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(57) ABSTRACT 

A derrnatologic hair-regroWth-inhibiting apparatus is dis 
closed Which is cordless and su?iciently compact as to be 
hand-held. A self-contained housing is con?gured for grip 
ping by a person’s hand for cordless manipulation in a 
hair-regroWth-inhibiting procedure. A light source and elec 
trical circuit are contained Within the housing. The circuit 
includes one or more batteries for energizing the light source 
to produce output light pulses. A light path Within the 
housing includes an aperture through Which eye-safe light 
pulses are propagated out of the housing having properties 
su?icient for at least temporary hair-regrowth inhibition. A 
di?cuser is disposed along the light path to reduce the 
integrated radiance to an eye-safe level. 
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SELF-CONTAINED, EYE-SAFE 
HAIR-REGROWTH-INHIBITION APPARATUS AND 

METHOD 

PRIORITY 

[0001] This application claims the bene?t of priority under 
§35 USC 119(e) to Us. patent application Ser. No. 10/783, 
603, ?led Feb. 19,2004; Ser. Nos. 11/545,963, ?led Oct. 10, 
2006, ?led Oct. 10, 2006; 10/783,880, ?led Feb. 19, 2004; 
10/787,720, ?led Feb. 25, 2004; 10/787,969, ?led Feb. 25, 
2004; 10/788,167, ?led Feb. 25, 2004; and 10/794,504, ?led 
Mar. 5, 2004; Which in turn claim the bene?t of Us. patent 
application Ser. No. 10/783,607, ?led Feb. 19, 2004; and 
Us. provisional patent applications Nos. 60/450,243, ?led 
Feb. 25, 2003; 60/450,598, ?led Feb. 26, 2003; 60/451,091, 
?led Feb. 28, 2003; 60/452,304, ?led Mar. 4, 2003; 60/451, 
981, ?led Mar. 4, 2003; 60/452,591, ?led Mar. 6, 2003; 
60/456,379, ?led Mar. 20, 2003; 60/456,586, ?led Mar. 21, 
2003; 60/458,861, ?led Mar. 27, 2003; and 60/472,056, ?led 
May 20, 2003, all of Which are incorporated herein by 
reference. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The invention relates to a hair-regroWth-inhibiting 
apparatus and method, and particularly to a self-contained, 
cordless and hand-held apparatus that is light-based, yet 
eye-safe, and upon dermatologic application, at least tem 
porarily inhibits hair regrowth. 

[0004] 2. Description of the Related Art 

[0005] The introduction of specialiZed lasers for physi 
cian-performed epilation in 1996 (and intense-pulsed light, 
or IPL, sources shortly thereafter) represented the ?rst real 
advance in the treatment of unWanted hair since the inven 
tion of electrolysis in the late 1800’s. The use of lasers and 
?ashlamps in these devices has not only proven to be safe 
and effective, but unlike electrolysis alloWs for the treatment 
of multiple hairs at a time, greatly improving coverage rate. 

[0006] Light-based epilation With lasers is often termed 
“laser hair removal”, although this term is strictly correct 
only When follicles undergo su?icient thermal damage to 
permanently prevent the groWth of neW hairs (“permanent 
hair reduction”). Procedures that thermally damage follicles 
to induce a delay in hair regroWth are more accurately 
described as hair-regroWth inhibition. 

[0007] Methods and devices for light-based epilation are 
noW Widespread and an estimated three million people 
WorldWide have undergone treatment. This represents a very 
small section of the potential market, largely because of the 
high cost and inconvenience associated With physician 
based procedures and devices. As a result, there is a desire 
for loWer cost, more compact devices that Would loWer the 
cost of physician-based treatments and, ultimately, help 
enable salon and consumer markets. There is also a desire 
for devices With enhanced eye safety. 

[0008] The introduction of the LightSheer Diode Laser 
System by Star Medical in 1997 for hair-regroWth inhibition 
(and subsequently, for permanent hair reduction) marked the 
beginning of one of the most successful aesthetic laser 
applications for the dermatologist’s o?ice. With several 
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thousand systems installed WorldWide, the safety and e?i 
cacy of these and similar devices that folloWed have been 
Well established. Other such devices include the SLP 1000 
(LC 100) diode laser of Palomar Medical Technologies, the 
Apex 800 diode laser of IRIDEX Corporation, and the F1 
diode laser of Opus Medical, Inc. 

[0009] The radiant exposure applied to the skin (often 
referred to as “?uence”, expressed in joules per square 
centimeter) by this class of devices is typically in the 10-40 
J/cm2 range at a Wavelength of nominally 800 nanometers. 
It Was initially believed that pulse durations in the 5-30 ms 
range are optimum; hoWever, subsequent studies shoWed 
that longer pulses (up to at least several hundred millisec 
onds) can quite effectively achieve hair-regroWth inhibition, 
and can also reduce epidermal heating for a given ?uence 
When a heat conduction path is provided (e.g., by incorpo 
rating an output WindoW made of sapphire in contact With 
the skin). 

[0010] The high e?iciency and small siZe of the semicon 
ductor diode lasers utiliZed in these devices generally permit 
the manufacture of compact systems (typically 1-3 cubic 
feet in volume) and simple 115 VAC operation. HoWever, 
the systems typically Weigh at least 25-100 pounds and sell 
in the range of $40,000 to $90,000. Amuch loWer cost, truly 
portable device Would make this popular procedure much 
more Widely available. 

[0011] Lasers and intense light sources have gained 
increasing acceptance among dermatologists for effective 
treatment of a Wide range of applications, such as hair 
regroWth inhibition and permanent hair reduction, removal 
of tattoos, treatment of birthmarks, and facial resurfacing. It 
is Well understood by medical professionals, hoWever, that 
such light sources are capable of serious eye damage or 
blindness. To achieve reasonable e?icacy With many light 
based dermatologic procedures, such as reduction of 
unWanted hair or destruction of small blood vessels, the 
?uence on the skin typically exceeds 1 J/cm2. These devices 
produce a ?uence at the human eye that is much greater than 
the maximum permissible exposure, causing such devices 
and the treatments performed With them to be extremely 
haZardous if not used or conducted properly. These proce 
dures therefore involve the undertaking of adequate safety 
measures to protect the eyes of not only the patient, but the 
laser operator and any other personnel that may be in the 
same area. (See, for example, IEC Technical Report 60825 
8, Safety of laser productsiGuideline for the safe use of 
medical laser equipment.) As stated in the IEC report, With 
some medical lasers the retina may be exposed to an 
irradiance that is more than 100,000 times higher than the 
irradiance incident on the skin or cornea, due to the focusing 
action of the eye. 

