.; e3eohl . $6ThGNO AN OPTI CAL RECEI VING DEVICE Field of the Invention The
invention relates to optical receiving devices used to receive an .optical
signal, and in particular, receiving devices applicable to at |east |aser
scanni ng systens, scanning m croscopes, barcode scanners, pho “mmmwmmm
i nfrared communi cati on devi ces. Background of the Invention 1mmﬂM“ :
recei ving devices are used to receive an optical signal for convernshen to a

digital signal for the conmugj { of devices using
optical receiving devices i A T ]9§Efﬁﬁenﬂ i nms, sca 'mmmmmnmww
m croscopes, barcode readers, optical pick up, renote controlmmu

canera nodul es, infrared comunication devices, airborne |ine scapind
systens and photocopy systens. 15 The optical receiving device is designed
so as to berrtd bMBe VeRtisANge froma mninumthreshold to a nmaxi mum

t hreshol d of the detector, such as a photo detector, photo nultiplier,

i nfrared deTheinyentichorelfites toropfical necetvirsdeicks nead toaecktteeamapiied] siynat.emdai n
oper ational . aramfters.. For instance, the mni E’rumthre,shol d may be set to a
i mum al | BRG] TRaBErEIces ARIGPHALT Harsst EHSCAPHRGBINGH SSWBINE may be
the level bgliawscahisBatcb&e £c§hﬁéité),I;Jhbfovéo%ters%tﬁnffrirem&’lﬂlﬁlugghg&ﬁ Qvides.

unaccept able. 25 Typically, the maximumthreshold w etermned by the

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

variations {p BRdBYn V;!:rﬂldinSti ngui shabl e | eading to an incorrect action
of the ci I‘CUT%&EG'I'_VUR%H, _ ge caused to the detector as the capacity

of the deteOptitalirceprnedsiacts atouset GoifeReilve AROPEcaR signBl oA LorfRAIGFlos di?itélc of
an optical receiving device show ng signal strength as a function of target

di st ance f ofiZealfenthe gemawnication ofyale.| Bxaraples efcdeices uping optieal iecetyéngr at ed

char act or | S04 e A o ey LS s BHNE hoscong GRPlT e ontisle

Thi s range pisk upemrmotd ety déiesceanra oders, iafrared cbRiidation deviberg from a
maxi mnum t hreshol d,.at near field to m nimum threshold at far field. In
desi gni ng afiTRsERq Hof scARUBE SYSHInGR Rhotqegpy &Yt ai n appl i cati on, the
desiredigyange of application is determ ned and a suitabl e detector selected
on the basis of the m nimumand maxi mum t hreshol ds proximate to the

i nt ended nebke eptival geeivingldgvice fis ddsignsg s estodesictjme in avange frotoa nigimome t he

signal |eve frthedeviceggfn he,target 1 o is at far field, he would
need to i nc%ﬁezfg%ldttﬂg R %Olép?g’ﬁt‘{ege&?ms%{‘éﬁ? p&ﬂfé’td’eit?fior ®fy the

si gnal | evemuyltipiéE YieFared Betd@bf )9 SO, when the target approaches near field,
the normal operating range will exceed saturation threshold |evel for the

detector. Consequently, the device loses its effective range at near field.

Alternatj v esl| [ C romse the.effectiveness of e devi ce
to nai ﬁ%dai ﬁjf%enmg‘{c}@%‘g} tglhﬁgfe{&ii%n n%{)téercget??rgﬂ%?@ya%e&é“wgeﬁ?%}?n? RS i%ns of

t he upper aimstahayveie thiniamahesholdsnay Yelet e malitafdtowsBle Sl BveEr
detector or  smal I.Yﬁilgc%étur,e on the detector could be selected. The small er

detector c a‘ﬁﬁ?rﬂﬁ? e teeshpldimaslg e dows! belaworhich thegplishility afoi se

llevel 100, QANBYRthe AEBoRisdRLERRbIM | | yield poor efficiency, Ieading to
a | owner '

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.



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)
assenbly, these are exacerbated for a smaller detector. In light of these
limtations it is an object of the presemt invention to be able to increase
25 signal gain for an optical receiving device w thout conprom sing the
range for which the optical receiving device is applied. Summary of
Invention Wth this object in mnd in a first aspect, the invention

provi des anFopn theatharagteeistic thg upPedendilowe limits deftrievthé gpariticnal taggd. Thignal

froma signal coll.ector. conprisi a ﬂet ect.or for, receiving the optical

si gnal fronTt8 lsclgﬂltét%idot?y tgﬁﬂu%{l'il‘gﬁﬂ& SREERSINATYIBS SRmep@akimuen trdakh

whi ch at | egsieapfiBlIth aQRinfhuth iBreSh AN faPASIHCSn d ﬁ%@gptlcgﬁ?hﬁglggl ong an
ect or e

opti cal axis of the signal internediate the co an tector
wher ei n 1 hedpdeafor arsentintapplicatignathe desitedirsngsiof lapplication isaletdrinéwedaind at he

