*166166* 1 AN OPTI CAL RECEIVING DEVICE Field of the Invention 5 The
invention relates to optical receiving devices used to receive an optical
- sigﬂal,Jmmwumwﬂmmmmmicular, recei ving devicesipplicable to at |east |aser
scannin anning m croscopes, barcode scanners, photocopiers and
i nfrared commdni-cati on devi ces. Background of the Invention 10 Opti cal
recei ving devices are used to receive an optical signal for conversion to a
digital signal for the comunication of data. Exanples of devices using
optical receiving devices ARPBICARRECEVING BEVICEt ens, scanning
m croscopes, barcode readers, optical pick up, renote control devices,
canera nodul es, infrared comruni cation devices, airborne |ine scanning
systens and photocopy systens. 15 The optical receiving device is designed

so as to bg.%atiﬁe in a range froma mninmum threshold to a nmaxi num
threshol d & t 188 such as a photo detector, photo multiplier,
infrared detgeiRition Eéliaemmpabmeeenvhﬁgagﬁtg J¥BY 1R cdft & Ef())t?%‘f] %iggalc%{& ain

operational paraneters. For  Instance, e mninmum thres be set to
a m ni num ah paviebler redetymeg ddvineefipplicabledpnttenstdisgr sdahpingisystemsn scivmisgiol d may

be the | evel. bel ow icp the relia ili%¥ of .. ata fromthe detector is

unaccept ablnél.croﬁgopff/’%;ﬁcg F §eanpers. RROLPSORIAT HiddHaTed CRMmUNRtigR d8YifFhed by t he

poi nt at which the detector undergoes signal saturation. Above saturation

variations in data nay be indistinguishable |eading to an incorrect action

of the ciréﬁ@k&ﬁbwigﬂigﬁhﬁwxuhnage caused to the detector as the capacity

of the det I.S.: & . Hi.gure. 1 sho a.typikcal characteristjc of
lg 201 Ile?elgfﬁg %@ﬂ%& ar% gsed g1 &ive gn ngllfsz__?l es%%éﬁi%é §°3Vefrﬂﬂlé ?c? %ﬂlgbt]af

0 a

an optical Tecelving device show ng signal” a 1
target di stsipnakfor @e c@nbhaurcedion HE dia e Exaiples lodl devi b aipiptishl -xﬁéeiviﬁ%ln be
generated for optical receiving device for other purposes. X1111111111 [11|
111 1111 f¢Yifes inplude Jas¢r scanning systems, scanning microscopes, barcode readers, optical

pick up, remote control devices, camera modules, infrared communication devices,

airborne line scanning systems and photocopy systems.

15
The optical receiving device is designed so as to be active in a range from a minimum

threshold to a maximum threshold of the detector, such as a photo detector, photo

multiplier, infrared detector.

20 The minimum threshold may be determined by certain operational parameters. For
instance, the minimum threshold may be set to a minimum allowable signal level.
Alternatively, the minimum threshold may be the level below which the reliability of

data from the detector is unacceptable.

25 Typically, the maximum threshold will be determined by the point at which the detector
undergoes signal saturation. Above saturation, variations in data may be
indistinguishable leading to an incorrect action of the circuit, or possibly damage caused

to the detector as the capacity of the detector is exceeded.

30  Figure 1 shows a typical characteristic of an optical receiving device showing signal
strength as a function of target distance for a barcode scanner. Similar characteristics

can be generated for optical receiving device for other purposes.

LT

*G00002*



*@0002* 2 Fromthe characteristic the upper and lower |imts define the
operational range. This range is identified by the curvi-Ilinear
characteristic varying froma maxinumthreshold at near field to a m ni num
threshold at far field. In designing an optical receiving 5 device for a
certain application, the desired range 02f application is determ ned and a
suitabl e detector selected on the basis of the m ni mrum and maxi num

. thresholds proximate to the intended near and far field. If the system
designer wishes to inprove the signal |evel for the device when the target
10 is at fagqfi i i f~opti cal
system thatmllflstﬁ‘J &grrf%?el yH'Itt}%edb??g%a hg%ﬁ%a%@%&h?ﬁ&%%fgﬁa%gg Thl§\/f1en t he
target apprameheslengfied by 'ehledurvﬂhlnearn:hamﬂen@tpxevaymg @rotraa gﬁxiﬂuluh tiessiegdl
saturation hr e?h&ed | evel q de‘Le t or Consequent |y, the device

| oses its é PLLIF Oﬁa‘HB’émH’Ent hold aptag fielg {p designipg py optidabrecgidifiggner may
conpronkse %? I bl e 15
oper at P?)naldé?lg%ggera\?\ﬁ% ][hla ﬁ(@atgﬁlmlthtg g’f ﬁge\réllsrg(ﬁ;%et gB fllj%t;t)lg}rlns l‘?rgf\/;\idrjér{ahr eshol ds.
As a furt henitable detecior sedscteal agnthe baxnis ofthe atinimum asdmbkiname thresheldsn t he

detector could be ele d The detector can inprove above
saturationP f%xéli?éteafﬂ(sﬁh Ed???éaﬂ‘i?agllﬁﬁ noi se | evel too, however, such a
detector will yield poor efficiency, leading to a lower 20 intensity
(signal level) at far field, and consequentl a reduced signal |evel.

Further, W iR sysiemidesienasmyishiste ireprove the signe bwdtfedthmdphwpaénen ithenarggt any
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obj ect of l‘ahiphlﬁy theaiinal RventHoweven 1rb@on’:l@|s@ Wl@bn&ﬂ@t’a@@‘i@pp@&:}ﬁk dealfiegdi n for
an optical recei VI ng device w thout conprom sing the range for whi ch the

opti cal reé@ RATAG! eRRFtARe Targal ¢xcaed SRR thegs Plﬁl\)é‘ml ferthepdetctoni s obj ect
in mnd in®@nddy %ﬁtl@%ﬂ@&éwcetlgfﬁs 1@%%&?\@1319 eoéf'ngﬁ‘gﬁeel1 x{nﬁﬂ{r §ei ving 30

device for recec{w ng an optica asig >’conprising a

detector f demgmemmywamg)rbﬂnsemhﬁ efﬁahvenegmaf thé ldem:é f‘lﬂnﬁhﬁt&lﬁlﬁ@ﬂ @crcepuabilea si gnal

mask haVI n%pg'rgtlg'r?a? range w1th1n the limitations of the upper and lower thresholds.

