Therapeutic |light source Description The present invention relates to a

t herapeutic |ight source. Photochenotherapy of cancer is often referred to
as phot odyoaniow2stier apy (PDT). I n PDT, a photosensitizi RGTEARIN/06H74
admnistered to a patient and is prefergntially retained in tumour cells.
The agent is irradiated with visible or near infrared |light, the wavel ength
of which is chosen to match the absorpti on wavel ength of the

phot osensi ti zi ng agent. The agent becones excited and passes its energy to
oxygen nol écla¢éeapentikilighhsovete to generate singlet oxygen and so cause
cell necrosis. The present invention seeks to provide an inproved
therapeutic light source. According to the present invention there is

provi ded aljaﬁﬁﬁﬁm%ﬁic | i ght source conprising at |east two | aser diodes,
means for causing the |aser diodes to emt pulses of light substantially

si mul t aneoU3eypragvat e Hgn irdlnes vak shpepswsierlightibgescof | ess than 1

m crosecond and neans for coupling light emtted by the | aser diodes into
an optical fibre. Thus, the light source can generate short pulses of |ight
at hi gh powpotadhicatotleanpbef paicti 6ulfamn refdecltdove photddyenapd ésrapsuU®bBs PDT.

The therapeutjc |ight source may conprise at |east three |aser diodes. The
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light at a fdfsh iMevebenalin, TheSeeand il-aselkd HindesihRr otk thlgedight at a
second wavel ength and a third | aser diode for emtting light at athird

wavel engt h thewerdemgth g whighsts choewrorpdmarstl thhrbsrave vergehgtharfehdi f f er ent .
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molecules within the cell to generate singlet oxygen and so cause cell necrosis.
The present invention seeks to provide an improved therapeutic light source.

15 According to the present invention there is provided a therapeutic light source
comprising at least two laser diodes, means for causing the laser diodes to emit
pulses of light substantially simultaneously and having intervals between pulses of
less than 1 microsecond and means for coupling light emitted by the laser diodes
into an optical fibre.

20
Thus, the light source can generate short pulses of light at high power which can be

particular effective in therapies, such as PDT.

The therapeutic light source may comprise at least three laser diodes.

25
The therapeutic light source may comprise a first laser diode for emitting light at a
tirst wavelength, a second laser diode for emitting light at a second wavelength and
a third laser diode for emitting light at a third wavelength, wherein the first, second
and third wavelengths are different.

30
The therapeutic light source may comprise at least two diodes for emitting light at
the first wavelength, at least two diodes for emitting light at the second wavelength;

and at least two diodes for emitting light at the third wavelength.



the first wavelength, at least two diodes for emtting light at the second
wavel ength; and at |east two diodes for emtting light at the third

wavel engtwoRbm/hsrist wavel ength may be about 635 nm thecsawesudovavel engt h
may be about 1050 nmand the third wavelgngth may be about 1270 nm The

| aser di odes nmay be configured to output™ |ight having a conbi ned power of
at |l east 500 nW The conbi ned power may be at | east 1W The neans for
causing the | aser diodes to emt pulses of |ight nmay conprise nmeans for
generating a pul se waveform and neans for driving current through the |aser
di odes, wh [ h i vide I | s veform
to the curﬁgﬁfﬂ3%W%T%%ﬂﬁgg%gﬂgfﬁggpﬁgfggﬁH%?%x?%%ﬁﬁgégﬁgggnﬁavi%%%%rises at
| east two dOb® ent awdt thei thgd Reankngdathy bonbogur2éd dne drive a respective

| aser di ode; wherein the generating neans provides at |east two pul se
waveforms. The pul se waveform generating means nmay be a processor and the
current sdr imfeNgscMBants GO &R%icaR daBRdibb@leh hh Gk . coblign&Hpseat o it Vi ng
means may include a neans for switching current on and off and neans for
regul at i ng leagt PEhe YW hildaghmditeslservdiadebamdermedny. f or causing the | aser
diodes to emt pulses of |light may be configured to cause the | aser diodes
to emt pulses having intervals between pul ses of |ess than or equal to 100
ns or | ess Theaneor fegualsitdeocht tasasdiodecar eningul s biEght @sendtmprivenmichon t here
is provided at |east tmquase&.diodgs, a Eir ui.t arrang d‘%ﬁb ayse t he
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for channelling light emtted by the [ aser diodes into an optical fibre.
current driving means.