signal to | han saturati hreshpol d.aof the detector_an conj ugat e
i mge pl aneglgl?abg% et%(’?%rrfgfecfe qn&ﬂ%%%s&s ‘?/dlgﬂnﬁmﬁl% ?’FIB}W}:@F%@P@% nt with
t he mask tOpi-dﬁlﬁﬁtm@dt}@tiﬁtehﬂ&]ﬁ@gﬁn@ﬂgﬁgﬂt_ ector. Thus, the present invention
adds flexibility for adjusting the signal characteristic within the upper

and lower limts, by attenuating the signal at the near field end of the
optical recedyi i 0. t anti al l,ess,.than saturation, and
so pernit t é}{%%gf%géérﬁ oel}%%{r%(ségos@# E\Ze @ﬁeﬁ}%ﬁf %%?}Z?r the dewdpe wpet the tqrgeta
furt her 1@dv &t dgeiedd, fherveshl hyedde indrese e dighae piih @ff opéalbRSerh,Ghdthg nMask
acting as asghyﬁ,iotgal, screerf. As a result, the device of the present

i nvention d&@8" _eﬁl&}ﬁlil%e 'p_HGFVé(Y?r’ {redaipe b ihen sheeeetanprossbesiesas Sels from
sat urati on. tHehohhRdpetin q%i{gec\?ﬁl dxRbePsab 2RI t)ﬂre's?@ﬁ?&/%l flgt}?é %@&Imr. the
response tinme of a protective systemnmay be insufficient to 1S pfevent
damage to t Renstquientlypthe ddwicedosas jthyifectivi rinayerat a¢ar frld, eAli@hitdrlthd he si gnal
by the mask,i s instantaneous H%P% therefore elimnates this risk. Further

still, the PYSLRSHMmaySORRTIIRISe theradfestysnessfithe dovigefodnaipein ancacepptallgyel  of
i ght recei ygdatdhal RO QLBE O lintiDki ” j ght passi ng
t he mask. ZOL%Iiarll aapregerred @%lﬁﬁﬁgﬁfggﬁgﬁgﬁgﬁ%ér?lufgeﬂoy}ig'the mask may
be smaller than the area of the detector. If the optical filter is placed

proxi mate t .ather tham the detector, the filter size may be
reduced. ASR? ﬁggﬁ%etsr;é Etg a{1ﬁe€ a&g@l&d%%}orbcg SH’raﬁ\?QﬁﬁW oﬁﬁ{‘eeﬁth%qtorc“d’é‘fdst,’e t he

i nvention negequd)The emaller detkdest dag iapioke Bbovetdtieatin ibhe oA Bldbd tHeQpticA> Of
the device. This nay also permt a wde selection of size and |ayout of the

det ect or, aBOEhiEveldbadiasreven sughes detecservidk vieldpopuefficiepay deadingte arfawkr

Beyond e J o | l w1l .accordipgl row in size.
A det ec%d(;r 0 éﬂggér‘g'}agﬁgﬁ ag#’afz?gﬁ }rdﬁé&g(éédﬁgéa‘%ggwa Jeg %F(aﬁbg“ﬁgﬁﬁ%{l? Bafter
for the purpith¢heoinhéient difficulties adedctaédwith ogitiesing ehytypbof 8aedteckithigam si ze
of signal, in order .to i mze the usage of the effective area of the

det ect or. P‘lntﬂflrl P’é?ur’rhl?‘i’ag&w) gsselypthgeeare gracsibatadefoye smaligsdetestoro be at a
fi xed di stance, say, for a known device, the beamsize at the rel evant
point may be determ ned, and a suitable detector selected for the

appl i cat i onn 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



5 At far field, the image plane is |located at the nmask position, which
correspondingly, will also be the |ocation of the m ninum beam si ze for the
signal. In the present invention, the detector is separated from mask and
t he beam si ze i ncreases after passing through aperture hole, eventually,
project on detector with | arger beam sizge. The | arge beam si ze covers the
whol e effective area of detector and fully utilizes the area. This may 1o
have t he be ' fsi ' i call ; .t h

ot ector i el e sgreLrR et Lhifhor ahd MEBUAT LR R e
have t he f usighadmaskfientchad as edattinngte dipt digiall toRbsSthanadatdidtion thesledd of the

substantiallLy. Thus, S/N ratio is_inprgved. As to nmanufacturing cost, the
mask may r eB%%ﬁ?%r El"rsﬁlea ndteeifimage plne of g‘tﬁ signahisdpeatedwibinaepge igTJ‘I’Tﬁ a typical
ar r angenent coihél@er RALH the EnaAR T HRirRehle RE $aRk 94 G8EGor, 2aNd nornal |y bonded

to each other. At the scale of the device for use wth a PCB assenbly, the
degree of difficulty in aligning the aperture and detector is significant.

