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(57) ABSTRACT 

A laser marking apparatus for marking a moving workpiece 
such as a Wire or cable directs a substantially constant 
rapidly pulsed beam of laser radiation in the UV. band 
toWards a loW inertia, loW mass rotatable mask With char 
acter apertures disposed around its periphery. The mask is 
driven asynchronously and slaved to the laser to present 
successive character apertures in the beam at each pulse. The 
drive system has a prestored drive pro?le for each possible 
angular increment to ensure that mask is very rapidly 
indexed betWeen characters. Also disclosed is an optical 
transformation scheme for optionally transforming the mask 
characters to reduce the mask siZe, and a solid state spatial 
light modulator for obviating the need for a rotatable mask. 
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LASER MARKING APPARATUS AND METHODS 

[0001] This invention relates to laser marking apparatus 
and methods and in particular, but not exclusively, the 
invention is concerned With marking a series of marks or 
characters on an elongate and/or moving object, such as a 
Wire, cable or tube, or on a series of objects. 

[0002] Manufacturers of products containing a large num 
ber or electrical Wires or cables, or other elongate elements 
such as pipes or tubes, are often obliged to mark them With 
identi?cation codes for production, maintenance and safety 
reasons. This is particularly so in the aerospace industry 
Where the outer insulation of Wires rust be marked at regular 
intervals along their length (typically every 75 His 
torically, this has been achieved using hot stamp, ink jet and, 
more recently, laser technologies. The Word “Wire”, is used 
to include the electrical conductor, and any insulation or 
shielding. 

[0003] For the last several years, ultra violet (U.V.) laser 
Wire markers have been available based on a speci?c type of 
pulsed U.V. laser knoWn as an “Excimer” laser Which 
generally induces a colour change in Titanium Dioxide, 
Which is contained as a pigment in many plastics materials 
used as insulation. These U.V. laser Wire markers are quickly 
becoming the preferred solution in higher volume manufac 
turing situations because of their speed of operation and 
particularly because they produce high quality permanent 
marks on the most advanced, “nonstick”, thin-Walled ?uo 
ropolymer ?nished Wires and cables Without damaging or 
affecting the integrity of the insulation. 

[0004] In a typical arrangement, radiation from an excimer 
laser Which can be ?red on demand is used to illuminate 
alphanumeric characters on a continuously rotating mask. 
The laser, being capable of asynchronous operation, is 
slaved to the mask and ?red When the selected character on 
the mask is in the path of the laser bear. De-magni?ed 
images of the mask characters are created on the surface of 
the Wires thereby producing Wire or cable identi?cation 
marks. To alloW for the fact that the laser does not ?re at 
regular intervals When a series of characters is printed, a 
galvanometer mirror is positioned to provide a variable 
de?ection to ensure constant character spacing and to 
increase effective throughput. This system gives excellent 
results and has achieved substantial commercial success 
With major aerospace manufacturers, but the system is 
sophisticated and the purchase and running costs re?ect this. 
Excimer lasers are large, expensive, use toxic gases to 
produce the laser radiation and require special services. Thus 
the site for the laser marking machine requires Water or air 
cooling services, an extraction system, a source of com 
pressed air, a supply of several gases, and a suitable poWer 
supply. HoWever, against this these systems do have the 
advantage that the laser is slaved to the mask and so the 
mask is only required to rotate at a constant speed. 

[0005] Naturally, in any machine, particularly those With 
out galvanometers, the Wire marking speed is extremely 
important because this dictates the productivity of the 
machine, With a typical throughput for marking applications 
needing a laser ?ring at 20 HZ. Any sloWer than this Would 
mean than the throughput rate of Wire Was unacceptably loW. 
Existing machines using ?re-on-demand lasers employ a 
variety of techniques to maximise this speed, including 
sWeeping the beam to track the Wire during printing. To cater 
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for a variety of siZes of Wire, and customer retirements, the 
rotating mask usually needs to carry several print siZes and 
also to present characters in both vertical and horiZontal 
orientations, and so the mask may carry three or more 
character sets around its periphery, Which in turn dictates the 
diameter and inertia of the mask. 

[0006] A need exists for a laser marking machine of 
simpler construction for loWer volume manufacturing and 
maintenance operations and Which does not place such high 
demands in terms of the services required at the site. 

