within a vange of 400 nm to 440
am. In particnlar examples, the plurality of light sources are configured to smit respective
panges of wavelenpths of Hizht that are ditferent from each other {e.g., overlapping but non-

identical). Additionally, the plurality of Light sources may be configured to collectively emit

- 15 -



WO 2018/212819 PCT/US2018/020395

white Byt having a colot rendering yndex of greater thant 70 as compared w0 dayhight, a
Blackbody, or apother lighting reference standard.

(00100} Addutional examples include a white light source having a color rendering index
of greater than 70 as compared to daylight, a blackbedy, or another hghting refersuce
standard. The while Hght source is confipured to emit hght with a peak wavelenuth within a
rauge of 30 nm to 440 nm,

[00161]  Any of the devices or light sources described herein may be wncorporated into a
wearable device, including but not limited {0 gopeles, a headband, armwear, wristwear, or 8
therapeutic wearable device configured to shine light onto a sabject’s retina.

[00162]  Any of the devices or light sourges described herein may be incorporated info g
vehicle wncludmg but not mited (o an avtomobile, an atrplane, a helicopter, a boat, a ship, or
a frain,

[00103]  Any of the devices or light sources described heremnn may be incorporaied o a
dashboard, s accent lighting unit, a cabin general lighting unit, or 3 headhight unit.

[O0104]  Any of the devices or light sources described berein may be incorporated tto a
display anit, inchading but not limied to & cell phone, a tablet computer, a monitor, or a
television,

{00165}  Any of the devices or light sources described herein may be tcorporated o a
Lighting unit including but not funtted {o a lamp, a nightlight, a8 chandelier, or an overhead
Lighting wmit,

[00166] Figure 13 is a block diagram of g method 1300, The method 1300 and related
methods disclosed herein can be performed o cause advancement or delay of a subject’s
civeadian cvele for various purposes. Such snethods can be performed {0 treat a subject
afficted  with  seasongl affective disorder {SAD) or another mwood disorder, such as
depression, bipolar disorder, or dystlyvinia. Distupted or regular sleep can also affect those
suffering with cancer andéor heart disease, and these methods can be used accordmgly to
counteract such effects.

[00167] At block 1302, the method 1300 mcludes enuting, via a light source assembly, a
first Hght having a first luminous flux and a peak meensity at a first wavelenyth that is greater
than or equal 1o 68 nanometers {nm) and less than or egaal to 750 nm. In other words, the
first light may be most intense {or bave a local maximum) at & wavelength that is greater than
ot equal to 68 nim and less than or equal to 750 nm. Move specifically, the first wavelenpth
may be greater than or equal 0 630 nm and less than or gqual to 695 mn, preater thay o

equal to 693 nm and less than or equal 1o 720 nm, or greater than or equal to 720 nm and less
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than or equal 0 730 g

[00168] In thix context, the first luminouns flox is vanable or the emission of the frst hight
s titerrupted oune or more times. For example, the first Tuminous flux may take the formof a
square wave, a sinusoidal wave, a sawtooth wave, 3 trangle wave, or any other digttal or
analop wave. Other examples are possible.

[001091  The first hght may be emitted by the light source assembly 102 such that the first
light Hlununates a reting of a user with an illununance that is less than or equal to 10,000 lux,
less than or equal to 5,000 tux, less than or equal to 1,000 tax, less than or equal 1o 500 Jux,
less than or egual to 100 fax, less than or equal to SO lux, less than or equal 6 10 fux, or less
thaw or egual to 1 lux

[00110]  In one example, the light source assembly 102 emuis a first light having a
humninous Rux 402 as shown in Figure 4. The luminous flax 402 has a peak inlensity at a
wavelength that is greater than or equal o 680 am and less than or equal to 750 nm. The
lumincus fux 4062 takes the form of a square wave that oscillates between a high level of
laminons fux 404 and & low level of luminous flux 406, The low {evel of lanipous flux 406
could be rere or near zero, bat the low level of luminoas fux 406 is generally less than the
high level of luminous flux 404, The luninous flux 402 having a peak intensity at a
wavelenzth between 680-730 am primarily excites L-cones within the retina, resulting n 3
response 408 of downstream PREGCs. As shows, the response 408 s most frequent and
intense immediately after the luminous fux 402 switches from the low level 406 o the high
level 404 at t=0, for exampla. However, the respouse 408 continues at reduced intensity and
frequency while the honinous flux 402 continues 1o be at the high fevel 404, The L-cones
becore refatively fnactive after the honinous flux 402 switches to the low level 406,

[08111]  in short, high response intensity and high response frequencies for downstream
ipRGCs occur by response to relatively guick positive changes (increases) in the luminous
flux of the first light having a peak intensity between 680 and 750 nm. Although Figure 4
shows the heninows flux 402 i the form of a square wave, waveforms such as 4 sinusowdal
wave, a sawtooth wave, or a triangle wave can also exhibit relatively quick positive changes
in luminous flux with peak intensity between 680 nm and 750, thereby efficiently exciting
dowmstream 1pRGCs.

[00112]  In particular embodiments, at least 50%, at feast 60%, at Teast 70%, at least 80%,
at least 90% or &l least 95% of a power spectral density of the fivst hight corresponds to
wavelengths within a fange of 680 nnt to 695 M.

001131 In particalar emboduments, at least 509, at least 60%. at least 70%, a1 least 80%,
\ P
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at least 9% or at hast 93% of & power spectral density of the first hght corresponds to
wavelengths within g range of 695 nm to 720 mm

[00114] In panicular embodiments, at least 50%, at least 60%, al least 70%, at least 80%,
at least D0%; or at least 95% of a power spectral density of the first light corresponds io
wavelengths within a range of 720 nny to 750 am.

{00115 In particular embodiments, the first luminous flux pertodically reaches a mumnwm
that is greater than zero.

[00116] In particalar embodiments, the Srat lnmmous flux pertodically reaches a minimum
that 18 equal to zero.

[00117] At block 1304, the method 1300 inclndes amitting, via the light sourde assembly,
a second light having g second luminous flux and a pesk intensity at a second wavelength that
15 less than or equal to 680 nm. In other words, the second light may be most mtense (or have
4 local maxinmuum} gt a wavelength that 1s greater than o equal © 440 nm and less than or
equal to 680 nnv. More specifically, the second wavelength may be greater than or equal to
440 mw and less than or equal {o 326 nip, vreater than or equal to 520 nn and less than or
squal 1 600 nim, or greater than or equal 1o 600 nm and fess than or equal to 68 nny

[00118]  In this context, the second huminous flux is variable or the enussion of the second
light is titerrupted one or more times. For exsmple, the second luminous flux may take the
form of a square wave, a sinusoidal wave, a sawtooth wave, 8 {riangle wave, ov any other
digital or analog wave. Other examples are posaible.

