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MULTI-DIMENSIONAL SCANNING 
ARRANGEMENT WITH U-SHAPED PLANAR 

SPRING 

[0001] This application is a continuation-in-part of Ser. 
No. 428,770, ?led Oct. 30, 1989. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention generally relates; to a scanning 
arrangement in a scanner operative for repetitively scanning 
indicia having parts of different light re?ectivity, for 
example, bar code symbols, and, more particularly, to oper 
ating such a scanning arrangement at high speeds in single 
or multi-aXis scan patterns. 

[0004] 2. Description of the Related Art 

[0005] Various optical readers and optical scanners have 
been developed heretofore to optically read bar code sym 
bols applied to objects in order to identify the object by 
optically reading the symbol thereon. The bar code symbol 
itself is a coded pattern comprised of a series of bars of 
various Widths and spaced apart from one another to bound 
spaces of various Widths, the bars and spaces having differ 
ent light re?ecting properties. The readers and scanners 
electro-optically decoded the coded patterns to multiple digit 
representations descriptive of the objects. Scanners of this 
general type have been disclosed, for example, in US. Pat. 
Nos. 4,251,798; 4,360,798; 4,369,361; 4,387,297; 4,593, 
186; 4,496,831; 4,409,470; 4,808,804; 4,816,661; 4,816, 
660; and 4,871,904, all of said patents having been assigned 
to the same assignee as the instant invention and being 
hereby incorporated herein by reference. 

[0006] As disclosed in the above-identi?ed patents and 
applications, a particularly advantageous embodiment of 
such a scanner resided, inter alia, in emitting a light beam, 
preferably a laser beam, emitted from a light source, pref 
erably a gas laser or a laser diode, and in directing the laser 
beam to a symbol to be read. En route to the symbol, the 
laser beam Was directed to, and re?ected off, a light re?ector 
of a scanning component. The scanning component moved 
the re?ector in a cyclical fashion and caused the laser beam 
to repetitively scan the symbol. The symbol re?ected the 
laser beam incident thereon. Aportion of the incident light 
re?ected off the symbol Was collected and detected by a 
detector component, eg a photodiode, of the scanner. The 
photodiode had a ?eld of vieW, and the detected light over 
the ?eld of vieW Was decoded by electrical decode circuitry 
into data descriptive of the symbol for subsequent process 
ing. The cyclically movable re?ector sWept the laser beam 
across the symbol and/or sWept the ?eld of vieW during 
scanning. 

[0007] US. Pat. Nos. 4,387,297 and 4,496,831 disclose a 
high-speed scanning component including an electric motor 
operative for reciprocatingly oscillating a re?ector in oppo 
site circumferential directions relative to an output shaft of 
the motor. Electrical poWer is continuously applied to the 
motor during scanning. The light beam Which impinges on 
the light re?ector is rapidly sWept across a symbol to be 
scanned in a predetermined cyclical manner. The scanning 
component comprises at least one scan means for sWeeping 
the symbol along a predetermined direction (X-aXis) length 
Wise thereof. The scanning component may also comprise 
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another scan means for sWeeping the symbol along a trans 
verse direction (Y-aXis) Which is substantially orthogonal to 
the predetermined direction, to thereby generate a raster 
type scan pattern over the symbol. In addition to a single 
scan line and the raster-type pattern, other types of scan 
patterns are also possible, such as, X-shaped, Lissajous, 
curvilinear (see US. Pat. No. 4,871,904), etc. For eXample, 
if the X and Y aXis scanning motors are both driven such that 
the light re?ectors are driven at a sinusoidally-varying rate 
of speed, then the scan pattern at the reference plane Will be 
a Lissajous-type pattern for omni-directional scanning of the 
symbols. The use of tWo separate scanning motors and 
control means to produce the multi-aXis and omni-direc 
tional scanning pattern increases material and labor costs as 
Well as the amount of electrical poWer needed to operate the 
scanner. In addition, the relatively complicated motor shaft 
and bearing arrangements of the scanning components may 
result in a useful life that is inadequate for some applica 
tions. Furthermore, the scanning components disclosed in 
US. Pat. Nos. 4,387,297 and 4,496,831 are designed for 
miniature light re?ectors and are not Well suited for large 
scale re?ectors. 

SUMMARY OF THE INVENTION 

[0008] 1. Objects of the Invention 

[0009] It is a general object of this invention to advance 
the state of the art of scanners for reading indicia of different 
light re?ectivity, particularly laser scanners for reading bar 
code symbols. 

[0010] An additional object of this invention is to provide 
novel high-speed scanning elements and novel scanning 
methods of operation. 

[0011] Yet another object of this invention is to conve 
niently generate single line, multi-line or omni-directional 
scan patterns With the same scanning elements. 

[0012] A further object of this invention is to provide a 
scanning arrangement having an increased scan line ampli 
tude. 

[0013] It is another object of this invention to minimiZe 
the number of elements comprising the scanning compo 
nent. 

[0014] Another object of this invention is to increase the 
Working lifetime of the scanning components. 

[0015] 2. Features of the Invention 

[0016] In keeping With these objects, and others Which 
Will become apparent hereinafter, this invention resides, 
brie?y stated, in an arrangement for, and a method of, 
scanning indicia having parts of different light re?ectivity by 
directing light toWard the indicia and by collecting re?ected 
light returning from the indicia. This invention comprises a 
scanner component supported by holder means for angular 
oscillating movement in a single scan direction betWeen a 
pair of scan end positions or alternatively, in ?rst and second 
scan directions betWeen ?rst and second pairs of scan end 
positions. According to this invention, read-start means are 
provided for moving the component betWeen the scan end 
positions. 

[0017] In one feature, the component is simultaneously 
angularly oscillated betWeen the ?rst and second pair of scan 
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end positions for directing light along the ?rst and second 
scan directions to thereby effect a multi-directional scan 
pattern over the indicia. 

[0018] In one embodiment, the holder means is a planar 
leaf spring having opposite ends anchored and the scanner 
component mounted on a bent central portion of the spring. 
The read start means is comprised of a permanent magnet 
mounted to the holder and an electromagnetic coil for 
displacing the magnet in response to a driving signal. By 
energiZing the nearby coil, the magnet and, in turn, the 
scanner component are oscillated, preferably at the resonant 
frequency of the component/magnet assembly. 

[0019] In another embodiment, the holder means is a 
tuning fork having a permanent magnet ?xedly mounted on 
one arm of the fork and the scanner component ?xedly 
mounted on the other arm. The read-start means is com 
prised of an electromagnetic coil for displacing the magnet 
and, in turn, for oscillating the scanner component in a scan 
Which eXtends in the ?rst direction over the indicia. The stem 
of the fork may also be oscillated by a second read-start 
means comprised of a stepper motor to scan the indicia in the 
second direction generally perpendicular to the ?rst direc 
tion to effect tWo-dimensional scanning. 

