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with witing |&Wﬂww wmmut harming the PCBs. BACKGROUND OF THE | NVENT
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| aser t oarrePEBNDQK EHEINVENTIONr r ence of del ami nation. Present

t echnol ogy

PCB manufacturers worldwide have been marking data on their PCBs by using ink
or sticker labels. Both methods are, however, not reliable. For ink marking, the
ink can be contaminated or its viscosity changes resulting in the markings being
smeared or broken. There is the further risk of the ink marking being erased
through the downstream production processes which the PCB undergoes. As for
the sticker method, this is a labour-intensive process and the stickers may be
tampered with or removed. It is also costly as the material used for the labels must
be resistant to high temperatures. As the labels must be pre-printed, the PCB
manufacturer faces the difficulty of including realtime data on the PCB batches
manufactured and further runs the risk of delay in the printing time and the further
risk of wastage of unused labels.

Laser marking eliminates tampering. It is a fast and precise method and due to its
permanent nature, the rﬁarkings will not deteriorate even when the PCB is
subjected to heat or liquid processes. Presently, the PCB industry does not use
laser to mark PCBs because of the occurrence of delamination. Present technology
uses Q-switched pulse YAG laser. PCB fibreglass material is partially translucent
to YAG laser light of wavelength around 1.06 microns. As most PCBs are multi-
layered with copper sheets between layers, YAG laser light will partially pass
through the surface but is absorbed totally when it hits the inner copper layer
causing a reaction between the laser light and the adhesive holding the PCB layers

together. This results in gases being emitted which are trapped at the copper layer.
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Del am nati on occurs when the PCB goes™ through curing processes downstream
whi ch heats the PCB to very high tenperatures. As the PCB undergoes the

det ach t PAVESRROR g4t Wen SHE Lt gope enih ewneg T avesses downgirestn  ace. of
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t he PCB. ot\ﬁe}h are trapped inside, the board is

bubbl es of whi ch
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del ani navhef¢ theplare finally relgased2 s Movement of the gas causes the detachment

of the top and lower layers of the PCB. With the bubbles of gas which are trapped

insid?, the board is initially weakened. When the edges of the board opens to

release the gases, the PCB becomes damaged. Some PCB manufacturers have

made attempts to use laser to mark PCBs, but have todate been unsuccessful due
~ to the delamination problem.



OBJECT OF THE | NVENTI ON The prinary object of the invention is to provide a
sélution to the del am nation problemencountered with YAG | aser which is
bot h viable and cost-effective in the PCB manufacturing environnment. The
process is automatic and there is no need for operator intervehai®aj] The
marking data is generated by a conputer at the time of marking so that any
change to the data to be marked on the PCB can be nmade instantaneously,
thereby elimnating the problenms encauptered with the traditional met hods.
Laser marking is al so permanent. There is no damage or deterioration even
when the PCB is passed through heat or liquid processes. Unlike the ink

and sti ckepyReTOF THE INVERFRSN M €S! stant. Another feature is that the

| aser beam which US€S & snaf - spot size allows marking .of dense barcodes at

any angle and area of the PCB. The |aser systemrequires ninimal
as there is repl acenment of consunmabl es SUMVARY OF THE

mai nt ena 0
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i or ons ethiods er marking is also permanent. There is no damage or

deterioration even when the PCB is passed through heat or liquid processes.

Unlike the ink and sticker method, it is tamper-resistant. Another feature is that

the laser beam which uses a small spot size allows marking of dense barcodes at

any angle and area of the PCB. The laser system requires minimal maintenance

as there is no replacement of consumables

SUMMARY OF THE INVENTION

To resolve the delamination problem caused by using traditional YAG laser, the
invention utilises a 5 kHz pulse CO, 25 watt laser with a beam delivery adapted by
scanning mirrors and a flat field lens which produces a beam of a very small spot
size of between 50 to 300 microns. The process is operated by computer software
specially written for this purpose. The 5 kHz pulse CO, laser emits a beam of
wavelength of 10.6 microns. At this wavelength, when the beam impacts the
marking surface, the beam’s energy is absorbed totally by the surface of the marked
layer. Negligible laser energy passes to the lower layers of the PCB, unlike the
YAG laser beam, which because of the shorter wavelength of about 1.06 microns
will cause a substantial amount of the laser to pass through and damage the lower
layers of the PCB. The YAG laser also requires higher power since not all of the
energy of the laser beam is absorbed in the marking.



