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flying height, ie, the distance between a magnetic head
slider surface of a read/write head and the disk surface,
has been continually reduced to increase the recording
density on the disk At present, the flying height is about
or below 0.1lmm. This means that even submicron solid film
or particulate contaminants, such as white particles, disk
lubricant, redeposition contaminants, epoxy, finger prints,
the embedded metals composed of aluminium, irbn, chromium,
nickel, silicon, manganese, molybdenum, tin and other
inorganic and organic materials, can damage both the
magnetic head slider and the disk surface. Such damage can
lead to a failure of the disk drive system. It has been
found that an important cause of this form of failure is
the accumulation of solid film and particulate contaminants
on the slider surface. Thus, the c¢leanliness of the
magnetic head slider surface is critical.

Solid film and.particulaté contaminants on magnetic
head sliders are generated from the manufacturing processes
of magnetic head sliders and the data transducer head
gimbal assembly. For instance, the manufacturing process
incorporates a lapping process which involves polishing the
slider on a rotating plate with slurry as a medium. The



2 |lapping process generates a thick Sn filmand deposits sone Sn particles
on magnetic head sliders. This poses a major problemto the industry.
Traditional ultrasonic cleaning techniques are inefficient for renoving
these solid filmand particul ate contam nants, especially thick solid film
and subm cron particul ate contam nants, from magnetic head sliders. There
Is a need to develop an alternative cleaning technique. The
above-nentioned ultrasonic surface cleaning nethod is effective to renove
nost organi ¢ contam nations and sone partpcles. However, this surface

cl eaning nmethod is not suited to the renoval of subm cron particles and
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human body and whi ch Bradhetonal i robeaanig fgieaing techniques are
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The above-mentioned ultrasonic surface cleaning
method is effective to remove most organic contaminations
and some particles. However, this surface cleaning method
is not suited to the removal of submicron particles and
thick film contaminants, such as white particles, disk
lubricant, redeposition contaminants, epoxy, finger prints,
embedded metals comprising of aluminium, iron, chromium,
nickel, silicon, manganese, molybdenum, tin and other
inorganic and organic materials, from magnetic head
sliders.

In addition, the ultrasonic surface cleaning method
uses organic solvents such as trichloroethylene and CFCs
which are toxic and cause harm to the human body and which
are not environmentally friendly.

Furthermore, personnel working with such cleaning
processes may have health problems due to ultrasonic noise
and the vaporisation of the organic solvents.

The use of organic solvents in an ultrasonic
surface cleaning process means that a number of cleaning
steps are performed which makes such a cleaning process
both inefficient and costly. Additionally, it is not



both inefficient and costly. Additionally, it is not
3 possible to renove sone filmor particulate contam nants using

ul trasoni c cl eani ng net hods. The efficiency of ultrasonic surface
cleaning techniques is also limted by the handling of the slider to be
cleaned into and out of respective solvent baths. The surfaces are cl eaned
by chemcally reacting the surface with the solvent. Additionally, the
cl eaning of surfaces of large pieces is difficult. Mreover, such
techni ques do not effectively renove smalk particles nor thick film

contam nants from magnetic head sliders. This invention seeks to

sol ve the abqyessmpié oasdr@&n@,%er&n@ £01W et paRt idhl hREO0 Rich Lol HANS:
nmet hods and to rOVI an g§$ tus and h d for cleaning magnetic head
sliders vmtruﬁﬁ %EE?%ﬁn FleyHing Bt mi c sol vents. Methods and

appar at us enbodylng the invention prOV|de a neM/cIeaning t echni que which

replaces wet cleanin [ OCESSES: Q§ thHHJ%%gggpl fﬁ@@ nglganﬁkgders

in organic solvents. "/An” apparatu et ho Yh&Shvént rondses a
dry process gdiniguessis alsad l@h@é}ﬁw bynphem@ulmdoﬁ\m% sild deandiobl e

and ef f ecti ve,d 0s) 4,020 DGLIPGRG! bhens20rakbdBtive solvent pAeAaldl agly.
one aspect of the resent i nventi on provi des a | aser cl eanl ng appar at us fOI’

cl eaning a mﬁﬁﬁ§4Q?%eQHeQQ%ﬁﬁneqrﬁyaﬁﬁ&P&PaélgoﬁﬁﬁQ§%ﬁ? the gsurface

gener at or fOfwi;tﬁﬂettt@él@@lﬁeﬂﬂﬁbehddithaﬁan.l?ea&haubié&nh’m\jl Bf Surfaces
pr edet er m ned bel ow_t he da e threshol d

er fluence se a vel
of a rragnetlc %Z'acf%? S o) lﬁegi%géﬁggt a meon £ OT % rec "%&'ﬂehe aser
beam ont o t henalt | @édifeckilyelyl ecnandve small particles nor thick f£ilm
contaminants from magnetic head sliders.