As a further alternative, a smaller detector or small aperture on the detector could be
selected. The smaller detector can improve above saturation issue and reduce the optical
noise level too, however, such a detector will yield poor efficiency, leading to a lower
20  intensity (signal level) at far field, and consequently, a reduced signal level. Further,
with the inherent difficulties associated with positioning any type of detector within a

printed circuit board (PCB) assembly, these are exacerbated for a smaller detector.
In light of these limitations it is an object of the present invention to be able to increase
25  signal gain for an optical receiving device without compromising the range for which

the optical receiving device is applied.

Summary of Invention

With this object in mind in a first aspect, the invention provides an optical receiving
30 device for receiving an optical signal from a signal collector comprising a detector for
receiving the optical signal from the collector and a signal mask having an aperture

through which at least a portion of the signal passes, said mask located along an optical



t hrough which at |east a portion of the signal passes, said nmask | ocated
along an optical 3 axis of the signal internediate the collector and the
detector wherein the location of the signal nmask is such so as to
attenuate the signal to less than a saturation threshold of the detector
and a conjugate i mage plane of the signQI is located within a range from
coincident wwth the mask to internedi ate the mask and detector. 5 Thus, the
pr esent inventi&g adds, flexibility for adjusting the signal characteristic

within theiyphde signal mfsrmediatedne gollagipr and ghadetqcter Wheseinithprlaration afiiee near
field end Lcal B i i.all s than
saturatio n;ﬁ@gﬂ Ellﬁass g 9%%1{5%155[) a’% ﬁgakf\éﬁsl ;&g r‘%}gereé{‘?gﬁ th§ %ggglgég S? ﬁgﬁﬁs"?%ﬂﬁ%‘%\?ﬁﬁ‘%t far
field. 10 deteciot dmslra cayumateagmge biaae ofl theysigrabisjoesahwithinvenhgeofiomel at es t o

t he mask act.in S . hysjcal screen. As a resuylt, the device of the
present in%ﬂ‘flaﬁﬁVﬂgb@g%ﬁkf%ﬁﬁ‘?%g‘aﬁrtgﬁ‘&?ﬂ‘%‘?g?fg‘ft@ﬁs to protect the
detectoy fromsaturation. In prior art devices for a rapidly increasing

signal, the response time of a protective system may be insufficient to 15
prevent dakhye thepreseat geerttanoadds Bekibity fortagdgisting thvesigriab charatt¢réstioavitton  of

t he signal he sk I&s.instantaneo .an erefo elimnpates this
risk. Furtﬁlleg?'{lpg?ri qrﬁdﬁg‘fvﬁrehr&t%s%é’ e?W@ﬁﬁéoﬂgWgFL nFWeﬁegﬁFT‘(ii? the gptigalyi |'j ze
the level pkeivirgdevice@aic ks dublyarkiaBy U84 Bfah Qhturdtdh OMhso et he EQYrePlo Of

i ght passing the mask. 20 In a E)ref erred enbodi ment, the aperture size of
the mask nifiegee dgsignakleyelapfardieldarea of the detector. If the optical
filter is placed proximate the aperture, rather than the detector, the
filter size may be reduced. As the cost of the device nay be driven by

mat eri al casfushertdieantagesfféredbyrey peeii eeitivn raderdo Benaidktacehe kegduci ng t he
overal |l cost .2? of the device. This may also permt a w de sel ection of
size and | BYGIR! Hreqhds adesidt Hie dexice of hegpreseat Bvention1qss npl IsQWEE at  any

poi nt  passgbdchite SR%Mms BHHORE: thb Betc QB HERAL Ber STRFC [Pp A5Gt d¥Rees for a

rapidly increasing signal, the response time of a protective system may be insufficient to

15  prevent damage to the detector. Being a physical barrier, attenuation of the signal by the

mask is instantaneous, and therefore eliminates this risk.

Further still, the present invention offers the ability to stabilize the level of light
received by the detector, through greater control of light passing the mask.

20
In a preferred embodiment, the aperture size of the mask may be smaller than the area
of the detector. If the optical filter is placed proximate the aperture, rather than the
detector, the filter size may be reduced. As the cost of the device may be driven by

material costs, the invention may provide the added benefit of reducing the overall cost

25  of the device.

This may also permit a wide selection of size and layout of the detector, as the detector

can be placed at any point passed the mask. Beyond the conjugate image plane, the

signal will accordingly grow in size. A detector of a particular size may be placed at any
30  point thereafter for the purpose of fitting the detector to precisely the correct beam size

of signal, in order to maximize the usage of the effective area of the detector.



signal wll accordingly growin size. A detector of a particular size my
be placed at any 30 point thereafter for the purpose of fitting the
- detector to precisely the correct beamsize of signal, in order to
maxi m ze the usage of the effective area of the detector. 4 Alternatively,
if the placement of the detector is to be at a fixed distance, say, for a
known devi ce, the beam size at the relevant point nmay be determ ned, and a
suitable detector selected for the application. 5 At far field, the inmge

plane is | detarRativaly. ifite placamepsof thesleteciomiicto beat » gpd distange.say P14 al so be
the |ocatiqhoph d:be ThebIMMILICATHE tAE nPhoihiRaf bOAGLmmikEy AR RIFATL!
invention, the deté€ctor Is separated Trom nask an € Deam sl zZe I ncreases
aft er passidegctonsdegéd foaerdppiieationl. e, eventual |y, project on detector with
| arger beam size. The | arge beam size covers the whole effective area of

detector and fully utilizes the area. This may 10 have the benefit of

reduci ng t hg 8f fi88!thOImd R d48 ft)a:QE:ﬁed? e rﬂiskwaﬁtigﬁ,t WikR Eon%s%?%lﬁg%@gwlg ust,

scratches, dirt,.glue residue and etc. This ave the ect of
reduci ng @poibsdhe looitsmn efithe mimsumbéae sigel b ttbngigadl! In thE pussentShientian 0 i s

