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| (57) Abstract

e The disclosure relates to a laser marking system, using a displaceable mirror to cause the path of the laser beam to scan in
.| one direction. The mirror is conveniently controlied by at least one flexure hinge driven by a piezoelectric device, an electro-stric-
1 tive device or a magneto-strictive device. In one disclosed embodiment two mirrors (15, 16) are provided, each mirror (15 or 16)
- | having a flexure hinge device (18, 19) individual thereto, and the displacements applied to the said flexure hinge devices (18, 19),

| | via respective driving devices (20, 21), cause the mirrors (15, 16) to scan the path of the laser beam (13) in a series of steps in one
- | direction of scan. A computer (11), arranged to drive the flexure hinge driving devices (20, 21), also controls the finng of the laser

(12) in accordance with a predetermined programme.
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*IMPROVEMENTS IN OR RELATING TO LASER MARKING ARRANGEMENTS"

This invention relates to lasers and, more
particularly, to laser dot-matrix ~marking and printing,
hereinafter referred to as "marking".

Laser marking is well known in the art and in one such
laser marking arrangement a pulsed laser beam is directed
through an optical system including a laser beam deflecting
means, the beam deflecting means is controlled by a computer
and' a programme in the computer controls the deflecting means
to cause the path of the laser beam to be traversed through a
fixed angle.‘thus to sweep or "scan" a target.

For most such arrangements the laser beam is caused to
scan in one plane and the target is displaced in a direction at
right angles to the said plame of laser beam displacement
wher:eupon the scan of the laser beam in combination with the
target displacenmt, allows marking over an area of the target.

The computér ' fu;rther controls the firing of the laser,
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in pre-programmed positions along the scan path of the laser
beam over each or selected scans, whereupon a desired dot-
matrix marking over ean area Qf the target is obtained.

Such an arraoge'ment > comprising a computer controlled
laser with a laser beam deflecting means arranged to direct the
laser beam to scan a target in one plane 1is, hcreinafter
referred to as alasermarldngsystemofthe type defined”.

The target area may cmrise a laminate, the external
laycrofwhichishurnt myorvaporizedbythelaserbeamto
expose the sccond layer which is differently ooloured from the
sm:facelayer ortheheatgeneratedbythebesmmycausea
distinctive discoloration of the target surfcce or the beam may
, etch the surface of the target. o -

" Any given target surface to be marked by a laser beam
15 requires nd.nimm ‘energy density of the ‘oeam over a
| predetem:lmd dwe]l period to produce a satisfactory marking of
 the surface. The length of the laser pulse required for a
o given target surface is inversely proportional to the available
- laser power md roport to the area of the target surface
20 dn the path of the laser beam when the laser is pulsed.
,~ - A problem exists with prior art l.aser msrl::ing systans
o -of the type defined in thst currmtly proposed beam deflecting
" means are relstively slow to operate or are very expensive and
~.-~vinefficimt. o -

25 R Byvayofone example, theUnitedKingdcxn Patent
mblication No. 2133352 discloses a laser marking system of the
typedefincdwhereinthe output bem0fanRFexcitedwave
guide or nomwave guide CO2 laser is directed through an

B 8t tic deﬂector, electrouic control means synchronized

viththe laser ‘drive means drive the acousto-optic deflector so

. -as to selectively deflect the laser pulses in space to produce
a one-d:lmnsion array of pulses, and an optical system focuses
the puloes in said array onto ‘an article to he marked.
Acousto-optic deflectors are relatively expensive , as also is

' to reoeive the output bcam from the

ti deflector to focus said beam and to give an

10
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acceptable scan dimensions for the focussed beam.

In other embodiments disclosed in the United
Kingdom Patent Publication No 2133352 the acousto-optic
deflector is replaced by a mirror arrangement, which may
include a multi-faceted spinning mirror or a two mirror system
in which one mirror is fixed and the other mirror is displaced
by an electronic device, such as a piezoelectric transducer.

An object of the present invention is to provide a
laser beam deflecting means of relatively cheap construction
which affords a relatively wide range of scan, which affords a
high degree of accuracy for the direction of the beam and
which, in practise, offers a relatively fast rate of operation.

