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Descriptian
FIELD OF THE INVENTION

[0001] The prasentinvention relates to apparatus and
methods for hair removal.

BACKGROUND OF THE INVENTION

[0002] There are several types of devices for hair re-
movat known in the ant. One type includes mechanical
devices used by a user to remeve hairs by the user him-
self or herself. These include shavers and other me-
chanical devices. These mechanical devices are disad-
vantageous at least in two aspects, namely they remove
the hairs for a relatively short time, and in most if not all
cases they cause some degree of pain,

[0003] Other types of devices are directed to long
term hair removal. Electrolysis devices are based onthe
use of "electric needles”, Such fine needles are inserted
into the hair follicle and apply an electric current to each
hair. The current heats the hair and causes its carboni-
zation and also heats the tissue near the hair causing
its coagulation and partial or full coagulation of the blood
capiltaries which supply blood to the hair follicle. While
such devices can resultin permanent hair removal, each
hair must be treated individually, making hair removal
by this method a tedious often painful, time consuming,
and expensive,

[0004] Anotherclass of devices are Photothermolysis
devices which are usually operated by physicians in clin-
ics. These devices are based either on lasers (e.g. Ruby
lasers) such as the laser device disclosed in U.8. Patent
No. 5,059,192 to Zaias or an incoherent light source
coupled with fifters and elaborate electronics to provide
pulses of various durations and wave lengths as de-
scribedin U.S. Patent No. 5,405,368 and European Pat-
ent publications EP © 788 814 and EP 0 736 308 to Eck-
house. The Eckhouse documents teach heating the hair
directly by a high flux of visible radiation that is absorbed
by the hair follicles. Various filters and/or pulse lengths
are used depending on the depth of penetration desired
and the color of the hair being removed.

SUMMARY OF THE INVENTION

[0005] One aspect of some preferred embodiments of
the inventlon provides an improved apparatus for hair
removal. Some of these embodiments of invention may
be used by a user to remove hair from his or her own
body.

[0006] In a preferred embodiment of the invention, a
cavity, is enclosed between a housing and a region of
skin. A volume of air is enclosed within the cavity. The
velume of air is heated by a fast heating source such as
a flash lamp ta provide a temperature high encugh to
kill any hair within the cavity. In a preferred embeodiment
of the invention, a heat gradient, having a higher tem-
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perature at the end of the air volume adjacent the flash
lamp and a lower temperature at the end of the air vol-
ume adjacent the skin, is formed. The patts of the hairs
closer to the flash lamp are heated by the hot air result-
ing i remaval of at teast part of the hairs. Alternatively
ar additicnally, the conduction of heat along the hair
shafts heats the pars of the hairs sheathed within the
hair follicles and the hair follicles which may further as-
sist the hair removal by coagulating the capitlary blood
veseels supplying the hair follicles. This later heating
preferably causes the hair to die, so that there is no re-
growth.

[0007} In accordance with some preferred embodi-
ments of the inventlon heating of the halrs andthe region
of skin underneath the apparatus is terminated at a se-
lected time after flashing the flash lamp to prevent skin
overheating. The temmination of heating may be
achieved by manuaily lifting the apparatus away from
the skin or by automatically pumping air into the cavity
at a selected time after the flashing of the flash lamp,
[0008] Additionally, the skin and portions of the hair
within the follicles may be heated by broad band radia-
tion emitted by the heat sotirce (flash lamp). While this
heating is not necessary for hair removal according to
the invention, the irradiation may also assist in heating
those parts of the hair shafts and the hair follicles and
facilitate the heating of hair follicles to the coagulation
temperature.

[0009] In accordance with preferred embodiments of
the invention, means are provided for filtering the radi-
ation to reduce the amount of low wavelength radiation
from reaching the skin. Such low wavelength radiation
is absorbed by hemoglobin in the blood and may destroy
it.

[0010] There is thus provided, in accordance with a
preferred embodiment of the invention, apparatus for re-
moving hairs from a region of skin, the apparatus com-
prising:

a housing having an opening therein, the housing
forming a cavity enclosing a velume of air when the
opening is placed in contact with the region of skin;
a switchable heat source disposed within the hous-
ing which rapidly heats the volume of air to a tem-
peratura sufficient to destroy the hair by conduction
of heat along the length of the hair to a foilicle there-
of; and

a power source which controllably energizes the
heat source.

[0011] Preferably, the heat source forms a tempera-
ture gradient between the source and the skin.

[0012] Preferably, the cavity is a sealed cavity.
[0013] inapreferred embodiment of the invention, the
heat source also provides pulsed light that irradiate the
region of skin, the light having an energy insufficient to
destroy the hair.

[0014] Preferably, the pulsed light is a broad band
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pulsed light.

[0015] Preferably, the apparatus includes a filter dis-
posed hetween the heat source and the apening which
filters a preselected portion of the pulsed broad band
light. '

[0016] In apreferred embodiment of the invention, the
heat source is a flash lamp or an arc discharge lamp.
Preferably, the flash lamp comprises at least one glass
xenon lamp. Preferably, the flash Jamp comprises at
least one quartz xenen flash lamp. Preferably, the at
least one flash larmp comprises at leasttwo lamps in se-
ries electrical connection. Preferably, the heat source is
disposable.