This invention seeks to solve the above-mentioned
problems of conventional ultrasonic cleaning methods and to
provide an apparatus and method for cleaning magnetic head
sliders without the use of ultrasonics or organic solvents.
Methods and apparatus embodying the invention provide a new
cleaning technigue which replaces wet cleaning processes
such as the ultrasonic cleaning of sliders in organic
solvents. An apparatus and method embodying the invention
uses a dry process which is easily and cheaply implemented
and which is feasible and effective for cleaning magnetic

head sliders.

Accordingly, one aspect of the present invention
provides a laser cleaning apparatus for cleaning a magnetic
head slider, the apparatus comprising: a laser generator
for generating a number of laser beam pulses having a
predetermined laser fluence selected at a level below the
damage threshold of a magnetic head slider to be cleaned;
and means for directing the laser beam onto the slider to

be cleaned.



4 A further aspect of the present invention provides a nethod of

cl eaning a magnetic head slider conprising the steps of: generating a
nunber of |aser beam pul ses having a predeterm ned | aser fluence sel ected
at a level below the danage threshold of the nmagnetic head slider to be

cl eaned; and directing the | aser beamonto the slider to be cl eaned.
Preferably, the nmethod includes the further step of storing a nunber of
predeterm ned sets of one or nore operation paraneters necessary to achi eve
optimal cleaning conditions for respectiye specific contam nants to be
renmoved fromthe slider. In order that the present invention may
be nore readi |y undemstfunttheanaefidm®nicE ther pebsenkt! invenbtoflepeovhads by
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an apparatus enbodyi ng the present invention conprises a dry cleaning

system for the
Preferably, +the method includes the further step

of storing a number of predetermined sets of one or more
operation parameters necessary to achieve optimal cleaning
conditions for respective specific contaminants to be
removed from the slider.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic diagram of an embodiment of
a cleaning apparatus according to the present invention;

Figures 2a, 3a, 4a, 5a, 6a and 7a are optical
micrographs of respective slider surfaces before cleaning;
and

Figures 2b, 3b, 4b, 5b, 6b and 7b are optical
micrographs of the respective slider surfaces after
cleaning by various methods embodying the present

invention.

Referring to Figure 1, an apparatus embodying the
present invention comprises a dry cleaning system for the
surface dry cleaning of magnetic slider heads. The dry
cleaning system comprises an excimer laser generator 1



surface dry cl eaning of magnetic slider heads. The dry cl eaning system
conpri ses an exciner |aser generator 1 '

5 which generates a pul sed | aser beamwi th a short wavelength, (i.e. in
the ultraviol et wavel ength range). The pul se beamfromthe

excinmer | aser generator 1 is converted to have a flat fluence profile by a
beam honogeni ser 2. The size and the shape of the pul se beamfromthe beam
honogeni ser 2 is controlled by an electrically and automatically controlled
aperture 3. A plano-convex quartz lens 4 s placed on an electric stage 5
which is novable to focus or defocus the beamto reduce or enlarge the beam
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fluence. The beam size and the fluence can be finally
controlled by both the aperture 3 and the lens 4. A beam
splitter 8 directs the beam onto a belt conveyor 6. A
minor portion of the beam passes through the beam splitter
and is directed onto an energy meter 9 so that the total
energy of the pulse beam can be detected. A magnetic head
slider 20 to be cleaned is placed on the belt conveyer 6
which moves the slider 20 into position under the beam for
laser cleaning. The speed of the belt conveyer 6 is
controlled ,by a speed controller 7. In practice a
plurality of sliders 20 would be located on the belt
conveyor 6 and sequentially irradiated by the laser beam.

In response to the energy meter 9 reading, the beam
size, i.e. the spot size of the beam, and fluence of the
pulse bean striking the surface of a slider 20 can be
adjusted by the electronically controlled aperture 3 and
the position of the focusing lens 4.

