LASER TO MARK PRI NTED CI RCU T BOARDS (PCBs) FIELD OF THE
IUEII\/EEITI ON This invention is a nethod or process to mark data on PCBs
wth witing lasers wthout harm ng the PCBs. BACKGROUND OF THE )
| NVENTI ON PCB manuf acturers worl dw de have been marking data on their
PCBs by usi ngd e P Both et hods are hOV\ever not

| i abl e. For Freerk )
\r/?scosMy changes resul ti ng in the mar k| ngs bel ng srreared or broken.
There is _the further risk of the ink marking being erased through
the down{EERORBARINVENEIQNesses whi ch the PCB undergoes. As for
the sticker nethod, this is a labour-intensive process and the
stickers may be tanpered with or renoved. It is also costly astthe
mat er i al Thiseidvémtion Rea hahBbE o Bces??o 'i%sdzﬁgton;f PE thltht €S-
As the | abels must be pre-print ed manu urer
di f fi cul Withert hareingithe PGEsl t i ne data on the PCB batches _ _
manuf actured and further runs the risk of delay in the printing tine
and the further risk of wastage of unused | abels. Laser marking
el i m nat BACKGROUNR -OF ITHE INVEMNEIGNd preci se nethod and due to its
- permanent nature, the markings w Il not deteriorate even when the PCB
is subjected to heat or |liquid processes. Presently the PCB

rk PCB be ause t he occur.r ence
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el ength around 1.06 m crons. are nul
of wav mpcgcan be contaminated or its v15c051ty changes resulting in the markmgs 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 niarkings 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.



| ayered with copper sheets between | ayers, YAG laser light wll
partially pass through the surface but is absorbed totally when it
hits the inner copper |ayer causing a reaction between the | aser

| i ght and the adhesive holding the PCB | ayers together. This results
in gases being emtted which are trggged at the copper layer. 2

Del am nati on occurs when the PCB go through curing processes
downstream which heats the PCB to very high tenperatures. As the PCB
undergoes the heating process, the gases expand and causes tHhe
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~ to the delamination problem.




i rking so that any change to the data to be marked on the
}chréecg:] gg mage i nstant aneously, thereby elimnating the pr olbl ens
encountered with the traditional nethods. Laser narking is a ISD(C):B .
pernmanent. There is no damage or deterioration even when the P kl S
passed through heat or liquid processgs. Unlike the ink and lStI cker
method, it is tanper-resistant. Anot hér feature is that the azer t
beam whi ch uses a snall spot si Zﬁ a: | ows martu ngrgau?;ﬁ-gzempﬁir (r:rgl es a

the PCB. The | aser system
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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 deIiv_ery 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 cnergy 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.



DESCRI PTI ON OF THE | NVENTI ON AND THE DRAW NGS The acconpanyi ng

drawi ngs illustrate how the invention works, and serve to explain
the principles of the invention. Figure 1 shows how t he YAG | aser

mar ki ng operates. Al though the marking is done on the top |ayer of
the PCB, the | aser beam because of the short wavel ength, passes
through to the copper layer. Figure 24shows the i nprovenent on the
YAG | aser marking by the invention of the CO2 | aser marking process.
The CO2 Iaser beam of a Ionger vvavel ength does not penetrate to the
- : EDATON AND THD DRAWENGN | S
understood by ref erring to Fi gures 2 and 3. The | aser generator
emts a beamof laser light wwth a wavelength in the range of 9 to
11 m cr oM&e éﬂa@m h e y is directed to
a set of 2 ni rrolrpgﬁﬁ ggg%réhgr%rggﬁgﬁggeﬂ%gvg% Eﬂ‘)@ q'gork‘i’hg d 5F%: go
are cont ¢ Wédﬁemmmle?oﬁ\thecﬂnvmms t he Iaser beamto nove and
draw lines on the PCB. Fromthe mrrors the | aser beam goes through
aflat field lens to focu a beamto a very smal |l spot in the range of
50 to 300 m Eigafs 1 Bhélva P Si
vector graphi gg The hi gpﬁvﬁgleen:@dt&§ 0 the léi'l%ng?rat?% ‘@dtﬁ]eg
poi nt on t he Paxking idnae arhthegap ltyeoof BREPEB; flrdasdrbeatt, beédiﬁe of the

vapori se caus chan e ich is noticeable to the naked
eye as wel | agshggtn‘ga‘(cﬁq %h E%Fhe £ORPSF dayeri | | ustrates the

configuration of the control S necessary for the

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 lly'_a computer which causes the laser bearﬁ 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:



process to work which are: S (1) A 2-dinensional control of the |aser
beam by way of 2 scanning mrrors which are noved by notors
controlled by a conputer. (2) Pulse-type |aser to achi eve good
control of power stability, power level and on-off timng. (3) A
flat field lens to focus the |laser beamto a very small spot. Figures
4, 5 and 6 illustrate the 3 nethods by -which the marki ngs becone
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. Figuré€l)? i A a-dientionhievortrsl &f Sy Bisd biad vofd i
typical |aser machine configuration which 1 ncorporates the ol fg
conponents: (a) 25PHEIOFS whith) a1e apoved: by matarawontbled by pecsmpmei.ng
head, flat field object lens of field size 110mm square (b) XY table
wi th independent controller (c) 2 barcode scanners (d) Motorised

cl eani ng rot at3) br Belseftge Mset te akhietd eHodidohtreE BE ol i
suction punp (f) *\/asf er cog}tg ql | er co(r%pgt er ?S) agyr?%g?rta%&?power
handl i ng and ¢l amptH§! BRBenWlk iMiRgr ocess :

(3) A flat field lens to focus the laser beam to a very small spot.

Figures 4, 5 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:-

()  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

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

-(g)  Conveyor for handling and clamping PCBs durihg procéss



6 By reference to Figures 7 and 8, the PCBis first |oaded onto a
conveyor and cl anped. The XY table transports the conveyor to

mar ki ng, brushing and scanning positions. Brushing is required for
PCBs with thick legend |ayer which creates nore soot and interferes
wi th scanni ng check. Dust and snoke is sucked away by a dust

col l ector. The scanners are for scannbng verticle, horizontal and
ot her angl e barcodes. The conputer controller is able to cater for
mar ki ngs at any position on the PCB with serial number generation as
requi red.  TheBprregsamed t BERrons e6dF) dht ¥e8 ¥ HAWIKEYS bto 2 EbfGayor
different options, Marking software can be custom sed to user

speci fi cat i ondnd glagpegh phag ¥ne tatde fxsmsports tdeccB9eyaravemarking rdsting
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2 scanning nlayeowhicHIcketas Rioré sdotand TRieefesesAinth E&Jﬁhir%élﬁ‘é]tnglé and
wa S,

conputer. (2) Lz%?ﬁer power, adjustable from1 watt to gs
different typ¥BOKE IS shgked away byt dnstecolicttoss hhe seankersqanedioe scimring

opti mum resul s 13 Ser i | Low gpod control qv .
power st abi | i‘%e;uc%’o\i/]\g%%\gre ‘gg)éﬁ eqoa %{g%)ef Ealt%f)ﬂ?sngiﬁﬁﬁpg@ %It%ongréﬁfeﬁd?y
from3 to 20 ake to(cajerdior midrkirigsianangglosiioafod fie PeBewithaaRuFheMbEr be
controlled within 10 pul ses endi ng on the spot size dianeter of a

d [
single pul se SR ayiredn dhequpgmaristpOSdased rad usesiarraw keys to
al I onabl e di sde@scti diffetdht! GStidHR! k%ﬂa&ﬂ?gr 86ftwhre 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 wafts, 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 kHz.

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.



‘ ion. 7 Using the CO2 |aser, 3 methods of marking are possible:
Ei;nitkgite or otﬁer coloured |ayer is painted onto the PCB. This is
done during the PCB manufacturing using a silk-screen pa!ntlng .
process which then undergoes high tenperature curing. This nﬁ_ei e
| ayer resistant to attacks by.chem cal or nmechanical wear. Thic nfss
of this coloured layer is inportapt;7and shoul d be in the range o
150 to 200 mcrons. If the layer is too thin the lines in theh
barcode marked may be worn away by subsequent processe;. Lf tI?nes
layer i sUsing thei C®, lises, 3RO Matlin fre S6RRAA! ed an thin |ine
are difficult to mark because of large kerf. This white egeh
necessary for barcode marki ng because of the high contrast that

| & kre. .The.|l aser beam power is set to
2 vl e Dnat o Pl kel CBIORTEY s dgimi Gae e T dogest
before it redutimgs thd POBKianhfQiring hﬁng%éiﬂéﬁ&&:ﬁlgﬁngiﬁg ’f;g@ﬁg’g :“fl}%‘g‘a' €
on the PCB cgol our which is usually dark green. S a in
a white backieguHylergaes hightemperae ghriognThisshakeyrthe HeydraesigEt to