[0012] With proper safety precautions, such as safety 
goggles and training of personnel, the risk of eye damage 
can be greatly reduced. As a consequence, reports of eye 
injuries to either patients or staff are rare in medical settings. 
HoWever, risk of eye injury is a constant concern. 

[0013] The safety of a light-based dermatologic device can 
be increased by incorporation of a contact sensor that 
enables device operation only When in the sensor is in 
contact With a surface, such as a person’s skin. For example, 
the light source (laser, light-emitting diode, ?ashlamp, etc.) 
can be placed Within a housing having a single open end 
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through Which the light propagates; a contact sensor at this 
open end can enable operation of the device only if the 
housing is placed up against a contacted surface. In this 
manner light can only propagate into or through the surface 
against Which the device is placed. However, use of any type 
of sensor added to increase eye safety adds complexity and 
may, of course, fail. Thus, the ideal derrnatologic treatment 
device and method Would not depend on electronic circuitry 
or user compliance With safety eyeWear for safe use. 

[0014] Thus it is highly desirable that any light-based 
device intended for medical application be designed to 
minimize possible eye damage for a given level of output 
?uence or therapeutic bene?t, by increasing the inherent eye 
safety of the light. Existing laser hair reduction devices, for 
example, are much more haZardous to the eye than necessary 
because their output is highly directional and easily focused 
by the eye. If their output could be made more highly 
divergent and/or to have reduced spatial coherence, there 
Would be a greatly reduced risk of eye injury, Without 
signi?cant loss of e?icacy. 

[0015] Examples of o?ice-based, light-based systems for 
dermatological treatment are described in US. Pat. Nos. 
6,508,813, 6,277,111, 6,197,020, 6,096,029, 5,885,273, 
5,824,023, and 4,232,678, and US. published application 
no. 2002/0005475, and published PCT application no. WO 
03/049633. The ’5475 published application uses a contact 
sensor for enabling laser pulses only When the handpiece is 
in good contact With a patient’s skin. One problem With 
application of such a device in a home use, self-care setting 
is that a small child, or person attempting to treat eye lashes 
or eye broWs With the device, may still inadvertently shine 
pulses into their eyes and potentially cause permanent 
damage to their vision. Similar eye-safety problems Would 
be apparent in a home use, self-care application of the 
devices described in each of the above-mentioned patents. 

[0016] The ’49633 published application addresses the 
eye-safety issue by providing a diffusing unit. HoWever, that 
device is far too bulky, complex and expensive for home use. 
The device includes a substantially non-portable laser ?oor 
unit and an extensible handpiece connected by a long beam 
delivery light guide. In addition, other safety issues exist for 
this device. For example, a home use, self-care setting may 
not be equipped to handle the electrical safety issues of a 
device that draWs high current from a Wall outlet. Most 
importantly, hoWever, the invention described in the appli 
cation addresses enhanced eye safety from a collimated laser 
beam, convergent laser beam, concentrated multiple laser 
beams or a ?ber guided beam, and from monochromatic 
sources. In contrast, divergent light sources can be rendered 
eye safe substantially more easily, as described beloW in 
accordance With the present invention. 

[0017] The ’029 and ’020 patents describe devices that 
provide ?uences over 100 J/cm2. These ?uences are gener 
ally too large to be eye-safe and epidermis-safe in use in a 
self-care setting. Such output ?uences are likely to give rise 
to ?uences at the cornea potentially above the Maximum 
Permissible Exposure (MPE), described in more detail 
beloW, and/or may likely cause burning of the epidermal 
region of the treated skin. Moreover, such ?uence levels are 
not e?iciently produced in a self-contained apparatus, such 
as a hand-held and battery-powered device as is desired for 
self-care and home use in accordance With an embodiment 
of the present invention. 
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[0018] Furthermore, the device described in the ’029 and 
’020 patents provides a very small spot siZe betWeen 2 and 
5 millimeters in diameter corresponding to approximately 
0.03 to 0.2 square centimeters in area. Such a small spot 
implies that only one hair is treated at a time, and in fact 
some sort of visual targeting is almost certainly required to 
ensure that the spot is indeed over even a single target 
follicle. Also, a small spot siZe such as betWeen 0.03 and 0.2 
square centimeters implies a very loW coverage rate. That is, 
for a given number of square centimeters of skin containing 
unWanted hairs to be treated, the smaller the spot siZe the 
longer the necessary treatment time. In addition, While a 
small spot siZe Would appear to be quite advantageous in that 
a loW energy can still generate a high ?uence on the skin 
surface (since ?uence is energy divided by area), the ?uence 
at some depth Within the skin, e.g., Where the target cells are 
located, is substantially reduced by scattering Within the 
skin. That is, the smaller the spot siZe, especially beloW 
about 0.5 cm2, the more pronounced the effective lessening 
of ?uence at depth relative to ?uence at the surface. In short, 
if one goes to too small a spot such as is described in the 
’029 and ’020 patents, the end result can be either burning 
of the epidermis (to get enough ?uence in the dermis) or 
very poor ef?cacy due to inadequate ?uence at depth; either 
of these options is obviously undesirable. 

CURRENT STATE OF THE ART 

[0019] The current state of the art of light-based epilation 
is Well described by considering the tWo general types of 
devices on the market. One market segment encompasses 
devices designed and sold to physicians. Representative 
products include the LightSheer diode laser system noW 
manufactured by Lumenis Ltd., the SLP-1000 ?ber-coupled 
diode laser by Palomar Medical Technologies Inc., the 
Quantum ?ash lamp system manufactured by Lumenis Ltd., 
and the CoolGlide Excel YAG laser by Altus Inc. The 
physician devices are characterized by (a) established ef? 
cacy as con?rmed by FDA clearance, (b) practical coverage 
rate, (c) high cost, and (d) relatively large siZe having a 
physical design Where a handpiece is attached to a console, 
and (e) output ?uences representing a severe eye haZard. 
These devices provide e?icacious and practical light-based 
epilation and generally involve a peak optical poWer greater 
than 50 W, output ?uence of greater than 10 J/cm2, spot siZe 
greater than 0.5 cm2, and a coverage rate greater than 10 
cm2/min. Examples of these o?ice-based devices are 
described in the patent literature cited above, and further 
examples may be found in other references cited herein. 