i mpr oved. nuf act yr j cost, the mask .may repl age the aperture
associ at edeﬁﬁ %ﬁectq%els S%r%%‘i Q&Pd??stkl apd thg beampsize F&%ﬁé‘%ﬁﬁ?*}“‘f‘ﬁé@ﬁéﬁ ture
and det ect @beriire hBlcD¥eRElally, H0fdct APATRIbYWRRIHES befin@Beh TokN8Ee béin t he
scale of the device for use with a PCB assenbly, the degree of difficulty

i n al i gni ngizelreverp &ierwhale affertivearas afidetestos ianth fifllyormizes thearaahdhipmey ent
i ti.qn, I re,as.a,separat e from.t he defector
et o8 RIS IR PSS P SRR SRS RAMAEIRREELY o

and det ect @ust, btrhtchs, @irt? Qlupaédidaf aridhege. Tsd wildiewk ¢l fuftheiSsffasher @dtdigg devi ce
may include an injection nolded_ housi ng,é1 the aperture and detector may be
u

mount ed i n PHERIHGES ARG otliet roige sbgtantally dausiS/NppiRissMorv&t h rel ati ve ease.
Therefore, the cost of production is reduced, whilst still rmaintaining a
high level of quality. .25 Further still, as there is a gap between the
optical fi lAssto,magufacturmgycobtethermaskmiyerephaee theaphrturanssoctateddeitie tieor , nay
[ ue aut - gassi ng on the detector rface durin devi ce.
hel p avg! d d%lector.ollrjl a aiceﬁ an%ngement, the aperture anc? ("ljetector are proxirgate, and
normally bonded to each other. At the scale of the device for use with a PCB assembly,
the degree of difficulty in aligning the aperture and detector is significant. For the
present invention, having the aperture as a separate element from the detector permits
the alignment to be performed, not by the bonding of the aperture and detector, but as a
20  part of the basic device. Thus, where the device may include an injection molded
housing, the aperture and detector may be mounted in the housing with a high degree of
precision with relative ease. Therefore, the cost of production is reduced, whilst still

maintaining a high level of quality.

25  Further still, as there is a gap between the optical filter, which may be proximate the
mask, and the detector, may help avoid glue out-gassing on the detector surface during

device.

In a preferred embodiment, the noise level may be further reduced through reduction in
30 stray light without sacrifice of signal level (S). The use of the mask at a distance from
the detector, reduces the angular range into which the signal may be both projected

through the aperture and received by the detector.



In a preferred enbodi nent, the noise |level nmay be further reduced through
reduction in 30 stray light wthout sacrifice of signal level (S). The use
of the mask at a distance from the detector, reduces the angul ar range
into which the signal may be both projected through the aperture and
received by the detector. 5 This is distinct fromthe prior art where any
| i ght passing through the aperture will be received by the detector.
Consequently, stray light entering at a range of different angles wll
only inter ﬁ“élses distincttfroan thetpaior ert whierdany hmn)aﬁnwmghéhﬁg@e(ﬁlr%‘#vdl bf view,

FOV). Because. 0f,t duce resul ti framstray
ont e raegh oy e AR ol QBT iR Pl e o B eased” 1 n
a preferregngenoti spintedfére wigMmhe aetderyr Witht thetangtlad fangd (BeabIFeicapt | cal

gain correction device, that may automatically adjust S|gnagagaln based on

certain phP¥eBesayse efitberedycedvanss. air level QY) tsevltine FemowwraxrichE wilbt abl e
level . 10 L a"ﬁar@)'éq‘{: F&%aperf'mf}&m m bEHR a@@&f be any one of a fixed

aperture, jus ure, aperture disc, a stop, a shutter, a

hole, a coated substrate or an optical band pass filter. 15 1n a second

aspect, the present invention provides an optical rece|V|ng devi ce for
FH

recei ving &h? BEETER STRAQGHRPNLT thE FPHCE M APILON 28 4P GROBBHEIOPEFHGAR det ect or
for recei v'c&gecnbh%eoﬁltﬁalmasy Qﬂﬂhaﬁaaﬁ ahhﬁt ﬁg&élg%q;asm Geriifgnal mask

havi ng an aperture throug eas a portion of the signal passes,
sai d mask pmaspameduﬂranhch@ndéceﬁbcmg&khwgmamwempbkdamlaX|s of the signa
internediate the collector and the detector wherein the location 20 of the
si gnal frask is such so as to attenuate the signal to less than a saturation

threshol d 194 pidié@rétiedmsddaient! the dndsRinif, BSRHIne of BEixRad Qﬁé}ﬂire | ameRIEstaBile
provi des a nethod of attenuatlng a signal ‘received by an optlcal rece|V|ng

devi ce frompatue.grartugsisces siop, a siitterrathindel acontsd substgte amntapicaltbapd
‘positionin a&fﬂﬁﬁk |nterned|ate the collector and detector along an optlca
path of th

15 Ina second aspect, the present invention provides an optical receiving device for
receiving an optical signal from a signal collector comprising a detector for receiving
the optical signal from the collector and a signal mask having an aperture through which
at least a portion of the signal passes, said mask is spaced from the detector along an
optical axis of the signal intermediate the collector and the detector wherein the location

20  of the signal mask is such so as to attenuate the signal to less than a saturation threshold

of the detector.

In a third aspect, the present invention provides a method of attenuating a signal

received by an optical receiving device from a signal collector,; the method comprising
25  the steps of :

positioning a mask intermediate the collector and detector along an optical path of the

signal such that a conjugate image plane of the signal is located within a range from

coincident with the mask to intermediate the mask and detector;

moving a target, from which the signal is projected, progressively towards the detector
30. from far field to near field;

masking the signal passing through the mask when the target reaches an attenuation

point intermediate far field and near field, and;



signal such that a conjugate imge plane of the signal is located wthin a
range from coincident wwth the mask to internedi ate the nask and detect or
noving a target, fromwhich the signal is projected, progressively towards
the detector 30, fromfar field to near field; masking the signal passing
t hrough the nmask when the target reache% an attenuation point internedi ate
far field and near field, and; 6 attenuating the signal, fromthe
attenuation point, to less than a saturation threshold of the detector.