The therapeutic light source may comprises at least two current driving means, each
configured to drive a respective laser diode; wherein the generating means provides

15 at least two pulse waveforms.

The pulse waveform generating means may be a processor and the current driving
means comprises an amplifier circuit. The current driving means may include a
means for switching current on and off and means for regulating current through a

20  laser diode

The means for causing the laser diodes to emit pulses of light may be configured to
cause the laser diodes to emit pulses having intervals between pulses of less than or

equal to 100 ns or less than or equal to 10 ns.

25
According to the present invention there is provided at least two laser diodes, a
circuit arranged to cause the laser diodes to emit pulses of light substantially
simultaneously and having intervals between pulses of less than 1 microsecond and
a coupler for channelling light emitted by the laser diodes into an optical fibre.

30

The circuit may be programmable.



The circuit may be programuabl e. Enbodi nents of the present invention wll
now be descri bed, by way of exanple, with reference to the acconpanyi ng

dr awi ngs wo 2otvebii6Fi gure 1 is schematic bl ock di agram etrartéwnapeuti c

| i ght source in accordance with the present invention; Figure 2 is a timng
diagramillustrating sinultaneous output” of pulsed light fromlaser diodes;
Figure 3 is a nore detailed view of sone of the blocks shown in Figure 1
and Figure 4 illustrates in nore detail a driver circuit shown in Figure 1
Ref erring thanmdjmeatsiof e pirgshint wgeneen vilk pew psalcseriidebapypy o§ getnpls, PDT, in
accordance Wt e ' eI N - As will be explained in

nor e detaﬂ&%giéﬁgg% %)%%%%?hgﬁggﬁ%;%?k%%gqﬁﬁgﬁ?éiource 1 can exceed 500 nmw
and oper at &igure pub sehandie Hodddiegmg piud sesapahtik light shavd mggoutdaecd witer val s
and/ or pul se durati.on |l ess than 1 m crosecond. Wen used in PDT, such

pul ses of [PGRICER BUYHINY gh power can stinul ate singlet oxygen production

in tunoyr ¢ehls 2L RInehEIdedcenth iluscrhi e kingDtans oW 6@ plt bNELIVARSIR from
m croprocessor 2 which provides a progranmabl e signal generator 3. The
m cr opr oced®6f d@des coupled to circuits 4 (or “"drivers") for driving

respective F?%Jrl"e %qg%g&&%rd& R8 il §P?§m§ of bk ﬂilﬁk% s‘%‘?&%ﬂﬂ'neﬁi%&ljéeb an

m cr opr ocess the drivers are supported on a not erbéar% (not
shown) . Théigrodyillierdtwoinononmndeeail agdererdiiogesshbwnharkigxarpl e, t here may be
up to about 20 | aser diodes. Sone or all of the |laser diodes 5 may emt

i ght at the same wavel ength. In this and sone enbodi nents of the

i nventimgn, Rh@riasemigiredes 1ighi frkstde ratudegasherh¥ ss&t 8s PO @aser di odes,
preferably three sets of diodes, each set of |aser diodes 5 emtting |ight

at a dif f eresrdorageriehgichprepens dpvegtionds hovei-odesvil begyplained in more detail
later, the power output of the light source 1 can exceed 500 mW and operate in
pulse mode producing pulses of light having pulse intervals and/or pulse duration
less than 1 microsecond. When used in PDT, such pulses of light at such high

15 power can stimulate singlet oxygen production in tumour cells more efficiently.

The light source 1 includes a microprocessor 2 which provides a programmable
signal generator 3. The microprocessor 2 is coupled to circuits 4 (or “drivers”) for
driving respective semiconductor laser diodes 5. In this example, the

20 microprocessor 2 and the drivers 4 are supported on a motherboard (not shown).

There may be two or more laser diodes 5. For example, there may be up to about
20 laser diodes. Some or all of the laser diodes 5 may emit light at the same
wavelength. In this and some embodiments of the invention, the laser diodes 5

25 include at least two sets of laser diodes, preferably three sets of diodes, each set of
laser diodes 5 emitting light at a different wavelength. A set of laser diodes 5 may

include one or more than one laser diode.