[0020] In a further embodiment of the present invention, a 
tWo-dimensional scan pattern over the indicia is advanta 
geously effected by a holder means that is constructed for 
mounting the component for angular oscillating movement 
along ?rst and second aXes in response to a single read-start 
means. 

[0021] In one embodiment, the ?rst and second vibratory 
means are mounted in orthogonal planes relative to each 
other and cooperate for angular oscillatory movement of the 
component about the ?rst and second aXes. The ?rst vibra 
tory means is constructed to vibrate at a high range of 
frequencies and the second vibratory means is constructed to 
vibrate at a loW range of frequencies in response to a driving 
signal. The driving signal is comprised of a superposition of 
a ?rst A.C. signal Within the high frequency range and a 
second A.C. signal Within the loW frequency range to 
thereby effect a tWo-aXis raster-type scan pattern. In this 
embodiment, the ?rst vibratory means is a generally 
U-shaped leaf spring having a permanent magnet mounted 
on one arm and the scanner component mounted on the other 

arm, and the second vibratory means is a generally planar 
leaf spring having one end secured to the arm of the 
U-shaped spring having the magnet and the other end 
secured to a base forming a vibration pivot line. The 
superimposed driving signal is supplied to an electromag 
netic coil for displacing the magnet and, in turn, for oscil 
lating the scanner component in tWo orthogonal scan direc 
tions over the indicia to form the raster pattern. In an 
alternative embodiment, the second vibratory means 
includes a generally S-shaped leaf spring secured to the 
planar leaf spring. 

[0022] In another embodiment of a tWo-aXis raster-type 
scan arrangement, the holder means includes a generally 
planar leaf spring having one end secured to a base to form 
a vibration pivot line and the component mounted on the free 
end of the spring. The center of mass of the component is 
offset from the aXis formed by an electromagnetic coil and 
a magnet mounted to the leaf spring. The offset center of 
mass of the component provides a restoring force to tor 
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sionally vibrate the planar spring along the ?rst scan direc 
tion at a high range of frequencies and the leaf spring 
vibrates about the pivot line along the second scan direction 
at a loW range of frequencies to effect the raster-type scan 
pattern over the indicia in response to a superimposed high 
and loW frequency driving signal. 

[0023] In another feature of the invention, an omni-direc 
tional scan pattern over the indicia is provided. First and 
second vibratory means are arranged such that in response to 
a superposition of driving signals having a frequency ratio 
relative to each other of 5:1 or less, a Lissajous scan pattern 
is effected. The ?rst vibratory means is a generally U-shaped 
leaf spring in Which one arm is mounted to the component 
and the other arm is mounted to the second vibratory means 
Which includes a generally planar leaf spring secured to the 
base forming a pivot line. The leaf spring includes a per 
manent magnet mounted on one side that cooperates With an 
electromagnetic coil. Mounted on the other side of the leaf 
spring is the U-shaped spring With the component. The 
direction of vibration of the leaf spring about the pivot line 
and the direction of vibration of the U-shaped spring are the 
same. In this embodiment, the Weight of the U-shaped spring 
and component results in a torsional vibration of the planar 
spring for oscillating the component along one scan direc 
tion and the vibration of the leaf spring about the pivot point 
results in the component being oscillated along a second 
scan direction. The simultaneous vibration in the tWo aXes 
generated by the 5 to 1 or less frequency superimposed 
driving signal provides the Lissajous scan pattern. 

[0024] In an improved construction of the U-shaped spring 
comprising the holder means in the various embodiments 
described above, the angular amplitude of the scan line 
produced by the U-shaped spring is increased by providing 
the spring With asymmetrically dimensioned arms. The 
asymmetrically dimensioned construction may be imple 
mented to increase the angular amplitude in either Ea one or 
tWo aXis scan arrangement. 

[0025] In a further feature of the present invention, various 
improvements in the means for providing the necessary 
restoring force to repeatably oscillate the compound 
betWeen scan end positions is provided. 

[0026] In one embodiment, the read-start means includes 
a magnetic return means that provides a spring-like restoring 
force for oscillating the component betWeen scan end posi 
tions. The magnetic return means includes a stationary 
permeable magnetic core positioned adjacent a movable 
permanent magnet at an equilibrium position. The magnet is 
operatively connected to the component for moving the 
component betWeen scan end positions. The permanent 
magnet is alternately attracted to and repelled from an 
electromagnetic coil When the coil is energiZed by an 
alternating current driving signal. During actuation of the 
coil, the magnet passes back and forth over the core Which 
alternately magnetiZes the core With a polarity opposite to 
the side of the magnet facing the core thereby creating a 
magnetic restoring force causing the magnet to return to the 
equilibrium position over the center of the core. In a further 
embodiment, a second electromagnetic coil may be provided 
in operative arrangement With the core to strengthen the 
magnetic ?eld of the core. Alternatively, the core may be 
formed of a permanent magnet material. 

[0027] In another feature of the invention, the restoring 
means may be in the form of an elastic member, such as a 
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room temperature vulcaniZer, attached to the component that 
acts like a spring to restore the component to the rest 
position. 
[0028] The novel features Which are considered as char 
acteristic of the invention are set forth in particular in the 
appended claims. The invention itself, hoWever, both as to 
its construction and its method of operation, together With 
additional objects and advantages thereof, Will be best 
understood from the folloWing description of speci?c 
embodiments When read in connection With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a front perspective vieW of hand-held 
head employed in a scanner; 

[0030] FIG. 2 is a top plan vieW of a further embodiment 
of a scanning arrangement according to this invention; 

[0031] FIG. 3 is a side vieW of another embodiment of a 
scanning arrangement according to this invention; 

[0032] FIG. 4 is a perspective vieW of yet another embodi 
ment of a scanning arrangement according to this invention; 

[0033] FIG. 5 is a cross-sectional vieW of a further 
embodiment of the scanning arrangement according to this 
invention; 
[0034] FIGS. 6a and 6b are side and front vieWs of an 
additional embodiment of the scanning arrangement accord 
ing to this invention; 

[0035] FIG. 7 is a cross-sectional vieW of yet another 
embodiment of a scanning arrangement according to this 
invention; 
[0036] FIG. 8 is a perspective vieW of an additional 
embodiment of the scanning arrangement according to this 
invention; and 

[0037] FIG. 9 is a perspective vieW of a further embodi 
ment of the scanning arrangement according to this inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Referring noW to the draWings, as shoWn in FIG. 
1, reference numeral 10 generally identi?es a hand-held, 
gun-shaped scanner head having a barrel 12 and a handle 14. 
The head need not be gun-shaped as any suitable con?gu 
ration may be used, such as boX-like. A manually-operable 
trigger 16 is situated beloW the barrel 12 on an upper, 
forWardly-facing part of the handle 14. As knoWn from the 
above-identi?ed patents and applications incorporated by 
reference herein, a light source component, typically, but not 
necessarily, a laser, is mounted inside the head 10. The light 
source emits a light beam along a transmission path Which 
eXtends outWardly through a WindoW 18 that faces indicia, 
e.g. bar code symbols, to be read. Also mounted Within the 
head is a photodetector component, eg a photodiode, 
having a ?eld of vieW, and operative for collecting re?ected 
light returning through the WindoW 18 along a return path 
from the symbol. 