BRI EF DESCHfytng the sipralviioshs attgnyatien poing te lesk thea etsaturaiiondhisshald obpt i cal
recei ving gevi.eepf the prior art; Figures 2a to 2e are schematic views of
the optical receiving device according to the present invention, as the
target noves progressively closer to the detector; Figure 3 is a

characteri st.i f th tical receiving device of Figures 2a to 2e; Figure
4da is a scﬁgh§fﬁ@s§$§ﬁfg?N6ﬁéDBﬁﬂygﬁﬁsreceiving device of the prior art; 10

Figure 4b kgup ﬁg@eamac&ﬁgﬁ@wmn%ﬁfagltﬂae&vﬁagtdeeﬁk o{v&ﬁﬁin%ir qg, device of the
prior art; "Figure 4c Is a schematic view of the optical receiving device
accor di ng Fgues 2a¢orBodicrseidmasic wtidres ff the eptical moevingdevidel aguomdintg tosha
schematic view of an optical systemincorporating an optical receiving
devi ce accBrreﬁ‘?%bnvjteBH?Ihé's bl'fegt%@ﬁ{mPﬁ?féﬁ??S?ﬁpvei%Cf@F%J?g" '5°%Tan i sonetric

vi ew of ongio@fDRiFeNAtacRiistiSf tAE BpREH rdRKERY E&ice offHigHES2HR 15 a sectional
view of the enbodi ment of Figure 6a. Figure 7 is a further schematic view
of an opt i E@ure4cieipsrhrmatiswier oheroepticabrerai vingalevise @f thetprionagnt i on. 20
DESCRI PTI FERRED .ENBODI It will be .convenie ta further
descri tl)(g t ht perA;bsngr?E Ialenr{l/aetlﬁ:t‘fl%wn Ov%g %\%h?reoé’gg%ltre?eé‘”flﬁ§3V13%8€t&?ﬁ8ﬂﬂ % dr awi ngs
whi ch i || uBigued & ip@schdvhficanéang¢reptisalabedvigg doMeENidcortinglonar
arrangenments of the invention are possible, and consequently the

particul ar prpyo@fnep}]@ the present invention;

Figure 5 is a schematic view of an optical system incorporating an optical receiving

device according to the present invention;
15 Figure 6a is an isometric view of one embodiment of the present invention;
Figure 6b is a sectional view of the embodiment of Figure 6a.
Figure 7 is a further schematic view of an optical receiving device according to the

present invention.
20 DESCRIPTION OF PREFERRED EMBODIMENT

It will be convenient to further describe the present invention with respect to the
accompanying drawings which illustrate possible arrangements of the invention. Other
arrangements of the invention are possible, and consequently the particularity of the
25  accompanying drawings is not to be understood as superseding the generality of the

preceding description of the invention.

Figure 1 shows a characteristic 10 of an optical receiving device of the prior art. In this .
case, the optical receiving device has beén adapted for use with a laser scanning system
30 and so the characteristic measures received light as a function of distance from the
device exit window to the target being information media such as barcode. The

operating signal range of the device is limited within the maximum threshold 15



25 acconpanying drawi ngs is not to be understood as superseding the
generality of the preceding description of the invention. Figure 1 shows a
characteristic 10 of an optical receiving device of the prior art. In this
case, the optical receiving device has been adapted for use with a | aser
scanni ng system 30 and so the characterjstic nmeasures received light as a
function of distance fromthe device exit windowto the target being
information nmedia such. as barco The , operating signal range of the

. h
device is I"FRIFIBYNGISTHIAYOR t%g?etﬁﬁm P  SHRiPREm Bnrpshold 0 sxpsrientsg by the
saturation jgfeds f&%aé%%b@&&iglﬁalal@delafomsﬁh eRctoR ! %ﬁ%@ﬁﬁ’%\g{% Jh%PJc?eE@Gé 6 WAthih he

| onest acceptabl e signal "l evel for said detect ppi ng the
char act er i $h¢ mazxnwin threshold hg anduxiinumn Hhreshobl 20 d&fires dharaaeprabie topersihgl d 20

defines the.acceptahl e, operatin i nce for e device fromnear field
25 to far fq‘sg?r&eglﬁf B‘Ffd,evﬁg fEorm o {‘je@ftzgéo ?m‘f@%t&ﬁf Ig a3 3Estlf e rhange of
par anet @r s,opkhitioffiPabi@iterdBiiie Wb bnd thdy\FisE a5 RictdlSe SleQNAhl Sah RorftRE divi&:,

device, this would have the effect of shifting 32 the characteristic 10
upwar ds t o thisneauldchayeathe eefifest iaf dafting oBoithe charhétyristishil 0 supwangr tviangew he

signal |eve ar_ hiel orresponding .effect.is to shortepn .th

avai | abl e é:lp})%%g eﬁ%c g?slfrgg(%:@%fl%lfya r}gs\}%gelg’rpr‘g?% cﬁge ignrt Eeﬁf agl'lqadsgelfihtg‘e
action of icoeegaading Sfegnal toghofteN @z ivaglablerdperpiap diifighcefth @Chewhearlfkld
reduci ng the operatjonal range of the device. Figures 2a to 2e show vari ous

schemat i ¢ VIThe? 7of Thusydhs agioacehryisesing signab gpinelasnthe qomgsnanding, effast ofi s
arrangepent . g%l mask 45 having an aperture 47 and
a coll ect orr,e l|§cr11 ﬁ?gﬁggg%&?éﬁ%gﬁgt}é&w%&si gnal 60 is projected froma
target 55a to e 15 along an optical axis 66, passing through the device to

the detectqr. In_Figure 2a, a.target 55a at an extrene di stance projects an
optical si %%‘Fre%@attg%h%‘OWeﬁaé‘ouﬁ(?%Wﬂ‘%W, Vigvy & & feYies agcortng o g P& ar get

55a, recei VigvertiBR. I B arfdnpBm¥Ai ¥ 1&%{ea%ete@iaf%gg%§k aﬁ%ﬁnggﬁla J’Hﬁe lhens 50
I 2 oII? t he

consequently directs the signal 65 through the aperture mask
45 ont o t heindet edleotor,4i0. thidtcasara leneb@ A bendi 6@ it pobjestaginfidmG5target 654 esea

o angaen T RETT R Er G b e Rl s SR et do.
In Figure 2a, a target 55a at an extreme distance projects an optical signal 60 to the lens
50 which, given the distance from the target 55a, receives the light at a very narrow
divergence angle 56a. The lens 50 consequently directs the signal 65 through the
20  aperture 47 of the mask 45 onto the detector 40. At far field the directed signal 65
creates a conjugate image plane 70a within or just forward of the mask 45. In this

arrangement the full signal is directed to the detector 40.