[ hown in Figure 4.
eader to re ked. .The process is shov
22) A | ow poﬁgéﬁgg?&%ég?nﬁiﬁgéﬁnﬂ@l%ﬁgﬁ gﬁ%‘é@ﬁ%ﬁfoﬁhlﬂt srloyregelayer
resist |ayer isamnpoitenf@Bd shbild b inl th@&!iﬁ% &t mﬁbr%@tml'@ﬁgiﬁ’?%tﬁepgyer
i ghter marked area to  the dark green of the background tésrs
| ayer. The proct9s %illg theolines jn 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,



Figure 5. (3) Wen the laser is used to mark directly on the PCB
fibreglass material, |lighter lines are marked across the surface of
the PCB nmaterial. This process is sho in Figure 6. Methods (2) and
(3) produce narkings which are visibleto the naked eye and vision
systens. However, as the contrast is not so great, the markings are
not adequate/suitable for reading or scanning by barcode readers or
verifiers. -8 CLAIM5S Wat is clainegigIME A | aser narking apparat us
for laser marking on printed circuit boards, the apparatus
conprising: a CO2 | aser generator for generating a | aser beam
suitable for laser marking on the printed circuit boards; a beam

del i ver y Whatisddimedtiste optical path of the | aser beamfromthe CO2
| aser generator, said beamdelivery delivering the | aser beam onto
the printed circuit boards; and a processor for controlling the beam
delivery, thereby causing the |aser beamto npve and _ draw |ines on
the printled ciA daser merkidg. apparTivs farslesenmarking apRuiatadsciseuit|boagds,
1, wherein the | aser beamfrom said CO2 | aser generator has a

wavel engtle Appanagus e@@PISING to 11 ni crons.

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.



3. The laser marking apparatus of claim1l, wherein the |aser power of
said CO2 |aser generator is froml to 50 watts. 4. The | aser marking
apparatus of claim1, wherein the | aseg_power of said CX2 |aser
generator is froml1l to 25 watts. 5. The |aser marking apparatus of
claim1l, wherein the pulse rate of the |aser beamvaries from1l to
50 kHz. 6. The | aser marking apparatus of claim1l, wherein the pulse
rate of ffhe [Theelaseeamavlangeappamatus afocladmk by wharein tiihebdamedelivery
mar ki ng apparatus of claim1, wherein the beam del i very conprises an
expander cbmprésqsaa exparider| fxeexpanding: the &ﬁeﬁ lzmnlfagm saifeRePataser
two mrrors in the optlcal path of theI ser % changi pg the
del i ver y gehestor,dieo srirrors iaxthenepidcalath ol %ﬁﬂ gam 5or changingdthe

in the optlcal at h, for ocu5| ng th | aser beam ont oLt ri.nt ed
circuit Belivesy directieny af dhe mxpandgd ot bea e poflhf FieliHgnSin the
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8, wherein the notors are galvanoneters. 10. The | aser narKking
apparatus of claim?7, wherein the flat field lens focuses the |aser

beam t o %kf tT;K‘SpE'PS? &S‘rgﬁﬁg 35%9?[&1% vﬁp U dTLE7ORFhéid! 'tﬁ@%?‘d ml}ﬂorsTﬁ%

| aser erein the processor

comput er f)@f&t@ﬂ By W oTBsK WS thah6tdr8 a8 RBhabLIRE By’ §alhﬂﬁ%ﬁe§§i‘frk' ng

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.



apparatus. 12. The | aser marking apparatus of claim11, further
conprising a conveyor for handling the printed circuit boards during
a laser marking process. 13. The | aser lfarki ng apparatus of claim1,
further conprising an XY table for transporting said conveyor to
predeterm ned positions, wherein the XY table is operated by an

i ndependent controller. -10 14. The | aser _mnarkin paratus . of claim
1, furth co?'r%ﬁ &51"?6 Ragking appRravsopl CHm ol g@ﬁaﬁ% CORPTABISZagedust

fromthe | gser r Ki on t printed .circuyit, board, ~wherein the,
dust cor PRlEEtorhEL" 60kt A hivartase sk ibh laampmakingien fhs drinted
mar ki ng ratus.,of ;claiml, . further, c risi a noptorise

cl eani nggﬁgﬁ@?aﬁ%‘é’ﬁeﬁ}Pr{l}F@ﬁ? HBHS?tIOr ?%g aqqg}qgfg & Sugd@p pump.
marking on the printed circuit boards. 16. The | aser marking
apparatus of claiml, wherein the printed circuit boards conprises a

talli s 1eans! : :

hercby 1ho | Seepsd AR Bipdlfls O ciATE REBR Coinfriflid ¢ pidBtised
# : ! . A

Compr | SeocaniaL 1oty o Tof br R O 208 qUst T, (e B! mdtRAl B0 he

mar ki ng bﬁnﬂﬁ‘@ir@@itmrdé.br egl ass layer. 18. The laser marking
apparatus of claiml1l, wherein the printed circuit boards conprises a

copper layer, a fibreglass |ayer and a green resist |ayer, thereby
the | aser marking is done on the green resist |ayer.
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