[0020] The other market segment comprises the limited 
number of consumer light-based epilation devices. It is 
believed that there are no personal light-based epilators 
currently on the market in the United States. At present, the 
most developed market for consumer light-based devices is 
Asia, and, in particular, Japan, Where there are tens of 
products on the market. The devices by Ya-Man Ltd. of 
Tokyo are typical of the state of the art for these products in 
Japan. These consumer devices are characteriZed by (a) 
greatly reduced or no ef?cacy due to loW peak poWer (~1 W 
or less) and small spot siZe (~0.1 cm2 or less), (b) sloW 
coverage rate due to the small spot siZe and involving the 
targeting of individual hair follicles, (c) loW cost, (d) rela 
tively small siZe having a physical design Where a handpiece 
is attached to a console or corded to a Wall poWer supply, and 
(e) output ?uences exceeding eye safety limits. 
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[0021] The inventors of an embodiment of the present 
invention have recognized that a method and device that 
could provide effective and practical epilation in an entirely 
handheld and cordless device Would be desirable. By cord 
less and handheld, it is preferably meant that the device is 
self-contained in operation, and has, for example, a volume 
less than 1500 cm3 and a Weight less than 1 kg. Such a 
handheld and cordless device Would be substantially less 
cumbersome than console and handpiece devices and alloW 
the operator to much more conveniently position the device 
into orientations that are required to best treat a desired 
region of skin. In addition, it alloWs easy portability, and 
freedom to perform treatments in the absence of electricity 
from a Wall outlet. In order to be an effective and practical 
treatment device, peak optical output poWers greater than 10 
W, output ?uences greater than 4 J/cm2, spot siZes greater 
than 0.25 cm2, and coverage rates greater than 10 cm2/min 
may be generally involved. 

[0022] While other light sources for hair-regroWth inhibi 
tion, such as intense pulsed light, and a variety of lasers, are 
noW commercially available to physicians, diode laser sys 
tems have proven to be among the most successful. These 
devices typically incorporate laser diode bars operating at a 
Wavelength of approximately 800 nm. The systems range in 
peak optical poWer from about 90 Watts to nearly 3,000 
Watts. 

[0023] Discrete laser diodes are limited in peak poWer to 
roughly one Watt. While this loW poWer may be adequate for 
treating individual hairs (such as the Ya-Man device manu 
factured in Japan), treatment of multiple hairs at a time for 
rapid treatment of extended areas requires peak optical 
poWers of roughly 25 Watts or more. Thus diode laser bars, 
rather than discrete diode laser devices, are incorporated into 
the diode-based of?ce products named above. The success of 
these hair-regroWth inhibition systems incorporating laser 
diode bars, used by doctors and nurses in an of?ce setting, 
has fueled interest in the development of home-use devices. 
The inconvenience of multiple visits to the doctor’s o?ice 
has also increased interest in devices that can be used safely 
and privately at home. Ideally, such a consumer device 
Would be compact, inexpensive and battery poWered, While 
incorporating proven laser diode bar technology. Unfortu 
nately, because of the very high current requirement (~40 A) 
of laser diode bars, it is generally accepted that any such 
device could not be poWered by batteries, but rather by an 
electrical cord to a Wall outlet. 

[0024] Examples of other dermatologic devices are 
described at U.S. Pat. No. 6,533,775, and at U.S. published 
patent applications no. 2003/0004499 and 2002/0097587, 
and in other references incorporated by reference above and 
beloW herein. 

[0025] Although potentially eye-safe, the Us. Pat. No. 
6,533,775 patent describes a mechanical hair removal 
device, and not a light-based hair-regroWth-inhibition appa 
ratus. The device described in the ’775 patent includes a 
light source that reacts chemically With skin cream applied 
to the surface in order to reduce the onset time. The light 
produced by the mechanical hair removal device is not for 
effecting thcr'mal damage of hair follicles to inhibit 
regroWth. The light is not designed to penetrate through the 
cream to create any thermal injury to targets Within the 
dermis. 
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[0026] The ’97587 application describes a device With 
variable current control. This device is not designed for 
medical applications. The reference also does not provide 
any output ?uences, Wavelengths or pulse lengths that might 
by chance render the ?uence at the eye of a person to be 
under the MPE. There Would simply have to be many 
modi?cations made to this device to render it eye-safe for 
home use and to render it ef?cacious for dermatologic 
treatment for hair-regroWth inhibition. 

[0027] The ’4499 application describes a device that is 
described as being designed to inhibit hair regroWth. The 
’4499 application refers to its procedure as bio-stimulation 
to produce bio-inhibition, and in any case, it is non-thermal. 
This is a Wholly separate ?eld from hair-regroWth-inhibiting 
devices that operate by causing thermal damage to hair 
follicles. The ’4499 reference uses much loWer ?uences (or 
intensities) than Would be e?icacious for causing thermal 
damage to a hair follicle to produce hair-regroWth inhibition. 

[0028] The design of a handheld device for hair-regroWth 
inhibition requires clever circuit design, and implementation 
of a dermatologic treatment device that is ef?cacious and yet 
eye-safe requires novel optical design. Therefore it has 
appeared up to noW that the creation of a loW-cost, light 
based dermatologic treatment device, such as a home-use 
hair-regroWth-inhibiting device that is effective, compact, 
battery-poWered, and incorporates a diode laser or other 
light source, is an unachievable goal. HoWever, recent 
advances in both light technology and microelectronics have 
made possible the present invention of dermatologic devices 
that are both ef?cacious and affordable to the average 
consumer. In some embodiments, these devices can be 
suf?ciently compact as to be entirely handheld and battery 
poWered. In other embodiments, these devices can be made 
to be effective for a variety of dermatologic procedures, and 
yet eye-safe. They are the objects of the present invention, 
and are described in more detail beloW. 

SUMMARY OF THE INVENTION 

[0029] Therefore, in vieW of and in accordance With the 
above, a dermatologic hair-regroWth-inhibiting apparatus is 
provided that is cordless and suf?ciently compact as to be 
hand-held. A self-contained housing is con?gured for grip 
ping With a person’s hand for cordless manipulation in a 
hair-regroWth-inhibiting procedure. A light source and elec 
trical circuit are contained Within the housing. The circuit 
includes one or more batteries for energiZing the light source 
to produce output light pulses. A light path Within the 
housing includes an aperture through Which eye-safe light 
pulses are propagated out of the housing having properties 
suf?cient for at least temporary hair-regroWth inhibition. An 
optical diffuser is disposed along the light path to reduce the 
integrated radiance to an eye-safe level. 

