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LI GHT SENSOR TECHNI CAL FIELD The present invention rel ates toHéWt
Sensors iWeRpRSIAti Ng a charge integrating photodi ode as apdi/E&
transducer. BACKGROUND ART 10 15 20 25 l'i ght sensor generat es an out
signal indicating the intensity of light incident upon the I|i g@@wsensor

The light sensor includes pr IU]ZE s‘@?verti ng |i M
el ectrical signal and rmay a so’ppgl)cl u eslé ec[rrg%nzs ox signal ’Mmm

conpensation for cross-sensitivities such as tenperature, and out puadoges+ gnal
formatting. Light sensors are used in a w de range of applications

i ncl udi ng renote sensing, conmunjcations, and controls. One application for
light sensors is in autonatical I'rﬁq}inﬂﬁ Bm le rearview mirrors. Vehicle
operators use interior and exterior rearviewmrrors to view scenes behind
the vehicle without having to face in a rearward direction and to view
areas around the vehi’Eheap:tehem invention oidies toi ligght bensbtsdndozpodaing elcharge
structyures e{ﬂeai\rw ewmrrors are an inportant source of

i nfor nat i oﬁmF%ra{lﬂepb qds 35 AHEN GANSABETTght | i ghts appearing in a scene

behi nd the vehicle, such as from anot her vehicle approaching fromthe rear,

may create glare in a rearview mrror that can tenporarily visuall |
or dazzle the operator. This prBACKGROUNBARTI y worsened du m@m@‘m‘“ﬂm“

conditions of |ow anmbient |ight such as occur at night) when
t he vehicl e operator have adjusted to the darkness. Autonmatical |yt ng

rearview mrrors el i nAnghe sédter peRfattPin bMPuOfghatiMicdiag THO Uedsity 9 t ch the
mrror. The earliest designs used a single glare sensor facing rearward to

det ect t he lighymcidspt PP%Eheét&hF RGDSQY - tHe 1rah|t ﬁemsor ingludespelighyiransdieeidfor o be
i nadequat e fg the
mrror, kng\ﬁ’%%gn% ﬁghgf}gﬁﬂ? %?ggﬁlgﬁ?@a\’va“ e iz}g lgaﬁiﬁéc%%%%ffg}ﬂ%ﬂ anbi ent
| i ght 101 czndhn@hlng2@0@p&ﬂaﬁﬁﬂ4®7ﬁ¢bss%ﬁ$1tﬂ%@&&ﬂﬁl7a‘£ tereperhturéynandmutpow e ment

i ncluded a sec r for detecting,the anbient l.ight .| evel. The
e o e nr saRttmat i  DEDE Senshard e 3 2 loé el b mlieatiomoufi¥E | o
detected. AsmbBg defisin yabmﬁﬁn&@ﬁoﬂesﬁcgc‘@tm@posed i ncl ude those described in
U S. Patent Nos. 3,601,614 to Platter; 3,746,430 to Brean et al.; 4,580, 875

to Bechtel 5 et al.; 4,793,690 to Gahan et al.; 4,886,960 to Ml yneux et
al.; 4,917,477 to Bec@h@h@ka!%n for PigBCndor8idia aﬁﬁﬁﬁlﬁx@illy énﬂﬁ%g%&ﬁcl&o

Bechtel et al. : and 5,71 to SChierbeek et al.; each of Wwhich is
i ncor por at ggarrq'mvermrrpys r yfebyc@@@_rators use interior and exterior rearview mirrors to

15 view scenes behind the vehicle without having to face in a rearward direction and to

view areas around the vehicle that would otherwise be blocked by vehicle structures.

As such, rearview mirrors are an important source of information to the vehicle

operator. Bright lights appearing in a scene behind the vehicle, such as from another

vehicle approaching from the rear, may create glare in a rearview mirror that can

20 temporarily visually impair or dazzle the operator. This problem is generally
worsened during conditions of low ambient light such as occur at night, when the
eyes of the vehicle operator have adjusted to the darkness.

Automatically dimming rearview mirrors eliminate the need for the

operator to manually switch the mirror. The earliest designs used a single glare

25 sensor facing rearward to detect the level of light striking the mirror. This design
proved to be inadequate since the threshold perceived by the operator for dimming

the mirror, known as the glare threshold, varied as a function of the ambient light
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A key element in the design of an automatic dinmmng mrror ileHWeLzug}pe of
light transducer used to inplement ambient |ight and glare detection. A 10
primary cHO UMM stic of interest in selecting a |ight tr&SddBAUp06TY e s
t he dynam c range. The ratio between the intensity of bright sunlight and
moonl i ght is roughly 1,000,000:1, indicating the wide range that nust be

sensed by tm@e&lnhh%ﬂbxdvbmhﬁt 1860&QAa seBeidighn eerRBPIoR Abtet i ihe ARMidnh dglﬁ' are
| i ght sensors nust operate within the ranges of tenperature, humdity,

shock, and V¥§¥slaf hoglassk heeshekicdadhese shstema sasedoe tlmanwg@@ﬁgmbw@b}w&rt nent .
If a sensor 4 &;gm h ating
condi tions clgﬁec%g 23(% 5%9&21%%?8(19%% éd]S’;%Sngrd ﬁ& %?%ﬁlé%zﬁ%s 'Z‘{'so be

i nexpensi ve Pla(BnB.NIOQV\B ok, 63450 Pln‘tzanBﬁéﬁdﬂﬁtto (Baédxyctchl ¥efi80iB75 oo Beahtdlal |
within the range t ahl e mobi | e pur sgl.. Transducers
shoul d fave bglod“ 2%@5‘)%}???&/3 or g%S @%N&BF@W‘& gﬂ?eﬁ@dﬂ%&‘%’gti on

el ectroni cs epd hi 91288 79860S BB, fP45158TBith | Bddhyeladt AIOWahHOIRE15@9B!(S-
Transducers should further have a spectral response simlar to the

frequency r&shisrizek of ali heach wimhichyie incasperated defeindyirefednsechar act eri sti c)
the sensor nust be easily integratable into the types of digital control
systens commonly found in autonotive applications. Photodi ode |ight sensors
i ncorporate a silicon-Hasgdiepieot ddhedesignadf 2b aummﬁu”tidmixrnggehﬁmﬁpmkcs on a
singl e substrate, The photodi ode generates charge at rate E)Ol‘tl onal to

t he anount &YP§ %Pﬂéﬁfa’lsfl‘éﬂﬁ sefh [0 IMpIEREDY ‘PfH‘ﬂl‘E’é'dh&]Haf’r”aegl?‘ée Bt el over
an integrati r i ] f |ight
fo wni ah ¢ nd DAL EhfcedRR 6 “t%?’g”“’&‘“ﬁﬁt“ L AREL s e e 3%“4?*"*9
with integr arhngdw’flgeraciolljeemdndhe hamltyrwﬁjorlaljlvamﬂlglgtemd myowlaglyumg)ughig

integrationt or nam c .t reat | exte |

the ability %Qﬁ%@?’pﬁgbﬁag n?ff’g%lﬂéagtrg%sﬁlb@s %t?%llgeaﬁ@ gggl}lat e as
t he phot odi eegsor ngo@lﬂﬂﬁsarﬂﬁbﬁlﬂlgh? and 2 glhlte IWSeﬁA@r@ﬂbﬁ%ﬂat@W {HiBSHel OOG77
immunity and pernits the sensor output to be formatted for use by a digital

circuit. Corfpesfésf GrirestiEs hBRidiesPednand yibralinnceperiencedyyithifa velicle
Silicogpsli I inv.ar a e
packagdd t o TeseoRiyRrEncE 3 b Sty 1EIPRE Tothled M oftlae A ROAT
vi brati on. @aeshdr spatatang ayditons einl bwmectjed;eﬂerﬁotsi agidtsuppczrnstd:utrenms ngsta

frequency re nse different. than t of A va

charge int eg'iisz%t edaexgﬁgstlgedﬁo(@ygwg@%og@ft%ﬁé 15%Pyg§iw¥c§@gr?r @) flﬁ}gwﬁg’“t hose
in U S Pat ané rdigs dednétldtcatdble Oy Hna0ioftobilt patchased. Msaﬁéert@hd(ﬂmmve
5,243,215 to Enonpto et al.; 5,338,691 to Enonoto et ;. and 5, 789 737 to
Street: eactBO8f NAIEIRMUPILY 5 6’:‘%’98?’5’?%\%1‘3H’é‘FleWS%S?OfPB%?m%13“19“@18“ in

di fficahty Whé Rerdbt forY R8I0ty lat B IR0 KR, | $rdndQuReE BN FErRdr 1pRERAt | ng
anonal 1es at high tenperatures. Sone devices becone extrenely nonlinear at
hi gh t enper #pectead repORtE ﬂ@wlrar:éstlmfyecslemyekeswrﬁerq&ah%hmmémmge Ana §pdrati ng
characteri st Y such as
i ndi cati ng grc?lgﬁbl%\é}%ﬁc ?15&@"%%3%90&{1\9%'8%3 @?ons ltc? ﬁ&?deélge %lf H%ﬁalr mal '
noi se. 15 Trcadirdl sym&lrrlsyc,ontrfm!mﬂ’rbqndvva;automdﬂaldppimdmohhl S probl em has been to
i ncorporate a tenperature sensor and associated el ectronics into systens
that use light sensors. What is needed is a light sensor with a w de

dynam ¢ range that naypPRodifEOighRkeisets nbbPofash sARBAbhbatepittitadib@d andy St ens
such as _ automatically diming rearview mrrors. The |ight sensor shoul d

conpendét e f@pdv@ﬁw@reéctqmél% 0§ gssingle sehstae. vThe Photadiogs geraralss $hargs @i de an
havi ng. an et £ EfPoPEERR fo MRTRRO G BnciR 0 T, SRRPhIGe Ly Rneer
DI SCLOSURE Cd{'-)llchbﬂEW¢m integration period. The resulting potential indicates the level of
light to which the sensor is exposed over the integration period. Light sensors with
integral charge collection have many advantages. By varying the integration time,
30 the sensor dynamic range is greatly extended. Also, the ability to incorporate

additional electronics on the same substrate as the photodiode increases noise
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lc is an object of the present invention to provide a char geZﬁﬂﬁbmgi ng 25
| ight sensor with a wi de dynam ¢ range. Another object of the present

i nvent i oWVQ 8/43341pr ovi de a packaged |ight sensor that is e®6d3H0$/A0671 o
produce. -3 2 4 JUL 2003 WD 001 43741 PCTNSOQ' OOG/7 Still another object
of the present invention is to provide a charge integrating |light sensor

{ the present in provi de a char g  Light sensor
the. pr esent TIVERCTERerD T eoeReP sbl B SEKhARER ol s BRNEC W1

an out put sCgnpdnehnidiegedtiongddiriconlenreducesaht sysémrest! \oikdoe Ifghtens@E are
tenperature. A further object of the present invention is to provide a
char ge i nt S§I2VENgleMPGFAILIS ¥ Ranki A ¢aR B Parkager yiodproxidei e NECessalyr at i on
period. In } : ] n t 4 j octes: X ures of
Phe. present P kel fioRHhubilfy AHOLE Bl biafiof Or iy Ath R b

i ncl udés anight prassbica iphdrapiencerespayise differastithar thaofubehabamgyehar ge in

proportion to. |ight incident over an.integratiaon riod. .Sensor | ogic

Gt or mi nes VR0 fohereE iy Egrons HiraBMe iR Brve bR res s A iihasmos

i ntegrati orin Ulse Patear Nes.of WB0RIENishibel di&] ©MPEL74 tcgvhn%rﬁmﬂpsefo at the
beginning of the light integration period is reset. The charge accumul at ed

by the expdamqip ghl.;t5.3Hs6RicorEnomato etred ; R At780n13dgp Streeth egsBrof Behighs

nmeasured and:. AN i dt h based on the accumul ated charge is
determ nedfﬂsglln?lc a r%@%é}?ﬁ%ﬁ ?%F&tn#e' present invention, the |light sensor

i ncludes a conparator with one input connected to the exposed |ight
transducer and the otRQer .input connected tqQ a sw tched capacitor cifcuit.
The saﬁ ched capacito ““cf‘?@g‘ildfy @H‘Qrégéyp&s@gp]é&htt%?sqrﬁ) l%ﬁFi LENTGH G Yge when
the switch ¢peralmsednands i bighasdpsatuf®. COMRE ideficed Be@mecifimedpfbns at e
when the switch is_open. The sensor |logic closes the switch during the

li ght i nt egiReeT Gh Dy IBaPIMYTeSpe AOME HIEVISRF ey spffer atneamaneghchaRgeely at i on
iod, th . i : ,
perio %p?ﬁéeilrfg{ cgﬁria'cflgisﬁég.e Iﬁk"l’lxc%ﬁ g‘fb&/.e%c}f’wgggﬂégcros &el&%l@b‘?eadin@s Such

refinenment, M sensor furt in cond conparatior wth one
i nput conneast imdichongabfightelight ahtlagdigmmdondidons dee to epcassivonheroakdoise. t he

swi tched capacitor,.cikrcuit. The second,conparator .25 output inhibits output
of t hg%det Z’\P%%Héo&alﬂll @8 qnﬁy e tPa‘%ﬁP\v/Vétlht@&epf@th%gs tbﬁﬁrh?(f HEOFRARG 4, o t age.
I n anot her eniperhiniresénsot ahdgsspeieea Riectronien intoRysteie that gbé liglnnemors.ncl udes a

phot odi ode |ight transducer shielded fromlight. The shielded light -4 2
4 J UL 2003 WO 00/437al PCT/ US00100677

What is needed is a light sensor with a wide dynamic range that may
be incorporated into cost sensitive digital systems such as automatically dimming
rearview mirrors. The light sensor should compensate for temperature Cross-

20 sensitivity and, preferably, provide an indication of light sensor temperature. A
charge integrating light sensor having an externally determined integration period is

also desirable.
DISCLOSURE OF INVENTION

It is an object of the present invention to provide a charge integrating

25 light sensor with a wide dynamic range.

Another object of the present invention is to provide a packaged light

sensor that is economical to produce.



transducer accunul ates charge in proportion to noise over the int egrit' on
peri od. The sensor logic resets charge accunulated in the shiellded MQ t
t ransduceWO0/48Hé begi nning of the light integration peri oBCT/ERMWYYE7
accunul ated by the shielded Iight transducer' over the light integration
period is neasured and an out put pul se having a width based 5 on the

difference between theigxRRend dbjedhbf iH@?}%S’éﬁ??fliveﬁh&'i %etoa nggdgea eirgd ded

| i ght transducer charge is determned. I'n sti anot her i ment-of the
present i nvanegraimg lighs sengpitthal ovibl easilyaknteaface hpdigithloglestmmidsvi ng an
integration signal. Since the noise is dependent on the |ight sensor
tenperature, the output pulse can be used to indicate sensor tenperature.
10 The output pul se i yepanbthtobbjewt ¢tatht HreRndinventidieis’ RCHIoVRIE 4 Bligge ation
signal after a length of tine based on _the noise |evel. In yet other
enbodi ment siEEratng BEld SeRRoT i witedn PWPYt Bgral inditating nnadgradighhingasitp andraybe
det er m ned gé'nga? {ﬁ'&@egﬁlﬁgrted portion of a control signal received by the
sensor 1 ogi € determned within the sensor control by cycling

t hrough a 15 sequence of predetermned tine periods. In a further

enbodi ment of the present .invention) the |light sensqr includes at |east one
addi ti onal exposed phg‘[ g‘&fi“&ﬁﬁegmcélﬂr} DF PIERFHE ARVENHGR HS AR AIPYIBRA CRAIBDsed

light transgu&sha H%&R‘ébﬁ%@&viﬂhﬁf&@eﬂnﬂl] deRAhk® Mt atibIPériddici dent over an
integration peri (l)%ca arate different :?han t he rzaltée} 5f gny ot her exposed

| i ght transducer. 2D The sensor |ogic outputs a pulse having a w dth based

on the accumilated chafgg ek ou GRaRW oS, AAGSAPRL SxAoBRHL LA

f
transducers. In one r each” expose as a
di fferent cpidsemtinventiopaa light sersohsrproeiied.eTientight gaisbr fxchake dn ek gised :

transduycer has an aperture with a different lLight admtting area. A |ight
sensor | tackBAEORSAE S Fnsepess dccirH g Rates 17 HIPGHES AV EDEGIER Ll
having a W aglpiedr@fonREBHY S8kok idgfttdeteMiened id I FRe BEtA T SerRdRRORI0 RE N, a
ground pin, and an out put pin. thin the enclosure) an exposed phot odi ode
l'i ght transBegispingetiniearaies Ehfaghgeeciascypelatedin gie exposaddight prarseiigesdt t hr ough
t he w ndow {hal DE; L i i -1 Qs t circuit
output s a | FBeEEBing e ot R e T b AR e

| i ght transexmpesed lighvighnsdgesrtaver Be lighDimOg1A80w perded) i9LmeGO8dR@T) 4JB0I¢ 00677

| ircujt . | h in_The width of the pul se i
based bh ¢ nbsvingaood Raghol Fyfde st sRitee B s’ @ pnot odi ode

overlaying a substrate is al so provided. The photodi ode accunul at es charge
generated by light ingident on. the photodiode in, 5 a photodi ode |1 forned
in a region of the subBfR&MPOMREF PL NS Preseat NGt difeliEbiNENsORicifiedde has

an intrinsi g pARLAMH e SAPRAPLE AMREted 1ol th8kpdied H%}ﬁtﬁ%k%epﬁﬁﬂ i€ ofHer
intrinsic floating diffusion capacitance i1s also formed in the substrate.

The fl oat i nijpyl ednpedterhtorrasyvitched eapagitas sireuit.| Tiieowitshied gapaciras gireuit drargehe

subst rate URMELLYERG & Afed | SAE WAL AR RS R EATHIE kb BIE - The,

floating di 1-on el'l'mnates®Cha
20 at a constant rate when the switch is open. The sensor logic closes the switch during

the light integration period and opens the switch after the light integration period,
thereby creating the pulse at the comparator output. In a refinement, the light sensor
further includes a second comparator with one input connected to a fixed voltage and
the other input connected to the switched capacitor circuit. The second comparator
25 output inhibits output of the determined pulse if the ramp voltage is less than the

fixed voltage.

In another embodiment of the present invention, the light sensor

includes a photodiode light transducer shielded from light. The shielded light
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10 in the diffusion well when the charge is reset. The floati n?g"d‘iuffw,péi on
charge determ nes an output potential. A transm ssion gate havi ng an
i ntrinsi WOP/43MAi ssi on gate capacitance is placed bet vveen"@TfES%Wgﬂddi ode

and the floating diffusion. The transm ssion gate forns a transm ssion well
in a region of the substrate between the region of the substrate underlying

t he phot odj i t | it he oating
di f f usi on. br heu%ﬁgwggf%ﬁﬂ%ﬁn é{ggmg&gg)pr{oz&gﬂéﬁ ng\ﬂgfgrr%t%dgﬁﬁ{: hg Eﬁ%t odi ode
wel | and t kensoii Ibgicsesers abatde acdtrenatedia thhshigided light eamtducer laathg begiminge

phot odi ode wel |.. above the depth qof the transnjssion well f]ows through the
Pr anen o5 BhsdiaNT TFRBUGHPTIR. 1GR3EES HUh PGPS SuAdes Sebd T okieed
During a | beihé NEMARREIE6N PETddQSmesAIddRd RR OG0 EFLI RYvirgE widiFbhadeat on the
phot odi ode fl ows fhrou%h 20" the transm ssion well and into the diffusion

0

wel 1) $rodoeithrgdifigrgnge boreeadhe exposeddighy trppsdpesrichangaland thetshieldaddight ng
di ffusi on ﬁ%?s%%icéfaﬁl%foc OAeRhiAgq di ffusion well is filled to the depth of
wel' 15 )

t he transm'ssion change produced by light incident on the photodi ode
fills the photodi ode well, the transm ssion well, and the diffusion well,

produci ng out put voltage. inversel roportional tqQ the sumof the floating
di f f usi on capacit ancé® SgH apﬁtge Qﬁm%@fé%ﬁiﬁs%fﬁh%‘@}m%dh% RENUSERSRE i ssi on

gat e capaci i : j C K O] g itiviiy during
har go. acolP L aPanirtetifhe 6P RAGARCEER e Thhdle S hebiRBl ikl ¥, 1)
duri ng chalighkt staserernatiatone,ithe dutputguisk esn béused!tb indidaee densorsempesatare. wel |
and t phqt odi ode 11.. Th irst sensjtivity is greater tha he second
Sensi 197ty he St phfedi SO RN £hreend gribe et THEE S8 At P bl oom
gat e bet wegdngotihef inhebasidasiahansis@leseiur ce vol tage diffusion. The anti-bl oom
gaté defines -6 2 4 JUL 2003 WD 00/43741 PCT/ US00/ 00677 an anti-bl oom ng

well formed in a region of the substrate between the region of the

substrate under | i ng fhfe Aot AfARRO DG SAHTARNEL LRIBnEhIbRbRN. The

anti bl oom ng wel |l has depth shal | ower e transm ssion
above obj eptsoandyled derernohgdifedrs thefassdried perticarnd aaduiacltsgmekreodivedisy the pr esent

invention are readil a rent fromthe follow ng detail ed descri,pti on of
e best mautor S of mORPRE Slermined Wi s ) Y SRR R on i t
t he aqsorrp@a}{jcage df@,\gﬁ&gﬁninaﬂiﬁEp%&g,QI PTION OF DRAWNGS FIGURE 1 is a
drawing illuStrating vehicle rearview mrrors that may 10 incorporate the

present invention; FIGURE 2 is a bl ock diagram of an enbodi nent of the

present invention; F'%%Jr?neir%nﬁalomrﬂérﬂg)f%@%’f&%ti it dndkhd Bt bR At i on

control and sensor output for a light sensor that nay be used to inplenent
t he pr esentindludesrat icast; oneBAgKCHREX dosed photediedertightdrapsdugerarfiagh addiionalt r y

il e 1§ néXeare ey PRninRRaclyp s RRIED) pioboRruBiBh PERLER & e 5
is a tim ngndgagomperidd aatratatiffecenopan alid @k offany bhecexposedtiipht transducer.
20 The sensor logic outputs a pulse having a width based on the accumulated charge fqr
. each of the additional exposed light transducers. In cne refinement, each exposed
light transducer has a different collector area. In another refinement, each exposed

light transducer has an aperture with a different light admitting area.

A light sensor package is also provided. The package includes an

25 enclosure having a window for receiving light. The enclosure admits a power pin, a
ground pin, and an output pin. Within the enclosure, an exposed photodiode light
transducer accumulates charge in proportion to light received through the window
incident over the integration period. A light-to-voliage circuit outputs a light voltage

signal based on charge accumulated by the exposed light transducer. A voltage-to-
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of Figure 4, 20 FIGURE 6 is a block diagramof a rearview m r'lrerU\sQ@%em
with interior and exterior rearview mrrors according to epbodiments of the

present i MRPVIGH FIGURE 7 is a schematic diagram il ustr &t T/HgoeApe77
enbodi ment of the dimm ng | ogic; 2 4J UL 2003 WD 00/43741
PCT/ US00/ 00677 FIGURE 8 i s a schematic di agramillustrating operation of

el ect r ochr orpudseatiiedfe Bhipbifsapalse oh ARCSuRADIH. Athe Wil R Spiise B baddighaheli agram
illustrati ng el ectrochromc elenent transmttance control; 5 FIGURE 10 is a
i

graph i ndi cai@Wyokagshanakef | ectance as a function of dinmmer control signal
duty cycle; FIGURE 11 is a flow diagramillustrating operation of dinmm ng
| ogi ¢ according to an enbodi nent of the present invention; FIGURE 12 is a

graph illustrating bi nﬁﬂightlsagarrwmhﬂrjalmotamme@némtﬂOQIBueraitmzladﬁmqm\edbd. n an
enbodi ment gllhﬁjge dl(ergg ng ic;. FIGURE 13 i % a schemati ¢ di agram
illustratin sadiofe aspumul e FargeprIGrRIaddYiligdt mepsienien BethBRAREEdR di ng t o
an enbogdi mentyiRfiodidk \Pé'lﬁﬁ%éd in@%@%ﬁbhgf‘the Eﬁ%uﬁ&erlﬁn@h@pﬁbﬁﬁxdﬁba@‘hé‘m

|IIustrat|ng operatlon of t sensor Fi gurie 15 FIGURE 15 is a
schemati ¢ diphgtediodel haasmnammsng pb@edmﬁcoapaoﬁarael AgficatingrEBnsion hivingase

' d QU 6
Co ot m ng B RAALRe SO AR B bt Bincldn e Wbk gure
15; FI GURE IdiffusioR ha¢ hediEfusion dicfigloantdlin anedioplotnntidsirare ofdetipiggl thght 20

sensor of Figure 15 using photodi odes as |ight transducers;  Fl GURES 18-21
are bl ock d.fgzﬂla&éh f6siqnayvhedi the ehasgriisiesst: sT'?foﬂanliﬂglﬁlﬂff‘éséWs@Fmb’éE?Reﬁ 88,

23 PL 108 59 i5ie b s e bl s O TR LR 1 5
i ntegrati on apeovipdt pognadl; Al GuRBISBN gata Havingkardiimgnsdm trdrismsdsioat gaig t he

EE BRI g s Y R LA N R
i nvention; transmission gate forms a transmission well in a region of the substrale between the
region of the substrate underlying the photodiode and the region of the substrate
15 underlying the {loating diffusion. The transmission well has a depth shallower than the
photodiode well and the diffusion well. When the charge is reset, charge in the
photodiode well above the depth of the transmission well flows through the
transmission well, through the floating diffusion, and is eliminated. During a light
integration period, charge produced by light incident on the photodiode flows through
20 the transmission well and into the diffusion well, producing output voltage inversely
proportional to the floating diffusion capacitance. Once the diffusion well is filled to
the depth of the transmission well, charge produced by light incident on the photodiode
_fills the photodiode well, the fransmission well, and the diffusion well, producing
output voltage inversely proportional to the sum of the floating diffusion capacitance,
25 the photodiode capacitance, and the transmission gate capacitance. This dual
capacitance provides a first sensitivity during charge accumulation in the diffusion well
only and a second sensitivity during charge accumulation in the diffusion well, the
transmission well, and the photodiode well. The first sensitivity is greater than the

second sensitivity.

30 In an embodiment, the light sensor includes an anti-bloom gate

between the photodiode and a source voltage diffusion. The anti-bloom gate defines
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FIGURE 24 is a block diagramillustrating the use of .light transdu&dbl 2003

having different apertures to achi eve increased dynanic range according to
an enmbodMENM3W the present invention; i FIGURE 25 is a BG’?@W‘?“@W& agram
illustrating different transducer 10 capacitances for different anounts of
| i ght-i nduced charge to achi eve increased dynam c range according to an

embodi nment a@hindBeodiias Ml fofMen Lipidnl FBdREs AR k& R nddeRRRe ﬂiﬁidrh@f @t put’

potential as a function of accunmul at’ed incident light for the transducer of
Fi gure 25; sshsgarRurieriysngathecphotadiode fidathessonidel valtagatdiffigsion. pidecitiode 15

transducer .| ncor poratin n.anti-bl oom gate accordi ng,to an enbodi nent of
t he presentbiqoﬁvggﬁeg&asglﬁﬂéhﬁgowg tﬁa‘bg’ﬁﬂ'ﬂﬁ"\’ﬁsf%ﬂ%hti ng an encl osure for
a light sensor according to an enbodi mrent of the present invention; FIGJRE

29 is a graph illustrating light. sensor field of view as a 20 function of
light transducer di stI2§@b0T6 Qhifgthand ether oljeatyRicatyres; andhadyaniages o Wigt r ati ng

| i ght sens t:] s gai : L [ el e from
the | ene: EIaCRer B ol B neaZing bt sl AL ol g M e e famn
eye; _g_ b2st4mddd) for 2a03indOodO 3 iantRET WHe/ ARy In FloGhidiod 2wits the bl ock

di agram of sensor Jogjc far internally determning the integration period
signal ; FI @ﬁ@‘pﬁy‘iﬂg%&a‘ﬁln@&k diagramillustrating the use of I|ight
transducers having different effective areas to achi eve increased dynam c
range according to an 5 enbodi nent of the present invention; FIGURE 24 is a
bl ock di agram il ustrat i BBIEROEMREATIONQF DRAYWINGS s havi ng di f ferent
apertures to achieve increased dynam c range according to an enbodi nent of
the present invention; FIGURE 25 is a schematic diagramillustrating

di fferent transducer FIGURIpadS 4 dravas iflostrating fvehieletrearnizwnirrark that glay - i nduced

char gﬁ to achi eve iE‘(?:r eased dynani c range according to an enbodi nent of the
presen? i nUVENRYALE 1BF BIGEENIIBVENION oy aph of the output' potential as a
function of accumul ated incident light for the transducer of Figure 25;

FIGURE 27 is a schematic diagramillustrati ng a phot odi ode_ 15 transducer
i ncorporating an ant iFIGiBd2gist & bipskotiagrag ob aarerebadbnrrtent ther presantpr esent
i nvention

' invention;
FIGURE 3 is a timing diagram illustrating integration control and

sensor output for a light sensor that may be used to implement the present invention;

15 FIGURE 4 is a schematic diagram of circuitry permitting dimming
logic and a light sensor to be interconnected by a single line carrying both integration

‘ control and sensor output;

FIGURE 5 is a timing diagram illustrating operation of the circuitry

of Figure 4;

20 FIGURE 6 is a block diagram of a rearview mirror system with
interior and exterior rearview mirrors according to embodiments of the present

invention;

FIGURE 7 is a schematic diagram illustrating an embodiment of the

dimming logic;



FIGURE 28 is a drawing illustrating an enclosure for a |ight $&ngoera03
according to an enbodi nent of the present invention; FIGJRE 29 is.a graph.
i |1 ustratwagoiiight. sensor field of view as a 20 functi on RET/V$AGP677
transducer distance fromthe lens; FIGURE 30 is a graph illustrating |ight
sensor optical gain as a function of |ight transducer distance fromthe

lens; FIGURE 31 is a -1 ol yst i [ e . e . man
eye; _QO_ 2 4 JUL \.LB)E\E) goﬁiSA}ZﬁtChE’%{Egg&g%f[ﬁé%%g cpgéer%b&gn&;nbi ent
| i ght sensalechBehioatic @fenfond r@nimittagdet confloggr ati on period. G are sensor 52
is positioned to detect glare 34 fromgenerally behind vehicle 20 and may
optionally be placed to view glare 34 through variable transmttance

el enent 42. dare se 0. i : | i Lindi.gat i ng

t he amount of gl are gﬁﬁ&uﬁgc?{eﬁp ﬁugng g|a§?£e“¢ts’@'nsg‘8?ﬁ§5%8€§@irg&é‘i glr@gk&a

i nt egr at i onrgsmitechce Pomnolng | ogi ¢ 56 recei ves anbient |ight signal 50 and
determ nes an anbient light level. DDmring |logic 56 determ nes the glare
integration period based on the |level of anbient light 32. Dimm ng | ogic 56
recei vgs gl are signal FIGUREA 04k @rdphiagdichind difvhr réectingd & Sfinchdbibi ng

| ogi c 56 outputs diming el ement control signal 46, setting the reflectance
10 of di nmmidigunsar sapiel 9gnal gupedifdes the effects of glare 34 perceived by
operator 22. Either glare sensor 52, anbient |ight sensor 48 or,
preferably, both are sem conductor |ight sensors with integral charge

col I ection. Such sensBIGUREdusle floivghsgramdHestateg spevhfiathobdmming lagici dent
light into charge. This charge is,collect.ed over an integration period to
produce a %F%W?’?gao%‘F ﬁocﬁg]%&)?ﬁ}gfpéede%vnggﬁ'%r 48,52 15 into a discrete
out put. Designs suitable for this application are described in U S. Patent
No. 4,916,307 entitled "Light Intensity Detecting Crcuit Wth Dark Current
Conpensation" by N shFHeUBE B isa gagph wjusiratpsg bipary \pgarshmic Approxigation | ed

"1 mag ens { | R8sn tors And Charged Storage
Capac?ltogr Sx‘ﬂ’épé%grﬁ%d Weéllgﬁ%g?(ﬁ\)\ﬂlﬁ?!cﬁ“i“gd? ncorégg?gt?ed herein by reference.
Preferred enbodi nents 20 for light sensors 48,52 are described with regard

to Figures 13-33 belo iff] it i<y L - . hSHl S the
difference in spectraﬁ%‘g%{ﬁﬁ{%/C%gé’%’&%%agz?’ﬁilﬁ'kﬁrggﬂg%ﬁﬁrguﬁﬁﬁgg “@/“e .