[0007] In our ?rst proposal, We investigated the possibility 
of a marking system Which used a pulsed solid state laser 
instead of an excimer laser. Pulsed solid state lasers have the 
advantages of loWer cost than excimer lasers and minimal 
service requirements but their mode of operation is synchro 
nous, meaning that the rotatable mask must be slaved to the 
laser, requiring the mask to be rotated in different directions 
and at different speeds. HoWever, this appeared to present 
insuperable problems in terms of moving the mask quickly 
and accurately enough to be ready for the next laser pulse. 
Given a typical existing rotary mask and the capabilities of 
typically available stepper motors it appeared that the best 
that could be achieved Was a cycle of 80 ms for a half 
rotation of the mask Which, alloWing for settling, Would 
mean that a marking speed of little more than 10 HZ Would 
be possible, Which Would be unacceptable for many pur 
poses. 

[0008] HoWever, We have found that, by redesigning the 
mask, special control of the motor, and optional optical 
transformation means for optically transforming the mask 
characters to reduce the number of characters on the mask 
and thus its diameter, mass and inertia, it is possible to 
provide a laser marking system Which provides marking 
rates of 20 HZ or more. 

[0009] Accordingly, in one aspect of this invention, there 
is provided a laser marking apparatus comprising: 

[0010] a source of pulsed laser radiation for produc 
ing a beam of radiation, 

[0011] a rotatable mask for being illuminated by said 
radiation beam and including a plurality of character 
apertures spaced angularly around the axis of rota 
tion thereof, and 

[0012] drive means for rotating said rotatable mask, 

[0013] Wherein said drive means is operable inter 
mittently to index said rotatable mask successively to 
align selected character apertures With said laser 
beam. 

[0014] In embodiments of apparatus of this aspect of the 
invention, a rotatable mask is driven discretely to interpose 
the required character apertures in the radiation beam. 
Although the laser source could comprise any suitable laser 
source, the invention has been made With particular refer 
ence to a pulsed, solid state type of laser, eg an Nd:YAG 
laser, Which is pumped by a ?ash lamp or the like to provide 
pulses of laser radiation at a substantially constant pulse rate. 
The pulse rate is preferably at least 15 HZ and more 
preferably 20 HZ or more. The use of the term ‘pulsed’ refers 
to repeated energisation of the lasing medium to provide the 
appropriate thermal environment; it does not require that the 
laser source necessarily emit radiation at each pulse. For 
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example if a “blank” output pulse Was required the laser 
shutter may be kept closed for the duration of the pulse. 

[0015] In a preferred embodiment, the laser source 
includes one or more frequency multipliers to provide an 
output beam in the UV. Waveband of Wavelength from 200 
nm to 400 nm to create a marking ?uence of betWeen about 
50 mJcm'2 and about 2000 mJcm_2. The frequency multi 
plying means preferably multiplies the frequency by a 
multiple of three, although other multiples are possible. 

[0016] The drive means preferably comprises a stepper 
motor and control means for providing a selected drive input 
pro?le to said stepper motor to move the mask betWeen 
successive angular positions. The input pro?le preferably 
includes an acceleration phase, a substantially steady speed 
phase, a deceleration phase and a settling phase, selected 
With regard to the physical characteristics of the mask, the 
response characteristics of the stepper motor, and the pulse 
rate of the laser, to ensure that the mask is ready With the 
correct character aperture in the beam path When the next 
pulse is generated. 

[0017] The drive means preferably includes means for 
storing, for each increment of angular movement of said 
mask, a respective drive pro?le for being applied to said 
stepper motor. In this Way, the speed of What may be termed 
the pulse pro?le is matched to the mask and motor charac 
teristics. The acceleration and deceleration speeds and dura 
tions for each possible “jump” betWeen characters may be 
stored for each jump from a single character to a 180° jump 
(eg 25 characters). The stepper motor may be driven in 
either direction and the pro?le for a clockWise jump may be 
the same as that for an anticlockWise jump. 

[0018] The stepper motor is preferably a rare earth mag 
netic stepper motor With the coils driven in parallel. 