According to the present invention there 1s
provided a laser marking arrangement wherein a laser beam
deflecting means causes the path of a laser beam to scan in one
plane, a target is displaced in a direction at right angles to
the said plane of scan and a computer controls the firing of
the laser at pre-programmed positions along the said scan path,
over each or selected scans, whereupon a desired dot-matrix
marking over an area of the target is obtained, the laser beam
path deflecting means includes a mirror arranged in the path of
the laser beam, a mirror displacing device 1is arranged to
displace the said mirror between two extreme positions defining
 a predetermined angle and said predetermined angle defines the
angle of scan for the path of the laser beam, characterised in
that the said mirror displacing device is arranged to displace
rhe said mirror through said predetermined angle in one
direction at a rate of displacement faster than the rate of
displacement in the other direction and the laser is controlled
to fire only whilst the mirror is being traversed in the
direction affording the slower rate of displacement.

Preferably the laser marking arrangement is
characterised in that the mirror displacing device is arranged
to displace the laser beam path through its predetermined angle

of displacement in a series of steps and the laser is

controlled to fire only when the path of the laser beam 18

relatively stable between successive said steps.
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In one preferred embodiment the laser marking
arrangement is characterised in that said laser beam deflecting
means includes two mirror displacing devices.
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characterised in that both said mirror displacing devices
act on the mirror to displace the said mirror through its
said predetermined angle of displacement.

S In another embodiment the laser marking arrangement is
characterised in that each said mirror displacing device is.
arranged to displace a mirror individual thereto and the path
of the laser beam is deflected by both mirrors to step
through the full scan angle.

10 Preferably with such an embodiment one of said mirror
displacing devices has a smaller displacement than the other
of said devices and that displacing device having the smaller
displacement makes a plurality of complete displacement cycles
for each canple te displacement cycle made by the other

15 displacing device.

Preferably the laser marking arrangement is
characterised in that the, or each, mirror displacing device
includes an electrical device which undergoes a change of shape
in response to electrical sigmls

20 Preferably the laser wmarking arrangement is
characterised in that the, or each, said electrical device is
of the group including piezo-electric devices, electro-
strictive devices and magneto-s trictive devices

Preferably the, or each, mirror displacing means

25 includes a flexure hinge device. -

' Preferably the laser mrking arrangement  is
characterised by a computer, arranged to drive the mirror
displacing means and to control the firing of the laser in

accordance with a predetermined programme.

30 . The invention will now be described further by way of
example with reference to the accompanying drawings in which;

Fig. 1  shows, diagrammatically, a laser marking
arrangement in  accordance with  the
nwention,
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shows, in greater detail, a displac:lhg
device suitable for use in the Fig. 1
embodiment, |

Fig. 2

Figs. 3A, 3B and 3C, show, graphically, the
> | progression of the deflection in a scamning
cycle for the apparatus shown in Fig. 1,

" Fig. 4 shows, diagrammatically, a second embodiment
for a displacing device,

Fig. >
10
Fig. 6. shows, graphically, the voltage form applied
' to the displacing device shown in Fig. 5
and,
shows, diagrammatically, a further laser

15 ' . marking arrangement in accordance with the
' invention. ' '

In the laser marking arrangement illustrated in Fig. 1

a computer 11 controls the firing of a pulsing laser 12. The
- beam 13 from the laser 12 passes through a focussing lens 14 to
7o @ first mirror 15 and is deflected thereby to a second mirror
16 which directs the beam 13 to a target T to be marked. The
target T is displacing at uniform speed in a direction at right

angles to the scamning plane of the beam 13.
The computer 11 includes a programme for a desired

o5 marking to be applied to the target I.

A émsing device 17 in the path of the target T
detects the leading edge of target T entering the marking zone
and initiates the computer printing programme.

The mirror 15 is mounted on a displacing device 18,

30 the second mirror 16 is mounted on a displacing device 19 and
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the devices 18 and 19 include electrical devices 20 and 21

respectively which receive operating signals from the computer
11 via lines 22 and 23 respectively.

5
devices, magneto-strictive devices, or piezo—electric devices.
The signals given to said devices 20 and 21 on lines 22 and 23
cause dm:l.onal change of said devices 20 and 21 to effect
10 d:l.splacemant of the mirror displacing devices 18 and 19

respectively. _

One example of a mirror displac:l.ng device 18 is shown
in Fig. 2 and compt:l.ses a so-called flexure hinge device,
wherein a block 24 of spring steel has a rectangular opening 25

1% through its nﬂ.d-regions and has one end region (the upper end

- as viewed in Fig. 2) machined to define an inverted prism block
26 supported by two mrrow sect:ions 27 and 28 of the block

" The section 27 extends tothemmmdyoftheblock

20 24 and ‘the section 28 terminates at its lower end in a block

' 29, which comnects to them:l.nbodyof the block 24 via a

narrow section of block mt:erial 30 substantially at right
angles to the section 28.