Wil cause a substantial anmpunt of the |aser to pass through and damage the
| ower |ayers of the PCB. The YAG | aser al so requires higher power S|nce
not all of the energy of the |laser beamis absorbed in the marking. -

AUG 2003 -4- DESCRI PTI ON OF THE | NVENTI ON AND THE DRAW NGS The Zpﬁﬁﬁﬁgfylng
drawings illustrate how the invention works, and serve to expl”

principles of the invention. Figure 1 shows how the YAG | aser marking
operates. Although the marking is doge.on the top layer of the PCB, the

| aser beam because of the short wavel ength, passes through to the copper

| ayer. Figure 2 shows the |nprovenent on the YAG |l aser marking by the

i nvent i ogyd 0 The.CCQ | aser beam of a | onger
wavel eng ' . WL K, e PCB. The

enbodi nent of the |nvent|on S understood by referrlng to Figures 2 and 3.

The Iaser@%enerator emts a beamof laser light wth a wavelength in the
range of ‘9t 8CCPMAIKingndrawings [lhistraterdam ise dnyeatiordwbsks3 aht 'esveng | S

di rect edekQlafh Gt These mirrors are noved by notors. The
not or s ar;éﬂcontr rp{céﬁe%fg}%ﬂ‘["g? 1% ch causes the | aser beamto nove and
draw lines on the PCB. Fromthe mrrors,the | aser beam goes through a flat
field lens to focus a beamto a very small spot in the range of 50 to 300

mcrons in di BH®Ferl shawkhays thn YAS Pger amerking wperistesg Aﬁﬁb%l thg aphi cs.
hi gh he f h
The high int eﬁﬁﬂhﬁg A ddrd¥or? ﬂ?er?os la};ereof the ﬁ&e dhe lglsenrtbe%rr]n, tbegause of the

short wavelength, passes through to the copper layer.

Figure 2 shows the improvement on the YAG laser marking by the
invention of the CO, laser marking process. The CO, laser beam of a

longer wavelength does not penetrate to the lower layers of the PCB.

The embodiment of the invention is understood by referring to Figures 2
and 3. The laser generator emits a beam of laser light with a wavelength
in the range of 9 to 11.microns. The laser beam is expanded by 3 times and
is directed to a set of 2 mirrors. These mirrors are moved by motors. The
motors are controlled by a computer which causes the laser beam to move
and draw lines on the PCB. From the mirrors the laser beam goes through
a flat field lens to focus the beam to a very small spot in the range of 50 to
300 microns in diameter. Markings on the PCB are drawn using vector
graphics. The high intensity of the beam at the focussed point on the PCB
causes the paint or PCB surface to burn and vaporise causing a colour

change which is noticeable to the naked eye as well as any vision camera
system.

Figure 3 illustrates the configuration of the controls necessary for the
process to work which are:



causes the paint or PCB surface to burn and vaporise causing a col our
change which is noticeabl'e to the naked eye as well as any vision canera
system Figure 3 illustrates the configuration of the controls necessary
for the process to work which are: - 7 AUG 2003 5 (1) A 2-dinenphmpﬁg3
control of the |laser beam by way of 2 scanning mrrors which are noved by
notors controlled by a conputer. (2) Pul se-type |aser to achi eve good
control of power stability, power Lgmpl and on-off timng. (3) A flat
field lens to focus the | aser beamto™a very small spot. Figures 4, 5 and 6

illustrate the 3 nethods by which the markings becone visible. These wl|
ures 7 and 8 are illustrati ons on how t he

be further degf}ri bgg&t;&.l ow. ., Fi P

process can be 1 ncdt g6THEOmAL canirphef tha laser berguby wayi of & Soanningvi ew and
Figure 8 is a side ntir@m @hich adeVil i ne .confi guration which

i ncorporates the foll ow ngl c%rrpolr)lg% gi/ ﬂ?ﬁg’rsﬁf&gﬂ?d%@a F&@BP“\M th

gal vanoneter type scanning head, flat field object lens of field size

110mm squar e X le with i ndependent. controller c) 2 barcode
scannerg @9 iéuﬁs%qype Yser to acﬁﬁeve good control of power(stf)lbility, power

level and on-off timing,
(3) A flat field lens to focus the laser beam to a very small spot.

Figures 4, S and 6 illustrate the 3 methods by which the markings become
visible. These will be further described below.