In this and some embodiments of the invention, the laser diodes 5 include a first set

30 of diodes 5, which emit light at a first wavelength A, in this case 635 nm, a second
set of laser diodes 5, which emit light at a second, different wavelength A, (A, # A)),
in this example 1050 nm, and a third set of laser diodes 5; which emit light at a

third, different wavelength A; (A; # A, # X,), in this case 1270 nm. The wavelengths



i nclude one or nore than one |laser diode. In this and sone enbodi nents of
the invention, the |aser diodes 5 include a first set of diodes 5 which
emt |ighwvoavismetitest wavel ength X1, in this case 635 necraPs@oosd7set of

| aser diodes 52 which emt light at a second, different wavel ength X2 (X2 f
X1) , in this exanple 1050 nm and a third set of |aser diodes 53 which
emt light at a third, different wavelength 13 (I3 f X2 f X1), in this case
1270 nm The wavel engths- A - can be chosen to match the absorption

wavel engt h car bpmhesangthacbithqabrmrpiicuivarclpimh os enstliengihagt agenicudmd may be
chosen, for e fr Vi §i 0 rel d vel. Usual 'y for
PDT, the 3§F§gg%ﬁ?géagst€'§§£%7t%agﬁgﬁfgrg%&gégi%§?@§Lﬁ%%%gﬁaé into a
triplet stat@eyrcdhiachlepgibdulcesllsitogPBAT, oxy gevelerfuhsabldobaser exditodes 5 can
be obtained fromLDX Optronics, Inc.,W%7 9 Triangle Park Dri e%ﬁ$®f ville,
TN 37801, SR B S8l o edle sy ST RroPCa Y EARTLy B R 6 e e

| aser di;odesodesar @nalct @sthigdd Vicdn Lespesidorfcophd. Col20fTde% Fark @R opti cal
junction 8 (or "node" or "coupler") which is attached to one end of an

optical fi BMe&yallpaUNnty8dldiateter, in this exanple, of about 200 to 400mm
The optical junction 8 focuses light into the fibre 9. The optical junction
8 includes a dense, polished semcylindrical prism(not shown) and a

gradi ent | dis l[{otlickeWwtprmipactoigat bigical scatit ér thephat dnglcancré ocused t hem

into the optical fibre 7. The Light source 1 is hoysed .,jn g casin not
Showny | By ELHBRSAE FHGHTT o Aok eoRAACRTIon O 1o 5uB” STt t he

opti calypj URALEIPR BrachiOR HVNGId Sensbhi@s fibano heviashieueder kuktierimpe, the
| ight source 1 is cheap to produce, conpared with conventional dedicated
hi gh- power df abers2E) toc)Olas eThdppded j&cgive § fwexpenghvato the fibre 9.

The optical junction 8 includes a dense, polished semicylindrical prism (not shown)
and a gradient lens (not shown) which gathers scattered photons and focuses them

15 into the optical fibre 7. The light source 1 is housed in a casing (not shown).

By combining light from more than one laser diode 5 using the optical junction 8,
high power densities can be achieved. Furthermore, the light source 1 is cheap to
produce, compared with conventional dedicated high-power lasers since laser diodes

20 5 are inexpensive.

The laser diodes 5 are mounted and rigidly fixed onto the motherboard (not shown)

which includes a cooling system (not shown) comprising fans and/or heat sinks.

25 As shown in Figure 1, the light source 1 also includes a power supply unit 11,

control panel 12, display 13 and memory 14.

In some embodiments, the control panel 12 and display 13 are combined in the
torm of a touch screen display.

30
The control panel 12 includes actuators, e.g. push buttons, switches or selectable
regions on a touch display, for switching power on and off, starting and stopping

light output, setting output power, resetting, switching between pulse and



The | aser diodes 5 are nounted and rigidly fixed onto the notherboard (not
shown) which includes a cooling system (not shown) conprising fans and/ or
heat sinkwo 288/@baen in Figure 1, the light source 1 al poTipredoudes7a power
supply unit 11, control panel 12, display 13 and nenory 14. In sone

enbodi ments, the control panel 12 and di'splay 13 are conbined in the form
of a touch screen display. The control panel 12 includes actuators, e.g.
push buttons, switches or selectable regions on a touch display, for

