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(54) HAIR STYLING DEVICE

(57)  In a hair styling device (20) comprising a heat
source (22) for heating hair, and an optical radiation
source (21) for - in combination with heat from the heat
source (22) - heating the hair to a temperature sufficiently
high for hair styling, the heat source (22) obtains its heat
from energy provided by the optical radiation source (21),
and in a preferred embodiment, only from the optical ra-
diation source (21). Advantageously, the heat source
(22) may include a heat sink of the optical radiation
source (21). The optical radiation source (21, 31) may

advantageously be covered by a cover (23) that is not
fully transparent, whereby optical radiation energy is
transformed into thermal energy, the heat source includ-
ing the cover (23). The cover may advantageously be
largely transparent for wavelengths effective for hair styl-
ing, while the cover (23) is largely not transparent for
wavelengths less effective for hair styling. Advanta-
geously, the optical radiation source (21) may be covered
by a cover (23) that is heated by the heat source (22).
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a hair styling device for
e.g. hair crimping, curling, perming and straightening.

BACKGROUND OF THE INVENTION

[0002] WO2017080957A1, incorporated herein by ref-
erence, discloses a hair styling device comprising a heat
source for heating hair up till a first temperature that is
no more than 150 °C, and aradiation source for - in com-
bination with heat from the heat source - selectively heat-
ing a hair cortex to a second temperature exceeding the
first temperature and sufficiently high for hair styling. The
heat source may be formed by e.g. hot plates which are
directly or indirectly heated to a first temperature of e.g.
120 °C that is lower than a critical temperature for cuticle
damage. The radiation source may be formed by e.g. a
Continuous Wave, pulsed laser source, or an Intense
Pulsed Light device with a low pass filter, for emitting a
wavelength range between 400 and 600 nm, and pref-
erably between 450 and 550 nm, which will selectively
heat the cortex to a second temperature of about 170 °C
that is sufficiently high for styling, for a duration of about
a few milliseconds to a few seconds.

SUMMARY OF THE INVENTION

[0003] Itis, inter alia, an object of the invention to pro-
vide an efficient hair styling device. The invention is de-
fined by the independent claims. Advantageous embod-
iments are defined in the dependent claims.

[0004] Embodiments of the invention provide a hair
styling device comprising a heat source for heating hair,
and an optical radiation source for - in combination with
heat from the heat source - heating the hair to a temper-
ature sufficiently high for hair styling, in which the heat
source obtains its heat from energy provided by the op-
tical radiation source, and in a preferred embodiment,
only from the optical radiation source. Advantageously,
the heat source may include a heat sink of the optical
radiation source. The optical radiation source may ad-
vantageously be covered by a cover that is not fully trans-
parent, whereby optical radiation energy is transformed
into thermal energy, the heat source including the cover.
The cover may advantageously be largely transparent
for wavelengths effective for hair styling, while the cover
is largely not transparent for wavelengths less effective
for hair styling. Advantageously, the optical radiation
source may be covered by a cover that is heated by the
heat source.

[0005] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figs. 1A - 1E, 2-4 show various embodiments
of the invention.

DESCRIPTION OF EMBODIMENTS

[0007] An embodiment of the invention features a
handheld hair styling device of the type disclosed in ap-
plicant’s earlier application EP3216368 (Attorney’s ref.
2016PF00294), incorporated herein by reference, which
comprises:

a pulse-driven light emitting diode (LED) or an array
of LEDs configured to deliver optical energy to hair,
wherein:

an output wavelength is in the range 400 - 900
nm, with good results in the range 400 - 650 nm,
and preferably in the range 450 - 550 nm,

a pulse width is in the range 50 - 300 ms, pref-
erably between 50 and 200 ms, such as in the
range 100 - 200 ms, or between 50 and 100 ms,

a LED pulse driver circuit to drive the LED/s,

a control system to control the LED pulse driver, par-
ticularly controlling pulse electrical parameters in-
cluding voltage, pulse duration, and pulse duty cycle,
a hair contacting interface configured to contact the
hair and hold the hair in a pre-configured shape, e.g.
planar, cylindrical, during pulsed light exposure pro-
vided by the LED, and

an optical shield configured to block stray light during
lightexposure of hair. The optical shield is configured
to provide maximum recycling of light escaping from
the hair lock, for instance by configuring the inner
surface to be reflective and configured to have a par-
abolic shape.