[0019] Although the mask may carry various character 
sets, it is preferred to reduce or minimise the inertia of the 
mask by including only one character set on the mask. 
Whilst the mask inertia should be kept as loW as possible, the 
mask should have suf?cient material to ensure that it is not 
subject to excessive transient movement When rapidly decel 
erated or ablated around the character apertures by the laser 
beam. A typical example of a mask is made of thin (about 
0.08 mm) stainless steel material, and of diameter around 67 
mm, although different dimensions Will of course apply for 
different numbers of characters in the set, different materials 
etc. 

[0020] Normally, the provision of just one character set on 
the mask Would not be commercially acceptable because 
users Wish to have fonts of different siZes, and of vertical and 
horiZontal orientations, to provide suitable marking on Wires 
or tubes of different diameters. 

[0021] The apparatus therefore preferably includes optical 
transformation means in the beam path beyond the mask, 
operable to select the siZe and/or orientation of a character 
at the marking plane. The optical transformation means may 
include one or more lens means of selected optical poWer 
Which may be moved into the beam to adjust the siZe of the 
image. It may also include one or more mapping means, for 
example prisms, Which may be moved into the beam to 
present the character in a vertical, horiZontal or other ori 
entations. The mapping means preferably comprises tWo 
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dove prisms to present the characters in the vertical and the 
horiZontal orientation respectively. 

[0022] By the use of the optical transformation means, the 
system may provide an extended character range Whilst 
employing a mask of very loW mass and inertia. For 
example, the mass of a mask used in embodiments of this 
invention, excluding the rotary hub, may be Well under 5 
gms and typically 2 gms or less and ideally less than 1.5 gm. 
This compares With a mask mass of 35.2 gm for an existing 
excimer laser Wire marker. In one embodiment, the optical 
transformation means can apply four different combinations 
of siZe and orientation, thus providing four usable character 
sets (each of 50 characters) from the one on the mask, and 
a total character count of 200. The mass per usable character 
may therefore be as loW as 6.5 mg, compared to about 294 
mg for a conventional mask. The mass reduction ratio for the 
mask foil is therefore about 45:1 and the inertia reduction 
about 237:1. 

[0023] The apparatus preferably includes means for 
advancing the Wire or cable to be marked through the 
apparatus. This function may be achieved in a variety of 
Ways in the apparatus itself or upstream/doWnstream 
thereof. For greater throughput, the means for advancing is 
preferably controllable to alloW the Wire or tube speed 
betWeen identi?cation marks to be increased. 

[0024] In another aspect, this invention provides a laser 
marking method Which comprises marking a series of char 
acters on a Workpiece by means of a beam of laser radiation 
Which is pulsed at a generally constant pulse rate and a 
rotatable mask carrying a set of mask character apertures 
thereon, Wherein the mask is indexed discretely to align 
successive character apertures With the laser beam. 

[0025] In a further aspect of this invention, We have 
developed a laser marking or machining system Which does 
not rely either on a mask imaging technique or a scanning 
spot technique. The mask imaging technique has been 
discussed above. In the latter technique, a laser beam is 
controlled by one or more galvanometer mirrors to Write or 
draW on a target surface, e. g., X-Y fashion or as a raster scan. 

[0026] Neither technique can be claimed to be predomi 
nantly employed over the other as each has its oWn bene?ts, 
restrictions or limitations. Mask imaging has the bene?ts of 
requiring only one laser shot per character and generates a 
real image of the mask, With detail limited by the projection 
optics and mask fabrication. It requires only medium rep 
etition rate lasers to provide accepted production rates. 
HoWever, requiring a solid mask means mask changeover or 
mark ?exibility is restrictive and/or sloW. Because of this, 
commercial marking systems have ?xed, limited character 
set capabilities. 

[0027] NotWithstanding the quality of the mark, the per 
formance of laser marking machines is measured on Wire 
throughput—the amount of Wire Which can be processed in 
a given time. Throughput can be considered to be inversely 
proportional to tWo simple variables—the laser charge time 
(Tc) betWeen shots and the mask changeover time, or mask 
latency On state-of-the-art excimer laser Wire markers 
Tc is of the order of 5 ms and Tm is of the order of 3 ms 
producing an undesirable delay of 8 ms betWeen shots or 
marks on the Wire. Certain steps may be employed to 
slightly reduce this delay but the total delay is not reduced 
signi?cantly. 
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[0028] The 3 ms mask access time may be reduced by 
decreasing the mask siZe or by reducing the number of 
available characters or character sets. Unfortunately, current 
trends require an expanded character set meaning a larger 
mask and therefore increasing the mask access time. It is not 
possible to simply increase rotational mask speed as the 
delicate mask cannot sustain the high centrifugal forces. 

