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LASER MODULE FOR READING OPTICAL 
CODES 

0001. The present invention relates to a laser module for 
reading optical codes. 

0002 Known optical code readers can essentially be 
divided into readers wherein the entire code width is simul 
taneously illuminated, as through an array of LEDs, and the 
diffused light is simultaneously collected and detected, as by 
an array of linear or matrix Sensors (“imaging” of the optical 
code), and readers wherein a laser beam Sweeps a certain 
angle So that a laser spot Scans the optical code ("flying 
spot”), and the diffused light is collected and detected by 
photo-detecting elements of the photodiode and/or CCD 
and/or C-MOS type. 

0003. The readers of the second type include a laser 
module for reading optical codes having essentially a Source 
for generating a laser beam of predetermined size and shape, 
means for generating a Scan of the laser beam on the optical 
code to be read, means for collecting at least a portion of the 
light diffused by the code, and photodetecting means for 
detecting the collected light and converting the detected 
luminous power into an electrical Signal reproducing as 
accurately as possible the reflectance modulations of the 
elements forming the code. 

0004 Known laser modules are of the retro-reflective 
type, that is, they are such that the field of view framed by 
the light collecting optics coincides, instant by instant, with 
that framed by the scan means. In other words, the apertures 
used for Scanning the laser beam along the code to be read 
are the Same used for collecting the diffused light towards 
the detection optics. 

0005 The technical problem at the basis of the present 
invention is that of providing a compact laser module. 

0006 The expression “compact laser module”, in the 
present description and attached claims is used to indicate a 
laser module whose volume is not greater than about 20 cm, 
preferably not greater than 1.5 cm. 
0007. A retro-reflective configuration of whatever kind 
implies that the aperture of the Scan System coincides with 
that of the receiving System. Thus, the reduction of the size 
of a reading System of this kind collides with the fact that, 
reducing the size of the Scan System, that of the optics for 
collecting the light diffused by the code is reduced as well, 
thus reducing the amount of light actually collected, with 
Strong effects on the noise of the optical Signal and on the 
maximum possible reading distance. 

0008. The above problem is solved, according to the 
invention, by providing for the components for collecting 
and detecting the light diffused by the code to be totally 
Separate from the illuminating and Scanning components, So 
that the light for illuminating the code and the light diffused 
by the code follow totally Separate paths. By So unrelating 
the components of the illumination System (light emission 
window, any laser beam deflection mirror, focusing lenses, 
etc.) to the size requirements of the collecting and detecting 
elements (light receiving aperture, focusing lens, Surface of 
photo-detecting elements, etcetera), imposed by the mini 
mum amount of diffused light that must be collected for 
reading the optical code, it is obtained that the Size of the 
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Scanning illumination Section, and more in general, that of 
the laser module, can be significantly reduced. 
0009. The invention thus relates to a compact laser mod 
ule for reading optical codes comprising: 

0010 a scanning illumination section having at least 
one Source for generating a laser beam, and means 
for Scanning the optical code to be read with a laser 
Spot, and 

0011 a receiving section for collecting at least a 
portion of the light diffused by the code and detect 
ing the collected light, 

0012 the receiving Section and the Scanning illumination 
Section being Spatially distinct. 
0013 Through a suitable relative arrangement of the 
components of the Scanning illumination and receiving 
Sections, as well as through the use of particular compo 
nents, the size of the laser module can be further reduced 
quite below the typical size of known laser modules. More 
over, thanks to the Small size, any moving components 
provided for Scanning the laser beam exhibit less inertia 
upon Start up, and low consumption. 
0014. In first embodiments of the scanning illumination 
Section, the Scan means comprises motor means and an 
optically reflecting member moved by the motor means for 
receiving and deflecting the laser beam. 
0015 Thanks to the fact that the optically reflecting 
means must not Serve as the Surface for collecting the light 
diffused by the code, its size can be considerably reduced 
with respect to the mirror Scan Systems of the prior art. 
0016. More in particular, the optically reflecting mirror is 
of a size, in the direction perpendicular to the Scan plane that 
is less than 1.5 mm. 

0017 Advantageously, the motor means provides a con 
tinuously variable angular speed. 
0018. This allows carrying out such a control of the 
motor as to produce a Speed pattern changing from Scan to 
Scan, or, partly, also within each Scan, So as to adjust the 
reading Speed to the application peculiarities and to the 
processing electronics capacities. 
0019 Even more preferably, upon start up, said motor 
means is driven with a ramp Signal. 
0020. This provision, which allows reaching the operat 
ing Speed gradually and optimising the same operating Speed 
as a function of the particular optical code to be read, is 
particularly useful in case of blurred or very Small codes. 
0021 Typically, said motor means comprises a motor 
Selected between a brushleSS motor and a stepping motor. 
0022 Preferably, moreover, said motor is of a height 
lower than 9 mm, more preferably lower than 6 mm, even 
more preferably lower than 3 mm. 
0023 Although motors of such a size are suitable thanks 
to the Small size and weight of the optically reflecting 
member, they allow keeping the laser module size in the 
direction perpendicular to the Scan plane extremely limited. 
0024. As an alternative, said motor means comprises a 
rotating magnetic disk motor and the optically reflecting 
member is directly Supported on the motor magnetic disk. 
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0025 Besides allowing obtaining a small thickness (in 
the above range), this Solution allows assembling the elec 
tronic control components directly on the motor casing, 
optionally with a shielding against electromagnetic noise 
caused by powering the same motor, thus improving the 
efficiency of the amplification circuits of the received signal. 

0026. In another alternative, said motor means comprises 
an electrostatic motor. 

0.027 Preferably, moreover, the motor means is driven 
with pulse width modulation. 
0028. In this way, the motor consumption is advanta 
geously reduced. 
0029. Typically, the optically reflecting member com 
prises at least a portion of the Side faces of a polygonal-base 
body, and it is rotationally moved by the motor means. 

0030) A scan system of this type, sometimes called 
polygonal mirror Scan System” hereinafter, allows reaching 
even very wide Scan angles without significant Speed varia 
tion-besides possible controlled variations, as Said 
above-in the entire Scanline. Moreover, thanks to its Small 
Size possible within the Scope of the invention, the polygonal 
mirror is not affected by the inertia disadvantages usually 
asSociated to Scan Systems of this type. 
0.031 Advantageously, the side faces of the polygonal 
base body are sloping at respective different angles with 
respect to its axis. 

0.032 This provision is useful for reading “stacked” bar 
codes, that is, with more bar Sequences Stacked on one 
another. 

0033. As an alternative, the optically reflecting member 
comprises a Single Surface, and is moved with an alternately 
oscillating motion along a circumference arc. 
0034. Such an optically reflecting member, typically a 
plane mirror, to which reference shall Sometimes be made 
hereinafter for shortneSS, can be advantageous Since the 
mirror weight is further reduced with respect to the rotating 
polygonal mirror Scan System. 

0035. The oscillating motion is obtained through a suit 
able driving of the above-cited various types of motor 
CS. 

0036). In an alternative that is advantageous because of 
extremely low consumption, Said motor means comprises an 
oscillating magnetic device. 

0037 More in particular, the oscillating magnetic device 
comprises, on a common insulating Substrate: 

0038 a magnetic core having a conductor winding 
around it, and an air gap, and 

0039 an elongated magnetic element having an end 
that is free to oscillate towards and away from the air 
gap of the magnetic core, and carrying the optically 
reflecting member. 

0040. This construction allows obtaining extremely 
reduced thicknesses, of a few tenths of millimeter, that is to 
Say, only limited by the size of the laser Spot incident on the 
optically reflecting member. 
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0041. In further alternative embodiments of the scanning 
illumination Section, the Scan means comprises a device 
Selected between an electro-optical device and an acous 
tooptical device. 

0042 Scan devices of this type are very fast and without 
moving parts, So that they are leSS Subject to mechanical 
failure, and are not affected by wear. 
0043. In a last alternative embodiment of the scanning 
illumination Section, which exhibits similar advantages, it 
comprises an array of laser micro-Sources, and the Scan 
means comprises a controller for Sequentially actuating the 
laser micro-Sources of a row of the array. 
0044 Preferably, moreover, the array of laser micro 
Sources comprises more rows. 
004.5 The plurality of scan lines which may thus be 
generated is particularly advantageous for reading Stacked 
codes. 

0046 Advantageously, moreover, each row of laser 
micro-Sources of the array is of a respective colour. 
0047 Having a plurality of scan lines with different 
colours available, the optical code reading is more versatile 
as regards the chromatic contrast between code and back 
ground of the same code. 
0048. In the above various embodiments of the scanning 
illumination Section, the Scan means or the laser 
microSources are preferably arranged as far as possible from 
a front face of the laser module. 

0049. In the present description and attached claims, the 
expression "front face' is used to indicate the laser module 
face intended to face the optical code to be read. Such an 
expression must in no way be construed as being referred to 
an absolute orientation of the laser module in the optical 
code reader 4n which it is intended to be included, let alone 
to an absolute Spatial orientation. Similarly, expressions 
such as “rear face”, “lower face”, “upper face” and “side 
face' must not be construed in an absolute meaning, but with 
respect to the above front face. 
0050. With this provision, the scan width is already 
maximised at the laser module output, So that it is possible 
to read optical codes that are close to the laser module, thus 
maximising the light collection. 