- A narrow section of block material 31 extends

- 25 downwardly from the block 29 and has a shoe 32 formed on its

bottom end.

The electrical device 20, in this example a piezo-
electric device, fits smugly between the undersurface of the
shoe 32 and the internal surface of the rectangular opening 25
30 remote from the shoe 32.

SR The flat surface 26a on the prism block 26 is highly

polished to comprise the mirror 15.

With the flexure hinge device as described above the

narrow section 27, the narrow section 28, the narrow sect::l.on 30
35 and the narrow section 31 all comprise flemre "hinges"” and
vhen a s:l.gnal on the line 22 causes ‘the electrical device 20 to
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expand, the block 29 is displaced upwardly, a

5 " when the prism block 26 has fully deflected and the
signal on line 22 is terminated the prism block 26 is rapidly

10 theflemrehingedevioes 18 or 19canheclmngedbyaltering
the characteristics of the sections 27, 28, 30 and 31 and thus
the displacing device 19 is identical to the flexure hinge
illustrated in Fig. 2 and described above, with the exception
‘that the sections 27 28, 30 and 31 are longer to allow the

15 deflection of the mirrored surface 26a to be greater than that

~ of the device 18. The extension of the electrical device 21,
S onreoeipt ofasiglalonthelimZB,wiualsobegreater
~ than that of the device 20. '
A ‘lheﬂemreh:l.ngedeviceillustratedinFig.zand
20 described above is only one simple embodiment intended to
- ﬂ-’;illustrate the operation of such a hinge device and, as is well
' _'-l:nownintheartofﬂemrehinges suchflemrehin.gedevices

can afford a wide range of deflections and can be readily

L dcsigned to afford a desired displacement under the action of" a

25 selected electrical device. '

30 Of the mirror 15 md, as will be readily seen from the figure,

the wave form is a saw-tooth form with the expansion of the
device 20 generating the slope and the return, under the action
of the sections -. 27. and 30 of., the _fl.amre hinge - almost

35 S Fig. 3B illustrates the wave form for the displacement

. """of the mirror 16 and as vill he seen from the figure 3B, the
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wave form is also a saw tooth form with the expansion of the

device 21 generating the slope and the return under the action

of the sections 27, 28, 30 and 31 of the flexure hinge device
almost vertical.

S Fig. 3C shows, graphically, how the high frequency,

low amplitude displacements of the mirror 15 superimposed on

the low frequency, high amplitude displacements of the mirror

16 produce a "staircase” wave form for the displacement of the

path of the laser beam 13 reflected by the mirror 16 towards

10 the target T and whereby the laser beam path is angularly

displaced through a aeries of small angular displacements, with

a dwell period between the adjacent displacements, whilst the

device 21 is extmd:l.ng and returns rapidly (in one cycle of the

. m:lrror 15) vhen the s:l.g:al to the device 21 is terminated.

15 . The base line 20 md the final ‘position OF before the
device 21 returns detem:l.ne the extreme positions for the
lasetbempathbut., ast:helaserlz isamngedtofireonly
whenthe pathoft.helaserbeamis st.ationarythelasercan

 fire only at poait:l.ons 01 to 67 1nc1usive and thus the angle 01

20 to 07 defines the effective scan angle‘eo to &M of the laser
beam 13. '