The excimer laser generator 1, the electronically
controlled aperture 3, the electric stage 5, the speed
controller 7 and the energy meter 9 are all connected to a
central computer 10 (having a CPU 10a, a ROM 10b and a RAM
10c). by an interface 11.



controller 7 and the energy neter 9 are all connected to a central conputer
10 (having a CPU 10a, a ROM 10b and a RAM 10c) by an interface 11.

6 The ROM | Ob, stores a nunber of prograns or a library of
operation paraneters which are specific to optim se the cleaning of a
particul ar surface contam nant to be renoved froma slider 20. The
paraneters include the repetition rate of the pul se beam fromthe exci ner

| aser generator 1, the size and the shape of the aperture 3, the position
of the lens 4 on the stage 5, and the velgcity of the belt conveyer 6,
controll ed by the speed controller 7, carrying the sliders 20. The
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optimise the conditions necessary to clean specific surface

contaminants.

The RAM 10c is used as a working memory area for
the CPU 10a to execute the programs held in the ROM 10b.

The above-described c¢leaning system does not
require a special environment and can, therefore, be used
in atmosphere, in air, without requiring any solvents, a
vacuum or any other special conditions. This cleaning
system is therefore easily implementable at a low cost.

In the above-described cleaning system, the
repetition rate of the pulse beam from the laser generator
1, the shape and size of the electronic aperture 3, the
position of lens 4 which is controlled by the electric
stage 5, and the speed of the belt conveyer 6 which is
adjusted by the speed controller 7 can be appropriately
selected by the central computer 10. The solid film and
particulate contaminants on slider surfaces 20 can
therefore be removed under optimal conditions for each

specific contaminant to be cleaned.



t herefore be renoved under optimal conditions for each specific contam nant
to be cl eaned. . 7 ~ Once
the optimal conditions have been selected, the slider surface 20 is
irradiated by the pulse beamfromthe excinmer |aser generator 1 and the
contam nants on the slider surface 20 are renopved by excinmer |aser-induced
phot o- deconposition, |aser ablation, slider surface or contam nant

vi bration and nomentumtransfer due to the inpact of the |aser pulse.

The slider surface 20 is cleaned by one gr nore of these effects. _
Figures 2 to 7 illustrate exanples of the optimal conditions for cleaning
various contam nants énoe thelomaimal0 cemnd ithionef hQGEIN@wS&ﬁCQ&a@H&J
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Figures 4a and 4b show, respectively, the optical mcrographs of a slider

surface 20 contam nated with Sn contam nants before and after exciner |aser
cleaning with Figures 2 to 7 illustrate examples of the optimal

conditions for cleaning various contaminants from a slider
20 and the effectiveness of cleaning methods embodying the
present invention.

Figures 2a and 2b show, respectively, the optical
micrographs of a slider surface 20 contaminated with A1l
particles before and after excimer laser cleaning with a
laser fluence of 300 mJ/cm?, a pulse number of 100, and a
repetition rate of 10Hz. The Al particles are efficiently
removed under these cleaning conditions.

Fiéhres 3a and 3b show, respectively, the optical
micrographs of a slider surface 20 contaminated with film
contaminants before and after excimer laser cleaning with
a laser fluence of 100 mJ/cm?, a pulse number of 1,000, and
a repetition rate of 10Hz. The film contaminants are
efficiently removed under these cleaning conditions.

Figures 4a and 4b show, respectively, the optical
micrographs of a slider surface 20 contaminated with Sn
contaminants before and after excimer laser cleaning with
a laser fluence of 100 mJ/cm?, a pulse number of 2,000, and
a repetition rate of 10Hz. The Sn contaminants are
efficiently removed under these cleaning conditions.



a laser fluence of 100 mi/cnferr], a pulse nunber of 2,000, and a
repetition rate of 10Hz. The Sn contam nants are efficiently renoved
under these cleaning conditions. Fi gures 5a and 5b
show, respectively, the optical mcrographs of a slider surface 20
contam nated with [ubricant contam nants before and after exciner |aser
cleaning with a laser fluence of 100 mJ/cnferr], a pulse nunber of 1,000

and a repetition rate of 10Hz. The lubricant contami nants are efficiently
removed under these cleaning conditions. gFigure Sb is magnified with
respect to Figure 5a. Fi gures 6a and 6b show, respectively, the
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wi th increasegy | aser fluence. Thus, the pul se nunber required for a

cl eani ng process can be decreased by increasing the beamfl uence.