swi t chi ng pFOWBRUGH rawéﬁsm@rtylngﬂeﬁ@fﬂrﬂgoaﬁg flathep phaden paghes ot puting gt t i ng
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The display 13 indicates operation and other settings, such as whether

power is one or off, output power (W, pul se/continuous node, indicator
‘ready', flTasHigimatd owliqares crp&ﬁ@wcmd@f}e?r ghivags orchofs paeiber gower is one
nanosecond e ' ~ e Sl r di odes
B R T
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di odes, the total power can be | ower or higher. The |light source 1 can be
operated in continuous or pulse node. Referring also to Figure 2, in pulse

node, the haht SAMPpLErEanR GeneEalisdRw 8&81Rf tokdl @htp NBGWRE ol kAt kN, Tw,
of the order of 1 or 10 nanoseconds, e.g. about 5 - 10 nanoseconds, and/or
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The light source 1 can be operated in continuous or pulse mode.

15
Referring also to Figure 2, in pulse mode, the light source 1 can generate pulses of
light having duration, Ty, of the order of 1 or 10 nanoseconds, e.g. about 5 — 10
nanoseconds, and/or separated by intervals, T;, of the order of 1 or 10
nanoseconds, e.g. about 5 — 10 nanoseconds. Thus, the light source 1 is beneficial

20 tor PDT and convenient for use with biological systems.

In pulse mode, the laser diodes 5 are arranged to emit pulses of light substantially

simultaneously. However, the laser diodes 5 can work with a delay.

25 As will be explained in more detail later, the microprocessor 2 and drivers 4 can be
used instead of a conventional (dedicated) high-frequency driver which is complex

and costly. This can help reduce power consumption and heat production.

The light source 1 can also be used as part of an integrated unit (or “array”) (not

30  shown). The array (not shown) includes the light source 1 and a fluoroscopy
camera (not shown) for monitoring the quantity of singlet oxygen produced during
therapy (usually referred to as the “yield of singlet oxygen”). The life time of singlet

oxygen is short and usually lasts no more than 50 nanoseconds.



for PDT and convenient for use with biological systens. In pul se node, the
| aser diodes 5 are arranged to emt pulses of |light substantially

si mul t anewowvozbiavever, the | aser diodes 5 can work w rhraprd@bayii7As wil |
be explained in nore detail later, the rjcroprocessor 2 and drivers 4 can
be used instead of a conventional (dedicated) high-frequency driver which
is conplex and costly. This can hel p reduce power consunption and heat
production. The |light source 1 can al so be used as part of an integrated
unit (or "array") (not shown). The array (not shown) includes the |ight

source 1 a'ﬂ%f&rikgqu:‘?o%%é’%yci?&ﬂ&%%s (R9he § %LrJelc’llr @% fn%iogﬁgdétﬁ? quantity

of singlet oxyge ced during therapy (usua erred to as the
"yield of singlet oxygen"). The life time of singlet oxygen is short and

usual ly lasts no nore than. 50 nanoseconds. Referring to Figure 3, circuitry
15 of the f%rﬁncg%%f‘ésaf Fovtf ?Cém&étteﬂitf).t{l@rﬂﬁg%é‘r‘ﬁﬂ%&)‘@%@&f*2 i's

operatiyelﬁngggﬂgg&ﬁgr&gs eCarigjers, fo,usi ng di gital -toanal ogue converters
(DACs) 161 162, 163. As shown in Figure 3, the digital-to-anal ogue

converters 101, 162, 163 nay be provided internally by the m croprocessor 2

and/ or ext efngl,ly, i%%:igl?rg%r ?ﬁeefigﬂaﬂ-t%-—a EW‘O&JQ‘C‘&BQ&&%%E% %GE@Q RL.ovi de
signals to an externaP digita 51'0- anal ogue converter’vid a bus 17, such as

| nt er -1 nt egratided Gitemulilt by HAChidupsronawbng asey batxtdanby (Siprandnser i a

cl ock (SCL%fIines 171 172, The bus 17 can be used éo.cont%§$ nore than one
di gi t al - t 0- AN SHROETAYVe? (8} PrOFHE HEDt BLessar! 92 a-ior A with RAM 14

and W th flaahert@mRS Y bdd27fQkh st OhicnGn BLER BOGEOMIPHuS BhEiNGEral Mata
foot-operated treadl e 18 can al so be used to control operation of the |ight

source 1. The/niaed opridctaskdpCh) Herelat Be- AhpPoyt antmbt esshivefantinl dxitag its

internal clogk,,. digital-to-analogue converter.