0051 Moreover, advantageously, the scan means exhibits 
a predetermined Stand-by position, in which it projects the 
laser beam in at least one fixed laser Spot at the code. 
0052 The predetermined stand-by position, in the case of 
rotary motors (with rotating or oscillating optically reflect 
ing member), is set by providing a direct voltage to a single 
Stator winding, or by the absence of charge on the capacitors, 
the optically reflecting member being So mounted that, in 
this position, the laser beam Strikes the centre of the or a 
face, or Strikes a corner in the case of a polygonal-base body; 
in the case of the magnetic oscillating device, it is Set by the 
absence of power Supply in the winding; in the case of 
electro-optical or acousto-optical devices, it is Set by the 
absence of driving of the Same devices, in the case of the 
array of micro-Sources, it is Set by turning on the central 
Source, or the two end Sources of a row. In this way, upon the 
module Start up, one or two laser spots are produced at the 
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centre of the Scan field or at its two ends, useful to aim the 
module towards the optical code to be read. 
0053. In this case, the scan means can be actuated for 
Scanning after a preset delay from the actuation in the 
predetermined Stand-by position or from turning on the 
laser, or through the Second position of a dual-position 
Switch, or there can be provided two independent actuating 
buttons. 

0.054 Moreover, for safety reasons, it can be provided for 
the laser source to be turned off if after a preset time interval 
from its turning on with the Scan means in the Stand-by 
position, the Scan means is not actuated for Scanning. 
0.055 Advantageously, the scan laser light is high fre 
quency modulated. 
0056. This allows separating, in the output signal of the 
receiving Section, the information contained in the modu 
lated Signal, which is the part of interest, from that contained 
in the non-modulated Signal, which is the noise due to the 
ambient light. 
0057. In particular, the scan laser light can be modulated 
So as to obtain a signal Suitable to measure the optical code 
distance, for example as described in EP 0 652 530 A2. 
0.058 Typically, moreover, the receiving section com 
prises at least one focusing lens in the proximity of the front 
face of the laser module, and at least one photo-detecting 
element at the focus of the focusing lens. 
0059. In particular, there can be provided a single focus 
ing lens and a single photo-detecting element having Suit 
able shape and area, a Single focusing lens and a plurality of 
photo-detecting elements, or a plurality of focusing lenses 
and a corresponding plurality of photo-detecting elements, 
So that the field of View of each photo-detecting element 
only includes a portion of the optical code Scan line. The 
field of view of each photo-detecting element will have, in 
this case, a geometrical shape depending on the shape of the 
photo-detecting element itself (Square, rectangular or circu 
lar) and on the particular lens used. 
0060 Typically, there is also a slit between said at least 
one focusing lens and Said at least one photo-detecting 
element. 

0061 Such a slit allows precisely selecting the overall 
photo-detection area interested by the light collecting and/or 
further reducing the field of view of the or each photo 
detecting element. 
0062) When there is a plurality of photo-detecting ele 
ments, there is preferably provided also means for Synchro 
nising the actuation of the photo-detecting elements of Said 
plurality with Said Scan means. 
0.063. In this way, the signal/noise ratio is improved, and 
the laser module consumptions are reduced. 
0064. In some embodiments of the receiving section, it is 
essentially parallelepiped, said at least one photo-detecting 
element being arranged in close proximity of the rear face of 
the laser module. 

0065. In this way, one or more lenses are used, having a 
long focal length, essentially equal to the depth of the 
module. Since a lens with a long focal length perfectly 
focuses only when the code is at the maximum distance, 
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while as the code is moved closer the formed image is 
increasingly out of focus, an increasingly greater fraction of 
the luminous energy diffused by the optical code is not 
detected, thus compensating the effect that a closer code 
receives and diffuses more light than a farther code. LeSS 
Sensitivity to the optical code distance is thus obtained. 
Moreover, thanks to their retrocessed position, the photo 
detecting elements do not collect rays that are sloping with 
respect to the Scan plane, which represent ambient light not 
coming from the code, that is to Say, noise. 
0066 Moreover, there can be provided photo-detecting 
elements arranged in close proximity of Side faces of the 
receiving Section. 
0067. In this way, it is possible to effectively recover all 
the light coming from the Scan line edges, thus increasing 
the collection efficiency of the receiving Section without 
increasing the noise due to ambient light. 
0068. In a further preferred way, all the photo-detecting 
elements are arranged along an optimum focus curve of a 
Single focusing lens. 
0069. In alternative embodiments, the receiving section 
comprises a chamber having a front Face, a lower or 
respectively upper face orthogonal to it, a sloping face 
between them, and Side faces shaped as right-angled tri 
angles, Said at least one focusing lens being arranged at the 
front face, Said at least one photo-detecting element being 
arranged at the lower or respectively upper face, and there 
being provided an internally reflecting Surface at the Sloping 
face. 

0070 This wedge-like shape of the receiving section is 
advantageous for various reasons. In fact, the light rays 
diffused by the code travel a first “horizontal” path from the 
focusing lens to the internally reflecting Surface, and a 
second “vertical” path from the internally reflecting surface 
to the photo-detecting elements. It is thus possible to use 
depth size being equal-a lens having a longer focal length 
with respect to a parallelepiped receiving chamber, with the 
above advantages, or-focal length being equal-it is pos 
Sible to construct a receiving chamber having a Smaller 
depth, with advantages in terms of compactness of the laser 
module. Moreover, the “horizontal” arrangement of the 
photo-detecting elements allows using a single commonly 
marketed photodiode, having a large area, without adversely 
affecting the laser module thickness. Moreover, the “hori 
Zontal’ arrangement of the photo-detecting elements pre 
vents the need of providing a “vertical printed circuit, on 
the contrary it is possible to use a single printed circuit also 
for powering and controlling the Scanning illumination 
Section. 

0071 Preferably, the slope angle between the sloping 
face and the front face is less than 45 degrees. 
0072 Even more advantageously, internally reflecting 
Surfaces are also provided at the Side faces of the receiving 
chamber. 

0073. In this way, it is possible to effectively recover all 
the light coming from the Scan line edges, thus increasing 
the collection efficiency of the receiving Section without 
increasing the noise due to ambient light. 
0074 For further improving the light collection effi 
ciency, the Side faces can be slightly converging away from 
the front face. 
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0075. In an embodiment, the receiving chamber is solid, 
made of an optically transparent material. 
0.076 This allows making the entire chamber as a single 
block, thus better controlling the mutual orientation of the 
various faces. 

0077 Preferably, moreover, in any embodiment of the 
receiving Section, Said at least one focusing lens is Selected 
between a cylindrical lens and a toric lens. 
0078. Such lenses exhibit the maximum light collection 
efficiency, providing a field of View that is wide along the 
Scan line, and narrow in the direction orthogonal thereto, 
that is to Say, they exhibit a high rejection of ambient light. 
0079. In a particularly preferred way, said at least one 
focusing lens is a Fresnel cylindrical lens. 
0080. This solution is advantageous since its flat shape 
makes assembling thereof particularly easy, practically in 
contact with a receiving window, thus also increasing the 
collection efficiency, Since a lens Shielding by the same 
receiving window is not created. Moreover, Such a lens can 
operate up to a unitary focal length-to-diameter ratio, in 
which condition a traditional lens is affected by considerable 
reflections on the Surface. 

0.081 Moreover, advantageously, said at least one focus 
ing lens is made of a coloured plastic material with high-pass 
filter behaviour. 

0082 The colour shall be properly selected based on the 
Scanning laser light colour and on the chromatic contrast 
between the optical code and its background. In this way, the 
lens concurrently acts as a filter for absorbing visible wave 
lengths that are lower than that of the Scan laser light. 
0.083. In this case, advantageously, the receiving section 
comprises a common glass filter having a low-pass treat 
ment. 

0084. In this way, the overall cost of lens and filter is 
Significantly reduced with respect to the traditional imple 
mentation of colourleSS lens and red protective glass. 
0085. As an alternative, the focusing lens is coloured 
with low-pass filter behaviour on its optically non-active 
face. 

0.086. In an embodiment, for minimising the transversal 
dimensions of the laser module, the Scanning illumination 
Section and the receiving Section are arranged in Stacked 
planes. 

0087. In this case, for maximising-laser module thick 
neSS being equal-the front face area usable for collecting 
the light diffused by the code, preferably the Scanning 
illumination Section comprises an emission window having 
a height Substantially equal to the laser beam diameter in that 
plane. 
0088. In practice, the emission window height is mini 
mum, only just as to allow the exit of the Scanning laser light 
without interfering with it. 
0089. In an alternative embodiment, for minimising the 
laser module thickness, the Scanning illumination Section 
and the receiving Section are arranged in a common plane. 
0090. In this case, in order to limit also the size in the 
Scan line direction, the photo-detecting elements of the 
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receiving Section can partially extend in front of motor 
means of the Scanning illumination Section. 
0091 For the same purpose, the scan means or the array 
of laser micro-Sources can be arranged in close proximity of 
the front face of the laser module. 

0092. Moreover, in a particularly advantageous way, in 
both embodiments the laser module comprises a Support 
block for commonly Supporting the components of the 
receiving Section, and the components of the Scanning 
illumination Section. 