For the pre j.nv jon, .havi t he. rture.as _a separate elenent .from
the det ect of iR EophBVeriEhadR nbrBuBR et GrRg u SERT bP-aBbmamg o
the apert ur teapferdmiaswer limfis)tbyastefuatiag PR digl af 16 nBASHId 88V bCiRe optishd
where the device may, include an injection nolded housing, the aperture and

det ect or neiFCHEINgsisHice ganas to pebstantiaiinlpswiban saturstigh, awlpogsroit thy designeoto wi t h
relative eagg of production is reduced, whilst still
mai nt ai ni ng areﬁ.;%‘ﬁéF@é‘]ﬁle‘é‘%lggﬁagfﬁﬁdy. 25 Further still, as there is a gap
bet weenl® he optical filter, which nay be proxinmate the nask, and the

det ect or, avoi d ue. out-gassing on the detector surface during

Y. hel p g on, .
devi ce. | nng fB?E?ré‘fi?’%‘Ha Gaedinthe presentiarentiongglates gathemeaskactingas @ educed
t hrough r edugkicanscrdn3Rs kb, tHeUaicl bl ks ib@Rglid Vel (S).
The use of the crmssk gt 3 di sté{rﬁfgéﬁa%l%m%??ﬁgﬁ%%?g@?%é@%r@ ﬁggtgr@ 154 angul ar
range i nt o pueteshive spstemisgagirotaetythdbdetbaohfrpnepmedtion. Inpriarght defizesfugrat ur e and
recei ved by_t det ect or. his is di.stinct fromthe prior art ere any
li ght passifg ThStrgH2e ﬁlgnﬁlpgﬁrﬁ?pé’n\q?ﬁ #lmeﬁgapé‘ff%‘?t\)’éc?yﬁ?gtwt&'e‘f’%‘bf 1gyent to
Consequent | prevéi damagd @the BEEEHE. T2 RADSarALr, Htédudli bihe _only
interfere vmpft h the d%t ector withi nlrt%:%;l . }{esmgul_ ar rr’angelﬁ(lﬁ?éf%egl‘g%\alll Pflsg’wﬂ,hl?FC)\/).
Because of WA iséuptpnéancous gad theoifors dlisvivateq s risksul ting from stray |ight
will equally be reduced, therefore, SINratio wll be increased. In a
preferred enbodi nent, the device may function as an automatic optical gain

correction Fiethee still,tthepres@it iiehOombITEs the/atARiy4S ktabilZe Fhe BIDIIRAED ON
certain paraneters, such as the signal |evel being bel ow an accCept abl e

level . 10 155ceiVest ey e detectonibraugh sreater isentielif light passing the mask. of a fi xed
aperturg, an adjustable aperture, aperture disc, a stop, a shutter, a hole,
a coated substrate or an optical band pass filter. 15 In a second aspect,
t he presenthiaprefetred embodimeteshanpeiute siad of the eiask AghydR\snedlef han FiecREyi Ng an
optical sig f,rom a_si gnal. | | ect or conprising a detector for receiving
the opti cal&?l’%ﬂ%ﬁewf’? (Bﬁt:hgﬁgtlgag%ﬂtgasd):facga@r pts il apsrawe. patherigamheaper t ur e
through whi gdtectdr, tedater 8iz0 Aali g5 #le2oa! ' j;s spaced
fromthe detector along an ogtt}iagg(?jcggifs %’:‘e%? eOf;lnﬁe;%ﬁ’FceirﬁfQ}ye?%%?%Bft he
col | ect or anateriplecogiss e timventine majyprotide theedtedber2fit of retheing itgraverakipsist i s
such S0,8S c’gfqhatéveguate the signal to less than a saturation threshold of
t he det'&ctor. ?% Athird aspect, the present invention provides a nethod of
attenuating a signal received by an optical receiving device froma signal
coll ector, the nethod conprising

his 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.



.25 the steps of positioning a mask internedi ate the collector and detector
al ong an optical path of the signal such that a conjugate imge plane of
the signal is located within a range from coincident with the mask to

i nternmedi ate the mask and detector; noving a target, fromwhich the signal
I's projected, progressively towards the detector 30 fromfar field to near
field; masking the signal passing through the mask when the target reaches

an attenuati | Y ' ' e i.el d. and; 6
attenuat i n {aedyll i MRl S hPlebR S BCa ke itafle Blifora
saturation kiwvestotict, tdfe Hehm sibet 2 clicatelevRRIpont HESER| RRTdrdm s alRAWINGE 5
Figure 1 is haracteristic of an optical receiving device of the prior
art; Fi guregé% OE%??@%;PE%@HMIPE' views of the optical receiving device
according to the present invention, as the target noves progressively
closer to the detector; Figure 3 is a characteristic of the optical

recei vi ny davfasdicld, the image plapa it located atfthgmask dasificn, avhicthemetpandingdyy wifl one

optical recegivin evice the.priqr art; Fi gu 4b is a schematic

vi ew of ano?1 %be g‘ﬁﬂ?%aéllon 2@@% u %F@élﬁfgfﬁ’éslﬁ%@{ﬁnéﬁq Pregend fventien,j s g
schemati c vikeWebtor iesepirateddtont BaSk Yhd'he BOYth GRe 3G sEl MerAsik ﬁ?@%‘ﬂi ment