The microprocessor 2 is provided with RAM 14, and with flash memory 14, for
15 storing BIOS and control software. A foot-operated treadle 18 can also be used to

control operation of the light source 1.

The microprocessor 2 generates a programmable waveform using its internal clock
(not shown).
20

Referring to Figure 4, the circuitry of a driver 4 is shown in more detail.
The driver 4 is configured to drive the laser diode 5 using a constant current source.

25 The laser diode 4 is connected in series between positive supply 19 and ground 20
via a Darlington transistor 21, power field-effect transistor 22 and sensing resistance

23.

A signal from the DAC 16 is fed into a first input 24 of a differential amplifier 25.
30  In this example, the first input 24 is a non-inverting input. The output 26 of the

differential amplifier 25 is connected to a first resistor 27 (in this example, R, is

about 2k€Q) which in turn is connected to the base 28 of the Datlington transistor

21. The laser diode 5 is connected between the supply 19 and the collector 29 of



(not shown). Referring to Figure 4, the circuitry of a driver 4 is shown in
nore detail. The driver 4 is configured to drive the |aser diode 5 using a
const ant wonoenikeseur ce. The | aser diode 4 is connect edpcmEpesio®slibet ween
positive supply 19 and ground 20 via a_garlington transi stor 21, power
field-effect transistor 22 and sensing resistance 23. A signal fromthe DAC
16 is fed into a first input 24 of a differential anplifier 25. In this
example, the first input 24 is a non-inverting input. The output 26 of the
di f f er ent i ahe Bapligtoefrangstos 2k odhecrdtet &0 af fherlRerlingginstrorsispqr 2§ i thi s
exanpl e, i t - Wh i rn is ed to t of the
DarlingtOE%??§%§$§#6?%§¥%n$ﬂég g§g$&%fglgﬁgﬁggqggﬁﬁggggdIgg?ggggmﬁﬁé supply
19 and t he tecoliféctmaral 20p6fith2s Barrtinggd onptavadisiglt in Ading Heewem dhter 30 of
the Darlin toqrtr.nsistor 2 1 is connected to the drain 3 1 of the power
field-effectPiValNsistor 22. In this exanple, the differential anplifier 25
is arranged to provide full gain swing between the supply rails. Thus, a
signal fromthe DAC 16 provides control (e.g. 'high' and 'low signal) for
swi t chi ng tHesdi seealdrem thalP gt 0 pToadeli ¢narod fe-g-ahighnpid flpsr mg@%ﬁ%évi des a
hi gh gain sj I f i tchi rb-ngt o 1S ~ ~ of f,
ahich i n t o AeBee Sh DR AL RS RO o Bl o BB e
| aser di odeighai ®rrseguhiapete Darlidpeopomersisdor el dnefridectt, ¥hiahsh starsv2hwhi ch i s
control |l ed ﬁg a wﬁléa e co (giator 32 which conpares the voltage across the
sensi ng redPSPAHCEC935 8 *a sensing point 33 between the source 34 of
the power field-effect transistor 22 and the sensing resistance 23. The

sensing point 33 is connected to a second resistor 35.$in this exanple, R2
is Current through the laser diode 5 is regulated by the power field-effect transistor 22

which is controlled by a voltage comparator 32 which compares the voltage across
the sensing resistance 23 taken at a sensing point 33 between the source 34 of the
power field-effect transistor 22 and the sensing resistance 23.

15
The sensing point 33 is connected to a second resistor 35 (in this example, R, is

about 10 kQ) which is connected in series to a first variable resistor 36 (in this

example, R, is about 10 k) which in turn is connected to ground 37 thereby
torming a potential divider. A tapping point 38 (also often refereed to as a “wiper”)
20 of the first variable resistor 36 is connected into a first input 39 of the voltage
comparator 32. In this example, the first input 39 is a non-inverting input. A
reference voltage is applied to a second input 40 of the voltage comparator 32. The
output 41 of the voltage comparator 32 is fed back to the first input 39 of the
voltage comparator 32 via third resistor 42 (in this example, R, is about 1 MQ). The
25 output 41 is also connected to the gate 43 of the power field-effect transistor 22.
The gate 43 is also connected to positive supply 44 via a fourth resistor 45 (in this

example, R, is about 4.7kQ).