Figures 7 and 8 are illustrations on how the process can be incorporated in

a line set-up. Figure 7 is a front view and Figure 8 is a side view of a

typical laser machine configuration which incorporates the following
components:-

(a)  25-watt CO, laser with galvanometer type scanning head, flat field
object lens of field size 110mm square

(b) XY table with independent controller

(¢) 2 barcode scanners

(d)  Motorised cleaning rotary brush

(e)  Dust collector with centrifugal type suction pump
®) Master controller computer

(g)  Conveyor for handling and clamping PCBs during process



(d) Motorised cleaning rotary brush (e) Dust collector with centrifuga
type suction punp (f) Master controller conmputer (g) Conveyor for handling
and cl anpi ng PCBs during process - 7 AUG 2003 6 By reference to Fﬁgg @@

and 8, the PCB is first |oaded onto a conveyor and clanped. The g |l e
transports the conveyor to marking, brushing and scanning positions.
Brushing is required for PCBs with thick | egend |ayer which creates nore
soot and interferes with scanning chegk. Dust and snoke is sucked away by
a dust collector. The scanners are for scanning verticle, horizontal and
ot her angl e barcodes. The conputer controller is able to cater for

Ki | 1] : P I nb t
Toqui od. “Tho B, REEEhEC o BAgE 7730 ¥ g S Foth Ieage p%?o”SQq%aéé’y%??ferem
options. Markiand @mﬁpemrfh@aoytt@blett%ﬁgbdﬁ%é eoxwéy& toslgxgghpg%%'ﬁ (D¢ tlon to

al phanuneric fonts code 39, code 93 and data mat
work, the |evénd cspamum P@Sltlonscdhushlygas eequited for OB siitndlicle ipenal of the

| aser beam vvh ved b S nin ors driven by gal vanoneters
and control | e cgo%%%por ﬁ_aafgig‘PtﬁSg?Kéﬁ’W“gdfwlé&ﬂ@Ckr cyﬁ‘ﬁsiaudtt to 20
wetts, as dif bmoRets suked aay IBSBthubﬁlzﬁlerc ! The StddnBfedle 7 s'&x'i}ﬁngower For
opti mumresults. f &‘QPUI se-ty pe | aser to [ ow good control over
stability, poﬁ%‘?tlc caerizanfal apd -other angie bgrc0§e|$ sd@he atommAer v@ttyolidrqm 3to 20
kHz. able to cater for markings at any position on the PCB with serial number
generation as required. The program is DOS based and uses arrow keys to
select different options. Marking software can be customised to user

specifications, e.g. alphanumeric fonts, code 39, code 93 and data matrix.

For the invention to work, the level of controls necessary are:

(1)  2-dimensional control of the laser beam which is achieved by 2 scanning

Iirrors driven by galvanometers and controlled by a computer.

(2)  Laser power, adjustable from 1 watt to 20 watts, as different types of

materials require different marking power for optimum results.

(3)  Pulse-type laser to allow good control over power stability, power level and
on-off timing. Pulse rate can vary from 3 to 20 kHx.

4) On-off timing delay of the laser beam should be controlled within 10 pulses
depending on the spot size diameter of a single pulse as measured on the

surface to be marked and the allowable distortion in the marked character
formation.



(4) On-off timng delay of the |aser beam should be controlled within 10
pul ses depending on the spot size dianeter of a single pulse as neasured
on the surface to be marked and the allowable distortion in the marked
character formation. - 7 AUG 2003 7 Using the CO2 | aser, 3 nethods of

mar ki ng are possible: (1) A white or other coloured |ayer is panWGQmBnto
the PCB. This is done during the PCB manufacturing using a sil k-screen
pai nting process which then undergoes; high tenperature curing. This nmakes
the | ayer resistant to attacks by chem cal or nechanical wear. Thickness
of this coloured layer is inportant, and should be in the range of 150 to

200 mcr e i 0o,thin the lines in the barcode marked may
be worn a(@tl\ﬁ/gfvan t)ﬂf &gggé%éiémetﬁ?éc‘éfs%EhngfarQ Ressitd¢ler is too thick, too nuch
soot will be generated and thin lines are difficult to mark because of

| ar ge ker(b.O This_ ,white |legend is necessary for barcode marking because of

t he hi gh{tbnt aythite; eraothearcotuled daytaris [inte@rdrtb 8hé PCBIVITIRs sl Pgné aser
burn a trench in the coloured |ayer