Anbi ent | i gdensdr Bavirig HBulk@yutpar sdcandiny heiwembodimencof the pedsent invérinion; anbi ent
light sensor 50. Simlarly, glare filter 60 may be placed before or
incorporated within glare sensor 52. Filters 58,60 attenuate 25 certain
portions of the spect i ISil i i af sohand
ultraviolet radiati onpmﬁlﬁsm?@ Ii(idg?ﬁtﬁ hsltg fglrﬁl:nnlggés[gar%i'sﬂggésﬁ.ezaéi,o&&?gﬁgligggs W th
t he frequensepsereefognee ¥, | i ght transducers within sensors 48,52 to nore
cl osely approxi mate the response of the human eye and to conpensate for
tinting in vehicle windows such as wi ndshield 30. The use of filters 58, b0
to conidensate for theFBBUREeLS isad schemsiit ididgram ofustraging opemtieniwf arlightv t hi n

sensors 48,52 is q_‘esc.ri bed with regards to Figu.es 3%- 33 below. -11
sensor with noise compensation according to an embodiment of the present mvention,

FIGURE 16 is a timing diagram illustrating operation of the light

sensor of Figure 15;

FIGURE 17 is a schematic diagram of an implementation of the light

20 sensor of Figure 15 using photodiodes as light transducers;

FIGURES 18-21 are block diagrams of various embodiments for light

sensor packaging, output, and control;



2 4 JUL 2003 WO 001 43741 PCT/ US00100677 Vari abl e transni t t ancel &1kei® 42
may be i nplenented using a variety of devices. D mmng may be acconpli shed
mechani c¥0I0§/43M1described in U S. Patent No. 3,680,951 ti YYF"E’('}’SOO/OMW
"Photoel ectrically-Controlled Rear-View Mrror" to Jordan et al.; and U. S
Patent No. 4,443,057 titled "Automatic Rearview Mrror For 5 Autonotive
Vehi cl es” to Bauer efFIGURE 22264 a0blotRi Gillgiath I0fCRIRY fgRd foeimemally
reference. Variable transmttance el enent 42 may be formed using I quid
crystal cedgtermigingsthaantegiabed periodsignalpat ent No. 4, 632,509 titled

"d are-Shielding Type Reflector”™ to Chm et al . , which is incorporated
herein by reference. Preferably, variable transmttance elenent 42 is an

el ectrochrom c cell WGURBE2S isesblddk disgrasrilltduaricgtheruse efpghnaanddocaasn appl i ed
control voltage such as_is describeg, in US Patent,L No. 4,902,108 titled
"Si ngl e- c&hﬁyﬁgeﬁ rsfntﬁfepnﬁr%rm@,ac SV ENCHFASEh AXRANEC SRREE GEFATEINE L0 BRvi ces,
Sol utigpns grgg Mﬁﬁmmﬁ{h%iﬂ? seANdhvesEs,: Thereof " to Byker) which is

i ncor porat e ?lerel n by re?erence. Many ot her el ectrochronic devices may be
used to inplenment dinmng el enent 40, sone of which are nentioned in the 15

Background Art secti | S lj cation, As w Ll be [ y one of
ordinary skill in thﬁgﬁ{xféﬂ]g @5@%‘}%&%\}8%‘{3{% Me‘?eﬁgﬁgc‘ﬂgfgé‘@ﬁgﬁ t he
type or copsfihgdifferenpfapeinifes g RhRvenheréfhsed! dyrdimianiraggeedceominig #Dan ncl udes
el ectrochrom c variable transmttance el ement 42, reflective surface 44 may
be i ncor potabediment of thernra¥nbinveBli@i t t ance el ement 42 or may be external
to variable transm ttance el enment 42. 20 Each interior rearview nurror 24
and exterior rearview mnor 26 must include dimmng el enment 40 for

automati c di nm ng. PTFGRRIHLY is A sthematic diggmami idustratingadiff@éniafrasdagec] udes

di mm | ogic 56, light.sensors 48 52, .and, if used, filters .58 and 60.
Vari ol entrstcaies B aiTERTT orping adiicrd EhETEs foehyF STTENE o

descri bed Wyidinicadagedadcordih@ty &1 Bmbedigient SohRPF@EA MderiRyy to Figure 3, a
timng diagramillustrating integration control and sensor output for a

| i ght sensor that may be used to inplenent the present invention is shown.
Charge accumnul ati ng Ig [JF e T78 S } ange

t hrough variabl e int gglgﬂg%l%%ﬁibf)g ?oﬁ?éﬁf?}éﬁtwmﬁﬁgﬁ%ghagmﬁggﬁeo?al ly by
70, is usescauomypied ifordant éighnhfozghatransduperrafddgurel?é;resul ting 30 sensor

out put) shown generally by 72, includes an output pulse for each
integration period. The total anount of |ight-induced charge which can be
ef fectivel y measur ed FIGJRE 257 Jivla 22A08matid\Qifi a3 ThistRfilg WSQhodafbde i s
limted. Therefore, in the presence of bright |ight, a short integration
tinme 1% deHRPSCET ARFOFPYUGERE aEét“HerP?’Brﬁatq-lg%@&@Pg tpsanserappiment GfalliE o1 i on
time i s us bk 3 ight conditions, the charge signal may be lost in

noi se inhe?fekr?%&l lrl?gglet{ndsngr 48,52. Control signal 70 includes a sequence of
integration periods having 5, varying lengths. In the exanple shown in
Figure 3, short inte i ul se. 14 i short | rat | iQd 76 is
gener hted. A seni congﬁgﬁolreﬁ I2|%g’#|t§ dsr%‘ﬁléqgﬁmﬁ%%t@é% E))Lﬁn Ciz)tzsi‘?rghfg‘}% ﬂg’&ﬁpsgég“?n a
conpl et el y actorlingnuian @nbbdimeluefilee pretae invEpdorf ore, any pul se in sensor
out put 72, such as short signal pulse 78, having a duration | ess than a
threshold is ignored. Next, nmediumintegration pulse 80 having nmedi um
integration 10 peri oFIGRIRE 29eiRed afH. illRasatidg Nghvedictnfiad @natevpus ae 84 has
a duration indicative ' of the_ anpunt of |ight ncident on sensor 48,52
dur i nd0 medifunetiontafdicht rrensdveer digtapse fromrhe ismsegr ati on pul se 86 having | ong
integration period 88 is generated. If |ight sensor 48,52 is sufficiently
bright, saturation will result. Therefore, |ong signal pulse 90 having a
duration greater tharFIGUREeXhid d grsplafilhotiagngiiptt séisoCopticadl gagi gnal 70 may
be generated outside.of |ight sensor_ 48,52 or may be generated by control
logic wit hi(‘%‘r’f‘clt’ioé‘rﬂfqbgé‘ﬁ¥8Pscﬂ’§?r5§‘.s‘af’?e fd%’i’i’é?’%geé’&’ externally, control signal 70
and sensor output 72 may share a common signal |line or nay use separate

signal lines. Various oGoti ons and enbodi nents_are described _wi th regard
FIGURE 31 is a graph illustrating frequency response of the human

eye;



to Figures 4-28 below z0 Referring nowto Figure 4, a schematid ﬂl\a1;993am of
circuitry permtting dimmng logic and a light sensor to be interconnected.
by a si ngMO Peid4karrying both integration control and sen¥6F/USBGT7 i s
shown. Light sensor 48,52 includes enclosure 100 with w ndow 102 admitting
i ght 104 incident on exposed |ight transducer 106 Encl osure 100 adm ts
power pin 108, ground PIGURA®D i§A0rafh $1'1&ﬂ§im ég)%nk’é@f Qhygedy three
pins 108, 110, 112 greatly reduces the cost of t sens 48,5Z2.7°A
t hr ee-pin pdlﬁhag@nsdlmr #ng be used to inpl errent Ilght sensor 48,52 is
described with regards to Figure 28 bel ow. Light sensor 48,52 is connected
to dimnmng | ogic 56 through interconnection signal 114 between signal pin
112 in |ight sensor 48pgRBA3SE anRhwinkf anloBlodfieddtotbortiidg bnthtraréd03 |
PCT/ US00/ 00677 pin 116 in dimm ng . be descrl bed bel ow,
si gnal pi ns filtaracqardingte aﬂﬂﬂlb@ﬂﬁlﬂ@[ 98?116513%@?1%%’@13“@ i nterconnect signal 114
to provide both an input to light sensor 48,52 and an output fromlight
sensor 48,52. Dinmming logic 56 may include FET QL connected between signal
pin 1165and ground. BEST MODE RQRCARRMING OV T THE INVENIONS8 connected to
the base of QL. Buffer 120 is al so connected to signal pin 116. Wthin
| i ght sensor 48,52, FET 2 is connected between signal pin 112 and ground.
FET Q@ is controlled byegiiihiow' $adted, GORRGH %‘iﬂu&fétxhgeveﬁ?&i@rcﬁfvx@
Constant current source 1247 s connected to signa so that If
nei ther Q 1 mrers tga xm*yemcmporam B PoessaicINVeitignas slmqn i ¥ebmle| fé(bllsmrgh'n
Constant current sour 6 RQMN IIy seur ces .about

et

i nt er connect®sPRFAIT P14, e5# ELRE h‘faé‘{‘eWr’PEé%rré‘i AL ot B i’i%‘% s

connect ed t Gxsdriratariew nhlﬂ)rs Wlounewlh réarrwgﬂfsbenenm&f\irﬁgené&@gll@ 2goINtesed by.
inverters 128 and 130 in serl es. The output of inverter cl ocks D

flip-fhBp 13f theriang AP§IAOT$2 MPklﬂgéﬂwrismowshwﬁéﬁéeﬁlrééOt olBheyes Qfnput  of

flip 15 flop ut put
pul Se 122 sucw%?%z?bq“%%ﬁﬁ%‘jéggﬂyh"%‘éﬁ TYght 2 3 i ey oV

flip-flop 13Urécsionnats selatively tdmbhswcqamtrepmzmsqem 2Bsnabopr0dssfehglnd the D

connected 1 0vpisty Fudgfied gy BBEbRI26 280 Rehtten iRty SRt ek o
flip-flop 13fhzik opam@rml'@msmnbﬁm)lé@ong ngmgmﬁmnasoglbmwo and the

out put 20 of inverter 128 are inputs to NAND gate 13G Light-to-pul se
circuit 142 accepts integration pulse 140 and the out put of exposed |ight

transdyser 106 and pro?b‘?&ﬁm@‘t’ﬁ@ﬁﬁpa@“bﬁ%‘laﬂ@% o BPQdior®nt fhef RFlectance of
| ight-to-pulse circuit 142 are describ regard to Figures 13-17 and

23-27 bel ow.MiTFors 39,25 Biay bg redussdi fRIiar, to| quipmatisalis SimmpgomIITors] IRIOr
shi el ded 11 %Br\gavtﬂuﬁ’%dw ould foltRinCh }’gﬁ'?ﬁg?qéﬂfﬁ%'e ﬁ?édt 9L A pe

Light-to-pulse circult 142 uses the ou ! shiel ded I'ight trans ucer 144
to reduce t hoamfallyswitcid hympseatﬁrﬂZemgmdtlctailg [dimmingmsitvere inclgl:. a seRedrer ri ng

o "Fi qur e_4 105 BB a1 VB drtip i Qlebl o e ARE 0Pl el mbrGnar s 50
i's high0 Theansegimsoto fhkilgvef bbgam must be zero for, if the state is one,
both inputs -14  Z 4 J Ul 2003 1'1' 0 00/ 43741

Referring now to Figure 2, a block diagram of an embodiment of the

present invention is shown. A dimming element, shown generally by 40, includes

variable transmittance element 42 and reflective surface 44. Dimming element 40

is positioned such that reflective surface 44 is viewed through variable transmittance

25 element 42. Dimming element 40 exhibits variable reflectance of light in response

to dimming element control signal 46. Ambient light sensor 48 is positioned to

receive ambient light 32 from generally in front of vehicle 20. Ambient light sensor

48 produces discrete ambient light signal 50 indicating the amount of ambient light

-10-



PCT/ US00/ 00677 to NAND gate 136 woul d be high, asserting reset 338yant{i
forcing the state of flipflop 132 to zero. At tinme 150, dimm ng |1 ogic 56
asserts M@AP¥E74] i ne 118 turning transistor QL on. |nterc8RRBEPVA6Ghal 114
is then'pulled low at time 152. The output 5 of inverter 130 transitions
fromlow to high setting the state of flip-flop 132 to one which causes

i ntegratiompuicident 48 drebieR AMKE s@R6rehs e hn tahiBient 2ght kitgfthrid® poribse
circuit 142 begins integrating light 104 incident on exposed |i ht}dg
q.’ﬁ)nm

transducer @Bee seasortj2nis pegiBoneddmdeteqt glarpd4 ifen generallyaghind| vetucl

transi stor ff i1 ] t n.ti . nd .t 0.1

integrati onrgéé&) tbdd’aiﬁgge gg&%@@ﬁ@%‘?g}?’%ﬁm%éh%H%@gfgnsgrg%@%ﬁie}egﬁ% Q1 and
Q@ are of f, Glané sareenSEprodacayriideretd dlare siphd] |5@dndiicingodie amonanss giaerige 124 at
time 160. Since the output of_ inverter 128 and integration pulse 140 are

both hifgh, Wgident amglars seRsaE r32:0VeE A glAregIntGpEatianpariosy.  Mimming dpgie P ¢ o
h hi i / i 162.
change to Zﬁﬁflygﬂﬁnbﬁhﬁﬁ@gtsgh@l S’G’%ﬁ&iﬂ%@ﬂnﬁ@s B?ﬁﬂﬁfeggpgﬁﬂ%%ledbﬁ@m%ﬁe

Thi s signals tto-pu cul to stop I'n ting lig 4
i nci dent onlogicifsdaieimigés the ghans thisgeationSpetind.based on the 18ed of hindlent tightpul se

i it 142 t t l. 22 t i tputti | i.ght . i it
o L DAY BS80S B i
| nter connechirghgfilog s b diniliipeltAbt cbilis) GRS, dellBIheFebins oUt put

1
a lowto-high transition clocking a zero as the state of |p-roE 20 132.
Li ght -}0o- putisdimaming glement 20 de sesdves the effecis of ghare Sé peoceived hyi operaes22.The
difference between tine 168 and tine 164 is light intensity period 170
i ndi cating the anount of l|ight 104 incident on exposed |ight transducer 106
over Ji ntegration peri BithdiSflareSeasos 53] ambi€at lighttsensoe d8afr{ prdferablyybptit pul se

122 goes low at ti 168, . Si nce both trapsistor ) 1 are off,

e oo nocite Stmpteantucior Jsht ke Bt PHREAL B ol DRy Sueh RSOSSN ge,

di nm ng | ogjightafhnd@icees which @onhverladiiémNEht thid Bﬁﬁg&oaﬂg%ageg@@bnéd&] at
times 166 and 172. The difference in time between tines 172 and 166 is used

by di mmi ng P28 igegratorperéadhopEoduge aipateatial whickis qonyertediiysepss didvidd by

| i ght NS 04,48, , i e 1 t ol LS qhdAC iq |ight
sensorag, e3¢ Figierest quil LS hitabic o ME ABRRcalitA gk aLEbRERILY S

i nt egr at i onPypentSéo. ¥491680% ¢éntiged 6RighntntersBy Deecting Qifcbit AWdB DAk OBt1487 4

PCT/ US00/ 00877 _t he .asser ti.qn, of out put,. guU 2 l,i 164 L sdue, in
part, to th °{"R§‘PS§HP“ nﬁy g\g(s:}}lple FY agmaggéhsok’g‘%‘,lé’ﬁ: gEﬁ%f‘ﬁg. ‘?‘?@F’ gn rgk’ges
expressed aSedsbeArRly Wah JhrdR6ldotblthge Defdoir sand CHasgedBrotage Chpdcimey” be used
by dinmng | ogic 56 to determne the terrperat%lre of |ight sensar 48,52 or

2 ] |
may be mor e!0sY #hs gadhdvhieh Wancornarated hereiny notergicge Hrefpaed embodimesis 48, 52

Is togni ghfdcr‘?fgh@sérﬁ{ﬁsaﬁ,ﬁ sRUdiBed Wit MeRsrd 0 Pigure$ 158Y HiciRbl € automatic
dimmng of dimmng element 40 1f the tenpérature of |ight sensor 48,52

exceeds a preset limt. The ability of light sensor 48,52 to use the out put
fromshielded light t e r I.adj cative
of thé anount of ther @P%ﬂ@&@@ %ﬂﬁlFlﬁlgﬂ%%g%ﬁgéﬁsogg}sggé Pg&g%is%gr%ﬁg%égﬂg\} th
Ei'egar dt 0f Ficgwitiofty berwkén dlictredrmavhe fRehar dfhyen gAmbient liphEfilyer 58 May de plaoek
iagram of a rearview mrror system w interjor. and exteriLor rearview
mrrors accBfeTeRy ipepraeRsisdY %‘“’HFmtlwg‘ e{pt $‘H1}a]éﬂb' i 81arg Qe 8 Di mi ng

el ement 40 L0 piREEHefIre 'of 3hOrFNald Within gfhre sensor 52. Filters 58,60 attenuate
25 certain portions of the spectrum that may include visible light, infrared, and
ultraviolet radiation soch that light striking sensors. 48,52 combines with the

frequency response of light transducers within sensors 48,52 to more closely

approximate the response of the human eye and to compensate for tinting in vehicle

windows such as windshield 30. The use of filters 58,60 to compensate for the

30 spectral sensitivity of light transducers within sensors 48,52 is described with regards

to Figures 31-33 below.

-11-



operates as described with regard to Figure 2 above. Each exteri ozérgfr@ ew
mrror 15 26 includes exterior dinmng el enent 180 having exterio \7J i
transm t tv@6@4Blenent 182 operative to attenuate |ight frdt@TVENPMERNTH scene
28 both prior to and after reflecting fromexterior reflective surface 184.
Exterior dimmng el enment 180 provides variable refl ectance based on
exterior dimmng ele nt 180
may operate in any nar?%epﬁgg%éﬂ%ﬁgga&b%&rggéna%% b%éj egie%xﬁ a% nt 40
and, pr ef ercdldeyices. SDammp ewayr becdrcamnplishad rrreohamdﬁidyas demrxhedmch‘ ScPaiemol 188

ener at es ng.r ol Exterior mrror
gont r ol 35%3{16&9%?@9%‘3&‘%? %F’C?ﬁg' &9’?% e136r 19‘8 erFﬂrgI“? @’Fd?rb%{r vi ew
mrror 24’ PF ARY 10S. Pt adb.0Yt 4430857 ﬂile@”yAﬁfbﬂh’ét% I?é’ar%@é/eyﬁfrbf)%r

embodi nents for controlling extéerior dinmmng el enent 180 pend on the
anount Sof senemayveatthisdest riol Bausr ket ap5 eaelt lofidedciniis iicorporated ihorein dsir vi ew

24 ot er mi AT ERFor S0l My el e ol Y bt Totib sl BB o0 i

from arrbl er&:nb Iagh:t, degnived i3 .8nPagnaND. %@msoﬁﬁtleﬂmﬁe@hlmlﬂ?mwl enment
control q} 8G may he generated directly by .dinmng | ogic 5G or
exterior eﬂ?F“’éor‘R mighah gWhiphis jaqoaperaddietein by reterense nd releEbbht

control signg 1%86ralae1%ﬁﬁlne@ é}erhexﬁd e;tzt 3 Cy el&uoc%n%lcapoémw 9:9&&&3741
PCT/ USQ0/ 00677 | evel calculated in diming logic 56 and transnmitted to

ext er ilfr nitrangmittapae irpresp@ne thp appliadraosirohyeltage sushyasal desoibed in Hrbt her

posi ¢ | oned RISt I, 4 S0F 0K SRUT Sl CORATAT SoBE bR, SONBPEPPER"S (57
out put ext Gle@foct@nie Bévides) SdlﬁéoxhnaB@dJmmdianMﬂd 'Use® Theteaf"aoBykenci dent

on glare sensor. 192 over a glare i ion period. Since |ight sensors
48,52 wi t h V&NER SJRCHRREAE ‘F‘B(Pyafé Fa w%heaﬁkeﬂue@}rgn%@eﬂmn}iiave a

| ouer CroSgeSaRaid liitipleindnP BRG] dlettef 4004 BPwhidiNre SALRBAM P12

out si de the body of vehicle I's nore practi cal Lan wi th other types of
light 16r ans&ﬂQkBﬂOBnd Brisaitiog qfélyis erP&alemsAexilbe mcognglmrenasﬁf@m@namw and

anbi ent i i or

di mm ng eI g?ﬁ“ {%@ggh i'%eptr S)egtg§<]1§ éﬁ%rd&(f? Yol ﬁg egﬁ?éﬁe ty&gg\é 'ISP’Q?‘S% 186 may
be gener at erimdungmudmemwml mﬂ‘r‘dﬂmnli@l:lenﬁﬁt a0 1fraydd@eeldmfddhmxd \Vayiablet eri or
mrror control 188 based o 2 reflec ance | ev contained in m%er-mrror
si gnal 190.TaB¥PanGe C&HEPE 2 Wc Ft“_[‘%“ ace fi4) may SG ingosperated) 1plor vagigblemy pe

pl aced bef qfshitAiet elenfht 42 8f tha ?%mier&zﬂ?to %nE’Mb kapbmit@nEdiBhémra2gl are
sensor 192 to provide exterior glfare sensor 192 with a response closer to
the response .of the human eye. Intermrror signal 190 and exterior glare
si gnah,194 may be in 'IE‘*Q@ uﬁt%épﬁéw?e“ph&kﬁ E{Hj EM P\ﬁé’w%l%ﬁ 65.%{' S€
densify signal, seria stream or dig comrum ca over an
aut onot i ve ihcledes dinmag dlémenCAN forisutoatit dummdgl }knfmd{tdy, mrdnmdlrmwbw

Fout ed di { ORFTY SIS e s SRR 08k ity JEnustaors 48,51, na, i o'

58 and 60. Various embodiments for controlling exterior rearview mirrors 26 are

described with regard to Figure 6 below.

25 Referring now to Figure 3, a timing diagram illustrating integration
control and sensor output for a light sensor that may be used to implement the
present invention is shown. Charge accumulating light sensors 48,52 exhibit
increased dynamic range through variable integration periods. A control signal,
shown generally by 70, is used to specify the integration period. The resulting

30 sensor output, shown generally by 72, includes an output pulse for each integration

period. The total amount of light-induced charge which can be effectively measured
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Exterior mirror control 188 deternines exterior di mmng el ementéat rl6l
signal 186 based on exterior glare signal 198 and the | evel of anbient

| i ght 32Wieeaestilined by dimring |ogic 56 and sent to exter PET/USOHHAST7
control' 188 through inter-mrror signal 25 190. In yet another enbodi nent,
exterior rearview mrror 26 determnes reflectance for:exterior dinmmng

el ement 18Q, i; e gl r i i hy. d.nterior
rearvi ew mqsr ;1@§%§AWEQOE%,SQGI%%€§§%% ?Pﬁeﬁélgplg%}rt’ ?Efg?f\?i?ﬂg\?ﬁ ﬁla&?(t)@ye;é

oper at es asiesiesble iogsrévent isituraiar Hdwever gifaghdrideyetion tire is usell i lévl 2003
1~' O W0/ 43741 PCTNSOOl%g%7 Referring now to Figure 7, a schenmatjc di agram
i || ustrati mghEEPNSHB; apge signal makhengst ip ot IBhel epiip SeNBRE48:P¢ cui t
represents an effective yet inexpensive inplenentation for automatically
dimuning interior rearviewmrror 24. Dimmng logic 56 utilizes a small,

| ow cost mi crocont r olCantrol isigeakc 20 swhides Wisequanch ob irtegration PArOAEG@BRQ fr om

M crochi p Technol o . Of apdl er ,~.Ari zona,  Anbient || sensor 48
cormunb ot CAE KRR BEEs Rl Ry Fidlrs o o AR apl B T IRRES 11
connect ed tsRortiMESAQ0H POIidETE iNgererddO ASemidanduitor HERY Rnse RESS ot
comuni cates with mcrocontroller U1l through separate interconnection

si gnal 1142 Sherimsdsedn ai@mpletelydank ewyiramens gug aRppise. Adherelose i sy Puliet h
regard to FEj 1 : i c i i I carries
|t ograt i ont peps gyBE ey Such RRNE: SERA LU 78BNARF b RPuBLIBE g8 02
wel | as |i ghtesliald esrigndrgd p&exdnddi@m fimteogmaking ptlss €ddaving &eBRint mtegration

m croggntrol l.er JWJ.1. Resistqr R29 and. capacito conngct ed .bet ween Vpp
2nd. giBund RSP0 EQes EFTFERrEaRErllaRe PETR SRTH SBiecloT g st op POF B

resi stor RUf iaondlin £l P isdident 0 BaRbE4R, 52 tuaeh méBRnaine giavion peLodB .
Capacitor Cl2 is connected between node 208 and ground. ResistQr .

R6

connects cG+AMBrNIEEANORIRISESE hppiing Joneintegration Resiod i is igersrated 1 If Bgltponent s
D5, R15, sof : 0 ' ' sﬂqéyFuf L¥1by 210.
Power is ﬁﬁ%@?gg%‘sdﬁ‘ ?n@lﬁrggflgg?@’ 5%‘“%?’3’&81%{ %thti on i()%gqgﬁ%hh&lode D1
protects frposervimvingda gaation gyeatar thana thireshold iseal@vgnered. di ode D2 cl anps
the voltage derived 20 fromignition line 212 to approxinmately five volts.
Capacitors C2, C7 and Cl1, resistor R3, and ferrite element E1 forma power
condi yjisoni ng ci rcui t Ghnw sipmaET@hay beypendritedRautsids of ligneessbp 4852asser t ed

when vehicle 20 is placed into reverse,. Capacitor_ C 10 and resistors RF,
R9, and RZT“?YOPW@CW&%?YS@WE}%FC ‘E’(S}HBihﬁhbﬁ’Fﬁﬁ {é\ $7cufftg,e“e§ﬂ goaY-al |y by

218. Reverﬁ%n%gﬂgﬁdal% btk A Bt vmag hareZa Sorhon R frel drahsy hRver se

line 216 a provides electrostatic disCharge protection for digdital input
pi n RB6 on separatecsignal dineser Verious aptions and smbodineanty kre dgsaibed Rathsiegardl on

reverse |i 16 | variabl e transm ttance el enent 42 whenever
vehi cl e ZOqsﬁ%qrﬁégi}%ibﬁeﬂ%Verse. M crocontroller U1l is clocked by an RC

oscillator fornmed by resistor R2 connected between the OSC 1 pin and V DD
and capacitor C 1 conpected 30 betmﬁen tge OSC%gﬁi n apd %_F’ou d. Resistor
R30 ‘arfd LED D3 conne elarming JaM d8 Bétleén ¥ @I“‘bpfg‘f‘gr aPh FatHt Rag of
m crocont r%érﬁﬁttih’%%iﬁu&’iﬁﬁ fRid Al & HoBl sdnddPid PainteRYnMRed Yy SdlpReMirent er i or
rearview mrror 24 to alert” operator 22 of the -18 wo ooia37mZ 4 JUt
Q003 PCT/ Uty lin®both injsaratonrgnyohans senser eupwigisisbgve. Jaghtsgpigés2s 1 and
S2 are con ol J: ahd : Live o exPbsed
m cr ocont rgﬁﬁlgrﬁ%%g%hgéeﬁﬁld %J’l@&”g@?iﬁﬁéﬁcont }to 5%@?@%?9 'Re er r?)@gsenow to
Figure 8, aighthemsfucer d06grEmridskteusd0r adrmitgpower pini X8, ground pin 110, and

25 signal pin 112. The use of only three pins 108,110,112 greatly reduces the cost of

light sensor 48,52. A three-pin package that may be used to implement light sensor

48,52 is described with regards 1o Figure 28 below.