[0039] A scanner component is mounted Within the head 
10, and is operative for scanning the symbol and/or the ?eld 
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of vieW of the photodetector. The scanner component 
includes at least one light re?ector positioned in the trans 
mission path and/or the return path. The re?ector is driven 
by an electrically-operated drive to oscillate in alternate 
circumferential directions, preferably at the resonant fre 
quency of the scanner component. 

[0040] The photodetector generates an electrical analog 
signal indicative of the variable intensity of the re?ected 
light. This analog signal is converted into a digital signal by 
an analog-to-digital converter circuit This digital signal is 
conducted, according to one embodiment, along an electrical 
cable 20 to a decode module 22 located eXteriorly of the 
head 10. The decode module 22 decodes the digital signal 
into data descriptive of the symbol. An external host device 
24, usually a computer, serves mainly as a data storage in 
Which the data generated by the decode module 22 is stored 
for subsequent processing. 

[0041] In operation, each time a user Wishes to have a 
symbol read, the user aims the head at the symbol and pulls 
the trigger 16 to initiate reading of the symbol. The trigger 
16 is an electrical sWitch that actuates the drive means. The 
symbol is repetitively scanned a plurality of times per 
second, eg 40 times per second. As soon as the symbol has 
been successfully decoded and read, the scanning action is 
automatically terminated, thereby enabling the scanner to be 
directed to the neXt symbol to be read in its respective turn. 

[0042] In addition, the head need not be a portable hand 
held type as ?Xedly mounted heads are also contemplated in 
this invention. Furthermore, the heads may have manually 
operated triggers or may be continuously operated by direct 
connection to an electrical source. 

[0043] The oscillations need only last a second or so, since 
the multiple oscillations, rather than time, increase the 
probability of getting a successful decode for a symbol, even 
a poorly printed one. The resonating re?ector has a prede 
termined, predictable, knoWn, generally uniform, angular 
speed for increased system reliability. 

[0044] As shoWn in FIG. 2, one embodiment 30 of a high 
speed scanning arrangement of the present invention, 
includes a ?exible beam, eg a generally planar leaf spring 
34. Leaf spring 34 has one end 36 ?Xedly mounted to an 
upright of an L-shaped bracket 38 Which is anchored to a 
base support 40. Spring 34 has an opposite end 42 ?Xedly 
mounted to an upright of another L-shaped bracket 44 Which 
is anchored to the base support 40. The uprights are oriented 
at 90° relative to each other. A central portion of the spring 
34 is guided around a cylindrical clamping pin 46. The 
central portion of the spring 34 is clamped betWeen the 
clamping pin 46 and a bearing surface of a V-block 48 by 
means of a set screW 50. The clamping pin 46 imparts a 90° 
bend to the leaf spring at the central portion. 

[0045] A scanner component, eg a light re?ector 52, is 
?Xedly mounted to a rear support 54 Which, in turn, is 
?Xedly secured to the V-block. The rear support 54 has a 
permanent magnet 56 mounted at one of its ends. An 
electromagnetic coil 58 is mounted adjacent the magnet 56 
on an upright of another L-shaped bracket 60 Which, in turn, 
is mounted on the base support 40. The coil 58 has a central 
passage 62 through Which the magnet enters With clearance 
each time a momentary, periodic energiZing pulse is applied 
to input leads 64. The frequency of the energiZing pulse is 
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preferably selected at the resonant frequency of ##EQU1## 
Where k equals the spring constant of leaf spring 34, and 
Where I equals the moment of inertia of the magnet/re?ector 
assembly suspended from the leaf spring. The assembly is 
oscillated about the axis 66. The spring is advantageously 
constituted of plastic or metal material. Non-metal materials 
Would be more rugged. 

[0046] In operation, each time the energiZing pulse is 
applied to the coil 58, the magnet 56 is draWn into the 
passage 62, thereby pulling the re?ector 52, the rear support 
54, the V-block 48, the clamping pin 46, the set screW 50 
therealong. At the same time, the leaf spring is bent. In the 
illustrated rest position, each arm of the leaf spring is 
generally planar. Upon being displaced, each arm of the leaf 
spring is bent, thereby storing energy therein. An L-shaped 
stop 68 mounted on the base support 40 is located behind the 
clamping pin 46 to prevent movement of the same past the 
stop. The pin 46 does not normally engage the stop; it is 
intended as; a safety feature in the event that the arrange 
ment is subjected to external shock forces. The ?exible 
support near the center of rotation of the component pro 
vides an excellent shock absorber. 

[0047] Once bent, the leaf spring 34 releases its stored 
energy, thereby displacing the magnet/re?ector assembly 
back to and past the rest position. The entire assembly 
oscillates in a damped manner, until eventually coming to a 
halt in the rest position. Each arm of the leaf spring 
alternately assumes a concave and then a convex shape 
during such oscillation. Light directed from a source, eg a 
laser 70, onto the re?ector 52 is sWept in one direction in a 
scan across indicia to be read. Another embodiment of the 
same con?guration utiliZes constant amplitude excitation, 
With continuous oscillation. In this embodiment, the driving 
signal is a continuously applied AC signal that causes the 
magnet 56 to be cyclically draWn into the passage 62 and 
forced out of the passage 62. The spring 34 vibrates to 
oscillate the re?ector 40 betWeen scan end position. 

[0048] By providing a Well de?ned center of rotation at 
axis 66 that is close to the scan component, image translation 
is minimiZed. In addition, in this con?guration the scan 
pattern stays centered regardless of the scan position. 

[0049] In still another variant, the holder means is a tuning 
fork Which, as shoWn in FIG. 3, comprises a stem 72 and a 
pair of arms 74, 76. A permanent magnet 78 is ?xedly 
mounted on arm 74. A scanner component, eg a light 
re?ector 80, is ?xedly mounted on arm 76. The stem 72 rests 
on, and extends through, a base support 82 of an L-shaped 
frame Which has an upright support 84 on Which an elec 
tromagnetic coil 86 is mounted. A fastener 88 secures the 
stem 72 in an upright orientation to the frame for joint 
movement thereWith. Electrical input leads 90 supply ener 
giZing signals to the coil 86. 