of the present invention; Figure 5is a schematic view of "an optical system

i ncor por at i FRETEFE kPe.icyantupldy; Srajeqt gndletecion wadidangdr brpm siz¢. hEheplargsdream

i nvention; X i i s . i i ew ong,. e di ne of the
et Ot a2 SO e Whol el QUE BE bdiectbrraa Tty e S AR S
Fi gure 6m. Kwguhebdhefisofretiucihd tie efRbrstabiatiz¥d 88¥edtt ofthe@RicdcfoR inkl@8RIVi N

devi ce accordin t%ﬁt he present invention. 20 DESCRI PTI ON OF PREFERRED
EMBODI NENT §staicratchss ditirglanresidie apd etgr Tiha il have the duthes effeetsbmeducingent i on

W th respechpicdl A& and other noise substantially. Thus, S/N ratio is improved.

As to manufacturing cost, the mask may replace the aperture associated with the

15 detector. In a typical arrangement, the aperture and detector are proximate, 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.



-acconpanyi ng drawi ngs which illustrate possible arrangenents of the

i nvention. O her arrangenents of the invention are possible, and
consequently the particularity of the 25 acconpanying drawings is not to be
under st ood as superseding the generality of the preceding description of
the invention. Figure 1 shows a charactegistic 10 of an optical receiving
device of the prior art. In this case, the optical receiving device has
been adapt . . j - iLh em ngd so the. .
characteris Hggﬁ%§§ﬁ¥§%hg%§8h§€§£V?%ﬁ%ﬂgéggééﬁﬁg ﬂ§§u§¥&ﬁfgI§H83”¥P8nlthe
devi ce exi trevéingtbby the deteetok aCgrieqh&itigstrayfilighrehteifig ARiadgsocdiffagnbar code.
The operatin%k% rang he device |s |limted within the maxi num

i | f, 1S ]
t hreshol d 1%t I"%ﬂ%”@é’é‘?ﬁ’&ﬁ‘gw {he datecter withip that gugwan RGO MeH muim
h hol d . i id
threshol d 2RoveRaRlRthdidhia hileali o A1 I0Gh sy Bbnlall Sa

detector. Mpping the characteri st old 15 and
m ni mumst hrespihldy be goluded, ithessfoteh 8/ Mcatmprididecnapasedt i ng di st ance for the
device fromnear field 25 to far field 30. If, as a result of a change of 5
operational paraneters, the designer may wi sh to increase the signal gain

for the devinGfprefched eiByliEhdh@MBe B chhPiincBbn 294 JutOHatR2oftRE] gain

characteristic 10 upwards to a new characteristic 33 proportionally. Wil st
i mprovi ng teserestigmddvites that may afitomaticellyladjtss signak gipbasdi g ceftdiect is to

shorten the_avail abl e. operat.i ng,di st ance .to a new fieldlimt 27.
Thus, the al:():at%il o%te%f Sulcﬁca? esﬁlgfbagLﬁvﬁﬁgﬁim%%lﬂwﬁ&?ﬁ? a%geg{ey ¥spondi ng effect of
1o reduwi ng the operational range of the device. Figures 2a to 2e show

vari ous schematic views of a device according to the present invention. In
this arrang®feietersd epdadisens themask By bo anyopgefe Wxpdapering, amadipustler e 47

and a col | Alire. hokrtd §; | S0al ' ' froma
target 55a to a615§b é’fu onglsg’?]dssg%q’iqcsgﬁ@%k?gdg% édpass|urt1)g@%thraf)%ggﬁétfcﬁtﬁ%gvi ceto
t he det ect qass fitefFi gure 2a, a target 5 5 a at an extrene di stance projects
an optical signal 60 to the |l ens 50 which, given the distance fromthe

target 55a, receives the light at a very narrow divergence angle 56a. The

| ens 50,sconggaidestd asplit! 86 P%Séﬁqn‘%n@e???&?ﬁiég P@%ﬁgﬂg%i@ﬁé g&%é fpe 47 of

the mask 45 onto the detecfor 40. At I rect st gnal 65
creates a cwoejiviggte optiea) signhbfiem aGagnal téllactoncompsising ardetectbr &r rededvingsk 45.
In this ar rtﬁen ggtrir&lﬁ]tsigglgeﬁgmu ltlrlle c':soillggt%{' a1i1 a giigxrla Crrtlz?s iltawcl)intgg% aggrttlﬁ'g ttt?r{)ugAhOWhich

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;