Light sensor 48,52 is connected to dimming logic 56 through

interconnection signal 114 between signal pin 112 in light sensor 48,52 and signal
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5 of electrochrom c dimer control is shown. A portion of dinmer L&HL?UU?ES
has been redrawn to nore clearly illustrate control of el ect rochk \
vari abl eVt t ance el ement 42. El ectrochronic vari abl BVPEHPTt ance
elenment 42 is preferably simlar in operation to those described in U S
Patent No. 4,902, 108 titled "SingleConpartnent, Self Erasing,

Sol ut i on- PpaseldEiredmmcxgrlogm%Deﬁ\.sl Widishe deedriiediesow Odigrbd pis e 12hakeaire, And
Uses Thereof"” to Byk ch is incorporated her i n b?; ref erence.
4

El ect r ochr GHiSEl& BP %EF%“W%@W?Q@%@‘@%M@ Z!E)Vélfé?rb@ njippwtdedighée to a
control vo I ol t age
o T onoved P oerrBehs an Surp LR BRFR 48,47 RREERDRRE SoIIN el

di schar ge, FETaQ4 monnéater hﬂwemsxgaﬂlpmglwmmgrdmhdl iKBT Q1Ek eohtroliéd byri C

2ot o SRR Gl o B e o, SiekE Sl inegel e

i nput hode

particul ar by {pg.autonotive rearview mrrors, it will be understood by one

of ordinary skill in the art that all or part of dinmer logic 56 may be
used in a wide variety of electrochromc mrror and w ndow applications.

10 at node 222, The chPBNeR SRoE e BTGB oRE S B n Ry |
t hr ough cunne ahd ptountdi (RET Qi 1§t@ﬁroﬂ5d by Yiipagpilye 222 e%&nechohn@ gatefof
Dar | i ngt on to digital output_ RB4 of mcroc~~ntro||er

é&m i S connect %d

U1 throug p wgummaﬁqarcrd fen teﬁlg@alnmnllpw%t dEosHber @Y ¢
groungy t hr S r i r 6.

3 o ¢ b L4 bt BT ekl ualpaRel e CEhsRLEARRSARLIEAS, |
pul se cont nomigRly spurees abed 03§ n%ﬂ@walﬂepnnmmongeqnmgmlcr]dcoﬁhc dpueofU 1.

Pul se outp nal ,suc Se. [ OF .exanp a pul se
wdth moduSrBEt oBRks ANVAREE Pt BiRsREcT | B BT Sspririf RSl Sl von,
setting outlpais followRBay ﬁm'eﬁbltshQB and M3@in sedes d0R cutpud of Bven@| 138¢tockECe
during eac% %Jransmzsg ’ngfes“ od a dES?I‘I bed with regards to. Fi gure 9 bel ow.
Capaci t or -HAR 19EsLde pugpurof mufiplexgn I3 qepneediodhe HiingyEer #ipr ¢ er |
Showyenemblmzbym%%aecxt iAp S B Ohd i1 358 Radr fv%Hﬁb?% ?19513 ﬂlﬂéut’:ﬁltha@m pu]t

RB4. This snbothing results in a substantially cons

2003 1' 4' OwWiBpAgpet pHSTA255@sB06d thed) pipueef fbprﬂapdﬁ%ﬂnaas;@eﬁ@nd w;bgn node
220 f fy ! tt
di odeO(rtJr gpshﬁﬁﬁi&g@gh?oge cﬂggge\?\tje? kﬁzﬁﬁl@ﬁgﬁp@gﬁ%%{t & tg?ﬁe L {pe&n n

resi st or RéfaNWNDhgats Uftd$ comscstiao SO\R]asamhg:&?essteBStdsfeﬂlpfﬂnpai?mgmel t age

for electraoc Y e.tran mttan enent 42 i C val ues for 5
conponent s SAiHe oF Riss e T4 i BraBh byBE &0 “TfEFien Halsa MBS e diPiEls. W
digitzd oulppuhivdrks428tard mfmtst@ mmmgm naé. qugmemtpxﬂsfeamdw elesdcemehrom c
vari able transm ttance el enent 42, input node_ 2 i s approximtely 1.2

vol ts. TheH&RREPHRHISE 14P g Abs %pmdg.%p%ddaht Bénﬁdﬁﬁ‘o\péo?“@mfe%%sf eedback
of el ect ' 0GARAIGINARHADERPbRRARI bt RIGROSIMEIui2 APRL e oAb VOl tage
10 at i nput . M crocontrol I ncl u des conparison logic to
cause pul seegard paiigees ib1dend QB}W@CIO@MM voltage if the applied control
voltage is greater than the desired control level and to deliver a high

vol tage otherwi se. Typically, the high voltage is near VpD and the | ow

vol tage is near grourld.a prbfefred embedimen lipRyseRsor k2 iRyluearadldedtight di gi t al
nunber representi n? t he deS| red control level with the 15 digitized appl i ed

cont r& volfaRsMIcshE 4t Wakrh Aoeh gotapceaYrt gy 100 Sigiteupulsthoriicait I usey er nat el y,
digital-to I DAC 228
pr oduces ac’ggﬁlllt ?gﬂﬁegﬁag%lg [ﬁag@@@rolﬁagﬂg{ﬁéggﬁgﬁfe?&%{lggég n?ée pc))onsgghtto t he
desi red comtanedudee¥@b. on DAC control 232 supplied by software running on
mcrocontroller U1l Resistor R31 is coru~ected between anal og output AN2
and node 20 234 and resistor R26 is connected between node 234 and ground.
One input of conpar atRéferig, noﬂito@gﬂr@g b ARty dSrani ﬁluﬁ%ﬁ@%ﬁﬁbtm ofode 234.
The other input of conparator 230, at anal og i nput ANO, isS connected to

i nput node thRoircupiy Ocﬁdn%o igire 408 sh@\wp}aimtxaﬂy plefs alsmn%tmcmneﬁmowééﬂﬂed

vol ta |l e r e f.or

resis @rs ggh} %‘nd %ggtgroeftfg é%z%ﬂfgk ?g%rﬁ% %hegsgh%?sg@f ﬁg{cﬁ’uﬁégi i's

wi thin the range of expected applied control voI tages at input node 220

t hroughout the range of desired controf4.vol tages out put from DAC 228.

Typi cal values for R31 and R26 are 390 kSZ and 200 kS~, respectively.
Positive feedback is achieved by connecting resistor R24 between node 234
and node 222. Resistor R17 is used to sense the drive current through 30

el ectrochrom c variable transm ttance el enent 42 and, hence, is typically a
Iow val ue such as 10 ~. Resistor R24 is typically a high value such as 1.3

A b1 o ~



2 4 JUL 2003 VI ~O 00l 43741 PCT/ USOQ GOb77 current through resi st drd Ay 108

i ncreases, the voltage across resistor RL7 increases pull ing up the

vol t age MO ¥¥3@41234. This increase in the voltage on t he PEEUSIY6Thput
term nal of conmparator 230 has the regenerative effect of increasing the
duty cycle from pul se output 224. This 'regenerative effect provides better
System r espOPRENDI gate MBEWBHIRMIEN alstHrfsy #QM B! BAHASHY Mistar 8f NIRP! €
transmttance el enent 42 has an ncr eased current draw together with an

i ncrease i AlopeddZ2ngrEeBper ati ng vol tage. Positive feedback al so offsets the
effects of internal resistances within electrochromc vari able
transmttance el enent 42. Referring nowto Figure 9, a timng diagram
illustrating 10 el ectAtonmeolfil; dneningtiogic Posasstitarostrobline all8i mnshgwn.
During automatjc (am*n g?l operation, software executing in _mcrocontroller U
1 is initida88sHr QlrohsPeremnpdisignel 1144ethen puksddaw; al tmediodatldw aPw 40,
separ ated o ng . i o0l I

i ndi ca% es t éﬁ‘}(%%?rlgg?ﬂagé}%?&g{ &?rlg‘ﬁg%lgfgt%asﬁ@ggfd&?ggﬁedgﬁlg(ﬂ?:pgl\r??éo\%ﬁféi abl e

t ransm t t amdscle carsenintefRatioDgsilseckdiOao becahe dssertd R4imerd§4.beight-tapalseg, val ue
15 or, preferabl is a digital. er .determ ned by, micrqQcontroller U 1.
Dosi 1 ed cortPoR 2 beanstateeriing BbltlGhe i h Fraties SRt GsouAet 406 246 by
conpar i son 4nQi 56, ERBIAIRL OB 12 BELRECRI GriRPlrafdss ggrcm. TR §RQFeed6 and
the desired control voltage appearing at node 234. nmpar at or out put 236
produces dibefwegeariizes Eiogmdlt Ovimingegrationgesied 1168 requestad by dingmingrlegicvol t age

| evel pepragend:] {1/ rQf . 44 | . k.t lied
contréP vol%'?S aggelhgﬁ%(gﬁg)ln%grq{g% Og%tlllggﬁég%t égh%slég l%‘ﬁgetgﬁ‘éﬁha% ¢ont r ol

si gnal 250 sourceut2guit tiRBAL60] fSinkesthe edtpapoftinvdrtdrel28land4dtepraitign palserl40 han
applied control valfage ,, digital output RB4 |[s. swt d hjgh. If

osi red cortts ot Beby e 4 s Padued eninely stikiot Binc Hop 19310 abdbiede,
digital outpsH aﬁ%dtgﬁatwpm@m tokcome BhREHAYat thf2W 622SPhi sighﬁg gl filters
control signal 250 o produce applied control 25 voltage 246. The duration
of transititopulsecirewit oistppgaiegragng Hahtdi0d ingiderk en expossf dight Gansedeer

el emerl1§ 42 at may be noticed, for exanple) by vehicle operator 22.

Transition 'period 242 nmay preferably he between two seconds and two
m croseconds. For the system described with regards to Figures 7 and 8

200 bol 43741 PCT) Usoty BB e bl B ot BB PPe 1A% i cat i ng

dirr>l ner negircehputmgabgla intensity anfomhatipp| iAsdertiaptdudputviodl§ea@e2 itsrns hown.
Curve 254 plots reflection as a Fer centage for di m‘ntgﬂg el erT,Fnt 40

cont ai ni ng TEANSHIAT SRR OBnPRIRE  INIGSPRANEGL SRR A dew &) 1064218is cqsesnct i on
of applied; R - IR RNG &t ' ? '
reflection 1??6()}%1—2283(?&58%&%1?%?3b%{t‘{aglsg/?gglo? '%ggngll%i ﬁsdé%gﬁgr(gﬁﬁegwage is
i ncredfed f133m dbghittopuize \circyitabBudesgisvoutpuigpulee 132 aatsime ndiudddecur ve

5 : . : . .
for typi eniCipRerbiheRl bl 186 A% Sol ¥OL |10y RieRR gt FAMpoRafPRE 00 290
agai n to Figgaouet of lighldiod iimwident on expostd Yight srapsdueerdEid dver imggration period

158. Transistor Q2 is turned off when output pulse 122 goes low at time 168. Since
both transistors Q1 and Q2 are off, interconnect signal 114 is pulled high at time

25 172. Buffer 120 in dimming logic 56 detects the transitions in interconnect signal
114 at times 166 and 172. The difference in time between times 172 and 166 is used
by dimming logic 56 to determine the intensity of light 104 received by light sensor
48,52. '

If shielded light transducer 144 is included in light sensor 48,52, the

30 difference in time between the deassertion of integration pulse 140 at time 162 and
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10 clear variably transnissive electrochromc el ement 40. Trarsi $dlotlll 11
is connected across variably transm ssive el ectrochromc elenent 40 wi.th
col | ect or WR00H3#d 220 and enitter at ground. The base of tPaR¥P&YWF7Q11 is
connected through resistor R23 to digital output RB7. \Wen digital output
RB7 is asserted, transistor Q 11 turns on, acting as a swtch to rapidly

di schar ge ehigCiss@eibh @MoGipVEpul R0 2 4RS84 {6 CinPaRITRH kheltPeriral nERBREI tor C6
is coxnected between the collector and base of transistor QL1 to reduce

el ect r omagnéight s¢mpedBerlendbisc ddterenge 48 expressidsaothenal soise qissied Mdansi st or

Q12 is con between 1 base, of transi.stor 1.0 round dis

2 50 cont r o FEuT Mty Peed D74 S pEpséd: PYTuRkREe gt SHfk, SE G 1RE

transi stor (apdramusdof ligftfseisondsisst sirmsdBe hivee shiplp usvE it ddiemsndnif theneously
attenpting to darken and 20 clear el ectrochrom c variable transmttance

el ement 42. npiss jevebin spasor 48,50 4 e high {8 anclishhnrendive. CXpmaRg lagiteSCHRY ect or

of transi st i 3Lt ke kt: t hr ough
transi stor %gsfgjcégde??drdlcrr?éﬁuﬁtg%e?ﬂdlﬁﬁgﬁg gﬁﬁﬁg@?&%ﬁ%@gﬁ}%}v fl 3sstgigsg{l ng
oper at i on of#8dZraxcengs h podset lanic.ol e alglitycofdighe sdnsaii 4862 tapfisettheeoypws Seom

invention is,.s . 25 wi Il ‘be appr.eci ated b e pf ordi.nary skill in
the art -t heBRE et st ais 16 aBRERE SHBLE Rultt 128 Fncfim R 31 BR, it

oper ati ons. ofltlstmal heisgln libn epeso4s,oD9s deRribe@valabdgard f Faieeast EXl1PyY
software executing in mcrocontroller U 1, operations may be perforned by
sof twat®, h&F@Ware, or a conbination of both. The present invention
transcends any particular inplenentation and aspects are shown in
sequential flow 30 chart formfor ease of illustration. -22 Z 4 JU 2003
WO 001 43741 PCT/ US00/ GedarTindmoantn Eigurd Hghtblocgadiagpm of aaleerviewm dnitroe

aver age anbi espﬁti Ii.%ht is initialized i.n bl.ock 260...Wen thed. auto ﬁmi C

di mi ng sys SRV INGTIgrafd BYGHPEEFATNEY IHE OLS ACqHENS L TRIAIPFHet P8y el s
initialized ppasehelsivetich fsishéWn! eRFMHg el 4nfn inkedvr @& viesy Rgrrafbi ent

| i ght sensor 48. Acquiri ng an anbi ent |ight readi ng and the 5 average

anbi ent | i glePeraEsses dgscaibad with iregayd (@ Figureekghayet &agh 63IREIODEATARY MIMGY
respectkvel : . i | J ¢ I i ; f the
by ont™ 1 1 gt HERGH cltictBhiihe e 1893505 SR RrABE GARAGE

anbi ent | i gliensamd8? opéravive to attemsgtedight frangeacwbildesceno 8 pothdpriewso andi ent

i ght signal .50 havj.n ood, 10 resol.uti on over i de range qf anhignt

light Ievel éf‘%"z?er}%&{‘%éggﬁ DA ec}’é@&‘irgacf:é%ﬁi 3{#““6‘% diRE eq?’ﬂ?’@?@

acconpl i shegréyidesidriablevdfiéctinte baskdion@stesibr aithBRteldhaittomol wiinap1 8.1 f er ent
iods 76, 82, 88. In a preferred enbodi nent, four separate

i .
 nt igi ati on Eggm%@maﬁ@g elsmantskfOmaysoper e insmhipanergigecringd vatlyregyrd'tg. 6 s,
and 3824 @-dirﬁﬁﬁﬁ%@lfemkﬁﬁﬁﬁadd[‘ FIERbIYO T RELQFRNFErhicehRrdRY Budistmitrgef four
from 15 adj acent periods. Therefore’  for exanple, the 2.4 nms integration
peri od caus&enigabl&rgeneiagsexicuas GmmBg elpmest corsipl sighatelSoprdixeerigmiitove t o
ambient lig ' I L. ~S ] rati eriod.
Typi cal |y, '? hxé&élh%@f}gasfﬁ’?eﬁa{!e@eg%r% lgﬂl"}gg lgghi})}?ési%?g&l&u%gﬂ? yﬂltzlallrn@'irh e‘ﬁt | i ght
sensor 48 t orpiaycheclecadioaisidel @raaly mitos24,26. Vhneuembodiofents far dconsdldng! pul'se

78 is nmeasured by dinmming | ogic 56. Since anmbient 20 |.ight, sensqr 48 in
conpl et o darcRifsey SIS FEPCRel dipeahoR ISTBRGH S Psung 894 S6RH 12 B at h
lless then 1Qfclod& wihi¥ XieRorréRSNAIEor & set for accepting short signal
pul se 78 as accurately reflecting the | evel of ambient |ight 32. Typically,

this threshold may be 300 ~,s. If short signal pulse 78 does not exceed the
t hreshol d) the next | { - t: 0n . ner | [ S : i biyght
sensor 48. |f the |on3§g’?’§§2§b%ﬁ§3§§'€’ﬁg’h |°ké@d5cﬁolzlsﬂ%g@r%aéﬁggaﬁgtalrtzabl y

| ong si gnal detdregnesagrdverdot dibinghp &@mes antrah signal 186 based on output from

ambient light sensor 48 and glare sensor 52. Exterior dimming element control

signal 186 may be generated directly by dimming logic 56 or exterior mirror contro]

30 188 may generate exterior dimming element control signal 186 based on a reflectance
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extremely low level and mirror 24,26 can be operated at maxi mum sengiit 0] ty
to glare 34. Using the |ogarithm of anbi ent |ight signal 50 permts the use
of an i nPetH4Ie m crocontroller such as U 1 whi ch may hECEUSANQ068T bi t
‘internal registers 30 and no nultiplication instructions. Since

m crocontrollers are binary devices, base two |ogarithns require fewer
instructio : I 003 V1' O
nSAct! O3 RO dBInERER A6 PARRHANR Bl isof 8005, 11

f or obt ai nithgowph iBtebintirrobisigaaly190ogari t| un havi ng t| I e nost significant four
bits representing an integer part and the |east significant four bits a
fractional part. The 8-bit anmbient |ight signal 50 resulting fromthe
proper integration pepiQ@ties eﬁﬁ@dl’m@ﬁdeﬂbﬂoxbﬁéaﬁhéw ﬁﬁﬁbﬁ z@ﬂacwcﬁebey&é}%rnvst 5
significant bit until the first binary one is found. The bit position

cont ai ni ng 8lhe stnsogtl%pmngnedn@mewogém 3hEromeanyerd gaene 28 and parhtive

| ogari e f ni follo i .t 03|t|on

contai it ng CroAeeRp Hiars SR B2BrEob e FrafY bERaie FomtioeR Gy eke

| ogarithm sBRker 192l ei@r h%larﬁqﬁﬁ%ﬁﬂbﬁﬁerhﬁ ofiacé likhieRnides 4R, shayiiekilispwr oxi mat e
the logarithm An exanple of the binar %arlthmapproxwratlon is 10 now

pr ovi ded. éaaés@)§éarzsﬁ@f=@4wu1ml%fragﬁd§% 174 haxe arlaWvak araserSeRsitiyvity(9D101101
in base two %ﬁxgg%x%‘)ﬁfouﬁﬂn\g)g;f gmcs%ﬂéo @§§sitggsbé@&l% gotfvfs 1\51%)2 R hB 1 nteger

portion of resul tant eis |nary our |ts fol |l ow ng
bit fi ve arpraclical hagovithhetheémypésaaf dightgransdusers, hlélmmmgllogmtﬁ&memenemmllo for

ppr ot 1 A DuRGaS G gt epk Tl 3B b bt e il S VL KT o
i |'1'ustrati ngbrioredishnting elepenoX80T8A gain) eareior dinn@ing @ldnat e&m&s@helorsst hmis
shown. The binary Igrgarlthm [ rs‘%{pl otted for values of N between 1 and 255.

Curve 290 sRandeiacaeraied fHrecHy Par4mpiRtalosiha® onmayebedevelgpsdbyt erderior
appr oxi mat ubbﬁ@&mdxqs@ruagmn mﬁmadcbgmel bfafHed 39 i dﬂrexshh%}%r.% Lled to

conpensate ftor different 20 possible integration perio
acconpl i shetPby Extetiangglarestilieri 1, fsirgilasr tot glaxehBlte ﬁ&rmay d)gavlamddn’oefbreanbl ent

i ght 1%' gnaéxter’x% aggfe s%ﬁsﬁqﬁlgz o ggxl{ ﬂﬁ) éx? édaxlens%gg){ ng o p%d é)ﬁ?l?o s

used t 6 neasure Ien a sca cto the next
| ongest i nt glgreatdnoor 192nmth& fesponge tlvsarsedhe aes@Oﬂéeeonﬁe hambnreyef IRter-s added.

I f the next I.on est e iqn tine i.s _added., . If the
25 Shor t estAPLGRIEN 0 Aite0BoBa sigra) Lof ey e ot e Tgrm a63 Pt Phe

| 'ar gest val g@dhred! sighsl, frAem BRI Bghal, |seaar idabMs@edh 0%k Ndiithed i snd8 (
1000. 0000), no overflow results ffomadding the scale factor. Referring

agai n to Fieummunicated loven ayautomptivedusisheh astiedpANbught | evel is conpared to
the day detect level in block 264. The day detect level is used to 30
prevent dinuning of or to nore rapidly clear dinmng elenent 40 during
rapid2@4 2 4 J U160 @mofifer EmbdBiment, exterior glare sensor 192 produces

| exterior glare signal 198 which is routed directly to exterior mirror control 188.
Exterior mirror control 188 determines exterior dimming element control signal 186
based on exterior glare signal 198 and the level of ambient light 32 determined by
dimming logic 56 and sent to exterior mirror control 188 through inter-mirror signal

25 190.

In yet another embodiment, exterior rearv:cw mxrror 26 determines
reflectance for exterior dimming element 180 mdcpendcnt of glare 34 or ambient
light 32 sensed by interior rearview mirror 24. In this embodiment, exterior

rearview mirror 26 operates as described with regard to Figure 2 above.
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25 WD 00143741 PCTIUSOCO OOG/7 transitions fromdark to bright 3 oL 1
vehicle 20 energes froma tunnel into daylight. If the | og,arl t hm:of ambi ent
i ght 32W@8Hd a preset day detect |evel, variable trandfltUsa¥ede’%| enent
42 is cleared to set dinm ng el enent 40 to maxi numrefl ectance in bl ock
266. Processing is then delayed in block 268. A wait |oop is entered having
a time sufficiently IrQf@ring Wemtpi%ufeem desélféiﬂ’é%nde%z‘%hﬂglhﬁﬁiﬁi ﬁ‘g’“an' ' ght
readi ngs equal a constant anbi ent g [ oop del ay I's peri o e,
exanpl e, 4cmbodigmentef m@\mmgung@gmmts ownblelclcnzeB)le}anmnmean crf&adveng:tof
anbient light 32.is taken in f..the |logarith tllght
32 does notewebs PRttty atof Blvoaticayigiiioe SR PLG ey RERTH o1 ock

270. The avmmagieg ebgit beuhnmra $rhdll, 9bw 26%1 iRiztodoneBiler, @yBtatedbyBl egughned in
bl ock 270. Avera |n86rea in s first converted to the |o arithm of ambi ent

light 32 raatheddCif %er@@t srochip deghapiegy, Inci gh€handler: Arizoney dyiebigt venhicl e
20 fromdr i I n lgr k

anbi ent i gﬁ?{%fgg‘d‘/ﬁ*rcawr?gq%&?%@éﬁ@gﬁﬁ&@% glfrajéng Pc{ohﬁé{c%ﬁﬁg gnal s 50
may be obt dildedoreord atdlimgictadontrollepdsputf RBOer Similarkg iglarelesnsirbéd by
Equation 1: ytrt) = 64 x{n) + 64 erexn is the npst recently
obt ai ned bi€ ﬁéﬁ"i)m%‘iﬁ‘ Bﬁ"%l&‘?ﬁﬁ’f‘%ﬂ& lmgﬁh p?raﬁj’n‘f‘ egqoé'ﬁ%ﬂ“"gél%ﬂléét |y

scal ed for cbhﬁecteattegﬁxamceﬂtrwrl iRt REN- A} dbstrivt® withS¥baH S0 fsigmée%m gt put

and yén) is the current filter output. The use of averaged l[ogarithns with

anal o 0li grﬁt abovgn edagh |13tem¢¢tms1gnalulﬁ cReriesnintggaati@ period; 288t fremad

"Contr ol i

i ncor porate fcﬁo@og%llég’ r[eq)fééﬁe/tﬁsggi%q'ﬁh 5%\:gélsel\drv éﬂ gg Zﬁh‘t‘ﬁ‘eﬁg‘%wf"%@f;@& ent

| i ght Ievelhghswno@rpfw Sﬁtd miaotdmmdlenUd. IReslskmdllQSBilﬁ caphcimniddenhndcieght 32 is
sufficiently bri vehi cl ¢ ope or 22 wl be dazz| ed by any
reasonabl e SSHYEAL a"&lgép'é“(gﬁm&ﬁe%%‘?i HW’?”L‘O g;gslégcnﬁ%rstgé, t to maxi mum
refl ectance. Therefore, if the average of the | og of anmbient |ight signal

50 is not less than the threshold, dimm elenent 40 is cleared in block
266 and the wait of BT%@I@IZSBStPERéQ@EGId&é ¢ PH areygonppeied stvetentVie adg of

anbi o || ke 288 Cofacio] ol 200N QRAIAAL 06 Ty SRARAC LA 821 S 50

is less than e thr are processi ng occurs InniNg I'n ock 274.
Typi cal | y, doheectshearainoh dodxs%@lS tmmpuoiMéZUbofnnmmod:ﬂmmﬂdeﬂm |(§ompmentshan t he

day detect \% e co arison_of 264. The egration
period is c}éfeﬂ dap‘ﬂ(i)ll ZPOWFHQHSWF tcéﬁﬁ”é[tﬁ%ﬁmp%%e fl?yr Eﬁare
sensor 52 IEovﬁk@ﬁﬁfﬂ]ﬂpﬂ@dhdlﬁﬁﬁanﬂbgaﬂm eindughl ighttios 1198 212.50iodENB1 frlotkce

integration period is |nversel roportiona o_the binary antil ggarithm of
the aver agdTO revcEsadqglasty ﬁﬁﬁgléﬂg n |inegdi? aé’idgjjrﬁ%i ¢ B3 clampg e Y4186 d Efy‘%équatl on

2: TGZ()”) :fr&ﬂtlgﬁlﬁgﬁ Tie 2‘12346 %proﬂﬁ%at@gf) iV SbRs. T'daﬁ)acﬂo?s e ¢NiROCeE,i on

f or

period fox gl are sensor 52 fil'ter output at 10 sanple timen, K-is
a nul tipli c&sipge l%fonmdaifmntmttn@tu&l &ormadd pewok CORHLOBINE . CICYHsgMDs K, and
KZ are dete [ ent
i ght si gn eﬂg@ﬁ? owqge@%gsrt%l?en Ieve?ssgé&?m%r?un%lﬁ‘ﬁgrz(l(a)ogé)%sﬁe?:]}\%ot y

i nt egr at i orrepese. ocCamcm@reanAar@I ss3tarO RE, RS, apd R27 fﬂrmck 1evéise Sigealgl ar e

count i ndi cat s the 15 nu er of re di n s t aken, bet ween anbi ent |i ght
r eadi ngs. ‘;S‘PBH’@C"(”CH?‘ F @E&?fgal?yo%?? ﬁ@edl%‘%c‘?’@&?’@éﬂ HFudhoul d

equal pihe tllmoagi ‘é‘@ﬁﬁeﬁs et Wﬁﬁnd'ﬂrgﬂﬁei gastre\dRic d: QhaeaRe&iont he

gl are count nm hree and the tinme between taking glare Treadings nay be
133 ns. A gﬂoadrgnalelanmrrgn i@ﬁcak@wrbwnbbkb@kU127M1cmChetr<piLﬂr§Jel wesithi sigaalur ni ng

| ntegrati o HErrERIERT R Al Al Bgate TR MR B kR 200
set in bl oqls pRiRed ifFeeRe SiMiRAdcontroller US edclbekedetyesRCeosdidiaior fomesdrtyr ol

| evel 244 sett| ng the ref|lectance far dinuni n% el enent 40. This may be
acconpl i sheHSIS‘PE)?QéS‘&H%ﬂ‘%i bethiesm i OBE! pireard Vanladicapgsitor C1 connected