[0050] In operational embodiment, Whenever an energiZ 
ing pulse is supplied to coil 86, the coil draWs the magnet 78 
into a passage 92 With clearance. When the pulse ends, the 
tuning fork is caused to vibrate, preferably at the resonance 
frequency Which, as described above, is a function of the 
moment of inertia of the vibrating mass. The re?ector 80 
oscillates betWeen the scan end positions A and B. When 
light emitted from a source, eg laser 92, is directed at the 

re?ector 80, a scan line (Al?Bl) is formed Which extends 
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in one direction. In a second operational embodiment, an AC 
signal is continuously applied to the coil 86 to cyclically 
vibrate the arms 74 and 76 to oscillate the re?ector 80 
betWeen scan end positions. Preferably, the AC signal is 
tuned to vibrate the fork at the resonance frequency. 

[0051] In an improved construction, the fork/frame assem 
bly is mounted on an output shaft 94 of a motor 96 of the 
type described and claimed in US. Pat. No. 4,496,831, the 
contents of Which are incorporated herein by reference. 
Motor 96 is a torque motor operative for displacing output 
shaft 94 in an amount proportional to the electrical current 
supplied thereto. Motor 96 repetitively oscillates the output 
shaft 94 in alternate directions as indicated by the double 
headed arroW 98. The output shaft 94 is coupled to the fork 
stem 72 by a coupler 100. 

[0052] As shoWn in FIG. 3, the opposite end of the output 
shaft 94 is restrained by a centering torsion spring 102. As 
the output shaft 94 is oscillated, the centering torsion spring 
102 operates to return the output shaft 94 to the rest position. 
A scan line (C-D) is formed Which extends in a direction 
perpendicular to said one direction. 

[0053] Another embodiment of a tWo axis scan pattern 
arrangement is shoWn in FIG. 4, in Which the holder means 
includes a U-shaped spring means 110 having a pair of arms 
112 and 114. A scanning component, eg a light re?ector or 
mirror 116 is ?xedly mounted on arm 112 and a permanent 
magnet 118 is mounted on arm 114. An electromagnetic coil 
120 is ?xedly mounted to an upright support 122 that is 
secured to a base 124. Electrical input leads 126 supply the 
energiZing signal to the coil 120. The arm 114 and magnet 
118 are secured to a generally planar spring means 128 that 
is mounted to the base 124. The planar spring 128 may be 
made of any suitable ?exible material, such as, a leaf spring, 
a ?exible metal foil, a ?at bar or a Bendix ?ex-pivot-type 
spring. The mirror mass, Which is equal to the magnet mass, 
can be in certain cases much higher than the equivalent mass 
of the U-shaped spring. 

[0054] In certain applications, it is desirable to scan indi 
cia With a raster-type scan pattern. In a raster-type scan 
pattern, a series of substantially horiZontal and substantially 
parallel scan lines are produced from an upper horiZontal 
scan line, proceeding doWnWard With a multiplicity of 
intermediate horiZontal scan lines, to a loWer horiZontal scan 
line in order to uniformly cover the desired scan area. In 
order to obtain a raster-type scan pattern, the U-shaped 
spring 110 and the planar spring 128 are arranged to vibrate 
in planes orthogonal to each other. As shoWn in FIG. 4, the 
arms of the U-shaped spring Will vibrate in the X-Z plane and 
the planar spring 128 Will vibrate in the x-y plane. By this 
arrangement of the holder means, the component 116 is 
mounted for angular oscillating movement, in ?rst and 
second alternate circumferential directions, betWeen ?rst 
and second pairs of scan end positions. In addition, due to 
their respective shapes and positioning, the U-shaped spring 
110 Will vibrate at a high range of frequencies, typically 
about 200-800 HZ, While the planar spring 128 Will vibrate 
at a loW range of frequencies, typically about 5-100 HZ. The 
amplitude of vibration necessary to scan the symbol Will 
depend on the siZe of the symbol and Will typically be at 
least 10. degree. —30. degree. optical. 

[0055] Araster-type scan pattern is automatically obtained 
by driving the coil 120 With a signal that is a superposition 



US 2001/0027998 A1 

of tWo driving signals, one being Within the high frequency 
range and the other being Within the loW frequency range. 
For example, a 500 HZ square Wave signal may be utiliZed 
to oscillate component 116 in the X direction and a 10 HZ 
sine Wave signal may be utiliZed to oscillate to component 
116 in the y direction. The combination of the fast oscilla 
tions of the component in the X direction and the sloW 
oscillations of the component in the y direction results in a 
raster-type scan pattern over the indicia. Preferably, the high 
frequency signal is frequency tuned to the resonant fre 
quency of the U-shaped spring 110. Typically, the planar 
spring 128 Will be driven beloW its resonant frequency. 

[0056] In this arrangement, Whenever the superimposed 
AC driving signal is supplied to coil 120, the coil cyclically 
draWs the magnet 118 into a passage 130 and propels the 
magnet 118 out of the passage 130. The high frequency 
component of the driving signal causes the U-shaped spring 
to vibrate, preferably at the resonant frequency, causing the 
component 116 to be angularly oscillated betWeen scan end 
positions X1, X2. The loW frequency component of the 
driving signal causes the planar spring 128 to angularly 
vibrate toWards and aWay from the support 122 about pivot 
line 123. During this loW frequency vibration, the spring 128 
and the fork 110 move as a unit. The vibration of planar 
spring 128 imparts an angular oscillating movement to the 
component 116 betWeen scan end positions Y1, Y2. When 
light emitted from laser 132 is directed at re?ector 116 While 
the U-shaped spring 110 and the planar spring 128 are 
vibrating simultaneously at the high and loW frequencies, 
respectively, a series of substantially horizontal scan lines 
111 in the X direction are produced that are displaced in the 
y direction thereby forming a raster-type scan pattern. 

[0057] The arrangement of FIG. 4 is advantageously 
provided of a very simple construction Which utiliZes only 
one driver (one coil and one magnet) for oscillating move 
ment in tWo directions to form a raster-type scan pattern. 
There are no shafts or bearings but only ?eXible metals are 
used Which result in much longer life. 

[0058] In certain applications, it is desirable to increase the 
angular amplitude by the scan line produced by the holder. 
Such an increase in angular amplitude may be attained by 
constructing the U-shaped spring 110 With asymmetrically 
dimensioned arms. In this embodiment, arm 112 is shorter 
than arm 114 by ratio of at least 2:1. An asymmetrically 
dimensioned U-shaped spring Will result in a longer X 
direction scan line in the raster-type pattern. 