In Figure 2b, the target 55b is placed at the design far field whereby the projected signal
25 65 creates a conjugate plane 70b directly within the aperture 47 of the mask 45. At this
distance, the divergence angle 56b of the light received by the lens 50 from the target
55b 1s marginally greater, and so the received light power is also greater. Figure 2c
shows the target 55¢ within the operational range. It should be noted that as the target
55c¢ approaches the lens 50, the conjugate image plane 706 moves towards the detector

30 40 and so bringing the directed signal 65 proximate to the periphery of the aperture 47.

Figure 2d represents the target 55d at a predetermined location whereby the mask



In Figure 2b, the target 55b is placed at the design far field whereby the
projected signal 25 65 creates a conjugate plane 70b directly wthin the

- aperture 47 of the nmask 45. At this distance, the divergence angle 56b of

the light received by the lens 50 fromthe target 55b is marginally
greater, and so the received |ight powerg is also greater. Figure 2c shows
the target 55¢c within the operational range. It should be noted that as the

target 55 aggroach s the lens 50, the conjugate imge plane 70c noves
t owar ds t hBCHBt Bcindriespwith thadireciedyiignaliogg Herre thei Goajueate isaga alane T 0drhesi mat e

to the periphgy Béni?:fr%etdhﬁoxﬁHﬁE TR, ggogrﬁgén%géﬁa@dth}%%ﬁé%ﬁﬁni@.ﬁ&ﬁ gsﬁgcﬁﬁt,55d

at a predetern ned Tocation whereby "t egins to inter w’t h
t he direct &usé gnstioveShe tegeat S5t peogremjvebedpproaching tie kne witda basespohdiag | y

energed from.t mask rogressi ng towar he detector 40. Fromthi s point,
Figure 2e §W&93%P$%°W%ﬁagee @?W%SFé%g?rgéﬁ?geéﬁﬁ?ro inggothfedirecied sighalp 5
corres pS)ndBBg)eir%ﬁerére@dcivél?%ééﬁéH BO3he sbTedIRinY MBSiAAL rdceRE bythe dgt%E%?t or,
| eading to the directed signal 5 65 being progressively maskéd 80 and so

reduci ng tHB signal received by the detector 40. In progressing the target
froman internedi ate position 55c to imm nent masking 55d and then
approaching near field 55e, the divergence angle of |ight fromthe target

al so 10 i Mt peRsesinglthgtasai ¥ehanSdeerinedaieposasond®Rstd Mfnldedhinafonessd
received by the detector 40. Fllgure 3 shows a characteristic of the opti cal

recei ving @adfhca 2pproschige aearflield XoRetheshivaraenceianglernfi light fog thertfargshkso
par anmet grs ;yhi i C (.St C- of _Fi . S

Py net Oy ARS8 BBkl D SOCRARCALH S LTidhh pbuBHEFeibea o 1€ BB3fr a0,
the far 15 field end of the characteristic. It follows that, the naxi nrum
threshold 15 an i nimu threshold 20 are al so the same as for the

previous ch&ETret 1Bt & CaNacssser e %PPE% rggeivipg exiceedy agfording tprtegent
i nvention ?gé@erﬂeinm%n. ?B@th}éasrahﬁtb%ré?ﬂe;téx%'méh 8dridBe Eﬂé&&%ﬂ%ﬁg%fafﬁigur‘é jare

i denti cal that of the prior art an orm points along t cteristic
90, 95. THhke base gharag@susticsl pofstheioptieal reciving ldavict B& refinnins tidkahtisalgmathe &5 i s

Sub] et 0L 20 IEELET S SRR sl SORASSRENS 10 2
The point diregiokP2QerRCasoMht lsanvid by o thé pedvedus ehEradiedStic and so a comparison of
the effect of the present invention can be made. The various positions of the target 55a
to ¢ are identical to that of the prior art and form points along the characteristic 90, 95.
The target 55d is positioned such that the directed signal 65 is subject to imminent
20  interference by the aperture, which corresponds to a point of divergence 100a to d from
the characteristic of the prior art. The point of divergence will vary with aperture size,
from the largest 100a to the smallest 100d. As the target 55e progressivély approaches
the lens 50, the directed signal 65 is masked 80 and so creating a diverging
characteristic 110a to d.
25
The effect of the present invention is to create a maximum received signal 100a to d
which is significantly less than the maximum threshold 15. Thus, the designer is free to
increase signal gain without exceeding the maximum threshold. This is demonstrated
by the flatter profile of the new characteristic 110a to d leading to significantly greater
30  flexibility to manipulate signal gain than is available for a device of the prior art. In
contrast to the invention, the near field limit 25 of the device of the prior art defines the

maximum signal strength permitted by the device. Conversely, the near field position of



fromthe largest 100a to the smallest 100d. As the target 55e progressively
approaches the lens 50, the directed signal 65 is masked 80 and so
creating a diverging characteristic | | OGa to d. 25 The effect of the
present invention is to create a maxi numreceived signal 100a to d which
is significantly |l ess than the maxi mum threshold 15. Thus, the designer is
free to increase signal gain wthout exceeding the maxi mumthreshold. This

is dem)nstréjt %/ he flatteée[ngroflle of the new characteristic 11 Oa to
d | eading £&CLCGAFFITEREP DGRTESANE invERtien.dR fasty sppyoaches s imynirawe thieghdd gai n

than is avaoIr@héﬁhﬁ@fheanﬂemuﬁﬁth%h&'ael5prA% g&ﬁson theﬁaﬁrra[c?é'}st&qlbg?