30 between the OSC1 pin and ground. Resistor R30 and LED D3 connected in series
between Vp, and open drain output RA4 of microcontroller Ul form an indicator

lamp that may be mounted on interior rearview mirror 24 to alert operator 22 of the
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25 table. The precise relationship between the | evel of glare 34 and the
setting for variable transmttance el enent 42 depends upon f ab# dbk 2003

i ncl udi ngadwszanstructi on of mrror 24,26, the confi guratricoruses/oosehi cl e
20, and preferential settings by operator -26 2 4J Ul 2003 WD 00143741
PCTNSOO O0OG77 22. Desired control |evel 244 may be used to control variable

transmtta . as: iede W, L regar. tao Figur 7:.10 above. A
check of tk@ggréﬁgggﬁ g%ﬂﬁ nlﬁgxngggngiS b§\§1é¢}1e§§§ nfjgﬁt%g cﬁpg‘?cée%z@uq*g‘%ls zero,
the next anppuenRBIiphRB3¢ackpagively, bfltidrotdhtillecl] &Sgernlif selde@ingkatglcount is
not 5, zero, the glare count is decrenented in block 284. A wait loop is

then ent er @BUPRS-bl ock 286. The glare | oop delay period is set so that glare
readi ngs are taken at regular, predetermned intervals. Referring nowto
Figure 13, a schematic diagramillustrating operation of a |light sensor

havi ng a pul se out putRefercingdiomptotfogune 8¢ mtsclekinmagin tliagfart fituspaermeoperation

invention i hown. Light-to-pulse circuit 300 i .udes ex d |ight

L r ansdticer OF BBOPTUBINRIER SRR it SOV | hoaann SHTERg ASe o8 gieen
transducer rddwhmb Qn&@%leﬁ?lﬁlﬁﬂﬁsifﬂﬂé B618£011 T eldcHREnBHIE FMEabFRASsNtifance 04,
indicated b C. Exposed light transducer 106 nmay be any device capabl e of

CS
converting e?/eingqm 420 klqcrophronne yeriablewAnmittanne eimrnd 42 tiepretmatdy seibcr i bed in
U. S. Patent B A7 t "Acti we Li xel,,15 S ith.kntra-Pixel
Charge Tr atrllré:‘%gjremq{c’é éﬁéo%sdtftrsére dafﬁ. w‘%iﬁkﬁ?s}v?'négﬁgoﬁ&t %‘“ﬂe#@g “by
ref er ence. Conimirsneai) Self-Efagig, SolanssiPhste BieGrochramip Toévaeks OSussiiFors | s
descrb\ﬁed ﬁth ge%ar d/g i(s)u Fi gﬂr es 25 and 26 bel ow. Except as_noted, the
fol | ow ng s§_cE SFth abes- it RERIndt%! YKEIn W RiEk U a‘PC?%@_“’@r hesHs Y uct i on
for exposedeferdiet. H@RDERIGRTC 14abld @%ﬂgi&ﬁt‘fﬁsnt& QTcHéI'xtSL?), Eérggrg' igr BnQREr at es

under the control of sensor logic . ensor | ogic enerates reset
si gnal 308 aceontrad| taltage Spphadcht Bipot mode €20ed Ib devapplied xqpogeld vbltagat is

t ransducer ! ‘ \oD. sor _laogic 306 also, pr.qduces. sanpl e si gnal
314 cont rolr%ﬁége sﬁﬁgéw%g%g"ge‘mggﬁ @Q‘b%%‘ga“‘iei gﬁ’ine?tr ‘g‘?ﬁs‘ﬂﬁc ffeéﬁ? €312 and
I?,Bg ht | st gr agesmitfing iah dicréddihg ﬁhiaxm@lfm%?g E_{ercﬁfsagbinghvarsdbw ﬁgﬁnﬁﬁm&apaci tor
: ght storage capacit, ol t age , I.s fed into one input.o
conpallét or ‘%ﬂf”t %ﬁé“aét é?p’ghpﬁ?arﬂfglﬁ Bl_Fﬁi'HF&ﬂ’H’rm 9‘2‘5 220 o gropngde Mﬁ%mSZZ
across r anppsAGAehidescribed peR@iﬂPEﬁﬁB@ﬁﬂ& Q5 awtérholive reBrviRAh RifrSis, Wivkifl beUr I ent
source 326 generating current IR Sensor |ogic 306 further produces ranp
control si gadersgpd hygmeosordingy skilk ia sheaa theb alhecpastobdimmes logiasdmay| t age
322 and VDR, . : C . . ased on the
ol ative | CAReTBE ML yalieh B SUEGT: AR Al inBlhAbhicigng R 2007
~~VO 001 43741 PCT/ US00/ OOG77 318 and ranp vol tage 322. Sensor |ogic 306 may

generate reset signal, 308, npl e si.gnal 31 and ra control signal 330
based on internally %gpét]@g CPP’Pﬁchg]ﬂB‘r‘t r@ﬁe é%(? @tﬁﬁFﬁpﬁéﬁ@PﬁPg@"ipﬁ?egr ation
pul se2040 ag10eshedebExE. Wrhé coBeabidot Q16iigebmsectd 18t p@b@muﬁﬁlymfwghi ng now

to Figure 14, a tim.ng djagram iI_IustratCé'Png;operati on of the |ight. sensor
of Fi Sure £TIegt SRUGRE TeAISHI R4 WREARY &Y (e The bpse pf Darkingten pair $hen

closes st aE T R B b e e Ry S RO SR N cat e
by vol t age Thevksise 821Q10 is dldogionnentasi tageoundphroug b resistir tReyand3hugRegsistorsi gnal
308 i's theflgas chlgz}c?tgr C16. Digital output pin RB4 is driven by pulse output 224 in
25 response to pulse control 226 generated by sofiware running on microcontroller Ul.
Pulse output 224 may produce a pulse signal such as, for example, a pulse width
modulated signal. Preferably, pulse output 224 functions as a switch, setting output
pin RB4 1o either a high voltage or a low voltage once during each transition period
as described with regards 1o Figure 9 below. Capacitor C16 and resistors R1, R4,
30 and R7 form a low pass filter, shown generally by 227, to smooth the signal

appearing on digital output RB4. This smoothing results in a substantially constant
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10 at time 344, opening switch 310 and begi nning integration p7ef r’B‘dz%a
During integration period 346, |light 104 incident on exposed |ight. \
t ransduceWal@#3gtner at es negati ve chaxge causi ng decl i ni ngPGHUSHIR6T48 i n
l'ight storage capacitor voltage 318. At tinme 350) ranp control signal 328
is asserted closing switch 330 and charging ranp capacitor 324 so that ranp
vol t age 322 i t V, a v nal 314
is deassertggﬁ]lm?ﬁ%l:%ggh&?aggllﬂ%tsﬂd%c 35% ? Oflge%grc]les’leeh %/(ﬁe]%kélgng

i nt egr at i on Askhitiandl)B4Be bage- tearrettmdmﬂe:dﬁﬁ)sﬁmQﬂ@mglegxerwmh 11%vdolagdd1prdeor to

t he next rre surenent cycl e, gnal 08. nus ert d cl osi ng
switch 310. dﬁgwg@ﬁres;séquf%@m Qﬁéqsxs@gtﬁlsa §8‘r 18 PPEEERAR ng

swi tch 330. v'5hh§e Rﬁl&&‘éroﬁﬁ%x&%ﬁﬁblte QFansidthah @ Qbﬁ@ﬁwﬂeﬁglc@l ¢ARStRpt rate
t I wough current” source 20 32G as indicated by declining voltage 360 in ranp

vol t aged 322 componé¢nis pxe) 1 &8 foidi b areB4by0Q & ioagﬁ |wdd10036’zforc6h¢;awﬁnbr

stor -age oaSigid SRDELRES A SIHS b R ShAER ey oy OGS B Y R e
vol t age 322 umempiitaned ewniengm inpwrmde 220 freappt iimuelyt agevods8 causi ng

conparator output 332 to becone asserted. Conparator output 322 renains
asserted 25 until tinme 366 when ranp control signal 328 is asserted closing

switch 330 and pullin f }gr?g: hedid 5 en tine
366 and tine 364, |nd?%ge?g§ %ﬂﬁeggg%gﬁgg% 0 36%)@‘1“55% I’llV rse?y reggt ed to
t he anmount déedbaghef d@&rochmmwema‘b}e Ewm@dcd ¢lgntntt42eapptet evntibDéolthge i ng

i ntegration eri d 46, 28. 2.4.J WO 00143741 PCT/ US00100677
Referrm 3%?’%0 éﬁﬁéo%o@%wﬁ’%%& 5%ﬁﬁa“rﬂ”mar‘a%9 }%%@C%}EEPH Fon of a
l'i ght sensorouvputt lmlm a€liad rxpews@umgmxfamwpaemgomml JOISEIe Grémeitthaf thehe
present invention i ht-to-pulse circuit, shown generally by

380, inpr OVQS%%PPWFOEH‘EYQ] @n‘ﬂ)u‘P Q Iyer raclﬂglﬁ valtrgeih §THAGr pbYRicallyg tl&?{ﬁ’éhded
| ight trans

ransducer 1EEs SkaE Vo A TROIA\ Bagk IRk M0, PhisToltihrl J"ﬁ’gy e
transducer I0&le hmm;ngsardlgiltajemmhegmpresmhgdhc écsxﬂedztodtrelslemdtw:thad:el ve

| i ght te Y. i el ded |Jight trans ucer ,.1¢ therefore, is
only ag) unct %‘H%‘Efjf QP@ ‘%ﬁcﬁ V(ﬂga.ggech?@n@r gﬂggnaﬁa? nalge-10: lgﬁéll NS ure. I f
shi el ded | i giterhs@ls digiﬁnﬂ d-4rulb@ Soitveeres ADRCY QB§ tahdl ebmPhrabs ZB0NREased. i ght
transducer 10 106, the noise s%gnal produced by shielded. light transducer

144 wi |l cl d28C228 sPeugeratdesifaevaliage levsl @bﬂlmgm%pwé‘l%irgmorﬁ?med by

exposed lig s gu t43hAQ i b
O e R AR L o G o

t ransducer Xoigrocppgolier ikt R@ﬁiSWFoR%blslcﬁnllquQﬁtbeMean stleppupgeANAAndRodgr eat | y

eanetl 15 Regle A RAOR CORELE Bl Shod s SORIREMAE PERIRR 1" ) v

connect ed b@wqmrmcxkﬂS@L dezhatoganputusls3, iswbmmetted 8¢ naded2340i Flee sthariape of

capaci tor 388 | nd| C g®vo ta ross Noi t ge _ capaci tor
388, noise SRR %5%&‘?%‘?103/813‘1& 039?)‘:0[5%5“ Y inRBh’Eo‘fegn? %‘&W 392.
The second ldfmhapmt@mamrr@k@fessﬁaue&ﬁsirﬁd V@0Re YOlel A0EredéP thahliBe Bppijeyt of
conpar at or 392, noi se conparat or output 394, and conparator out RUt 332

serve as i nsepyol woliage, l}éﬁlﬂﬁé-fmfgéf%s B3¢ anER0 axg chosarsq b tigeliegeir at es
excl ”SQ%.G O:ﬁo‘aki" &Bk'tls wiflin @k %'&Qxfw{b‘?ﬁ Jf)ﬁ)ﬁé'tf&érﬂxo‘?fvohé AN ;1111(13 t dﬁ%fz%“ ng

now to Figure timng ram ating operat on o

sensor of Fitgwughmﬂ the ramgﬁmif ddslrgdatcontmlp\cdltsgesoomplmfroxﬁﬂmACuEit&|By;scaln t he
25 sanme manne ~RUl S L KCuUl with regard to reset signal
308, sanple s‘ﬁilbeﬁjpr g?ﬂ ﬁt‘?*&ﬁtar%ﬁ%%gea“é;@g?%6?51’\‘7%‘?‘{3 e 318, ranp voltage
322, ranp control signal 328, and conparator output 332. At tine 340,

sarrpl e signal 314 is asserted while reset signal 308 is asserted. Swtches
382 and 386 are both cPessag feqdhad ingciieicd by sbwiears @alﬁ@éil%ube@@el paslevpp as

i ndicated b 0 I 0. ok, 390.
At time 344y23\rael§uté q’%déeﬁ? 33%915{3%53233 Eedéli(g%g%sl%n%ﬁs chﬁ)lgglzt gaum ng
decl i nBig vcﬂltmg:ehfbi:ﬂc variabdé sensstinareg elengpedd dndy herak] BgwpicAy a‘lbwmalue

such as 10 Q. Resistor R24 is typically a high value such as 1.3 M. As the drive

-20-



-29 z 4 ~ a ~ zoo3 1'1' O 00143741 PCTIUSOCO OOG/7 charge produced JaN 2003
shi el ded ;l i@ht transducer 144 due to noise. At time 354, s(g&p%e %iﬂnal 314
i s deass®®H W di ng integration period 346 for noise col¥ DH%TA: ti e
358, ranmp control signal 328 is deasserted causing declining voltage 360 in
ranp voltage 322. Initially, as indicated by voltage | evel 414, noise
conpar at or cottteputhréughOrksiseor Ridsiercaed, tircwlage hares Yerist@oR 13 3dcresegr eat er

t han noi se storage capacitor vogltage 390. Since conparator output 332 is

al so unass®8l 8§ updhe peltagsabnadedat c dhisdneease imtis vioBage ke Positiva &1puhdi cat ed
by vol t age i I d e |level
of noi se stté()rr%){aétgalel Ogggglgﬁa(t)érrl‘FJ'\V/E@Ih?izg;ghee)rﬁ%{,gp%}é’gse}fﬁg[eonﬁﬁég% &g?ﬁ{t%ﬁ%ﬁt put 394
to becone dsseptiseouPun2.nhiseegonandvatiiect prdvidds hdAdr s@teanrkspompar at or

out put_332 are different, output 398 from arator 396 is erted. At
Uimb 364, PHT RTRESEETSs 2o s ORI ABIA VAR FevaIeS Flegtint 87 Bsin

capaci tor yrbRAGE cdiént SAWSTORBIhELTRA A iAErefét BUhaxdBint é%ﬁﬁz?g“?oﬁa%‘é?”ed-

Si nce both noise conparator output 394 and conparator output” 332 are now
asserted, &osiive feedBackrabng affsets i effsctORl yrareal 3eGstanes Wabinriectipnbse t ed. The
difference 15 n.. Ll 64 d tinme 418, output pul se duration 420, has
atine peri%ﬂ@?&f%ﬁ?ﬂ@ﬂgel?@g’fth “intensity of |light 104 incident on
exposed |ight transducer 106 | ess noise produced by shielded |ight

transducer 144 over integration periQd 346. The duratjon between tine 418
and time 358, noise c}_%ﬁf%{fﬂ“én ngp2. 10 Fighreeds | ¢ SHopdY fjlagBF?dP t’léils_ﬁflﬁﬁn&rmunt_ of
noi sejglevelpRed inid b RieE A rirsHittante BRI Fhowhd TN, Ad?érﬁaf@&igﬁﬂngp peri od
34b. Since the majority of this noise I's thermal noise, noise duration 422
i s i ndi cat ioperatibnssifevate dxdcuyhg inmgresdnicelier (A4 istipitipted at tansitign pointse 366,

ot put 304 2053t S HRuGAREE0. S5rUBERT R SRR s BN e A
schenat ihc dg_ﬁgmarewelf 2f|a4_n irﬁﬁcdtﬁpﬂhemsﬁtﬁt level of trhﬂf@uih@a@ﬁtfosel&qlrocmfonﬁé gure égo
usi ng phot odi.odes as light transdugers .is shown t-to-pulse circuit

e T e EEAE S T SN EE o DR CRueere) 2 B8k de B RIEVEHS ducer
106 apsl shige| dederdbyt adliaogigitA3dinitef deleraiég by hidtbednineeurier Dedfted The
anode of exposed phot odi ode 430 is connected 'to ground and the cathode
connect ed CARBOLIEVE!Z4AE sewparep to applicd pontreley dtage 244 by Gompansansiosic. 20 i s
controlled i . , i : i swi tch
310. Trans i%oéazﬁ%g%%a%@gé %B@}eg légg{r;]ﬁevco? %gé]?l!hégsrg tlhggp%{aep \r}egg{ﬁe(}%ﬂég% d ground
to form a hppéaing ashmier?3de riEamaatajortoptp8236 piodudeasieffaréncersignel 248whiQR1 is - 30

WO 001 43741 PCT/.U ted to th || ect f hot odi od
430, The. bdSESEHeq IR FREesiies apiagg el repgneaine BEval conell BORLgE VD, The.
out pupg of %ééz&rmﬁ%ﬂn@d ¢OMPEGloRake 1460 WHinfar ABS biep@23@43uded 1b ettt or age

capaci tor 4. The base of transistor 23 is driven by sanple si ?_nal 314)
permi t ti ng copEAksignab S CpovputRitt i desined conireldpveb 24 isrreatey thaperplisd

shi el ded p i 4 [ t ; n i onnect ed
To Vpp ¢ hf UBROL Rieed 36, drplGoRARR SR L Sw AL RO BE T LR ERhag v et ol
reset signds l8@Sthaeraypplicd ngntrolameltage c246(Hzta) dwiptt RBA assvwivdhed hlog82.

Transi st or 5.an 6 farm ffer. shown rally by 4 i solating

(he out put BrPEHan: o DHER 247 S ool e it PR e e "2
i sol apes expmage24hot odi ode 430. 10 Transistor @7 connects the output of
buffer 436 to noi se storage capacitor 388. The base of transistor Q7 is
driven by sanple signal 314 permtting transistor 2? to function as switch
386. Typically, Iight j a cYe] S ; itor 388
are 2 pF. Ranp capaci'pz% g@%”@g‘?@é{‘% litgfbgl—jg% gsotk:ﬁ:lroge Ilrl??g?l\]/ap%p?ﬁrough
transi st or e@@8rociiomibakmenf 42 tharmisbenotiCed fpsexiniple by byghickmpessort 2201 si gnal

Transition period 242 may preferably be between two seconds and two

microseconds. For the system described with regards to Figures 7 and 8 above, five

30 milliseconds may be used for transition period 242.
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15 328 permtting transistor 28 to function as switch 330. Ranp capacitor
324 is discharged through current source 326 at an apprOX| mat el y const ant
current MOBH43MI1T ~ A when transistor Q28 is off. Sensor (Y/ P67 esponse
is inmproved and the effective dynam c range extended by |ncI uding circuitry
to inhibit output if ranp voltage 322 drops 20 beneath a preset voltage.

Li ght -t o- pul se ci rcunRef%&Flnawltu r@QOPéi bR indiGPng AiRme! NGlct@Ad 2ol t age
322 with initialization voltage (V,N, T) 440. Conparator output 442 is ANDed
with excl usd fuaciam ofiepplicdsoBitisy VAmegm@ozwm Caryy 33t plotnxplleghor apat put

Vol i age 4aderaiegulct pamind deBeiin ARfdfgekluoBRonb AR e BBy 25 o

gate 444 guémdii 42 4shatfurtubn 6f a‘fof}ﬁed Somfs] voageE 286, regpiedi BsmdRhtel ke state
of light-to-pulse circuit 380 follow ng power-up. In a preferred

enbodi Aent ,decreaseiinireflegtiondranp pbery |8§%g@ 4b9uo8 %538\7106 s isgreonagl woliagsis
gener at es %H&Hs% f(%xﬂgx%bﬁt 398y t ﬁ%ou@é@ Qasagh, é‘1b”at1§oq{n%§dc19£‘c Rg&%ﬁ 140
whi ch may be generated Internally or provide F oman external sour ce.
Buf fer 447 xtlesmtmgs:urmnegraat a0a fpodton df4@mﬂdl contrdlieebagealjf foragpitalol 314.
An odd nunber of se uentltg * cannect rters shown general ly as

i nverter t raSosEPMIC sl a’%ef 429003 PCT/ US00100677 448,
accepts sanple control 314 and produces reset control 308. A second set of

odd nunbered sequentially connected inverters, shown general I[y as inverter
train 449, accepts r SREETERIAUN BHEUERE, aﬂdw&éb@rqumpwdxﬁwﬂ%q ogaRitiyl 328.
The CRbCH tosh i) tahGHiGyd delARnrkie Siehl 89 Hakloid AP icloBidcRaand a
sensi t| vity of approxina ux seco max| num out put
pul se dur atacooss zmﬁably tfanehapewdetﬁctrothnonhegleatenbmo p.el’hl cmdle@ta.‘aﬁ apnadeiZ26d by t he
duration of i nte 140. Refe vari ous

enbodi nent Sanfl(gpm |r tgmé’é'ﬁs k}?‘eﬁfaﬁ%&}f‘w&s 06@%&? coﬁr?f’&tegc} °|”§ f%ﬂsémiﬁ%ém Each

embodi nent tGRygitaGtPOERBT.gMheh digital smmeEUistarssm@a gesdsbbedl wrhdod,egard to
Figures 13-17 above. In Figure 18, ht 10 sensor ﬁacka ge 450 accepts four

pins for sﬁﬁp&awwwowlygm%ee chiraeramicovarishle; trnsEtiARgs elament ang

out putyssi g pul se
Ta0"udga by i Sech O EE B B e A B BRI, B o
as out put sieduraleletBromagnetii iglerferage craagﬁ&assmutor@bka\gmm Tmmsmres only

three pins .V r,0 a i i.nt e ut put

i gnal " 458, Q5 il BGsaf e SERLFREmHRCER R, 182, B8pif ap8 AR

descri bed vdonhtrolieigey digial ugur RB74 'Bmds:&oﬁ@d\l&urﬂsrbth@lﬂartmxﬂQtoﬂ(lznh[b sensor
package 460 ad nal 454 grqund, ,apd caonbi ned

ts thre for out put
Uo and | nobr ol iapsisier B Ggpaprengime iy Eoieqsii spipHEE i SR e

Si gnabp462 Jigy diRuTRRAME e\%riaﬂieotrﬂﬁﬁfﬁfta&épﬂbﬁﬁeﬂlohﬁ agReéfﬂQr @Wdls' ﬂh&@r ation
period signal 452 through the use of filters. 2giure 1, t 20 sensor

package 46dchweentcapacitascCHi ard ther ccxlq@gorgﬁdtnmwtcur@l e pinit §1egdva¢ha®4
Integratio S thin |ight sensor package 464
as descri b%gpl%h{ﬁglpeggg'%lotrﬁétgﬁor%ﬁg%rng’tsﬁqmzl? ferring nowto Figure 22) a
bl ock di agram of sensqr logic for internally determ ning the integration
Deuner 450 ven oyteaa bEBFioe T SPeR EaoE A, s
one of whi Glimhfing 1@@&:%%1 Y l(ﬂZﬁlemB@cﬂﬂﬁﬁﬁ MhEﬁ)rgdeH ﬁu&@l’f‘t‘impﬁ%ﬁbﬁﬁ Bjsts. For
exanpl e, one tap 474 @&bbe connect ed bit, the next tap 474 to

t he n25 +2ww|he appresiat ypaq)oﬂwmhmyrshzéldnébb ars, thaeparations-Jlusirated ared so on,

Fonger ¢ harttE REcattte Ry ML RSy AlsfoupoB s arritoR FE RS 476
control s sWiipldinehfedl b9 shetwerdrieReciitgCin fragrodotroliel | Ube opsradoisomay asguce

integration pul se 140. Typically) sensor control signal
performed by software, hardwafe, or a combination of both. The present invention

transcends any particular implementation and aspects are shown in sequential flow

30 chart form for ease of illustration.
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t hrough each tap 474 repeatedly. Sensor control signal generatdrb Jitellthen
uses i'nt e§fAt¥43rflpul se 140 to generate control signals sucRCEYSPUNET s gnal
308) sanmpl e signal 314, and ranp control signal 328 as described with
regards to Figure 17 above. 5 Referring nowto I=figure 23, a block diagram

illustrating the use Q‘In irhgllaht Ilg}ﬁﬂ‘éﬁﬂiﬁgﬁﬂdkéﬂ iaRg the Ne%g%némlﬂéﬁtel@ght\{? areas
to achi eve increased dynanmic range is shown. As an alternative to or

t oget her wi ﬂTHU'%}b?rCQ|1F1@1Q‘:ﬁ@69nt‘e@¢lathe(ﬂ\ilqmw dipupipg spstesipiyeally payrared

t ransducer V. [ gffective
areas nmay bégﬁtggggm%gé %hgﬁghill%kggévezgﬁﬁﬁ 2 ar e);L ﬁagggaaafgﬂﬂrqu{n%?) rf g‘ﬁ]s cfucer s 10
106, 144, t hdaghif32enﬂnng/wnmeee]igm sefser }éﬂorﬁmd;umhg mhmbmntolngMIrMmgSardlthe exposed

light t d 49 h t d t | t b
1 gnt- 15 voPtagee PP dedbIevel e Reraitet| WAR OBl boao2fba 0.
i npl ement ed raspedifieiverhes 310, 316 and I i ght storage capacitor 304 as

described with regard to Figure 15 above. Charge produced by snall shiel ded
|l ight transducer 494 is converted to voltage by 15 noise-to-voltage circuit

496. Noi se-to-voltage i e US} i: 382,
386 and noi se storage Agfa%g@le tﬁglggg%gggsegag@b@ggq&??% Sf g’gr%'m %ﬁlllﬁébre 15
above. The eesiding 8 fofind indibek Qsz/ornhagee of Ee&bicbndiftZoradiabingi1fpht behsyolg age
circuit 496 are. converted to pulse with a w dth_ based on charge

accunul at ed "3 dHesTRl €hases é’@“F‘F%’i‘t PrdyeRs amBieny dight signak RYy I&é"% &08% noi se
i nt d | 49 t
I ntegrahe P?&oﬁﬁ‘i%h ov%Ph‘%Jx@tefjan"glé: %?Iamﬁgng ﬁg}(i)‘t]sl?gg?@ s 986 1béH‘witm&%g§ I on

period by voltage-to-pulse ci o- pul'se circuit may be
i npl enment edtaEiguge 8 ahpee; dusisacgedpliged bydakiagivanousmdmgmofmblemdlgh(:e 326,

[ gnt 1 r anadd aPespeiraC gt AL BRI TR SPng areRd Bmpttee R 5 ca

for small exm&&dlﬂtbﬁ'htloﬁpﬁmla@@ﬁseéaﬁch L 0t Hangple, rﬁooa@rea&ﬁq Bensltivity.
For 25 exanple, if the_effective, area, of medj um exposed |ight transducer

500 is four 2P A<t Mir gERCh Hathese, iniearptian pwdércaﬂeefbmﬁmtore&fp@é rQm ght
transdyger 48Q e TEMAIM, e%@?ésﬁé fggkxénng@FSMCfa 139(}?&%;'5\ 10113) efifd caldef®S MoOT e

sensi t| ve toli1ght 104 than w expose gnt tr nsducer 490.
Medi um shi elaobignt llglmsemsoaﬁ&dm@rfomandsasoxarsemiﬁ\@cwm@@t bghtt33dhanedess as

392, "o s6- dnceralFR Y AR B IS iaREioh kbl B e S BBl e

a noi se-cor lpelsé &d Jolﬂrﬂutsed)bymb&mt Night cﬁdmba&mipmaiuu gktm ax@ﬁallpumedmnt on

medi um expo i ransdyce Q. Sim I | ar ed |i

t ransducer %g‘ ﬂ&‘ ofg ot Sigp E?F?f 7%5‘6%5“&3 dg@gm,g ’F?BO%‘ mhr ge
shi el ded |1 gight kma&%@m.ron%@&e aaﬂmeﬁqn%i sl aema;ﬁmtds;g@m §hltsé v8 wwﬁger
medi um exposed |ight transducer S00 and medi um shi el ded |1ght transducer

502 by havi Bgvigth less thaeHiless, efmisinpmdhrgshald isw tf@wcsmnaﬁbl@ﬁ sigpal pulsent xol
of sensor | a§ a%&?rd&f}f &g}é&&%‘mﬁé&‘r‘&%& e?xmxgﬂtlai?? E’xbﬂal&”b%ﬁ Jh eﬁl‘fdibts 498

w il be use for “out put ected based
on a signal ngynles af)@zqisvvllf bhcm sgmabpullsa)@&% aod Gonexarey theethbesbeld, ore Bexsi gnal
provi ded fr?m out si de of

di
Py oo L eieash i aton PERatie apct by ibighl Bk Rl A8 YEpRIRAgHIoG

l'i ght ppansaueghatidd fimeossadbedeln aisoitailp J@achignd piRe} AmBienviht am ghncuit
496 in proportion to the varying effective areas of expose

transducer s exaemely; loyy leveland, DRt 6 CpY bsPerted RIGMARPIDY R‘?qsg"’i"ﬁ ®he art
that, t hougtk]are 34,

Using the logarithm of ambient light signal 50 permits the use of an
inexpensive microcontroller such as Ul which may have only 8-bit internal registers
30 and no multiplication instructions. Since microcontrollers are binary devices, base

two Jogarithms require fewer instructions to compute than base ten logarithms or
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the exanpl es shown in Figure 23 has three pairs of exposed I|gh%4Um@qggucer
106 and shielded light transducer 144, any nunber of pairs e used

Ref er ri ngW@oM/48H1Fi gure 24, a bl.ock diagramillustrating tﬁ%T SW/86771 5

i ght transducers having different apertures to achi eve increased dynam c
range is shown. As an alternative to or together with specifying the

I ntegrati onpAgfdl @sgarﬂa&ﬂps% é]?@hﬂuﬂ isodtvd H&sefibed 8 SANhiN g dnh&baafmagf fective
area may each have a different aperture admtting area for adm tting light

104. Varyi nlpgaptm bawsg theymoy swmﬂmbfouubltmgﬁm@aem:ag aw iriteged PBRGNBItkecki ng

i ght 104 f h| n r ran er .106. Each
exposed i gl;?f‘s'ttsf 4@t @pr ng%a ﬁ?%&%’g h@F? gi%@?@&fl@n@%q@&@ by a
correspondi fign tHehsroper Vﬁzm peried!ist exh@inedShitlbytbib&drtingdwith tthe nent r ol - of
sensor | ogic 306 selects ich output of light-to-voltage CIFCUItS 492 to

forwvard to vamﬁag@ Ditgunpi, thedirgs bl@axiywn@gsfouw El‘ag bitpesipen eantaning ihe firgog
produces ou S | i ght

t ransducer %ﬁ%ﬁ %R Igré%fchgggﬂgg B@ ﬁ@?gife[ﬂ ag?hgﬁglcr%?azég@ﬂ%gtnso

| ogi ¢ 306 nhigs fdlomang rhattmlposuioﬂ ccgitﬁmmgﬂwdlmsagmaqi omabecemé 3Be Grastembabn an
internally enerat cont r.ol naI or .on_a contr sign ceived. from
out si de of %H?b’r fg %l%m ¥ VRlNg xﬁé%r?rgelﬂp%&yeor%sx atﬁe’iiEHQrP&fth

di agramil| Hﬁfsﬂoﬁinhdw my %Eﬁﬁtﬁﬂi %ﬁﬁ%ﬂgﬁﬁff tﬁ@@ﬁﬁw wgﬁﬁﬁm{ %pr@kﬁﬁa@ib

amount s of ght -i nduced charge to achieve - V\D 001 43741

PCT/ USGDI ooeaw nravideds §upwnamlnemdmgésm@l §ﬂds\ﬁetemwn@>t%bl¢ 661é001§%%

[ 1 b
OonT bl it o b TRE BRS: aifichaBSseHel b3S BR RA0sd IhelndekBERGHRRLE &0
ggguglsat ﬁ?ﬁﬁﬂephmhoglilggsobg?ry (HgB li‘eflgevttIgouggaljtl)g;(srf:z}lgwfn_fgu;suﬁm:f ?Bmlﬂtgz 8d| gde
| | | | ti | |
al so forned! Eﬁ%ﬁnpgfﬂm@f Hwtryfdétaﬁgwi He laﬂﬁ%fog aaew %%)481@3@1 ?\ﬁ

di ffusion S54QrbRemRpnafktiffary 16 QaAmt pprimittn K&8mee01®Sgi11v0l t age VR~ET
The gate of transistor QRO is connect ed to reset signal 308 under the

control of sensor logic 306. Floating diffusion S40 is al so connected to
the i t of buffer 5 p utf er u ut
Vo~T. n%uoatl ng di ffus%ﬁer{gg SQ%UVdH# Iﬁésllgdﬁ’f us%g%ﬂi/\gmw@gﬁg gﬁ]rm}'glfég
regi on of suppifoxphaiondécoriany toeheabwegrg@htlﬁxﬁ)& showas SEiet tinary o gaithmds

di ffusion 54 s, an ntr c floati usi o aci tance CFp.
Transm oo oRiCd doe yaturs ob SE bt BcaenCiirve aaf B Hipa piat ng
di f fusion S%armrnﬁnmrs@amslwseméé rosimd ObinhryvRkhddEs, VIC to form
transm ssion well 548 thereunder. Transm ssion well 548 has a depth

shal | oner than photodi ode 15 well 538 and diffusion well 544. Transm ssion

gate 546 has an intri gﬁ'hlgeﬁtrl -%ﬁ?l 96 nfRt e ?élarl)&ﬂot &%ng@fom%rehﬁset

signal 308 is asserte rmn oating diffusion to VRESBT~ charge
is eli?fd nat pdsslbiedmﬁgrataompem@m Blmmavlhetammplwhednbn hddige aissalingsfeetor n

of 20t rans 10 8¢ Bt RbaB08 PF sl MsB bR BT T charhily B BHSIHE ooon
floating di ﬁxitagnaamﬁﬁﬂ (3&|4dns)ss ekadmo maiaaﬂe abienngight 32, ght,ale fdcﬂgrcﬂ()us)n :
peri od, rese 1 is . unassert.ed, the v fl.oating

of
di fusi on 54 Rhs oLt SO RDOR B0 OarOn A b d se PEHE 82100 ol
544. As ||gaadé(p4lf5£h@'ﬁ%§§ laigEgtuﬁitéﬁ'ﬂalﬁﬁzum@@K%S)Sf%g\lsbé &E@ﬁ&d%fé ﬁ'tﬂ@e

charge 536 in photodi ode well 538 up to the |evel transm ssi on wel |

548 wadd not shontest nategiatioy tioka Q¥ pesistuseddfliis iadded. oHagegiesiaagest value
resulting from the binary logarithm approximation is 8 (1000.0000), no overflow

results from adding the scale factor.