[0059] An eXample of asymmetrically dimensioned 
U-shaped spring is shoWn in FIG. 5 in Which the tuning fork 
121 is constructed having a small dimensioned arm 123 and 
a large dimensioned arm 125 Which results in the nodal point 
127 of the spring being positioned on arm 125 rather than at 
the bottom of the U as With a symmetrically dimensioned 
spring. As shoWn in FIG. 5, the component 129 is mounted 
to arm 123 and the actuator comprises an electromagnetic 
coil 131 having a passage 133 through Which magnet 135 
passes With clearance. The U-shaped spring 121 is secured 
to a support 137 by a planar spring 139. The spring 139 is 
secured to base section 141 and the coil 131 is mounted to 
Wall section 143. Leads 145 are provided to apply the 
driving signal to the coil 131 to effect angular movement of 
the component 129. The asymmetrically dimensioned 
U-shaped spring 121 provides an increased angular ampli 
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tude of the scan resulting from light directed from a laser 
147 and re?ected from component 129. 

[0060] In addition to increasing the angular amplitude, 
Which can be as much as a 100% increase over a symmetri 

cally dimensioned spring, the asymmetrically dimensioned 
U-shaped spring provides a higher durability against metal 
fatigue and cracking since the nodal point is not at Ea curved 
portion of the spring. Also shoWn in FIG. 5, is a section 149 
of spring 139 that is substantially parallel to Wall 143 and 
section 151 angled aWay from Wall 143 While at rest. The 
angled section 151 results in a further increase in the angular 
amplitude of scan oscillations (as much as 200% higher) 
over a symmetrically dimensioned U-shaped spring. 
Another bene?t is less vibration being transferred to the base 
since the U-shaped spring is held only at the magnet end and 
angular movement of the magnet can be four times loWer 
than that of the scanning component. 

[0061] The arrangement of FIG. 5 is an elevated vieW 
shoWing the U-shaped spring 121 and the planar spring 139 
both positioned for vibration in the X-y plane resulting in a 
single scan line directed along the y direction. If the 
U-shaped and planar springs are positioned in orthogonal 
planes as in FIG. 4, and an appropriate superimposed high 
and loW frequency driving signal is applied to the coil, a 
raster-type scan pattern Will be provided With an increased 
X direction angular amplitude. 

[0062] Referring back to FIG. 4, in an alternative embodi 
ment, the y direction scan vibratory means may also include 
a generally S shaped planar leaf spring 134 having one arm 
136 secured to planar spring 128 and another arm 138 to 
Which is mounted a balance mass 140. An additional gen 
erally upright planar spring 142 secures an intermediate 
portion of the planar spring 134 to the base 124. The 
S-shaped spring is useful to provide additional support that 
may be necessary for very large area re?ectors. 

[0063] In another embodiment shoWn in FIGS. 6a and 6b, 
a single planar spring 150 provides the oscillatory move 
ment in tWo orthogonal aXes for a raster-type scan pattern. 
The spring 150 is mounted to base 152 and has mounted on 
it the light re?ector 154. A magnet 156 is mounted to the 
spring 150 on the opposite side as that of the re?ector 154. 
An electromagnetic coil 158 having a passage 160 is 
mounted adjacent the permanent magnet 156 on an upright 
bracket member 162 that is in turn mounted to base 152. As 
shoWn in FIG. 6b, an aXis 164 is formed by the magnet 156 
and coil 158 Which runs through the center of spring 150. 
The light re?ector 154 is mounted to the planar spring 150 
With its center of gravity 166 offset from aXis 164. 

[0064] The raster-type scan pattern is effected by applying 
a superimposed high and loW frequency AC signal to leads 
168. In response to the loW frequency component (about 
20-30 HZ) of the superimposed driving signal, the magnet 
156 enters and eXits the passage 160 in a cyclical manner 
Which causes the spring 150 to angularly vibrate about pivot 
line 151. The vibration causes the component 154 to angu 
larly oscillate in the X-y plane Which results in a sloW y 
direction scan. In response to the medium-high frequency 
component (about 50-200 HZ) of the superimposed AC 
driving signal, the spring 150 is torsionally bent about its 
aXis 164 due to the alignment of the center of gravity of the 
re?ector 154. The offset center of gravity of re?ector 154 
acts to provide a restoring force to the spring 150 causing 
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torsional vibration of spring 150. The spring 150 is con 
structed such that When the coil is energized, the component 
154 Will oscillate angularly at the higher frequency in the X-Z 
plane to provide a fast X directed scan. When light emitted 
from laser 170 is re?ected off of the mirror 154, While the 
coil 158 is energiZed, the indicia is scanned in a tWo aXis 
raster-type scan pattern, consisting of a series of X directed 
scan lines 153 vertically spaced in the y direction. 

[0065] The difference in the high and loW frequency 
component of the driving signal produces a large X-directed 
angular amplitude and a small y-directed angular amplitude 
resulting in a raster-type scan pattern being developed. The 
angular amplitude of the X direction scan may be as high as 
about 90° optical While the angular amplitude of the y 
direction scan may be up to about 5. degree. optical. 

[0066] In certain applications, it may be desirable to scan 
a symbol With an omnidirectional scan pattern. One tech 
nique for obtaining an omnidirectional pattern is to position 
the arrangement of FIG. 5 such that the U-shaped spring 
vibrates in the X-Z plane. Hence, by vieWing FIG. 5 as the 
top vieW of the arrangement, it can be seen that the material 
mass of the elements on the right hand side of spring 139 
(spring 121 and component 129) is substantially greater than 
the mass of the elements on the left hand side of spring 139 
(magnet 131). This difference in mass provides a Weight 
imbalance that results in a torsional bending of the spring 
139 that imparts an angular oscillatory movement of the 
component 129 in the X-y plane for effecting a y direction 
scan. In addition, the movement of the spring 139 toWards 
the coil 131 and aWay from the coil 131 causes the U-shaped 
spring 121 to vibrate in the X-Z plane Which imparts an 
angular oscillatory movement to the component 129 for 
effecting an X direction scan. 

[0067] Upon the application the superimposed driving 
signal, preferably comprised of a pair of sine Waves having 
a frequency ratio in the range of 1.05:1 to 5:1, to leads 145, 
spring 139 torsionally vibrates at the loWer frequency and 
the U-shaped spring 121 simultaneously vibrates at the 
higher frequency in such a manner that light Will be re?ected 
from the component 129 in a Lissajous scan pattern over the 
indicia. The Lissajous pattern is provided by the path of the 
light beam being oscillated in the X and y orthogonal 
directions in simple harmonic motions at a predetermined 
ratio of frequencies. Thus, an omnidirectional scan pattern is 
produced. 