invention, the near field limt 25 of the Ice o e prior art defines
the maxi msrfntf@ @P@Dt sﬂtvpletnglt Ehldpbatmftth@nn@yart he, stews dmt aaha\perrset yhidhhtke near
field posity according.to, the i nvention, in fact,
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A conpasi seamefdisidire Cly3h a6 tdeisi fgrificahtiPalesO add Lft &' &0 Gpper! ¥ 'HF @p and
that of the prl or art 10, shovvsér% hat %’? t he poi n%lhja}fn B]tBer eV| ce of

the prior #¢ukieagsmelisthedevisati on 25, the signal of the pr esent invention at
the 5 sane distance 105a to d is significantly less, and certainly not an
upper Iimt of the wuseful range of the device. Thus, an increase in signal

gain Wl Thu$ aotinbeaef 1|nt51g1’me gaaavilll inetad: pasfit tkﬁmehpﬁélﬂ%o%ﬁfﬂh toftht Qithe t hat
it will benefit the { 05|t|on 10 Figure 4a to c show the effect

of the sepﬁ?‘tﬁf‘tetaatrfﬁ? 1%%‘16&9& ar figld pesitignof noi se reduction, as conpar ed
to theprior art. Figures 4a and 4b show two alternative arrangenents of
the prior art, both with and w thout an aperture. 15 Figure 4a shows the
case Wit holfiguan dapter £ wwhewwtter effgctsefr the Isé;gkettedla(hsk/aatemefl BC terfs06f noise

sur roundi ng?ﬂs#.faces to inpact the.detec 121a. Further, as the beam size

on i npact O & GPRUEY 0] theghRgY arty figuses Az and dlysholr tie Hdlernggre ct
122a | ocat gdagienlens SRbEFE@art, %thtwa%amwrthait ahB@fikre. Wi |1 adversely affect

the signal. In Figure 4b, the prior art case
15 Figure 4a shows the case without an aperture whereby stray light 120 can reflect from
surrounding surfaces to impact the detector 121a. Further, as the beam size on impact
with the detector is small, any scratch, dust or other defect 122a located on the detector
at the point of impact, will adversely affect the signal. In Figure 4b, the prior art case
where an aperture is used is materially the same as Figure 4a, in that the aperture merely
20  blocks peripheral portions of the detector. Stray light 120 is still able to impact the
detector 121b, and the beam size at the detector is still small, and so defects 122b at the

image point will still create significant noise.

Figure 4c shows the arrangement according to the present invention. Having the
25  aperture separated from the detector 40 decreases the angle (FOV) at which the directed

signal 65 may be received by the detector. Thus, stray light 120 which falls outside this -

reduced FOV will not be received 121c by the detector with the effect that for a change

in arrangement the level of noise generated by stray light is reduced without sacrificing

of signal level.
30
Similarly, the separation of the mask and detector, leads to an increased beam size at the

detector. Thus, a defect 122¢ of the type shown in Figures 4a and 4b will have a much



° where an aperture is used is materially the same as Figure 4a, in that the
aperture nerely 20 bl ocks peripheral portions of the detector. Stray |ight
- 120 is still able to inpact the detector 121b, and the beam size at the
detector is still small, and so defects 122b at the inmage point will still
create significant noise. Figure 4c shoys the arrangenment according to the
present invention. Having the 25 aperture separated fromthe detector 40

decreases the angle (F at_whic e djrected signal 65 may be received
by the det 6‘?‘1.q ﬁwﬂ?g ondp¢ igtal f»lgﬂfﬂ- ig'efa\Afhm?fr?%é‘il%t@ndiftsgp%réﬂ?rhﬁgd redigeded

FOV wi Il nebvbral |6 &l ¥&iadnls ilalyrema SRR LR sathd bor;d%ﬁfafs%ﬁnlpmﬂttoftﬁé a

change in arrangenent the | ével of noise generated by stray Fight is

reduced wi phiowart.sacrificing of signal level. 30 Sinmilarly, the separation
of the mask and detector, |eads to an increased beamsize at the detector.
Thus, a defect 122c of the type shown in Figures 4a and 4b will have a much

10 redycedigupPfchovwda bdiRmiabit df af ol systéSincluling b dbtieNddhice 126,
separation and reduced FOV lead to a significantly increased S/N for the

same condi hRYAS adase seses ¢80 erd a Hecusing leps b8, scanmigydavices] Xhibvengh wlienat i ¢

of an opti : L.hC ' an tput opti.cs device 1 havd.ng., a

| aser sgurglgﬂullgé%%ﬁtg& é’h@o%:u&g?%% %%dqu%yo%&éré%l&irﬁ%evgvti?%%%gézgrgeﬁjgugﬁeMi ch
light is diipecefected fromatheasiget 55amd tiichghohe 860N delice 122G e thed direewit he
target 55. The Jight reflected fromthe target 55 and through the scanning
devi ce 1240 § ECeiyHlg epticaldexire X qcgorAmgde Whenryespt invantifevi ce 35 according to
the prggent invention. 10 Figures 6a and 6b show a particul ar enbodi ment of

the present invention. The optical receiving device 130 further includes a
housi ng 12TFigwesufaaatduste shavih e pagivuian jembbdimment wb kit prgsentirereatien. pThe epecil  of

an aperture in.relatio 0. 8 detector qf the prior art required the
aperture t&6E I%ﬂﬂ‘éﬁe 3 36 tfﬁﬁhﬂe‘%}&j‘éﬁ 2 ] u’?‘ﬁgtﬁgl B‘F%%éﬁPrqdntgéqﬂgi?‘O‘i’?JetcﬂP’é very
15 preci seniM@ngi fWherdl 4 pREQRGT A s AéAufeth RYatlRURL A B6tetBE of heptior art 50
only within the

required the aperture to be bonded to the detector, with the present invention this very

15 'precise and difficult process is avoided by mounting the detector 150 only within the
housing where the aperture 145 is already part of the housing. Further, an optical filter
140 is placed proximate the aperture, which, with the other elements is along an optical

axis from the projected signal directed from the lens 135.

20  Rather than the precision required for manufacture residing in the placement and
bonding of the aperture to the detector, the present invention maintains this precision
through a much simpler and more controllable process of injection molding. Thus, in
addition to the aforementioned advantages, the present invention also has significant
advantage in ease, and therefore cost, of manufacture.

25
Figure 7 shows a further advantage of the present invention. As discussed, the
separation of the mask 45 from the detector 155a to ¢ leads to the beam size at the
detector to be larger than compared to the prior art. It follows that this beam size will
vary with the distance from the mask. Therefore, the scope to maximize the effective

30  area of the detector is increased, as demonstrated in two examples.

