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

he occurrence
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PCB fi bremgsticksr iabiety | Bbth mefliyds iadéd, | RowevaRn Sldd Cr@ﬁﬁble. 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 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.
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Del am nati on occurs when the PCB goes through curing processes
downstream which heats the PCB to very high tenperatures. As the PCB
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t he release the gases, the PCB becomes damaged. Some PCB manufacturers have

made attempts to use laser to mark PCB:s, but have todate been unsuccessful due

~ to the delamination problem.




Q nufacturing environment. The process is autonmatic and there is
Eanggd for ope?ator intervention. The narking data is geﬂergtfd ?g
a conputer at the time of marking so that any change to the data
be nmarked on the PCB can be nmde instantaneously, thereby hod
elimnating the problenms encountered with the traditional netho fion
Laser marking is al so permanent. Theré s no damage or deterlo[Jal_ke
even when the PCB is passed through heat or liquid processes].c Nl i
the ink and stlcker nethod it is tanper-resistant. Another eaLure
is that QHECRL JINKENFIONes a snal | spot size allows mar |n?
of dense barcodes at any angle and area of the PCB. The | aser system
requires mnimal nmaintenance as there is no replacenent of
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wavel eng ﬁm of about 1.06 microns w |l cause a substanti ano
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the |as o %@g PYfloWgRN e BeRaisepassed Ithromigh 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 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.



| ayers of the PCB. The YAG | aser al so requires higher power since not
all of the energy.of the |laser beamis absorbed in the marking. -4-
DESCRI PTI ON OF THE | NVENTI ON AND THE DRAW NGS The acconpanyi ng
drawings illustrate how the invention works, and serve to explain
the principles of the invention. Figure 1 shows how the YAG | aser

mar ki ng operates. Al though the marKkt ﬂg 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 2 shows the inprovenent on the
YAG | aseDESGRIFION OF\#HE INVENTION AND THIODRAWENGS:' ki ng process.
The CO2 | aser beam of a |onger wavel ength does not penetrate to the
| oner | ayers of the PCB. The enbodi nent of the invention is

under st oQHe kyecoibBATiN <0 - . The.. enerat or
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11 mi cr ofrPlaimtbe painsipleseafitliesineeapzonded by 3 tines and is directed to
a set of 2 mrrors. These mrrors are noved by notors. The notors
are controll eda conputer which causes the | aser beamto nove and
draw | i nes onFiglife RBCBhowy @ i r go t hr,ough
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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:



causes the paint or PCB surface to burn and vaporise causing a col our
change which is noticeable 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: S (1) A

2-di mensi onal control of the |aser beam by way of 2 scanning mrrors
whi ch are noved by notors control |l ed-by a conputer. (2) Pul se-type

| aser to achi eve good control of power stability, power |evel and
on-of f timng. (3) Aflat field lens to focus the |aser beamto a

very small spét). FiAgQrdietsioBalrbshifoli by whi ch
t he mar ki ngs ge)corre Vi si bl e. ThesgO V\i)ﬂ th%tIaQi‘ IﬁPtE%ﬂ g}c’j é’ tggds 5\/.
Figures 7 and 8 ar &BUfiorywhichtareasovad leOWOEd!m controled byancd@puter.
incorporated in a line set-up. Figure 7 is a front view and Figure 8
is a side viewof a typical |aser machi ne configuration which
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size 110mm square fﬁfpaé‘f?gam?@twmga i ndependent controll er

(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



(c) 2 barcode scanners (d) Mtorised cleaning rotary brush (e) Dust
col lector with centrifugal type suction punp (f) Master controller
computer (g) Conveyor for handling and clanping PCBs during process 6
By reference to Figures 7 and 8, the PCB is first | oaded onto a
conveyor and clanped. The XY table transports the conveyor to
mar ki ng, brushing and scanning positbens. 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. ThBysefsremseStAFiRuiey 7 96dg)ithe PGB}'isI fifdt 2o cpﬁf bR %bn@flr}%
ot her angl e barcodes. The conputer controller is to cater
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ired. Th a and. uses. ar,r ec
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matri x. For the nyentlon to work, the level of contrdls necessary
are: (1) 2-dieaEs ndic ked awag | byor dusiecallgetor. pezevsaaininets are fac Iscanmdg by
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di fferent typadedb 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 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.
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the marked character formation. 7 Using the CO2 | aser, 3 nEthO'StOd
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layer to a deigttb)oi Lt’l?l}x tt)lf'g ?irn%s | 121 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,



reaches the next layer. The bottomof the trench will take on the PCB
col our 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 i's shown in Figure 4. (2) A low
power |aser beamis used to mark directly on the green resist |ayer
of the PCB. This will cause a contrast between the |ighter marked
area to the dark green of the backgoAndg esi st |ayer. The process
is showmn in Figure 5. (3) Wwen the laser is used to nmark directly on
the PCB fibreglass material, |lighter Iines are marked across the
surface of the PCB material. This process is shown in Figure 6.