Pgag‘ gggﬂ] J' > g?ﬂh%;ftg? e %#M@én& ngé(ﬁilk-&ywn painging qirocess ofhitlhe trench
Fine 0 a whi Lo BaCKEs ounm i pauls AR, Dbt Rk e dMargPSmat ar code
reader to readttasks bynchesaidal ormeeitniieneuro CHifkrisss shee coBuFd1Er 4
is important, and should be in the range of 150 to 200 microns. If the layer
is too thin the lines in the barcode marked may be worn away by
subsequent processes. If the layer is too thick, too much soot will be
generated and thin lines are difficult to mark because of large kerf. This
white legend is necessary for barcode marking because of the high contrast
that barcode readers or verifiers require. The laser beam power is set to a
value that will burn a trench in the coloured layer to a depth just before it
reaches the next layer. The bottom of the trench will take on the PCB
colour which is usually dark green. Thus the dark line in a white
background will provide enough contrast for the barcode reader to read the
barcode marked. The process is shown in Figure 4.

(2) A low power laser beam is used to mark directly on the green resist layer
of the PCB. This will cause a contrast between the lighter marked area to

the dark green of the background resist layer. The process is shown in
Figure 5.

(3)  When the laser is used to mark directly on the PCB fibreglass material,
lighter lines are marked across the surface of the PCB material. This
process is shown in Figure 6.

Methods (2) and (3) produce markings which are visible to the naked eye and
vision systems. However, as the contrast is not so great, the markings are not

adequate/suitable for reading or scanning by barcode readers or verifiers.



(2) Alow power |aser beamis used to mark directly on the green resist

| ayer of the PCB. This will cause a contrast between the |lighter marked
area to the dark green of the background resist |ayer. The process is
shown in Figure 5. (3) Wien the laser is used to mark directly o k A BB
fibreglass material, lighter lines are8pmarked across the surface of the
PCB material. This process is shown in Figure 6. Methods (2) and (3)
produce markings which are visible to the naked eye and vision systens.
However, as the contrast is not so gﬁﬁg& he mar ki ngs are not
adequat e/ suitable for reading or sc 54 y barcode readers or verifiers.
- 7 AUG 2003 -8 CLAIMS What is clained is: 1. A laser marking apparatus for
| aser marking on printed circuit boards, the apparatus conprising: a C02

| aser ge ator feor generating a |laser beamsuitable for laser marking on
the print a?%ﬁﬁvqmﬁgﬁrds; a beam del i very disposed in the optical path of
the |l aser beamfromthe CO2 |aser generator, said beamdelivery delivering
the | aser beamonto the printed circuit boards; and a processor for

controlling the |BeahBekingPh¥paralies F6V 14531 Thikihf %l Afifited circuit boards,
the apparatus comprising:
a CO, laser generator for generating a laser beam suitable for laser
marking on the printed circuit boards;
a beam delivery disposed in the optical path of the laser beam from the
CO, laser generator, said beam delivery delivering the laser beam onto the
printed circuit boards; and
a processor for controlling the beam delivery, thereby causing the laser

beam to move and draw lines on the printed circuit boards.

2. The laser marking apparatus of claim 1, wherein the laser beam from

said CO; laser generator has a wavelength in the range of 9 to 11 microns.

3.  The laser marking apparatus of claim 1, wherein the laser power of said

CO; laser generator is from 1 to 50 watts.

4,  The laser marking apparatus of claim 1, wherein the laser power of said

CO; laser generator is from 1 to 25 watts.

5. The laser marking apparatus of claim 1, wherein the pulse rate of the

laser beam varies from 1 to 50 kHz.