_ Thus, as stated above, the 1aser 12, under the control
" of computer 11, is arranged to fire only whilst the laser beam
path is in a dwell period #©1 to 67 inclusive and dwell
25  periods 81 to €7 inclusive define the total mmber of spot
markings which can be made in each scan of the path of the
laser beam 13. '
It will also be seen that as the laser 12 fires only
whilst the par.hof the laser beam 13 is in a dwell period, the
30 lengthofthelaserpulsecmbeeqtmlto the length of the
dwell period and thus a most effective marking of the target T
can be obtained. -
In Fig. 3C there are seven dwell periods Ol to ©7
inclus ive for eac.h canple te d:l.splacanent movement of the mirror
35 16 and, if the laser beam 13 scans the target T five times,
' ‘-t.helaser can be controlledtomrkacharacterona715dot—
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matrix arrangement.
The target T may comprise any article to be marked and
in practise a plurality of targets T may be displaced
successively through the path of the laser beam 13 by a
5 conveying means and said targets T can be marked with
identical or different marking, dependant upon the programme Or
programmes stored in the computer. .
As laser 12 is fired in response to signals from the
computer, which contains the desired programme of the marking
10 to be applied to the target T, and as the mirror 16 can perform
any desired mmber of scans for the target area of each target
T passing throughthepathof thebeam13 the laser 12 can be

fired to produce any desired do t-mtr:l.x pat tern the cwputer
can accept « '

15  As the expansion of a piezo-electric device in a
f.laute h:l.nge device as ptOposed herein is very rapid the

mrld.ng a:mgmt according to the :l.nvent:lon can work at very
o Further, as the expansion of a piezo-electric device,
when actuated, :l.s constant with:l.n very fine lim:l.ts over a large
mnbet of operations the laser mrld.ng systan proposed by the
B preaent invention maintains its accuracy over long operating
B _periodsuiththeminimmofmaintmce .
o Fig. 4 shows a second embodiment for displacing the
25 laser beam 13 and wherein two electrical devices 41, 42, which
may be of identical form to the devices 20 and 21 respectively,
act between a fixed base X and a common mirror 43. As with the
earlier embodiment the computer sends sig:als to the devices 41
and 42 to cause said devices to expand and contract, the device
30 41 expmd:l.ng and contracting with high frequency, low
amplitude, whilst the device 42 operates at low frequency high
amplitude.

Thus, when Operatj.ng with the mirror 43 in the path of
, the laser beam 13 the surface of the mirror presented to the
35 laser beam 13 displaces :I.n a mamer appro:d.mating a "staircase”

,wave form to d:lsplace the laser beam path through a succession

20
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of small angular displacements with a dwell period between said

successive angular displacement movements.
In the embodiment illustrated in Fig. 5 a laser 5l is

arranged to direct its beam 52 onto a mirror 53, supported by a

> displacing device .54, and the mirror 53 reflects the beam 52
towards a target T displacing in the direction perpendicular to
the plane of the scan angle 85 of the laser beam 52. A
focussing lens 55 is located to focus the beam 52 to the
desired spot size at the plane of marking on the target T.

10 The displacing device 54 may be similar to the
displacing device illustrated in Fig. 2 and will then comprise
an electrical device 56 and a flexure hinge device 57.

The displacing device 54 is driven by a computer 58

which extends a stepping voltage signal, as shown in Fig. 6, to
15 the electrical device 56 and whereupon the electrical device 56
extends in a series of steps to cause the path of the laser
beam to sweep through its fixed angle of scan. '
- Thus, ‘with the embodiment as described and on
detection of a target to be marked, the computer 58 causes the
mirror 53 to step the path of the_laser beam 52 through its
fixed angle of scan and the computer 58 activates the laser 51,
in accordance with a predetermined  programme for marking,
whilst the path of the laser beam 52 is substantially stable
between successive steps of the mirror 53, thereby to obtain
25 the pulse length of the beam on each spot on the target
necessary to effectively mark the target.

Fig. 6 shows voltage V plotted against time t for the
signals transmitted by the computer to the electrical device 56
in the Fig. 5 embodiment and wherein the stepping voltage

30 defines 7 dwell periods "D" within which the voltage is
- substantially stable and the laser 51 can be fired.

In all the above embodiments the dwell period between
successive steps when the laser beam is held substantially
stable will be arranged to be of sufficient duration as to

35  allow the laser beam to effectively mark the target.
~ In all the foregoing examples the laser beam is

20
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30

35

controls a laser 62 and extends signals to a piezo-electric
device 63 driving a flexure hinge device 64. The flexure hinge
dev:lce6lcaupportsamitror65mdthelaserbeam66fromthe
laser 62 passes through a focussing lens 67 to strike the
mirror 65 and be deflected thereby onto a target T.

N The computer 61 sends a continuously increasing signal
to the piezo-electrical device to cause said device to
contimously expand and, on ‘termination of the signal, the
piezo—-electrical device imdiately returns to its start

the mirror 65 is

1S, wit'.h ‘this arrangmt, .