Therefore, a slider surface 20 can be cleaned with m ni nrum pul se nunber if
the fluence is sel ectEgyates 1Bt amilegb t sisowlanagspébt tvdby ¢ thet bptiragheti c

head slider o0, MGddRer & eapi ngh fid) © 50CYc8hPORINABSa with white
particles before and after excimer laser cleaning with a
laser fluence of 100 mJ/cm?, a pulse number of 1,000, and a
repetition rate of 10Hz. The white particles are
efficiently removed under these cleaning conditions.

Figures 7a and 7b show, respectively, the optical
micrographs of a slider surface 20 contaminated with
embedded metals before and after excimer laser cleaning
with a laser fluence of 100 mJ/cm?, a pulse number of 2,000,
and a repetition rate of 10Hz. The embedded metals are
efficiently removed under these cleaning conditions.

The efficiency of 1laser cleaning processes
embodying the present invention increase rapidly with
increased laser fluence. Thus, the pulse number required
for a cleaning process can be decreased by increasing the
beam fluence. Therefore, a slider surface 20 can be
cleaned with minimum pulse number if the fluence is
selected at just under the damage threshold of the magnetic
head slider 20. The laser cleaning efficiency almost has
no dependence on the repetition rate. Therefore, a high
repetition rate is selected to save cleaning time. The
cleaning efficiency can be extremely high if a high power,

high . repetition rate laser is wused. Laser cleaning



no dependence on the repetition rate. Therefore, a high repetition rate is

sel ected to save cleaning tine. The cleaning efficiency can be extrenely
high if a high power, high repetition rate laser . is used. Laser
cl eani ng 9 efficiency also

i ncreases with increasing pul se nunber. Theref ore, one can obtain a high
cl eaning efficiency by increasing the pul se nunber at a |ower |aser fluence
to avoi d causing danage to slider surfaces. The optinmal | aser
cleaning parameters are that the |aser flyence is selected at just under

t he damage threshold of the nmagnetic head slider, the repetition rate is

high and the BEfiélEH&?eraIs%Sﬂﬁéfesgggg@f‘t‘?{ hbesd ! aﬁgaf LGy, and

hi gh cl eani ng g he above- nenti one
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under approxi mately 400nm can al so be used for cleaning processes enbodyi ng

t he present invention . S t
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| aser probe usin ou ves nerat% by, I aser-induced surface

vi brati ons frbﬁ1?ﬁéﬁhl r fgetse number “is small enough for high
cleaning efficiency and high cleaning speed.

In the above-mentioned examples, a KrF excimer
laser is used as a short wavelength pulse laser. In fact,
besides a KrF excimer laser, other lasers such as an XeCl
excimer laser (wavelength 308nm), an ArF excimer laser
(wavelength 193nm), solid-state lasers, semiconductor

~ lasers which can produce pulse beams with a short
wavelength under approximately 400nm can also be used for
cleaning processes embodying the present invention. The
pulse width can also be selected with an appropriate range.

Fuéthermore, cleaning processes embodying the
present invention allow real-time in-situ monitoring by a
charge coupled device (CCD) camera and surface reflectivity
measurements to be taken by a laser probe using acoustic
waves generated by laser-induced surface vibrations from
the slider surface.



10 CLAIME: 1 At+taser cleaning apparatus for cleaning a magnetic

head slide conprising: a |aser generator for generating a
nunber of“, ﬁ}ﬂﬁﬂ@ s having a predeterm ned | aser fluence sel ected
at a | evel' e threshold of a magnetic head slider to be

cl eaned; and neans for directing the |laser beamonto the slider to be

cl eaned. 2. An apparatus according to Caim1, wherein a
control |l abl e aperture is provided, the |aser beam passing through the
aperture. 3. An apparatus accordingoto Caim2, wherein the size
and/ or shape of the aperture is controllable and conprises an operation
paranet er of CIAGMSppar at us. 4, An appar atus according to any
preceding claim wherein focusing nmeans is provided and conprises an
operation paraneter of the apparatus, the | aser beam passing through the
f ocusi ng neans. 5. A lasaxy ghpardngsappevpiibggfoy claaning aheagnetide