The reference voltage is provided using a positive voltage 46 (e.g. +5V), regulated
30 by a fifth resistor 47 (in this example, Ry is about 510 Q) and a Zener diode 48, and
set using a sixth resistor 49 (in this example, R, is about 10 k€), a second variable

resistor 50 and first capacitor 51 (in this example, C, is about 0.1 UF). The sixth



about 10 kW which is connected in series to a first variable resistor 36
(in this exanple, R 1 is about 10 KW which in turn is connected to ground
37 t her ebyof0tomi2egea potential divider. A tapping point pé8/epad®@enafrs en
refereed to as a "wiper") of the first variable resistor 36 is connected
into a first input 39 of the voltage conmparator 32. In this exanple, the
first input 39 is a non-inverting input. Areference voltage is applied to
a second input 40 of the voltage conparator 32. The output 4 1 of the

vol t age cornpastat 6? is3pringed éysdsie kvithoa phalleli arsngemput of3deskcardevassbleage
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vol t age i s 2pf BVPRIEIAS tsTHEAl 24prsthe isgeonglolatiabls 1agstee5d. +5V), regul ated by a
fifth rgsistor 47 (in this exanple, R5 is about 510 W and a Zener di ode
48, and set using a sixth resistor 49 (in this exanple, R6 is about 10 kW,
a second vdtheabheng esilstdiis B amthekiadsto acapacnd tgracbod 5% (in thhiesaepgbnpl e, Cl
is about 0.1 nF). The sixthresistor 49 is arranged in series with a
paral | el ary 2y Pehitl bihichds sepwireedarrapre Spedstsersinpnedns? Kidsexanpl e, R

2 is about 10 k nd first capaci r .51. However., one i nal ;52 of the
Zir e toont bt ol BN bR SRRSO i xR R s RPRL LD BRFDR, i e
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connected to a second capacitor 55 (in this exanple, C2 is about 0.1 (IF)

whi ch 76 céfirectedetammge.dunt BOut ThaBersiqrgnicde t83ning @l gfotheshinécted to a
seventh resistqgr 57 (in.this exanple, R6 is about .10 which is.caonnected
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connected to ground 64. The first input 24 of the differential amplifier 25 is
connected to the DAC 16 (Figure 3) and also to a ninth resistor 65 (in this example,

15 Ry is about 10 k) connected to ground 66.

In this example, the sensing resistance 23 is formed by a parallel arrangement of
tenth and eleventh resistors 67, 68 (in this example, R, is about 3.9 Q and R, is

about 0.56 Q).
20
In this and some embodiments of the invention, the differential amplifier 25 is an
AD 626 (Analogue Devices), the Darlington transistor 21 is a KT 829, the voltage
comparator32is an LM211 (National Semiconductor), the Zener diode is KC 107,
and the power field-effect transistor is an IRFZ44N (International Rectifier). Other
25 components having similar parameters may be used. Values of resistances and

capacitances may vary.

The driver 4 illustrated in Figure 4 can allow the laser diode 5 to be switched

quickly, e.g. having pulse durations and/ot pulse widths of the order of 1, 10 or 100
30  ns, while also delivering high currents, e.g. currents of the order of TA.

The microcontroller 2 (Figure 3) can select which drivers 4 to use, thereby selecting

wavelength and power. The microcontroller 2 supplies the same waveform or



vari able resistor 60 is connected to a second input 62 of the differential
anplifier 25 and to an eighth resistor 63 (in this exanple, R8 is about 10
kW whi chwoiz2o10ia26mns i s connected to ground 64. The firstcirmpedosddiiof the
differential anplifier 25 is connected tp the DAC 16 (Figure 3) and also to
a ninth resistor 65 (in this exanple, Is about 10 kW connected to
ground 66. In this exanple, the sensing resistance 23 is fornmed by a
paral l el arrangenent of tenth and eleventh resistors 67, 68 (in this

exanpl e, Riprghsomibeslimagiormyy entheRslecedglsbigrs 6. thercly allowvimgtigls pawer sone
enbodi nent f ' t e differential amplifier 25 is an AD 626
(Anal ogue H%F%égggﬁﬁ%gﬂfgggFﬁ%¥on transistor 2 1 is a KT 829, the voltage
conpar at or 32i s an LM211 (National Sem conductor), the Zener diode is KC
107, and t@e&@ﬁmer field-e f%ﬁt transi stor i n | RFZ44N (I nternatio