[0030] In one aspect, the cordless apparatus has a total 
Weight of no more than 1 kilogram. Moreover, the cordless 
apparatus occupies no more than 1500 cm3 of volume. In a 
preferred embodiment, the apparatus Weighs less than 700 
grams and occupies not more than 700 cm3 in volume. In 
use, the hair-regroWth-inhibiting apparatus produces a light 
pulse having a ?uence on the skin surface that is suf?cient 
to at least temporarily inhibit hair regroWth and having an 
integrated radiance insufficient to cause eye damage. 

[0031] In another aspect, and in addition to and/or as an 
alternative to the above features, the apparatus is rendered 
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incapable of producing a ?uence at the eye of a person that 
is more than a maximum permissible exposure (MPE), such 
MPE having a value in J/cm2 equal to 1.8><10_3 to‘75 C4C6, 
Where C4=10O'OO2O‘_7OO) for infrared Wavelengths 7» in nm 
from 700 nm to 1050 nm and C4=5 for 1050 nm to 1100 nm, 
and C6 is a number betWeen 1 and 66.7 for a diffuse source, 
and t is the pulse duration in seconds. In this case, the output 
?uence of a light pulse may be preferably above 4 J/cm2. 
The majority of the energy of a light pulse is contained 
Within the spectral band of 700 nm to 1100 nm in this aspect. 
Each light pulse emitted from the apparatus also has a pulse 
duration of betWeen 10 milliseconds and 1 second. A light 
pulse produced by the apparatus has an output ?uence of 
betWeen 4 J/cm2 and 100 J/cm2. 

[0032] In a further aspect and in addition to any of the 
above features, the light pulses are generated by a diode 
laser light source, and are emitted at a repetition rate 
betWeen 0.1 HZ and 2 HZ, have a peak poWer betWeen 10 
Watts and 120 Watts, and have a spot siZe betWeen 0.25 cm2 
and 5 cm2. In further aspects, the light source includes one 
or more ?ashlamps or LEDs. 

[0033] A hair-regroWth-inhibiting device in accordance 
With various combinations of the above aspects may include 
any combination of the folloWing further features. A heat 
sink may be included for contacting a region of the epider 
mis of a person When the device is in use. The heatsink 
preferably has one or more thermal characteristics that serve 
to remove suf?cient heat from the contact epidermis region 
to reduce or prevent epidermal injury. The temperature of 
the heatsink may be beloW or may even be elevated above 
a normal skin temperature, Wherein a normal skin tempera 
ture is a temperature of the skin When not being treated With 
the device. The heatsink may include a sapphire output 
WindoW. 

[0034] A contact sensor may be employed to permit light 
pulses to be propagated from the housing only When sub 
stantial contact is made betWeen the contact sensor and the 
contacted surface, such as a person’s skin. A light pulse may 
be automatically triggered When the substantial contact is 
made betWeen the contact sensor and the contacted surface. 

[0035] The light source may include a diode laser light 
source. Such diode laser light source may include one or 
more diode laser bars, or preferably tWo or more diode laser 
bars. Each diode laser bar Would include multiple laser diode 
emitters. The one or more laser diode bars may be thermally 
coupled to a fan-cooled heatsink. 

[0036] The light source may include a divergent source 
such as a diode laser source, or alternatively a divergent 
source such as a ?ashlamp or LED source. 

[0037] The output light pulses may have a bandWidth of 2 
nm or more, and may be 40 nm or less. The light pulses may 
have pulse durations Within a narroWer range betWeen 10 
milliseconds and 1 second. The pulse durations may be 200 
milliseconds or above, and may be 600 milliseconds or less. 

[0038] The electrical circuit may include a supercapacitor 
for energiZing the light source. Preferably, hoWever, the 
electrical circuit includes a direct drive electrical circuit for 
energiZing the light source. The direct drive circuit is pref 
erably Without a storage capacitor, or transformer, or both. 

[0039] The optical diffuser may be re?ective and/or trans 
missive. A mixer may be disposed along the light path for 
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distributing light more uniformly at the aperture. The prin 
cipal optical axis of the light emitted from the light source 
striking the diffuser may not be parallel to the normal of the 
surface of the diffuser. In this sense, the light source may 
include one or more laser diode bars that have a principal 
optical axis tilted aWay from the normal of the surface of the 
diffuser; alternatively, the principal optical axis of the laser 
diode bars may be parallel to the normal of the surface of the 
diffuser, but the light from the bars re-directed, by a mirror, 
for example, such that the light strikes the diffuser at other 
than normal incidence to the diffuser surface. The apparatus 
may include an audible feedback component. 

[0040] A hair-regroWth-inhibiting method for cordlessly 
inhibiting hair regroWth is also provided. A self-contained 
housing assembly of a hair-regroWth-inhibiting device is 
gripped in a person’s hand. The housing assembly is posi 
tioned such that an output WindoW component of the device 
contacts a region of the epidermis of a same or different 
person. The light source is energiZed With an electrical 
circuit including one or more batteries, each contained 
Within the housing assembly, to produce output light pulses. 
The light pulses generated by the light source are transmitted 
along a light path Within the housing including an aperture 
through Which eye-safe light pulses are propagated from the 
housing assembly having properties suf?cient for at least 
temporarily inhibiting hair regroWth. The light pulses are 
diffused along the light path to reduce the integrated radi 
ance to an eye-safe level. The hand-held, dermatologic 
device is then cordlessly manipulated in a hair-regrowth 
inhibiting procedure. The hair-regroWth-inhibiting device 
thus produces a ?uence on the skin surface that is suf?cient 
to at least temporarily inhibit hair regroWth and that has an 
integrated radiance insufficient to cause eye damage. 

[0041] The method is preferably performed With the use of 
an apparatus according to one or more of the features 
described above and according to any of preferred and 
alternative aspects described, even though those features are 
not repeated here. In addition, suf?cient heat may be 
removed from the contacted epidermis region to reduce or 
prevent epidermal injury. Heat generated by the laser diode 
bars may also be removed through a heat sink in thermal 
contact With the diode bars. 

[0042] The energiZing may involve at least partial dis 
charge of a supercapacitor for energiZing of the light source, 
or direct drive energiZing of the light source. In the direct 
drive energiZing, current pulses from one or more batteries 
pass directly through the light source, Without discharge of 
a storage capacitor. The energiZing may also involve gen 
erating current pulses for generating light pulses Without the 
use of a transformer. 