[0017] Inaprefered embodiment of the invention, the
housing further comprises a sealing gasket attached to
the housing along the circumference of the opening.
[0018} In apreferred embodiment of the invention, the
apparatus Includes a pump having a port communicat-
ing with the cavity. Preferably, the apparatus a controller
that energizes the pump to reducing the air pressure
within the air cavity to [ift at least sorne of the hairs from
the skin. Preferably, the controller causes energizing of
the heat source after lifting at least some of the halr.
Preferably the controller energizes the pump to ex-
change airwithin the cavity at a predetermined time after
the heat source is energized.

[0019] inapreferred embodiment of the invention, the
apparatus includes at least one valve that allows ex-
change of gir within the cavity when the pump is ener-
gized. Preferably, the at least one vaive is at least one
one-way valve which allows air to enter the cavity when
the pump is activated to draw air from the cavity. Alter-
natively, the pump pumps alr into the cavily at the pre-
determined time.

[0020] Preferably, the apparatus includes & hair align-
ing member situated at the opening which raises at least
some of the hairs from the skin. Preferably, the hair
aligning member Is a flat comb-like member or aflat per-
forated member. Preferably, the hair aligning member is
made of a material which substantially blocks light haw-
ing a wavelength lower than about 400 nanaomelers and
substantially passes light having a wavelength higher
than about 450 nanomaeters.

[0021] Preferably, the apparatus includes a reflector
that reflects fight produced by the heal source toward
the skin. Preferably, the refiector substantially absorbs
light having a wavelength lower than 400 nanometers.
[0022] in some preferred embodiments of the inven-
tion the apparatus includes an extension, the extension
having a first end attachable to the opening and a sec-
onid end placeable on the region of skin, the extension
has an aperture therethrough defining an area for re-
moving hairs.

[0023] Preferably, the housing is made of a heat insu-
lating material.

[0024] In preferred embodiments of the invention, the
power source is an electrical power source.

[0025] in prefered embodiments of the invention the
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apparatus fits into tha palm of a hand.

[0026] There is further provided, in accordance with
a prefered embaodiment of the inventien, apparatus for
removing hairs from a region of skin, the apparatus com-
prising:

a housing having an opening therein, the housing
forming a cavity enclosing a volume of air when the
opening is placed in contact with the region of skin;
a switchable energy source disposed within the
housing which provides energy In an amount suffi-
cient to destroy at least some of the hairs;

a power source that controliably energizes the heat
source; and

apump having a port cemmunicating with the cavity.

[0027] Preferably, the apparatus includes & controller
that energlzes the pump to reducing the air pressure
within the air cavity to lift at least some of the hairs from
the skin. Prefarably, the controller causes energizing of
the energy source after lifting at least some of the hair.
Preferably, the controller energizes the pump to ex-
change air within the cavity at a predeterminedtime after
the energy source is energized. Preferably, the appara-
tus includes at least one valve that allows exchange of
air within the cavity when the pump is energized. Pref-
erably the at least one vaive is at least one one-way
valve which aliows airto enter the cavity when the pump
is activated to draw air from the cavity. Preferably, the
pump purnps air into the cavity at the predetermined
time.

[0028] There is further provided, in accordance with
a preferred embadiment of the invention, a meathod for
removing a piurality of hairs from a region of skin, each
of the hairs having a first pant disposed in a hair follicle
within the skin and a second part distal of the skin, the
method comprising:

salectively heating a portion of the secend part of
at least one of the plurality of hairs;

canducting heat from the second part to the hairfol-
licle of the at least one of the plurality of hairs to
thereby heat the hair follicle to a temperature high
enough to cause the coagulation of the bleod ves-
sels supplying blood to the hair follicle,

{0029] Preferably, the method includes, priorto selec-
tively heating:

irradiating the region of skin with a pulise of fight to
elevate the temperature of the first part of at least
some of the hairs and of hair follictes of the at least
some of the hairs to afirst temperature, the first tem-
perature being lower than the coagulation temper-
ature of blood.

{0030] Preferably, the pulse of light is a broad band
pulse of light, Preferably, the pulse of light is fiitered to
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remove a preseleciad portion of the pulsed broad band
light.

[0031] Preferably, the method includes keeping the
temperature of the region of skin away from the halrs
below the temperature required to coagulate biood.
[0032] in apreferred embodiment of the invention. se-
lectively heating comprises:

providing a temperature gradient such that air in the
vicinity of the second portion of the at least one hair
is at & high temperature and air in the vicinity of the
skin is below the temperature required to coagulate
blood, except for heating of the immediate vicinity
of the hair by conduction via the hair,

[0033] Preferably, selectively heating comprises
flashing a flash lamp or an arc discharge lamp at a dis-
tance from the skin.

[0034] Preferably, selectively heating comprises:

providing a cavity overlying the regien of skin, the
cavity comprising a volume of air having a first end
proximal to the region of skin and a second end dis-
tal to the region of skin;

heating the air in the cavity to create a temperature
gradient in the volume of air, the temperature gra-
dient having a first temperature at the first end and
a second temperature at the second end, the first
temperature being lower than the second tempera-
ture; and

maintaining the temperature gradient for a prede-
termined time interval sufficient for heating at least
some of the plurality of hairs extending within the
volume of air fo a temperatare sufficient to remove
at least part of at least some of the piurality of hairs,
while keeping the first temperature below the coag-
utation temperature of the region of skin.