[00119]  The second light may be emitted by the light source assembly 102 such that the
second Hght illuminates a retina of a user with an lununance that is léss than or equat to
19,000 tux, less than or equal fo 3,000 hax, less than or equal to 1,000 tux, less than or equal
o 500 lux, less than or equal to 100 hux, less thar or equal to 50 hux, less than or equal ©© 10
lux, or less than or equal to | lux.

[60120] {n one example, the light source assembly 102 emits a second light having a
honinous flug 302 as shown i Figwre 3. The luminous flox 302 has a peak mtensity at a
wavelength that is greater than or equal to 440 nm and less than or equal to 680 nm. The
fuminons flux 302 takes the form of a square wave that oscillates between a hugh level of
lominous fhix 304 and g low level of luminous flux 306, The low level of huminous flux 306
could be sero or near xero, bat the tow level of tununous Mhix 306 is generally less than the
high level of luminous flux 304, I this context, one purpose of the second Hgd is o provide
a comtrast balance with respect to the first light, That 1s, the first heht having a peak

wavelength between 680 and 730 nm can be used to advance or delay circadian thythm in a
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subject, while the sscond light balances against the fivst light such that the subject perceives
litle or no vanation i light intensity. Tn some examples, the first light might pensirate a
subject’s eyelids while the subject is sleeping. By further example, the ight source assembly
102 might be operated in 3 setting that is substantially void of ambient light (2.2, has less
thayy 10 lux of ambient light).

[001211 I accordance with the method 1304, the light source assembly 102 nay include a
first Hght source configured to enut the first light {e.g., tuminous flux 402) and a second light
source confipured fo eamt the second hight {e.g., tapunoas fux 3023,

[01221 I vanous examples, the first luminoss flax (eg., lanubous flux 402 18 out of
phase with the second lununous flux (e, luminous flux 302) by 180 degrees. Ahhough less
desirable, the phase difference between the lirst luminous flux and the second luniinous flux
could range anywhere from O to 180 degrees.

[00123] In some embodiments, the first lantinous flux will be at a masnnum when the
second hantnous flox 1s at a mimimum. In some embodiments, the first kaminous flux will be
at @ manman when the second leaunoas fux s at & maximuam.

1241 In various -examples, the fiest faminous flux {eg, laminous flux 402} and the
second tununous flux {e.g., luminous flux 302} {ake the form of respective square waves with
equal respective duty cycles or other wavelonns having equal respeciive duty cycles.
However, the first luminous flux and the second luminous flux can also take the form of
respective square waves with wequal respective duty cyeles or other waveforms having
unequal respective duty cyeles,

[OBI28]  In vanous examples, the first lummouns flux and the second lummons {lux are
periodic with respective oscillation frequencies that are less than or equal to 100 Hz. The first
luntinous fux and the second haminous flux may also he penodic with respective oscillation
frequencies that are less than or equal to 30 Hz

[00126} in particular embodiments, at least 50%;, at least 60%, at least 70%, ai least 80%,
at east 90% or at least 93% of 4 power specural densuy of the second Hght corvesponds to
wavelengths within a range of 440 win to 680 nm.

{11271 In particalar embodiments, at least 309, at least 60%,, af least 70%, at teast 809,
at feast 9% or at least 95% of a power speciral demsity of the second hgdy corresponds to
wavelengths within a range of 440 nm {0 320 nm.

[00128]  {In particular smbodiments, at least 50%:, at least 6096, at least 70%, at Teast 80%q,
at teast 90% or at least 25% of a power specual density of the second fight corresponds o

wavelengths within a range of 320 mn to 600 nn.
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[00129]  Is particelar embodiments, at least 3096, at least 60%;, at least 70%, at least 80%,
at feast 90% or at least 95% of a power speciral density of the second light corresponds to
wavelengihs within a range of 600 nny to 680 nm.

[00130] In particular embodiments, the second luminous flux periodically reaches a
munmum that is greater than zero.

[00131] In particular embodiments, the second lupunous flux pertodically reaches a
nupimum that is equal 1o zero,

{01321 Figure 14 i1y a block disgram of a wethod I The method 1400 and related
methods disclosed heren can be performed 1o caunse advancement or delay of a subject’s
civcadian cycle for various purposes. Such methods can be performed 1o trear a subject
alflicted with seasonal affective disorder {SAD) or another mwod disorder, such as
depression, bipolar disorder, or dysthynua, Disrupted or ivegolar sleep can also affect those
suffering with cancer andfor heart disease, aud these methods can be used accondmgly to
counteract such effects.

3317 At block 1442, the miethod 1400 mchudes emitting, via a light source assembly, a
first Heht having a first luminous fhux and a peak meensity at a first wavelenuth that s greater
than or equal 1o 400 nanometers (nn) and less than or equal 10 440 nni. In other words, the
first light may be most intense {or have a local maximum) at 8 wavelength that is greater than
ot equal to 400 nm and less than or equal o 440 pm. More specifically, the first wavelenpth
may be greater than or equal 1o 400 run and less than or equal to 413 nm, greater than or
gqual to 415 nm and less than or equal to 430 nm, or greater than or equal to 430 nm and less
than or equal to 440 nm.

j00134]  In this context, the first tununous Flux s vaviable or the enngsion of the firgt hight
is interrupted one or more fimes. For example, the first lununous flux may take the form of
square wave, a sinusoidal wave, a sawtooth wave, a trisngle wave, or any other digttal or
analog wave. Other examples are possible,

160135}  The first light may be emitted by the bight source assembly 102 such that the Grst
Light lununates 8 reting of a user with an illuminance that is less than or equal to 10,000 fux,
less than or equal to S.000 lux, less than or equal to 1,000 tux, less than ov equad o 500 lux,
less than or egual to 100 lux, less than or equal to S0 lux, Jess than or equal 1o 10 Jux, or ess
than or equal to 1 hux.

[00136] in one example, the lpht source assembly 102 enwts a first fight baving a
lumimous flux 302 as shown in Figure 3. The luminous flux 302 has a peak nmtensity at a

wavelength that is greater than or equal to 400 nm and less than or equal 1o 440 nm. The

-20 —



WO 2018/212819 PCT/US2018/020395

fuminous Bux 302 takes the formy of a square wave that oscillales between o ugh level of
laminous fux 304 and a low level of luminous flux 306, The low level of lanupous flux 306
could be zero or near zéro, but the low level of lununons fux 306 is generally less than the
high level of luminous flux 304, The luminous flux 302 having a peak intensity at a
wavelength between 400-440 nm primarily (e, upon twrn off) excites S-cones within the
reting, resulting in a response 308 of downstrean (pRGCs. As shown, the response 308 is
niost frequent and intense immediately alter the luminous flux 302 switches from the high
level 304 to the fow level 306 at t=0, for example. However, the response 308 continues at
reduced mtensity and frequency while the haninous flax 302 continues to be at the low level
306. The S-cones become relatively inactive after the luminous flux 302 switches to the high
level 304,

{00137}  Iu short, high response itensity and high response frequencies for downstream
1ipRGCs oecur in Tesponse to relatively quick negative changes {decreases) in the lununous
flux of the first light baving a peak intensity between 400 and 440 nn Although Figure 3
shows the tupunogs flux 312 i the formy of a square wave, waveforms such as a sinusoidal
wave, a sawtooth wave, or a triangle wave can also exhibit relatively quick negative changes
in luminous Dux with peak mtensity between 400 nm and 440 nm, thereby efliciently
exciting downstreant pROGTs,

[00138]  in particular smbodiments, at least S0%:, at least 60%, at least 70%, at least 80%,
at least 90% or at least 95% of a power spectral density of the first fight corresponds o
wavelangths within a range of 400 wn fo 418 nm.