Met hods (Rhagizcclégnedti©gduce mar ki ngs which are visible to the naked
eye and vision systens. However, as the contrast is not so great,
the marki ngs are not adequate/suitable for reading or scanni ng by
barcode readers or verifiers. -8 CLAINS What is clained is:

| aser madki ngAejpaseranaskingrappasetusnforkiasgr marlsmgmacprénte@wcwab%ds
t he apparatus conprising; .a C02 | aser generator for generating a
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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.



mar ki ng on the printed circuit boards; a beam delivery disposed in
the optical path of the |aser beamfromthe CO2 |aser generator,
said beamdelivery delivering the | aseg_beamonto the printed ‘
circuit boards; and a processor for controlling the beam delivery,

t hereby causing the |aser beamto nove and draw lines on the printed
circuit boards. 2. The |aser narking apparatus of claim1, wherein
the | asef], beaffitfer taver sanrkiGgPappamtug efeclaimr 1 hacharenmibe dregrn delivery
range of 9 to 11 microns. 3. The |aser marking apparatus of claim1,
wher ei n thmprasas aposspansfersturdex@arlingsthe fpseerkaasm frent seid LOp lager
watts. 4. The |l aser marking apparatus of claim]1, V\,hereirt] the | aser
power of geRErRtoGANe ariErorganethg: optical patbretitheolassr hgams forchanging the

| aser mar ki.ng apparatus of claiml, erein the pul ser f, the

| aser be8gliVEFY égfefqtb}ﬂslo%@%@Wﬁleg}l@ﬁ’é%Ie'é%ré)rl‘ft@kﬂﬁgtﬁ%égéf:% Je the
claim1l1, whergin the pulse rate of .the |aser beamyaries,from3 to
50" kio . optipal I 107 JorusmeDE Jasks head oot fe PERIRA Siriil Blaf e
beam del i very conprises an expander for expanding the | aser beam
fromsaid CO2 | aser generator, two mrrors in the optical path of
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| aser bedm a
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.



optical path for focusing the | aser beamonto the printed circuit
boards. 8. The laser marking apparatus of claim?7, wherein the two
mrrors are operated by notors, whereil@-the notors are controlled by
said processor. 9. The | aser marking apparatus of claim8, wherein
the nmotors are galvanoneters. 10. The | aser marking apparatus of

claim?7, ergin the flat, field lens focuses the |aser beamto a
spot in 11&2 rib&ei%ﬁﬁr%af@%épﬁﬁ@@ﬁsofﬁ?%rﬂet rthen comprisiagep dust

mar ki ng apparatus of ¢l ai.m wherein t.he processor is.a conputet
cont ai ni ﬁgﬁﬁﬁ ifﬂj‘ %%ﬁ‘?&é‘i‘%]th&waﬁ@rg&t hﬁ’&l ttﬁsclﬁé%mﬁmg@ the printed
apparatusg.. 12, The | aser. rking apparatus of cl.aim further
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a |laser marking process. 13. The |l aser marking apparatus of claim1,
further conprising an XY table for transporting said conveyor to
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fromthe | aser ng on the prin circuit boar ereint

dust col peinted cirogitdoagdd.r i fugal type suction punp. 15. The |aser
mar ki ng apparatus of claiml, further conprising a notorised

cl eaning rotary brush for brushing off the dust fromthe |aser
mar ki ng on the .
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



printed circuit boards. 16. The | aser narking apparatus of claim1,
wherein the printed circuit boards conprises a netallic |ayer and a
top layer that is translucent to a YAG, | aser, thereby the | aser
marking is done on the top layer. 17. +He | aser mar ki ng appar at us of
claim1l, wherein the printed circuit boards conprises a copper |ayer
and a fibreglass |layer, thereby the laser marking is done on the ‘

fibreglass | ayedrkid8 th&hsrihReetirnitbaadapausings adbearhadeliverywbeby
the printed circuit™ boards conprises a copper layer, a fibreglass

| ayer anghdlgeebeafrsiratddlByeed antifecatsd ohto thesprintedrdirewjt beaxitsne on
the green resist layer. 19. The | aser marking apparatus of claiml,
wherein the printed circuit boards conprises a copper |ayer, a

fibreglass layer, a green resist layer and a_ paint |ayer, thereby
t he | ase?lmar Kiheglaser temkingnmeteod of clainny8y further GOMPRRBE: of | aser

marking printed circuit boards by utilizing the |aser b?anbf{%‘gr a
002 | aser gendoading the psinterngircuii brprds o3 senYey Weldi handhpg ihe
specificatjons for marking the printed circuit Roards;.and.-11, . .
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the | aser be%]rrg are delivered and focusea onto the printed circuit

boards. »pardhbeingsEansporkechip PERAFIIYNCd RASIORS- f urt her conpri si ng:

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.



| oading 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 predeterm ned positions. 22. The
| aser mar ki ng nmet hod of claim 20, wher¥n the processor is a o
conmput er contai ning marking software for operating the | aser marking
apparatus. 23. The | aser marking nmethod of claim 20, wherein the beam

del i verya~CO IS r t | ase M. £.r0 :
ai d” acp 2 asen Heg BiveF dpBH e, BiemBH SE R 0. Wher R e Hgpted; Eireuit
| aser be ' . i i i f:

| aoer bolurtdE oFBRFReDa el Ik RN X 0BTy B Bl is i THR 160a YAG
the | ase i I GAM The | aser marking
met hod O!as??,gt;ﬁﬁ]%ﬁf t}\if‘\ﬁ%rs gllt %{%rﬁgi%sr%ikiogﬁgé é%g':tr'ed by notors,
wherein the notors are controlled by said processor. 25. The | aser

mar ki ng met hod of claim 24, wherein the notors are gal vanoneters.

26. The b8ser Tiwer kisep mmtkiog aiethodi 6f 23ainM 0 ewhelrbin fth@'(t)prhiﬂekldcireui:‘t
focuses the | aser beamto a spot in the range of 50 to 300 mcrons in
di anet er boafids 28mpiised aseopper kiyer ard rodilnkgtdssi lay2o, théembyi the haser
printed circuit boards conprises a netallic layer and a top |ayer
that i s markiigissdong onath&’/r;s(pbregmeﬂayd:rher eby the laser marking is
done on the top | ayer.

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.




28. The laser marking nmethod of claim20, wherein the printed circuit
boards conprises a copper layer and a fibreglass |ayer, thereby the

| aser marking is done on the fibreglggs | ayer. 29. The | aser marking
nmet hod of claim 20, wherein the printetd circuit boards conprises a
copper layer, a fibreglass |ayer and a green resist |ayer, thereby
the laser marking is done on the green resist layer. 30. The | aser

mar ki ng 3wt hophefagdrahmtidfe megicl of chanpsi pivdebrein thel kasebpawts of said
conprises a copper layer, a fibreglass |layer, a green resist |ayer

and a pgDYtlat@y®enerafoerisfyorhletd 86evattaar ki ng i s done on the paint

| ayer. 31. A nethod of l|laser marking printed circuit boards by
utilizing the laser marking apparatus of claim 1, conprising: using
t he processor to select the marking specifications for marking the .
print ed 34 cuThe Baserdsarking methadgf chainpdil niherein the; FS%HPH@TW& said
operati [:(% sai d beamdelivery, thereby the |aser beans are delivered
and f ocusey leserogenesatoriindeemch Fedp tWatksar ds. 32. The | aser narking
met hod of claim 31, wherein the |aser beamfrom said CO2 | aser
generator has a wavelength in the range of 9 to 11 mcrons. -13 33.
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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.



34. The laser marking nethod of claim 31, wherein the |aser power of
said CO2 |aser generator is froml to 25 watts. 35. The |aser
mar ki ng nmet hod of claim 31, wherein the pulse rate of the |aser beam
varies from1l to 50 kHz. 36. The | aserjgmarki ng net hod of claim 31,
wherein the pulse rate of the |aser beamvaries from3 to 20 kHz.

37. The laser marking nmethod of claim 31, further conprising: |oading
the printed circuit boards onto a conveyor for handling the printed
circuit #0ar d¥haulasey merking emethodi of claimr 38y wherqini thedmiroesiiare
boards being transported to predeterm ned positions. 38. The |aser

mar ki ng apetater by mptars whersindheimotars ape eentrolediby spid puppesser.
contai ning marki ng software for operating the | aser marking

apparatus. 39. The | aser nmarking method of claim 31, wherein the beam

delivery, . co i ses an_expander for .expanding the | aser amfrom

sai d COZ‘Hasgﬂleg am&l?&or%tﬁibgr QPi‘ﬂairﬁe“bpthﬁre‘ﬁ’aBﬁeomqtﬂEs are
| aser beam for changing the delivery directions of the expanded

| aser be8HVARAPECS at field Iens in the optical path for focusing
the | aser beamonto the printed circuit boards. -14 40. The | aser
mar ki ng method of claim39, wherein the mrrors are operated by

motors, yhereqfet ﬁ%ef‘nﬁxﬁfﬁn@ mRBH" 8F | FSink Y3 S 2WhRERF TRS Mat 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.