Rect i £ er) 1t BHINET “RIFIERERPS RAPTFGTEITE T P asret %ﬁ?ﬁéfb&ée BESHY YVal ues
of resistancRspRNhICaAPICELANIES Y bY aFYreciiRe @il MEAtdnd decUSini@t edcdin
Figure 4 can aFIOM/the | aser diode 5 to be switched quickly, e.g. having
pul se dur atPomsEiereng puligercif aeHEvGEtiqhanagriferscdfinsteadigf éﬁ cp0bohs, while
al so delivering.hi r LT f ~ I ~
nicrocontr%F %?1 h%ﬁ?%&%gﬁg%ﬁggﬁlgng%%:gﬂ%%%glH?%ngkg%%gqﬁéé§h¥%g§bby

sel ecti ng wavgl lengifrcandd pbaem. al e tivie cnaeontagolakien cZcsinpipl icesnplhe sane
wavef orm or synchr.oni sed mgveforns to the sele&ieg drivers 4, thereby.

al1 owi g hiHEFHEFT P FSRECBRIPEGRE PoUt5d GERET 1 HE e BENEL st ood
that the pregemhg iy E0RahasodBehdeseld Rkethabayes YTk afpl@xaimbe only.
For exanple, it will be appreciated that an alternative control circuit,
for exanpl éngsilerhtodligitfthe peritc Woht igisnaenon,ariery Mselificgegns asd ead of the
control embodiments can be made without departing from the scope and spirit of the

invention, which is defined by the following claims only.



circuit including the differential anplifier 19 and the Darlington pair 21.
SSmlarly, it will be appreciated that an alternative current regulation
circuit, wonomxasnke, using a different configuration, way/mEreoidmed74 nstead
of the current regulation circuit including the power transistor 22 and
vol t age conparator 32. The exanples are not intended to limt the scope of
the invention. Various nodifications and enbodi mrents can be nmade w t hout
departing fromthe scope and spirit of the invention, which is defined by
the fol |l owi(dgire$ ains only.Clainms 1. A t her apeutic Ilght source conpri sing:
at least two | aser diodes; neans for causing the |aser diodes to emt

pul ses of |ight substantially si mul taneously and having interval s between
pul ses of lless thdnrrdpenticlighesond; canprisiegns for coupling light emtted by
the | aser diodes {nto an optj.cal fibre. 2. A therapeutic |ight source
according to cIéFkPTtW? *%?%ﬁ' at least three |aser diodes.

t her apeytic |l9Qﬁa@@@éﬁ&u@&@QBQb@&n&@d&J@J&%@ uh@§bﬂﬂ@ﬂ%ub@nﬁhﬂgi Iaser
di ode for enlttlng light at "a first wavel en tﬁ a second | aser ode for

em tting | isgheltanconsls aedhavina ek enbttervesrdp dseshifrlessi therd ndicogecdnsk aadi t t i ng

light at a third,uavelengtiy, et ﬁ&l{%ted% ke ﬁfster ARREDNM. AN LT dﬂjnrﬁ‘ o claim

wavel engths are erent erapeutic source accor
3, conprising: at |east two diodes for enlttlng light at the first

wavel engt h;, at |east two ? des for e ﬂttin? ht at .the second
wavel engt h2- and ‘RN EELHC {GRE S PEIISH FRIM]> FPRESAE the third

wavel engt h. at least three laser diodes.

3. A therapeutic light source according to claim 2, including:
a first laser diode for emitting light at a first wavelength;
a second laser diode for emitting light at a second wavelength; and
15 a third laser diode for emitting light at a third wavelength;

wherein the first, second and third wavelengths are different.

4. A therapeutic light source according to claim 3, comprising:
at least two diodes for emitting light at the first wavelength;
20 at least two diodes for emitting light at the second wavelength; and

at least two diodes for emitting light at the third wavelength.

5. A therapeutic light source according to claim 3 or 4, wherein the first
wavelength is about 635 nm, the second wavelength is about 1050 nm and the third

25 wavelength is about 1270 nm.

