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created during the machining process.

Whilst there have been proposals for laser dicing of materials, such as gallium

20  arsenide, which may emit hazardous materials during laser machining, it is apparent
that known tooling could not be used safely on a production basis as in known laser
machining apparatus no attention has been directed to where generated particles may

be deposited during the machining operation.

It is an object of the present invention at least to ameliorate the aforesaid

25  deficiency in the prior art.

According to a first aspect of the invention, there is | provided a laser machining

apparatus arranged to machine a substrate which emits a hazardous material during

laser machining, the apparatus comprising a vacuum extraction system, including a
housing surrounding a machining region, for extracting at least some of the emitted

30 hazardous material from a machining region of the apparatus and at least a first
containment zone within the housing encompassing the mac}iining region arranged
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Conveniently, the laser machining apparatus is arranged to machine a

15 semiconductor wafer.

Advantageously, the laser machining apparatus is arranged at least one of to dice

and to machine a via in the semiconductor wafer.

Conveniently, the laser machining apparatus is arranged to machine a III-V

semiconductor,
20 Conveniently, the laser machining apparatus is arranged to machine an arsenide.

According to a second aspect of the invention, there is provided a method of
laser machining a substrate which emits a hazardous material during laser machining,
comprising the steps of: extracting at least some of the emitted hazardous material
from a housing surrounding a machined region of the material; and providing at least a

25  first containment zone encompassing the machined region within the housing and
substantially containing deposition of any un-extracted emitted hazardous material in

the first containment zone.

Preferably, the method further comprises providing a second containment zone
substantially surrounding the first containment zone and containing in the second
30 containment zone deposition of any un-extracted hazardous material not deposited in

the first containment zone.
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t he accompanying drawings in which:

Figure 1 is a perspective view of a portion of a laser machining apparatus

according to the invention;

Figure 2 is a cutaway drawing illustrating airflow through a machining
20 portion of the laser inachining apparatus of Figure 1;

Figure 3 is a schematic cross-section of a laser machining apparatus

according to the invention;

Figure 4 is a perspective drawing of a portion of the laser machining
apparatus of Figure 1 showing primary and secondary containment

25 chambers; and

Figure 5 is a perspective drawing of a portion of the laser machining
apparatus of Figure 1 showing a transport containment chamber for
transporting a machined wafer from the machining portion of the apparatus

to a wash station.

30 In the Figures, like reference numerals denote like parts.



acconpanyi ng drawings in which: Figure 1 is a perspective view of a
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scanning system which delivers a beam 14 (see Figure 3) to a work surface 15.

Alternatively a fixed beam may be used and the wafer 15 moved relative to the beam
14 allowing positioning of the beam at a specified location on the wafer. Typically, the
beam positioning system includes an XY table 12 and may also include gas or liquid
20  assist nozzles 23, as'shown in Figure 2, for delivering a gas or liquid to a machining

region.

Whether using a steerable and positionable laser beam or a fixed laser beam 14,
the laser machining process generally results in the emission of both particles and
gases. Typically, if no precautions are taken, some of these particles and gases become

25  airborne and can be carried to locations within the machine that are some distance

from the machining region.

Figure 2 illustrates a partial cross-section of a system designed for a galvo-based
beam delivery system which provides a significant reduction in local emissions from
the machining region during a laser machining process. The system includes an air

30  flow input window 24 through which air enters from outside the machining region and
an air flow output 25 through which air is drawn out of the machining region to
remove particles, gases and debris from the machining region during the machining

process for safe disposal or recycling. This extraction system provides a first
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The secondary containment zone 37 surrounds the primary containment zone 36
defined by encompassing chamber walls 371, closed at a top thereof but transparent to
the laser beam 14. A passage 372, substantially rectangular in cross-section, is

20  provided through the chamber walls 371 so that the passage 362 in the primary
containment zone wall 361 can be aligned with the passage 372 through the secondary
containment zone walls 371 by suitable movement of the primary containment zone

/ with the XY table.

Referring to Figure 3, and to Figure 5 in which the walls 361 of the primary

25  confinement zone 36 are omitted in the interests of clarity, a wafer handling system is
provided to pick the wafer 15 from this machining region to transport the wafer
through a confinement tunnel 40 aligned with the passage 372 in the chamber walls

371 and into a wash station. Sufficient hazardous material is removed from the wafer

in the wash station for the washed wafer to be-safe to handle.

30 Air pressure, or ambient gas pressure where the ambient gas is not air, is
preferably held lower within the primary confinement zone 36 than in the secondary
confinement zone 37 to seek to prevent hazardous particles being carried outside of

the primary confinement zone 36. Any particles that do accidentally enter the
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25  comprises a localised vacuum exhaust system for the removal of hazardous particles

and gases, a primary containment zone 36 designed to restrict hazardous material
deposition to the area of the substrate being machined and a secondary containment
zone 37 further to prevent hazardous material from reaching parts of the machine
exposed to the atmosphere. A confinement passage 40 is provided to transport

30  machined wafers 15 to a wash station before subsequent handling.
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during transfer.