[0029] The 5 ms laser charge time is state-of-the-art for 
UV. Wire marking lasers and a large decrease in Tc is not 
anticipated in the near future. 

[0030] On the other hand, scanning mirror-type markers 
require high repetition rate lasers to achieve industrial 
marking requirements. The laser spot is a ?xed siZe Which 
can limit resolution and hence character detail, but most 
restrictive is the speed and precision of control. In most 
instances scanning systems Will be chosen over mask-based 
systems Where requirements demand ?exibility of control to 
generate a limitless character set, and the ability to mark or 
machine over large target areas. 

[0031] We have developed a laser marking or machining 
apparatus designed to obviate at least some of the above 
problems. 

[0032] Accordingly, in another aspect of this invention, 
this invention provides a laser marking or machining appa 
ratus, comprising a source of laser radiation for producing a 
beam of radiation, and spatial light modulator means for 
modulating said beam to produce an image at the marking or 
machining plane. 

[0033] In this apparatus, the image may be created by a 
solid state modulator thus avoiding the constraints posed by 
a rotating mask or a scanning mirror. 

[0034] The spatial light modulator may take many forms 
but a preferred form of modulator is the digital micromirror 
device (DMD), examples of Which are produced by Texas 
Instruments Inc. These devices are described in “Micromir 
rors and Digital Processing: Bringing a NeW Look to Dis 
plays”: G. A. Feather, Photonics Spectra, May 1995, pp118 
124, the contents of Which are incorporated herein by 
reference. 

[0035] The spatial light modulator preferably comprises 
an array of individually addressable pixels together making 
up the image formed or exposed at the marking or machining 
plane. In a typical example of such an array there may be 
864x576 pixels making up nearly 500,000 in an area of 100 
mm2. Since the mask “changeover mechanism” employs 
sWitching of pixels rather than mechanical movement, 
extremely fast mask access times are possible With spatial 
light modulator micromirrors. For example, digital micro 
mirror devices sWitch in approximately 10 us, thus improv 
ing changeover by a factor of 300. Since each micromirror 
is individually controllable, this presents a considerably 
increased character set, Which is a vast improvement from 
the typical set of 50 characters of current state-of-the-art 
markers. 

[0036] The impact of speed capability from using micro 
mirrors is easily appreciated but the ?exibility of the char 
acter set is also a substantial bene?t. Wires used in the 
aerospace industry are of a continuous diameter range, With 
speci?cations for marking usually insisting on an approxi 
mate 80% ?ll factor (character siZe to Wire diameter). On the 

Sep. 27, 2001 

smallest Wires print font may be sWitched from horiZontal to 
vertical to maintain a standard 4:3 height: Width aspect ratio 
thus ensuring optimum legibility even on small gauge Wires. 
With ?xed metal mask systems it is prohibitively costly to 
provide a continuum of available print siZes to match this 
Wide range of Wire diameters. HoWever, With the consider 
able ?exibility of a programmable array of light modulation 
pixels, for example 500,000 micromirrors, the 80% ?ll 
factor should be achievable in all current and future antici 
pated Wire siZes With horiZontal or vertical or italic fonts 
equally achievable and accessible. 

[0037] In this latter respect, aerospace manufacturers have 
noted the importance of distinguishing those marks applied 
during manufacture of the Wire from those functional iden 
tifying marks applied later by the customer. This is currently 
done by the inkjet/laser mark differential but Will almost 
certainly require another distinguishing feature as laser 
marks replace inkjet marks for Wire manufacture codes. 

[0038] Spatial light modulators or micromirrors Will also 
enable slight modi?cations of letter positions such as super 
scripts or subscripts but this lateral displacement capability 
Will also be of great use for providing an electronic rather 
than mechanical method of precisely centering the identi 
fying marks in the centre of the Wire. 

[0039] In another aspect, this invention provides adjust 
ment of the image Written by said modulator to compensate 
for movement of the item to be marked or machined relative 
to the marking or machining plane. 