[0035] There is further provided, in accordance with
a preferred embodiment of the invention, a methed for
removing hairs from a region of skin, the region of skin
having a pilurality of hairs, each of the plurality of hairs
includes a first part disposed in a hair follicle within the
region of skin and a second part distal of the region ot
skin, the method comprising:

providing a cavity overlying the region of skin, the
cavity comprising a voiume of air having a first end
proximal to the region of skin and a second end dis-
tal to the region of gkin;

heating the air in the cavity to create a temperature
gradient in the volume of air, the {emperature gra-
dient having a first temperature at the first end and
a second temperature at the second end, the first
temperature being lower than the second tempera-
ture; and

maittaining the temperature gradient for a prede-
termined time interval sufficient for heating at least
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some of the plurality of hairs extending within the
volume of air to a temperature sufficient to remove
atleast part of at ieast some of the plurality of hairs,
while keeping the first temperature below the coag-
uiation temperatura of the region of skin.

[0036] Preferably, the air cavity is a sealed air cavity.
Preferably, the method includes removing heat from the
air after maintaining the temperature gradient, so as to
keep the temperature of the skin below the coagulation
temperature, Preferably, removing heat comprises cool-
ing the air in the cavity. Preferably, cooling the air com-
prises removing air from the cavity.

[0037] I preferred embodiments of the invention,
heating comprises providing a pulsed discharge.
{0038] Preferably the method includes heating the
skin and the first part of the hair to a temperature below
the coagulation temperature using electromagnetic ra-
diation. Preferably, heating the skin and the first part of
the hair includes filtering electromagnetic radiation to
produce a pulse of non-coherent, narrow band electro-
magnetic energy.

{00391 Preferably, heating comprises pulsing & flash
lamp or an arc discharge lamp.

[0040} There is further provided, in accordance with
a preferred embodiment of the invention, a method for
removing hair by a person comprising:

applying heat from a portable hand held apparatus
for hair removal, the apparatus comprising a hous-
ing having an opening, a switchable heat source
disposed within the housing and a power source
that energizes the heat scurce,

characterized In that the heat generates a temper-
ature gradient in an air velume enclosed in a cavity
formed by placing the opening on a region of skin, the
temperature gradient being suitable for hair removal.
{0041} Preferably applying of heat is performed by the
person on his own skin.
{0042] The method preferably includes manually re-
moving the opening of the housing from the region of
skin.
[0043] There is further provided, in accordance with
a preferred embodiment of the invention a method for
halir rernoval by oneself comprising:

applying a heat pulse suitable for halr removal frem
a portable hand held apparatus, the applying per-
formed by the person on his or her own skin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The invention will be more clearty understood
by the following description of nonlimiting preferred em-
bodiments of preferred embodiments of the invention
described, with reference {o the accompanying draw-
ings, in which like compeonents are designated by like
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reference numerals, and wherein:

Fig. 1 is a perspective breakaway view ilustrating
a portable hand hetd device for hair removal in ac-
cordance with one preferrad embaodiment of the
present invention;

Fig. 2 is & cross section illustration of the device of
Fig. 1;

Fig. 3 is a cross section illustrating another imple-
mentation of the portable hand held device for hair
remavai, in accordance with another preferred em-
bodiment of the present invention;

Flg. 4 is a schematic cross section jflustration useful
in understanding the method of operation of the de-
vice of Figs. 1 and 2, in accordance with a preferrad
embodiment of the invention;

Figs. 5A and 5B are schematic part cross-sectional
partly functional diagrams iliustrating portable hand
held devices fot hair removal, including an airpump
for assisting the proper alignment of bairs in accord-
ance with preferred embodiments of the present in-
vention;

Fig. 6A is a perspective breakaway view illustrating
a hair removal device having a comb like hair align-
ing member for afignment of hairs, in accordance
with another preferred embodiment of the present
invention;

Fig. 6B is a schematic cross section iliustration use-
ful in understanding the hair afigning actien of the
aligning memker of the device of Fig. BA;

Figs. 7 and 8 are schematic cross-sectional views
of hair removal devices using a quartz flash lamp
and different forms of filters for filtering the light
puise, in accordance with additional preferred em-
bodiments of the present invention;

Fig. 9 is a schermnatic cross section illustrating a de-
vice for hair removal adapted for use with a plurality
of differently shaped extenders, in accordance with
yet ancther preferred embodiment of the present in-
vention;

Figs. 10 -12 are schematic isometric views of three
differently shaped extenders useful for hair removal
when used with the hair removal device of Fig. 9;
and

Figs. 13A and 13B are schematic drawings of exci-
tation circuits and flash tube connections, in accord-
ance with preferred embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Referenceis now made to Fig. 1 which is a pic-
torial lllustration of a portable hand held device for hair
removal, generally referenced 10, constructed and op-
erative in accordance with an embodiment of the
present invention and to Fig. 2 which is a cross section
illustration of the device 10 of Fig. 1 taken along the fines
11-11. Device 10 includes a housing 12, a flash lamp 14
for providing heat and a pulsed broad band light suitable
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for hair removal, and an assembly 16 for supplying pow-
erfor energizing and controlling the application of power
to flash lamp 14. Flash tamp 14 can be a xenon flash
lamp having a glass tube, but can also be any other suit-
able flash lamp. Assembly 16 is preferably slectrically
connhected to ftash lamp 14 by electrically conducting in-
sulated wires 9. For the sake of clarity of illustration,
wires 9 are not shown in Fig. 2. Housing 12 of device
10 has an opening 21 therein,

[0046] Housing 12 is preferably made of a thermally
insulating materlal, for example, a high temperature
plastic or a ceramic material. Housing 12 preferably has
a sealing gasket 17 made from any suitable ftexible ma-
ferial such as soft rubber for seating the contact between
housing 12 and a skin surface {not shown) on which
opening 21 of housing 12 is placed befere and during
depilation. However, sealing gasket 17 is not critical to
the operation of device 10. However, it is desirable that
sealing be achieved by pressing opening 21 againstthe
skin.