Referring again to Figure 11, the logarithm of the ambient light level
is compared to the day detect level in block 264. The day detect level is used to

30 prevent dimming of or to more rapidly clear dimming element 40 during rapid
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produced by incident |light 104 flows from photodi ode well 538 23;@\{2@8
transm ssion well 548 and into diffusion well 544. At charge | ,
beneat h t veO Da4a@41 of transm ssion well 548, only diffusi on PEFUSIGEN477 S
filling with charge 536. Hence, the voltage of floating diffusion 540 is
inversely proportional to floating gate capacitance 30 CFD. Wen enough

charge 536 | 0 fil I S| wel | 544 above the |evel of
transm ssi 02?3\?\]/8 ﬁﬁgzﬁﬁ@ﬁdgﬂk gcg’}ﬂ;)?lgr§ugf)1(ggﬁf &g?’}é@glo %%eigesdflrp%gitgx}pe ' 544
transm ssi ondaykight. SHGh} legetitpnasf eeibaet? 19§ 132538ecdk la predet dé[gtdét&h&ﬁr@l,e 536.

| -lence, the -35 VIi'O OO’%%nMI 2 4 JUL 2D0_3 PCTI'Us00100G/7 vol t age of
floating di PMerablsiraBsmitiagce,glamenhAgrs slegred e sefdimming elementiAd 1o maximum | oat i ng
di ffusion c i a LSS t Gyl :

phot odi ode. e 20, I SR I0 LA RIRE R ARERs Mot Mhp is oo
potenti &l asnterédihatinga thnesufficientiyuloag da nake itibeperiodibghweehomkingentbiennsducer

f Fi 25, | A h 1y b 4, sh t d
out put - vouT gt SRR cB S PORlaghEREenC TR entelal, Tl e beR
possi bly, fleqahbRg 400 hiy SFARWRADNLO AL it BRck Q_s@,%a&i:ﬂréa&ﬁg ioggrlrllbiaadﬂiéh?g st eep

portion 556, charge 536 is accunul ati r]?wlan di ffusion we one. Since
t he conver si3@ns daken in Plerks?el . olfithe ngarithanof agbidntflight B3 docapaicexcesdcthe CFp, 10

phot odi ode i ity MLYy to incident |ight 104.
During shal ?%g/dgg:?ﬁﬁgﬁl%ggg%ﬁ%%g@tgg%fﬁ;ﬁg@c? il ated in diffusion well
544, transm ssion well 548, and photodi ode well 538. Since the conversion

gain i synow dependent t he parallel conbipati.on o apaci t ances CFp, CTC
and Op?)0 phot odi ode 53@%?)‘09%&%{)%’3]?%)0%@&%% %'P‘E*Fle)élg&bfqukis&%ﬁﬁrmegwe 104.

By adjiusti ngiaey 2R0eAvMRERE reffingdTirst doavkit@PioiRd lbgax@ﬁaﬂl BEiMBRA 15hesP
portion 556 and shal |l ow portion 558 can be shifted affecting the dﬁ;amc

range. For &%uess the effect ofca ismpprninbright digheindignngfl vebicle 20 &omdyampticallsi on 540
is 1volt; t t 4 . : [ - 1.00; and
nee poi i SEER' 48 Mlerddichfing BF of R yice Bk hbient MpCRE, A pmdPL 5"

i ncreased alwveragb®f thevbag ofvanbiemtdighy signals S0amgebobbtained fidmar dgicl daiv ode

W t hout .20 d . .tan . errin ow to Figure 27, a schematic
di agrarﬁnsi | LPé?Jrg ?Iﬁsgl%ié agﬁ%?%sﬁf%@){ ?3‘15%%0 er incorporating an anti-bloom

gate according to an efnbodinmei ~t of the present invention is shown.

Anti-bl oom gate 560 is fornmed between diff68i on 532 and source vol { age
diffusion 562 tied to Vpp. Ahr) -”ol’"‘o’?ﬁ"datfe nisltied to 25 anti-8)oom

vol tage VAH. Anti-bl oom gate S60 pgnns ant p-bl oomwell 5b4 in substrate 534
bet ween phot odi ode well 538 and source diffusion well S66. Anti-bloom
voltage VAB is | ess that transm ssion gate voltage V,.c well 5&4, naking

anti - bl oom : | 1.5 S . eyl at ed

char ge gene\;@%ée%?t@ ]% otléagggéeﬁnggggtgi%ge%ﬁgriE@%@Wé@%ﬁ&gggy}ggﬁgﬁ %% (ltl) t he

dept h of antsigral 60movelctly 56aled 36 thbéntegades petiad,g€n+1)anshd provddus fidret i - bl oom

gate 560 into sourl(z:de v I.tgpee diffgfion - 36 Z 4 JU Zog(g WO 00/ 43741

1' CTI US0010 5 e : I = out put
5 daEnts A % 13 ST h At g Rt i Th Bt gaeresebirgsy b _

vol t age(Vou hnhro@ Mgt QFE’:&I@& degdrivad i U ParedeNaCs 204, 970N 1 &LOTDS AN SYstedd0 i N

l'ight-to-pulse Circuit 380. Referring now to Figure 28, a drawin

i | lustrati nFanbhieswtivesRearvewi Mirorsene dechicb ovlithis ineomoraigddaredehy of the

pr esent inveyg%é glg:ci s shown. Light 5 sensor 48,52 includes encl osure 100

havi ng wi ndow 197 or adnmitti ng light, one ray of which is indicated by

S70. Encl osure 100 admits power pin 108, ground pin 110, and signal pin

112. Sem conductor die. 572, encapsul.ated within enclosure 100, incorporates
i ght &1 ansducer o 106, Ths akiaPacbnenaE 6 o8 atbiuriin I8¢ G tombatl al
threshold in block 272. If ambient light 32 is sufficiently bright, vehicle operator 22

25 will not be dazzled by any reasonable amount of glare 34 allowing mirror 24,26 io
be set to maximum reflectance. Therefore, if the average of the log of ambient light
signal 50 is not less than the threshold, dimming element 40 is cleared in block 266
and the wait of block 268 is executed. If the average of the log of ambient light
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regards to Figures 4-5 and 13-26 above. Pins 108, 110, 112 may be 2 ¢l Hdhded
to 10 die 527, as shown by wire 574 for power pin 108 and wire 576 for .

si gnal pi wddi4379r nmay be directly bonded to die 527, as sROWASHBI067r ound
pin 110. Preferably, enclosure 100 is the sane type used to construct three
termnal light emtting diodes (LEDs). A preferred format is commonly

referred to . T C 3 I t i i n such
packages is S%Z’FJF '3%5 E%%Q\lﬁﬂlihﬁqp {%ﬂoggl’téi %?epg%rﬁgégg%%ﬁhgs&%gr}]nﬁg&nlgﬁ{}f%gt uring.
A | ens, shoypiraigrtae thredhpldusdd forcopipatiesmiyl YotkSZETD ik desh dsansthe dghdeternt 0
exposed |ight transducer 106, Lens 578 may be placed in front of |ight
sensor 48, 5ievel usedintls eomparisemof Yeck débr por at ed i nto wi ndow 102 as shown
in Figure 28. Lens 578 defines the field of view of |ight sensor 48,S2 and
provi des inproved sensitivity '?0 through optical gain. Referring nowto
Figure 29, a graph il [Tkst glate ngegratignt pseodos deteimnalf ivitdoekag74 f Theti on of
| i ght transducer .dista fromthe lens is.shawn.. The feld.qf wvi for
expos edg i gllﬁ{e%rﬁté%%{?gﬁgﬁ %}%r_ei SISO a#ltls (ieég%pe%,s%dzoq gm & s’&élﬁigpew angl e
6 made by nmaEmgignaé iftégrabdiPpeMddis iReReB! propoRidhalca thalingrpAilogurine bf exposed
i ght 25 transducer 106. e half angle field of view for spherical |ens

578 i s expr dk&sByragy ofdimlogh ambienglight signpl $0.3s deseaipad Wy pyaian 21

PCT/ USO0/ 00677 1. 0 = 90 - arccos Rn, rd- ~R- R - r2) + =~ sin

arccos - - arctan n, Rr wherer is the lens aéerture radius) Ris the
a

radi us of curvature of qu%(ﬁz&amﬂoigggme. _'%;() x-quz refraction of @nuteri al
within enclosure 100, n, is the index of tion outside of enclosure

100, d is the distance fromthe center of |ens 578 to exposed |ight

transducer YHere @) §s tife MEsABAMI0RDeridddRE @A -seddoRi S2afdryihe Tller/ o lapsur e
100 5 is filled wth epgxy and sensor 48,52 operates in air making the
ratio &9 nz SEHPleAIme gy Koy is iraiiiplicative eopsiantsaes B 48 Snpadditivenetnstail. o) d of

view 8 as addiGhisan fd #1 slealké@mthdixpRrifiehaly, SPGhOaVEReBY tRY0R of
spherical lens 578 wth radius R of 5. As” | ight tranSducer 106 noves

farther froanibéans lghg)sigriak 50i sl kelaw a cesinid devdlagemaxinmurreglarer pangitiMidw t o
Fi gure 30, h i]llustrating |ight sensor optical gain as a function of
SiEkARh braEl R

light trans omthe lens is shown. Assum ng paraxi al
approxi mation for rays 570, the optical gain of lens S78 can be esti nmated
by considering the ratjo_of additional optigcal ener coll ected by |ight
transducer 106 with | é¢h&lasygoyny if (gt B’pHOEEIZ%gne 8¢ gg%?l@(‘:‘i‘bé“ddiﬁt?si Bt

transdyger Hagyat J?]mwe re§d8 sligke%%wéféﬂ Smisieft 10Gi FORRISE A HIPreMRE bfk@E | Ng a

' a base at the surface of |ens 578 and a Em nt at the

cone of light wt . (
focal poi nt glarefounsad 3irsglarenieop gelpy showjdicauad theyjime| bgtwedsetakingrasdiend as a

L ansducer 10 THEERS: dincaanplsy Bt MR LA Soav PPUSONEd fhe B Befef’ 11 011

taking glare readings may be 133 ms.

A glare reading is:taken in block 278. The pulse width returning from
20 glare sensor 52 as glare signal 54 is measured for the glare integration period
determined in block 274.

The dimming element value is set in block 280. Glare signal 54 is
used to determine desired control level 244 setting the reflectance for dimming
element 40. This may be accomplished, for example, through the use of a look-up

25 table. The precise relationship between the level of glare 34 and the setting for
variable transmittance element 42 depends upon factors including the construction

of mirror 24,26, the configuration of vehicle 20, and preferential settings by operator
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20 Curve 600 shows optical gain G as a function of distance d for a T-13/
encl osure having a spherical lens 578 with radius R of 5.0 nmand a focal

| engt h fWO0/4F40 mm As |ight transducer |06 noves fart hdiCTVUSHOP@Ehs 573,
the optical gain increases. -38 2 4J UL 2003 ~~~0 ooi as~a~

rcTrusooi oo~~~ The distance d between | ens S78 and |ight transducer 106 can

be adj ust f 8K } Lent. i aht 4 glare
cencor - 9o 2 BsyRcpE 1R DOL FRIRE ke BEBHESLvarl Bt SiiPCE leiER 9 OF
need not b asdeseribedt witle regardyl tafeguwen3di0 #82ve.d are sensor S2 shoul d have a
narrower field of view but nust S be nore sensitive and, therefore,
benefits froma higher optical gain. For the I ens descrirbed wwth regards to

Figures 29 and 30 abﬂ\éﬂeckaoﬂhégﬁaﬁ*@@oxﬂn(ﬁ nR8E WeBbck 280 anthedldrecbanisui t abl e
for anmbient |ight sensor 48 and a distance d of between 6 Mmand 7 mMmis

sui t abl e fiszeigh Hedieseapyentdight yeadiagds wakeminttdogkodfi2: if the glara sopdsnglt er s,

ot hercl en . I eV ngdniggal ] i possi bl e
wthih ne<ibEEeprE Sl €38Nk e FUIIRRZEAT A WDBEICHER: MelFafH B Now 1o
Fi gure 31,bleclg2&phThe|glatriadp dgay padod icset seshanglerecfeadings Mienmkereste i s
shown. Curve 610 is the re)]ative photopic or daylight frequency response of
t he human rggglpr,@;?q}écrg@eq WiGTHAS.r ¢] ative scotopic or night frequency
response of the human eye. In addition to being nore sensitive to |ight
intensity, 1 S scotopic response 612 is shifted nore towards violet than
phot opi ¢ response 61Referringmondp FRgure i 2seschematigdiagramsillosirating pparatitagr ades

rapidly wh t ri i Lcularly in.the e _of scotopic
curve 612&2&@%*@@%’%%?9"%&&% s]%éu@'gﬂhl EB@%*Odg%gWhongpte‘éﬁggEV%FEFSponse
si mi flar t oinsemionps show. VEightLid-pulde cirdiis 308 inwide@léygsﬁsé&ﬁéht nengsed 06 ght
transducer 106 shoul d, at | east have an attenuated infrared response. 20

This is i nFeR8VHERY hadt & Wmmsideatnon £xPRseghlight BiaRdngerdi Qe e (dayasl D)
head| anps, ,MnGiit@™d i Wto%%éeﬁdlp_%&tdﬂ 964, 1&0 piyN g_t‘d%@slﬁg ﬂpﬁnha' ogen
ar Ret er 3 graph i

| anps, gain 1 n popu ty. rring nowto Figure , A ustrating
frequency wansguses d 06imay heyanly slgvick caplable of-nopuertiog light Moo, chilitge, sedhat i ve

frequency -&%ﬁ?gﬁ%ggagé séhs p%’:?és&ﬁﬂed%? lfgggﬁ’tg{noﬁ& 5,%7?,52%&9& “Xgﬁ\yeel’&%lo' hen

conpared t0 SC esponse curve he frequency response Of exposed
| i ghti5t r anSahyoreWith btra-Piveh Chargs Tyarisfert anEl Fossnmeetiah{ whichds meorpotatedi ty. As

descri bed with regards to_Figu . above, fil . S8, 60 be pl aced before
o | ncor poGiEBdY THGedens BrelaiabRe el haduese | B ivaipngiedtodt sudst fRht

t ransducer g4ekBfnhéPW h ?éﬁW%W@%i&B&lBW. CEfdepOatainees, HeSienawmgb12 of

t he human 30 eye. 39 V1" 300143741 2 4 J Ul 2003 PCTl USCO 7

Ref erri ng issussion doguinet depend odragrtieplart typs ozcongisuntionifae expnsediighly an
infrared f{' Lﬁsﬁ&c&%‘mgrdi ng to an enbodi ment of the present invention is
shown. W ndaw I'n" enclosure 100 includes infrared filter 630 operative
to attenuate infrared conponents of |ight rays S70 striking exposed Light

transducer 106. Infrar 5 filter .6 may be a.hot mrror_available from

Opti cdl Coating Laboﬁ%ﬁ?‘gfc?'@él,se f'ﬁ%’." %ﬁ) g%f%?[ﬁs P{B%eé,‘h%ﬁ?ritfogroﬁisg%soﬁﬁﬁgécns, such
as descri begh Wsélior REH W Fedefh@UERS sidBaBilPaMRIlinPyvikd P0aoankedd front of
infrared filter 630. Additional filteri %3 for exposed |light transducer 106

i s descri beeiween exmsepdieshirareduca ouipuy G32eand) Yo AREHal9ZC REArABw M rror
Fef e ence. U TS SamBd i B E b e e e "
output 312 and light storage capacitor 304. The voltage across light storage
25 capacitor 304, light storage capacitor voltage 318, is fed into one input of comparator
320. The other input of comparator 320 is ramp voltage 322 across ramp capacitor
324. Ramp capacitor 324 is in paralle} with current source 326 generating current
Iz. Sensor logic 306 further produces ramp control signal 328 controlling switch 330
connected between ramp voltage 322 and Vp,. Comparator 320 produces

30 comparator output 332 based on the relative levels of light storage capacitor voltage
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described, it is not intended that these enbodi nents illustrate?dndl 2003
descri be all possible forns of the invention. Rather, it is intended that -
the fol | oW?OV/4378i ns cover all nodifications and alternati VETAS8VYE) and
all equivalents, that fall within 15 the spirit and scope of this

i nvention. -40 2 ~ JU 2003 wo ooJa37al WHAT IS CLAIMJD I S

PCT/ USQU/ UO targe I

t ransducer gzgéi"é;“mﬁv‘r’h% 32 'SEHEéc;(rgg@ESK)F gegertatre%&?iglgle@%?gg athve to
accunul at e csipnab2l4, ran@rrmpprcomml signal B@G}rbasedr«nndmntnaﬁyegremamtcd timihggret i on

[ ansducer . CRIRETAY) SSPRIAR UEFEDORENAE K0eL G itel LTSRS R ETFY g

i ntegrati onpyprp.0d prior to the beginning of 8 integration, 9 (b) reset the
charge accunul ated in the exposed |ight transducer 10 at the begi nning of
the determned light integration period, 11 (c) neasure the charge

accunul ated by the exRpg i . Ner t h et.er | i ght

i nt egra ?r on period, cfsf%gmg(f% tc{lglrgm: gau[b'ﬁ n§ %Wn‘@ Sg“\%wat g{%‘éd on
the measur edfike ngmtsemdoatoem@qusad shd)\Qlﬁlt A meakdgeifet cgbl@ﬁgﬁtartéd gt timfe | i ght
sensor as i n4§| aim1 further orrprr si ng a_comnpar at or w th one input

connect ed t 34PHuhensBYde Slg%lh 14 ps3r8ertede Whide aeseh 81881008 1srssarted. cBHhect ed
to a switch t t itQr ableto
2charge o COSEERARH LG Gehil hinidira B tARAGE DARACL, M inGAGyby AL S

di schar ge t heveb342 prlightstorage capeatgtvaitage 318 Rdsensigied 368istthén deassnpem

Wnerernthesnso ogic.is ~ t erative to clos wi.t ch
during'®he d‘é 3?41 (g)ep]n&hstwrttﬁ]t ég(g QP‘?(?ﬁg BiRgJgtegraliog Hﬁ'ﬁ’é’ﬁ :{42 W‘Pféh after
t he det er i ng@glatighperiod 846 argrmorpﬁmm: ok eqroe@yhgrrtmhsdwer&défgenaﬂde§e at .
the conparator output. 1 3. A light sensor as in claim?2 further corrprrsr ng

a second 2 é@&@fa\rea&harge\fsaw%ﬁ@lmmw te&m?»f@dﬂérahtt%oragcr ¢apaeitoy yoltagee3 1dnd t he
ot her input £opRecikedrand Codthe ecl. capani &

conpar at or out put operaté v(eﬁtosr)g%H gﬁl &% out utle%?gkﬁgwdg%oe%ﬁr?%edﬁﬁgl se if
the ranp volraspeapasitdreid sotbat rthVblta@cBNos Vaga indicated By Voltige lts/eh&ﬁr as in
claim1 further conprising a photodiode 2 light transducer shielded from
light, the shielded |ight transducer operative to -41 2 ~JU 2D03 V1'O
001 43741 PCTNS00100677 3 accunul ate charge in proportion to noise over the
integration period, rein the 4 sensor logic. is further operatrve to: 5
reset the charge accu Ie gignal %We’sé%%ﬁeﬁé‘gatl tigm B¢y CAVSIEStCA3 161R 6
begi nni ng Ofoﬁeﬁet]ﬁ@bg reﬂamgqﬂtlegﬁhbn Peﬁ&gm | AnsdAed (e 354 fATRAGHE Bmk R84 Char ge
accunul ated by the shieldéd ITght tfransducer over 8 the determ ned |ight

i Nt egr at i on PEMATEE;to feonext FEABTEMED] welearreagwsml 308 maust hevssagediclpfide h based

on the diff 0 A trﬁ&ﬁ
t ransducer %ﬁ%g?lgnégtw\?%asurgggﬁ qul g%‘gé eﬁfé éée}ﬁﬁf tt transducer
charge. 1 5.This taugtrstramerrsmcnasfi%tocdmhmg¢ aivh eorstant rdmethkmghtcusemssomchas an 2

acpenaght or2ors gty ol deE Rk yBRedt AT AR vogE 32 s it e

oper abl e to by@de@eremrr%zaaomp&re@r attpMm 326is uAdsdragadcAie kirp Loltaenali on
signal; and 5 output the out% pul se after- a time length follow ng the

end of the @S rgFﬁaé@r‘B%q gt $1QARE CAPRRKOT YoHage &bt It &@ge%ﬁ‘bﬁerlrren&w%er evel ,
the tine le t ali i r . 6. A
| i ght senso?ﬂigl)ts.|1 nr Iﬁﬁl@e\mhnge |3v\/% g |Sn15%?%‘mr%hghtgﬂfgﬁt% 28%3‘5’ |r gﬁ rﬁf)sgé . smé

det er mi ned foompatdter 382 pmomecasseoreda Comparatdr oty 322 repwdnsvasskrioy t he

sensor | ogic., .1 7 l.i ght sens as | aiml rein t SQr,

cont ro?§ %ngﬂ P& é@ﬁAW&eﬁda‘a’Btc Ohé]gél Q'f\ﬁ% rsg?%er‘#]‘ga?'% |88ﬂe‘b§3ﬁ88d by
cycling thrqullim r@?ﬂ%@[ﬁ%@ 3'2230QIDDpr"ﬂQedrﬁéf&lE@ﬂetWeéﬁﬁuﬁﬁr%@%d tilme3364A |1 ght
sensor as in claim1 further conprising at |east one 2 additional exposed
phot odi ode |ip@isated byRse duratign o8aduiinvesieh redated se dhe ampunt pftlighhd8dicer
operative t igent over an 4
integrati onqu(%?od a?*pg’s‘?&]aﬁé}gﬁr ]?glé)('reegﬁe tﬁgﬁg% Lf?eérrat?m %r%gné}%ot her exposed
light 5 transducer, the sensor logic further operative to:
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6 reset the charge accunulated in each of the at |east one adgimtwprmﬁ 7
exposed |ight transducer at the beginnvlg of the determ ned |1 ght

i nt egr at mayogp@ndiod; -42 2 4 JUL 2003 w0 00/43 7A1 PCT/ UBQ@ 3006778
measure the charge accunul ated by each of the at |east one additional 9
exposed |ight transducer over the determned |ight integration peri od and

10 output a pul se haw a W 0 sur ed, accunul at ed

charge for each of tﬁg}%t"nlgé‘%’t A:bﬁ@rﬁgéjwatﬁ%%m%%gh’lsvﬁmg ochr&H%ucer 1
9.. A lightf 8@REOSenssr With bisd mxﬁpefmrowaec&@aﬁ@ tEXPORBSHIMERIYS (Re pregengducer
has a different collector area thereby having a different charge 3

accumul at i divepaerels shows. Anlightgerpulse aisenit, showmgeriesdlinty 360 epravesapon exposed

light 2 t th
semcor - cndRREREe Tl SRP LY, bola Bl MiklolR i e oM. 2B e by
gi vings eaChs@éﬂ(&EdldctxghicM Stigkdsd uipgt teansductenantprefesdtde 1As akkrgdmé i on
rate. 1 11. A |I%ht sensor as.in claiml wherein the I!ﬁ%ht transducer 2

corrprl ses: CQNHIUSHAER 3aicxReseavight Honsdycer WepJipwewer, shield BaAICBper at i ve
accu r i egi on of
the substr or s ooe Ague ke BOHIOR, (CholiRL AR NN g s )
intrinsic plhuneforh oglenl§ acfaptamntaimosp Thas fdiseds pregontirfafelysihermdlan naokei n t he
substrate, e .f t.i.ng _di haV|n a di.ffusion Il for dina
regi on of 1]%52‘ @G‘H@ﬁ % ﬁch'ﬁ f‘gﬂ}ﬁ%{%@mﬂc %@ﬁgoma%e@pﬁeﬁﬁglhma 't he
chargegi s nesetihe thoie SikAAt prdduebd’ by SihldeAPBER trifsdubereh 441 wigt @lofell‘?r ge 10
in ~ the diffusion well when the charge is reset, the floating diffusion

charge 11 @RPYOXINAERRE saAMmoRipLVithinithesigaal prodused by &xpasgd dight wasisducenavi ng an

ntriynsi c flat ate
bet ween ¢ hd naibibEein HeyaR RRACE Aol o indlsd BRI RORAR 00 ° o
def i ni ng astgnahqamchmetbrbwvek;bosédarlrmd transéucered0oN tlaf effee cfuheise dhdighd bet ween

t he reglon of str te un der g the phot odi ode and the region of the
16 substrat® ff%‘ﬂfé? ?@? ﬁéreﬁf%5?4‘%5d]dl ffusi on, the transnission well

having a depth 17 shal I ower than t he phot odi ode wel | and the diffusion

wel I, the transmi ssi 012 gat,e aving an intrinsic transm ssion l%ate

capaciifance: -43 CSEUFIED HEnls syseh P&FNerstss et vEen shjelded oo 23 24
25 26 z~ 28ra%9d&@r %ﬁtp%%@@aﬂ\hvr &l 'Sa ﬂgﬁahswbaﬁ@@s SWitfIe 388 comB@E@e in the
phot odi ode wel | above the dep th transm ssion well flows through the

transmi ssi cmtwml shlqlcfrndougwdum omma%gmanmsmstpme caparitos 388, imflisatedd: and

et el 08, e SARESARE Bl SRR PR RURE s B Bfudipp e B

into the divoltage 890,vielohe ummmmmmlgaramtﬁm ﬂ‘hbtsagmdimpaﬁnsebmpmmpdﬁiﬁl onal to
theféatln di ffusio Ga tancef unti| B(é di f.fusi on i S IIedto
the d Bth d ’%’ﬂ%vf"r‘ s STORRYY O \fRmPgsatpT Ztrﬁ%‘s‘b?%la?é% r89‘1’}‘

i nci dent ornt kemphetarduesie 382 kdrse idRpRRed Ohase-OR! date 3982 Exomml@lsl on

well, and the diffusion well, duci ng out put. vol t age | nversel

propot t i onaatg %951 ERIEEAIRY SYCIySE- @ﬁ&&‘fﬁ“ﬁ SR indicating thec Fppeity Qhlght 1%/)ftle

phot odi ode capacitance, and the transm ssion gate capacitance; thereby
providing a first sensitivity during charge accunmul ation in the diffusion
wel | only and a seconRefernisg nowitd Figiue 1 6.0p tinargdiagouitiubtastingroperatiohe

di ffusion thetran 1 ssian wel | nd t he hotodl Ll .tile first
sensi ti vi tvﬁélf'éeléglgtse’?sﬁéﬁ in @n’ﬁvﬁo‘g’%ngfg?'f H P‘ﬁ) e quraut &iefum@ kénetqu‘éor as in
clai mil f uhiRehaGRIMki1Fhigo- s@@itrembsmwﬁ 18 re tb@égee@x@nmfmsr)hﬂﬁ}ﬂél ode and
a source voltage diffusion, the anti- Ioombcg 3 defining an anti-bl oom ng

wel | formedigng élﬁeggbhsr@raaerrép%qamwa@&e B viamp Yolee SgRomamp 6ntidle
bstrat { th
substrate up fFa'i %Pﬂﬁaé\})?nr@ ﬁ@‘?ﬁ%B%mA‘ e §4>q; sﬁﬁpﬁ%%rﬁgglgﬁ o dsiie8N - e

antis bl oom I ower "t ransm ssi on wel 1
ﬁ 3456 N?l@r?a signal 308 As hssgmd sSwsohesﬂa%EIaagé86mnq3bmth|tcmcdahnrgmgl osuae
aving a wi ndow for recejyvi ure a in ower pin,

ground pi n, BUMSIHIES GERAGHOL? FB'BE‘@&F%BW @3%@83{2 @ "g}sﬁﬁ'g’[fﬁ%er

di sposed W'éa?h&t&r%lﬁﬂt?BQ@UV/\%n‘ié”'%@)%Eﬁ@gnél'mtxswéfs@&%tpwenﬂfg%u@khw to

accumil ate ¢ arge in roportlon to I'ight received through the w ndow

i nci dent on3&handecqueimgdierligihg vohagestidasmoise storage ¢apeeitpr aoitege Pk from; a
light-to-voltage circuit disposed within the enclosure and in

conanuni cation with the exposed |ight transducer, the |ight-to-voltage
circuit operative to output a |light vol“tage signal based on charge
accunul ated by the exposed



| i ght transducer; and -44 ?~JU 7?7003 WD 00/ 43741 rcrnJSOQO 0067]74 181 2003

vol tage-to-pul se circuit disposed wthin the enclosure and in 13 .