[O39]  In particulay embodiments, at least 30%, at least 60%, at least 70%., at least 809,
at least B0% or at least 95% of a power spectral density of the first hight corresponds to
wavelengths within g range of 415 am to 430 nm,

[00140] In pamicular embodiments, at least 50%, at least 60%, at least 70%, at least §O%,
at least 90% or at least 95% of a power spectral density of the first hight corresponds to
wavelengths within a range of 430 mn to 440 nny.

[00141]  In particular embodiments, the first luminous flux pertedically reaches a mimmum
that is greater than zero.

[00142]  In particular embediments, the st lupunous ux pentodically reaches a minimum
that 1s equal to zevo.

[00143] At block 1404, the method 1400 includes emitting, via the liglt source assembly,
a second light having a second fumnious flux and a peak intensity at a second wavelength that

is preater than or equal 1o 440 nm and less than or equal to 680 nm. In other words, the
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second light may be most ntense (or have a local maximam} al a wavelength that is greater
than or equal to 440 nm apd less than or equal to 680 nm. More specifically, the second
wavelength may be greater than or egual to 444 nm and less than or equal 10 320 wn, greater
than or equal to 520 nm and less than or equal to 604 am, or grealer than or equal to 600 nm
and less than or equal to 680 nm.

[00144]  In tlus context, the second lupunous fux is variable or the emission of the second
light 1s interrupted one or more times. For exanple, the second luminous flux may take the
form of a square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, or any other
digital or analog wave. Other examples are possible,

(00145}  The second light may be emitted by the hght source assembly 102 such that the
second light illuminates a retina of a user with an illuminance that is less than or equal to
10,000 hux, tess than or equal to 5,000 lax, less than or equal to 1,000 Loy, less than or equal
1o 300 lux, less than or equal to 100 lux, less thaw or gqual to 50 lux, less than or equal to 10
lux, ot less than or equal to | fux.

[00146] In one example, the helt sowrce assembly 102 ennty a second hight having a
luminons flux 402 as shown in Figare 4. The Juminous flux 402 has a peak miensity at a
wavelength that is greater than or equal 1o 440 nm and less than or equal to 680 nm. The
lummons flux 402 takes the form of a square wave that oscillates between a high level of
leminons fhix 404 and a low level of luminous flux 406, The low level of luminous flux 406
could be zevo or near zero, bt the low level of honinous flux 406 13 generally less than the
high level of Tumunous flux 404, In this context, one purpose of the second light is {o provide
a contrast balance with respect to the fixst Hght That 5, the first light having a peak
wavelength betweent 400 and 440 mw can be wsed {eg, as part of a wearable device) to
advance or delay circadian rhythm in a subject, while the sevond light balances againat the
first light such that the subject parceives litile or no variation fiv light intensity.

{00147}  In accordance with the method 1400, the light source assembly 102 may include a
first hight sowrce configured to enut the first light (e.g:, fomunons flux 302) and a second fight
source configured to emit the second ight (¢ g, luminous flux 402),

[HI148]  In various examples, the first luminous flax (e.g, laminous flux 312} is out of
phase with the second laminous flux (e.g., huminows flax 402) by 180 degrees. Although less
destrable, the phase difference betwesn the first tununous flux and the second Juminous flux
coudd range anvwhere from 0 to 180 degrees. In some embodiments, the fivst luninons flux
will be at a maximum when the second lummous flux s &t a mininum. In some

gmbodunents, the first fapunous Rux will be af g nunimn when the second tuminous flux is
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at a maximum,

[001491  In various examples, the figst laminons fux {eg., laminons flux 302) and the
second lununous flux {e.g., luminous flux 402} 1ake the form of respective square waves with
equal respeciive duty cycles or otheér wavelonms having equal respective duty cycles.
However, the first luminous flux and the second Jununous Hux can also take the form of
respective square waves with unequal respective duty cyeles or other waveforms having
unequal respective duty cycles.

{00180} In various examples, the first humyinous flux and the second himinous flax are
periodic with respective oscillation frequencies that ave less than or equal to 100 Haz The firsi
laminous fhux and the second huminous flux may also he periodic with respective oscillation
frequencies that are less than or equal to 50 Hz.

{00151 In particudar etibodinients, at least 30%, at least 60%, at least T0%, at least 80%,
at least Y0% or at least 93% of a power specual density of the second light corvesponds o
wavelengths within a range of 440 mm to 680 nm.

[001521 In parbicolar embodiments, at least 3096, at least 60%, at least 70%, at least 8%,
at feast 90% or at Jeast 95% of a power speciral density of the second Hebt correspondy {o
wavelengths within a range of 440 nm {o 326 mm.

[00153}] In particular smbodiments, at feast 30%, at least 60%, at least 70%, at feast 80%,
at feast 0% or at least 95%: of a power specwral density of the second hight corresponds to
wavelengths within a range of 820 mm to 600 nnt.

[00184] o particular embodiments, at least 509, at least 60%, at least 70%, at lsast 8%,
at least 90% or at least 93% of a power specual density of the second light corresponds {o
wavelengths within a range of 600 nm 1o 680 wn,

[00155]  in particular embodiments, the second luminous flux periodically reaches a
mbvmum that s grester than zero,

{00156} In partcular embodiments, the second luminous flax periodically reaches a
nunimem that i equal 0 zevo;

[00157  In particulsr embodiments, the second hight has o color rendering index of greater
than 70 as compared to daylight, a blackbody, or another lghting reference standard.

[00188]  Figure 15 15 ¢ block disgram of a method 1500, The wethod 1560 and related
methods disclosed herein can be performed to help prevent changes {(eg., tinme shifts) to a
subject’s circadian cycle for varions purposes. Such methods can be performed to treat a
subject afflicted with seasonal affective disorder {SAD) or another mood disorder, such as

depression, bipolar disorder, or dysthynua. Distupied or sregular sleep can also alfect those
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suffering with cancer andfor beart disease, and these methods can be wsed aceordingly o
coupteract such effects.

[08139] At blnck 1502, the method 1500 includes emitting, vig one or more frst light
entitiing diodes (LEDs) of a light source, first hight having a peak intensity within a range of
400 nm to 440 mm. In other words, the firss hight may be most intense {or have & local
maximum} at a wavelengih that is greater than or equal to 400 nim and less than or equal to
440 wm. More specifically, the first wavelength may be greater than or equal to 400 nm and
fess than or equal 1o 415 nm, greater than or equal {o 415 nm and less than or equal to 430
nm. or greater than or équal to 430 wm and less than ov equal {0440 nm.