[0047] Housing 12 includes internal surfaces 15 that
may be coated with a diffusely reflective ceating (not
shown) of high reflectivity such as a finely divided tita-
niurm dioxide based coating or any other suitable heat
resistant highly reflective coating. As described below,
coaling that reflect IR well but de not reflect radiation
having long wavelengths may advantageously be used.
[0048] Reference is now made to Fig. 3 which Is a
cross section illustrating another implementation of a
portable hand held device 20 for hairremoval, in accord-
ance with another embediment of the present invention,
Device 20 is similar to device 10 except that it includes
a reflector 13 within housing 12. Flash lamp 14 s dis-
posed within reflector 13, For the sake of clarity of illus-
tration, wires 9 between the flash Jamp 14 and the as-
sembly 16 are not shown in Fig. 3. Housing 12 of device
20 has an opening 23 therein, having the function of
opening 21 of device 10.

{0049] Reference i now made to Fig. 4 which Is a
schematic cross section illustration useful in under-
standing the method of operation of the device of Fig. 2.
[0050] When cpening 21 of device 10 is placed on
skin 25, a sealed air cavity 11 is formed between hous-
ing 12 and skin 25. Sealed alr cavity 11 contains a vol-
ume of air 26. Sealing of the cavity is desirable and is
preferably achieved by pressing gaskat 17 against skin
25,

{0451] The region of skin 25 covered by opening 21
includes a plurality of hairs 27. Each of hairs 27 has a
first part 31 which is disposed within halr follicles 33 and
a second part 29 protruding outside of skin 25 in a di-
rection generally distal from the surface of skin 25.
[0052] A user activates device 10 by energizing flash
lamp 14. For example, device 10 may be activated by
the user by pressing a button (not shown) or activating
a switch (not shown) positioned on assembly 16 or oh
any other suitable part of the device 10. When assembly
16 energizes flash iamp 14, flash lamp 14 produces a
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broad band light pulse having an approximate duration
of 1-75 milliseconds and an energy density of preferably
between 1.5 to § Joule/cm? measured on the skin.
[0053] The light puise irradiates the region of skin 25
underlying apening 21 of housing 12. The light pulse al-
so irradiates hairs 27. A part of the light pulse is ab-
sorbed by melanin pigment in hairs 27. Another smaller
part of the light pulse is absorked by the region of the
skin 25 directly underneath the opening 21. In preferred
embodiments of the invention, the amount of energy
puised threugh the flash lamp 14 is such that the ab-
sorption of the light by the region of skin 25 raises the
temperature of the regien of skin 25, However, this tem-
perature is preferably lower than the coagulation tem-
parature of hleod. Preferably, the temperature of kair fol-
licles 33 and skin 25 due to the absorgtion of radiation
from the light pulse should not exceed 50 - 85°C. Since
most of the radiation from flash lamp 14 is absorhed by
the melanin in the hair while only a small pertion of the
radiation is absorbed by the skin fissue, skin tissue
which is more than about 0.2 mm from hair foliicles 33
is heated negligibly.

[0054] About half of the electrical energy used to en-
ergize flash lamp 14 is wasted fo heat the flash lamp
itself, heating flash lamp 14 to a much higher tempera-
ture than that of air volume 26 surrounding the flash
lamp 14. Typically, in glass flash lamps the temperature
of the flash lamp may reach a ternperature between 800
-800°C and in quantz flash lamps the temperature of the
flash tamp may reach a lemperature between 1200
-1600°C. The maximal temperature of the flash lamp is
typically reached within 1-2 milliseconds.

[0055] The airimmediately adjacent to the flash lamp
14 is heated by the flash lamp. Heat is conducted by
convection from air adjacent flash lamp 14 to alr which
is further away from ftash lamp 14, creating a tempera-
ture gradient in the air contained in cavity 11.

[0056] The temperature of the air ¢lose to the flash
tamp will be the highest and will decrease as the dis-
tance from flash lamp 14 increases. Since each of hairs
27 protrudes from skin 25 along the sealed air cavity 11
in the general direction of the flash lamp 14, those parts
of hairs 27 that are closer to flash lamp 14 will be ex-
posed to air having a higher temperature than the parts
of the same hairs which are closer to skin 25, Thus, the
part of a hair 27 closer to the flash tamp will be heated
by the hot air to a higher temperature than the part of
the same halr which are closer to skin 25. Heat will be
conducted from the hotter parts of hair 27 towards first
part 31 of hair 27. The heat flow will increase the tem-
perature of first part 31 and hair follicle 33 surrounding
it to a temperature of approximately 70-100°C which is
sufficient to cause the coagulation of the blood capillar-
ies supplying blood to halr follicle 33.

[0057] Additionaily, the temperature reached by many
of the hairs at parts which are closer to the tlash lamp
are sufficiently high to cause burning or carbonization
of asubstantial pertion of the hair thus effectively remov-
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ing a substantial portion of the hair.

[0058} It is noted that, it is not necessary 1o shave
hairs 27 prior to hair removal by the methods of the
present invention. However, if the hair is cut, shaved or
otherwise shortened, It was found that hairs that have
a shalt protruding roughly 2 mm or rmore from the skin
surface in the general direction towards flash lamp 14
are rernoved more offectively by the device.