6. The laser marking apparatus of claim 1, wherein the pulse rate of the

laser beam varies from 3 to 20 kHz.



beamto nove and draw lines on the printed circuit boards. 2. The | aser
mar ki ng apparatus of claim1l, wherein the | aser beamfrom said CO2 | aser
generator has a wavelength in the range of 9 to 11 microns. 3. -Thall #ger
mar ki ng apparatus of claim1, wherein the | aser power of said .CO2 |aser
generator is from1l to 50 watts. 4. Thé | aser marking apparatus of claim1,
wherein the | aser power of said CO2 |aser generator is from1l to 25 watts.
5. The |l aser marking apparatus of claim1l, wherein the pulse rate of the

1 wherern t nd et ke fpbifaig of BN IS ERCth IRSBPERG Ry 11
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changi ng _ ell very directions e expanded | aser beam anda
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printed circuit boards. 8. Th aser' marking apparatus of claim?7, wherein

the two ra'}ﬁrdarl pathi for fResiiethemsebbedra ontbaheipriritbé cireuitrisoards. control | ed
by said processor. 9. The laser marking apparatus of claim@8, wherein the

notors are galvanoneters. 10. The | aser marking apparatus of claim?7,
wherein the flat field |lens . . i
' 8.  The laser marking apparatus of claim 7, wherein the two mirrors are

operated by motors, wherein the motors are controlled by said processor.

9.  The laser marking apparatus of claim 8, wherein the motors are

galvanometers.

10. The laser marking apparatus of claim 7, wherein the flat field lens

focuses the laser beam to a spot in the range of 50 to 300 microns in diameter.

11. The laser marking apparatus of claim 1, wherein the processor is a
computer containing marking software for operating the laser marking

apparatus.

12. The laser marking apparatus of claim 1, further comprising a conveyor

for handling the printed circuit boards during a laser marking process.

13.  The laser marking apparatus of claim 1, further comprising an XY table
for transporting said conveyor to predetermined positions, wherein the XY

table is operated by an independent controller.



focuses the | aser beamto a spot in the range of 50 to 300 mcrons in
dianeter. 11. The |l aser marking apparatus of claim1, wherein the gpgoggssor
s a computer containing nmarking software for operating the | aser marking
apparatus. 12. The |aser marking apparafgps of claiml, further conprising a
conveyor for handling the printed circuit boards during a |laser marking
process. 13. The | aser marking apparatus of claim1, further conprising an
XY table for transporting said conveyor to predeterm ned pasitions,

wherein tide XThd ddder ifarkBes alpphrdusadf i dldpReNdEdith i
2003 -10 14. The | aser mgrgiegng apsar gt us of claim 1,6€t?f{nﬁ%¢1§{:n§ngrgg% a

dust  coldodlector for collettingi the Wastamsfagn theomsehanhAdnp omrtkinsiged he
printed circuit board, wherein the dust collector has a centrifugal type

sucti on mircpit b@ardTIw&drahEthermstiomgleanndl&taleemﬁfugal 1ypk, suctiohh®imp.
conprising a notorised cleaning rotary brush for brushing off the dust
fromthe laser marking on the printed circuit boards. 16. The |aser
mar ki ng apparatus of claim 1, wherein the printed circuit boards conprises
a netal | ilé. | ayde kaser marking apparatusiof ickaitr dnfinthemcomprizing\e motwised

t hereby the laser marking s done on the top layer. 17. The | aser marking
appar at u§S1GMIRE IPATY, blimgr%irrbfilﬁbl% pf e dustduom theolases marking oasthe
copper |a nd a.fib glass | ayer, thereby the laser marking is done on

er r
the fi br @§Infed cirgpig;boar

16. The laser marking apparatus of claim 1, wherein the printed circuit
boards comprises a metallic layer and a top layer that is translucent to a YAG

laser, thereby the laser marking is done on the top layer.

17.  The laser marking apparatus of claim 1, wherein the printed circuit
boards comprises a copper layer and a fibreglass layer, thereby the laser

marking is done on the fibreglass layer.

18. The laser marking apparatus of claim 1, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer and a green resist layer,

thereby the laser marking is done on the green resist layer.

19.  The laser marking apparatus of claim 1, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer, a green resist layer and a

paint layer, thereby the laser marking is done on the paint layer.

20. A method of laser marking printed circuit boards by utilizing the laser
beam from a CO, laser generator, comprising:
using a processor to select marking specifications for marking the

printed circuit boards; and



18. The | aser marking apparatus of claim1, wherein the printed circuit
boards conprises a copper |layer, a fibreglass |ayer and a green _Iegisiii)
'ayer, thereby the |aser narking is done on the green resist |ayer. 19.
The | aser marking apparatus of claim1l, wherein the printed circuit boards
conprises a copper layer, a fibreglassllayer, a green resist |layer and a
paint |ayer, thereby the |aser marking is done on the paint l[ayer. 20. A
met hod of | aser marking printed circuit boards by utilizing the |aser. beam