comuni cawioo/49i4 h the |ight-to-voltage circuit, the volt Ya/v00{80675e
circuit operative 14 to output a pulse on the output pin, the pulse wdth
based on the light voltage signal. 1 14. A light sensor package as in claim
13 further L SiaNg : Qi i ucer I m | i ght,
t he shi el de%{;h@dg%dr%nsgl %grl&ﬂgl\?iﬂﬁg&{cﬁghsyﬁg B?’%ﬁ%t r/t‘}(sztsl'lh %I%gg%a%ge exposed
| i ght transsignar3]4tihéeasiereet dading integration paind @46efor apise adliactoh .0 Aacignsrul at e
charge in p ortion to. noi ver. the 5 integration period; and 6 a

o S6- 1 0 vOPYagEm OBlPL SIEPA BB s ORFTFIE) SHYNE SEr TR SOlipRF 369 1 ramp

comuni cat i ggiasket3n2t h%itﬁam{,ehsd%iaateahiy $difa Q%leﬁlcl,trflﬁ%enéﬂ 146y g&bﬁ@ge
circuit 8 operative to oufput a noisé voltage signal based on chafge
accumulat ed3%y istunessgricd bedayesirampyellage 332 dhugreater Ugnvikrasessioragd eapacitor

vol t age-t o- inf cual t i t] to,,0ut put - a pul s hg out put
pi n havi ng g&'ﬁ%ﬁss?o\?vi glnft%e bcglsn@gﬁ ('{)cﬁr élﬁ@ltdﬁz flgr ‘?L*lbcgn %F%@n&qﬁéﬁﬁgﬁpn\/ol t age
12 s: gnal 12&?@&1&0%96& mks?eﬂg@asizxﬂmtcd b}rvloltig'a led%llzimltﬁsmmﬁmmgﬁﬁge as
inclaim urther conprisin sensor |logic disposed within the

encl osure aﬁﬁtqgﬁrﬁ.@rﬁmgﬁﬂ?\vdﬁﬁ %"Flho ¥sHerags ghracyor valtass 98y CaEting he

l'i ght - t 0- voh&80€ofpdi b dutpikt34 3¢ BEBMe! 9@ Ed ORBILALbKE céﬁgaxﬂtog% LiBgye a
light integration period;” 5 reset the charge accunulated in the exposed

| i ght 1 ansaud epmparatoreoutpet By iapmidifieremnt, ohput X98r friome gompagiatori 3Gedf at i on

period; and, /. =.contr [ i i ght
t ransducer gssarl}?cfn%tlttﬁﬁee %ﬁe@’%mh% 32? dl%lf?f @gﬁ%‘fqﬁé@é]% ?f% . é}@ssﬁoggéep\ | i ght
sensor packeapaciasr vaitage 3il8) dfusingeomiparadtdreousrn 332 dooghicome asserepersihéee to .

determne the light integration 3§ iogl fromthe assg%zed portion of a 3
control si gha PEEFUBRATBAT CHEYD %GP (FPPRParalRs ouipul33yY e oy Esseifelool 43741
PCTNS00/ 0064tpht 398 frfind éx@lsive IR %'étep%kﬁﬁ@béé‘émld@ \ﬁhmtlagé_eﬂhéﬁ TR Rhgerendd1e

t
sensor | ogic E I's operative to determne each lig integration period by
cycl i n t hr betyieem tigegyd6heed i 4p8 cdwper pilsredurdtion 424, kagsa timelBeriod | i ght

sensor pack i | L Iy . I.Si . j tional
xposed” phopiefueftoghdiniEpan el e SERRE b3 e frofh ent RS TR
transducer npis¢ ptddueed by dﬁeldamlightarmmucggflgm opemmgtrﬁtmh;bariddi 6t lem:i denth
over 4 an integration peri at,ar i.fferent an the rate of any other
oxposed | ofiragoR pereeaar 118 A ok 358, faits Bl fieay Peporisndh | oser
the charge argidhesf Adisd dSeRbed 87 ShicRRe lightdirinsaisdr BMRASE shieprhti@ht
transducer at the beginning of the determnéd |ight integrati onﬂgerl od; 8

nmeasur?0 t hepeiied 34 adivgerihe maierityyofithis naise issthermal iwisss Apise GEioB #gdded 9
| i ght transgueert: : sala) i i grat.k ri,od; 10
out put a puﬂ@g&hggl}sﬁgnélag\? g@ tq]t?ggdél%%g}l% %kehtp ﬁ%‘gg%'re %@gaﬁﬁ’lﬂg{@& 0?'?glcharge
for each of sighsl 38 i} esstted)deasagitdng bothaloise xaopadtdr iogiyuit 89Amsihongraratdr 19. A
| i ght sensor (ﬁac e as in claim 18 wherein each exposed 2 |ight transducer
bas a diffePERE ‘I ector area thereby having a different charge ’

Referring now to Figure 17, a schematic diagram of an

25 implementation of the light sensor of Figure 15 using photodiodes as light
transducers is shown. Light-to-pulse circuit 380 is implemented using exposed
photodiode 430 for exposed light transducer 106 and shielded photodiode 432 for
shielded light transducer 144. The anode of exposed photodiode 430 is connected

to ground and the cathode connected through transistor Q20 to V. The base of

30 transistor Q20 is controlled by reset signal 308. Hence, transistor Q20 functions as
switch 310. Transistors Q21 and Q22 are connected in series between Vp and

ground to form a buffer, shown generally by 434. The base of transistor Q21 is
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3 accunul ation rate. 1 20. A light sensor package as in claim18 wherein
each exposed 2 light transducer has.an aperture for admtting |ight

i nci dentwW@m0/u¥dl sensor, each 3 sensor aperture having a REFTEBMM6'ddn tting
area thereby giving each exposed light 4 transducer a different charge
accurul ation rate. 1 21. A light sensor conprising: 2 a photodiode

overl ayin e ar ge
gener at ed%%?#gﬁﬁlﬁhgpgée&nfr %T%Q?ﬁ&ﬂgﬂ%%&@@oegﬁg(?’nngb%e%? éHJ{rQﬁs 4 formed
in a regi d2is coheecsadite tixed eoltage | Viihegutpue of)bnﬂfmdlﬁécbacombae@hubugh ode

h 5 t t odi od 6 a_float ff f d
"h'the subtshids OFL RS sere iRt sbh A iivsn g emset Ordi den for ned:
in aregi gy %n;ﬂb%;gmbsw afeemitfAe ilaiiner 018 {d ARkliow a8 stk B3gonTiehen the

charge is reset, the floating diffusion operative to elimnate charge -46
z ~ ~0i 20wede @fo@xeiéfm|phﬁ@droﬂw9@@1@0@zmegteﬂnt0t prougd famdsth@ncw;ode ¥hen t he

charge is n in tput

pot enti al J°§ ﬁg&ﬁ at Ph hqgﬁérhf u%rlfi!)sndcr v‘?naﬁg% ?f]t?ﬂg?sit s %b\%fl di f f usi on
capaci t angeset @igdalfBES @etmxangrﬂaslslmﬂ Qaate fihetive answitsh momdm@tersa@as t he
floating d|ff transm ssi nvveII fornmed in a region of the
substrate *’rﬁ‘@t ”ﬂﬂa ‘ﬂfg"g 1O vx sanprR Izpys‘l?’@stﬁo&%té‘gt}hﬁé\"lpﬁ gm $ueldatot odi ode
and the r PHERS e At § on, the
transm ssﬁgir?t)c\;/\aéme 432\65%9 a Segﬁn&gﬁg Hugf\ﬁgrg&? Ek%}la}%h%b%a gttogcﬁdfeggbv\el | and
t he d0Df f usTrensisier Q27 chrnects dresmvimy pHbuftrarid 6 iawndise starage napacnex 388L7The

hthe. phofoath iEndiRBr Bs e Br IS Roal S ntARuE Bl QETR 11 e O
t hrough t hienéti@nsniwiseloB86Ve Mypickldy), light Gugthgd aepdciionBi/ andlinbisestarage and is

el imnated; and 21 wherei during a light integratign perlod char ge
produced WPP?‘%t3 ZarFr?oPlgeﬁa“Enc Pratop G(SIYIBEF@,P QORE. isHM36Rpd ©oh¥oo

transm ssi i(§1ig0 § | t vol t age
i nversely tﬁf%ﬁggrthngﬁgr % t]tﬂeaeoagéoaf;t?a?sgg?r@ %J%\lﬁodr{wfﬁlbggﬁg% |e t&gg%ies%%]nt il the
di ffd&i on permitting| trangistop Qzﬁetm@pcm\omas swisch 330s rﬂm oapasigbt 324 isaher ei n

charge pro t I t.odi ode 26
e 17t he PHSREe o B b AP ARG 38 SR SRS Bryhey BB TS put
vol t age 27uAwiehsedngispr@R8ris ioffnal to the SUH]Of the floating diffusion
capaci tance, the 28 photodi ode capacitance, and the transm ssion gate
capaci tance; 29 thereby providing a first sensitivity during charge
accunul ation in the 8 gwéﬂ- ra@bﬁseomlmﬁedecaaﬁ@%n&f&%ﬁl #n‘éin‘icy duri ng
charge accunulation in th fusion well, the transm ssio , and

t he phot odiange exmehded bhinchiding mwmtsy tq mhtﬂylt QBtR}}t dfaragp vditaget3Zd drepond

sensiyhi vi t 12 | i ens er S

ant i -zrt())I oom l¥e§1e t% pgé%e\}\e\g)rﬁ}ﬁgeﬁ b %t%éﬂ%e&r&& [ne%% éoﬁ?@é&vo?@gm% %%m on,
the anti - bctamparg@tm@ delfage 329 varh mividl izblio vbhageneV, L,T)fmmeﬂ:dmpaaamegl on of

bhot dali odeOuiR 47 SoPEs Wi Ea Vet ouinsh 555 e AP BRSP4 16 HEPHER | havi ng
a depth shaNouate bhght 428, tmﬂgxg: §§dr@£ﬁbﬁ/\eif| ramﬂonage 423 14 les20@ 23. A

| i ght sensor conprising ode |ight transducér exposed to |ight,

t he exposemnnahghttlortv@ltagdéé%rouapéﬂéé iWaSSGrlééchhﬂlan ef epmapagetor A3%anhor tion
to liyght i t d nsor

| ogi @3 cONRERe PCRfrRic R Gl 0A8  HofBiRRed beREIER o1 ARUde BENP ¢
oper ati ve light¢ta)pulseseitcuithd8(c frdlogengpowariipt eth arprefeered xepuisosiiimentg hbe
transducer, at% t he begi nni. n f the predetermned 1ight -integration peri od,
(b) measuri ﬂ@a‘é%}@éag&é% Vat ed by the exposed |ight transducer over the
predeterm ned |ight integration period, and (c) determine a pulse having a
wi dt h based on the rreasured accumnul at ed expaqsed Ilght t ransducer_ char ge.

24. The |ight sensor SBISOE %FW%SCW?%FW“W@W% 0% 3 nSd8inssedypmt i on
period is Wgrﬁmrgauls%nﬂoﬁﬂh& xﬁ%ﬁ pgﬁngx‘r%&![dgm@ﬁhﬂ&%ﬁ}?&l&ea%&ﬂ bAkkRMmaP! the

predet er mi ned I nt €grat’i on per
30 source. Buffer 447 receives integration pulse 140 and produces sample control 314.

An odd number of sequentially connected inverters, shown generally as inverter train
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t he begi nning of charge accunul ati on during the predeterm ned |2t e\g[am:lpn
period. 25. The |light sensor of claim 23 further conprising a conparator
wi th onewious7gionnect ed to the exposed |ight transducer X6A/USE0WTher

i nput connected to a switched capacitor circuit, the switched capacitor
circuit operable to charge a capacitor to a fixed voltage when the swtch

I's closed ang feed %]s;‘aﬁ@gé E&thf]%l@ﬁr?&‘gfo?ﬁées%se?ccﬁﬁ%??@S‘tA d"k‘é@& Ec‘i‘e Sw tch

i s open, wherein nsor logic i urther opérafive to ose the switch
duri ng t he npmbdetdesequentidlly icphhectadt \ageradrs omom&?genemlly asunwezmo&apﬁ-#@od and

oPeati ng. ¢ HECSDIR eaet iz 08 D RIOSPRTS BARANTObHER a8 | T SERHBIWBL C1 o m
25 furt her ;oosick 714 8 SRAAIH COMMALAS Yiis it LRSUIRPYE ERORRGIAM Lo

fixed vol tage nd the ot | nput connecte capaci tor
circuid, tIvelts;mdmx#sc@mﬂar'ﬁh@mammmutoummr;mﬂsie\mlrattoni4ﬂﬂ)i isi indepenpertt o6f t he

determ’ned. ulse if the,r vol.t.a IS |less than t.he fix vol t age. 27.
The 11 ght  2BRBEHoBpeEpd A PO TR Reihe Brastat i eR Ao PUI d4e 11 gni
transducer shielded fromlight, the shielded Iight transducer operative to

accunul ate charge insl&foportlon to noise over the predeterm ned integration
peri od, wherein the glzwt@Rxglrmlr&-?abrvaap@rmbodgnw fqrélﬂbtsetlf’rﬁlé charge

accunul at eg Yabeble AL AR e SHAAASEE cAbodiEnRAR! RSNG|

pr edet er m ‘egra measdar e ge ac (1 at ed by
the shi el d;pdéldeltoginmttyrasrtbdmimd muﬂelgaﬂdaﬁm)gﬁes 8-y gb@l/eijllgifggumu{eghml on
period, an eter ul,se_. navil a w ased, on

BT 1 onco SHRCRORTAEE I eREtRS o B oF SUBAY o Bis oo EaRNnd  AHEHISE: char ge

and the rrege%e%%aﬁwwlﬁs@du@m ggﬂﬁddcﬂ Oithtes B HeiG@d snghﬂrwz mfde 2 4
JU 2003 2 The ht sensor of Claim 27 erein the ht sensor has an

i nput for ru@égta\t/xpn@um 1ﬁﬂﬂ1§@ﬂrb}t light-teinigl Cirghid 33\%@11@’9@%@%3%%@
dependent %‘sédh%s o ek s%ﬁgls% %{x?ct ) eln%ﬁcli@ 1s§1e Kag étr?% ?ec{qureE Ht;]?on

operabl e to: determne iFon” per ase he I ntegr
si gnal ; andhreatpinstfot Mg, ogropnd, milcsmbarﬁetdame@rmonpeﬁemmmmftphﬂ smgmahgﬁ& he end

of th?sint r tllngcp

SIginglngS’ may be interconnect signal 114 as described with regard to
Figures 4 and 5 above. In Figure 20, light sensor package 460 admits three pins for
output signal 454, ground, and combined V,, and integration period signal 462. As
is known in the art, combined signal 462 may be separated into power supply voltage
Vpp and integration period signal 452 through the use of filters. In Figure 21, light

20 sensor package 464 admits three pins for Vpp, ground, and output signal 454.
Integration period signal 452 is generated within light sensor package 464 as

described with regard to Figure 22 below.

Referring now to Figure 22, a block diagram of sensor logic for

internally determining the integration period signal is shown. Sensor logic 306 may

25 include free-running counter 470 driven by internal oscillator 472. Counter 470 may
have taps, one of which is indicated by 474, connected to different counter bits. For
example, one tap 474 may be connected to the 1" bit, the next tap 474 to the n" +2

bit, the next tap 474 connected to the n +4 bit, and so on, with each successive tap
thereby providing a pulse with a period four times longer than the preceding tap 474.

30 Sensor contro] signal generator 476 controls switch 478 to determine which tap 474

will be used to produce integration pulse 140. Typically, sensor control signal

-32-



the tine length based on the noise level, the tine | ength thereby
indicating the |ight sensor tenperature. 29. The light sensor of Ich éUln’Z[}ﬁ:B
wher ei n tWe 0¢/é374br | ogi ¢ determ nes the predeterni ned int eRFHVSWR0GI2r i od
fromthe asserted portion of a control signal received by the sensor |ogic.
30. The light sensor of claim23, wherein the sensor logic is operative to

det erm ne %ﬁpragjgter mﬁﬁ{}éj&@gtl rBE F%&L@Bsﬁgrﬂéﬁ%tﬁf%htﬁnb&gc&{"fofk’xgli'mam -

sequence of” pre tine p sensor o
further corgenersiond7@theh easumognaua:d;jlhlsé dalo gnmmeaﬂmphbingnhlmimh lag rplodt

t ransducer, ddi ti onal ope ive to
accunul at e &&P&f S?’leﬁrs@%]r oﬁ”fffml‘ﬂ g‘ﬁ’t’m ﬂé?@g 9%‘1& é Hﬁéfftaﬁjfsi on
period at aoFahged7fabevent than the rate of any other exposed | i ght
transducer, the sensor logic further operative to: reset the charge

accunul at ed in each of the at |east one additional exposed |ight transducer

at thecbeginning of t t JUL
2003 m';’asur e the charﬁ]geg rg{(’:gd&t\f @%gybgagﬁfo’%% z{%?xﬁtlilﬁg aéxEnEQReeuaao i tional
exposed | i dight transiackis Gaviay @iffdrbs effecrihel LE4¥i0 achibvi iaereatddynasiciratge and

out put a pul se having a w dth based on the neasured accunul ated charge for
each of thés abowréaéts AP PAICHAHY € 1Q ARIOSENSH ¥aY YaryjRE the tegraten timgppairthe | i ght

sensor of %érlgﬁ'?rﬁﬁddﬂc&afdb F’s‘?ﬁé&'ed hﬁgﬁratn"sé’ﬁlé? Ya8 rhabfh% d?fféilbﬁtf er e“t

col | ect or area f aving a erent r ge accumulatin rat
The 1i ght sdfestve mfeas:may ﬂvt31$¢d V\,{hfeplmtcume@smwmawd us¢dy g hghtammddncens has an

apert e for tt| |nc t. qn .t he.sensor, each.senso erture
v nd0s orfascf, vhe Aoy Atea BIhE Bosofihge BBUSTE" Banr, SR EEEREY 4R
transducer t?axﬁﬂﬁde?%@br@d&@émaag@wméhas tmeﬂed@o a%lta%1 hglﬁlhb—vﬁﬁfg%m of
claim 23, wherein the |ight transducer conprises ot odi ode overlaying a

substrate, HK8iItA%t ddgbtd‘@ WHepa £irgut 492 a@wﬁmmﬁe@qw weng swhdiegdll.n a
phot odi ode ] lynf ﬁgﬂ&gofage@ RAbL 0P bs Hgﬁrlﬁb@%{h%goﬂg S(flbb{ﬂeng $Hi3Ge.

phot odi ode,” the p aV| ng an intrinsic e-capacl tance; a
f1oating di Charge producedrigdsmall slheldsdllhghr aamduo;dne‘l%l1s>a0m\ragted|tbfvukagmbyhavu ng a

01109500 Wl GRS R 587000 s R B A LA G, 0%
el imnate cdvirches 382, BB@ant ﬁdmsstmaga\adﬂacme%tabelesdme@wuhsrega&am Figtitee
R T L T O h N
are converted to a pulse wnh a width based on charge accumulated by small exposed
light transducer 490 less charge due to noise integrated by small shielded light
20 transducer 494 over an integration period by voltage-to-pulse circuit 498. Voltage-
to-pulse circuit 498 may be implemented using comparators 320, 392, capacitor 324,
j current source 326, and gate 396 as described with regard to Figure 15 above.
Medium exposed light transducer 500 has an effective area larger than the effective
area for small exposed light transducer 490, resulting in increased sensitivity. For
25 example, if the effective area of medium exposed light transducer 500 is four times
larger than the effective area of small exposed light transducer 490, medium exposed
light transducer 500 will be four times more sensitive to light 104 than will be small
exposed light transducer 490. Medium shielded light transducer 502 has an effective
area the same as medium exposed light transducer 500. Additional light-to-voltage
30 circuit 492, noise-to-voltage circuit 496, and voltage-to-pulse circuit 498 produce a
noise-corrected output pulse with width based on light 104 incident on medium

exposed light transducer 500. Similarly, large exposed light transducer 504 and
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2 4J U1l 2003 a transm ssion gate between the photodi ode and the floating
diffusion, the transmission gate defining a transm ssion well §drJiediiin a
regi on owa hdgdbstrate between the region of the substratPETHIHGYE ng t he
phot odi ode and the region of the substrate underlying the floating
di ffusion, the transm ssion well having a depth shallower than the

phot odi ode I t i I b . 1. SSI: ving an
intrinsic tlyr@flglss ]r]nﬁ”gsé Fg&%égéaégdégéggqqﬁ}ﬁé’ge S&Eébé?aiwﬁgﬁg‘{qﬂg&ﬁﬁ?&“? S reset,
charge in bhﬂo%ﬂﬁg@dh@ﬂﬁdu‘w{ 50bhavmeting seaddd BihttthastucanS0l 5§ hevinge! |
flows throu the transm ssion well, through the floating diffusion, and is
el i ni nat ed SOHBdCHRISTESCHYE @183 ng the predeternined integr ation period,
charge produced by light incident on the photodi ode flows through the
transm ssion well and into the diffusion well, producing output voltage

i nversely proportiondiwitah 30fcufdepahd eaptodl bf smisonlogapaieh seanwbich wutpuk t he

di ffusion |l is filled to the th of the transm ssi | 1. wherein
char ge5 pr ogﬁ’é&e{"_ﬁ%e_ﬂf’g‘ﬁ‘?&% %uggﬁgf@ﬂppﬁgsegﬁgtq;gplﬁ}oségrpfﬁ% {sﬁ@ubﬁﬂ@%di ode
vel I, the usangsy ssicitiedddsed and sighal gnefausd Withiwalehsor R6QEB06 BEmay beut

vol tage inversely proportional to the sumof the floating diffusion

capaci t anc®2sethen prighaldrrevdes drue peisifeof sensar togic 3P@nsni ssion gate

capaci tance; thereby providing a first sensitivity during charge

accunul ation in tile diffusion well only and a second sensitivity during
charge accunul ati on iln anhéenhafifeisnbodiment, onlylome tshiehdedilizht transdedelr 144nd t he

phot odi ode .wel |, t.he first sensit.ivit reater. than,the secand .sensitivity.
557 The 1| dusede it ousiay sBRREH Nl rafsiee? | s sREd RHORY St FoB Bom gat e
bet wegd t heoRhgd edtadaoand ﬁo?&%ﬁ&o\tﬁé yagengdbffddtive Olteast d¥eexpBicd-Iieom gat e
defining an anti-bloom ng well -52 Z 4 JUL 2003 forned in a region of the

substrate Bansducsrs ifs. dewilbbe rrogmzedstieeod cedipary skilyindle arhhab Hiogklii ode and

t he source i |, @ s ' : '

shal | oner - t3acrEaet Howith ¥t 13 1A heaRRR) Bl il sh0icd 1880
conpr i si ng:shehdedncgp sahsduceh b4, ragy aulmbes of pairsneebe useg. | | ght, t he
encapsul ant admtting a power pin, a ground pin, and an output pin; an
exposed phot odi ode |ight transducer disposed within the encapsul ant, the
exposed |ight transduR@errBRerdl ity Figude 26 CH BIcR dPa gt RAMNSstHafinp HiRPRE tfon t o

i ght received through the lens L . _
15 light transducers having different apertures to achieve increased dynamic range is
shown. As an alternative to or together with specifying the integration period,
exposed light transducers 106 having the same effective area may each have a
different aperture admitting area for admitting light 104. Varying apertures may be
produced using-partial shield 520 blocking light 104 from reaching a portion of
20 exposed light transducer 106. Each exposed light transducer 106 produces charge
converted to a voltage by a corresponding light-to-voltage circuit 492. Switch 522
under the control of sensor logic 306 selects which output of light-to-voltage circuits
492 to forward to voltage-to-pulse circuit 498. Voltage-to-pulse circuit 498 produces
output signal 454 compensated for noise sensed by shielded light transducer 144 and
25 processed by noise-to-voltage circuit 496. Sensor logic 306 may select output of
light-to-voltage circuits 492 based on an internally generated control signal or on a

control signal received, from outside of sensor logic 306.

Referring now to Figure 25, a schematic diagram illustrating different

transducer capacitances for different amounts of light-induced charge to achieve
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i ncident on the exposed light transducer over an integration per4 g} 2083
light-to-voltage circuit disposed within the encapsulant and in

conmuni cCWO WH3WIth the exposed |ight transducer) the |ightCHESR8M7age
circuit operative to output a light voltage signal based on charge

accunul ated by the exposed |ight transducer; and a voltage-to-pulse circuit

di sposed wijchéfled nBARARS Fé@@%h&ﬂﬂ i ﬁ@t'EH}HZ!EC@}‘idvGW g¥ferdllyf 'B? 530, is
light-to-voltage circuit, the voltage- to pul se’ CIrCUIt ope€rative to output

a pul se onfqrrm:dolw pﬁypq)drffusumS%lrsytwedmbstm@xse’iiwonum 10 gineidons| arage

signal . 37 Th sens ack claim 36 f o a
ohot odi odePhoigiioct B3 eaEEaR: CRPES S Rien el g recirpilistd i mchaie Ale

t ransducer sh@\viengath Ne-tpRTRIfBRIG 58T | Photadiotid €53X RS akrinkighphdtb@pgducer ,
the shielded |ight transducer operative to accunul ate charge in proportion

to noike oo@acumce|pregﬁlaatmzrdlifw¢rba40 igiatso fegned by diffgeing 2erpBRe gaterial

noi se-to-v ?Ao%lﬁ?ﬁ%‘ﬁ '5?& u 'Ftl g Qﬂﬁﬁf&n 4@ hﬁt &n}xgl: lﬂa?xﬁrsm? @0' tb res

communi cat ( he S rans ucer Ol Se=10- VOF‘I age cir
cult oper avouagetwsggyt rmnte gatem‘ﬁ mﬂslsmﬂ Qﬂgs cohugeadd tbaesedmgxm gbamgéeralecumul at ed

by the shiel ded C in th | tage-to-pulse cir t
operative P%mBQ}t l§ nsgr 3&3 ﬁ{oﬁ'é%@f@ Bﬁﬁ “héﬁ‘? ?&“&CI%F%@CMW%H gi’iseljson

the differg ﬁff@r?@i"@ﬁ’é‘oﬁﬁﬁt of tiitfer 991 is%%sdiic@f‘éu a(nvl thq:]é&?in%%ff@s‘:éxﬁge
signal. 38. The light sensor package of cl ai mBg her conprising a

sensol0 | ogi¢0 de&m sliffusipn wieH Séfh orared ams uegion oammirate &dhwhen ceset signalyi t h
exposed i u r I
cxposed b S8 s RPAR GSeu i b M R B don HiSepECT 1091
accumul at e€gn T@smmgaﬂei it ist pesitimhed everwtent Biffubiogi 583 agd dloatitge

determ ned [ ratiqn, peri ogﬂq]&n)i ontr ol e accunul ati.on of charge

by the expgg "PI} f FARFEHERY B atd\éqlg,gﬁ] med® G FhirapHREd™ht i on

period. 39.yefisyg th&lahnée%nsnanm%@fg@elpscis:mlame%ax Mﬂﬁb@éﬂh&r‘i‘ﬁh&@&é@é | ogi c
is operative to determne the | |gv integration period fromthe asserted
@

portibh of welldodtanddiffisipmawelt e www!@m@at@éﬂp s apijipfrinsig gransmission

gate capacitance Cyyg.