41. The |l aser marking nethod of claim40, wherein the notors are

gal vanoneters. 42. The laser marking ngthod of claim39, wherein the
flat field lens focuses the |aser beamto a spot in the range of 50
to 300 microns in dianeter. 43. The | aser marking nethod of claim 31,
wherein the printed circuit boards conprises a netallic |ayer and a

top |l ayegoth ] n ; I aircri
marki g 7% dona daber kB apbrdtyy ¥ plAREAT, WIGER! tho pridS@ gircui
claim3 rey - (o ' ' '

ayer am R B F O & L e oA 0
the fibrpgbaskelcbyethe 148er thapkindsieidoRy d fige oy fagerof clai m 31,
wherein the printéd circuit boards conprises a copper |ayer, a
fibreglass layer and a green resist layer, thereby the |aser marking
is done on the green resist layer. 46. The |aser marking nethod of

cl ai m 3149 wheThenldsbe maikéd printeduicircubbdoasds wfpclaes 47,cofpeein the
| ayer, a fibreglass |ayer, a green resist layer and a paint |ayer,

t her eby pfintddasiecuitdardy comptises aoopper lagenanda Gbreglass fayer; theseby
circuit board being marked by the |aser nmarking nethod of claim20.
-15 48. thedasersmarkimgiisrdpnepprathe Gbreglass layera7, wherein the printed
circuit boards conprises a netallic |layer and a top layer that is
translucent to a YAG

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 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. 49. The

| aser marked printed circuit boards of claim47, wherein the printed
circuit boards conprises a copper | aye]{ and a fibreglass | ayer,
thereby the laser marking is done on 6rfe fibreglass layer. 50. The

| aser marked printed circuit boards of claim47, wherein the printed
circuit boards conprises a copper |ayer, a fibreglass |ayer and a
green resist y t k] i ot t

resist | g?/er ) T%l% Pil'sﬁé #%gg?&%ﬂ?ﬁg%@%ﬁf(ﬁ{fg calﬂracs:uﬁ %g%liglrldss}z ’o%@rgﬁﬁ}he
47, wher giiftddeirciiti Bi s Sohpi pay&i B
fibregl ags | ayer, a gr ee%%?gglief@gggﬁegn a %g?"ﬁ?g?“‘agggrg?e‘t ﬁ%@gb%l%en
t he | aseresigriki thére@?* thedasdéribapdingtis dorgesn tHelereBniiesizt ¢alegi rcui t
board bei ng ma}r’%d by the | aser nar klgng met hod of ~ claim 3%6, 53. The
| aser mar ki ng apparatus of claim52, wherein the printed circuit
boards conprises a netallic layer and a top layer that is translucent
to a YAGO6! asthe laser avprkéd prasted warduihdoasdsicofe chaim &2 t srhdreirerthe
54. The | aser marked printed circuit boards of claimb52, wherein the
print ed printad cineyst heardspemguises & oopper layer, afibreglassrleyenss green
| ayer, therehy the laser marking is done on the fibreglass |ayer. .
-16 55. msestilayer apdra paindr laye ebyithe daspramagsing isi dome ,omﬁ@r paint

t he
layer.



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 layer. 56. The |aser marked printed circuit boards of
claimb52, wherein the printed ciredi’t- boards conprises a copper

| ayer, a fibreglass layer, a green resist |layer and a paint |ayer,
thereby the laser marking is done on the paint |ayer. ABSTRACT The
process of using CJerr] |asers Bas magks @ phanuneric fonts, barcodes
and data matrix on PCBs is a fast and precise nethod to attach
information on PCBs w thout causing delam nation to the boards.

Fi gur i k | se err] 25 t.laser wth beam
f:lel ?verq;]/]%é%mggsﬁel& y&gnngl %%?lpm Ter lér al%aélalﬂt? ¢ f‘é\%éhh?%%ﬁ? Fpgr@?%nd a
ki ngs.on Lhe POB-ar & cont | Ba 10 LR SurTace. Lo Be harked Wi hou
mar ki ngs,__on t he, are confin 0 e surface to he marked w_t hou
causi n%l@&%ﬁ@%‘% flanipationstq g}egé?%@M(Fl@fﬁri'ao &3y, usmg ashiiz

si ze aldoWes WiRf tidag Wi daeagggbgsymggﬁf% VBV sl ool Bile ABhred

data for “‘marking 1's genera conmpu ahce of
mar ki ngcanfifng mirrorsendpeflat field les amikonrilied by Bheompitki (Bigute 3), the

t d - f. FIG
Per Tang er g‘arh'tn%gpo%r ther %%B are conﬁned to the surface to be marked without

causing damage to the boards (Figures 4, 5 and 6). The small spot size allows

marking of dense barcodes at any angle and area. The data for marking is
generated by a computer at the instance of marking. The entire operation is

automatic. The markings are permanent and tamper-proof.

FIG. 2