For a detector 155a of known size, the distance from the mask for a corresponding the



housi ng where the aperture 145 is already part of the housing. Further, an
opti.cal filter 140 is placed proxinmate the aperture, which, wth the other
el enents is along an optical axis fromthe projected signal directed from
the Il ens 135. 20 Rather than the precision required for manufacture
residing in the placement and bonding ?{ the aperture to the detector, the
present invention nmaintains this precision through a much sinpler and nore
controll abl e process_of injection nolding. Thus, in addition to the

af or ement i BFRIY S8 vanba galsulatade apg éeeiﬂvmerﬁféh@ PEsseni| 18Yeniias congnictadchased
advant age i,f52se ax?d‘ﬁ Lherefore cost, of nmanufacture. 25 Figure 7 shows a
further advantage o Re pr esent |nvent|on As di scussed, the separation
of the mask 45 fromthe detector 155a to c Ieads to the beam size at the

detector tq be |lar e t han conpared to the prj rt. It follows that this
beam si ze W efmthlgy fop e CRETRINeH Afi6e SREThBereark 2 Frisdh dfteRe atppiclicope
to maxi fm Zehd 88e@bd &l b/ §lac§@ HdeBe YealGz 6t ﬁﬁ& %Bldt%ah %r%ﬁged,aﬁl
denonstrated in two exanples.” For a detector of known si ze, the

di stance f ldetnctphéﬁm@kc fmatchang iy ssp ogldited) Tflh'epriLoI arbeffers siozsmich advdgage,

cal cul at ed, he d VI of tF ent invention constructed based on
this size S’ﬁ Yneeon eépﬁg ?'Q/g‘?i’/f T$0or a pre-deternined device size,
and therefore a fixed distance at which 5 the detector can be placed, and
t he beam si ze at that point can be calculated, and a detector 155a to c
mat chi ng tﬁﬁ@ﬂQ@ie sel ected. The prlor art offers no such advantage

ei t her t S an ure, | e

deronst Yt thaenthidls ReaatEst e ANeBRSY 3¢ froniBREREY 7 Somboremis en s
are provi gesdidedrfovedrions sondifichs! iThese arEpeseded i@ Tablvi.ded in Table 1.
Wor ki ng Exanple 1 Wrking Exanple Lens thickness 20.0 nm 8.0 nm Di stance
fromlens to aperture 63.0 nm 5.5 mm

Working Ex;ample I Working Example 2

Lens thickness 20.0 mm 8.0 mm

Distance from lens to aperture 63.0 mm 5.5 mm

Thickness of optical filter - | 0.55 mm

Distance from aperture to photo 4.0 mm 1.15 mm

detector

Focal length of lens 77.7T mm 15.0 mm

Dimension of aperture Diameter : 3.2 mm Diameter : 3.2 mm

Dimension of detector Diameter : 5.0 mm Height: 3.3 mm
Width : 4.0 mm

Table 1 : Summary of Working Examples
15 '

20



Thi ckness of optical filter - 0.55 mm D stance fromaperture to photo 4.0
mm 1. 15 mm detector Focal length of lens 77.7 mm 15.0 mm Di nensi on of
aperture Dianeter : 3.2 nmDianmeter : 3.2 nm Dinension of detector
Diarmeter : 5.0 nmHeight : 3.3 rmWdth : 4.0 nm Table 1 : SunmeyDJVISE
Wor ki ng Exanples 15 20 LLOYD WSE 12 AIMS 1. An optical receiving
device for receiving an optical signal froma signal collector conprising
a detector for receiving the optical signal fromthe collector and a 5

si gnal mas g an aperture through which at |east a portion of the
signal passes, said mask |ocated along an optical axis of the signal

i nternmedi ate t he L BIGtQsviaRdetiberor 463 RGh 4N ééx%tgclraﬁ%ignél%rﬁ QRhiion of the

signal mask is such so as to attenuate the signal l'ess than a
sat ur at i oncellaceasieomprising aldetedir dortreceiving tize appicplm@tad fiomeahe cplleune anfl at he

signal _is located wthin a range fromcoincident with.the mask to

i nt er medli atslgn?clﬁga_ R'T&AY a?f)‘“ﬂﬁ?‘?ﬁff?‘ﬁ%}} ‘%f aﬁ'f?é“cf‘é?ﬂrﬁ%n 8@&‘815’&[1 B¥Scl ai m 1,
wher ei Nt heaj8ingR lodateddildrRGhesptit 4IRS ritAé ehal iRefdd@até BRCINIBS 0L LR the
collector. 15 3. The device according to claim2 wherein the conjugate

i mge pl andetggtor whewgingtha locaiien elothp sienalmaski is Buchre avie kitetvete thé égndﬁ?et is
at far fie T i i to _any_aone of the preced .cl gi ns
ner o n s e PO GRLREBE e ek or I WPRuBlye WGBS BOsfod

is located within a range from coincident with the mask to intermediate the mask and

10  detector.

2. The device according to claim 1, wherein the signal is directed from a target

before reaching the collector.

15 3. The device according to claim 2 wherein the conjugate image plane of the signal

is coincident with the mask when the target is at far field.

4. The device according to any one of the preceding claims wherein the aperture is

smaller in area than the detector.

20
S. The device according to claim 4 wherein a dimension of the mask in any one
cross sectional plane is less than or equal to an equivalent dimension of detector in the
same cross sectional plane.

25 6. The device according to any one of the preceding claims further comprising an

optical filter located proximate the mask and distal from the detector, such that the

signal passing through the aperture also passes through the filter.

7. The device according to any one of the preceding claims further comprising an
30 automatic optical gain correction device for adjusting signal gain based on
predetermined parameters, said parameters comprising one or a combination of

allowable signal level and saturation of the detector.