[0043] A person performing the cordless manipulation of 
the method may be a same person upon Whose skin the light 
pulses are applied, or may be a different person. The method 
may also include loWering the ?uence beloW a maximum 
level by using a sWitch to turn doWn the output ?uence. 

[0044] In another aspect, a light pulse emitted by the 
apparatus has an output ?uence betWeen 4 J/cm2 and 100 
J/cm2, and a ?uence at the eye of a person that is less than 
a maximum permissible exposure (MPE); such MPE having 
a value in J/cm2 equal to 1.8><10_3 to‘75 C4C6, Where 
C4=10O'OO2O‘_7OO) for infrared Wavelengths 7» in nm from 700 
nm to 1050 nm and C4=5 for 1050 to 1100 nm light, and C6 
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is a number between 1 and 66.7 for a diffuse source, and t 
is the pulse duration in seconds. According to this aspect the 
majority of the energy of a light pulse is contained Within the 
spectral band of 700 nm to 1100 nm. Each light pulse may 
have a pulse duration betWeen 10 milliseconds and 1 second. 

[0045] In another aspect, the light pulses are emitted at a 
repetition rate betWeen 0.1 HZ and 2 HZ, each light pulse 
having a peak poWer betWeen 10 Watts and 120 Watts, and 
having a spot siZe betWeen 0.25 cm2 and 5 cm2. The cordless 
apparatus according to this aspect has a total Weight of no 
more than 1 kilogram, and occupies no more than 1500 cm3 
of volume. The energiZing may involve energiZing a diver 
gent light source such as a diode laser light source, or other 
divergent source such as a ?ashlamp light source or a light 
emitting diode light source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 schematically illustrates a dermatologic 
treatment apparatus in accordance With a ?rst embodiment 
that is self-contained and battery-powered. 

[0047] FIG. 2A schematically illustrates a dermatologic 
treatment apparatus in accordance With a second embodi 
ment in contact With a person’s skin, that is eye-safe and that 
incorporates a transmissive diffuser. 

[0048] FIG. 2B schematically illustrates a dermatologic 
treatment apparatus in accordance With a third embodiment 
in contact With a person’s skin, that is eye-safe and that 
incorporates a re?ective diffuser. 

[0049] FIGS. 3A and 3B schematically illustrate an optical 
diffuser in accordance With the second embodiment. 

[0050] FIG. 3C schematically illustrates an optical diffuser 
in accordance With the third embodiment. 

[0051] FIG. 3D schematically illustrates yet another type 
of optical diffuser that has a spatially uniform output. 

[0052] FIG. 3E schematically illustrates the optical dif 
fuser of FIG. 3C in contact With a person’s skin during a 
hair-regroWth-inhibiting procedure or other dermatologic 
procedure. 

[0053] FIG. 4 schematically illustrates the divergence of a 
laser beam transmitted through a bi-concave lens. 

[0054] FIG. 5 schematically illustrates a hair-regroWth 
inhibiting apparatus in accordance With the second embodi 
ment. 

[0055] FIG. 6 schematically illustrates a front perspective 
vieW of a self-contained housing of a hair-regroWth-inhib 
iting apparatus in accordance With a preferred embodiment. 

[0056] FIG. 7 schematically illustrates a rear perspective 
vieW of the self-contained housing of the hair-regroWth 
inhibiting apparatus of FIG. 6. 

[0057] FIG. 8 schematically illustrates indicator lights of 
the hair-regroWth-inhibiting apparatus of FIGS. 6-7. 

[0058] FIG. 9 schematically illustrates a perspective vieW 
of an AlGaAs laser diode bar. 

[0059] FIG. 10 schematically illustrates a cross-sectional 
vieW of a hair-regroWth-inhibiting apparatus in accordance 
With the second embodiment. 
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[0060] FIG. 11 schematically illustrates components of an 
electrical circuit in accordance With a preferred embodi 
ment. 

[0061] FIG. 12 schematically illustrate components of an 
electrical circuit for poWering a laser diode light source With 
batteries through a FET-based sWitch in accordance With a 
preferred embodiment. 

INCORPORATION BY REFERENCE 

[0062] What folloWs is a list of citations corresponding to 
references Which are, in addition to those references cited 
above and beloW, and including that Which is described as 
background and the invention summary, hereby incorpo 
rated by reference into the detailed description of the pre 
ferred embodiments beloW, as disclosing alternative 
embodiments of elements or features of the preferred 
embodiments that may not otherWise be set forth in detail 
beloW. A single one or a combination of tWo or more of these 
references may be consulted to obtain a variation of the 
elements or features of preferred embodiments described in 
the detailed description beloW. Further patent, patent appli 
cation and non-patent references are cited in the Written 
description and are also incorporated by reference into the 
preferred embodiment With the same effect as just described 
With respect to the folloWing references: 

[0063] US. Pat. Nos. 4,232,678, 4,551,628, 4,592,353, 
4,690,141, 5,057,104, 5,059,192, 5,075,971, 5,109,465, 
5,401,270, 5,405,368, 5,431,647, 5,486,172, 5,700,240, 
5,728,090, 5,743,901, 5,820,625, 5,824,023, 5,871,521, 
5,885,273, 6,059,765, 6,096,029, 6,138,041, 6,160,831, 
6,188,495, 6,197,020, 6,228,074, 6,273,884, 6,277,111, 
6,280,438, 6,290,713, 6,440,122, 6,441,943, 6,508,813, 
6,511,475, 6,514,242, 6,516,013, 6,517,532, 6,533,775, 
6,548,781, 6,563,853 and 6,641,044; United States pub 
lished applications no. 2003/0233138, 2003/0032950, 2003/ 
0004499, 2002/0128635, 2002/0097587, 2002/0091377, 
20020015430, and 2002/0005475; and 

[0064] US. provisional patent applications Nos. 60/451, 
091, ?led Feb. 28, 2003; 60/456,379, ?led Mar. 20, 2003; 
60/458,861, ?led Mar. 27, 2003; 60/472,056, ?led May 20, 
2003; 60/450,243, ?led Feb. 25, 2003; 60/450,598, ?led 
Feb. 26, 2003; 60/452,304, ?led Mar. 4, 2003; 60/451,981, 
?led Mar. 4, 2003; 60/452,591, ?led Mar. 6, 2003; and 
60/456,586, ?led Mar. 21, 2003; and 

[0065] Published PCT applications no. WO 03/049633; 

[0066] European published application no. EP 1 168 535, 
EP 0 761 257, EP1 116 476 and EP 0 933 096; French patent 
document no. FR2665366; 

[0067] Japanese patent documents no. JP2000300683, and 
1P1 1244295; 

[0068] German patent document no. DE19629978; and 

[0069] Sliney, et al., Safety With Lasers and Other Optical 
Sources, A Comprehensive Handbook, Plenum Press 
(1980); and 

[0070] Hode, L, “Are lasers more dangerous than IPL 
instruments?” Lasers in Surgery and Medicine, Supplement 
15, 2003, p. 6; and poster presentation at corresponding 
conference. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

[0071] A device and method are described in a ?rst 
embodiment that enable light-based dermatologic treatment 
With a self-contained and handheld device. The device 
embodies an advantageous combination of a battery-poW 
ered electrical circuit design, a self-contained housing 
mechanical design, and a light source and optical design, 
that enables e?icacious and practical dermatologic treatment 
in a cordless and handheld manner. 