0093. This solution facilitates the assembling operations 
which, also due to the Small sizes involved, may be critical. 
0094) For the same purpose, the Support block and the 
components of the Scanning illumination and receiving 
Sections can have conjugate means for assembling the 
components in predetermined positions, Such as for example 
notches or slits on the casing of a Scan motor, on a laser 
Source, on a Scan mirror, etcetera, and assembling tabs or 
clips present on the Support block, or Slits for inserting 
lenses, filters and other optical components, or a block for a 
Snap-fit housing the motor, and Suitable to be constrained to 
the Support block in more points. 

0095) Even more preferably, the Support block exhibits at 
least one wall extending transversally to the front face for 
defining an insulated chamber for the Scan laser light propa 
gation. 

0096. In this way, the photo-detecting elements of the 
receiving Section are usefully Shielded from the light directly 
emitted by the Scanning illumination Section. 
0097. Preferably, moreover, the support block exhibits at 
least one insulated light extraction path at an end portion of 
the Scan, and a photo-detecting element arranged at the end 
of each extraction path. 
0098. In this way, the photo-detecting element originates 
a Scan Start and/or end Signal or pulse which can be used by 
the decoding components of the optical code reader in which 
the laser module is inserted for Synchronising on the Single 
Scan, for example for beginning to Search an optical code 
within the Scan line. Moreover, this signal can be particu 
larly useful for decoding Systems based on the reconstruc 
tion of partial decodings, obtained from respective Scan 
lines. Finally, Such a signal can be used for Safety reasons, 
turning off any laser Source if it is not received within a 
preset time after the laser module or the Scan means are 
turned on. 

0099 Features and advantages of the invention shall now 
be illustrated with reference to embodiments, shown by way 
of a non-limiting example, in the attached drawings, 
wherein: 

0100 FIG. 1 schematically shows a perspective, partly 
broken-away view of a first embodiment of a laser module 
for reading optical codes according to the present invention; 

0101 FIG. 2 shows the preferred signal for powering the 
laser Source of the laser module, 

0102 FIGS. 3A and 3B show an embodiment of an 
optically reflecting member useful for reading "stacked” 
codes; 
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0103 FIGS. 4A and 4B show the efficiency of different 
types of focusing lens, 
0104 FIGS. 5A and 5B respectively show the arrange 
ment of photo-detecting elements in the laser module and in 
a laser module according to the prior art; 
0105 FIG. 6 schematically shows an array of photo 
detecting elements, and a corresponding array of focusing 
lenses, 

0106 FIGS. 7A and 7B schematically show two differ 
ent arrangements of photodiodes for the laser module; 
0107 FIG. 8 shows a perspective view of a laser module 
according to another embodiment; 
0108 FIG. 9 schematically shows an oscillating motor 
for the laser module; 

0109 FIG. 10 schematically shows another embodiment 
of a Scanning illumination Section for the laser module, 
0110 FIG. 11 schematically shows still another embodi 
ment of a Scanning illumination Section for the laser module; 
0111 FIGS. 12 and 13 show perspective top, and respec 
tively bottom views of a support block of the laser module 
components, 

0112 FIGS. 14 and 15 show perspective views of a 
Support for the laser module motor, respectively with and 
without housed motor; 

0113 FIG.16 schematically shows a further embodiment 
of the laser module, and 

0114 FIGS. 17 to 19 schematically show alternative 
embodiments of a receiving Section of the laser module. 
0115. As shown in FIG. 1, a laser module 1 according to 
the present invention exhibits a parallelepiped shape, having 
a base face or wall 2, a front wall 3, a rear wall 4 erected 
from the major sides of base 2, side walls 5, 6 and a top wall 
7. The size of such a module 1 is comparable to that of a 
Small matchbox, in any case Such as to take up a volume leSS 
than 20 cm. 

0116 Firstly, the laser module 1 houses components of a 
Scanning illumination Section, consisting of a laser Source 8 
or emitter, an optically reflecting member 9, made in FIG. 
1 as a hexagonal right-angled prism having at least a portion 
of the faces of the Side Surface that is mirror-like, and a 
motor 10. 

0117 The optically reflecting member or polygonal mir 
ror 9 is rotatively moved by motor 10. The laser beam 
emitted by emitter 8 is reflected by the reflecting faces of the 
polygonal mirror 9 according to angles depending on the 
instant position of the mirror 9 itself, so that the laser beam 
Sweeps a certain angle in a Scan plane parallel to the base 
wall 2 of module 1, exiting from its front wall 3 through an 
emission window 11. Thus, the laser beam Scans the optical 
code C with a laser spot. 
0118 More in particular, the laser emitter 8 is arranged 
adjacent to the rear wall 4 of module 1 and in the proximity 
of the polygonal mirror 9, on which it directly emits the laser 
beam, avoiding any intermediate mirror. This allows mini 
mising the overall dimensions, and Simplifying the opera 
tions for optically aligning the System, which on a mirror 9 
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of Such a small size as required by the present invention (and 
as specified hereinafter) would be very critical. 
0119 Preferably, the laser emitter 8 is fastened to the wall 
through a clip 13a whose shape is complementary to the 
shape of its outside casing, So that the position of the laser 
emitter 8 is fixed with respect to the laser module 1. 
0120 For improving the rejection to ambient light, the 
beam generated by the laser emitter 8 can be modulated at 
a high frequency, for example at about 40 MHz. In this way, 
it is possible to Separate the information contained in the 
modulated Signal, which is the part of interest, from that 
contained in the non-modulated Signal, which is the noise 
due to ambient light. 
0121 Of particular applicative interest, moreover, the 
laser light can be high frequency modulated So as to allow 
the optical code reader in which the laser module 1 is 
included to act as a measurer of the optical code distance 
from the reader itself, for example as described in European 
patent application EP 0 652 530 A2. 
0.122 Motor 10, for example a direct current, brushless or 
Stepping motor, has a cylindrical body whose base has a 
diameter DM that is less than or equal to 5 mm and whose 
height HM can be as Small as less than 3 mm. The optically 
reflecting member 9 is mounted on it, preferably directly 
rotatively coupled to it, and in the embodiment as a polygo 
nal mirror it is of a diameter Ds less than 7 mm, a height Hs 
of the optically active Surface less than 1.5 mm and a mass 
less than 0.3 g. Such a small size of the polygonal mirror 9 
allows obtaining a Very Small rotating mass and thus, a low 
inertia, so as to allow mirror 9 to reach the desired revolving 
Speed in a very short time, less than 100 mSec. 
0123. More in particular, motor 10 and mirror 9 are 
arranged with the respective axes orthogonal to the base 2 of 
module 1, and as close as possible to the rear wall 4, So as 
to originate a Scan as far as possible from the emission 
window 11. Such an arrangement allows the Scan line width 
to be already maximum at the emission window 11, and it 
thus allows covering the entire width of the optical code C 
to be read already at a few centimeter distance (about 4 cm) 
beyond the emission window 11. 
0.124. Similarly to the laser emitter 8, it is important that 
the position of motor 10 and optically reflecting member 9 
in the laser module 1 is fixed. Motor 10 can thus advanta 
geously be provided with a slit 12 or notch on the cylindrical 
body, intended for being coupled to a clip 13 protruding 
from the rear wall 4 of the laser module 1, so that the height 
of motor 10 is fixed with respect to the laser module 1, thus 
ensuring the height of the polygonal mirror 9 with respect to 
the base 2 of laser module 1. Of course, notch 12 and clip 
13 are to be construed as merely examplificative of conju 
gate fastening means. 
0.125 Motor 10 exhibits a revolving speed that can be 
continuously varied from a minimum of 750 revolutions/ 
minute to a maximum of 8,000 revolutions/minute, So as co 
obtain, for example in the case of a polygonal mirror 9 with 
hexagonal base, Scan speeds comprised between 75 and 800 
Scan/Sec. Of course, by varying the number of Side faces of 
the polygonal mirror 9 it is possible to obtain a variation 
interval Shifted upwards or downwards: thus, with a pen 
tagonal-base body, there will be from 62 to 660 scan/sec. 
whereas with an octagonal-base body, there will be from 100 
to 1050 scan/sec. 
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0126. In order to improve the reading of high-resolution 
optical codes, or of codes that are far from the laser module 
1, advantageously the Speed of motor 10-and therefore, 
that of the optically reflecting member 9-can be varied in 
real time. In fact, the effect of a bar code having very narrow 
bars, as well as that of a code located far away, consists in 
a bar focusing loSS due to the upper limit of the electronics 
passband. It follows that, even though the laser Spot is 
focused, the Signal is attenuated by the limits of the elec 
tronics. Traditionally, polygonal-mirror Systems have slow 
response times to the revolving Speed variation, but the use 
according to the invention of a polygonal mirror 9 having 
Such a Small mass allows making its response to the imposed 
Speed variations very fast. In this way, if the code is not read 
at the first Scan, it is possible to reduce the revolving Speed, 
thus “enlarging the bars, reducing at the same time the 
operating frequency of the electronics, which thus attenuates 
leSS. With a lower attenuation by the electronics, the Signal 
is definitely more focused. Moreover, the adjustment capa 
bility can be exploited upon Start up, by driving the motor 
with a ramp Signal to reach the operating Speed more 
gradually. In this way, in the case of a particularly difficult 
code, due to the high resolution, or to the presence of 
deformations in the bars, it is possible to carry out the first 
Scans at a reduced Speed, thus facilitating the decoding. 