5. A laser machining apparatus (10) as claimed in any of the preceding claims

arranged to machine a semiconductor wafer (15).

6. A laser machining apparatus (10) as claimed in claim 5, arranged at least one of to

dice and to machine a via in the semiconductor wafer (15).



pressure in the first contai nnent chanber (36) in |l ess than an
anbi ent gas pressure in the second contai nment chanber (37). 4. A
| aser machining apparatus (10) as claimed in any of the preceding

claims, fyrther conprising a transf chanmber, (40) for transferrjn
o et nodh s maghimfe Apbians (B & PR ottt 6F e, BeRedis e
arranged to wWegtngeytoafihdhiRth MRVaeMRadutedreri al from the machi ned
material, without rel ease of the hazardous material to an environment

of the laser machining apparatus (10) during transfer. 5. A |aser
machi ni ng8.appasakses rhddhni®s appaaatoe dl0)rasadlyimetl ih ypsfete diragdiigadians,
arranged to nmachine, a sem conductor wafer (15). 6. A laser machining
appar at us ( 10)2r0ee] WimehinepnArsenides  arranged at | east one of to
dice and to nachine a via in the sem conductor wafer (15). 7.A |aser
machi ni ng, appar at 1 as clai.med in any.of th r.ecedi ng, cl ai s,
arranged 1o ma‘éHpﬁﬁo‘fioﬂaﬁqr\wgcé‘ml%ﬁdﬂlésttrﬁ?e.(lé. ﬂhlcﬁs"gqltsr?a Jrefiiop) material
appar at us ( 10)duitingQaset BehihiRg AddnpRising iR PRGedi ng clai ms, arranged to
machi ne an arseni ge. 9. A net ﬁod of laser machining a substrate (15)
which enits a hazardc&astiigert dastdenma gf (thes emitiade hazardeys re@eriali Komqp

hazar dous et of e D e RS EANE 8 nbh RP AT haleh: 2 b cterised,
of the materiaby and characterised by
b. providing at least a first containment chamber (36) encompassing the
machined region within the housing (371) and substantially containing deposition
of any un-extracted emitted hazardous material in the first containment chamber
(36).

10. A method as claimed in claim 9, comprising providing a second containment
chamber (37) defined by the housing (371) surrounding the first containment
chamber (36) and containing in the second containment chamber (37) deposition
of any un-extracted hazardous material not deposited in the first containment
chamber (36).

11. A method as claimed in claim 10, comprising providing an ambient gas pressure
differential between the first containment chamber (36) and the second
containment chamber (37) to resist transfer of hazardous material from the first

containment chamber (36) to the second containment chamber (37).

12. A method as claimed in any of claims 9 to 11, further comprising providing a
transfer chamber (40) and transferring laser-machined material from the
machining region to a wash station and washing any emitted hazardous material
from the machined material, without release of the hazardous material to an

environment of the laser machining apparatus (10) during transfer.



b. providing at |east a first containnent chanber (36) encompassing
t he machined region within the housing (371) and substantially
cont ai ni ng deposition of any un-extracted emtted hazardous materi al

in the first containnment chanber (36). 10. A pethod as clained ip
claimo, E:?Jrrpr sPsEodr 8viclimgd dns@Worf cg[*BF‘PtSa n‘i‘?eig’ éﬂg}ﬁ?gr“’( Wﬂme a
defined by thesdpusiidsiot wAft} (SYr rounding the first contai nment
chanber (36) and containing in the second contai nnent chanber (37)
deposition of any un-extracted hazardous material not deposited in

t he first14£ont Aimdeat aschi@mRerin CRM 13, kkrafedBithedt afe ¢ff taldiednd fo flactine
10, conprising providing, an_anbient S pressure differential between

a
the first cont%Yﬁﬂ%ﬂFSEW&W%@W”TG%¥aégﬁlthe second cont ai nment chanber
(37) to resist transfer of hazardous material fromthe first

contai nment chanber (36) .t.o the secaond .cont ai nt chanber (37). 12 A
ot hod asth ai Aedeiad dnemed 15 BE Q CmR0 4 i Hemetopriaching 4 11
providing a trgaségduabanber (40) and transferring | aser-machi ned
material fromthe machining region to a wash station and washi ng any
em tted hazardous material fromthe machi ned material, w thout

rel ease of6.t heAhgtiRidiRUsaifed & dndlof CRIMN9 BN, bRIMERAto AhcHiiCar @5@iide.
machi ni ng apparatus (10) during transfer. 13. A nethod as clained in
any of clainms 9 to 12, arranged to machi ne a sem conduct or wafer

(15). 14. A method as clainmed in claim 13, arranged at |east one of
to dice and to machine a via in the sem conductor wafer (15). 15. A
nmethod as clainmed in any of clains 9 to 14 arranged to machi ne a
I11-V sem conductor. 16. A nethod as clainmed in any of clains 9 to 15,
arranged to nachi ne an arsenide.