[0072] The light source may be, for example, one or more 
semiconductor laser diode bars that generate pulses of 
infrared light. To e?fect hair-regroWth inhibition, light from 
the device passes through the epidermis and is absorbed by 
melanin in the hair shaft and follicle. The resulting brief 
temperature rise of the follicle temporarily disables it, delay 
ing the regroWth of hair. The device can be pulsed at a 
repetition rate of up to 0.5 HZ. 

[0073] Effective dermatologic treatment, e.g., hair-re 
groWth inhibition, can occur With standard (10-40 J/cm2) 
output ?uences, yet With very long pulse durations (up to 
1000 ms). This avoids the need for very high peak laser 
poWers; for example, to produce 20 J/cm2 in 350 ms With a 
9 mm by 9 mm output area requires a optical peak poWer of 
only 46 Watts. The modest peak poWer requirement, in turn, 
reduces the electrical pulsed poWer requirement, and thereby 
permits battery operation. Through the use of miniature 
surface-mount electronic components, thermo-electric (TE) 
modules and advanced nickel-metal-hydride battery tech 
nology, such a device has been invented that may be entirely 
handheld, With the aforementioned parameters in a preferred 
embodiment. 

[0074] A device in accordance With a preferred ?rst 
embodiment is illustrated schematically in FIG. 1. The 
elements shoWn are light source 10, mixer 12, output 
WindoW 14, heat-removal element 16, electrical battery 18, 
and housing 20. Not shoWn but involved in the operation of 
the device are other mechanical, electrical, and optical 
elements (such as a trigger, drive and control circuitry, 
sensors, and indicators) such as may be described in more 
detail beloW and/or as may be understood by those skilled in 
the art. That is, FIG. 1 is intended merely to serve to 
introduce the device of a preferred ?rst embodiment to be 
described in more detail beloW. 

[0075] In operation, the user charges the electrical battery 
18 (by placing the device in a charging station, for example, 
that Will provide electrical charge from a Wall outlet). Once 
charged, the user presses an output WindoW 14 or aperture 14 
against the surface of the skin to be treated. The aperture or 
WindoW 14 in contact With the skin is preferably made of 
sapphire, because of its relatively high thermal conductivity. 
The output aperture or WindoW 14 may, hoWever, be only an 
opening or aperture such that the WindoW component 14 that 
contacts the person’s skin may be a frame of the opening. 
The heat-removal element 16 draWs Waste heat from light 
source 10 and may draW heat as Well from the skin by 
conduction through WindoW 14 and mixer 12. The heat 
removal element 16 may be a thermoelectric heat exchanger 
that dissipates heat to the surrounding air by use of a ?nned 
heat sink and fan; or may be a solid material that acts as a 
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heat sink due to its high heat capacity (a “thermal battery”) 
as described in some further detail beloW. The user then 
activates a pulse from the light source 10 by pressing a 
trigger button. In an alternative embodiment, the electrical 
circuit may be designed so that upon su?iciently contacting 
the skin of a person being treated, a contact sensor located 
near the output aperture senses suf?cient contact of the 
output WindoW component 14 With a person’s skin so that 
one or more pulses may be automatically activated. The light 
pulse enters the mixer 12 Which serves to distribute the light 
substantially uniformly onto the output WindoW 14 and 
ultimately into the skin. The output WindoW 14 is connected 
to the heat-removal element 16 by mixer 12 and thus 
additionally serves as a protective heat sink for the skin. 

[0076] To further simplify operation, the preferred device 
operates at a ?xed, mid-range output ?uence setting of 
nominally 20 J/cm2 and a ?xed, mid-range pulse duration of 
nominally 300-350 ms. In an alternative embodiment, the 
output ?uence Would be continuously or discretely adjust 
able. Details of the electrical circuit design are provided 
beloW. 

[0077] Additional details of a preferred embodiment of a 
light-based hair-regroWth-inhibition apparatus are shoWn in 
FIGS. 6-8. The exterior of the unit housing 410 is shoWn 
schematically in these ?gures. FIG. 6 illustrates a perspec 
tive front vieW and the output WindoW 420 is shoWn. Trigger 
buttons 430 for initiating laser pulses are also shoWn and are 
easily depressed by a left- or right-handed self-care user. 
Vent louvers or openings 440 are also visible. A charging 
base 450 is shoWn With a poWer cord 460 for recharging the 
apparatus. 

[0078] In the rear perspective vieW of the apparatus shoWn 
in FIG. 7, the output WindoW 420 is indicated along With the 
vent louvers 440, as Well as an on-olf button 460 and 
indicator lights 470. The indicator lights 470 are illustrated 
in more detail in FIG. 8. A battery charge indicator 472, an 
on/off indicator 474 and a ready indicator 476 are provided 
examples. 

[0079] The primary elements of the apparatus Will pref 
erably have a volume less than approximately 2000 cm3 , and 
more preferably less than approximately 1000 cm3, and a 
Weight less than approximately one kilogram. Even more 
preferably, the apparatus may have a volume less than 700 
cm3 and a Weight less than 700 grams. In this Way, the 
apparatus can be gripped and ?rmly controlled in a self-care 
procedure Within a user’s hand Without providing stress in 
the user’s grip and Without causing excessive fatigue during 
use. As illustrated in FIGS. 6-7, the apparatus has a volume 
of 400 cm3 and a Weight of 500 g in a cordless, self 
contained device. It is noted that Where the term cordless is 
used herein, it is meant to refer to a unit that is battery 
poWered and not electrically plugged into an external outlet 
or poWer source during use. In addition, Where the term 
self-contained is used herein, it is meant that the unit is not 
physically connected to a base unit or other such unit and is 
free to be manipulated Without attached Wires or couplings. 
In that sense, a self-contained housing 410 such as that 
illustrated in FIGS. 6-7 has the light source and batteries 
contained Within it, such that the housing is not attached to 
any electrical cable or light guide cable that protrudes out of 
the housing 410. This is not to say that a Wireless control, or 
other Wireless coupling, or the charging base 450 cannot be 
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included components of a unit that includes the preferred 
self-contained housing 410 illustrated in FIGS. 6-7; however 
in use, the housing 410 is free of externally protruding 
physical couplings such as control Wires, optical cables and 
poWer cords. 