0127. By using a scan start signal, provided for example 
in the manner described below, it is possible more in general 
to perform Such a control of the motor as to produce a speed 
pattern changing from Scan to Scan, or partly, also within 
each Scan, So as to adjust the reading Speed to the application 
peculiarities and to the processing electronics capabilities. 

0128. In order to reduce the consumption of motor 10 it 
is advantageous to use on the driving Signal a pulse width 
modulation (PWM) method, which consists (refer to FIG.2) 
in driving the different phases (typically three) of the motor, 
rather than with a continuous wave (represented with dots 
and lines in FIG. 2), with a pulse train having a duty cycle, 
that is, a ratio Start up time ton to period t+t, typically of 
50%. In this way, as it can be seen, the current absorbed by 
motor 10-power Supply Voltage being equal-, and the 
consumption of the laser module 1 accordingly, is reduced 
by a factor equal to the duty cycle. With this provision, as yet 
not used for driving laser modules although perse known in 
large-size motors, the consumption of the laser module 1 is 
lower than 70 mA when at operating power. Due to the very 
low inertia of the polygonal mirror 9, the torque reduction of 
motor 10 resulting from the use of this powering method, 
does not affect the performances described So far. 

0129. The use of the polygonal mirror 9 as the optically 
reflecting member allows obtaining a Scan on a very wide 
angle. For example, an octagonal-base body with outer 
diameter Ds of 7 mm struck by a laser beam of 0.6 mm in 
diameter, allows a useful Scan of 62, a hexagonal-base body 
with the same Outer diameter Ds and with the same incident 
beam allows a useful scan of 91, and so on. Theoretically, 
in fact, an N-faced polygon allows covering an optical angle 
of 360 2/N degrees. In practice, this angle is smaller since 
the laser Spot, at the end of each face of the polygonal mirror, 
is truncated and "split' between two adjacent faces, thus 
producing a pair of Spots not usable individually for reading 
purposes. AS it shall be better explained hereinafter, Such a 
pair of laser spots can however be used for aiming the code. 
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0.130. Of course, decreasing the number of faces-the 
diameter being equal-it is possible to increase the angular 
amplitude of the Scan, thus reaching a particular width of the 
Scan line at a Smaller distance, that is, moving forward the 
motor towards the output window for further reducing the 
depth of the laser module 1. Of course, when decreasing the 
number of faces of the polygonal mirror 9, it is necessary Lo 
increase the revolving Speed of motor 10 for obtaining an 
equal number of Scans per time unit. 
0131 Should in a specific application stacked optical 
codes be read, that is, consisting of more Stacked linear 
codes, it is convenient to produce a Series of Superimposed 
parallel Scan lines, that is, which cover an area (raster). This 
can be obtained by sloping the Single faces of the polygonal 
base body (optically reflecting member 9) at different angles 
with respect to the axis. FIGS. 3A and 3B respectively show 
a perspective and a plan view of an optically reflecting 
member 9 with hexagonal base, whose first side face 911 is 
not sloping (C.1 =0) and whose other side faces 912-916 are 
sloping at a respective angle, increasing from O2 to C6, with 
respect to axis A-A. For convenience, angles O2-C.6 are 
indicated in FIG. 3A between the normal to the Surface of 
the respective face, and the normal to the axis. Of course, the 
faces may have differently ordered slopes, or they could be 
sloping around a median plane rather than around the top 
plane as shown in FIGS. 3A and 3B. 
0.132. Before describing the receiving section of the laser 
module 1 of FIG. 1, it is worth noting that the optically 
reflecting member 9 may consist of a plane mirror or, more 
in general, of a single reflecting Surface, in Such cases motor 
10 being driven So as to move the optically reflecting 
member 9 with an alternately oscillating motion along a 
circumference arc Subtending an angle in the above ranges. 
For reading Stacked codes, the bidimensional Scan can be 
easily obtained by providing the possibility of a Second 
movement of Such an optically reflecting member around an 
axis Orthogonal to the axis of the above oscillating motion. 

0133. In an optically reflecting member 9 (polygonal 
mirror or plane mirror) with Such a small size, Selected for 
obtaining the Smallest rotating mass, the size of the or each 
reflecting Surface is a little greater than that of the laser Spot 
incident thereon, therefore it is not Suitable to collect enough 
light for generating a significant return signal. According to 
the invention, a receiving Section that does not exhibit 
components in common with the Scanning illumination 
Section, and which exhibits a front Surface for collecting the 
light diffused by the optical code much greater than those of 
known laser modules, is therefore used. More precisely, the 
two Sections are spatially distinct, that is to Say, they are Such 
that the illumination laser light and the light diffused by the 
code follow totally Separate paths. 

0134) The components of the receiving section of the 
laser module 1 shown in FIG. 1 comprise a receiving 
window 20 obtained in the front wall 3, a glass 21, a 
focusing lens 22, a slit 23 and at least one photo-detecting 
element 24, in FIG. 1 there being shown four photodiodes 
24 by way of an example. However, glass 21 and slit 23 may 
be omitted. All the above elements are arranged in the upper 
portion of the laser module 1, above the emission window 
11, there being also provided a horizontal wall (not shown) 
for Separating the receiving Section from the Scanning illu 
mination Section described above. 
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0135 More in particular, glass 21 is arranged at the 
receiving window 20 and the focusing lens 22 is arranged 
immediately behind it, so as to face the code C to be read 
through the receiving window 20. 
0136. On the other hand, the photo-detecting elements 24 
and the optional slit 23 are retrocessed towards the rear wall 
4 of module 1 up to the position of maximum depth allowed 
by the space taken up by motor 10. This allows using a 
receiving optics with the maximum aperture (f/#, that is, 
ratio focal length to lens diameter) and the maximum focal 
length, So as to maximise the return signal and reduce its 
dynamics. In fact, as known, the return Signal on the 
photo-detecting elements 24 varies with the inverse of the 
Square of the distance from the optical code. For this reason, 
it is necessary that the maximum amount of light is collected 
at the maximum distance. It is thus necessary that the 
aperture (collecting front Surface) of the focusing lens 22 is 
the maximum. On the other hand, it is preferable that the 
collected Signal is maximum from a long distance, but from 
a short distance, where the return signal is much higher, the 
quantity of collected light must be much Smaller. By way of 
an example, under the assumption that lens 22 concentrates 
all the light diffused by the code both from a long distance 
and from a short distance, for a maximum reading distance 
of 50 cm and a minimum of 5 cm, the ratio close-signal to 
far-signal is equal to (50/5)=100:1, such as to saturate the 
dynamics of a typical amplification circuit. Along-focal lens 
22 perfectly focuses only when the code is at the maximum 
distance, while as the code is brought closer, the image is 
increasingly out-of-focus, So that an increasingly greater 
energy fraction falls out of the photodiode Sensitive area. In 
the laser module 1, the focal length must be comprised 
between 6 and 10 mm, for maintaining the depth of module 
10 at a maximum of 10 mm. This is advantageous since it 
reduces the dynamics of the Signal on the amplifier to 
acceptable values, which in the above example is from 2:1 
to 3:1. 

0.137 The focusing lens 22 used In the receiving section 
can be spherical, diffractive, or preferably toric, or cylindri 
cal. A toric or cylindrical lens, in fact, provides a field of 
View that is wide along the Scan line, and narrow in the 
direction orthogonal thereto, thus in the application here 
concerned, it allows obtaining a high rejection to ambient 
light. 
0.138. In a particularly preferred embodiment, lens 22 is 
a Fresnel cylindrical lens, Since its flat shape makes its 
assembling particularly simple. Moreover, Such a lens can 
operate up to a ratio focal length to lens diameter f/#=1, a 
condition in which a traditional lens is affected by consid 
erable reflections on the Surface. This Solution allows assem 
bling the lens essentially in the receiving window 20 or 
contacting glass 21, thus further increasing the collection 
efficiency, because there is no shielding of lens 22 by 
receiving window 20 or glass 21. 
0139 FIGS. 4Ae 4B graphically show how the collected 
light fraction 25 in the case of a Fresnel cylindrical lens 22 
(FIG. 4A) is much greater than in the case of a cylindrical 
or toric lens 22 (FIG. 4B), in which there is a considerable 
lost fraction 26. 

0140 Glass 21 of the receiving section can incorporate a 
filter for the purpose of reducing the noise produced by 
ambient light. Such a filtering glass 21 can be of the 
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traditional type, that is, a coloured glass provided with a 
low-pass treatment, for example a red filter treated So as to 
absorb the infrared wavelengths, that is to Say, higher than 
that of the laser radiation assumed to be red. 

0.141. According to the present invention, lens 22 can be 
made of a coloured plastic material with high-pass behav 
iour. In this case, glass 21 can be transparent, with cost 
advantages, and it can Serve as a protective element against 
the outside. 