[0068] FIG. 7 shoWs another technique for producing an 
omnidirectional scan pattern namely, rotating the entire 
holder means about an aXis. The arrangement shoWn in FIG. 
7 is similar to that of FIG. 5 and like reference numerals are 
used to identify like parts and a description thereof is not 
repeated here for the sake of brevity. In order to rotate the 
entire scanning arrangement, means 180 is provided to 
rotate the arrangement about an aXis 182. The means 180 
shoWn in FIG. 7 is illustrative only as any suitable means for 
rotating the scanning arrangement about an aXis may be 
employed to effect an omnidirectional scan pattern. The 
means 180 includes a motor 182 having a shaft 184 for 
driving a transmission belt 186. Belt 186 is coupled to a shaft 
(not shoWn) connected to the support 137 for rotating the 
support 137 about ball bearing 188 Which is attached to 
support beam 190. The rotation of a single aXis direction 
scan arrangement Will produce an omnidirectional scan 
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pattern in the form of a Rosette. The rotation of a tWo-aXis 
scan arrangement Will produce various other omnidirec 
tional patterns depending on the type of tWo-aXis arrange 
ment rotated. 

[0069] In another embodiment of the present invention as 
shoWn in FIG. 8, a magnetically activated return means is 
provided for effecting a spring like restoring force to oscil 
late the component betWeen scan end positions. As shoWn in 
FIG. 9, a scanning component 220 is mounted for rotational 
movement about shaft 222 Which is rotationally secured to 
base 224. A support bracket or lever 226 eXtends from the 
component 220 and has mounted on the end thereof a 
permanent magnet 228. An electromagnetic coil 230 is 
mounted to the base 224 in operational proXimity to the 
permanent magnet 228. Amagnetic member 232 is mounted 
immediately beloW the permanent magnet 228 on a pem-nut 
234. The permanent magnet 228 is a disk or rectangular 
shaped member in Which faces 236 and 238 (not shoWn) are 
magnetiZed to be of opposite magnetic poles. Thus, face 236 
may be the north pole and face 238 may be the south pole, 
or vice versa. 

[0070] In one embodiment, the magnetic member 232 is 
made magnetic permeable material such as a soft iron core. 
The coil 230 is energiZed by an AC voltage and the alter 
nating positive and negative current Will cause the perma 
nent magnet to alternately be attracted to the coil and 
repelled from the coil. This Will impart an oscillatory 
angular movement to the scanning mirror 220 betWeen scan 
end positions. During the oscillatory movement of the 
component, the permanent magnet 228 Will pass over the 
soft iron core 232 in a back and forth motion. When the coil 
230 is de-energiZed, the magnetic interaction betWeen the 
magnetic ?elds of the permanent magnet 228 and soft iron 
core 232 forces the magnet 228 and, accordingly, the entire 
moving assembly to align itself With a line of a magnetic 
equilibrium of the soft core 232, Which crosses its center. 
When the coil 230 is energiZed, depending on the phase of 
the AC current, the permanent magnet 228 is either attracted 
to or repelled from the coil 230 thus magnetiZing the core 
232 With the polarity opposite to the polarity of the side of 
the permanent magnet 228 facing the core 232. Since tWo 
unlike poles are attracted to each other, this attraction creates 
a restoring force equivalent to a spring action to cause the 
component to move toWards the equilibrium position. 
EXtreme left and eXtreme right scan end positions are 
determined by the relationship betWeen magnitude and 
phase of the AC current through the coil 230 and the 
geometry and material of the core 232 Which, in turn, 
determine the value of the restoring torque. When the coil 
230 is de-energiZed, the above described mechanism causes 
the moving assembly to come to a halt in the rest (“equi 
librium”) position. 
[0071] In one alternative of this embodiment, a second 
electromagnetic coil (not shoWn) may be provided around 
core 232 such that member 232 Will form the core of the 
second coil. A DC current energiZing the second coil Will 
increase the restoring force of the soft iron core. In a further 
alternative embodiment, member 232 may be a permanent 
magnet. If the magnet 228 is mounted With its north pole 
facing aWay from the coil, magnet 232 Would need to have 
its south pole facing upWard. Magnet 232 must be oppositely 
arranged if the south pole of magnet 228 is facing aWay from 
the coil. 
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[0072] In another embodiment, shown in FIG. 9, in Which 
like parts have like reference numerals of FIG. 8, a restoring 
force is provided by an elastic member 240. The elastic 
member 240, may be any suitable material having elastic 
properties such as rubber, a room temperature vulcaniZer 
(RTV), or any similar plastic. The elastic member 240 is 
secured to the component 220 by bracket 242, and is also 
secured to the support 224 by bracket 244. Frame member 
246 connects the component 220 to the shaft support 226. 
The oscillatory movements of component 220 generated by 
the AC current applied to coil 230 causes RTV 240 to be 
stretched to its limit to de?ne the scan end positions and 
upon deactivation of the coil 230, RTV 240 acts to restore 
the component 220 to its rest position. 

[0073] It Will be understood that each of the elements 
described above, or tWo or more together, also may ?nd a 
useful application in other types of constructions differing 
from the types described above. 

[0074] While the invention has been illustrated and 
described as embodied in a poWer-saving scanning arrange 
ment, it is not intended to be limited to the details shoWn, 
since various modi?cations and structural changes may be 
made Without departing in any Way from the spirit of the 
present invention. 

[0075] Without further analysis, the foregoing Will so fully 
reveal the gist of the present invention that others can, by 
applying current knoWledge, readily adapt it for various 
applications Without omitting features that, from the stand 
point of prior art, fairly constitute essential characteristics of 
the generic or speci?c aspects of this invention and, there 
fore, such adaptations should and are intended to be com 
prehended Within the meaning and range of equivalence of 
the folloWing claims. 

[0076] What is claimed as neW and desired to be protected 
by Letters Patent is set forth in the appended claims. 

We claim: 
1. In a scanner for reading indicia having parts of different 

light re?ectivity by directing light toWard the indicia, and by 
collecting re?ected light returning from the indicia, an 
arrangement for scanning the indicia, comprising: 

(a) a scanner component; 

(b) holder means for mounting the component for angular 
oscillating movement in ?rst and second scan direc 
tions betWeen ?rst and second pairs of scan end posi 
tions; and 

(c) a read-start means for simultaneously moving the 
component in the ?rst and second scan directions to 
simultaneously angularly oscillate the component 
betWeen said ?rst and second pairs of scan end posi 
tions for directing light along said ?rst and second scan 
directions to thereby effect a tWo-dimensional scan 
pattern over the indicia. 

2. The arrangement according to claim 1 Wherein the 
holder means includes ?rst and second vibratory means 
positioned to vibrate in tWo orthogonal planes and to coop 
erate for angular oscillating movement of the component in 
?rst and second orthogonal scan directions. 