.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 fromthe target 55b is marginally
greater, and so the received light powergis also greater. Figure 2c shows
the target 55c within the operational range. It shoul d be noted that as the
target 55c S
tovar ds ¢ el Ay SRS yighe hEAng dnorh Aol RO RSIeS: IRAGAALARE HRBIRNE S et e
to the peritheeeteciot. t he aperture 47. Figure 2d represents the target 55d at
a predeterm ned | ocati on whereby the mask 8 begins to interfere with the
directed signal 65. Here, the conjugate i mge plane 70d has clearly energed
from the magkiEPHRICRIPTIN CEBRA j[cy?c getector 40. Fromthis point, Figure
2e shows the target 5S5e progressive approaching the lens, with a

cor r espondi Figushi fsta Odlﬁratstwaslm@ufaagmtmal reegjeingldaniee Bﬂﬁtetmmaanl t he detector,

| eadi ng to the di ed si 5 Db SSi v masked 80 and so
reduci ng th% gg{eékg?o ?%%r& edmﬁﬁf ‘t‘?t‘@s ﬂé@%gt’@?a?g"(fewmg rASSALHE P IRE ¢ ar get
from an i ntgressdirivestidt) s HeQhrgeBBiotdd progreferdly aa&fltaﬂqeiﬁ@bc@&d then

appr oachi ng near field 55e, the divergence angle of light fromthe target

al so 10 inc @@e%lsﬁr@glfﬁé@glﬁﬁm@@ﬂhéeptﬂt r@g@m vikseof Rigaed 2ajtot2epower

recei ved by re 3.s racteni stic of the optical
recei vi ng dfé %ggél%c%aﬁg Y gy?rhe °p|5103 rgﬁ?minﬁ&a &ntt 8ﬁ{help51|9r f’ﬁe sane

par amet & s P\ﬂgutEMbdealsm&rﬁdm \Qé\ﬂbﬁ@ﬂcﬂhériiph@al%ceﬁtﬁglﬂ@wée oftthe pRas#t;
characteristjic 10 of the optical receiving device 35 renai ns i dentical at

the far 15 Figdredicdna sehematis vievaphibie optisalireceiving deniemasording to anthe maxi num
threshold 13, O are also the sane as for t he previous
characteri stl C anghtrgo o%gﬁ@gﬁo%f the effect of the present invention
can be madeFigiitess marsnbmmatmsettnocﬁas opfical bystéma irgetpdviting am aptidsleretedeingi cal to
t hat of thefgllor ar.t for olnts along the characteristic 90, 95. The
target 55d ¢ l‘i‘?c?'ff‘t’rfi EE%EUE‘ H’t"e’t‘q‘@ sdirected signal 65 is subject to

| i nents 20Figl{ealiehf RNomektic \I'IQ@ o@Bﬁé EmbBdimit Gf‘thEEEers@ﬁtgﬂv%oho a point of

di vergence 100a to d fromthe characteristic of e prior art. The point of
di ver gence Kighte Gpdp ¢ Swttonala\pewmﬁrcm @nlzcmhmﬁmtcnﬁthme bar gest 100a to the

i rectod si GAMe o8 o Grhd el i ST AP o R e e r et Ak or | st ¢

110a to d. pghsehbmvehdg@ct of the present invention is to create a nmaxi mum
received signal 100a to d which is significantly Iess than the maxi mum
threshol d 15. Thus, the de5| gner is free to increase signal gain wthout

exceedi t IQRE strated by the flatter
profil eibgf ?Egﬁﬁg}%/v ar act eristi CB%% I@%ﬂgﬁﬁgadl ng to significantly

greater

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 been 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



.30 flexibility to manipulate signal gain than is available for a device of
the prior art. In contrast to the invention, the near field limt 25 of the
device of the prior art defines the nmaxi num signal strength permtted by

t he device. Conversely, the near field position of 9 a device according
to the present invention, in fact, approaches the m ninmumthreshold 20
rather than the maximumthreshold 1 S. A conparison of the characteristic
110a to d o 1 [ . i4Qr. t hat
at the.poi niPar el RERd L EtH AitoRRanl Mhichnud Bl ebrel e B 15
the signal biweshaccppteblerdigriahVerl farsaid détbeo Mappingithé aharectdir 100withins

significant]y less, and certainly not an upper lim¢t of the useful range of
the device. F}%Hﬁ%",lm&ﬁ‘ 'ﬁhﬁ??ﬁ%]gsg 4f+¢y1§}n¢mam_ @%ﬁs_ﬁolq‘,ﬂmdeﬁﬁgq the Acerpdls praddienear
f1eld positiRinbordififie AVIEe bhPHdar HIR 24 Lo M oldPRNCTE ks £ BRI alduEht of

position. 10 Figure 4a to ¢ showt effect o e separate tector,
i n ternss of opaatgmal pataneieon theadesignap@nye svishototiharegse itloy sigmal gaihi fgrthesledme and