[00160]  The one or more first LEDs that emit the first ight may be part of the Light source
102, for example.

[00161] I particidar eibodiments, at least 30%, at least 66%, at least 70%, at least 80%,
at least 90% or at least 8% of g power spectral density of the first light corresponds to
wavelengths within a range of 400 wn to 440 nm.

001621 In particelar embodiments, at least 309, at least 60%, at least 70%, at least 8%,
at least 90% or at least 95% of & power spectral density of the first Hght corresponds to
wavelengths within a range of 400 am to 413 nim.

[00163] In particular embodiments, at feast 50%., at lfeast 60%, at least 70%, at least 80%,
at least 90% or at least 95% of a power spectral density of the fivst hight corvesponds to
wavelengths within a range of 415 mn to 430 nmmw

[00164]  In particular enmbodiments, at least 509, at least 60%, at least 70%, at least 80%,
at least 91% or at least 93% of a power spectral density of the first light corresponds {0
wavelengths within a range of 430 no o 440 am,

[00165] At block 1504, the method 1500 includes enuiting, via one or miore second LEDs
of the lizht source, second light baving a peak nxensity within a range of 400 mu to 440 mu.
In this context, the fust light and the second light combined have a peak inlensity at a
wivelength within g rfange of 400 om to 440 .,

[00166] In particular embodiments, the second light has a color rendering index higher
than 70 when compared to daylight, a blackbody, or another lighting reference standard.
{00167 The wethod 1500 and related devices might be useful in the coniext of strest
lighting, dashboard highting, accent lighting, cabin general Hehting unit, or headlights, as the
{e.g. steady, now-oscillatory) fivst light having the peak intensity between 400 to 440 nm will
generally inhibit changes m a subject’s circadian thythm. For example, the first light mught

wave a substantially constant ntensity that does not vary by more than S-10% over ime.
h bstantially tant intensity that d y by han $-10% {
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[00168]  ADDITIONAL EXAMPLES

[00169]  The following includes futher details related to the methods and svstemas
described above.

[00170]  Method for increasing efficacy of intrinsically photosensitive retinal ganglion cell
activily m huainans by targeting upstreans retinal cireutry

{00171 Within examples, a hight source temporospecirally modulates such to excite
ittrinsically photosensitive retinal ganglion cells (ipRGUs) in the eye which project to
circadian rhythom centers in the brain. Specific wavelengihs and temporal sequences of hghts
are presented to drive spectrally oppenent mputs from signals originating i the cone
photoreceptors to IpRGCs which project to brain centers involved in non-image forming
vision and mediate functions related to circadign rhythms, arousal and sleep. Light stinwlt
desenibed in this disclosure ave presented by themselves or supenmposed over ambient light
to with the aim of affecting the circadian pathway. The aim of some of the methods disclosed
heremn 1s o synchrontre, sdvance, andior delay the internal phase of a human circadian
activity rhythm and modulate arousal and sleep with the ase of low lght intensities and
particalar wavelsngihs,

[00172] The aim of the disclosed methods is to cause delays or advances in circadian
thythm (o help an individual synchronize circadian thythmicity by resetiing circadian phase.
This may enable better preparation for time xone shifis to alleviate jet lag. preparation for
non-traditional work shifis or sudden changes in work habit, staying alert for deiving late into
the evening, delivering therapy for sensonal affect disorder, better maintaming normal regular
sleep-wake cycles n adults, children, and infants, better timing of peak mental, emotional,
and physical performance, and other swular benefits, Previous methods use bright {e.g.,
H0.000 tux) steady state white, or bright blue (eg. donmunant wavelength ~480 nm lights),
bright steady-state lights containting RGB primary LEDs that can be controlled individually to
match natural scenes, or sleady-state LED lights that contain specific wavelengths, Previous
referertices puwport to explain the direct effect of changing melatonin fevels on circadian
rhythn, While exciting the circadian pathway via modulation of upsirean cones or ipRGUs
does suppress the production of melatonin i the body, melatonin iy merely a marker of
circadian phase, and there i o evidence that 1t can influence the circadian rhyihen,
Thevefore, indirect suppression of melatonin production is possible, but there is no evidence
to support claims that melatonm affects the circadian thythm.

[00173]  Examples include a spectorotemporal light source designed to stimulate ipRGCs

by caputalizing on thew specirally opponent response properties.  Inputs from long
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wavelength semsitive (L-y and middle wavelength sensitive (Me) cones excite 1pRECs, and
mputs from short wavelength sensitive (8-} cone photoreceptors inhibit them. IpRGCs are
extremely sensitive to lights in the 300 nm-630 nn wavelength range that are ahsorbed by the
LM cones. However, their responses to steady L/M cone stimulation are iransient such that
driving cone based responses in ipRGUs with a temporally modulated spectrally opponent
stunulus that alternately stimulates § cones and LM cones may be useful.  Lights that
stimulate S-cones drive responses m ipRGCs at their offset and hights that stimulate T/M
cones drive 1pRGOs at their onset.  Thus, stimali that combine offset of S-cane stinnh
followed by the onset of LM cone stirunli are ¢apable of driving 1pRGCs wath low Light
intensities. A hight producing alternating S-cone and L/M cone stimulation can produce
sirong continuons activity i the ipRGCs.

{00174]  The pRGC, m tom, send their axous to the suprachiasmanc nocled (SCN), the
gircadian master clock it the brain, the prepemiculate nuclens (PGN) and other centers
involved i arousal and sleep. Since cone driven resposses have different temporal
characteristics, spectral twmng and sensitivity than responses that are driven by the trinsic
photosensitivity of the ipRGCs, the disclosed methods use specific wavelengths {or
wavehands) and temporal sequences 1o drive ipRGUC responses at light levels gs much as
LOOO times lower than those required (o ditve them by stimulating thetr intvmsic photo-
response. Becaunse the upstream cong photoreceplors effsctively respond to lower hight
infensities via gain wechanisms, the stimulated iPpRGCy send robust signals to the brain
capable of synchronizing curcadian rhythny within the human body.

[00Y78]  Examples include the subsequent applications such as a fuminaire, personal
fighting device, or transgportation cabin light.

(00176}  Circadian rhyilun s reference to an interngl clock that poverns sleep and awake
cycles, whergas circadian rhythmictty includes sleep, physical activity, alertness, honmons
levels, body temperature, mumune function, and digestive activity. Curcadian thythm is
countrolled by the saprachiasmatic nuclens (SCN), whach serves as the body’s “master clock.”
The SON synchronizes rhyihms across the entire body, and circadian thytlunicity 18 lost if
SCN function s distupted or destroved. The SON maintams conivol across the body by
synchronizing slave oscillators, which exhibit their own sear-24-howr rhythms and
subsequently control circadian phenomena i local tssue. Synchronivation of this intermal
clock fo the external Earth-based 24-howr cyele will be referred to heremn as circadian
enfrainment.