[0059] The heat gradientin the velume of air 26 within
air cavity 11 tends to equilibrate so that the air temper-
ature near the surface of the region of skin 25 rises with
time after the energizing of flash lamp 14. To prevent the
temperature of the skin from rising above 70°C, housing
12 may be lifted away from skin 25. Lifting of housing
12 causes opening of air cavity 11 and prevents excess
healing of the skin 25 allowing air at room temperature
to contact the skin. Altematively or additionally, the heat-
ed air may be removed from the cavity,

[0060} Itis noted that, typically, hairs 27 are not nec-
essarily aligned perpendicularly to the surfece of the
skin. Hairs which are lying in a general direction paralietl
1o the surface of the skin 25 wili reach a temperature
fower than hairs which are generally aligned perpendic-
ular to the surface of the skin. Thus, it may be desirable
to afign as many of hairs 27 as possible in a direction
generally perpendicular to the surface of the skin.
[0061} Reference is now made to Fig. 5A which is a
schematlc partly cross-secticnal partly functional dia-
gram lilustrating a portable hand held device 30 for hair
removal, having an air purmp 34 for assisting the proper
alignment of hairs in accordance with a preferred em-
bodiment of the present invention. Device 30 includes
a flash lamp 14 disposed within a housing 32 and an
assembly 16 for energizing the lamp 14. Mousing 32 hes
an opening 21 and differs from housing 12 of Fig. 1 in
that it s connected to air pump 34, for example by a tube
36. Air pump 36 is preferably an elecirical air pump but
can be any other suitable small air pump.

[0062] Device 30 further preferably includes a control-
ler 38 suitably connected to air pump 36 and to e as-
sembly 16. Controtler controls the timing of activation of
air pump 36 and the timing of the energizing of flash
larnp 14 by assembly 16. Controller 38 may also include
a power source (not shown) for supplying power to air
pump 36. The power source may be an efectrical bat-
tery, a mains operated power supply or any other suita-
ble power source. Alternatively, the power to operate air
pump 36 may be supplied by a power source {(not
shown) included within assembly 16 and also used for
enargizing flash famp 14. Air pump 36 is preferably a
reversible ait pump. Reversing the direction of purmping
respectively reverses the flow of air into and out of the
cavity.

[0063} Device 30 is operated by placing opening 21
of the housing 32 on a region of skin 25 to be depilated
and activating controller 38. In a preferred embodiment
of the invention, controller 38 first activates air pump 36
o pump some of the air out of & sealed air cavity 38



1 EP 1 232 768 A2

formed between housing 32 and the region of skin 25
adjacent opening 21. The pumping action causes the
erection of at least some of hairs 27 so that they do not
lie against the skin by applying a gentie suction action
1o the region. This first action of the pump is desirable,
but not essentia for operation of the device.

[0064] After pattial alignment of the hairs is achieved,
the pump is preferably tumned off and controller 38 actl-
vates assembly 16 1o energize flash lamp 14. The light
and heat pulse generated by flash lamp 14 operate to
remove at least part of the hairs 27 as disclosed above
in detait far the device 10 of Fig. 1. After the hair ramav-
ing action is achieved and before the temperature of the
region of skin 25 exceeds a value that might cause a
skin burn (which is roughly 0.5 seconds after energizing
flash larmp 14), controller 38 automatically reverses the
direction of air pumping by air purnp 36, This reversal
pumps air &t foom {emperature from outside of the de-
vice 30 into the housing 32, dissipates the heat within
the housing by displacing the volume of air within it with
air at room temperature. The flow of air also cools the
region of skin 25 to prevent the development of a skin
burn.

[0065] Fig. 5B shows a hair removal device 30° In ac-
cordance with an alternative preferred embodiment of
the invention. While suction is shown as being applied
at the side of the cavily in Fig. 5A, it is more effectively
applied at or near the top of the housing, as shown In
Fig. 5B. Furthermore, while, as shown in Fig. 5A, the hot
alr must leave the housing via opening 21, valved open-
ings 90 {which open in direction 92) are provided on the
side walls of the housing in Fig. 5B to aid in the entry of
fresh airinto the cavity and removal of air from the cavity
by pump 36. in this embodiment, pump 36 is preferably
a purely suction pump. In operation the pumyp is prefer-
ably activated before the flash to raise the hair from the
skin. Then the pump operation s interrupted and the
lamp is flashed. After a short time the pump Is activated
again to bring fresh air into the cavity and remove heat
from the cavity and from the fiash lamp, The time be-
tween the flashing of the lamp is such that the hair has
enough time to conduct the heat to the follicte and heat
it to the proper temperature for coagulation but not so
fong that the heat from the Jamp reaches the skin to the
extentthat it causes burning or even, preferably, any dis-
comfort. This time is in the order of 0.1-2 seconds, more
preferably 0.2-1 seconds and mast preferably about 0.5
seconds, It should be noted that the valves are kept
clesed immediately after flashing by the pressure build-
up of the heat inthe cavity.

[0066] Devices 30 and 30' have the advantage of im-
praving the efficiency of hair removal by improving the
hair alignment and also has the advantage of being au-
tomatic obviatlng the need of timely manuat lifting of the
device by the user.