0142. In a preferred way, moreover, there will be present 
a low-pass treatment, created on the transparent glass 21, or 
on the optically non-active face of the lens 22 itself. 
0143. In both cases, the overall cost of lens 22 and glass 
21 is reduced by about one third with respect to the case of 
transparent lens 22 and coloured glass 21. 
014.4 For minimising the possibility that light coming 
from an area external to the field of view lens 22, that is to 
Say, from an area external to the Scan line on the optical 
code, may reach the photo-detecting elements 24 of the 
receiving Section, they are arranged-as already men 
tioned-as backwards as possible in the laser module 1 with 
respect to the receiving window 20. 
0145 The expediency of such an arrangement can be 
better appreciated by comparing FIG. 5A with FIG. 5B, 
which represents the prior art. In fact, it can be noted that in 
the arrangement of FIG. 5A, the rays coming from areas 
external to the field of view fall outside the sensitive area of 
the photo-detecting elements, here represented by a single 
photodiode 24. On the other hand, by arranging photodiode 
24 immediately behind lens 22, as shown in FIG. 5B, it is 
also reached by sloping rays, which merely introduce noise, 
as they do not come from the area where the optical code C 
to be read is. 

0146 Since a toric or cylindrical lens forms at the focus 
an image which is in turn a line as wide as the lens, and very 
thin, photodiode 24 preferably exhibits a wide and short 
Sensitive area, for example having an height HF less than 1.5 
mm and a width L equal to the maximum width available 
in the laser module 1 (between 20 and 25 mm), and of course 
it is arranged at the focus of lens 22. In the Schematic view 
of FIG. 5A, the dotted line shows an essentially parallel 
epiped receiving chamber 27, whereas the optional elements 
of the receiving Section, that is, the protective and/or filter 
ing glass 21 and Slit 23, are not indicated. 
0147 For obtaining such geometrical features, as an 
alternative to a single photodiode it is possible to use a bank 
or array of Single photo-detecting elements (for example, 
Small photodiodes), as already illustrated in FIG. 1. 
0.148. For selecting with greater precision the overall 
Sensitive area interested by the light collection and/or further 
reducing the field of View, it is advantageous to arrange, in 
front of the photo-detecting elements 24, irrespectively of 
how they are made (single element or array), a wide and low 
slit 23, as already illustrated in FIG. 1. 
0149. As shown in FIG. 6, in the case of an array of 
photo-detecting elements 24, it can be convenient to use, for 
the focusing, a corresponding array of focusing lenses 22, 
for example Spherical, toric, cylindrical, optionally Fresnel 
lenses. In this way, the field of view V of each photo 
detecting element 24 only includes a portion of the Scan line 
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L on the optical code (not shown). The field of view V of 
each photo-detecting element 24 is oval-shaped in FIG. 6, 
but of course the actual shape of the field of view V of each 
photo-detecting element 24 will depend on the shape of the 
photo-detecting element itself (Square, rectangular, or cir 
cular) and on the shape of lenses 22. 
0150 Moreover, if an array of photo-detecting elements 
24 is used in reception, it is preferred to arrange them with 
respect to lens or lenses 22 in Such a way as to allow 
increasing both the return signal and the angle of View of the 
reader. As it can be appreciated from FIG. 7A, if the 
photo-detecting elements 24 are arranged in a row in a plane 
parallel to the plane containing lens or lenses 22, the light 
coming from the edges of the field of view (that is to say, 
from the edges of the optical code C) strikes the Side walls 
of the laser module 1 or of a receiving chamber 27 thereof, 
housing the components of the receiving Section, and it is 
lost in any case. By arranging one or more photodiodes in a 
lateral position, for example close to the Side walls of the 
receiving chamber 27, or even arranging the photo-detecting 
elements 24 along a curve, as in FIG. 6B, it is possible to 
recover also this portion of Signal, thus increasing the 
collection efficiency of the system. In Particular, the curve 
shall correspond to the optimum focus curve in the case of 
a single focusing lens 22. 
0151. By combining this solution with that previously 
described, that is, to an arrangement of photodiodes 24 as 
retrocessed as possible in the laser module 1, it is possible 
to increase the received Signal without increasing the noise 
due to ambient light. 
0152. In this respect, a further expedient consists in using 
a stepping motor 10 whose motion is Synchronised with the 
actuation of the photo-detecting elements 24 of the array. 
Since in any instant the position of the motor is known by 
being established by the control circuit, the laser spot 
position is accordingly known, So that it is possible to 
actuate only the particular photo-detecting element 24 of the 
array being struck by the light diffused by the code, with 
Self-evident energy and Signal/noise ratio advantages. 
0153. In a second embodiment, shown in FIG. 8, motor 
10 has an extremely Small thickness, having a height HM leSS 
than 3 mm, and Such as to retain a limited plan extension, 
typically within a square of 20 mmx20mm or less. In FIG. 
8 it is possible to see the motor casing or Stator 30, windings 
31, magnet or rotor 32, the motor shaft 33 and the electronic 
components 34 for driving motor 10. 
0154) The small overall dimensions mentioned for motor 
10 can be obtained by a great reduction of the size of a 
traditional Stepping or brushleSS motor. This implies the 
need of reducing the size of magnets 32 and of windingS 31, 
but it still allows obtaining a sufficient torque from the 
motor, provided that the mass of the Polygonal mirror 9 (or 
other optically reflecting member) assembled on it is Suffi 
ciently Small. 
O155 As regards the driving of motor 10, the above 
mentioned remarks apply, that is, it shall preferably occur 
with pulse width modulation, with continuously variable 
Speed, and preferably with a ramp upon Start up. 

0156 Moreover, in FIG. 8 it is possible to see the 
optically reflecting member, illustrated as a polygonal mirror 
9, and the laser Source 8, whereas there are not shown the 
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components of the receiving Section, Schematically illus 
trated as a chamber 27 (dotted lines) housed above the 
Scanning illumination Section. Of course, as an alternative, 
the receiving Section may be housed under the Scanning 
illumination Section. In any case, all the above remarks 
apply to these components. It shall then be understood that 
the arrangement of FIG. 8 allows the photo-detecting ele 
ments 24 of the receiving Section to be further retrocessed 
towards the rear face 4 of laser module 1, thus increasing the 
shielding effect of the field of view of lens 22 and allowing 
to increase its focal length, thus improving the Signal 
dynamics, as described above. 
O157 Also as regards the particular embodiment of the 
elements of the Scanning illumination Section other than 
motor 10, the above remarks apply. In particular, the polygo 
nal mirror 9 may be replaced by a plane mirror or in any case 
one exhibiting a Single reflecting Surface, and the laser light 
provided by emitter 8 may be modulated at high frequency, 
in particular for the purpose of making a laser reader capable 
of measuring the distance of the optical code C. 
0158 Moreover, also in the case of FIG. 8, the positions 
of motor 10, of laser emitter 8 and of optically reflecting 
member 9 are preferably fixed through conjugate means 
between Such elements and the casing of the laser module 1. 
0159. In place of the internal-magnet motor 10 shown in 
FIG. 8, it is possible to use a rotating magnetic disk motor. 
Such a motor is not shown, but it is structurally almost 
identical to the flat motor of FIG. 8, with the exception that 
the magnets are outside the motor and they are energised by 
windings in which an alternate current is circulated, which 
generates a moment which forces the magnetic disk in 
rotation. Such a Solution allows assembling the optically 
reflecting member 9 integral with the magnetic disk, for 
example inserted along shaft 33, thus obtaining a very Small 
thickness. Moreover, it is possible to keep the Size of the 
receiving chamber 27, that is, the mutual positions of the 
components of the receiving Section, as well as the position 
of laser emitter 8 and the width of the scan line at the 
emission window 11, as described above. 
0160 Moreover, the electronic components 34 for con 
trolling motor 10 can be assembled on its upper plate, 
together with an optional Shielding against electromagnetic 
noise caused by powering the same motor, thus improving 
the efficiency of the amplification circuits of the received 
Signal. The thickness only increases by at most 1-1.5 mm. 
0.161 In a further embodiment, for scanning the laser 
beam generated by the laser emitter 8 it is possible to use an 
optically reflecting member 9 with a single Surface, and a 
motor consisting of an oscillating magnetic device, which 
exhibits the advantage of having a very Small thickness. 
0162 Such an oscillating magnetic device 40, which is 
based on the principle described for example in UETP 
MEMS-Ca Project—Course Micro Actuators, 1997, B. 
Schmidt, J. Fluitman, pages 3-7, 3-8, is Schematically shown 
in FIG. 9. 

0163 The oscillating magnetic device 40 exhibits, on an 
insulating Substrate 41, for example made of ceramic, a core 
42 made of a magnetic material, for example of Nickel-Iron, 
having a “C” shape, that is, exhibiting an air gap 43. On core 
42 a winding 44 made of copper or other conductive material 
is made, for example in the manner described in B. Rogge, 
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J. Schulz, J. Mohr, A. Thommes, “Magnetic Microactuators 
Fabricated by the LIGA-Technique for Large Displacements 
or Large Forces”, Proc. Actuator 96, Bremen, pages 112 
115, or in Chong H. Ahn, Mark G. Allen, “A fully integrated 
Surface Micromachined Magnetic Microactuator with a 
Multilevel Meander Magnetic Core”, Journal of MEMS, 2, 
pages 15-22, 1993. 
0164. Moreover, the oscillating magnetic device 40 
exhibits an elongated magnetic element 45. The magnetic 
element 45 is essentially T-shaped, and is integral with 
substrate 41 at the end 46 of the T stem. The T-shaped 
magnetic element 45 is arranged in Such way with respect to 
the magnetic core 42 that an end 47 of the T top-line is in 
the proximity of the air gap 43 of the magnetic core 42 when 
winding 44 is not energised (rest position), but is attracted to 
the air gap 43 when winding 44 is energised, as shown in 
FIG. 9 with dotted line. More in particular, the elongated 
magnetic element 45 is a resonant Structure that, energised 
with a forcing wave having a frequency equal or close to its 
own frequency, Vibrates at the above frequency. 
0.165 At the T top-line there is applied the optically 
reflecting member 9, in this case a single mirror, in particular 
plane. Mirror 9 is thus made to oscillate for scanning the 
laser beam generated by the laser emitter 8. 
0166 Thanks to the possibility of making such structures 
with thickness down to a few mm, the oscillating magnetic 
device 40 shall actually exhibit a thickness equal to the mere 
size of the laser spot striking on mirror 9, which thus 
becomes the limiting element of any further reduction in the 
Scan System thickness. Considering that Such size ranges 
from a minimum of 0.5 to a maximum of 1.5 mm, and that 
Substrate 41 can have a thickness of 0.5-1.0 mm, the overall 
thickness of the Scan means-comprising the oscillating 
magnetic device motor 40 and the plane mirror optically 
reflecting member 9-of the entire scan motor is of just 
1.0+2.5 mm. 