J00177L  Gaven the SCN. in the hypothalsmus acts gs the master clock for cireadian
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rhvthaeity, & follows that cells connecting wpstraam of the SON will be iavolved
circadian entrainment. Experiments have been done using a modified retrograde rabies vires.
Rabies viruses have the unique property that they jump synapses backwards, following inputs
backwards toward the origin. When this virus was njected tnto the SCN, it followed most
inputs back to the retina, waplicating hizht as the feature of the natural world that governs our
sleepiwake cyeles.  The neural pathway from the reting to the SCN s kuown gs the
retinolyypothalalmic tract.

[00178]  The specific vetingl cells identified in the retina are a subtype of ganglion cell
called the mtrinsically photosensitive retinal ganghon cells GpRGO). [pRGCs are relatively
faree cells that distribute thetr dendrites voarsely, creating a sparse, but conplete, nmwosaie
across the retina. The unique feature of these cells s that they are “intrinsically
photosensitive.” This is because they express a bight sensttive protein. called yoelanopsin,
which 18 1 the same class of protein as those found i rod and cone photoveceptors, The
presence of melanopsin means that the 1pRGC can respond to hight directly without mputs
from other pewrons.

01791 The discovery of a panglion coll expressing a light sensitive molecude
intrinsically, was surprising. This is because axons of the ganglion cells form the optic nerve
of the eye serving the function of tansmiting signal from the eye io the brain,
Conventionally, ganglion vells were known to transmit signals from the photoreceptor cells
of the eve {rods and cones) which function to tramsduce hght energy into newral signals but
not be light sensitive themselves,

[00188]  To date, products involved m producing signals down the retinohypothalalmic
pathway have focused on stimulating melamopsin ingide the ipRGC. Melanopsin peaks at 480
nm, which is perceptually blue Hght. 1t also 1s sparsely distributed throughont the dendrites,
requiring large amounts of light to directly activate the cell. However, despite the presence of
melanopsin, 1pRGCs do have inpuls fromy other cell types. There are light sensitive cells
ppstreant. of the ganelion cells called rod and cone photoreceptors. Cone and rod
photoreceptors tile the back of the eve creating a high-density mosaie sufficient to mediate
haaman vision, and both cones and rods exist i a geometric onentation where the long,
cyhindrical portion that is filled with light sensitive protemn, is parallel to light entering the
eye, ncreasing the probabihity of an interaction between light and the molecule. Being lughly
specialized for absorbing light rod and cone photoreceptor activation of PpRGCs vecuus at
light fevels about 1,000 lower than hghts that stimulate 1pRGCs directly. Rod photorecepiors

serve vision under dim light as accurs at night while cones are responsible for daytime vision,
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(8T Cones are of three types long-wavelengthesensitive (L), suddle wavelgngth-
sensitive (M), and short wavelength-sensitive (S} The words long, muddle, and short vefer w
the part of the electromaguetic spectrum to which the molecule is tuned, giving rise to the
conunonly racognized terms used to describe them; red, green, and blug cones, respeciively.
[00182] Cones and rods are both upstremn of the ipRGC. When they are activaied, the
retinal wiring upstrean leads to either excitation or inhibition ounto the pRGC. The S-cone
input to ipRGCs 15 whibitory. Thas, 1pRGCs are inhibited by the onset of S-vone stimulating
lights and they are excited by their offset. When M- and L-cones are activated, they excite
the pRGC sending action potentials 1o the SON {Figure 5). Rods alse feed into the ipRGC m
an excHatory way.

{00183} The spectral wning of melanopsin is 480nm, L-opsin pegks between 355 and 559
ant in color-normal ursans, M-opsin peaks at 830 nny, and S opsin peaks at 419 wn. Figure
& lustrates the relative photopigment curves i humans, showing where each repeptor is
responsive to photons within each waveband.

[0184] Melanopsin tside the ipRGC and the L+M cones activate the ipRGCy with the
refative amount of light required being designated by the photopignient curves. Light stinndi
that activate S-cones inhibit the 1pRGC activity, and the offset of S-cone activation releases
whibytion on the ipRGL canses action potentials o the ipRGC.

[00185)  Figure 4 illustrates the activity of pRGCs from the L and M cones when first
inggered by the peak respective wavelengths.  As shown, 1pRGCs produce transient
responses to coune stimuli, bemg most active inunediately after light ouset, but with the
activity slowing even though the Bght stimulation continues.  Aliematively, the ipRGCs are
mhibited when the 8§ cones stinnddated; but when the § cones are not activated the ipRGCs
can be activated but lights that stimlate L and M cones and melanopsin gs shows in Figuare
3.

[00186] Previously in designing lights capable of manipulating haman circadian thythms,
mood, aleriness and sleep it has beén assumed that melanopsin, the vonvisual opsin present in
ipRGCs 15 the nwin photopigment involved v circadian photoentrainment 1o vertebrates,
sugeesting that contribations from other pigments can be ignored. Thiy s true under
laboratory conditions in wiich these ideas have been tested.  Melanopsin 15 best stimulated
by steady, diffuse, baght Hight.  However, because pRGC responses 1o rod and cone
contributions are transient and rod inpuls satirate at high Haht levels, bright diffuse steady
lights are poor stituli for rod and cone inpats to the cireadian svstem. However, the situation

is reversed i the natural world where there are frequent transitions between hght and shadow
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and where the hght bombarding the eve constantly chanpss color as an agimal darts theough
ity environment. The response thresholds of the ipRGCs are ordess of magmiude lower for
brief increments of colored hight mcident on ihe vones than for the same hights acting on the
intrinsic photopigment; thus, under many satural conditions, the melanopsin contribution
becomes negligible. Thus, modulating the lemporal and chrosmatic properties of the hight
output as disclosed herein provides a much more natural and effective sumulus for
nwanipulating cireadian phase and influencing activity thythms, mood, arousal and sleep.
j00187]  Besides #ts role in circadian behavior, the nop-image forming visual system that
receives input fron ipRGCs also is responsible for the pupillary ight response. Bright fights
cause to pupil to constrict saving the eye from light damage. It is beneficial that the pupil
remain constricted as loug as damaging light levels are present. The pupillary hight response
cannol be driven by rods and cones because RGOS only respond transiently to theiwr
stimulation. Thus, in satural world the mtrnsic photopigment i 1ipRGCs serves as a
protective mechamisim keeping the pupils constricted under very high hight levels. However,
wnder nateral conditions stimulation of the rods and cones is the most important mediator of
¢rrcadian photoentrainment,

[00188]  Cone photoreceptors originally evolved to provide antmals with information about
circadian tine in the matural world, and that this svstem continues to serve this function in
hamans. The sustained response characteristics produced by melanopsin are ideally suited to
drive the pupillary Hebt reflex, suggesting that 3t evolved for that puwpose. The fact that
melanopsin can provide significant input to the circadian systém under conditions where rads
and cones are disabled, such as i animals with photoreceptor degeneration or iy the case of
exposure to bright, steady, uniform laboratory lighting iy appavently a vestige of the
suprachiasmatic nuclens (SCN} and olivary pretectal nugleus (OPN) both using information
from the redina that is multiplexed on the same ganglion cell conduit.