[0067] Additional methods of hair alignment are also
possible. Reference is now made to Figs. 6A and 6B.
Fig. 6A Is a schematic perspective breakaway view of a
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hair rernoval device 40 having a comb like hair aligning
member 42 for hair alignment, in accordance with an-
other preferred embodiment of the present invention,
[0068] Device 40 is similar to device 10 of Fig. 1 ex-
cept that device 40 includes halr aligning member 42
spanning across part of opening 21. Preferably, hair
aligning member 42 is a fiat thin comb-like member
made from a metal such as stainless steel or from any
other suitable material such as another metal, plastic, a
ceramic material and the like. In a preferred embodi-
ment of the invention hair aligning member 42 includes
a plurality of teeth 44 separated by a plurality of narrow
gaps 46, Typically, the width of the testh 44 is approxi-
mately 0.7 millimeters and the width of the gaps 66 is
approximately 0.2 millimeters. However, these dimen-
stons may be varied to accommedate different hair
thicknesses, Furthermore, the hair aligning member 42
may he detachably attached to the housing 12 to facili-
tate quick attachment of various differently shaped hair
aligning members (not shown) by the user.

[0069] Hair aligning member 42 may be attached to
housing 12 such that when sealing gasket 17 is placed
in contact with the skin, teeth 44 contact the skin. Alter-
natively, bair alighing member 42 may be attached to
housing 12 such that when sealing gasket 17 is placed
in contact with the skin, teeth 44 do not contact the skin
and are positioned a small distance above the skin.
[0070] When device 40 is used for removing halr it Is
placed on the skin sg that sealing gasket 17 contacts
the skin. Device 40 is moved along the skin in a direction
paralle] to the arientation of teath 44 as indicated by an
arrow 47. This movement of device 40 along the skin
causes some of the hairs (not shown) to enter gaps 44
and improves their alignrnent In a direction roughly per-
pendicular to the surface of the skin.

{0071} After hair alignment, device 40 (whose internaf
structure may differ from that shown in Fig. 6A and may
have features shown in other Figs.) is operated to re-
meve hair as disclosed above. Thesae actions of hair
aligning followed by hair removing may be then repeat-
ed by the user ejther of the same skin area or on a dif-
ferent skin area.

[0072] Fig. 6B is a schematic cross sectional view il-
lustrating of device 40 of Fig. 6A positioned overa region
of skin 25. Some of hairs 27 are shown disposed in gaps
46 between different pairs of teeth 44. Whean device 40
in moved along the skin, comb tike member 42 aligns
and raises some of hairs 27 to facilitate hair removal.
[0073] It is noted that white hair aligning member 42
is shaped like a comb, other impiementations of the hair
removal device may have other different forms of hair
aligning members. For example, the hair aligning mem-
bersmay be constructed in the shape of figt flexible per-
forated metal sheets {not shown) having a plurality of
openings therethrough such as the hair aligning mem-
bers kngwn in the art and used in electtical shaving ma-
chines. The construction of such aligning members is
welt known to those skilled in the art and will therefore
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not be further described.

[0074] 1t is further noted that, the methads of hair re-
moval disclosed hereinabove may also be applied to
skin without including the first step of photothermal heat-
ing of the hair portions within the follicles to a tempera-
ture of between 50-66°C as described above. While the
selective heating of the hairs and hair follicles to a sub-
coagulation temperature may improve the efficiency of
hair removal, hairs can also be remeved by the air heat-
ing action and subsequent burning and/or carbonization
of the hairs caused by the heating of the hair shafls due
to the hot air within the sealed air cavity. Thus, hair can
still be efficiently removed even in situations where the
broad band light pulse from the flash lamp 14 does not
efficiently reach the part of the hair shaft which is
sheathed within the hair follicle because of partiat or full
blocking of the light pulse by the hair aligning member
42 or by other different forms af hair aligning members
used In different embodiments of the present invention.
[0075] 1t is still furthernoted that while the preferred
embodiments of the hair removing device disclosed
above are implemented using a glass xenon flash lamp,
the lite span of the flash lamp may be significantly im-
proved by using a quartz xenon flash lamp. However,
unlike the light generated by glass xenon flash lamps
which does not include substantial ultraviotet (UV) radi-
ation {due to the absorbence of UV radiation by the glass
tube of the xenon flash lamp), the light generated by
quanz xenon flash lamps includes UV light radiation in
the spectral range between 200-400 nanometers that
rmay cause damage to the skin tissue. When such quartz
flash lamps are used, the light pulsed fram the flash
lamp has 1o be fillered to remove the undesirable portion
of the UV radiation from the light reaching the skin. For
example, if a comb member as shown in Figs. 6A and
6B is used, it may be made of orange or red colored
perspex which blocks at least part of such light.

[0076] Reference is now made to Figs. 7 and 8 which
are schematic cross-sectional views of hair removal de-
vices using different forms of fitters for fiitering the light
pulse, in accordance with additional preferred embodi-
menis of the present invention,

[0077] Fig. 7 Hlustrates a hair removal device 50. De-
vice 50 is similar to device 10 of Figs. 1 and 2, except
thal device 50 uses a guanz flash famp 54 instead of
glass flash lamp 14 of device 10 and includes a filter 56
for filteting out the undesired UV radiation emitted by
guartz flash lamp 54, Filter 56 ¢an be a model
450FH90-25 long wave pass filter cornmercially availa-
ble from Andover Corporation, NH, USA or merely a
colored plastic. This long wave pass fiiter absorbs most
of the radiation having a wavelength below 450 nanom-
eters white transmitting moest of the radiation having a
wavelength above 450 nanameters.