[0080] Even alloWing for maximum electrical, thermal, 
and optical ine?iciencies, control circuitry, and mechanical 
packing factors, the handheld device of the preferred 
embodiment is highly e?icient, self-contained and user 
friendly. Furthermore, the output parameters of the device 
establish that it is e?icacious and practical in use. 

[0081] In this section, additional details are provided 
regarding a preferred method of use of the apparatus. 
Charging the apparatus involves its placement into a charg 
ing base 450 shoWn in FIG. 6 generally overnight prior to 
use. Charging of the device is easily done by plugging the 
poWer cord into a suitable AC outlet and placing the device 
into the charging stand 450. Following use, the unit should 
be returned to the charger 450, so that it Will be fully charged 
for the next use. The unit may be left in the charger 450 for 
extended periods of time Without harm to the unit. 

[0082] During charging, the left indicator light 472 (FIGS. 
7-8) ?ashes green. When the battery is fully charged, this 
light Will cease ?ashing and remain green. 

[0083] Preparing the skin for maximum comfort during 
use involves shaving the area to be treated prior to treatment, 
and then Wiping With a cool, damp cloth. Because the unit 
relies on absorption of light by the hair shaft under the skin, 
the hair should not have been previously removed by 
plucking or Waxing. If either of these methods Were per 
formed recently on the area to be treated, treatment should 
be postponed until hairs are once again visible. 

[0084] Performing the treatment, after the unit has been 
fully charged, involves turning on the unit by pressing and 
releasing the ON-OFF button 460 shoWn in FIG. 7. When 
the unit is on, the center indicator light 474 shoWn in FIG. 
8 Will illuminate. 

[0085] For a brief period after the poWer is turned on, the 
right indicator light 476 may ?ash, indicating that the unit is 
approaching the “ready” state. The right indicator light 476, 
When steadily green, indicates that the device is ready and 
Will emit a light pulse When either of the tWo trigger buttons 
430 is depressed (provided that the output WindoW 420 is in 
contact With skin). TWo triggers 430 are provided to permit 
comfortable use of the device in either hand. 

[0086] To perform the treatment, the output WindoW 420 
is placed ?rmly against the shaved skin area to be treated, 
and either trigger 430 pressed and released. A beep Will be 
preferably heard When the laser pulse is completed. In a 
particular embodiment, a beep and/or other tone or sensory 
indication is preferably heard When good contact is made 
Within the skin indicating that the contact sensors around the 
WindoW 420 are in contact With the skin and Will permit the 
pulse to be propagated out of the housing 410. Accordingly, 
the self-care user Will knoW that the unit Will not generate a 
pulse until good contact is established and the tone is heard. 
In another embodiment, a beep and/ or other tone or sensory 
indication Will be heard if after making good contact With 
the user’s skin, the output WindoW 420 is moved aWay from 
good contact. This indication is to inform the user that a 
pulse Will not be permitted to be propagated from the 
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housing 410 until good contact is re-established. After the 
pulse-completed beep is heard, the output WindoW 420 is 
moved to an adjacent area, alloWing for approximately 
?fty-percent overlap. That is, the tip should be moved a 
distance about one-half the Width of the area contacting the 
skin. It is not necessary to hold the trigger doWn throughout 
the pulse. It is, hoWever, important to maintain full contact 
betWeen the skin and the output WindoW 420 for the entire 
duration of the laser pulse. If the output WindoW 420 is lifted 
from the skin prior to completion of the laser pulse, a distinct 
tone is sounded to alert the user, and the area should be 
re-treated With an additional pulse. 

[0087] The preferred maximum repetition rate of the unit 
is one pulse every tWo seconds, and generally betWeen one 
pulse every second and one pulse every four seconds. Thus 
there may be a feW-seconds delay before the next beep is 
heard. 

[0088] All of the various sounds described above serve as 
audible feedback and aid in the use of the device. 

Second and Third Embodiments 

[0089] Alternative embodiments of a dermatologic treat 
ment device and method incorporate an optical di?‘user, 
described in detail beloW, to greatly enhance the eye safety 
of the device While minimally a?‘ecting e?icacy. The addi 
tion of an optical di?‘user to increase the divergence and to 
reduce the spatial coherence of the light emitted from the 
device alloWs the apparatus to be classi?ed as a Class I Laser 
Device under the guidelines of the US. Food and Drug 
Administration Center for Devices and Radiological Health. 
This permits the use of the apparatus Without having to Wear 
laser safety glasses or goggles, and most importantly, elimi 
nates the risk of eye injury if other safety means such as the 
contact sensor described above should fail. 

[0090] Accordingly, a device and method for dermatologic 
treatment are provided in a second and third embodiment 
that are inherently eye-safe. That is, the device and method 
are effective in treating various dermatologic conditions (i.e. 
produce a ?uence at the skin surface of greater than about 
one joule per square centimeter) and yet at the same time, 
When aimed directly into the eye from any distance, produce 
a ?uence at the human eye that is beloW the Maximum 
Permissible Exposure (MPE) as de?ned by the American 
National Standards Institute (ANSI) and the International 
Electrotechnical Commission (IEC). This value for the MPE 
is essentially the same as the Exposure Limit (EL) published 
by the International Commission on Non-ionizing Radiation 
Protection (ICNIRP). 

[0091] It is recogniZed in the design of the apparatus that, 
unlike many applications for lasers and other light sources, 
dermatologic treatment does not generally require a highly 
directed beam. As long as the light is con?ned in some 
manner Within a handpiece or applicator prior to its entering 
the skin surface, there is very little value in requiring the 
light to strike the skin at normal incidence (i.e., light rays 
oriented roughly perpendicular to the skin surface). This is 
because the skin is a highly scattering medium, and any light 
rays entering the skin at normal incidence are scattered by 
epidermal skin cells very near the surface and thus are 
redirected into all angles. The incorporation of a diffuser 
accomplishes this spreading of the light rays prior to enter 
ing the skin, Which has little impact on e?icacy but greatly 
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enhances eye safety. It should be noted that simply increas 
ing the divergence of a coherent source such as a laser by 
inclusion of a simple diverging element (e.g., a lens) is not 
nearly su?icient to achieve the requisite eye safety, due to 
the focusing ability of the eye and resulting intensi?cation of 
that light onto the retina. 