froma C02 | aser generator, conprising. usjng a processor, {.0 sel.ect .marking
speci f i cat i ongNRBFINgihE Hﬁmlt?’fg c1 1‘1883“& t’ﬁ&stmgc?agﬂgm drlivery; theeebihos -
11 marKki the printed gifcuit, boards by usi a_.beam del i.yer t her eby

t he Iasert%gel%esr Y81q 5%15%@%?&1 f%‘ésé 0612‘? gl%f Rgngqcinﬁ{rgalt\&o%%.t boar ds.
21. The laser marking nmethod of claim?20, further conprising: |oading the
printed circuit boards onto a conveyor for handling the printed circuit

boards d %n?ofﬁfé%%?%aﬂméifﬂ&hoﬁiwam@?_@?ﬁ%@h?‘;%mﬁﬁ% Lt boards being

transport erm ned positions. Ser rkvng met hod of
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for operating th ser mar ki ng net hod of

L opet . ! . .
cl aim pfgiggﬁﬁchnebagﬂgogﬁpg it |45RFthhAERg2MhEred3neles phiviteddirnudt ng

the | aser rom sai
boards being transported to predetermined positions.

22. The laser marking method of claim 20, wherein the processor is a
computer containing marking software for operating the laser marking

apparatus.

23. The laser marking method of claim 20, wherein the beam delivery
comprises an expander for expanding the laser beam from said CO, laser
generator, two mirrors in the optical path of the laser beam for changing the
delivery directions of the expanded laser beam, and a flat field lens in the

optical path for focusing the laser beam onto the printed circuit boards.

24, The laser marking method of claim 23, wherein the mirrors are

operated by motors, wherein the motors are controlled by said processor.

25. The laser marking method of claim 24, wherein the motors are

galvanometers.

26. The laser marking method of claim 23, wherein the flat field lens

focuses the laser beam to a spot in the range of 50 to 300 microns in diameter.



generator, two mrrors in the optical path of the |aser beam for changi ng
the delivery directions of the expanded | aser beam and a fl at f53h€ @ ns
i'n the optical path for focusing the | aser beamonto the printed it
boards. 24. The | aser nmarking nethod of claim 23, wherein the nmirrors are
operated by notors, wherein the notorsyzre controlled by said processor.

25. The |l aser marking nethod of claim 24, wherein the notors are

gal vanoneters. 26. The | aser marking nmethod of claim 23, wherein the flat
field lens focuses the |aser beamto a spot in the range of 50 to 300
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| ayer, thereby the laser marking is done on the fibreglass |ayer. 29. The
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29. The laser marking method of claim 20, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer and a green resist layer,

thereby the laser marking is done on the green resist layer.

30. The laser marking method of claim 20, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer, a green resist layer and a

paint layer, thereby the laser marking is done on the paint layer.

31. A method of laser marking printed circuit boards by utilizing the laser
marking apparatus of claim 1, comprising:

using the processor to select the marking specifications for marking the
printed circuit boards; and

marking the printed circuit boards by operating said beam delivery,
thereby the laser beams are delivered and focused onto the printed circuit

boards.

32. The laser marking method of claim 31, wherein the laser beam from

said CO; laser generator has a wavelength in the range of 9 to 11 microns.



31. A nethod of laser marking printed circuit boards by utilizing the |aser
mar ki ng apparatus of claim 1, conprising: using the processor tp7ag¢ %5 t he
mar ki ng specifications for marking the printed circuit boards; and narking
the printed circuit boards by operating said beamdelivery, thereby the
l.aser beans are delivered and focusedldnto the printed circuit boards. 32.
The | aser marking nmethod of claim31l, wherein the | aser beamfrom said CO2
| aser generator has a wavelength in the range of 9 to 11 microns. - 7 AUG
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mar ki ng nmet hod of claim 31, wherein the pulse rate of the [|aser beam
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circuit el ng transported to predeterm ned positions.

35. The laser marking method of claim 31, wherein the pulse rate of the

laser beam varies from 1 to 50 kHz.

36. The laser marking method of claim 31, wherein the pulse rate of the

laser beam varies from 3 to 20 kHz.

37. The laser marking method of claim 31, further comprising:
loading the printed circuit boards onto a conveyor for handling the
printed circuit boards during the laser marking, thereby the printed circuit.

boards being transported to predetermined positions.