[0078] Filter 56 may be any other suitable filter having
the proper absormption properties to abserb the undesir-
able LV radiation while passing ionger wavelengths of
radiafion, and having a sufficiently high thermat conduc-

10

20

25

30

as

40

50

55

tivity and a sufficiently low thermal mass te assure a high
rate of heat flow from flash lamp 54 and the hot air sur-
rounding it to filter 56 and the subsequent heat flow from
titter 56 to air adjacent side 56A of filter 56 facing to-
wards the opening 21. Device 50 Is used for hairremoval
as described above for device 10 except that the heat
generated by pulsing the flash lamp 54 has to flow
through UV filter 56 1o form a ternperature gradient in
the sealed alr cavity enclosed within filter 56, the walls
of housing 12 and the skin on which the device 50 is
placed.

[0079] It is noted that quariz xenon flash lamps may
reach an initial temperature of 1200-1600°C after puls-
ing. These temperatures which are higher than those
attained by glass xencn flash lamps may compensate
for the presence of fllter 56,

[0080] It is further noted that, while filter 58 of Fig. 7
is flat, filter 86 may have cther suitable shapes and ge-
ometry. For example, filter 56 may be concave or con-
vex.

{0081] Fig. 8 illustrates a hair removal device 60 which
is similar to the device 50, except that instead of the flat
filter 54 of Fig. 7 device 60 includes a cylindrical filter 66
attached to housing 2. Quartz flash lamp 54 is dis-
posed within cylindrical filker 68 for tiltering the broad
band light generated by the flash lamp 54 as disclosed
above,

[0082] Asindicated above, the use of a comb with fil-
tration preperties may obviale the need for an additional
fitter.

[0083] The devices disclosed above may be used for
removing hair from varous body regions of the user
such as the hands, legs face and other body regions. It
is therefore desirable to provide the device of the
present invention with a way of adapting the device for
removing hair from body regions having different sizes
and shapes.

{0084] Reference is now made to Fig. 9, which is a
schematic cross section Iflustrating a device for hair re-
moval 70 adapted for use with a plurality of differently
shaped extenders, in accordance with a preferred em-
bodiment of the invention. Device 70 includes a housing
15 having a raised collar 17. Device 70 further includes
aquartz flash lamp 54 and an assembly 16 for energiz-
ing flash lamp 54 and for controlling the operation as
disclosed above. Device 70 also includes a UV filter 56
attached to housing 15 as disclosed above. An extender
63 is detachably attached to housing 17. 0 a prefemed
embodiment of the invention extender 83 is attachad to
housing 15 by forcing the extender over raised collar 17.
[0085] Exiender 63 is a preferably hollow and has a
flrst end 63A attachable to the raised collar 17 and a
second end 638 for contacting the skin. Extender 63
preferably has an aperture 19 defining an area for re-
moving hairs. In one embodirnent of the invention, ex-
tender 63 is a metal extender. However, extender 63 is
desirably made of a thermally insulating material such
as a piastic or a ceramic material. Device 70 is operated
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by pressing aperture 19 against the skin and energizing
quartz flash lamp 54 as disclosed above,

[0086] Itis noted that many different forms of extender
63 can be made, each having an aperture of a different
shape and/for size for adapting devica 70 for removing
hair from different regions of skin of different organs
such as the face the limbs and the like.

[0087] Reference is now made to Figs. 10-12 which
are schematic isometric views of three differently
shaped extenders 65, 67 and 69 useful for hair removal
when used with the hair removal device 70 of Fig. 9. Fig.
10 illustrates an extender 65 having a rectangular aper-
ture 75. Fig. 11 ilustrates an extender 67 having an el-
lipsoidal aperture 77. Fig. 12 lilustrates an extender 89
having a circular aperture 79, Each of extenders 85, 67
and 69 may be used with device 70 for removing hair
trom various skin regions,

[0088] it is noted thal, extenders 63, 65,67 and 69 of
Figs. §-12, respectively, may also include a sealing gas-
ket {not shown) attachedto the end of the extender distal
from device 70 and made from a solt resilient material
such as seft rubber for better sealing of the contact re-
gion with the skin. Extenders 63, 65,67 and £9 of Figs.
9-12, respectively may or may not be imternally coated
as described above.

[0089] In accordance with a preferred embodiment of
the present invention, flash lamps 14 and 54 may be
disposable to aliow convenlent replacement of the lamp
once it is burnt out.

[0090] It is noted that, while the preferred embodi-
ments of the halr remaving devices of Figs. 1-@ have a
housing shaped generally as a rectangular open box,
other embadiments are possible in which the housing
has other shapes such as a cylindrical shepe, atdangu-
lar prism shaped open box, a truncated triangular prism
shaped open box or any other suitable shape having an
open side and capable of farming a sealed cavity when
suitably placed on the skin.

[0091] Apreferred embediment of the assembly 16 as
shown in Fig. 13A, comprises two capacitors 100 and
102, a charging resistor 103, a power source 104, a thy-
ristor or other switch 106 and a trigger transformer 108,
Such assemblias for energizing flash lamps (and other
suitable assemblies) are well known in the art and will
not be described further. For example, a suitable flash
lamp assembled together with assembly 16 is commer-
clally avsilable from All Electronics Comaration, CA,
USA, asflash assemblies under catalog numbers FSH-
1 and FSH-4. In the FSH-1 flash assembly, flash lamp
14 is assembled with part of assembly 16 wherein a bat-
tery is wired thereto. In the FSH-4 all components are
connected to an assembly platform including flash lamp
14 and a battery,

[0082] It is noted that, while the above commercially
available flash assemblies FSH-1 and FSH -4 can be
used to implement the present invention, other suitable
commercially available systems can be used or modi-
fied to make them suitable for use in the pregsent inven-
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tion by changing any of thelr components to control the
flow of electrical energy flowing through the flash lamp
14, Alternatively the assembly 16 may be constructed
from commerclally available electrical and elestrenic
parts gand commercially available flash lamps.