[00189] While it is true that previous methods designed to stimulate ipRGCs by driving
melanopsin are effective when they produce painfudly high light {evels of > 5,000 fux, ¢ much
more natural and efficient method to accomplish the same eud is described here.

[04198]  Disclosed methods involve a light soarce that targets color opponent inputs o
ipRGCs from the L-, M- and S-cone photoreceptors and modulates them chromato-
temporally to drive the circadion rhythm entiafnment pathway. Knowing that the ganglion
cell responsible for svoapsing uso the circadian thyvthin centers n the brain has converging
L~ and M-cone excitatory inputs and inhibitory S-cone inpwt, the fight source produces L+M

and S stimulation 180 degrees out of phase from one another. L- gnd M-cones [eed this
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system in the same sign, therefore combined they have g maximum senasitivity of abowt S50
nny, but with sefficient senstipvity to drive them between about 300 and 630 wm. S-conew are
maximally sensitive to 419 nm, but lights between 400 and 480 nm can produce strong S~
cone responses, Examples involve producing a hight that will be useful to produce activiy i
the 1ipRGUs (circadian pathway) to synchronize the SCN master clock and stimulate othex
genters involved in circadian rhythm, mood, activity, arousal and sleep. The clvomato-
tenporal nature of the light exploits that fact that the high lrimg rate the ipRGCs result from
the upstream L+M vs § cone signaling. The short wavelength stimulas suppresses activity in
the 1pRGC therefore priming i When the L-+M stimulus is exchanged forthe 8, immediate
anad fast firing traing of action potentials are sent down the axon to the SON. Altemation of
LM and § stimuli results 1 strong contimous activation of the ipRGCs.

{00191}  Temporally, various wavefornis that can be used for generating the L+M and the S
stimull which will ultimately exciie the 1pRGC. Square, sing, and ramp waves will work, as
well as other tinungs that modulate between the L+M and S chromatic stinuli may achigve
destred results. Cones are unable to respond to very ugh temporal frequencies. Also, bursts
of maximal firing rafe i the pRGCs are only sustained for shon durations, making low
frequency stinwulation suboptinial. Therefore, target modulation frequencies to achieve
maximum signaling down the ipRGC pathway is between 0.1 and 100 Hz Duly cycles
between L+M and § stinwulation are tuplemented at 50%. although L+M 1% < duty oveles <
99% will produce significant responses.

j00192]  The light sensitive molecule intrinsic to the pRGCs (melanopsin ganglion cell)
has g peak sensitivity of 480 nm. Stimudation by light centering al 480 wwm +4&~ 20 nm can
directly stimulate the pathway, bat to activate the intrinsic photopigment wolecule hight
intensities should he at least 5000 lux. Previous methods for driving the retinchypothglanue
pathiway have attempted to directly stinnlate the intrinsic nrelanopsin molecude {e.g. blug
light Seasonal Affective Disorder {SAD) lights). The reason why higher mtensity light 1s
requured 1§ because of the low molecplar density of melanopsin made the ganglion cell,
ipRGCs make up less than 0.2% of gll cells that are light sensitive, and because the
orientation and shape of the ipRGC creates a low surface avea where hight can interact with
the molecule. Previcusly, mtensities of diffuse, steady blue lights less than 3006 tux and
broadband “white” bight less than 10,000 hoe have been shown fo be insufficient to stimulate
the retinohypothalamic pathway. In contrast, the cone pholoreceptors upsiream of the pREGC
o aperate at less than 1 fux, Thus, sienifieantly lower light levels can be used for more

comfoniable user expenence and small, portable products with long battery hves to be
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produced that are as elfective as large desk Hghts that produce 10,008 ux.

019831 Figure 7 shows a phase response curve. Relative to an individual's endogenous
circadian phase, light pulses from the light source described in this disclosure given at
different times of day may either (1) do nothing, {2) phase delay, or {3) phase advance an
individual. The dotied line in Figure 8 graphically represents circadian rhythm phase
advance. To advance the circadian rhythm, L+M vs S cone driven responses through the
ipRGL should ocow in the area above the horizontal axis in Figure 7. Figure ¢ graphically
represents circadian vhythm phase delay. To delay the circadian thythm, L4+M ve S cone
signal trough the 1pRGC should ocowr below the hovizontal axis of Figwre 7. (Czeisler)
Relerence: “A phase response curve o single bright light pulses in buman subjects”, Sat Bir
S. Khalsa, Megan E, Jewett, Christian Cajochen aud Charles A. Czeisler.

[00194]  Figure 10 represents 3 spectral power curve for a commercially viable constant or
steady state hight sowrce that would be usefid for traditional work shifls, where humans are on
a similar circadian thythm, to create 2 phase advance i circadian rhyvthm to peak earher n
the day, apd a phase delay for synchronization 1 the afternoon.  This type of advance-delay
cycle stmulates the natwral accordion effect of saplight to set, reset, and synchronize
circadian rhythm i humans; but with higher efficacy as the focus 15 on the L+M cone
photoreceptors by using a higher percentage of total luminous flux in the 500-630 nm
wavelenpth range. This is not as productive for higl phase shift rates as the alternated peak
wavelength Heht sources, but will trigger steady ganglion cell response and influence the
circadign phase.

{00198  For example, an 880-lumen lght source, with the hugher percentage of 500-630
am light will excite more ipRGC activity due to the higher probability of photons targeting
L+M cone photoreceptars; as opposed to an 800 lumen light source with a higher percentage
of light in the pesk blue (4R(hum} wavelength range to target melanopsin ganglion cells.
Because interior highting doesn’t have iluminance values as high as sunlight, duecily
replicating the full spectral curve of sunbight will be less efficacions as sunlight during day
peaks between 440-500 nn.

[1196]  Other recent research, bowever, has demonstrated that the contnibution of
melanopsm alone may not be responsible for synchrontring circadian activity outside of the
artificial photopenods wsed i the laboralovy. Mice lacking rods fail {o entrain to
experimental photoperiods with ithumination of less than 1 lux (Ebihara and Tsujt, 1980 and
Mrosovsky, 2003y, Furthermore, mice lacking a middle-wavelength-sensitive cone, but with

intact melanopsin ganglion cells, could not enwain to standard laboratory photoperiods of 10
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fux or to & 1S min pulse of 330 nm light, but could entrain to 15 win pudses of 360 nm and
484 g hight (Dkhissi-Benyahya of al. 2007) Thus, a circadian system reliant gpon
melanapsin alone would be insensttive (o the longer wavelengths of light prevalent at dawn
and dusk, and this effect was recaprtulated within our experiments,

[00197]  The previous example refers to the probability  of hittng L+M cons
photoreceptors with photons betng orders of magnitude higher than the probability of photons
hitting melanopsin ganghon cells; thus with the total number of photons available being equal
i each range, companiag two different sowrces, a hght source peaking in the L+M opsin
range will trigger more ganghon cell activity.