6. A therapeutic light source according to any preceding claim, wherein the
laser diodes are configured to output light having a combined power of at least 500
mW.

30
7. A therapeutic light source according to claim 6, wherein the combined power

is at least 1 W.



5. A therapeutic light source according to claim3 or 4, wherein the first
wavel ength is about 635 nm the second wavel ength is about 1050 nm and the
t hi rd wawsbengideiis about 1270 nm 6. A therapeutic |iglktTaresossaccor di ng
to any preceding claim wherein the Ia§?¥_diodes are configured to output

i ght having a conbi ned power of at |least 500 mMW 7. A therapeutic |ight
source according to claim6, wherein the conbi ned power is at |east 1W8. A
t herapeutic |ight source according to any preceding claim wherein the
means for Sausi Agthemercugs dighdiadesaqeording to pui Bescdng claght veonir ihses: neans

for gener a%&%ﬁ%&ﬁuﬁfg%&/ B0 fibaang, é}}?if&‘ﬁﬁls‘za%fﬁ 'tVJo’&%rf%‘éU ent through the

| aser di odes, rein the generating nmeans provides at [ east one pul se
wavef orm t o the noaans éot goheiaringg pEansavcorndy dnlder apeutic |i ght source
according to claim S8,

conprising: at least two current driving neans, each
configured to df?%@sép?%gﬁﬁ%fFv nﬁ@%%%£ﬁ§@&%?rﬁﬁ§?%in the generating neans
prOVld?$ a%&k@ﬁﬁ&hé%@x@ﬁh@ﬁn@ﬁ%%ﬂ@%ﬂ%sa&@améﬁk@ﬁ&@ﬂ@#&ﬁ%nlkﬂhkcﬁ%%h@e
according to claim®8 or 9, wherein: the pulse waveform neans is a

processor ; danegmeasur rent driving means conprises an anplifier circuit.

11. A therapeutic light source according to any one of clainms 8 to 10,
wherein the current driving neans includes a neans for switching current on
and of f and. nean'stifeprpauegulibht s ngccarcoehihe tdirlaingll, eohpssng:di ode.

at least two current driving means, each configured to drive a respective laser
70 diode;

wherein the generating means provides at least two pulse waveforms.

10. A therapeutic light source according to claim 8 or 9, wherein:
the pulse waveform means is a processor; and

15 the current driving means comprises an amplifier circuit.

11. A therapeutic light source according to any one of claims 8 to 10, wherein
the current driving means includes a means for switching current on and off and
means for regulating current through a laser diode.

20
12. A therapeutic light source according to any preceding claim, wherein the
means for causing the laser diodes to emit pulses of light is configured to cause the
laser diodes to emit pulses having intervals between pulses of less than or equal to
100 ns.

25
13. A therapeutic light source according to any preceding claim, wherein the
means for causing the laser diodes to emit pulses of light is configured to cause the
laser diodes to emit pulses having intervals between pulses of less than or equal to
10 ns.

30
14. A therapeutic light source comprising:

at least two laser diodes;

a circuit arranged to cause the laser diodes to emit pulses of light



12. A therapeutic light source according to any preceding claim wherein
the nmeans for causing the |aser diodes to emt pulses of light is

conf i gur eslot20100@686 the | aser diodes to emt pul ses havipog/Eppéenyals

bet ween pul ses of |ess than or equal to,]00 ns. 13. A therapeutic |ight
source according to any preceding claim wherein the means for causing the
| aser diodes to emt pulses of light is configured to cause the |aser

di odes to emt pul ses having intervals between pul ses of | ess than or equal
to 10 ns. abstutidssapdianceusly ghd havog decovhphdtepegpulags ¢fdastthemd | aser

di odes; a Q&E&H%%nﬁfﬁﬁ@ged to cause the |laser diodes to emt pulses of

| i ght substantially $inultaneously and having intervals between pul ses of

| ess than 1 m cnosepkndor dndnalieglipheemfrad ohdanekt dinget irgbtanemidctled by t he
| aser diodg® into an optical fibre. 15. A therapeutic |ight source

accordi ng 'Claim 14, wherein the circuit is progranmmable.

5
15. A therapeutic light source according to claim 14, wherein the circuit is

programmable.