[0083] For example, an embodiment of the hair re-
meving device of the present invention was constructed
by madifying eommercially available components. The
device was built by madifying a model INSTAFLASH 80
electronic flash unit (for use on Kodak £k-8 instant cam-
eras), commercially available from SUNPAK CORPO-
RATION, Tokyo, Japan. The electronic assembly for en-
ergizing the unit included, inter alia, an electrolytic ca-
paclior having a capacitance of 750 microfarads (rated
at 300 Valts). To increase the total charge available for
discharging the flash lamp, six additional electrolytic ca-
pacitors, each having a nominal capacitance of 410 mi-
crofarads {rated at 300 Volts) were electrically connect-
ed in parallel with the 750 micrefarads capacitor, in-
creasing the total capacitance o & nominal value of
3210 microtarads {raled at 300 Volts).

[0094] The original reflector and flash lamp of the
flash unit were replaced with a model A1033 flash tube
with reflector, commercially available from The Electron-
ic Goldmine, Arizona, USATheflashlamp is 1.75 inches
leng and the reflector has a rectangular opening having
the dimensions of approximately 21 by 44.3 mm. The
approximate distance from the center of the flash lamp
to the center of the area defined by the opening of the
reflector is 14 mm. The reflector s made of a plastic ma-
terial with a reflective coating. The calculated electrical
energy stored by the capacitors of the modified unit is
approximately 144 joule. ft is estimated that more than
50% of this energy is converted to heat during the flash-
ing of the flash lamp. The modified flash unit was pow-
ered by four standard AA size 1.5 volt alkaline batteries
or alternatively, by a commercial & volis, 2 amperes DC
power suppiy. Both power sources gave essentially sim-
itar results.

[0095] The opening of the reflector was placedin con-
{act with the skin of the hand of ane of the inventors of
the present invention by lightly pressing the reflector
against the skin and the flash unit was activated to en-
ergize the fiash lamp. The reftector was lified from the
skin at about 0.5 seconds after the activation of the flash
unit. It was found that lifting of the reflectar from the skin
at about 0.5 secands atfer the activation of the flash
lamp unit, resuits in efficient hair removal while prevent-
ing any pain sensation and undue heating of the region
of skin 25 which was under the opening. However, Itis
noted that the optimal time of lifting of the device may
vary in different embodimenis of the device and may de-
pend, inter afia, on the size and shape of the housing
{or reflector), the distance of the flash lamp from the
skin, the maximal temperature reached by the flash
lamp, the degree of skin pigmentation and the particular
region of skin which is being treated.

[0096] In a preferred embadiment of the invention, as
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shown in Fig, 138, a plurality of flash larmps are used,
preferably connected in series. This embodiment results
in a longer fiash time, substantially equal to about twice
the flash time when a single tube is used. However,
when two tubes are used, the spectrum is shifter toward
higher, wavelengths and a lower radiation power density
at the skin results. The heat generation remains practi-
cally the same as when a single tube is used.

[0097] itis noted that the devices disclosed herein are
only given by way of example and are not intended to
limit the scope of the present invention. The structure
and dimensions of the devices and the above disclosed
parameters for activating and using the devices may be
changed and modified according to the desired imple-
mentation of the device and may depend, inter alia, on
the type and size of the flash lamp, the electrical charge
required for pulsing the flash lamp, the iype size and
reflectivity of the reflector, the dimensions of the opening
of the reflector or housing of the device and on the skin
pigmentation of the person using the devices, Further-
mate, features shown in the varicus embodiments of the
invention may ba combined and/or omitted in other em-
bediments of the invention.

[0058] It is further noted that, any of devices for re-
moving hairs 10, 20, 30, 40, 50, 60 and 70 describad
above may also include a device housing to which the
various components of each device are atlached. For
example, the power assembly 186 and the housing 12 of
the device 10 may be attachad 1o a device housing. Sim-
ilarly, the power assembly 18, the controller 38, the
housing 32 and the air pump 34 of the device 30 {Fig.
£)., may all be attached to a device housing.

[0099] H wiil be appreciated that device 10, being &
hand held, poriable device directed for use by the user
himself, has a size which allows it to fit into the palm of
a hand. However, other preferred embodiments of the
present invention are possible which are larger and do
net fit in the palm of the hand.

[0100] It will be appreciated by the person skilled in
the art that the invention is net limited to what has been
shown above. While the invention has been described
with respect to a limited number of embodiments, it will
be appreciated that many variations, modifications and
other applications of the invention may be made.
[0101} The terms "include” and "comprise” and their
cohjugstions, when used in the claims. mean "including,
but not necessarily limited to."

Claims
1. A method for removing halr by a person comprising:

applying hsat from a pertable hand held appa-
ratus for hair removal, the apparatus compris-
ing a housing {12} having an opening (21), a
switchable heat source (14) disposed within the
housing and a pbwer source (18) for energlizing
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the heat source,

characterized |n that the heat source gener-
ates a temperature gradient in an air volume en-
closed in a cavity fermed by placing the opening on
a region on a region of skin, the temperature gradi-
ent being suitable for hair removal,

A method aceording to claim 1 wherein the applying
of heat is performed by the person on his own skin.

A method according to claim 1 or claim 2 further in-
cluding manually removing the opening of the hous-
ing from the region of skin.
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