When reset signal 308 is asserted, bringing floating diffusion 540 to

Vpespr, charge is eliminated in diffusion well 544. Further, when charge is reset in
diffusion well 544, any charge 536 in photodiode well 538 above the depth of

20 transmission well 548 flows through transmission well 548, through floating
diffusion 540, and is eliminated . During a light integration period, reset signal 308

) is unasserted, causing the voltage of floating diffusion 540 to float based on the
amount of charge 536 in diffusion. well 544. As light 104 strikes diffusion 532,

charge 536 is created. Since charge 536 in photodiode well 538 up to the level of

25 transmission well 548 was not eliminated by charge reset, additional charge 536
produced by incident light 104 flows from photodiode well 538 through transmission

well 548 and into diffusion well 544. At charge level 550, beneath the level of
transmission well 548, only diffusion well 544 is filling with charge 536. Hence, the
voltage of floating diffusion 540 is inversely proportional to floating gate capacitance

30 Crp. When enough charge 536 has been generated to fill diffusion well 544 above
the level of transmission well 548 such as, for example level 552, diffusion well 544,

transmission well 548, and photodiode well 538 all fill with charge 536. Hence, the
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2 ~ JUL 2003 40. The light sensor package of claim38 whereint EQ@&
|l ogic is operative to determ ne each light integration period g
t hrough aW&d§deite of predeternmined tine periods. 41. Theﬁqﬁﬂﬁ dor
package of claim 38 further conprising at |east one additional exposed
phot odi ode |ight transducer, each additional exposed |ight transducer

operative tgolagedifbaig dﬁﬁas'xalwm]smbwnsaVérseWPfo@ohlcﬂhrttolwslﬂﬁafﬂ&.\(ﬁ@ an
integration period at a rate different than the rate of any other exposed

light tr an@:ﬂﬁi@l@n cappeilaneh ap, [tagsnaissignt gae capasitandey €¢,0and ghetodidde char ge
accunul at ed éﬂg ﬁ | east one additional exposed |ight transducer at the
begi nni ng of? plaf‘l1 Peet&rmi ned 1i ght integration period; neasure the charge
accurrul ated by the at | east one additional exposed |ight transducer over
the determ ned |ight |ntegrat|o eriod; and _ output a pulse having a w dth
based on the neasur ed ﬁ@é’ﬁ?ﬁfl’%’f I8P A9 2 BEIPheo] ONMTEH PolsBtialtas|aduRgtioane

addi ti gnal §ae 1t écﬂ@bld[eﬁtq ‘f'&r%g tr‘b%sd EBEof F%ﬂ#ef 261> Hovht - g:fbg yOf claim

41 wherein ea expos I'ght”transducer Yasa er en r’area
t hen eby hashcmgl gendrdllyeyestd, chewg erapsdoverduput O, i at @. fud@ionToflightdld sensor

package of clajm4l er ach expos l.ight _transducer has an aperture
for admittiRgeERGHt dﬁ%‘:‘éﬁ"ﬂéﬁg R%é‘%g’ ?@a g%ﬂ‘,ﬁ‘oé‘ VR, the PifsEaty: gw ng a
di fferent agifidd i mghisg ﬁ@eptﬂb@ﬁ&bmgtmr@gs@@fsmc@mﬁmﬁﬁg 111 ARbsiohangduger a
different char ge accurrul ation rate. - 208 44. The I|ight

sensor packagee.ofines de gpBET SlQmEaﬂiléiSrba’éWeOfﬂﬁbm ﬂozpmg dlﬁfﬂ%igm gappplmanca én-out put

pin arg forggﬂ (?15@:{{??9 gﬁe‘lg{u@”ﬁav'éaa"hx ﬁs@ns‘i{?g’ﬁp{beﬂ:tcld%HPHgiét 16417 q:‘%ﬁxgon whi ch

t he phot odi cer to-vol'tage circu and f
vol t age-t o- fhallsw pnrmcmuﬁf’oS ahagnﬁamm;:umhlatedonﬂdﬁfsmlu welb pd4kttraumiaon '

di sposed at_o of. he .p round.and .out put .pin and
wherei n the 8ﬂ§§g dm?ogfﬁdg&%ll egﬂe%e‘hgﬁ%%&ﬁ‘%%a‘ﬁ FE%“I‘??‘&'E}

l'i ght - t 0- volieg@iealiel t6mbinatow of Bsparitdica® €;f,0C R a8 ! photbdiede 5BG n@@zrmonent
support surface and retains the power roun and out put E ns. 45. The

li ght senso?PRﬁﬁ@l@&'@eﬂeBﬂU&q'é?llﬁﬁgem Tight L an/raémsaﬁ&vplsa&s iend@hd ¥ad» | ens.
46. A {4 ght }ﬁﬁnﬁ&ﬁ W&nﬁm&tﬁoﬁg&ﬁ55@%&@&&1%%%8%11%\3'd%ﬂ15% 3%:?1 for

rece|V|ng I t he "encapsu ng a powet pin, a ground pin, and a
communi cat i aiﬁfeqnm@ thardyaspessagph dtadé>adpld,i ifhhe traximasucenitage spasge dorwi t hi n

the encapsuhgﬁﬂg &iﬂ-ﬁsigﬁ( K96 %dl volt; the ratio of Cp, to the sum of Cpp, Cyg, and Cpp is
1:100; and knee point 559 is set at 0.5 volts, the dynamic range of photodiode 530 °
is increased about 50 times over the dynamic range of a similar photodiode without

20 dual capacitance.

Referring now to Figure 27, a schematic diagram illustrating a ‘
photodiode transducer incorporating an anti-bloom gate according to an embodiment
of the present invention is shown. Anti-bloom gate 560 is formed between diffusion
532 and source voltage diffusion 562 tied to Vp,. Anti-bloom gate 560 is tied to
25 anti-bloom voltage V,;. Anti-bloom gate 560 forms anti-bloom well 564 in substrate
534 between photodiode well 538 and source diffusion well 566. Anti-bloom voltage
V ,p 18 less that transmission gate voltage V., well 564, making anti-bloom well 564
shallower than transmission well 548. When accumulated charge generated by
photodiode 530 exceeds charge level 568 equal to the depth of anti-bloom well 564,

30 the excess charge flows beneath anti-bloom gate 560 into source voltage diffusion

-36-



| i ght transducer open ative to accunul ate charge in proportion tge)ri&/ht
recei ved t hu-ough the lens incident on the exposed |ight transdu JBl 03 an
i ntegratiwoqasidiod; and a |ight-to-voltage circuit di sposercmistoione?y he
encapsul ant and in communi cation with the exposed |ight transducer, the
light-to-voltage circuit operative to output a light voltage signal based

on charge u t . he, ex ed |.i transducer.. -b6 2 4.J Ul 2003
wherein t hﬁn%@ggaﬁqﬁgﬁ%ﬁ%‘r |%’§’§fé§%g§8$§brﬁr%@%§ Pgmugﬁogg%ﬁeyp'@dfr%rti on of
a control sdrgpging belei ¥ Relelodeiddidle byrsdrparaior 920 B Nightib-pulecitdustgosensor
package of claim46 further conprising a voltage-to-pulse circuit disposed

within the encapsul ant and in comunication with the light-to-voltage

circuit, the voltage- i i e i t: t S n the
comuni cation pin, t h%a%lﬂ@??"v‘f'c‘ﬁ ﬁ@g%gg’ é?lj}%\%@gll%ﬁﬁt%l ?rfglgogﬂ}sel féﬁgl . 48.
The |ight dlegiseenspretcagdngio st ambodifehtof the presenpinventign B shkewaorLiglngi ¢

di d withi . | ant i i caf | i.th e d |ight
tr ansddoer SRt cRe? PR e bt 308 neving dredon HE knasiope SeBC Bperan Pue ¢ o
det er mi ne aflvigN isiindieéasy £10. PRdIGGrd 160MdHRR ;ﬁ%&e?ﬁﬁﬂioszcgrﬁierﬂ iRf16,he

control signal r eceived on the conmunication 'pin; ‘reset har ge

accunul at ecRdnsignaé pik p b e Semicpnduetpn Adiedditks reneapsulatedowithimenrdosute 100G

determ ned ;L i nt i hhOg; |t ation.of charge
by he oxpdoedPbreldhiRdl Ealearlg e 205 AGR0NER elcciBuRE AT iR,  on
period. 49.refaids ghFighesssios asd p263bow:. Rink 10811 10/1903644CEE wirsbonasl too | i ght,
the e ﬁosed i gﬂt transducer ogperative to accunul ate charge in_proportion
to Iié t i rfHF déht 2SARRVR DY JYiEG e (L FOTinOMET PHY HiS-altd Whe pdpilensigedl PimlKensor
logic)in comay sakir@ilyWonled RFdie sRPSA%Ho| gﬂﬁ the sensor |ogic
-57 2 ~ 1 !Ig}' 203ropgr a?t ?‘\E/e tc; ?a)’ rese?ﬂ?h!éé{:(ﬁ]gra e g(ﬁ:(?:'urrul ated in the
exposed |ight transducer at the beginning of the predetermned |ight
integration period, Preferably, enclosure 100 is the same type used to construct three-
terminal light emitting diodes (LEDs). A preferred format is commonly referred to
as the T-1% or 5 mm package. Encapsulating electronics in such packages is well

15 known in the art of optical electronics manufacturing.

A lens, shown generally by 578, is preferably used to focus light onto
exposed light transducer 106. Lens 578 may be placed in front of light sensor 48,52
or, preferably, may be incorporated into window 102 as shown in Figure 28. Lens
578 defines the field of view of light sensor 48,52 and provides improved sensitivity

20 through optical gain.

Referring now to Figure 29, a graph illustrating light sensor field of
view as a function of light transducer distance from the lens is shown. The field of
view for exposed light transducer 106 in light sensor 48,52 is defined as view angle
6 made by marginal ray 570 with respect to optical axis 580 through exposed light

25 transducer 106. The half angle field of view for spherical lens 578 is expressed by
Equation 3:
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(b) measure the charge accunulated by the exposed |ight transducqq Auernost he
predeterm ned light integration period, and (c) determne a pul seé having a
wi dt h ba¥QI0W#74he neasured accumul at ed exposed |ight traRSABE006Har ge.

50. A light sensor as in claim49 wherein the predeterm ned integration
period is variable, and said sensor |ogic determ nes the duration of the
predeterm ned integration period prior to the beginning of charge

accurrul ati on during the predeterm ned integration period. 51. A light

sensor as in claim49 further rrprl sing a conmparator with one input
connected to the %)Fp&&eohllccg t—transducer and the other input connected to
a switched capacitor circuit, e swi t ched capaC| tor circuit operable to

charge a capacitor to a fifxed vo ge whe thg %‘h—r—s) | osed aggl to
di scharge the capacj tlgr wien th tch is”op ﬁ refn e sensor logic

is further operatlv'E tlddECPhe vvlacEH”’ urlngtpe predeternined |ight
i ntegration period and open the tch after the determn | i ght

integration period, thereby creating the pulse at the conparator output.
52. A light sensor as in claimb51 further corrprl sing a second conpar at or

wi th one input co gqtedtoaf e%vot dthe Otgf 5 ut .connect ed
to the swit 8 nP&PeI&’fFaa Hdhe (FHFI%WSP eng, f@dh 58r at i ve
to inhibit lﬂdgxpéﬁreﬂfacﬁ&? o@%zﬁéﬂ'ﬂlﬂ@iﬂnﬁ%h&%sdr@ lbben,r ?&”&Be Yﬂe& 9%efrictbgSs than
the fixed voltage. 53. A sensor as in claim49 further conprising a

| i ght tran$dirids ofsmc&su&jl@&ofﬂnla ihgrdtmartqqefrcmﬂeq erader| ofdens 8:aranesed _
operative tlfrﬁh?ﬁ'ﬁ Lé}tmécr?!ﬁ:p 855 H?:aﬂfr é]éeg? rygfdlagg fg% @Q)‘?ufelebggra“ on

peri od, the sensd ogic 1s J Ul
2003 rBset i$ rhiéledhmttg@caqcanmsmmd% ﬁ2tdpera$dsnnla®teﬂmakmghhe mmnsfdngaern at the

mesumil ot dPBIPTRBEBRT o ot b0 Hhbs hElSRER' 68, VRS ek B g O

i ntegrati onifgndeQtiforan®- CEtSICIOsHR RAViuh n%ﬂen@h!' R8s Bwam rﬁdM& g & pgsed on
the difference between the nmeasured accunul ated exposed |1 ght transducer

charge and mine deabghteldansducarul Gt mvshlfmldfecfrfbmglhns t5r7&n§muﬁfdd dfhdewe. 54. A
l'i ght SensqQf. a3 é n claim>53 wherein the Iight sensor has an input for

recei ving an |n§egrat|on signal and wherein the noise is dependent on the

| i ght sensor tenperature, the sensor logic further operabl e to: determ ne
an integration perio sed on the.integratio out put,

out pu# pul se after a%&aﬁglq%ﬂ%‘f’ﬁo Eﬂ"l"f)ﬁ/ﬁnﬁgfaﬁg ﬁﬁ%mé‘f’gllaﬂ Sleﬂﬁoédjrpaﬁtl

signal , theain B®a fienigiol d7afpded uansduaer dh@!aﬁ@e frsmethe 1€m3eis tshéwen. | mgﬁthgher eby

i ndi cating the |ight sensor_tenper ght _sensor as in_ claim49

wher ei n t h@aF3%a|@PPIOKERAION Toh 1aY& o7 Bathe Soesal Eaintof b 78 AR bresaeiEn bh
porti on_of AngRElifPineYaADYr HERRLULPIRN dfdfeySARELS 'bgqsegm BSduder oght

sensor as in erein the sen ative to determ ne
each |ight with &psaX78aa theopueal tepergyciollagied fhy dighh txansi@que}%evmlﬁout lens

ol ai ot 0 Enet ot &P coufoerin dr o1 B Bl a FRRRE 1T
t ransducer ,of densi578 calt tai poiat at eepfosaicholint gloff ldns 878.d The lopte paitiG/ may dien
accunul at e _char n proportiop to li i ncident over an inte atlon
Dot od at - PereapEisedasi BREton Shite farig BF e 570 g opIat decstp ot iR
transducer ,)igdhp granQiesy 100 ahichi reaideeio Bag4tRniae to: reset the charge

accurrul ated 1n each of the at |east one additional exposed |ight transducer
at the beginning of the determ ned Ii gh}1 i ntegration period;

G= 7
(r-a) ?

20 Curve 600 shows optical gain G as a function of distance d for a T-1% enclosure

having a spherical lens 578 with radius R of 5.0 mm and a focal length fof 15.0 mm.

As light transducer 106 moves farther from lens 578, the optical gain increases.
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measure the charge accunul ated by each of the at |east one additional
exposed light tr ansducer over the determned light integration peUupgg[]? and
out put a woleasfaving a wi dth based on the neasured accunubetresowdoen ge
each of the at |east one additional exposed |ight transducer. 58. A light
sensor as in claimb57 wherei n each exposed |light transducer has a different

[ Tont sensor s in ol AMvORyARRcH By eBh aRhs RO AR BRCRI R Yoo o

aperture fmaf,m!m fdri mhalgietfohﬂ@ndéefﬂanﬂﬂeﬁthﬁghﬁgﬂﬁ@f 48 g Rlaenarbr sperture
having a different admtting area thereby (]le vi ng each exposed |ight

transducer Amgjent EE@#@“@E&SQ@‘&@BW ‘éitqe(ﬁ? q@ft‘éewé’gt nesd Mg be aSSERBIE as i n
cl ai m 49 ld~g aylng a
cubstr at e Gadiayelifr 20 iskd RARGHEE o RS Rmdh e RIERLAER KL ERACY,
formedS5i n cer mgteosensiftive had,sthbmfasrat benefitefromi ylgighéreopieslt gnin OdFer thelens

phot odi ode aV| ng, an, intri nS| di acitance; a floating diffusion
fornmed int W?‘Btr%gar@‘ch@ ig ’&Plzﬁ “g%ﬁlffﬁ)@eﬁr? 15ianefyd oF @Fweﬁgﬁdﬁmmll
formed in aar{deyhﬁmsos’unme f@pmblreﬁtt?m%om R8d bgstidce at dfidrbtiehigtimon when
the charge is reset, the floating f usion operative to elimnate charge
in the diffangi bmmisisuitable fox glareshasay$2i slnmé@gon ta medifyingd¢nsgariinfetarsi on

charge dete en i.ng di ffusiaon.hawi ng an
e nst o e TeRg ot S g PR oBoutal ey GRpEefrbsitBk Bt ueen

t he ph@t odispikét amdscbbeofﬂmqiremtﬁwtﬁmm on, the transm ssion -60 ?. 4~ U
L Z003 gate defining a tr ansmssion well fornmed in a r egion of the
substrate between the region of the substrate underlyi ng the phot odi ode and
the region of the subfkfatife HHYE HE34h ,

transm ssion wel |l havi ng? 611 %Iep h(IS géal I 33544@2&%&&% re%ﬁ and the
di f f usi on vedlthe humen eyenshowsi Enrvgile lh&mrn]@tlamphowplc nsdayllgham@m‘:wl on gate
capaC|tanc i di ode
wel | above T é%;f E’“%Wﬁ‘egfbeaﬁgﬁeg@%ﬁ tﬁeefei% vleos}v%g{ogﬁr%kﬁ?ﬁ%&%&

transm ssi arespeisk, ofttllmr bugin the i mdmmgtajbé:ﬁgmiarasemnd/eits light mtemsirgd; and

V\/nerel duri n t he det I nt ratio riod, char duced by
[oht ot cRRIONSHEHAS AL Suandine TP aEvent oot s FRBde el and
into the didaestcOprevdve night vidisai wmcmttegmem;ﬁcngweﬁ\éﬁp@%Yo PigRaghi onal to
the floating diffusion capamtance until the diffusion well is filled to

the depth cParfipaaxly imyieiTangcPl SRRIOPIC/ANEYEP 12, EXRASER lighiaraRsdren 104 shonld

i nci dent o i I ion
wel |- and CHY S RRALALY Aonte iisro RARLAE AR 413 LI hAT. shEpRElar!
proporti onactxptorsed hghtsuansdacer 6 fshouldiat deat hdvesincnteosged infranederespinse.

brovi g arbr s aengie Bl oAl S nigt ol SorARRC A FaghlBir 1Y on

vel | only awHich eﬁfmﬂdressmsishllvght Yhatudo rigcandedcant oc halopem lanogs, igain e
diffusion well, the transm ssion well, and the photodi ode well, the first
sensitivi tyP@?‘%%Fﬂ‘ér t han the second sensitivity. 61. A light sensor as in
claim 60 further conprising an anti-bloom gate between the phot odi ode and a
source voltage diffusion, the anti-bloom gate defining an anti-bl oom ng

wel |l formed in a regi Qefarfing newsaFsguratda, bgtameﬂustneingefx;ﬁqucncgfrespmese

substrate underlyvyin he ot odi qde a th rce vOl e diff t he
ot broom Rt e Bebi RaRaSha T ARSuR Tud e R theoBrtSurb §Gsd ol HRIREI | "6
A |1 ghts sengRétofinak Rahowa AP tinve 620. Whem@h@suaeo Beotdpigresparse domwef6az,

receiving light, the encl osure adm Etl ng Iea t a power aa]%r ound
pi n, and anﬂ&fﬁﬁﬂen@l Fesponse of eyposed lighy ““Z’Gé@ceéﬁ éﬁ%‘é’@ﬂ 51&“51%‘“‘” Yducer

di sposed Wi [ B B&nﬁnﬁ(gowg BeschiBéd %m%gﬂaé wﬁggw %‘QﬁM?ﬂtsPP@%@% ve to

accunul ate charge I n ortion to light“recelv rough the w ndow
i nci dent onb¢ pbacackbnfemobrhn@npomneémgdmwm 68,62 saithat ﬂteeagtmn oﬁm(ppmdulrgdt a

L1 ansducer . TEREREE I ooye e iR v fonib b dien - SORER T ot 8¢ v

vol t aggy si ggpd. based on charge accumul ated by the



exposed |ight transducer; and a voltage-to-pulse circuit in conpgyt48igon
with the light-to-voltage circuit, the voltage to-pulse circuit operative
t o out putwa opui@e on the output pin, the pul se w dth based@@AUI0p80G77 ght
vol tage signal. 63. A light sensor package as in claim62 further
conprising: a light transducer shielded fromlight, the shielded |ight

t ransducer havi ng su i ; i d light
transducer, the shi elblsée%f}?dl 0 dtvy%oﬁlgiﬁgxgﬁggra%gd&@pgpf%ﬁe é@é%@ﬁaﬁyg&gﬁ]gharge in
proporti on dnoinfrared filteeaccolding d eyembodimenedf dit; presght dnventise -i$ showal.t age
circuit in ‘%ormuni ﬁft,i on wWith bhe, shi el ded |ight éransducer, t he

noi se- t o- voVindnw 4P dniepcleyis d0Pviaclidesontaind AlistopIbopIptig o SHGNAL based
on charge I Lebaegrikil i

Vol £ age-t o s R g s BN Lol R It pim
havi ng 5a puliléer GHI0dhay bas ot witrarteyaidilid Hormrptidaé Coetdrg Lateorhiogies, Inal afage

signal and ¢h Qis | tage,signal.. 64.. A light senso kage inclaim
62 further %&ﬁﬁ)ﬁﬁoﬁ’ﬁ%ﬂg{)r sé‘rfeﬁ%gﬁuﬁh af gﬁ%@bﬁ‘g W]Ehhfeﬁalf({sléggf‘%‘l‘%§3§'§oand in
communi cat i v rhily B placeddn ficghéf ibfrared dikee 63RNAdEfenall flt¥ring Jovédpbsege
circuit, the sensor |ogic o&gratl ve to: determne_a | Ig?i%lel nt egratijon

period; redi8htiFARSEUcAT 400 icdaspripask WU iSs Rateat gy ds&2p. Ve 4 ' ANEIRISr at t he
begi nni ng : i j i i»0 ) 0d, - G he
mcounul ati acespRaf SHBOFIAHFMIGER! Lighh SHhakl O ERhuE Rl
JI 41 2003 deremrtiywefereioght i ntegration period. 65. A light sensor package
as in claim®64 wherein the sensor logic is operative to determne the |ight
integration period fromthe asserted portion of a control signal received

on the output pm 66. Whilei ghbodiReaer ofo 8K &BRnasn iHave ! wdem Athsithved ednd t he
sensor logic is operative to determi ne each |ight _integration period by

cycling t hrdsserbed, sk ds dat dntepded hak thessembadiments dlstragsand goscripe ajlght
it pa.cg;ﬁg@ib?éfdrglscdf%mxﬁéﬁﬁaﬁt Raef O irRbfq3hat GRolBREAUG Onal
exposed |ight transducer, each additional "‘expose Ight transducer

oper ati ve twvacealimddifiatiohnamygkalienngtive designsyrand ell leiqgivalentss ittt fial] witkin an
integrati on Eeri ctd ﬁt a rogtﬁ. di ff@rent than the rate of any other exposed
| i ght rans&l SBII 4P SCE § lsll%vgf"P OB-ur t her operative to: reset the charge
accunul ated in the at | east one additional exposed |ight transducer at the
begi nning of the determ ned |ight integration period; neasure the charge
accunul ated by the at | east one additional exposed |light transducer over
the determned light integration period; and
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out put a pul se having a w dth based on the neasured accunul at ed'léhﬁlﬁd@mf or
each of the at |east one additional exposed |light transducer. 68. A |ight
‘sensor pREkeFB7Hs in claim67 wherein each exposed |ight PELNSHIWET? has a
different collector area thereby having a different charge accunul ation
rate. 69. A light sensor package as in claim67 wherein each exposed |ight
transducer yaa 1815 epaThviep 1kor admtting light incident on the sensor, each
sensor aperture having a different adnitting area thereby giving each
exposed light transducer a different charge accunulation rate. -63 2 4]
Ul 2003 70. A light_ sensaqr,. rising: .a light transducer overlaying a
substrate, the light ltranz‘dﬁéggggﬁéfzgg?%ng'o accunul ate charge generated by
l'ight 3 ncident on the }Jﬂoqimoderng]ﬁctmaudeﬂeaﬁbdea% liglAn gk egios¥ 1ighf or med i n
a region of the substrate proximate the |ight transducer, the |ight

t r ansdicer TRBSAUAY QRETativertprasrumylpignhatgednqopetion 4pdight ineident gver @t i ng

di ffusj on ' e bstrate, the floating diffusion having a

diffus‘% on \E/\]g%éﬁ&%ﬂrﬁ%} fﬁﬁg region of the substrate underlying the floating
di f fusi on when t he chaemer logicriesemmunitetidd wih thiegxgoded lightmanspeentthae t o

el imnate char in the diffusion well when the charge is reset, the

f1 oatithg dF?Wsﬂgﬁ’éﬁ: WFAYE Wet er mi ni ng an out put potential, the floating

di ffusyon having an iatri Hétbﬁnihle@%ghf‘ﬁxté@riﬁdiﬁbé?fbd Rﬁ‘%‘tﬁ’é‘ﬁ&inﬁﬂgoﬁ _
transm ssion gate between _the |ight” transducer and the floating diffusion,
a trandm ssion wel | fornediggraion, egi on of the substrate between the region

of theysubstrate undegnl yi i r G and . i.on.of the
subst fgat e underlyi ngﬁ{)he ?%Sg{ﬁlgr?é&%?%f%us"?‘gﬁtgat“&het?Xgﬁéet%eléé}ﬁgf?n\ﬁ%‘ﬁer havi ng a
dept hiGhal | ower than the ki thetbeginningdfcisy daaininedlighthistegidtionpesiodyel |, the
transm ssion gate having an intrinsic transm ssion gate capacitance;

whereth, when the ch&ge Wa?‘gge'.th,e ERIRE c2GcHmMPipded Ryhthe r%ﬁi’@é‘?ﬂcéf&%!l
aboverghe depth of the fraasgiuss cver el detdch ey BARONBIaliBS pkrigfsmgssi on

wel |, through the floating diffusion, and is elim nated, erein,
durinia |ight integfdtiofeisanringd pelsemguingr o widddbaspgd | eryithe measwretht on t he
| i ght,transducer flows th Hﬂ“} - 1SS into the diffusion
wel | ,l%roduci ng out put vo ?ageklh%% gg’%@%@ﬁ%@?&‘%kgﬁg% the floating

di ffusion capacitance, until the diffusion well is filled to the depth of

the transm ssion wel |, wherej.n charge prqduc | i ght. incident on the
light transducer fil Bs t hé |1£55ﬁ‘€“59?5§1§b‘3@8’r ?%&WC,TFP rlls%r?s?ﬁl’égqr@ﬁ.rvx/el |,
and the di fyfitsioad iMRit| conBEQEHT Mk exidabd 1Bt kASSIdRY Snacigé Rhen @ipuk onal to
the sum of the floating diffusion capacitance, the |ight transducer

capaci 3 anc €onpasipditp pSWitehers¢ApaEios Airgeit.dhe sysheliedpapecitor EEEWHPPHRABIRi ng a
first gensitlMity : J } j i only and
@ Socond schaiteibafiAbE £RREATIREE YR B Sfials RS CuId S R e T Y e
t ransnd ssi @apauitor at awdndtdne rhiegihent thaswitol és opel, | whereia the ssnsozdogictisvi ty

greater th he second sensitivity. -64 4 JUL 3.71. A light sensor
95 T8 o rberranPrnF o EIRRF Nyt ucing meyfesciminng et dmbReaiOpimePl i
transdygcer fAchpen BRUWIRH WPt asedettirfrfinedi 10 itiBErafoh belddaRe@BY reéagihp ni ng an
anti-bloomng well formed in a region of the substrate between the region
of the8subdb¢ avlse atrilie FPPPHGIOrIOBIPLI-ght transducer and the source vol t age

di ffusion, the anti-bloom ng well having a depth shallower than the
transm ssion well. 72. A light sensor conprising: an exposed |ight
transdlicer operative 3o acklight aensorhaangeldim %rgptbmt Femprising ypecopdcei ved
on the,expaosed |iaht..t ' ratj ILod. i ght
transdacer c?ﬁfpéqatogaxs lfqéc{%\qﬁﬁ‘gﬁgﬁne? %gqosﬁﬁé}fdc}‘téoﬁgfg?éﬁfmf I?,g,[?g é:é?&%xg\f;tle{i]g t he
sanme c@nst rigghé SMitched chpachupoismit, thegbtordrovnsdraer outhitcopehatbletednhibiyht
transducer operative to accu Iaig’ﬁchargfe in rgg)ﬁ‘[]ti ?‘EJ[O noi]se over said
i nt egr 4t i orPYsRHiobEhe dF?lm‘Aquﬂgﬁ%‘” JBRPYOItage 18| 185Shamtbe fped ol @fpri sing a
light-to-voltage circuit in conmunication with the exposed |ight

transducer, the light-to-voltage circuit operative to output a |ight
vol tagé signal based on chadigbt sosuraslimtlatmdyfurther enmprising kiphbtodiadansducer .