focusing nmeapgalss JMEHed Eﬂeaaéﬁéﬂﬁtﬁ@i%me%i@iﬁ?ﬂ‘htfhééﬂugéanaEQfarge
t he beam si ze, the g03|tlon of e stage conprising an ogeratlon,paraneter

of the appar &P¥s.gengrating g pumber 9L ctaret nPad RYLPeec&FVAGII Ai m
wherein the phriedetedriibed leared findmatst cdtal conveyDevedEl below the

damage threshold of a magnetic head slider to be cleaned;
and means for directing the laser beam onto the slider to
be cleaned.

2. An apparatus according to Claim 1, wherein a
controllable aperture is provided, the laser beam passing

through the apefture.

3. An apparatus according to Claim 2, wherein the size
and/or shape of the aperture is controllable and comprises

an operation parameter of the apparatus.

4. An apparatus according to any preceding clain,
wherein focusing means is provided and comprises an
operation parameter of the apparatus, the laser beam
passing thfﬁugh the focusing means.

5. An apparatus according to Claim 4, wherein the
focusing means is mounted on a stage which is movable to
reduce or enlarge the beam size, the position of the stage
comprising an operation parameter of the apparatus.

6. An apparatus according to any preceding claim,
wherein the slider to be cleaned is located on a conveyor
belt.



11 7. An apparatus according to Caim®6, wherein the speed of the

conveyor nue by a speed controller and conprises an
operati on pmmm"m)m ﬂll‘w@ ppar at us. 8. An apparatus according to
any preceding cFaim "hérei*n an energy meter is provided to neasure the
total energy of the |aser beam pul se being directed onto the slider being
cl eaned, the total energy conprising an operation paraneter of the

appar at us. 9. An apparatus according to any preceding claim wherein
the | aser generator generates a | aser beamhaving a controll able fluence
and repetition rate which both conprise independent operation paraneters of

the apparatusy, 10. an AfpSRRandd U§c@6§9&ﬂbn§h6 Ocaaxmpréceahage%a'

wherein a controller is provided to control "one or nore of oper a |on
par amet ers of SPREdafdar dgs. conveyor bglt,qis gonsraddabdendy oaC1 sperd 0,

wher ei n nenor goneand 1ere m@vncd@@rtx@est e operatith pfakdieeopsrat 18
paranet ers of hgg appar at us. 12. An apparatus according to Claiml11,
wherein the ng ry means conprises a store of predeterm ned sets of one or
nore operation paranmeters necessary to achi eve optiml cleaning conditions

for respectivg specifhf CONLAM NNt %ctc%rﬁ‘?tnrger@ge%ﬂcyr Oﬂgggdihgdeélaim,
wherein an energy meter is provided to measure the total
energy of the laser beam pulse being directed onto the
slider beihg cleaned, the total energy comprising an
operation parameter of the apparatus.

9. An apparatus according to any preceding claim,
wherein the laser generator generates a laser beam having
a controllable fluence and repetition rate which both
comprise independent operation parameters of the apparatus.

10. An apparatus according to any preceding claim,
wherein a controller is provided to control one or more of
the operation parameters of the apparatus.

11. An apparatus according to Claim 10, wherein memory
means are provided to store one or more of the operation
parameters of the apparatus.

12. An apparatus according to Claim 11, wherein the
memory means comprises a store of predetermined sets of one
or more operation parameters necessary to achieve optimal
cleaning conditions for respective specific contaminants to

be removed from the slider.



12 method of cleaning a magnetic head slider conprising

t he - steps ofelculmgﬂual“lnﬂuimtnber of laser beam pul ses having a

predet erm n el ected at a |l evel below the damage threshold
of the magnetic ‘head &lider"to be cleaned; and directing the | aser beam
onto the slider to be cleaned. 14. A met hod according to Caim13
conprising the further step of passing the | aser beam through an aperture,
the size and/or shape of the aperture being controllable and conprising an

operation paraneter of the nethod. 15. 12 A nethod according to Claim 13
or 14, wherein the beam passes through focusi ng neans whi ch reduces or

enl arges the sgze of Aheméthosd of6. cleamn@et&odna@mcdi Ngead 0 sIG@driym
15, wherein the tocu3|gﬁ$ g%ps s.nmounted on a xgble