[0008] A wavelength range between 400 and 900 nm,
and preferably between 450 and 550 nm, appears to be
the optimal wavelength range for selective heating of
hair. However, high brightness high efficiency LEDs out-
putting light in the range between 800 nm to 1000 nm
may resultin a better penetration depth. Although at such
higher wavelengths, the absorption is relatively lower
than using lower wavelengths, styling by means of such
LEDs emitting light in the range between 800 nm to 1000
nm could be more cost-effective than using high power
near infrared LEDs.

[0009] The pulse width may be up to 1.5 s to achieve
the required fluence with medium-power LEDs.

[0010] A thermal relaxation time constant of a hair vol-
ume to be heated at once appears to be around 200 ms.
[0011] In an experiment, a lock of brown hair was
wound around a metal rod (diameter 15 mm) to a 132-
unit array of 650 nm LEDs with energy fluence of 3 J/cm?
with a pulse width of 100 ms. This resulted in a clear
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curling effect.

[0012] Light selectively heats up the hair, in particular
the melanin of the hair, by absorption within a certain
range of wavelengths (preferably between 400 and 900
nm and more preferably between 400 and 550 nm) and
within a short period of time (preferably shorter than 300
ms). After the exposure of a light pulse, the hair temper-
ature will increase depending on its volume, absorption
rate and initial temperature.

[0013] At the beginning of the treatment, the hair is at
room temperature (e.g. 20 °C). Next, after an intensive
light pulse, the hair temperature increases. Temperature
increases of 180 °C can be realized within a time frame
of 0.05 - 1.5 s. However, within a time frame of about 0.1
s the light flash to achieve this temperature increase re-
quires a lot of optical power. In most cases, the LED
engine (of a consumer device) will not be powerful
enough to do so. Moreover, if the LED is flashed twice
or at a longer pulse duration (> 0.3 s), the same temper-
ature increase can be realized with much lower power
requirements and thus lower costs.

[0014] The invention is based on the recognition that
such light emitting diodes (LED) configured to deliver op-
tical energy to hair, also produce heat. While LEDs are
known to be very energy efficient, e.g. for blue light, using
the most energy-efficient LEDs [2017], about 50% of the
electrical input will become optical energy. However,
while this is great compared to other light sources, it still
means that the other 50% of the input energy becomes
waste (heat)! In accordance with the principles of the
present invention, this heat does not have to be wasted.
While the thermal diffusion rate may be lower for con-
duction than for absorption, every form of heat applied
towards the hairs is beneficial as it may be used to reduce
the optical requirements.

[0015] So,astheLEDs notonly produce optical energy
but also thermal energy, which must be removed from
the LEDs by means of heat sinks, this heat can be ad-
vantageously used in a useful way to pre-heat the hair
before the hair is exposed to the light. As a result, if by
doing so the hair is pre-heated to a temperature of e.g.
60 °C, the LEDs only need to heat up the hair from that
60 °C to atemperature sufficientforhair styling (i.e. above
its glass transition temperature), instead of from room
temperature (e.g. 20 °C) to that temperature sufficient
for hair styling. So, the LEDs need to provide less optical
energy to the hair, while the heat from the LEDs is effi-
ciently re-used.

[0016] It is thus an aspect of the present invention to
heat the hairs by absorption and conduction. This can be
donein several ways. Firstly, heatthe hairs by absorption
(optical energy), and secondly feed the generated heat
of the light source(s) towards the hairs by conduction. Or
vice versa. In the end, this will lower the optical system
requirements or at least compensates for any efficiency
decrease during heating of the LEDs.