4b show t | t i of _th i t, hoth with and
W thout. an Speras saYE i cBBE°AE Shiu sbnteLetedioitivib l bvaa o F dew
wher eby st r&m&dtﬁ{b&iclﬁﬁpﬁﬁﬂrﬁcﬁfallgpt\Xﬂﬁl@ﬂrﬁb‘ﬁoﬂfﬁfgng&nﬁg&{”ﬂa@&% faP flefPaed the

detector 121 a. Further, as the beam size on inpact wWith the detector is
smal |, any e¥rapendinggfectds toshentenddt aveilabd gpérating didtanee tche ndwtret fieldat

h [ . i 4 I ffect the.si | . '
or of ot cuRd Mot BHST Shiteflalf Solt G HE R coResbbBE s 47

4a, in tdat rddheingpiey dpettiondl @hye d0hbdledks peripheral portions of the
detector. Stray light 120 is still able to inpact the detector 121 b, and
t he beam size at the detector is still small, and so defects 122b at the

i mage poi nt ngul'és {id be SEGRLRrSLS E'él'{eh%ﬁ@tvie{‘% 3fa lﬁk/ﬁgra% Z}ﬁir%ht%\’\ﬁie Esent
arrangenment according to the present | nvention. Vi ng fhey aperture
separ at ed fmyentide Idehisatrangetfiend écloestsds dethetond®) aem{ k@) havingndni aplerttidest’

directed signal 65 nmay.be.received by the detector. Thuys, stray |jght 120
whi ch fall _sgftsﬁ%gi)ﬁfect?lyhf%ﬁv%a%feea et 1 ot e Prieded dim » 1arBet g e
det ect ofs W 41bng B¢ oftida®akis 68 30askifp tﬁoﬁ%ﬁﬂé\g%ﬂ/@%ﬁf theQgreppt the level of

noi se generated by stray light 1S re out sacrificing of signal
level. 30 Simlarly, the separation of the mask and detector, |eads to an

i ncreased b S| at t etector. Thu a defect 122c. of t shown
in Figures @Zﬁgﬁr&zf a&%rg{:}eﬁé\f, ag exteme Qm%c? Qli?t’ﬁ?gsdani ?i%%f&lt S1 tl?ﬁéo ¥1'8"tel§ §
si gnal . ThusQ wHidls giadtibfhe atidtoiteOfrort @R iAEEt0s5 a2 isbel RS WL QY d €& dadro®
significantly increased S/N for the sanme conditions as conpared fo the

prior art. @iVeiggheseanglenifis Theslene bt pensequeatly ahitectsathessignangs ithrenghiithey an
tout oot . ; ;
Toel o SRt U SEEE malR 4 Gh8 hERELeBRUOT AL ER TG R HREHE Pl o

and corr espaedtiengl qonjienael itedkef plafie T0£ withiget jisd.forhied lofghé niagk l48ct Bdthis om
the target 55 and thr o%:lh the scanning device 124, is then directed
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 is marginally greater, and so the received light power is also greater. Figure 2¢
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 70c 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



to a receiving optical device 35 according to the present invention. to

Fi gures 6a and 6b show a particul ar enbodi nent of the present invention.
The optical receiving device 130 further includes a housing 127

manuf actured t hrough injection nolding. Wiere a placenent of an aperture in
relation to a detector of the prior art gequired the aperture to be bonded
to the detector, with the present invention this very 15 precise and ]

di fficult . ] e e
ousi ng. vher @ g IASHEAEN R the Mir TR T el B hRfhad Bl Hallh 0 Bad 2
optical fil¢learlyl derged ftam dhie prask, pragrestihe tam&dtthe datemrdb me hh1ts h@iraf her
el ements is_ al o n tical Is fromthe ect S|gn directed.from
The Tons 13825 PHaM ikt SHe Pioean e BraoPiogu pe erl3he e cactegpading
residi ng i nsHiRf Heaa/Rate i g B&ﬂg 708 t¥ard bR &l@&'ﬁérufeﬁdﬁlg tb (R cﬁf‘cEﬁﬁtsfgﬁlal t he
present invention maintains reci sion through a nuch sinpler and nore
cont rol 15abl €5 peiogesegregsivehy ev@sk@n Grendi s gedutingshe isignalditiceived by ¢he desector

af orenent i oped advant ages, 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 fromthe detector 155a to c leads to the beam size at the

det ect or t olMpFORESSHBE thehtreet Sraya B dnicemediate RopisionaSe. toimmigentgnaskinga$sd ni s
beam si ze r ope
o mexi m ze KhEeEptpbhlind BErChah 3363 uRGhciS, IRAF of FaRf BLRGe hgh AR
denonst rat ethcieasds\woogrsivelyesoc tbd6e fasdivbe thedighl pSReratediviaVy the detectbngo.

di stance fromthe mask for a corresponding the a beam si ze can be
cal cul ated, and the device of the present invention constructed based on
this size apgi 5IRBEE 2 ShdrSEBRVEF Yhe I)ﬂfcaﬁr&f Rrifleleviat @%d%é%gfﬁ 1&% 1S RS
and therefore a fixed distance at which etector can and
the beam sipreseat mmatxorpoFmtheaamb@araaiemm athéxh, deaitvel the cletrad¢ristic bﬂaagwo ¢

mat ching th hg b?aset% %lec%%lc qg n?;g%g %crai r&éivﬁ%%lgvége 39 resnlqjeﬁgs f@ad%XP catl Pthe £t ' ther

wth or w t
15 field end of the characteristic. It follows that, the maximum threshold 15 and minimum

threshold 20 are also the same as for the previous characteristic and so a comparison of
the effect of the present inventidn 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 55¢ progressively 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