19. The | aser marking apparatus of claim 1, wherein the printed
circuit boards conprises a copper layer, a fibreglass |ayer, a green
resist layer and a paint |ayer, therq_x the | aser marking is done on
the paint layer. 20. A nethod of l|aser nmarking printed circuit boards
by utilizing the laser beamfroma C02 | aser generator, conprising:
using a processor to select marking specifications for marking the

printed circuiiaieasdhe Ridtedldironitkborrdsitey psingt adbedmcodeliveryarthsreby
using a beamdelivery, thereby the |aser beans are delivered and

focused ¢ taseh®eniisiredetivesed anddacdsed 8ito theepintedrcineuik bogrdset hod
of claim 20, further conprising: loading the printed circuit boards
onto a conveyor for handling the printed circuit boards during the

| aser marking, thereby the printed circuit boards being, transported
to predeldrm fAdet lasei tavking aethathef clainr 2@pfwiher GNP ¢l ai m 20,
wherein the processor is a conputer containing marking sof hwar for
operating t heloadimg the prinjed@ipenittbeardssontma ‘P%‘éﬁ}’%f(kr énﬁjrﬁpgo@e

of claim 20, wherein the beamdeljvery conprises an expander for. .
expandi n@rinted| cisewit haards %&itheaeéell n@eﬁ&fs% rt?]et Rﬂntﬁ‘f Cieyt

in the optical, path of the | aser am for, changing the delivery
directi or@aﬂis beingrpasRate &me@gqmmgd&%?ﬁ%ﬁ- field lens in the
optical path for focusing the | aser beamonto the printed circuit
boar ds.

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 mirrofs in the optical path of the laser beam for changing the
delivery directions of the expanded laser beam,v 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.



24. The laser marking nethod of claim23, wherein the mrrors are
operated by notors, wherein the notors are controlled by said.
processor. 25. The laser marking nmethod of claim?24, wherein the
notors are galvanoneters. 26. The | as mar ki ng met hod of claim 23,
wherein the flat field lens focuses the |aser beamto a spot in the
range of 50 to 300 mcrons in dianmeter. -12 27. The |aser marking

ﬁ;i QFEi 275y o Ben sl iRkl B OH"bE It 3 wiRREh Tnd AERhteR Sirtuit
mar ki g BOEAEReIREY a et Rge i ach Ry s HinsTiGrt 30U YAG
COMI | Sefa<ar ANBREKY HRY RisoPfhrRirld 1Y QORGSR the¥p layeper eby the | aser

marking i s done o reg | ayer. | aser mar ki ng et hod
of claim 20, wherein the printed circuit boards conprises a copper

| ayer, a fibreglass |ayer and a green resist layer, thereby the

| aser mapRi ngThe Hoee marking sieBodr 6ficiiinh BB whadeinllee lmdeted circuit
mar ki ng met hod of claim20, wherein the printed circuit boards

conpr i seboardwppeaiptissen, coppeimgrassd | afbreghasyr lgrery ¢hersbyl tyedaser
and a paint layer, thereby the | aser marking is done on the paint

| ayer. 3markingishdoneodnithe dibreglassdayqiri nted circuit boards by
utilizing the laser marking apparatus of claim 1, conprising: using
the processor to select the marking specifications for marking the

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.




printed circuit boards; and marking the printed circuit boards by
operating said beamdelivery, thereby the |aser beans are delivered
and focused onto the printed circuit %oards. 32. The | aser marking
met hod of claim 31, wherein the | aset Mbeam from said CO2 | aser
generator has a wavelength in the range of 9 to 11 mcrons. -13 33.
The | aser marking nmet hod of claim 31, wherein the | aser power of said

CO2 | ase33 genph@lfderifafltin® rhetfodOf wiihs 31 3%hefbim fhrskserpokien®f said
met hod of claim 31, wherein the |aser power of said CO2 |aser

gener at oCO,Jabérogenkeraorab fr@htisto 36 wathee | aser marking net hod of
claim 31, wherein the pulse rate of the |aser beamvaries from1l to
50 kHz. 36. The |l aser marking nethod of claim 31, wherein the pul se
rate of the |aser beamvaries from3 to 20 kHz. 37. The | aser )
mar ki ng vt hoBhefasdranarking methasbef elaipr 34 wiereipathenigsenpoprer pfsgid
circuit boards onto a caonveyor for _handling the printed circuit

boar ds dGfarlgsemgenesstor igdramnlgto 2hav@bs the printed circuit boards
bei ng transported to predeterm ned positions. 38. The | aser narking
nmet hod of claim 31, wherein the processor is a conputer containing

rarking softgpe o ‘opefating 4o |aser kg  APRRLFfSe 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.