[0092] It is noted that the devices described in the second 
and third embodiments beloW can readily accommodate the 
essential elements of the ?rst embodiment. That is, the 
eye-safe devices described in the embodiments beloW could 
be realiZed in a self-contained, battery-powered device. 
Alternatively, the devices described beloW could be corded 
to operate from a conventional Wall outlet during use. It is 
also noted that the method of use of the devices described in 
the second and third embodiments is essentially the same as 
that described in the ?rst embodiment. 

[0093] FIG. 2A schematically illustrates a dermatologic 
device, such as a light-based hair-regroWth-inhibition 
device, incorporating a transmissive di?fuser in accordance 
With the second embodiment of the invention. When used 
herein, a transmissive di?fuser is intended to describe an 
element incorporated into a light path having an input 
surface Which the light initially strikes; and a second, output 
surface from Which light propagates. Such input and output 
surfaces of the transmissive diffuser are separated by the 
material of the diffuser itself. 

[0094] The ?gure schematically illustrates the device, in 
contact With skin 150, that incorporates the use of a diffusing 
material 120 through Which the light passes before leaving 
the apparatus though output WindoW (or simply an open 
aperture) 100. Contained Within the source chamber 130 is 
a light source 140 that emits pulses having many advanta 
geous features. Light source 140 may be, for example, a 
laser diode assembly for treatment of a dermatological 
condition, and preferably includes one or tWo laser diode 
bars. 

[0095] The diffusing material 120 is placed over an aper 
ture in source chamber 130. Light source 140 preferably 
does, but need not, uniformly illuminate diffuser 120. The 
di?fuser 120 is designed to increase the divergence of the 
light emitted from light source 140, and to reduce the spatial 
coherence of the light source. Diffuser 120 may be made of 
a material that scatters light traveling through it, such as an 
opaliZed glass substrate. Details regarding appropriate opti 
cal diffuser designs and materials are contained in a subse 
quent section describing component details. In a variation of 
this embodiment, the inner Walls of the source chamber 130 
Would be coated and/or otherWise constructed of a material 
that is non-absorbing at the therapeutic Wavelengths emitted 
by source 140. A source chamber that is not substantially 
non-absorbing Would also be acceptable; hoWever, a more 
intense light source 140 Would be involved for the same 
poWer delivered to the skin. The requirement for additional 
poWer is not desirable, particularly in a cordless, hand-held, 
self-care device because energy e?iciency is at a premium. 

[0096] The spatial uniformity of the light may be 
increased through the use of a mixing chamber 110 Which 
may be simply a holloW tube With substantially non-absorb 
ing side Walls through Which the light Would propagate prior 
to leaving the apparatus through output WindoW 100. If the 
spatial uniformity of the light at the diffuser is adequate for 
the desired treatment, the mixer can be omitted, so that the 
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di?fuser 120 may even be in contact With the skin and serve 
as the output WindoW. Alternatively, the diffuser 120 may be 
located at the position shoWn in FIG. 2A even if it is 
determined that su?icient uniformity may be achieved With 
out the function of the mixing chamber 110. It is desired, 
hoWever, that the diffuser 120 not be placed so close to the 
light source 140 that substantial non-uniformity results from 
the light not having su?iciently diverged from the light 
source before impinging upon the diffuser 120. 

[0097] FIG. 2B schematically illustrates a dermatologic 
device, such as a light-based hair-regroWth-inhibition 
device, incorporating a re?ective diffuser in accordance With 
the third embodiment of the invention. By reference to FIG. 
2B, the term re?ective diffuser is intended to describe an 
element incorporated into a light path having a ?rst or input 
surface Which the light initially strikes; hoWever, in contrast 
to a transmissive di?‘user, this ?rst surface also serves as the 
output surface from Which light propagates from the diffuser. 
It is further noted that the term “re?ective” is used in this 
context to include remitted light. That is, the diffuser may 
scatter or refract light as Well. 

[0098] In FIG. 2B, a light-based hair-regroWth-inhibition 
device is illustrated in contact With skin 155 that incorpo 
rates the use of a diffusing material 125 Which di?‘uses light 
from source or sources 145 before the light leaves the 
apparatus though output WindoW (or simply an open aper 
ture) 105. Contained Within the chamber 115 is a light source 
or sources 145 that emit pulses having many advantageous 
features. Light source or sources 145 may be, for example, 
laser diode bars for treatment of a dermatological condition 
such as unWanted hair. 

[0099] The diffusing material 125 is placed Within cham 
ber 115 in a position generally opposite the skin, as shoWn. 
Light source or sources 145 preferably does, but need not, 
uniformly illuminate diffuser 125. The di?fuser 125 is 
designed to increase the divergence of the light emitted from 
light source or sources 145 and to reduce the spatial coher 
ence of the light source or sources. Diffuser 125 may be 
constructed of a highly scattering material such as PTFE, 
e.g., Te?on. Details regarding appropriate optical di?fuser 
designs and materials are contained in a subsequent section 
describing component details. In a variation of this embodi 
ment, the inner Walls of the chamber 115 Would be coated 
and/or otherWise constructed of a material that is non 
absorbing at the therapeutic Wavelengths emitted by source 
or sources 145. The spatial uniformity of the light may be 
increased through the use of chamber 115 as a mixer Which 
may be simply a holloW tube With substantially non-absorb 
ing side Walls through Which the light Would propagate prior 
to leaving the apparatus through output WindoW 100. It is 
further noted that FIG. 2B illustrates the concept of a 
re?ective di?fuser in an embodiment Wherein light from the 
source or sources 145 is initially directed aWay from the skin 
155, prior to striking diffuser 125. The device in FIG. 2B 
could be alternatively constructed Wherein light from source 
or sources 145 initially propagates in a direction toWard the 
skin; but, prior to striking the skin, such light is redirected 
by a mirror or mirrors back toWard the diffuser 125. 

Component Design 
Light Source 

[0100] With reference to FIG. 1, the light source 10 is 
preferably tWo diode laser bars at a nominal Wavelength of 




