.10 In denonstrating efficacy of the invention to arrangenents of the
conponents are provided for various conditions. These are provided in Table
1. Lens thickness20.0 nmB.0 mmDi stance fromlens to aperture63.0 mMmb. 5
nmThi ckness of optical filter-0.55 nmDi stance from aperture to photo
detector4.0 nmil. 15 mfFocal length of lens77.7 nmml5. 0 mDi nensi on of
apertureDi aneter : 3.2 mmDi aneter : 3.2 mmDi nensi on of detectorD aneter

5.0 mHei ghg dev1§e §cd$9&1¥! & thepréseft AVERRR ?n thet, a ¥ tBd RfdthD hrEhB P! es

15 20 12 . An_optical receiving device for recelving an opti cal
signal fr onﬂ@lraethfgrﬁhan the Infaxdrmam tbmﬁhmldéﬁng\ eongimtrison of thearharagteeisti¢ hipat thel

t I f th | k. h
Ohr ongh wh Bhg e ifVerOp a5 b of B ik iR sREt el P nSRe BN ke
al ong an opHéwéd ofsheSrivh ahmaaéneg @adurdu@hezsmw ﬁgﬁhl tfehe Bfek&ﬁtlﬁ{?en@iﬂﬁ at e
detector wherein the |l ocation of the S|gna masSk is such so as to attenuate

the signal Sam¢ distanehdASa ta dtigrsignifeantlyirlesshend cotainlyenateaneennsr liamit of the

conj ugat e i[m%ﬁ the signal is located within a range from
coi ncident wt rgljrl‘%%?éfs?{d?vwe nternmedi ate the mask and to detector. 2. The

device according to claiml, wherein the signal is directed froma target

before reactﬁh g the coll ector 15 3. The device_ according to claim?2
wher ei n t he TRGhj20dasreaseingienal aa vl infact degefl the searsfisld ingsifionip the #ame mask

uhen the tagges: hit ifhill Benchit filedar fbld JGuélgVi ce according to any one of the
precedi ng clains wherein e apert smaller in area than the detector.

20 5. The devi ce accordi ng to claim4 wherein a dinension of the nmask in
any one cro s sectional a e [ Iess t han or ual,.to an equi val ent .

di mensi on o é&ttBr SHBYV Hote %eéértaFeéng'i alﬁﬂ%?ﬁ"éor 25 E?nnfﬂﬂén%% ce
accordi ng tﬁ:dﬁ&YoxPrb% 8dmpdied RB%@%&IQ &JtaFFg‘]Eszulié REH SOERGY St aﬁ@mgm'é cal

filter located proximate the nmask and di'stal fromthe detector, such that
the signal pagemgntsiof Sugpriariag, bethitly andawigoup as spsturdir ough the filter. 7.
The device according to any one of the preceding clains further conprising
an 30 automatic optical gain correction device for adjusting signal gain
based oms  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 b'y 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



.predeterm ned paraneters, said paraneters conprising one or a conbination
of allowable signal |evel and saturation of the detector. 13 8. The
devi ce according to any one of the preceding clains wherein the collector
i ncludes at | east one or a conbination of at | east one lens and a mrror.
9. The device according to any one of theg preceding clainms wherein the
device is adapted for use as the optical receiving systemof a |aser

scanni ng sy. n ; hot. ' . |0 I £r.Qscape,

an opt 1 cal rEfEa BBl GR 4 BRANE, Tk RO SaRbRaroR T BRI M lARRATC,

conmruni cat i Be&Vdierd tea aignificaatly hnsregsedl ISAE for dirrsang cyditidns ad QorhPardiieo €evi ce
according to.any one of clains 2 to 9, wherein the target is a barcode. 11.
The devi ce Bt¥dfding to any one of the preceding clains wherein said device
s constructed as a unitary elenment. 15 12. The device according to any one
of the preceding clains further conprising a housing wherein the collector,
mask and delFigoteoy shves asphametic pHars eptibahsyssinmgncli@ing Bheutpay bpticsaleee dRg t o

any one of claims. 1 to 11 t her .conpri sing _a housing 20 erein the

col>ll ector, FAYSRE &JAerRqUuEcs I#{?ﬂdga fort, gé?ns\,\}, hSgange "M&Pd?.h Tﬁ’.“gl"rW_é““t.}Pevi ce
accordi ng tRalidifecked YRS Liafsek BS, Mﬁ&pérﬁiﬂgy?&k%d%n@%ﬁ cB5SITQ e
part. 25 15. The device according to any one of  the preceding clains

wher ei n t helightgefested fremrthe tasgetol ask through thérscanning deyicedaddl isttherodirdctesis

than the dist fraoms. | or 4 e conjugate. i mage plane within an
oper ati onal %ragﬁgegv%lg%ghéﬁglggﬁggésg&?rdl%géé ng\ﬂr%sghﬁlgg%rﬁﬁnhg to any one of the
precedimg clainms wherein the distance 30 fromthe collector to the

conjugate inage plane within an operational rapnge of the device is |ess
than the di E‘tga??égafalnérﬁbt%‘”c%w@@w&? cbodimentiaf Menspsent inygntion. The optical

receiving device 130 further includes a housing 127 manufactured through injection
molding. Where a placement of an aperture in relation to a detector of the prior art