[00198]  EXAMPLE EMBODIMENTS

[00199] A modulating light source using LED(s), but not hmited to, conststing of violet
ight peaking at 8 wavelength between 400-480 mn and & minimant peak Hluminance of 0.1
hux at the eye, and a hight peaking at a wavelengih between S00-630 nm and a minimum peak
ilhwminance of .1 tux at the eve; opposing modulation consisting of, but not limited to
square, sine, or triangaudar waves of less than 100 He for the purpose of causing an advance or
delay m crcadian rhvthm; use as a therapy Hoht for seasonal affect disorder; andforuse as a
mood enhancer.

[00260] A modulating light source using LED(x), but not limited to, consisting of violet
light peaking at a wavelength between 400-480 nim and 3 muinimum peak tluminance of 0.1
hux ot the eve with the presence of ambient light, whereas the modulation consists of, but not
fimited to square, sing, or friangular waves of less than 100 Hz for the purpose of causing an
advance or delav in circadian rhythm; use as a therapy light for seasomal affect disordsy;
and/or use as a mood enhancer.

[00201] A steady light sowrce using LED{(s), but not himited to, fixed ot 0 Hx o
modhudating at frequencies greater than 0.1 Hz, consisting of light sources with peak
wavelength between 470-380 nm, with the addition of lower percemtage lnminance of high
CR1 wihite hght sources for the pwpose to focus on L and M-opsin production for
photoentrainment in conunerciad settings as use for a circadian synchronizer, therapy for
seasonal affect disorder, and use as mood enhancement for increased productivity.

(002021 A steady light sowrce wsing LED{s), bl not bmted to, fixed at ¢ He or
modolating greater than 0.1 Hi, consisting of peak wavelength between 600-700 nm with the
addition of fower spectral power white light source with a high CRY to chromatically shift the
white Hight source for the purpose of Hlumination as a circadian non-disrupior.

[002631 A high CRILED that uses phosphors to create 8 chromatically shified LED with a
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peak wavelength between 4705380 am, or a mix of LEDs within a lamp to achicve the same
hugh CRI Light with peak wavelength between 470-S80 nn, for the purpose to focus on L and
M-opsin production for photoentrainment in commercial settings as use for a circadian
synchronwzer, therapy for seasonal affect disorder, and use as mood enhancement for
increased productivity,

[00204] A lummaire with architectural, task, area, and reading highting applications that
use light sources in any of the previous examples.

{0288)  Personal wearable device applications such as goggles, headbands, arm and wrist-
wear that use hight sources i any of the previotus examples,

[00206] Auntomotive and acrospace dash, accent, and <cabin general iHlumination
apphcations, and automotive headhights that use light sotrces in any of the previous
examples.

[002671  Portable lluminating devices that use hight sources v any of the previous
examples,

[0268] - Medical therapy or ambient devices that ase light sources in any of the previous
sxamples.

[00269] Backlighting for displavs such as cell phones, tablets, computer monitors,
televisions, and related that use lght sources in any of the previous examples.

(00210} A lumnaire or lamp used for infanis and children that use light sources wvany of
the previous examples.

[00211} A wearable device that 15 used for shintig light onto the reting while subjects are
aslegp that use fipht sources in any of the previous examples.

[00212]  Anexample s a low mtensity flickering light sowrce, with a wimmant Hluminance
of 1.1 lux at the eye, that uses the combination of a short and long wavelength light sourees to
shift or synchronize circadian rhythm of hwmans by iriggering intrinsically photosensitive
retinal ganghion cells. The example 13 also a higher CRY commercial ready steady-state light
souree that focuses more ot L+M cones RGCs stimudation to shaft of syachronive circadian
rhyihuns naturally. The example includes the applications that use the flickermg light source
in architectaral, poriable, personal, antomotive, and medical devices to shift circadian rhythm
i emans.

{00213} An example inclades a high CRI "white™ LED with. peak wavelength between
480-580 nm with the presence of hight in the visible spectrum from 400-780 mm.

[00214]  An example includes a famp that uses a combination of the plurality discrete

LEDs with a peak between 480-560 nm mixed with high CRI "white" LED's to create a light
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cutpat that has a peak wavelength betwesn 480-588 nmy with the presence of light v the
vistble spectrum from K780 nm.

{00215}  An exanple mcludes modulating hight within the L+M opsin photosensitivity
range along with violet light iu the S photosensitivity range to generate a bigh level of
ganglion cell activity by firing, then immediately inhibiting activity i ganglion cells. This is
due to L+M ganglion cells being most active inunediately after being triggered, then shut off
so they can be fired agatn; along with § ganglion cells baing active snmediately afler
ehimination of violet hght. Compared to blue Light, this is a higher efficacy wse of photons o
nfluence circadian phase,

[00216] This can be done with modulating blue {melanopsing and violet light as well; but
since half the photons of blue light actually make i through the lens, and melanopsin
ganglion cells are far fewer and smaller than L+M cones, the probability of photons targeting
melanopsin ganglion cells is much lower than photons targeting L+M ganghon cells.

{00217f  Twrgeting L+M ¢anplion cells is more efficacious than targeting Melanopsin
ganghon cells with both modalating and steady light.

[00218]  Melatonin is not a circadian phase driver; Melatonm is a hormone and is only an
indicator of circadian phase, it is lowest when a person is at peak phase {~noon), and highest
when persont 1s at base phase(~midnight).

[00219] Measuring mefatonn levels in humans is used as circadian phase dication dug to
the case of melatonin measurément iy saliva and blood. Other hormones can be nsed 88
circadign phase indicators as they peak and valley during spectfic pomts of circadian phase,
but aren't as casily measured for corvelation. Many people confuse melanopsin and melatonin
as being related, but there is no correfation.

[08228]  Visible wavelengths of light do vot suppress or genecrate mielatonin secretion, The
body produces the honmone mielalontit &t varying levels throughout the day as a result of
phase synchronization in the hman body regardiess of presence of visible light.

100221 Al hormones n the ngnan body will synchronize accordingly 1o circadian phase:
Proteins {opsins), not bormones (such as melatoning, are what is generated and inhibited i
the retina by visible Hght.