[0017] Inanembodiment,to photo-thermally heathairs
to a certain temperature an intense light source (LEDs)
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is flashed at a short distance from the hair (< 1 cm). This
can be done with a short intense pulse (< 0.1 s) however
this requires a lot of optical power (> 4 J/cm?2). It is more
efficient to heat the hair in multiple flashes or within a
longer exposure time (> 0.3 s). For multiple flashes it is
preferred to pulse again within the thermal relaxation time
of the hair. This lowers the optical system requirements,
and use can be made of the increased hair temperature
as a new baseline. Directly after a light flash (<5 s, more
preferably < 1 s, most preferred < 0.3 s) the hair temper-
ature (To) is increased. The temperature increase is only
temporally: it decreases in time. Therefore, the shorter
the interval between the flashes, the less time there is
for the hair to cool down. As aresult, the hair temperature
is higher after two identical light flashes with a small in-
terval (< 0.2 s) in-between compared to two individual
light flashes with a longer interval (> 0.3 s) in-between.

[0018] Itis thus a feature of an embodiment of the in-
vention that the hairs are heated in two of multiple light
flashes, in such a way that the light interval between sub-
sequent flashes is preferably within the thermal relaxa-
tion time of the hair volume (< 0.3 s).

[0019] To heat the hairs within a longer pulse duration
(> 0.3 s) the optical requirements can decrease, but in
turn the diodes will heat up much more (around 100 °C)
compared to small duty cycles (e.g. 0.1s). The generated
heat will, in the end, decrease the optical efficacy. Nor-
mally this heat is cooled down and/or dissipated in the
environment (air) but now it is an aspect of this invention
to recycle the heat loss of the light system. In one em-
bodiment, this is done by creating a thermally isolated
bridge between the heat sink of the LEDs and the treat-
ment area. This way the generated heat of the light en-
gine is fed into the hairs via conduction. This will lower
the optical system requirements or at least compensates
for any efficiency decrease during heating of the LEDs.
[0020] Embodiments of the invention thus provide that
the heat loss of the light system is reused and guided to
the hairs, and that the heat sinks of the light sources are
thermally connected to "hot plates" which are located
next to the light emitting treatment areas. In accordance
with an embodiment of the invention, only the light sourc-
es produce heat.

[0021] Exemplary embodiments of the heat recycling
of the LEDs, shown in Figs. 1A - 1E, feature a handheld
hair styling device 20 in the form of a hair straightener,
and comprise light exposure units 21 with arrays of light-
emitting diodes (LEDs) inside. Fig. 1A shows a side-view
of the hair straightener, while Fig. 1B shows a cross-
section of one leg of the hair straightener. The heat sinks
of the LEDs are thermally connected to a thermal bridge
22 which surfaces next to the LED treatment area. In this
embodiment, the hairs will be in contact with the heat
bridge 22 before they are exposed to light. This way the
hairs are heated both via the heat bridge 22 and the light
exposure unit 21, and thus less optical power is needed,
as the required styling temperatures (120 - 180 °C) are
obtained by the combination of conduction heating by
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the heat bridge 22 and absorption of light from the light
exposure unit 21. As the thermal diffusion rate of a hot
plate is lower compared to photon absorption, the contact
area of the hot plate 22 is preferably as large as possible
to allow as much hair temperature increase.