- 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
advanfage 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



.17. The device according to any one of the preceding clains wherein the
mask is any one of a fixed aperture, an adjustable aperture, aperture disc,
a stop, a shutter, a hole, a coated substrate or an optical band pass
filter. 5 ' 18. The device according to any one of the preceding clains
wherein the mask is spaced fromthe detegtor. 19. An optical receiving
device for receiving an optical signal froma signal collector conprising a
detector fo oL V] [ [ A I

oi gnal _masicorsFizk Chl B EAGu AR R uB ORE orifble ifVerREh BondsR g

si gnal passesthissireandadiktanc. spaced fromthe detector along an optical axis
of the signal internediate the collector and the detector wherein the

| ocation of the signal mask is such so as to attenuate the signal to |ess
than a sal UkRbifivdi 87 B Yrélaerrhiiea ABYEELOE. antitnélford 0%\ SMAGE WM L O
claim 19 wherein a ctonjugate 1 mage plane of the signal 1s located wmthin a
range from thei detdcttendanvive hlatérh amdsthe theamndizr atethatpeint lven rhesdalateded) etnded or .

21. A nethod of a nuati ng,a signal recei by. an optical receivin

devi ce fronﬁq%{ecégr L%Sgnt&c ’5’8&1}‘3’& 151%%35?.&%3[31%%%%&#& RS éﬁ‘éa%afgge’
posi ti oni NQeithe@fth drHiBlolEMe ke of fagepiutect or and detector along an opti cal
path of the signal such that a conjugate inmage plane of the signal is

| ocated within a range from coincident with the mask to internedi ate the
mask and degg& r. noving a target, fromwhich the signal is projected,

progressive ’1 e$rds the detector 25 fromfar field to near field; masking

the signal pagembgstialingugdticdcyeofmaskinvagtiod e atrahgehent€dERRS cBmpdhéMeyad | on
point internmediate far, field and near field, and; attenuating the signal,

fromthe atPeNidsdifervasionneonditionse dhiesarin peovidadindigbls -t hr eshol d of t he
detector. 30 22. The nethod according to claim 21, wherein the optical

receiving device is according to any one of clains 1 to 18. is 23. The
met hod acc Working Example §  Worliag Ixample 2
accordi ng |— S _
A2, AAS2. Al henfiiiekness  ASE. AfE. AGE. A, | | AP 108K e. AhSR. AS| R.0IRIAS758T

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 77.7 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
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4. The device according to any one of the preceding claims wherein the aperture is

smaller in area than the detector.

20
5. 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 devige for adjusting signal gain based on
predetermined parameters, said parameters comprising one or a combination of

allowable signal level and saturation of the detector.
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- 0 (%/& : (; [/1 gmg ’{? %&'ﬁ\%a(cg%rggﬁé%@ Qle QJP%A%?TE%%W x}the collector

&10%VE' () - #ihOBAYEs 4t)ledst BALSHAL fm)binatddOAfE!t (ehst@ihE 2ARIAATIAWBYIDAVK@ , = 10M 10M
10MB! 10%VE&' () - 7! 10%v&’ () - L6#10%V&' ()- 3! 10%W&' ()-! 6, #109%WE&' () - 4V3VNB4AWI455dE
VK@, = 10" 110% & ()-9 #10% & ()-Ls!10% & ()- "!10% & ()-
| 110% & ()9f 10%&évlce'5a@6&@ﬁ77t3&ﬁ§¥l§@>f fﬁe%&&e&ﬂé"c&nﬁﬁ wherein the device is
, | #10% : azlgg?) 110% & () - 10%&'() S! 109
“110% &Y) - Bddooysedsthe@ptical receiving system of alaser scanning system, a barcode

scanner, a photocopier, a scanning microscope, an optical pick up, a remote control
device, a camera module, an infrared communication device or an airborne line

scanning system.

10 10 The device according to any one of claims 2 to 9, wherein the targetis a
barcode.
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.
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18.  The device according to any one of the preceding claims wherein the mask is

spaced from the detector.

19.  Anoptical receiving device for receiving an optical signal from a signal
collector comprising a detector for receiving the optical signal from the collector and a
10  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 of the signal mask is such so as to

attenuate the signal to less 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 é.ccording to claim 21, wherein the optical receiving device is

according to any one of claims 1 to 18.
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