3. The arrangement according to claim 2, Wherein the 
read-start means includes an electrically-operated actuator 
operative, When actuated, for simultaneously vibrating the 
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?rst and second vibratory means to angularly oscillate the 
component in the ?rst and second orthogonal scan direc 
tions. 

4. The arrangement according to claim 3, Wherein the 
actuator includes an electromagnetic coil having a passage, 
and a magnet mounted on one of the vibratory means and 
movable into and out of the passage during actuation of the 
coil. 

5. The arrangement according to claim 4 Wherein the ?rst 
vibratory means is con?gured to vibrate at a high range of 
frequencies and Wherein the second vibratory means is 
con?gured to vibrate at a loW range of frequencies to thereby 
effect a raster-type scan pattern over the indicia in response 
to a driving signal applied to said coil comprising a super 
position of a ?rst signal having a frequency Within said high 
range and a second signal having a frequency Within said 
loW range. 

6. The arrangement according to claim 5 Wherein the ?rst 
vibratory means includes a U-shaped spring means having a 
pair of arms on one of Which is mounted the component. 

7. The arrangement according to claim 6, Wherein the 
second vibratory means includes a generally planar spring 
means having one end secured to one arm of the U-shaped 
spring means and the other end secured to a base. 

8. The arrangement according to claim 6, Wherein the 
second vibratory means includes a generally S-shaped leaf 
spring means having a pair of outer arms and a central arm, 
and Wherein the holder means further includes a ?rst gen 
erally planar spring means secured to a base and attached to 
said S-shaped leaf spring means and said U-shaped spring 
means, and a second generally planar spring means secured 
to the base and to the central arm of said S-shaped leaf spring 
means. 

9. The arrangement according to claim 1 Wherein said 
holder means includes a single vibratory means for vibrating 
the component in tWo orthogonal planes for angular oscil 
lating movement of the component in ?rst and second 
orthogonal scan directions. 

10. The arrangement according to claim 1, Wherein the 
read-start means includes an electrically operated actuator 
operative, When actuated, for vibrating the holder means to 
angularly oscillate the component in the ?rst and second 
scan directions, the actuator including an electromagnetic 
coil having a passage, and a magnet mounted on the holder 
means and movable into and out of the passage during 
actuation of the coil. 

11. The arrangement according to claim 10 Wherein said 
single vibratory means comprises a generally planar spring 
means having a longitudinal aXis and a pivot end secured to 
a base and Wherein said component is mounted to said planar 
spring means such that the center of gravity of said com 
ponent is offset from said longitudinal aXis. 

12. The arrangement according to claim 11, Wherein the 
planar spring means is con?gured to vibrate about the pivot 
end at a high range of frequencies and to torsionally vibrate 
about the longitudinal aXis at a loW range of frequencies to 
thereby effect a raster-type scan pattern over the indicia in 
response to a driving signal applied to the coil comprising a 
superposition of a ?rst signal having a frequency Within said 
high range and a second signal having a frequency Within 
said loW range. 
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13. The arrangement according to claim 4, Wherein said 
?rst and second vibrating means are positioned to vibrate at 
a frequency ratio to effect a Lissajous scan pattern over the 
indicia 

14. The arrangement according to claim 13, Wherein the 
?rst vibratory means includes a U-shaped spring means 
having a pair of arms on one of Which is mounted the 
component and Wherein said second vibratory means 
includes a generally planar spring means having one end 
secured to a base and a free end secured to the other arm of 
the U-shaped spring means, the arms of the U-shaped spring 
means vibrating in one plane and the planar spring torsion 
ally vibrating in the other plane of the tWo orthogonal 
planes. 

15. The arrangement according to claim 6, Wherein the 
arms of the U-shaped spring means are asymmetrically 
dimensioned. 

16. The arrangement according to claim 14, Wherein the 
arms of the U-shaped spring means are asymmetrically 
dimensioned. 

17. The arrangement according to claim 1 further includ 
ing means for rotating the holder means about an aXis to 
thereby effect an omnidirectional scan pattern. 

18. The arrangement according to claim 7 further includ 
ing means for rotating the holder means about an aXis to 
thereby effect an omnidirectional scan pattern. 

19. The arrangement according to claim 11 further includ 
ing means for rotating the holder means about an aXis to 
thereby effect an omnidirectional scan pattern. 

20. The arrangement according claim 14 further including 
means for rotating the holder means about an aXis to thereby 
effect an omnidirectional scan pattern. 

21. In a scanner for reading indicia having parts of 
different light re?ectivity by directing light toWard the 
indicia, and by collecting re?ected light returning from the 
indicia, an arrangement for scanning the indicia, comprising: 

(a) a scanner component; 

(b) holder means for mounting the component for oscil 
lating movement about an aXis in alternate circumfer 
ential directions thereof betWeen angularly spaced scan 
end positions, said holder means including a U-shaped 
spring means having a pair of arms on one of Which is 
mounted the component, the arms of the U-shaped 
spring means being asymmetrically dimensioned; and 

(c) read-start means for moving the component in the 
circumferential directions to oscillate the component 
betWeen the angularly spaced scan end positions. 

22. The arrangement according to claim 21 Wherein the 
read-start means includes an electrically-operated actuator 
operative, When actuated, for vibrating the U-shaped spring 
means and oscillating the component betWeen said scan end 
positions. 

23. The arrangement according to claim 22, Wherein the 
actuator is an electromagnetic coil having a passage, and a 
magnet mounted on the fork and movable into and out of the 
passage during actuation of the coil. 

24. The arrangement according to claim 1, Wherein the 
component is a light re?ector. 

25. In a scanner for reading indicia having parts of 
different light re?ectivity by directing light toWard the 
indicia, and by collecting re?ected light returning from the 
indicia, an arrangement for scanning the indicia, comprising: 

Oct. 11, 2001 

(a) a scanner component; 

(b) holder means for mounting the component for angular 
oscillating movement, the holder means including a 
magnetically activated return means for effecting a 
spring-like restoring force to angularly oscillate the 
component in alternate circumferential directions 
betWeen ?rst and second scan end positions; and 

(c) read-start means for moving the component in the ?rst 
and second circumferential directions to angularly 
oscillate the component betWeen the ?rst and second 
scan end positions. 

26. The arrangement according to claim 25 Wherein 
magnetically activated return means includes a permanent 
magnet mounted to a lever attached to said component, and 
a magnetic core member positioned adjacent said magnet at 
an equilibrium position of said component, the restoring 
force being effected by an interaction of magnetic ?elds 
emanating from said magnet and said core, the magnetic 
?eld emanating from the core being generated by the read 
start means and a repetitive movement of said magnet past 
the core. 