39. The laser marking nethod of claim 31, wherein the beam delivery
conprises an expander for expanding the |aser beam from said CO2

| aser generator, two mrrors in the optical path of the |aser beam
for changing the delivery directions |gf- the expanded | aser beam and
aflat field lens in the optical path for focusing the | aser beam
onto the printed circuit boards. -14 40. The |aser marking nmethod of
claim39, wherein the mrrors are operated by notors, wherein the
motors af@. cofheolases marking methedsof .claim 3fe wherginnthaimifroes rard
of claim 40, wherein the notors_are galvanoneters. 42. The | aser

mar ki ng epetated by reptars whereindhsimotdis are gontrpled byesaid [roeesses. t he
| aser beamto a spot in the range of 50 to 300 mcrons in dianeter.
43. The Iaser mar ki ng met hod of claim 31, vvherei n the printed circuit
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44. The | narklng nmet hod of claim 31, mhereln the printed circuit
boards c® Ppgggﬂgfcopper | ayer and a fibreglass |ayer, thereby the
| aser marking is done on the fibreglass |layer. 45. The | aser marking
met hod of claim 31, wherein the printed circuit boards conprises a

copper | g¥er . The! 1P ghARn URINBRIR ARSI, YRklTIRE flaf PRIEKns

the | aser |ng|s reén resist”’l ayer.

mar ki ng fﬂ’é\ﬂ@g 112 156R bBhrlto ﬁ"@ﬁbﬁﬁ{‘tﬂéﬁnﬁé'dﬁﬁﬁtéwﬁ hicrons 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 layer, a green resist
layer and a paint |ayer, thereby the J@aser narking is done on the
paint layer. 47. A printed circuit board being marked by the | aser
mar ki ng method of claim20. -15 48. The | aser marki ng apparat us of
claima47, wherein the printed circuit boards conprises a netallic

Lo 2 i B i SpRPTSLGElibe 5, Ve 58 i

the | aser I'ng 1S done aser “mar ke

printed B&éﬂgiéorﬁgﬂééssa%e@m mﬁaa%wfﬁ{tgt gggffé}etha@ﬁé tlaadhident o b YAG

boards conpri ses copper layer "an ass layer, thereby the

| aser mepkbnghéfebyone 1a8ert mariting e @okeson detop BYer.The | aser marked
printed circuit bdards of claim47, wherein the printed circuit

boards conprises a copper layer, a fibreglass |ayer and a green
resist layer, thereby the |laser marking is done on the green resist
| ayer. 549. ThEhtakser maakeed primteeld coicuduiboabdsirafs ctéine |41 ,mwigrein the
wherein the printed circuit boards conprises a cogger | ayer, a

1

fi br egl apsintedyeircuit byaeds comguises 4 agpperalayen apdimfibreglass layess theyeby
the |laser marking is done on the paint layer. 52. A printed circuit
board bethegasen adking isrdonesge th eglgssiayesd of claim31. 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 YAG50. 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 paint 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.



| aser, thereby the laser marking is done on the top layer. 54. The

| aser marked printed circuit boards of claim52, wherein the printed
circuit boards conprises a copper |ay:s ]{ and a f| bregl ass | ayer,
thereby the laser marking is done on 6ne fibreglass layer. -16 55.
The | aser marked printed circuit boards of claimb52, wherein the
printed circuit boards conprises a copper |ayer, a fi bregl ass | ayer

and a gresn Tgs ﬁsekaﬁﬁ&he&wﬁwd tdiﬁcddﬁsc%arﬂgf&f "Maing ?%Oar%}eix?eche

green resist |ayer |‘aser printed circuit

cl ai m 52prinhert elrBuitttfoardls icongshisds &%b@g@??ﬁ[}%‘i £9IBIELRAS 18 &0919&%1 reen

| ayer, a f| bregl ass | ayer, a green i st layer and a pa nt I ay
thereby tdststllager, therebiyntheilasetanariangtiflop@i o thd @eh resist layer.

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.