[0040] Finally, the use of spatial light modulators provides 
one very important further capability, namely printing 
machine readable codes. 

[0041] In quality driven environments such as aviation 
Wire marking there is a de?nite move from human readable 
alphanumerics to machine readable codes. Existing indus 
trial standards are being adopted, but are not suitable for 
Wires, or in general small parts. For example, Bar Code 39 
is a linear bar code Which When currently generated by a 
laser marker requires a particularly sloW speed because of 
the spatial precision and density of information requiring 
several, eg 5, shots per character. The result is a long code 
Which, on a Wire or on a small part requires a large space 
Which may not be available. This presents problems When 
attempting to read the code back because or tWisting and 
alignment accuracy. We believe that there is a requirement 
for a high resolution code With a higher density, thereby 
occupying a smaller area. 

[0042] Spatial light modulators, and in particular DMDs 
can be programmed to form a tWo dimensional dot matrix 
code Which Would mean, in a single laser shot, a substantial 
amount of machine readable code could be marked in an 
extremely small area. Linear spatial accuracy could be 
eliminated or reduced as a problem. Wire throughputs Would 
undergo a phenomenal increase over alphanumeric code 
printing Which are themselves orders faster than bar code 
printing. And With half a million individual mirror pixels 
addressable provides enough information content for most 
coding requirements. With reading back codes, tWisting of 
Wires Would be of reduced importance as an information 
block is a single matrix entity rather that an elongated 
message. 

[0043] Accordingly, in a further aspect of this invention 
there is provided a method of marking a component, Which 
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comprises passing a beam of laser radiation to a spatial light 
modulator and thence to said component, and composing on 
said spatial light modulator an intermediate image compris 
ing a block or patch comprising a plurality of characters or 
marks. Thus, the modulator beam Will mark the Wire With 
said block or patch. 

[0044] Whilst the invention has been described above, it 
eXtends to any inventive features set out above or in the 
folloWing description. 

[0045] TWo embodiments of the invention Will noW be 
described by Way of eXample only, reference being made to 
the accompanying draWings, in Which: 

[0046] FIG. 1 is a block diagram of a Wire marking system 
in accordance With this invention; 

[0047] FIG. 2 is a schematic diagram shoWing the optical 
con?guration or a ?rst embodiment of laser marking system; 

[0048] FIG. 3 illustrates the four character sets available 
from the embodiment of FIG. 2, 

[0049] FIG. 4 is a diagram shoWing a typical accelerate/ 
sustain/decelerate phase for one of the increments of jumps 
of the mask stepper motor used in the apparatus of FIGS. 1 
and 2, and 

[0050] FIG. 5 is a schematic diagram shoWing the optical 
con?guration of a second embodiment of laser marking 
system. 

[0051] Referring initially to FIG. 1, both embodiments 
described beloW employ similar Wire handling schemes. A 
drum 10 containing the Wire 12 to be marked is positioned 
on the dereeler 14 and the Wire fed through the Wire drive 
assembly 16 to the coiling pan 18. The Wire drive assembly 
16 includes a tractor drive mechanism 20 poWered by a 
stepper motor 22 through a gearbox (not shoWn). The Wire 
throughput rate varies depending upon the required inter 
character spacing and the space betWeen identi?cation 
marks. The system is controlled by an IBM Compatible PC 
24 using simple menu driven softWare. A solid state 
Nd:YAG laser 26 is pumped to emit pulses at a generally 
?Xed repetition rate f (typically f=20 HZ for the illustrated 
embodiments). Each character must be placed in the path of 
the laser beam in a time signi?cantly less that 1/f. In order 
to achieve this tWo different embodiments are proposed. 

[0052] The con?guration of the marking system of the ?rst 
embodiment is shoWn in FIG. 2. The output beam from the 
laser 26 is directed via mirrors M1 and M2 to a mask 
assembly indicated generally at 28. Here the beam is trun 
cated by a mask aperture (not shoWn) to remove unWanted 
radiation from the beam and to alloW the remainder to 
ef?ciently illuminate the mask characters (or apertures). The 
beam then passes through one of tWo prisms (P1 or P2), 
Which rotates the image of the mask character through 90° 
or 180° as required. A lens (L1 or L2) is used to form an 
image of the mask character on the Wire surface. Combina 
tions of these lenses and prisms enable tWo different font 
siZes and vertical and horiZontal orientations to be marked, 
as illustrated in FIG. 3. 