0167. In a further embodiment (not shown), for scanning 
the laser beam generated by the laser emitter 8 it is possible 
to use an electroStatic oscillating or rotary motor combined 
with an optically reflecting member 9 oscillating in the first 
case, rotating or OScillating in the Second case. 
0168 A oscillating or rotating electrostatic motor basi 
cally consists of a capacitor, or of a Series of capacitors, 
whose plates are alternately charged with opposed or equal 
polarities, So as to create an attractive/repulsive electroStatic 
force which cyclically tends to move them closer and apart. 
Through the particular embodiment of the capacitor Slates, 
Such a force causes a rotary or OScillating motion, as 
described and illustrated, in an exemplificative way, in the 
following publications: UETP MEMS-Ca Project-Course 
Micro Actuators, 1997, B. Schmidt, J. Fluitman, pages 3-1, 
3-5; W. S. N. Trimmer and K. J. Gabriel, “Design consid 
erations for a practical electrostatic micromotor, Sensors 
and Actuators, 11(1987), pages 189-206; S. Bart, M. 
Mehregany, L. S. Tavrow, J. H. Lang, S. S. Senturia, 
“Electric micrometers dymamics”, IEEE Transactions On 
Electron Devices, 39(1992), pages 566-575 and H. Schenk, 
P. Dirr, H. Kiick, “A novel electrostatically driven torsional 
actuator”, proc. 3rd Intl. Conf. On Micro-Opto-Electro 
Mechanical Sys, Mainz, Aug. 30th-Sept. 1st, 1999. 
0169. In still other embodiments, the means for scanning 
the laser beam generated by the laser emitter 8 can consist 
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of an electro-optical device or of an acousto-optical device. 
Such a scan means is schematically shown in FIG. 10. 
0170 An electro-optical device 50 essentially comprises 
an interface between a first medium 51 and a Second medium 
52 (for example, two glass plates or air and a glass plate) and 
a circuit 53 for applying an electric field to the first and/or 
to the Second medium. The electric field changes the refrac 
tive index of the medium it is applied to. The laser light 
beam generated by the laser emitter 8 and directed through 
the first medium 51 is thus deflected at the interface with the 
Second medium 52 according to a controllable refraction 
angle. FIG. 10 does not show, for simplicity, the refractions 
at the interfaces between the air and the first medium 51 and 
between the second medium 52 and the air. 

0171 An acousto-optical device is totally similar, except 
in that the refractive index of the first and/or the second 
medium is varied through acoustic energy. 
0172 In an alternative embodiment, there are provided 
an array 60 of laser micro-sources and a controller 61 for 
driving the laser micro-sources. FIG. 11 rather schemati 
cally shows an array comprising, by way of an example, four 
rows 62-65 of ten laser micro-sources 66 each. 

0173 Controller 61 sequentially actuates the laser micro 
Sources 66 of a row 62-65 of the array 60 for scanning the 
optical code with a laser Spot, instant by instant generated by 
one of the laser micro-sources 66 of the driven row 62-65. 

0.174 Even though a single row of laser micro-sources is 
therefore Sufficient (for example, row 62), there are prefer 
ably present more rows-of course, the number of four in 
FIG. 11 being purely exemplificative. In this way, it is thus 
possible to generate more Scan lines at different heights in 
the optical code, in particular for reading Stacked codes. 
0.175. In a particularly advantageous way, moreover, in 
each row 62-65 the laser micro-sources 66 are of a different 
colour. Thus, for example, row 62 may generate a red laser 
light Scan line, row 63 may generate a green laser light Scan 
line, and So on. Controller 61 and the logics of the optical 
code reader in which the laser module is intended to be 
included may thus illuminate the optical code with the laser 
line of the most Suitable colour for its reading, depending on 
the colour of the optical code itself, and of its background, 
for example depending on the Space and bar colour of a bar 
code. 

0176) The laser micro-sources 66 of the array 60 shall be 
preferably arranged as close as possible to the rear wall 4 of 
the laser module 1 for the purpose of having a long Scan line 
at the output of the emission window 11 for the reasons 
described above. 

0177. It will be now described, with reference to FIGS. 
12 and 13, a block 70 particularly useful since it combines 
in a single moulded piece the Support of both the receiving 
Section components, and -he Scanning illumination Section 
components. The support block 70 is illustrated with refer 
ence to the particular components of the embodiment of 
FIG. 1, but, of course, it could be used after Suitable 
modifications also for the other embodiments described. 

0178 Firstly, the support block 70 exhibits peripheral 
vertical legs 71 and a horizontal partition 72. In the portion 
above partition 72, as it can be seen in the view of FIG. 12, 
the peripheral front legs 71 exhibit a series of grooves 73 
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wherein there are inserted the optional protective and/or 
filtering glass 21, the focusing lens 22, the optional Slit 23 
and finally, the circuits on which the photo-detecting ele 
ments 24 are welded. 

0179. In practice, the receiving section is insulated from 
above thanks to a thin black flexible plastic sheet (not 
shown) which “rests” on the upper base of the support block 
70 and is kept pressed on it by the pressure of the printed 
circuit 74 containing the electronic components. 

0180 According to the embodiment selected for motor 
10, it can be housed in the portion above partition 72 (as 
shown in FIGS. 12 and 13) or in the lower portion, for 
example in the case of motorS having a Smaller thickness, 
Such as for example the magnetic disk motor or the oscil 
lating magnetic device described above. 
0181 For the purpose of ensuring the placement of motor 
10 and thus of the optically reflecting member 9 with respect 
to laser 8, both in height and in plan, it can be advantageous 
to provide, as an alternative to clip 13 shown in FIGS. 12 
and 13, a bored cylindrical support 75 (FIGS. 14 and 15) 
in which the body of motor 10 may slide, said support 75 
exhibiting threaded holes 76 for fastening it at one end of the 
upper printed circuit 74 through two screws 77 and, at the 
other end, being able to be introduced in two holes (not 
shown) properly provided in block 70, through two pins 78. 
In this way, the shocks are better absorbed since motor 10 is 
fastened in four points to the Support block 70, and more 
over, angular misalignments are prevented. Preferably, 
motor 10 is pressure fit into the Support block 70, by using 
a carved structure So as to create a Snap fit. 
0182 Turning back to FIGS. 12 and 13, in the portion 
below partition 72 of the Support block 70 there are housed 
the laser emitter 8 and the optically reflecting member 9, for 
example the polygonal mirror shown. The latter is preferably 
arranged at the vertex of an essentially triangular receSS 
defined by two vertical walls 80, 81, for the purpose of 
insulating the illumination laser light from the other com 
ponents. 

0183 Advantageously, the lower portion of the support 
block 70 also exhibits a groove 82 which selects a part of the 
Scan, carried out at a very great angle, and conveys it 
towards the sensitive area of a very small photodiode 83, 
used as a Scan Start Sensor and for the feedback control of 
motor 10, as it will be better explained hereinafter. Option 
ally, the light collection can be facilitated by introducing in 
groove 82 a light guide (not shown), consisting for example 
of a plastic prism, Such as to facilitate the coupling between 
the light reflected by the polygon and the Sensitive area of 
the small photodiode 83. The end Surface of such a light 
guide can be made diffusing (rough) for guaranteeing the 
coupling also in the presence of even quite considerable 
position errors of photodiode 83. There may be provided a 
Second groove with a respective photodiode for detecting the 
Scan end, as an alternative or in addition to groove 82 and 
photodiode 83 for detecting the scan start. 

0184 The provision of the extraction path defined by 
groove 82 and of the scan start photodiode 83, in se known 
in larger Scanners, has the function of intercepting the end 
portion of the Scan, which typically is not used since it 
corresponds to a very large angle, at which the laser Spot 
falls in the middle between a face of the polygonal mirror 
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optically reflecting member 9 and the Subsequent one, or at 
the edge of a plane mirror. Thus, such a photodiode 83 
provides a pulse for each Scan, or “Scan” Signal, which 
allows Synchronising the electronics on the Single Scan and 
is used, for example, by the decoder for Starting to Search an 
optical code within the Scan line. Moreover, Such a signal 
can be particularly useful for decoding Systems based on 
reconstruction. 