[0022] To prevent LED light from shining in the eyes,
the LEDs will only be powered if the device is closed, i.e.
if the legs of the hair straightener of Fig. 1A are in a po-
sition in which the hair is clamped between the legs,
which can be detected by means of a switch that is only
pushed if the legs of this straightener touch one another.
[0023] Figs. 1C-1E shows advantageous layouts of the
LEDs 21 in the upper and lower legs of the hair straight-
ener 20, in a zone between parts of the heat bridge 22.
This layout is based on the following considerations. In
case no hair is clamped in-between the two legs of the
hair straightener, or if the hairs do not cover the full treat-
ment area, the LEDs in the upper and lower legs of the
hair straightener will irradiate each other. The LEDs will
absorb the light from the opposed member and will start
to heat up, which will negatively affect the lifetime of the
LEDs. Secondly, if the irradiance is absorbed by other
material than the hair it is not used for treatment. There-
fore, in the embodiments of Fig. 1C-1E, the opposed
LEDs are positioned "out of phase": a LED in one leg of
the hair straightener will notface another LED in the other
leg of the hair straightener. If reflective materials are used
at the opposed blank spaces, photons can be recycled.
As the reflected light preferably should not be guided
back into the LED it came from, the reflective materials
should reflect side-wards (herein, the notion side-wards
covers all directions except for reflecting light back into
the LED or LEDs from which the light originated).
[0024] Advantageously, in each leg, the zone between
the parts of the heat bridge 22 that touch the hairs is
provided with a transparent cover that is heated by the
heat bridge 22, either from the side or because the cover
also covers the heat bridge 22. In this way, the area in
which heat can be applied to the hairs is increased. Pref-
erably, the transparent cover is not fully transparent, in
thatit absorbs wavelengths > 1000 nm that are not useful
for hair styling. This way wavelengths that are not effec-
tive to treat hairs are used to heat the treatment area,
which heat is again useful for hair styling.

[0025] A second embodiment of the invention, shown
in Fig. 2, illustrates an auto-curler (e.g. of the type as
shown in WO2016042476 or WO2017029382) in which
according to the present invention, hair H is first guided
along a heat bridge 22, before it is exposed to light L from
a LED unit 21 and wrapped around a cylinder C. The
heat bridge 22 ensures that the heat generated by the
LED unit 21 is used to preheat the hair H before the hair
is exposed to the light L from the LED unit21. As the light
L is only applied to the hair inside the auto-curler, this
device is inherently safe as there is no risk of light reach-
ing the eyes.

[0026] Another embodiment of the invention, shownin
Fig. 3, features a handheld hair curling device 30 (e.g.
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an auto-curler) comprising a light exposure unit 31 (e.g.
rod-shaped) with light-emitting diodes (LEDs). The light
exposure unit 31 is covered by a transparent material
around which hair to be treated is wrapped. The inside
of the hair curling device 30 around the light exposure
unit 31 may be reflective to ensure that all emitted pho-
tons are optimally used for hair styling.

[0027] Option 1: In the transparent material a filter is
included which is ideally completely transparent to the
LED light emitted but absorbs the heat reflected or con-
ducted via the hairs. The filter only works from the outside
in. Not vice versa.

[0028] Option 2: In the transparent material a filter is
included which is transparent for wavelengths smaller
than 1000 nm (in particular between 400 nm and 1000
nm, i.e. the wavelengths useful for hair styling) and ab-
sorbs wavelengths > 1000 nm that are not useful for hair
styling. This way wavelengths that are not effective to
treat hairs are used to heat the treatment area, which
heat is again useful for hair styling.

[0029] Option 3: In the transparent material a filter is
included which is transparent to the LED light emitted
while itis thermally connected to the heat sink of the LED.
This way the transparent material is heated to tempera-
tures around 60 to 100 °C.

[0030] Option 4: Around the surface of the light expo-
sure unit 31, strips of LEDs alternate with strips of a heat
sink of the LEDs. The strips are preferably oriented in
the longitudinal direction of the rod-shaped light exposure
unit 31.

[0031] One or more of the above options 1-4 may be
combined.