[0053] The mask assembly 28 comprises a rotatable stain 
less steel disk mask 30 Which contains just one set of 50 
alphanumeric characters (A. . . Z, 0 . . . 9, and a selection 

of symbols). A stepper motor 32 is used to move the mask 
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30 betWeen laser pulses to position each character aperture 
in place before the neXt laser pulse arrives. In order to 
achieve this, a high speed stepper motor, and a special drive 
system is used, and the inertia of the mask minimised. The 
stepper motor 32 is a high poWer unit using rare earth 
magnets and having its coils driven in parallel, With 100 
steps producing the full 360° rotation. An eXample of a 
suitable motor is an ESCAP (RTM) motor reference P532 
258 004 available from McLennan Servo Supplies, York 
toWn Industrial Estate, Camberley, Surrey, UK. 

[0054] The computer 24 and its interface card(s) generate 
a series of pulses Which drive the mask stepper motor 28. 
The frequency of these pulses is dynamically varied 
throughout a ‘jump’ from one mask character to another to 
achieve a ?Xed movement Within the required timeframe. 
The acceleration and deceleration for each ‘jump’ on the 
mask from one character to another is optimised to the 
length of the ‘jump’, the Weight/inertia of the mask and the 
characteristics of the motor 28. Table 1 beloW indicates the 
pulse pro?les for three character jumps, corresponding to a 
minimal jump (just one character), 72° (ten characters) and 
180° (tWenty-?ve characters), and FIG. 4 illustrates the 
acceleration/sustain/deceleration pro?le. 

Duration of Phase 

1 Character Jump 

Start Speed (Steps Per Second) 700 1 Step Accel 
Sustain Speed (Steps per Second) 700 0 Steps Sustain 
Stop Speed (Steps Per Second) 700 1 Step Decel 
10 Character Jump 

Start Speed (Steps Per Second) 700 9 Steps Accel 
Sustain Speed (Steps Per Second) 1500 2 Steps Sustain 
Stop Speed (Steps Per Second) 700 5 Steps Decel 
25 Character Jump 

Start Speed (Steps Per Second) 775 24 Steps Accel 
Sustain Speed (Steps Per Second) 3400 2 Steps Sustain 
Stop Speed (Steps Per Second) 775 24 Steps Decel 

[0055] These values are stored in a lookup table and, in 
operation, the computer 24 determines the jumps necessary 
betWeen successive characters and retrieves the relevant 
pro?le from the lookup table and supplies the relevant 
pro?le to the stepper motor so that the neW mask aperture is 
aligned and ready When the laser neXt ?res. 

[0056] In this particular eXample the stainless steel mask 
26 (67 mm diameter) is constructed from 0.08 mm thick 
material and all unnecessary mass is removed from the 
mask. The mask has only one set of characters and variations 
in marked character siZe and orientation are achieved opti 
cally. The character siZe is adjusted by changing the imaging 
lens focal length (L1 or L2) by means of a drive 34. Dove 
prisms (P1 and P2) are used to alter the orientation (vertical 
or horiZontal) of the characters on the Wire, by means of a 
drive 36. 

[0057] Most of the Wires required to be marked in the 
industry range in siZe from 0.75 mm to 6.35 mm in diameter. 
In order to easily read the identi?cation marks With the 
unaided eye, small characters are marked vertically on the 
narroWer Wires. As the Wires increase in diameter, a larger 
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font is marked horizontally Which can be read in the more 
normal left to right mode (see FIG. 3). 

[0058] When a dove prism is rotated about its optical axis, 
the image or an object vieWed through the prism Will be seen 
to rotate at tWice the angular rate of the prison. This principle 
has been adapted to create the horiZontal and vertical 
orientations of the marked characters. One prism is set at 45° 
in order to rotate the image of the mask characters through 
90°, the other is set in the more normal horiZontal position 
to rotate the images through 180°. This is necessary in this 
example because of the ?xed orientation of the mask char 
acters and the number of re?ecting surfaces in the optical 
system. 