The computer 61 is arranged to fire the laser 62 at a
mmber of preselected sigzal strengths for the contimously
increasing signal to the piezo-electric device 63, and thus at
a predetermined mmber of spaced apart locations ‘along the
path of scan, so that successive firings of the laser 62 are
spaced apart in the scan direction of the laser beam.

" Whilst this method of marking does require the mirror

65 to be displacing when the laser 62 fires, and some

elongation, in the direction of scan, of the spot applied to
the target will take place, practise has shown that with a
relatively short laser pulse an acceptable mrldng of the
target T can be obtained '
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CLAIMS

1. A laser marking arrangement wherein a laser beam
deflecting means causes the path of a laser beam to scan in one
plane, a target is displaced in a direction at right angles tq
the said plane of scan and a computer controls the firing of
the laser at pre-programmed positions along the said scan path,
over each or selected scans, whereupon a desired dot-matrix
marking over an area of the target is obtained, the laser beam
path deflecting means includes a mirror (16, 26a, 43, 53, 65)
arranged in the path of the laser beam (13, 52, or 66), a
mirror displacing device (18, 19, 24, 41, 42, 57, 64) is
arranged to displace the said mirror (16, 26a, 43, 53, 65)
between two extreme positions defining a predetermined angle
and said predetermined angle defining the angle of scan for the
path of the laser beam (13, 52, 66) characterised in that the
said mirror displacing device (18, 19, 24, 41, 42, 57, 64) is
arranged to displace the said mirror (16, 26a, 43, 53, 65)
through said predetermined angle in one direction at a rate of
displacement faster than the rate of displacement in the other
direction and the laser (12, 51, 62) is controlled to fire only
whilst the mirror (16, 26a, 43, 53, 65) is being traversed in
the direction affording the slower rate of displacement.

2, A laser marking arrangement according to claim 1
characterised in that the mirror displacing device (18, 19, 24,
41, 42, 57, 64) is arranged to displace the laser beam path
through its predetermined angle of displacement in a series of
steps and the laser (12, 51, 62) is controlled to fire only
when the path of the laser beam (13, 52, 66) is relatively
stable between successive said steps.

- = >
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3. A laser marking arrangement according to claim 1 or
2, characterised in that said laser beam deflecting means
includes two mirror displacing devices (18, 19, 24, 41, 42).

4. A laser marking arrangement according to claim 3,
characterised in that both said mirror displacing devices (41,

42) act on the mirror (43) to displace the said mirror (43).

through its said predetermined angle of displacement.

D. A laser marking arrangement according to claim 3,
characterised in that each said mirror displacing device (18,
19) is arranged to displace a mirror (15, 16) individual
thereto and the path of the laser beam (13) is deflected by
both mirrors (15, 16) to step through the full scan angle.

6. A laser marking arrangement according to claim 3, 4
or 5, characterised in that one of said mirror displacing
devices (18, 24, 41) has a smaller displacement than the other
of said devices (19, 24, 42) and that displacing device (18,
24, 41) having the smaller displacement makes a plurality of
complete displacement cycles for each complete displacement
cycle made by the other displacing device (19, 24, 42).

7. A laser marking arrangement according to any one of
the preceding claims characterised in that the, or each, mirror
displacing device (18, 19, 24, 41, 42, 57, 64) includes an
electrical device (20, 21, 41, 42, 56, 63) which undergoes a
change of shape in response to electrical signals.

8. A laser marking arrangement according to claim 7/,
characterised in that said electrical device (20, 21, 41, 42,

56, 63) is of the group including piezi-electric devices,
electro-strictive devices and magneto-strictive devices.

9. ‘A laser marking arrangement according to any
preceding claim characterised in that the, or each, mirror

Uri=d Kingdom Patent

i '“' F , L

Office

‘v LI ~
- ATt s

SUBSTITUTE SHEET

1993




) PCT/GB3 1/01264
21141084 09 Juty 1993

displacing means (18, 19, 24, 57, 64) includes a flexure hinge

- 14

device.

10. A laser marking arrangement according to any

preceding claim characterised by a computer (11, 58, 61)

arranged to drive the mirror displacing means (18, 19, 24, 41,

42, 57, 64) and to control the firing of the laser in.
accordance with a predetermined programme.
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