38. The laser marking method of claim 31, wherein the processor is a
computer containing marking software for operating the laser marking

apparatus.

39. The laser marking method of claim 31, wherein the beam delivery
comprises an expander for expanding the laser beam from said CO, laser
generator, two mirrors in the optical path of the laser beam for changing the
delivery directions of the expanded laser beam, and a flat field lens in the

optical path for focusing the laser beam onto the printed circuit boards.



38. The | aser nmarking nethod of claim 31, wherein the processor is a
conput er containing marking software for operating the |aser marking
apparatus. 39. The | aser nmarking nmethod of claim 31, wherein the beam
delivery conprises an expander for expanding the |aser beam frdml§dit] cop
|.aser generator, two mrrors in the Oﬁ%i cal path of the |aser beamfor
changing the delivery directions of tne expanded | aser beam and a fl at
field lens in the optical path for focusing the | aser beamonto the
printed circuit boards. - 7 AUG 2603 -14 40. The | aser marking nmet hod of
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the range of 50 to 300 mcrons in dianmeter. 43. The | aser marking nethod of
claim31l, wherein the printed circuit boards conprises a netallic |ayer
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marking is done on the top layer. 44. The | aser nmarking nethod of claim 31,

wher ei n ghbvamonméters.ci rcuit boards conprises a copper |ayer and a
fibreglass |ayer, thereby the laser marking is done on the fibreglass
| ayer. 45. The | aser marking method of claim 31, wherein the printed
circuit

42. The laser marking method of claim 39, wherein the flat field lens

focuses the laser beam to a spot in the range of 50 to 300 microns in diameter.

'43.  The laser marking method of claim 31, wherein the printed circuit
boards comprises a metallic layer and a top layer that is translucent to a YAG

laser, thereby the laser marking is done on the top layer.

44. The laser marking method of claim 31, wherein the printed circuit
boards comprises a copper layer and a fibreglass layer, thereby the laser

marking is done on the fibreglass layer.

45. The laser marking method of claim 31, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer and a green resist layer,

‘thereby the laser marking is done on the green resist layer.
46. The laser marking method of claim 31, wherein the printed circuit
boards comprises a copper layer, a fibreglass layer, a green resist layer and a

paint layer, thereby the laser marking is done on the paint layer.

47. A printed circuit board being marked by the laser marking method of

claim 20.



boards conprises a copper layer, a fibreglass |ayer and a green resi st

| ayer, thereby the |aser marking is done on the green resist |ayer. 46.
The | aser marking method of claim 31, wherein the printed circuit A@nggs
conprises a copper |ayer, a fibreglassliayer, a green resist Iayez 0
paint |ayer, thereby the |laser marking is done on the paint |ayer. 47. A
printed circuit board being marked by the | aser marking nethod of claim
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50. The laser marked printed circuit boards of claim 47, wherein the
printed circuit boards comprises a copper layer, a fibreglass layer and a green

resist layer, thereby the laser marking is done on the green resist layer.

51. The laser marked printed circuit boards of claim 47, wherein the
printed circuit boards comprises a copper layer, a fibreglass layer, a green
resist layer and a pairit layer, thereby the laser marking is done on the paint

layer.

52. A printed circuit board being marked by the laser marking method of

claim 31.

53. The laser marking apparatus of claim 52, wherein the printed circuit
boards comprises a metallic layer and a top layer that is translucent to a YAG

laser, thereby the laser marking is done on the top layer.

54, The laser marked printed circuit boards of claim 52, wherein the
printed circuit boards comprises a copper layer and a fibreglass layer, thereby

the laser marking is done on the fibreglass layer.



claim 31. 53. The | aser marking apparatus of claim52, wherein the printed
circuit boards conprises a netallic |layer and a top layer that is
translucent to a YAG |laser, thereby the |aser marking is done on the top
| ayer. 54. The | aser marked printed circuit boards of clain152,_%ﬁﬁ 2h? t he
printed circuit boards conprises a copper |ayer and a fibreglass’| @ :
thereby the laser marking is done on the fibreglass layer. -16 - 7 AUG
2003 55. The laser marked printed circuit boards of claim52, wherein the
ards conpr,i ses a,cq fipreglass |ayer and a
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56. The laser marked printed circuit boards of claim 52, wherein the
printed circuit boards comprises a copper layer, a fibreglass layer, a green
resist layer and a paint layer, thereby the laser marking is done on the paint

layer.