[0059] OWing to the ?xed repetition rate of the laser and 
the need for a uniform space betWeen characters, the Wire 
must be driven at a constant speed during marking, but the 
Wire speed is increased betWeen identi?cation marks by 
suitable control of the tractor drive 16. 

[0060] The con?guration of the marking system of the 
second embodiment is shoWn in FIG. 5. In this embodiment 
the mask assembly, prisms and one of the lenses have been 
removed. The second turning mirror M2 has been replaced 
by a high resolution digital display (DMD) 38 as previously 
described above. Light modulated by the DMD 38 is 
re?ected via a turning mirror M3 through a ?xed focal length 
lens L onto the Wire 12. This gives the advantage of fast 
response, a Wide range of character fonts and a reduced 
number of optical components. The DMD 30 is a pixellated 
structure With typically 500,000 individually addressable 
pixels each of Which may be sWitched betWeen an “ON” 
condition in Which it re?ects the laser radiation via mirror 
M3 and lens L along the optical axis shoWn, and an “OFF” 
condition in Which it re?ects the laser radiation off axis to a 
suitable absorber (not shoWn). In this Way a high resolution 
image, of alphanumeric or bar code form may be Written on 
a Wire. 

1. Laser marking apparatus for making a mark or succes 
sion thereof on a laser markable surface of a Workpiece, said 
apparatus comprising: 

a source of laser radiation for generating in use a pulsed 
beam of radiation capable of marking said laser mark 
able surface; 

an addressable spatial light modulator for receiving and 
modulating said beam of radiation, and 

an image compositor for controlling the spatial light 
modulator to modulate said beam of radiation to create 
a modulated beam, Whereby a corresponding character 
or code symbol is formed in use on the surface of said 
Workpiece in an exposure, such that said character or 
code symbol is formed on said Workpiece in a single 
exposure. 
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2. Laser marking apparatus according to claim 1, Wherein 
said image compositor composes a respective individual 
character or code symbol in a single exposure. 

3. Laser marking apparatus according to claim 1, Wherein 
said image compositor composes a respective group of 
characters or code symbols for marking said Workpiece With 
said group of characters or code symbols in a single expo 
sure. 

4. Laser marking apparatus according to claim 1, Wherein 
said apparatus further includes a drive for advancing the 
Workpiece betWeen exposures. 

5. Laser marking apparatus according to claim 1, Wherein 
said addressable spatial light modulator comprises an 
addressable mirror device. 

6. Laser marking apparatus according to claim 5, Wherein 
said addressable mirror device comprises a digital micro 
mirror device made up of an array of individually address 
able pixels. 

7. Laser marking apparatus according to claim 6, Wherein 
the sWitching time of each pixel is approximately 10 us. 

8. Laser marking apparatus according to claim 1, Wherein 
said source of laser radiation is a solid state laser. 

9. Laser marking apparatus according to claim 8, Wherein 
said laser is a Nd:YAG laser. 

10. Laser marking apparatus according to claim 8, 
Wherein said laser is a ?ash lamp pumped laser. 

11. Laser marking apparatus according to claim 1, Which 
includes a drive for advancing the Workpiece during and 
betWeen successive exposures, and said image compositor 
applies a further modulator to the beam to de?ect the image 
Written by said modulator during an exposure to compensate 
for movement of the Workpiece relative to the apparatus. 

12. Laser marking apparatus according to claim 1, 
Wherein said Workpiece is an elongate ?exible Workpiece. 

13. Laser marking apparatus according to claim 12, 
Wherein said elongate ?exible Workpiece is a cable. 

14. Laser marking apparatus according to claim 12, 
Wherein said elongate ?exible Workpiece is a Wire. 

15. Amethod for making a mark or succession thereof on 
a laser markable surface of an elongate ?exible Workpiece, 
Which comprises providing a pulsed beam of radiation 
capable of marking said laser markable surface, passing said 
beam of laser radiation to a spatial light modulator to be 
modulated thereby With the modulated beam passing to said 
laser markable surface, and composing on said spatial light 
modulator a pattern comprising at least one character or 
code symbol, thereby to mark a corresponding character or 
code symbol on the laser markable surface, in a single 
exposure. 

16. A method according to claim 15, Wherein said pattern 
comprises a plurality of characters or code symbols, thereby 
to mark a corresponding plurality of characters or code 
symbols in each radiation exposure. 

* * * * * 