0185. Of course, similar provisions can be implemented 
in the Scanning illumination Sections of the other described 
embodiments. For example, in the case of the array 60 of 
laser micro-Sources, the Scan start (end) signal shall corre 
spond to the start up of the first (last) micro-source 66 of 
each row 62-65. 

0186 FIG. 16 schematically shows a further embodi 
ment of a laser module 1, in which the components of the 
Scanning illumination Section and those of the receiving 
Section are arranged in a common plane, So that the laser 
module 1 has an extremely reduced thickness. In FIG. 16, 
the Scanning illumination Section is illustrated as comprising 
a laser emitter 8, a plane mirror as the optically reflecting 
member 9 and a motor 10. However, such a single plane 
arrangement is also Suitable for the other embodiments of 
the Scanning illumination Section described above. It can be 
noted that, in order to limit the length (that is to say, the size 
in the direction parallel to the Scan line) of the laser module 
1, the plane mirror 9 and the laser emitter 8 are arranged in 
the proximity of the front face of the laser module itself, 
mirror 9 being partly arranged in front of the motor. 
0187. In FIG. 16, the receiving section is schematically 
illustrated as the receiving chamber 27 or the receiving 
chamber 27a described hereinafter with reference to FIGS. 
17-19. However, for further reducing the length of the laser 
module 1, the photo-detecting elements 24 may also be 
arranged in the proximity of the front face of the laser 
module, partly extending in front of motor 10 similarly to 
the arrangement of the plane mirror 9 of FIG. 16. 

0188 Thus, with reference to FIG. 17, the receiving 
chamber 27a is wedge-shaped, and it comprises a front face 
90, a lower face 91 orthogonal to it, a sloping face 92 
between them, and side faces 93, 94 shaped as right-angled 
triangles. 

0189 The focusing lens 22 (or the lens system) is 
arranged at the front face 90, whereas the photo-detecting 
elements 24 (or the single photodiode) are arranged at the 
lower face 91. The sloping face 92, having a maximum slope 
of 45 with respect to the front face 90, is provided with an 
internally reflecting surface 95. As shown by the dotted 
arrow, the rays of light diffused by code C penetrate the 
receiving chamber 27a from the front face 90, passing 
through lens 22 and arriving, through a horizontal path 
segment, on the internally reflecting surface 95 of the 
sloping face 92. At this internally reflecting surface 95, the 
rays of diffused light are reflected downwards, covering a 
Second vertical Segment towards the photo-detecting ele 
ments 24. 

0190. Such a wedge-shaped receiving chamber 27a 
allows using a lens having a longer focal length than a 
parallelepiped receiving chamber, depth size P being equal. 
A long focal length lens offers the advantages described 
above. From another point of view, focal length of lens 22 
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being equal, it is possible to make the receiving chamber 27a 
with a smaller depth P with respect to the receiving chamber 
27, with advantages in terms of compactness of the laser 
module. Moreover, the horizontal arrangement of the photo 
detecting elements 24 allows using a Single commonly 
marketed photodiode, having a large area, without thus 
adversely affecting the thickness of the receiving chamber 
27a and thus of the laser module 1. Moreover, the horizontal 
arrangement of the photo-detecting elements 24 prevents the 
need of providing a vertical printed circuit for their control 
and for receiving their output electrical Signal, as it is 
necessary in the other described embodiments. On the 
contrary, on the Same printed circuit there can also be 
provided the necessary components and connections for 
powering and controlling the Scanning illumination Section. 
Such a printed circuit may for example form the base of the 
laser module 1 of FIG. 16. 

0191 For recovering also the light coming from the 
edges of the Scan line of the optical code C, increasing the 
efficiency of light collection without increasing the noise 
due to ambient light, also the side faces 93, 94 of the 
receiving Section 27a can be provided with internally 
reflecting surfaces 96. 
0.192 For further improving the light collection effi 
ciency, the side faces 93, 94 of the receiving section 27a can, 
moreover, be slightly converging away from the front face 
91, as shown in the top view of FIG. 18. 
0193 In the embodiment of FIG. 17, the receiving cham 
ber 27a is hollow, its faces 90,92 and optionally, 93, 94,91 
respectively consisting of lens 22, mirrors 95196 and pho 
todiode 24. 

0194 As an alternative, as shown in FIG. 19, the receiv 
ing section 27a can consist of a block 97 of an optically 
transparent material shaped as a wedge in the manner 
described above, and having a mirror treatment on the 
sloping face 92 and optionally on the side faces 93, 94. In 
this way, the mutual orientation of the various faces is more 
easily controllable. 
0.195 Although it has been described with reference to 
the arrangement in the same plane of the Scanning illumi 
nation section components (FIG. 16), it is manifest that the 
above advantages of Such a wedge-shaped receiving cham 
ber 27a make its use advantageous also above or below the 
Scanning illumination Section, in this case the wedge-shaped 
receiving chamber 27a being preferably assembled upside 
down with respect to the orientation of FIGS. 17-19, that is 
with the lower face 91 arranged on the top, at the parting 
plane from the Scanning illumination Section. 
0196. In the practical use of the laser module 1 for 
reading optical codes of the present invention, it can be 
useful to allow the operator to aim at the optical code before 
Starting the reading. This can be obtained by assembling the 
Scanning optically reflecting member 9 in a predetermined 
position with respect to the shaft (rotation axis) of motor 10, 
So that, upon start up, by Suitably driving motor 10, Such an 
optically reflecting member 9 arranges in a predetermined 
position with respect to the incident laser beam. 
0.197 All the rotary motors described above are charac 
terised by the presence of a certain number of magnetic 
dipoles (at least one) on the rotating portion (rotor), and of 
a certain number of windings on the Stator. It can be 
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imagined to reduce the number of magnetic dipoles on the 
rotor to only one. Then, if upon Start up only one of the Stator 
windings is powered, with a direct current, the rotor arranges 
in a univocal position. Thus, it is possible to assemble the 
optically reflecting member in a predetermined position with 
respect to the rotor. Since the Stator windings are also 
arranged in a predetermined position with respect to the 
outer casing and to the pins, it is also possible to assemble 
the motor on the printed circuit So that the windings are 
always in a predetermined position with respect to the 
printed circuit, and thus to the arrival direction of the laser 
beam. In more detail, the assembling operation can follow 
the Sequence below. 
0198 The motor is assembled on the printed circuit with 
the pins oriented So that the windings are in a preset position 
with respect to the incident laser beam. Then, a winding is 
powered with direct current So that the rotor dipole aligns 
with the polarity of the powered winding. With the rotor in 
this angular position, the optically reflecting member is 
assembled with Such an orientation as to produce a fixed spot 
at the centre of the Scan line, or two spots at the edges of the 
Scan line, in the case of a polygonal mirror mounted with an 
edge at the incident laser beam. 
0199. Once thus fastened, the optically reflecting member 
places itself in the same position every time the same 
winding is fed, thus allowing an effective aiming. For 
allowing Such a Stand-by of the laser Source with respect to 
the actuation of the motor for Scanning the laser beam, there 
can be provided independent actuation buttons, a Single 
dual-position Switch, or a preset delay. Moreover, it can be 
advantageous, for Safety reasons, to provide for the auto 
matic Switching off of the laser in case the motor is not 
Started within a predetermined time from the laser Start up. 
0200. A similar provision can be easily embodied in the 
case of the other described Scanning illumination Sections. 
Thus, in the case of the magnetic oscillating device 40, the 
stand-by position can be established by the absence of 
powering in the winding; in the case of the electro-optical or 
acousto-optical devices 50, by the absence of driving of the 
Same devices, in the case of the micro-Sources array 60, by 
the Start up of the central Source or of the two end Sources 
of a row. 

0201 Finally, in all the embodiments described above, in 
case an array of photo-detecting elements 24 of the C-MOS 
type is used, it is possible to integrate all the Sensor control 
logics, the digitising logicS and the decoding logics on a 
Same chip. In this way, the size and costs of the System can 
be further reduced. 

0202 For the purpose of reducing the number of com 
ponents present, moreover, it will be also possible to provide 
a dedicated integrated circuit capable of totally digitally 
processing the Signal produced by the photo-detecting ele 
ments 24. Such a circuit shall contain an analogue-to-digital 
converter for providing the Sampled analogue signal to a 
digital processing circuitry. In this way, all the analogue 
components required for digitising are avoided, being 
replaced by a single dedicated digital chip. 
0203 For economical reasons and for simplicity of 
assembling, the same integrated circuit can contain all the 
circuits required for the motor control. 
0204. A further advantageous provision consists in pro 
ducing, in an optical code reader in which the module laser 
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1 of the invention is embedded, a circuit capable of provid 
ing both the digitised output, needed for compatibility 
reasons with the products already existing on the market, 
and the decoded output. In this way, readers of very Small 
Size and low cost can be implemented. 

1. Compact laser module (1) for reading optical codes, 
comprising: 

a Scanning illumination Section having at least one Source 
(8; 60) for generating a laser beam, and means (9,10; 
40, 50, 60, 61) for scanning the optical code (C) to be 
read with a laser Spot, and 

a receiving section (20-24; 27; 27a) for collecting at least 
a portion of the light diffused by the code (C) and 
detecting the collected light, 

the receiving Section and the Scanning illumination Sec 
tion being Spatially distinct. 