[0032] Inthe embodimentofFig.4, atransparentcover
23 (e.g. made of polycarbonate or glass) covering the
light engine(s) 21 is not fully transparent (80% transpar-
ent or higher) to the light. This way the cover 23 is heated
which will (pre-)heat the hair via conduction. In another
embodiment, the transparent cover 23 covering the light
engine is only transparent to wavelengths between 400
and 1000 nm, i.e. the wavelengths that are useful for hair
styling. Other wavelengths are absorbed in the cover 23
which will heat the cover plate. This heat is used to
(pre-)heat the hairs via conduction, and so again in a way
that is useful for hair styling. An extra advantage of using
not fully transparent covers is that thereby, any moist
escaping from the hairs when they are treated will not
condensate on the covers which would hamper the flow
of light energy to the hairs. As shown in Fig. 4, the cover
23 may cover the heat bridge 22 so that the cover 23 is
heated also by the heat bridge 22.

[0033] In an embodiment, the system uses pulsed
LEDs to style hair. The output wavelength is preferably
in the range between 400 and 900 nm, and more prefer-
ably in the range between 450 and 550 nm. The pulse
width is preferably shorter than or equal to 200 ms, and
more preferably shorter than or equal to 100 ms. To pre-
vent the hair from being damaged, the output energy flu-
ence on the hair surface is preferably in the range be-
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tween 1 J/cm? and 10 J/cm?2, more preferably between
3 J/em2 and 7 J/lem2, and most preferably between 4 and
6 Jicm2. The LED heat is guided towards the treatment
area via a "heat bridge", and a light filter (absorber) may
be included in the treatment area.

[0034] In sum, embodiments of the present invention
feature technology to heat and therefore style hairs by
both absorption and conduction. Primarily hairs are heat-
ed by absorption (optical energy). However, during light
generation heat will be generated as well. The latter does
not have to be wasted in the process: this heat is reused
into the system to lower the optical system requirements
or atleast compensate for any efficiency decrease during
heating of the LEDs.

[0035] As setoutin more detail in a co-pending appli-
cation entitled to the same priority date as the present
application (attorney’s ref.: 2017PF02406), incorporated
by reference herein, embodiments of the present inven-
tion are related to a hair styling device comprising a light
engine to deliver optical energy to hair, in which the hair
styling device is arranged to allow moist escaping from
the hair in response to optical energy being applied to
the hair, to escape from the hair styling device. Prefera-
bly, the light engine is the sole energy source for hair
styling. A ventilator may move the moist away from the
light engine. A processor may control the light engine, in
which case the ventilator may also serve to cool the proc-
essor and/or the light engine. The hair styling device may
comprise clamping members arranged for allowing hair
to be guided between and styled by the clamping mem-
bers, at least one of the clamping members being pro-
vided with the light engine. At least one of the clamping
members may be provided with openings for allowing
moist to escape, or with openings for allowing air to enter
so as to convey the moist out of the hair styling device.
The clamping members may have non-conforming
shapes to allow the moist to escape from the hair styling
device. A hair treatment area comprising the light engine
may have a gap through which the hair can be guided,
the gap being sufficiently wide to allow the moist to es-
cape. A width of the gap may be between 0.3 and 5 mm,
and preferably between 1 and 2 mm.

[0036] As setoutin more detail in a co-pending appli-
cation entitled to the same priority date as the present
application (attorney’s ref.: 2017PF02407), incorporated
by reference herein, embodiments of the present inven-
tion are related to a hair styling device that comprises an
optical radiation source for radiating hair, a sensor unit
for measuring effects from radiating hair, and a feedfor-
ward control device for controlling the optical radiation
source in dependence on a signal from the sensor unit.
The optical radiation source may produce a first flash
having a first energy density that may be lower than re-
quired for photo-thermal hair reshaping, the optical radi-
ation source being controlled to produce a subsequent
flash in dependence on a sensor signal obtained in re-
sponse to the first flash, which subsequent flash may
have at least the first energy density. The sensor unit
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may include a sensor arranged before the optical radia-
tion source in a hair flow direction. The hair styling device
may comprise, along a direction in which the hair is guid-
ed, a first sensor, a first LED unit being controlled in de-
pendence on a signal from the first sensor, a second
sensor, and a second LED unit being controlled in de-
pendence on a signal from the second sensor. The di-
rection in which hair is guided through the hair styling
device may determine which part of the optical radiation
source will act as the first LED unit. The hair styling device
may comprise a drive mechanism to move the hair along
the optical radiation source at a speed controlled by the
feedforward control device in dependence on the signal
from the sensor unit.