5. The device according to claim4 wherein a dinension of the mask in any
one cross sectional plane is less than or equal to an equival ent dinension
of detector in the sane cross sectional plane. 25 6. The device| i
to any one of the preceding clains further conprising an optical tilter
located proxinate the mask and distal fromthe detector, such that the
signal passing through the aperture al so” passes through the filter. 7. The

devi ce accqrding,to any one of the preceding clains further conprising an
30 aut onat gc op%ihﬁ 3?“@%???0&‘8?% Eanysine 9 hegresedingdpimstwheseis ithpegllegtor n - based

on predet g{dlidesd: RaIELEY §0m§ﬁ5§orp§fzﬁqg§?5§e CRURd Sl One or a

conbi nation of allowable signal |evel and saturation of the detector.
LLOYD WSE 13 8. The device according to any one of the preceding clains
wherein thg col kector. includes at | east, one or a conbination of at |east
one |ens agd_ a ﬁ‘? |d8‘r”.c‘_°' @‘fco_ﬁ‘ﬁ%g g’e%y§€e§§mHF?F§‘Q&FlﬁW ieeiphe drvigsrigcedi ng
cl ai ms wheaédpled foe usteaw tB€ optiical RecBNAY §ltehPf dRSraSarnity s?@&ﬁ?@bafc%ﬁ@' ving
system of a | aser scanning system a barcode scanner, phot ocopier, a
scanni ng nStANBST 8 FROtOsPPieNH £ isedaining roicTespope an @ptitad piolinips akematewoutegl a caner a
nodul e, and%@géﬁgs ot Eg&gig&egevice or .an ai.rborne .line .scanning

system 10 SV G R BITAC S ERYMGHEN JEVIET QF 3Rs2IEPOrRE e wher ein t he

target i s scanhmpcagstem. 11. The device according to any one of the preceding
clainms wherein said device is constructed as a unitary elenent. 15 12. The
devi ce according to any one of the preceding clains further conprising a

housi ngywhepei n1hhQefHol 5&%[‘&?5%}0%?%& 3¢ AGHESLEY, eefeimfien{aggeiiso% a?![ ﬂer

housi ng. 13. The devi ce accor to an§ one 6? cl ai frs
conpri si ngbarchdaisi ng 20 wherein the collector, mask and detector are
integral with said housing.
11. The device according to any one of the preceding claims wherein said device is
constructed as a unitary element.
15
12. The device according to any one of the preceding claims further comprising a

housing wherein the collector, mask and detector are mounted to said housing.

13. The device according to any one of claims 1 to 11 further comprising a housing

20 wherein the collector, mask and detector are integral with said housing.

14, The device according to claim 12 wherein the housing is injected molded as a
single part.
25 15, The device according to any one of the preceding claims wherein the distance

from the collector to the mask is equal to or less than the distance from the collector to

the conjugate image plane within an operational range of the device.

16. The device according to any one of the preceding claims wherein the distance
30 from the collector to the conjugate image plane within an operational range of the

device is less than the distance from the collector to the detector.



14. The device according to claim 12 wherein the housing is injected nol ded
as a single part. 25 15. The device according to any one of the preceding

: clains wherein the distance fromthe collector to the mask is dd40aD WISEor

| ess than the distance fromthe collector to the conjugate inage plane

wi thin an operational range of the devige. 16. The device according to any
one of the preceding clains wherein the distance 30 fromthe collector to
t he conjugate inmage plane within an operational range of the device is

| ess than tiffe dildFdRKise pecoRding éo am anec dhe precading laimscyareintheoveskiBSE 14

17. The deyj i ' ' i,n th
€ JeVh{¢ end6L ﬁgé%fgtgreagﬂ 28060k ghé}gﬁjalrja?%a eQﬂscCLIg{og?% Wigeeln the

mask is any one o aperture, e ape , aperture
di sc, a st dple, acsdted substrata or holpticah bemmbpass fitetbst rat e or an optical band
pass filter. 5 18. The device according to any one of the preceding clains
wherein the mask is spaced fromthe detector. 19. An optical receiving

devi ce kor geceiThedigvidl a@kdifgko &l}g(%lﬁl of ftlﬂi;?ﬂe(?erdgir%g{lﬁilénscvgﬁréiﬁQﬂ@ﬁiaﬁpﬁp ri ib ng

a detector for receiving the optical sign ector and a

si gnal maskp#rgdifiom the dgigetorur e t hr ough which at |east a portion of the
signal passes, said mask is spaced fromthe detector along an optical axis
of the signal internediate the collector and the detector wherein the

| ocati on ofi9t he Agi @itivhi R8BS KingSeFite ForSOcink 8n ogﬁé;ﬁ @lg?_&leﬁérﬂ%_sﬁngpal to less
than a saturation threshold of the detector. 15 20. The device according to

cl ai m 19 welester compsisingedeseqtorsfgerepeiaing the optivel signal from the dobeetoreahdu t hi n a

range f.rom_g0LNG] - W nternedi ate the . .mask and detector
52"0% 120 ne Al d bkl iRfieh Rl FIEEES Birfioh OF e EREes ng
devi ce fronrid m#R issppoed froml thedéwector ilbeg nebftad] SAFPF theisital Merskelt e -

posi tioni ng mask igt&rnediate the collector and detector along an optical
path of th&ollestefad tg deteqtanwhereinghe lagatien ofithe sigprlanaskds suchsogs hal i s

llocat ed Wi tfbRae thaQGRal th98s than a saturation threshold of the detector.

15 20.  The device according to claim 19 wherein a conjugate image plane of the signal
is located within a range from coincident with the mask to intermediate the mask and

detector.

21. A method of attenuating a signal received by an optical receiving device from a
20 signal collector, the method comprising the steps of :
positioning a mask intermediate the collector and detector along an optical path of the
signal such that a conjugate image plane of the signal is located within a range from
coincident with the mask to intermediate the mask and detector;
moving a target, from which the signal is projected, progressively towards the detector
25  from far field to near field;
masking the signal passing through the mask when the target reaches an attenuation
point intermediate far field and near field, and;
attenuating the signal, from the attenuation point, to less than a saturation threshold of
the detector.
30
22.  The method according to claim 21, wherein the optical receiving device is

according to any one of claims 1 to 18.



* coincident with the mask to internedi ate the mask and detector; noving a

. target, fromwhich the signal is projected, progressively towards the

- detector 25 fromfar field to near field; masking the signal pasSYmwIsSE
t hrough the mask when the target reaches an attenuation point internediate
far field and near field, and; attenuatil g the signal, fromthe attenuation
point, to less than a saturation threshold of the detector. 30 22. The
met hod according to claim21, wherein the optical receiving device is
accor di ng £ anyhemsthed aceeidmg te claymPd wharethepptical reseiyme demiseiet hod

accordi'ng E&o?&iﬂ%f@ dhnheresd the optical receiving device is according to
claim19 or 20.