reduce or enl GPBRT AL Be e rr%"’frlﬁ%ﬁa%’o%r?s'? ?ﬂe 4]&@\516'? 5% of
adj usti ng t heppbsesi bavihgt he predgtermieegodmsiesn fafuenice skedgetedmat si ng

an operation 9%&{[‘“1%61&? tng rﬁ‘éxﬁﬂﬂee thtéshold GE! ft‘?ﬂ% aﬁ&&ﬁg’cﬂﬁeﬁﬁia@

one of C ains conpr|5| further steB ocating t
to be cl eanedsbhdarc*éh\}é%ld?l% adddeiresting Shedéaser theae Qe bcltf—the

| aser beam thei8&eLeHoObet 88csnByeyor belt being controll able by a speed
controller and conprising an operation paraneter of the nethod. 18. A

nmet hod according to any one of Clains 13 to 17 conprising the further step
of measuring 1he totah ewethpd ohcthediager tbearapin sa3becompriisimedg ecthmnt o

the slider bej aggéb t Qf. r | Si '

e et o PeHISeRLPA0Ed, I bl iHly R FUsBO"BLL' B BREH Uleture,
the size and/or shape of the aperture being controllable
and comprising an operation parameter of the method.

15. A method according to Claim 13 or 14, wherein the
beam passes through focusing means which reduces or

enlarges the size of the beam.

16. A method according to Claim 15, wherein the
focusing means is mounted on a stage which is movable to
reduce or enlarge the beam size, the method comprising the
further step of adjusting the position of the stage, the
position of the stage comprising an operation parameter of
the method.

17. A method according to any one of Claims 13 to 16
comprising the further step of locating the slider to be
cleaned on a conveyor belt and moving the slider with
respect to the laser beam, the speed of the conveyor belt
being controllable by a speed controller and comprising an
operation parameter of the method.

18. A method according to any one of Claims 13 to 17
comprising the further step of measuring the total energy
of the laser beam pulse being directed onto the slider
being cleaned, the total energy comprising an operation
parameter of the method.



13 19. A nethod according to any one of Clains 13 to 18, wherein the

| aser generat or mnm beam having a controllable fluence and
repetiti on rat e muﬁmﬁullﬂml,se i ndependent operation paraneters of the
met hod. A nkt hod "acéording to any one of Caims 13 to 19

conpri sing the further step of controlling one or nore of the operation

par aneters. 21. A nethod according to Caim20 conprising the further
step of storing one or nore of the operation paraneters. 22. A et hod
according to Caim20 or 21 conprising theg further step of storing a nunber
of . predeterm ned sets of one or nore operation paranmeters necessary to

achi eve opting, cl eani rfgeﬁ%wlaémifﬁ £ &gftéf{& SPeE1difs CORL AP ants to
be renoved frgmthe sl.ider. A met hod according to any one 0

Clains 13 to r%ﬂﬂﬂ%ﬁ?\%?ﬁ@?l%@ﬁﬁ%@?@?|$F??EPF%%|%nlﬁﬁeiobe?ﬁ Bpying
mli/cnferr]. a ZéontroAlmbodfmmdidl rathd Orapyztmn&onf ¥3 e MvhlizH 0bd8h R
wherein the of I n_the.reqgion_of 100 t
nmet hod accor 3:%[%&{ oseanl&doe =8 erﬁ <'§)|prﬁ§f‘"‘lf31 BRF ARG S-S r?ftz%g‘er é“ﬁé%otdl ‘on rate
is in the region of 10Hz.
20. A method according to any one of Claims 13 to 19
comprising the further step of controlling one or more of

the operation parameters.

21. A method according to Claim 20 comprising the
further step of storing one or more of the operation

parameters.

22, A method according to Claim 20 or 21 comprising the
further step of storing a number of. predetermined sets of
one or more operation parameters necessary to achieve
optimal cleaning conditions for respective specific
contaminants to be removed from the slider.

23. A method according to any one of Claims 13 to 22,
wherein the fluence is in the region of 100 to 300 mJ/cm?.

24. A method according to any one of Claims 13 to 23,
wherein the number of pulses is in the region of 100 to
2000.

25. A method according to any one of Claims 13 to 24,

wherein the repetition rate is in the region of 10Hz.