2. Laser module (1) according to claim 1, characterised in 
that the scan means (9, 10; 40, 50, 60, 61) comprises motor 
means (10; 40) and an optically reflecting member (9) 
moved by the motor means (10; 40) for receiving and 
deflecting the laser beam. 

3. Laser module (1) according to claim 2, characterised in 
that the optically reflecting member (9) is of a size (Hs) in 
the direction perpendicular to the Scan plane that is less than 
1.5 mm. 

4. Laser module (1) according to any one of claims 2 and 
3, characterised in that the motor means (10; 40) provides a 
continuously variable angular speed. 

5. Laser module (1) according to claim 4, characterised in 
that upon start up said motor means (10; 40) is driven with 
a ramp signal. 

6. Laser module (1) according to one or more of claims 2 
to 5, characterised in that said motor means (10; 40) com 
prises a motor (10) selected between a brushless motor and 
a stepping motor. 

7. Laser module (1) according to claim 6, characterised in 
that said motor (10) is of a height (HM) lower than 9 mm. 

8. Laser module (1) according to claim 7, characterised in 
that said motor (10) is of a height (HM) lower than 6 mm. 

9. Laser module (1) according to claim 8, characterised in 
that said motor (10) is of a height (HM) lower than 3 mm. 

10. Laser module (1) according to one or more of claims 
2 to 5, characterised in that said motor means (10; 40) 
comprises a rotating magnetic disk motor and the optically 
reflecting member (9) is directly supported on the motor 
magnetic disk. 

11. Laser module (1) according to any one of claims 2 to 
5, characterised in that said motor means (10; 40) comprises 
an electrostatic motor. 

12. Laser module (1) according to any of claims 2-11, 
characterised in that the motor means (10; 40) is driven with 
pulse width modulation. 

13. Laser module (1) according to any of claims 2-12, 
characterised in that the optically reflecting member (9) 
comprises at least a portion of the side faces (911-916) of a 
polygonal-base body, and is rotationally moved by the motor 
means (10). 

14. Laser module (1) according to claim 13, characterised 
in that the side faces (911-916) of the polygonal base body 
are sloping at respective different angles (C1-C.6) with 
respect to its axis. 
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15. Laser module (1) according to one ore more of claims 
2-12, characterised in that the optically reflecting member 
(9) comprises a single Surface, and is moved with an 
alternately oscillating motion along a circumference arc. 

16. Laser module (1) according to claim 15, characterised 
in that said motor means (10; 40) comprises an oscillating 
magnetic device (40). 

17. Laser module (1) according to claim 16, characterised 
in that the oscillating magnetic device (40) comprises, on a 
common insulating Substrate (41): 

a magnetic core (42) having a conductor winding (44) 
around it, and an air gap (43), and 

an elongated magnetic element (45) having an end (47) 
that is free to oscillate towards and away from the air 
gap (43) of the magnetic core (42) and carrying the 
optically reflecting member (9). 

18. Laser module (1) according to claim 1, characterised 
in that the scan means (9, 10; 40; 50; 60, 61) comprises a 
device (50) selected between an electro-optical device and 
an acousto-optical device. 

19. Laser module (1) according to claim 1, characterised 
in that the Scanning illumination Section comprises an array 
(60) of laser micro-sources (66) and the scan means (9, 10; 
40, 50; 60, 61) comprises a controller (61) for sequentially 
actuating the laser micro-sources (66) of a row (62-65) of the 
array (60). 

20. Laser module (1) according to claim 19, characterised 
in that the array (60) of laser micro-Sources comprises more 
rows (62-65). 

21. Laser module (1) according to claim 20, characterised 
in that each row (62-65) of laser micro-sources (66) of the 
array (60) is of a respective colour. 

22. Laser module (1) according to any of the previous 
claims, characterised in that the scan means (9, 10; 40, 50) 
or the laser micro-Sources (60) are arranged as far as 
possible from a front face (3) of the laser module (1). 

23. Laser module (1) according to any of the previous 
claims, characterised in that the scan means (9, 10; 40, 50; 
60, 61) exhibits a predetermined stand-by position, in which 
it projects the laser beam in at least one fixed laser spot at 
the code (C). 

24. Laser module (1) according to any of the previous 
claims, characterised in that the Scan laser light is high 
frequency modulated. 

25. Laser module (1) according to claim 24, characterised 
in that the Scan laser light is modulated So as to obtain a 
Signal Suitable to measure the optical code distance. 

26. Laser module (1) according to any of the previous 
claims, characterised in that the receiving Section comprises 
at least one focusing lens (22) in the proximity of the front 
face (3) of the laser module (1), and at least one photo 
detecting element (24) at the focus of the focusing lens (22). 

27. Laser module (1) according to claim 26, characterised 
in that there is a slit (23) between said at least one focusing 
lens (22) and said at least one photo-detecting element (24). 

28. Laser module (1) according to any of claims 26 and 
27, characterised in that there is a plurality of photo 
detecting elements (24) and means (82,83) for synchronis 
ing the actuation of the photo-detecting elements (24) of Said 
plurality with said scan means (9, 10; 40; 50; 60, 61). 

29. Laser module (1) according to any of claims 26-28, 
characterised in that the receiving Section is essentially 
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parallelepiped (27), said at least one photo-detecting ele 
ment (24) being arranged in close proximity of a rear face 
(4) of the laser module (1). 

30. Laser module (1) according to claim 29, characterised 
in that the receiving Section further comprises photo-detect 
ing elements (24) arranged in close proximity of its side 
faces. 

31. Laser module (1) according to claim 30, characterised 
in that the receiving Section comprises a plurality of photo 
detecting elements (24) arranged along an optimum focus 
curve of a single focusing lens (22). 

32. Laser module (1) according to any of claims 26-28, 
characterised in that the receiving Section comprises a 
chamber (27a) having a front face (90), a lower face or 
respectively upper face (91) orthogonal to it, a sloping face 
(92) between them, and side faces (93, 94) shaped as 
right-angled triangles, said at least one focusing lens (22) 
being arranged at she front face (90), said at least one 
photo-detecting element (24) being arranged at the lower or 
respectively upper face (91), and there being provided an 
internally reflecting surface (95) at the sloping face (92). 

33. Laser module (1) according to claim 32, characterised 
in that the slope angle between the sloping face (92) and the 
front face (90) is less than 45 degrees. 

34. Laser module (1) according to any of claims 32 and 
33, characterised in that internally reflecting surfaces (96) 
are also provided at the side faces (93, 94) of the receiving 
chamber (27a). 

35. Laser module (1) according to claim 34, characterised 
in that the side faces (93, 94) are slightly converging away 
from the front face (90). 

36. Laser module (1) according to any of claims 32 to 35, 
characterised in that the receiving chamber (27a) is Solid, 
made of an optically transparent material (97). 

37. Laser module (1) according to any of claims 26 to 36, 
characterised in that said at least one focusing lens (22) is 
Selected between a cylindrical lens and a toric lens. 

38. Laser module (1) according to claim 37, characterised 
in that said at least one focusing lens (22) is a Fresnel 
cylindrical lens. 

39. Laser module (1) according to any of claims 26 to 35, 
characterised in that said at least one focusing lens (22) is 
made of a coloured plastic material with high-pass filter 
behaviour. 

40. Laser module (1) according to claim 39, characterised 
in that the receiving Section comprises a common glass filter 
(21) having a low-pass treatment. 
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41. Laser module (1) according to claim 39, characterised 
in that the focusing lens (22) is coloured with low-pass filter 
behaviour on its optically non-active face. 

42. Laser module (1) according to any of the previous 
claims, characterised in that the Scanning illumination Sec 
tion and the receiving Section are arranged in Stacked planes. 

43. Laser module (1) according to claim 36, characterised 
in that the Scanning illumination Section comprises an emis 
Sion window (11) having a height Substantially equal to the 
laser beam diameter in that plane. 

44. Laser module (1) according to any of claims 1 to 41, 
characterised in that The Scanning illumination Section and 
the receiving Section are arranged in a common plane. 

45. Laser module (1) according to claim 44, characterised 
in that said at least one photo-detecting element (24) of the 
receiving Section partially extends in front of motor means 
(10; 40) of the scanning illumination section. 

46. Laser module (1) according to claim 44 or 45, 
characterised in that the scan means (9; 50) or the array of 
laser micro-Sources (60) are arranged in close proximity of 
the front face (3) of the laser module (1). 

47. Laser module (1) according to any of the previous 
claims, characterised in that it comprises a Support block 
(70) for commonly Supporting the components of the receiv 
ing Section, and of the components of the Scanning illumi 
nation Section. 

48. Laser module (1) according to claim 47, characterised 
in that the Support block (70) and the components of the 
Scanning illumination and receiving Sections have conjugate 
means (12, 13, 13a, 76-78) for assembling the components 
in predetermined positions. 

49. Laser module (1) according to any of claims 47 and 
48, characterised in that the Support block (70) exhibits at 
least one wall (80, 81) extending transversally to the front 
face (3) for defining an insulated chamber for the scan laser 
light propagation. 

50. Laser module (1) according to any of claims 47 to 49, 
characterised in that the Support block (70) exhibits at least 
one insulated light extraction path (82) at an end portion of 
the Scan, and in that a photo-detecting element (83) is 
arranged at the end of each extraction path (82). 
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