[00222] Circadian phase advances snd delays can’t be driven by visible light ai anytime
during the day. Civcadian phase advance (peaking earlier) only oceurs before the mdividual
peaks; and circadian phase delays {(dipping fater) only ocoues after the individual peaks.
[00223]  As used herein, the term “correlated color temperature (CCTY may refer to the

apparent color of light emttted from the characterized lght source as compared to the color of
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fight emitled by ron at each respective tenperatare i degrees Relvin

02241 Wiile vartons example aspects and example embodiments have been disclosed
herein, other aspects and embodiments will be apparent to those skilled 1n the art. The various
exaimple aspects and example ambodiments disclosad herein are for purposes of iftustration
and are not mtended Yo be Limiting, with the true scope and spirit being indicated by the

following claims,
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CLAIMS
What 18 claimed is:
1. A device comprising:
a light source assenbly: and
a control systen configured to cause the light source assembly to perform fenctions
comprising:
emiting a first Hight having g first haminous flux and a peak tivtensity at a first
wavelength that is greater than or equal to ) nanometers (ium} and less than or equal
o 480 um, wherein the first huntous flux is varable or the emission of the first Light
is interrupted one or move times; and
emitiing a second light having a second luminous flux and a peak intensity at a
second wavelengih that is greater than or equal to 500 nm and less than or equal to
£30 nmy, wherein the second huminons flux is variable or the emission of the second
light is intermapted one or more times,
wherein the first luminous g iy at o maxau at least duning a time atwhich

the second luminous fux is pot at a maxinnan,

2. The device of clainy 1, wherein the fivst light or the second Hght has an

intensity spectrum that includes a finite range of wavelengths.

3 The device of any of clains 1-2, wherein the ight source assembly comprises
a first hipht source configured to emit the first light and a second light sowrce configured to

enut the second hight.

4, The device of any of claims 1-3, wherein the light sonrge assembly comprises

one or more hight enuiting diodes (LEDs).

5. The device of any of claims -4, wherein the fivst wavelength is greater than

or equal 10 410 wm and less than or equal 1o 430 nm.

6. The device of any of ¢latms -8, wherein the first wavelengih is greater than

or equal to 415 nm and less than or egual to 425 nny
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7. The device of any of clagms 1-6, wherem the first wavelength 15 greater than

or equal 10 418 wm and less than or equal to 422 nm.

R The device of any of claims 1-7, wherem the second wavelength is greater

than or equal fo 335 nm and less than or equal to 568 nm

4. The device of any of claims 1-8, wheremn the second wavelength is greater
than orequal to S48 am and less than or equal 10'585 nm.

10, The device of any of ¢laims 1-9, wherein the second wavelength is preater

than or egual to 548 nm and less than or equal 1o 852 .

it The device of any of claims 1-10, wherein the fivst huninous flux is out of

phase with the second luminous flux .

12, The device of any of clabms 1-11, wherein the first luminous Jux takes the
form of a square wave, g sinusotdal wave, a sawtooth wave, g triangle wave, or any other
digital or analog wave.

13, The device of any of claims 1-12, wherein the second haninous fux takes the
form of 2 square wave, a sinusoidal wave, a sawtooth wave, a triangle wave, orany other

digisal or analog wave.

{4, ‘The device of any of claims 1-13, wherein the first lununous flux and the
secemd honinous flux take the form of respective waves with equal respective duty cycles o

other waveforms having equal respective duty cycles.

15.  The device of any ol claims 1-13, wherein the first huninous flux and the
second famnons fhux take the form of respective waves with unequal respective duty cycles

or ather waveforms having unegual respective duty eyeles.

16, The device of any of claims 1-15, wherein the first lununous flux and the
second luminous flux are periodic with respective frequencies that are less than or equal 1o
100 He,
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17, The device of any of clapms =16, wheretn the first laminous flux and the
second flununous flux are periodic with respective frequencies that are less thas or equal 1o 50
Hz

18 The device of any of clabmis 1-17, wherein emitting the first light comprises
ewmitting the first light such that the first light Hlunuuates g reting of 8 user with an

Hheminance that i» less than or equal {o 10,000 fax,

19, The device of any of ¢laims 1-1%, wherein emitting the first light comprises
emitiing the first ight such that the first hight ilhuminates a vetina of a user with an

lominance that ¥ less than or equal to 5,600 kux,

20, The device of any of claims 1-19, wherein ennitting the {irst hight comprises
enutting the first light such that the first light dhaminates a reting of a user with an

ithaninance that 15 fess than or equal 1o 1,000 fux,

21, The device of any of claims 1-20, wherein emitting the first Light comprises
entting the first light such that the first light iluminates a retina of a user with an

iltuminance that is less than or equal o 500 lux.

22, The device of any of claims 1-21, wherein emitting the first hght comprises
enutiing the fist light such that the firgt Hehtlhonimates a reting of a user with an

luminance that is less than or equal o 100 lux.

23, The device ofany of claims 1-22, wherein smitting the first light comprises
ewnifting the first hight such that the first hght Huminates 4 retina of 8 user with an

iHununance that is less than orequal to 50 lux,
24, The device of any of claims 1-23, wherein emitting the first light comprises

emithing the first bight such that the Grst light ifhoninates a reting of a user with an

luminance that is less than or equal to 10 Jux.
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25, The device of any of clanms 1-24 wherein emitting the frst ight comprises
eputting the first light such that the fivst hight dluminates a reting of a user with an

luminance that ts less than or equal to 1 lux.

26, The device of any of claims 1-25, wherein emitting the second light comprises
emitting the second light such that the second hight Hununates a retina of g user with an

ilunnnance that is less than or equal to 10,000 tux

27, The device of any of clanms 1-36, wherem emitting the second lght comprises
enntting the second hght such that the second Heht illuminates a rétina of a user with an

luminance that 15 less than or equal to 5,000 lux.

28 The device of any of claimis 1-27, wherein emitting the second hght comprises
emitting the second hight such that the second hight tHununates a retina of a user with an
theminance that i less than or equatio 1000 lux,

29 The device of any of clanms 1-28, wherein emitting the second light comprises
enitting the second light such that the second lght illuminates a reting ot a user with an

tlaminance that s less than or equal to 300 lux.

30, The device of any of claims 1-29, wherein emuitting the second light coraprises
smitting the second light such that the second fight ilhuminates a retina of a user with an
theminance that is fess than or equal to 106 tux.

1. Thedevice of any of claims 1-30, wherein emitting the second light conywises
emtting the second Bight such that the second light Hluminates a retina of a user with an

ilonunance that s less than or equat to SO hax,
32, The device of any of claims 131 wherein emitting the second light comprises

enitiing the second hight such that the second light fluminates a retina of a user with an

thoninance that is less than or equalto 10 fox.
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33, The device ofany of claims 1-32, wherein emitting the second light comprises
enitting the second light such that the second light ilhaninates a reting of a wser with an

luminance that is less than or equal to 1 hux

34,  The device of any of claims 1-33, wherein af least 30%, at least 60%, at least
0%, at least 80%, at least 90% or at Jeast 95% of a power spectral density of the fivst hght

corresponds 1o wavelengths within a range of 400 wm to 420 nm.

35 The device of any of clamms 1-33, wherem at Teast 30%, af least 6095, ot lepst
T0%, at least S04, at least 90% or at least 95% of @ power speciral density of the first light

corresponds to wavelengths within a range of 420 niny to 440 nm

36, The device of any of claimis 1-33<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>