[0037] As setoutin more detail in a co-pending appli-
cation entitled to the same priority date as the present
application (attorney’s ref.: 2017PF02408), incorporated
by reference herein, embodiments of the present inven-
tion are related to a hair styling device having a two-
dimensional array of elements to bring hair at a styling
temperature, in which the elements produce optical ra-
diation energy. The elements may include one or more
LEDs, and preferably a plurality of LEDs, in which case
the LEDS are driven in clusters that may be of mutually
different shapes and sizes. The hair styling device may
comprise sensors to obtain an areal light absorption
measurement opposed to the two-dimensional array of
elements, and a control unit for individually controlling
the elements in dependence of the measurement. The
hair styling device may radiate hair from two sides, both
of which includes an areal light absorption measurement.
The sensors may include LEDs that momentarily do not
produce light.

[0038] It should be noted that the above-mentioned
embodimentsillustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. A control unit for controlling the optical
radiation source may be implemented by means of hard-
ware comprising several distinct elements, and/or by
means of a suitably programmed processor. In the device
claim enumerating several means, several of these
means may be embodied by one and the same item of
hardware. The mere fact that certain measures are re-
cited in mutually different dependent claims that do not
refer to one another does not indicate that a combination
of these measures cannot be used to advantage.

Claims

1. A hair styling device (20) comprising:
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a heat source (22) for heating hair, and

an optical radiation source (21) for - in combi-
nation with heat from the heat source (22) - heat-
ing the hair to a temperature sufficiently high for
hair styling,

characterized in that the heat source (22) ob-
tains its heatfrom energy provided by the optical
radiation source (21).

A hair styling device (20) as claimed in claim 1,
wherein the heat source (22) includes a heat sink of
the optical radiation source (21).

A hair styling device (20) as claimed in claim 1 or 2,
wherein the optical radiation source (21) is arranged
for radiating hairs using one radiation flash having a
duration of at least 0.1 s.

A hair styling device (20) as claimed in claim 1 or 2,
wherein the optical radiation source (21) is arranged
forradiating hairs using atleast tworadiation flashes,
aninterval between subsequent flashes being small-
er than 5 s, preferably smaller than 1 s, and more
preferably smaller than 0.3 s.

A hair styling device (20) as claimed in any of the
preceding claims, wherein the optical radiation
source (21, 31) is covered by a cover (23) that is not
fully transparent, whereby optical radiation energy
is transformed into thermal energy, the heat source
including the cover.

A hair styling device as claimed in claim 5, wherein
the cover (23) is largely transparent for wavelengths
effective for hair styling, while the cover is largely not
transparent for wavelengths less effective for hair
styling.

A hair styling device as claimed in any of the preced-
ing claims 1-4, wherein the optical radiation source
(21) is covered by a cover (23) that is heated by the
heat source (22).

A hair styling device as claimed in any of the preced-
ing claims, and having first and second parts be-
tween which hair is positioned, each part having re-
spective optical radiation sources (21), wherein op-
tical radiation sources in the first part do not face
optical radiation sources in the second part.

A hair styling device as claimed in claim 8, wherein
in each part, reflective materials are positioned be-
tween adjacent optical radiation sources for reflect-
ing light side-wards.

A hair styling device as claimed in any of the preced-
ing claims, wherein an output energy fluence on a
hair surface is in a range between 1 J/cm2 and 10
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Jicm2, preferably between 3 J/cm2 and 7 J/cm2, and

more preferably between 4 and 6 J/cm2.
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