27. The arrangement according to claim 26, Wherein the 
read-start means includes an electromagnetic coil for mov 
ing the magnet by cyclically attracting the permanent mag 
net and repelling the permanent magnet during actuation of 
the coil, and said core being comprised of a magnetically 
permeable material, the movement of said magnet polariZing 
the core With alternating magnetic polarity to create the 
magnetic interaction betWeen the core and the magnet. 

28. The arrangement according to claim 26, Wherein the 
magnetically activated return means further includes an 
electromagnetic coil having a passage, the magnetically 
permeable core being positioned in the passage. 

29. The arrangement according to claim 26, Wherein the 
core is comprised of a second permanent magnet and said 
read-start means includes an electromagnetic coil for cycli 
cally attracting and repelling the ?rst permanent magnet. 

30. In a scanner for reading indicia having parts of 
different light re?ectivity by directing light toWard the 
indicia, and by collecting re?ected light returning from the 
indicia, an arrangement for scanning the indicia, comprising: 

(a) a scanner component; 

(b) holder means for mounting the component for angular 
oscillating movement, the holder means including an 
elastic return means for effecting a spring-like restoring 
force for angularly oscillating the component in alter 
nate circumferential directions betWeen ?rst and sec 
ond scan end positions; and 

(c) read-start means for moving the component in the ?rst 
and second circumferential directions to angularly 
oscillate the component betWeen the ?rst and second 
scan end positions. 

31. The arrangement according to claim 30, Wherein the 
read-start means includes an electrically-operated actuator 
operative, When actuated, for moving the component to said 
?rst and second scan end positions. 

32. The arrangement according to claim 31, Wherein the 
actuator is an electromagnetic coil, and a permanent magnet 
operatively connected to the component and movable adja 
cent to and aWay from the coil during actuation of the coil. 

33. The arrangement according to claim 30, Wherein the 
elastic means is comprised of rubber. 



US 2001/0027998 A1 

34. The arrangement according to claim 30, Wherein the 
elastic means is comprised of a room temperature vulca 
niZer. 

35. The arrangement according to claim 7, Wherein the 
generally planar spring means is one of a ?exible leaf spring 
and a ?exible metal foil. 

36. The arrangement of claim 8, Wherein the generally 
planar spring means is one of a ?exible leaf spring and a 
?exible metal foil. 

37. The arrangement of claim 11, Wherein the generally 
planar spring means is one of a ?exible leaf spring and a 
?exible metal foil. 

38. The arrangement of claim 14, Wherein the generally 
planar spring means is one of a ?exible leaf spring and a 
?exible metal foil. 

39. A method of scanning indicia having parts of different 
light re?ectivity by directing light toWard the indicia, and by 
collecting re?ected light returning from the indicia, com 
prising the steps of: 

(a) mounting a scanner component on a holder means for 
angular oscillating movement in ?rst and second scan 
directions betWeen ?rst and second pairs of scan end 
positions; and 

(b) simultaneously moving the component in the ?rst and 
second scan directions to simultaneously angularly 
oscillate the component betWeen said ?rst and second 
pairs of scan end positions for directing light along said 
?rst and second scan directions to thereby effect a 
tWo-dimensional scan pattern over the indicia. 

40. The method according to claim 39 Wherein the step of 
moving the component includes vibrating the component in 
the ?rst scan direction at a high range of frequencies and 
vibrating the component in the second direction at a loW 
range of frequencies to thereby effect a raster-type scan 
pattern over the indicia in response to a driving signal 
applied to said coil comprising a superposition of a ?rst 
signal having a frequency Within said high range and a 
second signal having a frequency Within said loW range. 

41. A method of scanning indicia having parts of different 
light re?ectivity by directing light toWard the indicia, and by 
collecting re?ected light returning from the indicia, com 
prising the steps of: 

(a) mounting a scanner component on a holder means in 
an equilibrium position for angular oscillating move 
ment in alternate circumferential directions betWeen 
?rst and second scan end positions; 

(b) moving the component in the ?rst and second circum 
ferential directions; and 

(c) magnetically urging the component to the equilibrium 
position to angularly oscillate the component betWeen 
the ?rst and second scan end positions. 

42. The method according to claim 41 Wherein the mag 
netically urging step is effected by a magnetic interaction 
betWeen a permanent magnet coupled to and movable With 
the component and a permeable magnetic core stationarily 
secured to the holder means. 

Oct. 11, 2001 

43. In a scanner for reading indicia having parts of 
different light re?ectivity by directing light toWard the 
indicia, and by collecting re?ected light returning from the 
indicia, an arrangement for scanning the indicia, comprising: 

(a) a scanner component; 

(b) holder means for mounting the component for oscil 
lating movement about an axis in alternate circumfer 
ential directions thereof betWeen scan end positions, 
and for returning the component to a rest position 
betWeen the scan end positions; and 

(c) read-start means for moving the component in one of 
the circumferential directions aWay from the rest posi 
tion to one of the scan end positions angularly spaced 
from the rest position, and for returning the component 
in the other of the circumferential directions past the 
rest position to another of the scan end positions 
angularly spaced from the rest position, said compo 
nent being repetitively oscillated betWeen the scan end 
positions to effect a scan pattern over the indicia. 

44. The arrangement according to claim 43, Wherein the 
holder means includes an elongated spring having opposite 
ends stationarily secured to a support, and means for sus 
pendably mounting the component on the spring betWeen 
the ends thereof. 

45. The arrangement according to claim 44, Wherein the 
spring is a generally planar, bendable leaf spring. 

46. The arrangement according to claim 47, Wherein the 
read-start means includes an electrically-operated actuator 
operative, When actuated, for moving the component to said 
one scan end position, the actuator including an electromag 
netic coil having a passage, and a magnet operatively 
connected to the component and movable into and out of the 
passage during actuation of the coil. 

47. The arrangement according to claim 46, Wherein the 
component is a light re?ector, and Wherein the suspendably 
mounting means includes means for clamping the spring to 
the re?ector. 

48. The arrangement according to claim 43, Wherein the 
holder means includes a vibrator, tuning fork having a pair 
of arms on one of Which is mounted the component, and 
Wherein the read-start means includes an electrically-oper 
ated actuator operative, When actuated, for vibrating the fork 
and oscillating the component betWeen said scan end posi 
tions. 

49. The arrangement according to claim 48, Wherein the 
actuator is an electromagnetic coil having a passage, and a 
magnet mounted on the fork and movable into and out of the 
passage during actuation of the coil. 

50. The arrangement according to claim 49, Wherein the 
component is a light re?ector operative for directing light in 
a scan along a ?rst scan direction; and further comprising 
means for displacing the re?ector along a second scan 
direction generally perpendicular to said ?rst scan direction 
to effect a tWo-axis scan pattern over the indicia. 