(7:|4r cﬁi ! ggtligslﬁ MPansdiiter Isﬂie%cgl 1%1171 2lighlfl,r Ehréesrhiglggg rﬁg t Thnfauier So%%%a%'v\éotlot age

-41-



comuni cation with the shielded light transducer', the noisejtof\diiiiage
circuit operative to .output a noise voltage signal based on charge |,
accunul atveholay74h he shi el ded Iight transducer. 75. A |ight peenseinees i n
claim 73 further conprising a noise-to-voltage circuit in conununication
with the shielded light transducer, the noise-to-vol tage circuit operative

to output a noi Itaes na ased on c e accunul. edb.t e
Shi el dod |?%‘P’“fﬁ?%ﬁ€%f§'ég'? R S e T N
conprigsi NYsehs¥dlo @g@ﬁ,@hd}%p‘ép&%r@w t disposed within the encl osure and in
comuni cation wwth the light-to-voltage circuit, the voltage-to -65 2 ~
a ~ zod3 puI se Ci rcuil’QSCbﬁErCélﬂrgﬂean@mbl%tqﬂJm the shieldsd dight manssiucexat the n, t he

pul se I, 77. A light sensor as in

cl ai m E‘F@ﬁ%ﬁggggb &gﬁr#dgm h%]ﬁ %t%%r%f%h%upé% circuit disposed within the
encl os’ure and in conmeasugetlieathardetabcunnelate O ithd shisloéd B tRankdudkt ovet he
vol t age- tOﬁlIse ci.rcuit operative to output a pulse on the output pin, the

pul se efisteamingd ﬂﬂ%’éulnF%ﬂ"\‘PO\}BF’tl%Fbeangl gnal. 78. A light sensor as in
clai mg5 further congedkshiig & ]nﬁ@gﬁsé ‘an H Sdew?dtﬁcb'zlféd b (P ERgat | on
with the light-to-voltage circul evo to-pulse circuit operative
t o outlput betpatrsibe areasived accpuiates exptmdd@;t aaszilJe@ chirgt and theaneasured he

d| ffegfgcgﬁ&iwaag%%gﬁ#%ﬂh t\f%sﬁg&r cﬁa&nal and the noi se vol tage signal.

. AY. A32. A32. An3. A . A . A(?. AF, . AS?. AF, . A?. A. ASN. AFYe. AR. A?. AY?. ASA. A@ 3. AY,
A@ AlY.A3,.A & .AF. A A A37?. A’?AAI An@A3. A ,.AF. A . Aal . AH A A

CAY. AL AA Ah. A A AGS: Ay. A hgb_t $€BSORaS, inlaimF 4 Afhergin AheAbEI/SCRSQOIREAD X e q
$qg| wrgrhe”s ajc
;] nga] igg] o %g}‘cg“g" gﬁ}'ﬁg] i%h%?g n%fé%f@?ﬂgﬁ? el i§ AksakeR Ghheal
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3 accumulation rate.

1 10. A light sensor'as in claim 8 wherein each exposed light

|38

transducer has an aperture for admitting light incident on the sensor, each sensor

I3 aperture having a different admitting area thereby giving each exposed light
4 transducer a different charge accumulation rate.
1 11. A light sensor as in claim ] wherein the light transducer
2 comprises:
3 a photodiode overlaying a substrate, the photodiode operative to
4 accumulate incident charge in a photodiode well formed in a region of the substrate
5 underlying the photodiode, the photodiode having an intrinsic photodiode
6 capacitance;
7 a floating diffusion formed in the substrate, the floating diffusion
8 having a diffusion well formed in a region of the substrate underlying the floating
'9 diffusion when the charge is reset, the floating diffusion operative to eliminate charge
10 in- the diffusiori well when the charge is reset, the floating diffusion charge
11 determining an output potential, the floating diffusion having an intrinsic floating
12 diffusion capacitance; and
13 a transmission gate between the photodiode and the floating diffusion,
14 the transmission gate defining a transmission well formed in a region of the substrate
15 between the region of the substrate underlying the photodiode and the region of the
16 substrate underlying the floating diffusion, the transmission well having a depth
17 shallower than the photodiode well and the diffusion well, the transmission gate
18 having an intrinsic transmission gate capacitance;
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19 wherein, when the charge is reset, charge in the photodiode well

20 above the depth of the transmission well flows through the transmission well,

21 through the floating diffusion, and is eliminated; and

22 wherein, during the determined light integration period, charge
23 produced by light incident on the photodiode flows through the transmission well and
24 into the diffusion well, producing output voltage inversely proportional to the

25 floating diffusion capacitance, until the diffusion well is filled to the depth of the

26 transmission well wherein charge produced by light incident on the photodiode fills
27 the photodiode well, the transmission well, and the diffusion well, producing output
28 voltage inversely proportional to the sum of the floating diffusion capacitance, the
29 photodiode capacitance, and the transmission gate capacitance;
30 thereby providing a first sensitivity during charge accumulation in the
31 diffusion well only and a second sensitivity during charge accumulation in the
32 diffusion well, the transmission well, and the photodiode well, the first sensitivity
33 greater than the second sensitivity.
1 12.  Alight sensor as in claim 11 further comprising an anti-bloom
2 gate between the photodiode and a source voltage diffusioﬂ, the anti-bloom gate
3 defining an anti-blooming well formed in a region of the substrate between the region
4 of the substrate underlying the photodiode and the source voltage diffusion, the anti-
5 blooming well having a depth shallower than the transmission well.
1 13. A light sensor package comprising: ’
2 an enclosure having a window for receiving light, the enclosure
3 admitting a power pin, a ground pin, and an output pin;
4 an exposed photodiode light transducer disposed within the enclosure,
5 the exposed light transducer operative to accumulate charge in proportion to light
6 received through the window incident on the exposed light transducer over an
7 integration period;
8 a light-to-voltage circuit disposed within the enclosure and in
9 communication with the exposed light transducer, the light-to-voltage circuit
10 operative to output a light voltage signal based on charge accumulated by the exposed
11 light transducer; and
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a photodiode light transducer shielded from light, the shielded light
transducer having the same construction as the exposed light transducer, the shielded
light transducer operative to accumulate charge in proportion to noise over the
integration period; and

a noise-to-voltage circuit disposed within the enclosure and in
communication with the shielded light transducer, the noise-to-voltage circuit
operative to output a noise voltage signal based on charge accumulated by the
shielded light transducer;

wherein the valtage-to-pulse circuit is operative to output a pulse on
the output pin having a pulse width based on the difference between the light voltage

signal and the noise voltage signal.

15. A light sensor package as in claim 13 further comprising a
sensor logic disposed within the enclosure and in communication with exposed light
transducer and the light-to-voltage circuit, the sensor logic operative to:

determine a light integration period;

reset the charge accumulated in the exposed light transducer at the
beginning of the determined light integration period; and

control the accumulation of charge by the exposed light transducer

during the determined Jight integration period.
16. A light sensor package as in claim 15 wherein the sensor logic

is operative to determine the light integration period from the asserted portion of a

control signal received on the output pin.
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light transducer operative to accumulate charge in proportion to light incident over
an integration period at a rate different than the rate of any other exposed light
transducer, the sensor iogic further operative to:

reset the charge accumulated in the at least one additional exposed
light transducer at the beginning of the determined light integration period;

measure the charge accumulated by the at least one additional exposed

O 00 3 O W &

light transducer over the determined light integration period; and
10 output a pulse having a width based on the measured accumulated

11 charge for each of the at least one additional exposed light transducer.

19. A light sensor package as in claim 18 wherein each exposed
light transducer has a different collector area thereby having a different charge

accumulation rate.

20. A light sensor package as in claim 18 wherein each exposed
light transducer has an aperture for admitting light incident on the sensor, each

sensor aperture having a different admitting area thereby giving each exposed light

B W N e

transducer a different charge accumulation rate.

21. A light sensor comprising:

a photediode overlaying a substrate, the photodiode operative to
accumulate charge generated by light incident on the photodiode in a photodiode well
formed in a region of the substrate underlying the photodiode, the photodiode having
an intrinsic photodiode capacitance;

a floating diffusion formed in the substrate, the floating diffusion

having a diffusion well formed in a region of the substrate underiying the floating

00 ~1 N thh BN e

diffusion when the charge is reset, the floating diffusion operative to eliminate charge
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13 a transmission well formed in a region of the substrate between the region of the
14 substrate underlying the photodiode and the region of the substrate underlying the
15 floating diffusion, the transmission well having a depth shallower than the
16 photodiode well and the diffusion well, the transmission gate having an intrinsic
17 transmission gate capacitance;
18 wherein, when the charge is reset, charge in the photodiode well
19 above the depth of the transmission well flows through the transmission well,
20 through the floating diffusion, and is eliminated; and

21 wherein, during a light integration period, charge produced by light
22 incident on the photodiode flows through the transmission well and into the diffusion
23 well, producing output voltage inversely proportional to the floating diffusion

24 capacitance, until the diffusion well is filled to the depth of the transmission well
25 wherein charge produced by light incident on the photodiode fills the photodiode
26 well, the transmission well, and the diffusion well, producing output voltage
27 inversely proportional to the sum of the floating diffusion capacitance, the
28 photodiode capacitance, and the transmission gate capacitance;

29 thereby providing a first sensitivity during charge accumulation in the
30 diffusion well only and a second sensitivity during charge accumulation in the
11 diffusion well, the transmission well, and the photodiode well, the first sensitivity

32 greater than the seoond sensitivity.

1 22. A light sensor as in claim 21 further comprising an anti-bloom
2 gate between the photodiode and a source voltage diffusion, the anti-bloom gate
3 defining an anti-blooming well formed in a region of the substrate between the region
4 of the substrate underlying the photodiode and the source voltage diffusion, the anti-
5 blooming well having a depth shallower than the transmission well.
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a sensor logic in communication with the exposed light transducer, the sensor logic
operative to
a) reset the charge accumulated in the exposed light transducer at the
beginning of the predetermined light integration period,
(b) measure the charge accumulated by the exposed light transducer over the
predetermined light integration period, and
©) determine a pulse having a width based on the measured accumulated

exposed light transducer charge.

24.  The light sensor of claim 23, wherein the predetermined integration period is variable,
and said sensor logic determines the duration of the predetermined integration period prior to

the beginning of charge accumulation during the predetermined integration period.

25.  The light sensor of claim 23 further comprising a comparator with one input connected
to the exposed light transducer and the other input connected to a switched capacitor circuit,

the switched capacitor circuit operable to charge a capacitor to a fixed voltage when the switch
is closed and to discharge the capacitor at a constant rate when the switch is open, wherein the

sensor logic is further operative to close the switch during the predetermined light integration
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26.  The light sensor of claim 25 further comprising a second comparator with one input
connected to a fixed voltage and the other input connected to the switched capacitor circuit, the
second comparator output operative to inhibit output of the determined pulse if the ramp

voltage is less than the fixed voltage.

27.  The light sensor of claim 23 further comprising a photodiode light transducer shielded
from light, the shielded light transducer operative to accumulate charge in proportion to noise
over the predetermined integration period, wherein the sensor logic is further operative to:

reset the charge accumulated in the shielded light transducer at the beginning of the
predetermined light integration period;

measure the charge accumulated by the shielded light transducer over the predetermined
light integration period; and

determine an output pulse having a width based on the difference between the measured
accumulated exposed light transducer charge and the measured accumulated shielded light

transducer charge.
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temperature,

29.  The light sensor of claim 23, wherein the sensor logic determines the predetermined

integration period from the asserted portion of a control signal received by the sensor logic.

30.  The light sensor of claim 23, wherein the sensor logic is operative to determine each

predetermined integration period by cycling through a sequence of predetermined time periods.

31.  The light sensor of claim 23 further comprising at least one additional exposed
photodiode light transducer, each additional exposed light transducer operative to accumulate
charge in proportion to light incident over an integration period at a rate different than the rate
of any other exposed light transducer, the sensor logic further operative to:

reset the charge accumulated in each of the at least one additional exposed light

transducer at the beginning of the predetermined integration period;
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collector area thereby having a different charge accumulation rate.

33.

The light sensor of claim 31, wherein each exposed light transducer has an aperture for

admitting light incident on the sensor, each sensor aperture having a different admitting area

thereby giving each exposed light transducer a different charge accumulation rate.

34,

The light sensor of claim 23, wherein the light transducer comprises:

a photodiode overlaying a substrate, the photodiode operative to accumulate incident

charge in a photodiode well formed in a region of the substrate underlying the photodiode, the

photodiode having an intrinsic photodiode capacitance;

a floating diffusion formed in the substrate, the floating diffusion having a diffusion

well formed in a region of the substrate underlying the floating diffusion when the charge is

reset, the floating diffusion operative to eliminate charge in the diffusion well when the charge

is reset, the floating diffusion charge determining an output potential, the floating diffusion

having an intrinsic floating diffusion capacitance; and

-51-



10% h& ()- 10% h& ()-37"?EC04| 10/"10% h& ()-!+10%h h& ()-s,) 10@2 nﬁa(@ ' 10%
h& ()-""10%h& ()- 1""10% h. h& ()- 8" ef ghdYNCD4| 10 10 h 10 h 10%HV4 4
h& ()-7 10% h& ()-510% h& () - Y410% h& () - 3110% h& () - h3vaBYNCO4| 10

f109B& ()- , @OYB& ()- "109B& ()-, 109B& ()-3

L1098& ()-!s$109BB& () - vhel } [ <YNCO4|

10@L09B& ()-!S'109BB& () -, 109B& ()-!"109BB& ()-!S'109BB& () -

109B& ()-\VYS}’\<YNCI)4|

10! SS, " 109BB& () -. -1f. )" 109 " B @! 10
o). SR RN A AL e
4109B& ()-S1° 1098& ()- Sf/ 10%B& () - qt j KC04| 10BG'10% & (

10% & gate defining @ fransigissipp gysligfoymedyinoayies vy of the substoae wan theamaion of the

10, " 10% & ()-,10% & ()-,10% & ()-!,"10% /& ()-!,"10% /& ()-y10% & ()-g}[<K
Q04| 1dbipse &nﬂéﬂ}hﬁg&gﬁlﬂﬁﬁod?ode)and 'tﬂe&ggibﬂo(ﬁ tKe subbifa &l ying the floating
@10% & ()-, 10% & ()-ykpgr sbC04| 10s10%& ()-$10%&' ()- 10/ 10/ 10/f;

oo i B P S S AR ot -5
10%& (31ff§SSI§% %)/e% Qe t?%r?szﬁ‘ssggn gsalt:ell(]);é%]g( gn intr 1r?s%&tlrar?sr_ni§sﬁ)rﬂbggt%ﬂapacitance;

wherein, when the charge is reset, charge in the photodiode well above the depth of the
transmission well flows through the transmission well, through the floating diffusion, and is
eliminated; and

wherein, during the predetermined integration period, charge produced by light incident
on the photodiode flows through the transmission well and into the diffusion well, producing
output voltage inversely proportional to the floating diffusion capacitance, until the diffusion
well is filled to the depth of the transmission well wherein charge produced by light incident on
the photodiode fills the photodiode well, the transmission well, and the diffusion well,
producing output voltage inversely proportional to the sum of the floating diffusion
capacitance, the photodiode capacitance, and the transmission gate capacitance;

thereby providing a first sensitivity during charge accumulation in the diffusion well

only and a second sensitivity during charge accumulation in the diffusion well, the transmission

well, and the photodiode well, the first sensitivity greater than the second sensitivity.

35.  The light sensor as in claim 34 further comprising an anti-bloom gate between the

photodiode and a source voltage diffusion, the anti-bloom gate defining an anti-blooming well
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36. A light sensor package comprising:

an encapsulant having a lens for receiving light, the encapsulant admitting a power pin,
a ground pin, and an output pin;

an exposed photodiode light transducer disposed within the encapsulant, the exposed
light transducer operative to accumulate charge in proportion to light received through the lens
incident on the exposed light transducer over an integration period;

a light-to-voltage circuit disposed within the encapsulant and in communication with the
exposed light transducer, the light-to-voltage circuit operative to output a light voltage signal
based on charge accumulated by the exposed light transducer; and

a voltage-to-pulse circuit disposed within the encapsulant and in communication with
the light-to-voltage circuit, the voltage-to-pulse circuit operative to output a pulse on the output

pin, the pulse width based on the light voltage signal.

37.  The light sensor package of claim 36 further comprising;:
a photodiode light transducer shielded from light, the shielded light transducer having
the same construction as the exposed light transducer, the shielded light transducer operative to

accumulate charge in proportion to noise over the integration period; and
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having a pulse width based on the difference between the light voltage signal and the noise

voltage signal.

38.  The light sensor package of claim 36 further comprising a sensor logic disposed within
the encapsulant and in communication with exposed light transducer and the light-to-voltage
circuit, the sensor logic operative to:

determine a light integration period;

reset the charge accumulated in the exposed light transducer at the beginning of the
determined light integration period; and

control the accumulation of charge by the exposed light transducer during the

determined light integration period.
39.  The light sensor package of claim 38 wherein the sensor logic is operative to determine

the light integration period from the asserted portion of a control signal received on the output

pin.
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the beginning of the determined light integration period;

measure the charge accumulated by the at least one additional exposed light transducer
over the determined light integration period; and
output a pulse having a width based on the measured accumulated charge for each of

the at least one additional exposed light transducer.

42.  The light sensor package of claim 41 wherein each exposed light transducer has a

different collector area thereby having a different charge accumulation rate.

43.  The light sensor package of claim 41 wherein each exposed light transducer has an
aperture for admitting light incident on the sensor, each sensor aperture having a different
admitting area thereby giving each exposed light transducer a different charge accumulation

rate.
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ground and output pins.

45. The light sensor package of claim 36, wherein the lens is a cylindrical lens.

46. A light sensor package comprising:

an encapsulant having a lens for receiving light, the encapsulant admitting a power pin,
a ground pin, and a communication pin;

an exposed photodiode light transducer disposed within the encapsulant, the exposed
light transducer operative to accumulate charge in proportion to light received through the lens
incident on the exposed light transducer over an integration period; and

a light-to-voltage circuit disposed within the encapsulant and in communication with the
exposed light transducer, the light-to-voltage circuit operative to output a light voltage signal

based on charge accumulated by the exposed light transducer,
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voltage-to-pulse circuit operative to output a pulse on the communication pin, the pulse width

based on the light voltage signal.

48.  The light sensor package of claim 46 further comprising a sensor logic disposed within
the encapsulant and in communication with exposed light transducer and the light-to-voltage
circuit, the sensor logic operative to:

determine a light integration period from the asserted portion of the control signal
received on the communication pin;

reset the charge accumulated in the exposed light transducer at the beginning of the
determined light integration period; and

control the accumulation of charge by the exposed light transducer during the

determined light integration period.

49. A light sensor comprising:
a light transducer exposed to light, the exposed light transducer operative to accumulate
charge in proportion to light incident over a predetermined integration period; and

a sensor Jogic in communication with the exposed light transducer, the sensor logic
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(c) determine a pulse having a width based on the measured accumulated exposed light

transducer charge.

50. A light sensor as in claim 49 wherein the predetermined integration period is variable,
and said sensor logic determines the duration of the predetermined integration period prior to

the beginning of charge accumulation during the predetermined integration period.

51. A light sensor as in claim 49 further comprising a comparator with one input connected
to the exposed light transducer and the other input connected to a switched capacitor circuit,
the switched capacitor circuit operable to charge a capacitor to a fixed voltage when the switch
is closed and to discharge the capacitor when the switch is open, wherein the sensor logic is
further operative to close the switch during the predetermined light integration period and open
the switch after the determined light integration period, thereby creating the pulse at the

comparator output.

52. A light sensor as in claim 51 further comprising a second comparator with one input
connected to a fixed voltage and the other input connected to the switched capacitor circuit, the
second comparator output operative to inhibit output of the determined pulse if the ramp

voltage is less than the fixed voltage.
53. A light sensor as in claim 49 further comprising a light transducer shielded from light,

the shielded light transducer operative to accumulate charge in proportion to noise over the

integration period, wherein the sensor logic is further operative to:
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U& ()-% 10%easure the charge accumu]ated by the shielded light transducer over the determined
light integration period; and
determine an output pulse having a width based on the difference between the measured
accumulated exposed light transducer charge and the measured accumulated shielded light

transducer charge.

54. A light sensor as in claim 53 wherein the light sensor has an input for receiving an
integration signal and wherein the noise is dependent on the light sensor temperature, the
sensor logic further operable to:

determine an integration period based on the integration signal; and

output the output pulse after a time length following the end of the integration signal,
the time length based on the noise level, the time length thereby indicating the light sensor

temperature.

55. A light sensor as in claim 49 wherein the light integration period is determined from the

asserted portion of a control signal received by the sensor logic.

56. A light sensor as in claim 49 wherein the sensor control is operative to determine each

light integration period by cycling through a sequence of predetermined time periods.
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transducer, each additional exposed light transducer operative to accumulate charge in
proportion to light incident over an integration period at a rate different than the rate of any
other exposed light transducer, the sensor logic further operative to:

reset the charge accumulated in each of the at least one additional exposed light
transducer at the beginning of the determined light integration period;

measure the charge accumulated by each of the at least one additional exposed light
transducer over the determined light integration period; and

output a pulse having a width based on the measured accumulated charge for each of

the at least one additional exposed light transducer.

58. A light sensor as in claim 57 wherein each exposed light transducer has a different

collector area thereby having a different charge accumulation rate.

59. A light sensor as in claim 57 wherein each exposed light transducer has an aperture for
admitting light incident on the sensor, each sensor aperture having a different admitting area

thereby giving each exposed light transducer a different charge accumulation rate.

60. A light sensor as in claim 49 wherein the light transducer comprises:

a photodiode overlaying a substrate operative to accumulate incident charge in a
photodiode well formed in a region of the substrate underlying the photodiode, the photodiode .
having an intrinsic photodiode capacitance;

a floating diffusion formed in the substrate, the floating diffusion having a diffusion
well formed in a region of the substrate underlying the floating diffusion when the charge is
reset, the floating diffusion operative to eliminate charge in the diffusion well when the charge
is reset, the floating diffusion charge determining an output potential, the floating diffusion
having an intrinsic floating diffusion capacitance; and

a transmission gate between the photodiode and the floating diffusion, the transmission

-60-



10BL! @10% & ()- M10% & ()-10% & ()-$10% & ()-" 10% & ()- s10% & () - &XdE: /
10% & ()-.s10% & ()-& SL0% & ()-' ' $10% & ()-% 10% & ()-# 199 | (X

10BOz
nbC 1
10/ 3L<

OB 109%&' ()-$s10%& ()- 10/ 10/
10% & ()-f510% & () - &3: $10% & () - nj 1dEbC

10B@#10%&' ()- @O%&' ()- @" 10%&' ()-sGLO%&' ()- @ 10%&' ()-@" 10%& () - 10YdEbC
0% ()- @910%& ()-"!10%& ()-3 109%& () @o%&' () - @10%&' ()-(dYNC 10B

10BY%g1
10 10
#1098 (
fol@1

101 &<109%& () - @10% () - @ #10%& () - @, $10% ()- @ 10% ()-[ydEYNC

i s S e B AR G R bk SR

y3" 10(V&u6§trla‘6@ md&@¥ing Bhe)bh&oliﬂ%& andl the" LRIGE of theysubdipi@under WiitlBHobding

&+, -. =

bC
diffusion, the transmission well having a depth shallower than the photodiode well and the

diffusion well, the transmission gate having an intrinsic transmission gate capacitance;

wherein, when the charge is reset, charge in the photodiode well above the depth of the
transmission well flows through the transmission well, through the floating diffusion, and is
eliminated; and

wherein, during the determined light integration period, charge produced by light
incident on the photodiode flows through the transmission well and into the diffusion well,
producing output voltage inversely proportional to the floating diffusion capacitance, until the
diffusion well is filled to the depth of the transmission well wherein charge produced by light
incident on the photodiode fills the photodiode well, the transmission well, and the diffusion
well, producing output voltage inversely proportional to the sum of the floating diffusion
capacitance, the photodiode capacitance, and the transmission gate capacitance,

thereby providing a first sensitivity during charge accumulation in the diffusion well
only and a second sensitivity during charge accumulation in the diffusion well, the transmission

well, and the photodiode well, the first sensitivity greater than the second sensitivity.

61. A light sensor as in claim 60 further comprising an anti-bloom gate between the
photodiode and a source voltage diffusion, the anti-bloom gate defining an anti-blooming well
formed in a region of the substrate between the region of the substrate underlying the
photodiode and the source voltage diffusion, the anti-blooming well having a depth shallower

than the transmission well.
62. A light sensor package comprising:

an enclosure having a window for receiving light, the enclosure admitting at least a

power pin, a ground pin, and an output pin;
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the exposed light transducer over an integration period;

a light-to-voltage circuit in communication with the exposed light transducer, the light-
to-voltage circuit operative to output a light voltage signal based on charge accumulated by the
exposed light transducer; and

a voltage-to-pulse circuit in communication with the light-to-voltage circuit, the voltage-
to-pulse circuit operative to output a pulse on the output pin, the pulse width based on the light

voltage signal.

63. A light sensor package as in claim 62 further comprising:

a light transducer shielded from light, the shielded light transducer having substantially
the same construction as the exposed light transducer, the shielded light transducer operative to
accumulate charge in proportion to noise over the integration period; and

a noise-to-voltage circuit in comumunication with the shielded light transducer, the
noise-to-voltage circuit operative to output a noise voltage signal based on charge accumulated
by the shielded light transducer,

wherein the voltage-to-pulse circuit is operative to output a pulse on the output pin
having a pulse width based on the difference between the light voltage signal and the noise

voltage signal.

64. A light sensor package as in claim 62 further comprising a sensor logic disposed within
the enclosure and in communication with exposed light transducer and the light-to-voltage
circuit, the sensor logic operative to:

determine a light integration period;

reset the charge accumulated in the exposed light transducer at the beginning of the
determined light integration period; and

control the accumulation of charge by the exposed light transducer during the
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determined light integration period.

65. A light sensor package as in claim 64 wherein the sensor logic is operative to determine
the light integration period from the asserted portion of a control signal received on the output

pin.

66. A light sensor package as in claim 64 wherein the sensor logic is operative to determine

each light integration period by cycling through a sequence of predetermined time periods.

67. A light sensor package as in claim 64 further comprising at least one additional exposed
light transducer, each additional exposed light transducer operative to accumulate charge in
proportion to light incident over an integration period at a rate different than the rate of any
other exposed light transducer, the sensor logic further operative to:

reset the charge accumulated in the at least one additional exposed light transducer at
the beginning of the determined light integration period;

measure the charge accumulated by the at least one additional exposed light transducer
over the determined light integration period; and

output a pulse having a width based on the measured accumulated charge for each of

the at least one additional exposed light transducer.

68. A light sensor package as in claim 67 wherein each exposed light transducer has a

different collector area thereby having a different charge accumulation rate.

69. A light sensor package as in claim 67 wherein each exposed light transducer has an
aperture for admitting light incident on the sensor, each sensor aperture having a different
admitting area thereby giving each exposed light transducer a different charge accumulation

rate.
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a light transducer overlaying a substrate, the light transducer operative to accumulate
charge generated by light incident on the light transducer in a light transducer well formed in a
region of the substrate proximate the light transducer, the light transducer having an intrinsic
light transducer capacitance;

a floating diffusion formed in the substrate, the floating diffusion having a diffusion
well formed in a region of the substrate underlying the floating diffusion when the charge is
reset, the floating diffusion operative to eliminate charge in the diffusion well when the charge
is reset, the floating diffusion charge determining an output potential, the floating diffusion
having an intrinsic floating diffusion capacitance; and

a transmission gate between the light transducer and the floating diffusion, a
transmission well formed in a region of the substrate between the region of the substrate
underlying the light transducer and the region of the substrate underlying the floating diffusion,
the transmission well having a depth shallower than the light transducer well and the diffusion
well, the transmission gate having an intrinsic transmission gate capacitance;

wherein, when the charge is reset, charge in the light transducer well above the depth
of the transmission well flows through the transmission well, through the floating diffusion,
and is eliminated; and

wherein, during a light integration period, charge produced by light incident on the
light transducer flows through the transmission well and into the diffusion well, producing
output voltage inversely proportional to the floating diffusion capacitance, until the diffusion
well is filled to the depth of the transmission well wherein charge produced by light incident on
the light transducer fills the light transducer well, the transmission well, and the diffusion well,
producing output voltage inversely proportional to the sum of the floating diffusion
capacitance, the light transducer capacitance, and the transmission gate capacitance;

thereby providing a first sensitivity during charge accumulation in the diffusion well
only and a second sensitivity during charge accumulation in the diffusion well, the transmission

well, and the light transducer well, the first sensitivity greater than the second sensitivity.
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transducer and the source voltage diffusion, the anti-blooming well having a depth shallower

than the transmission well.

72. A light sensor comprising:

an exposed light transducer operative to accumulate charge in proportion to light
received on the exposed light transducer over an integration period; and

a light transducer shielded from light, the shielded light transducer having the same
construction as the exposed light transducer, the shielded light transducer operative to

accumulate charge in proportion to noise over said integration period.

73. A light sensor as in claim 72 further comprising a light-to-voltage circuit in
communication with the exposed light transducer, the light-to-voltage circuit operative to

output a light voltage signal based on charge accumulated by the exposed light transducer.

74. A light sensor as in claim 72 further comprising a noise-to-voltage circuit in
communication with the shielded light transducer, the noise-to-voltage circuit operative to

.output a noise voltage signal based on charge accumulated by the shielded light transducer.
75. A light sensor as in claim 73 further comprising a noise-to-voltage circuit in
communication with the shielded light transducer, the noise-to-voltage circuit operative to

output a noise voltage signal based on charge accumulated by the shielded light transducer.

76. A light sensor as in claim 73 further comprising a voltage-to-pulse circuit disposed

within the enclosure and in communication with the light-to-voltage circuit, the voltage-to-
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78. A light sensor as in claim 75 further comprising a voltage-to-pulse circuit in
communication with the light-to-voltage circuit, the voltage-to-pulse circuit operative to output
a pulse on the output pin having a pulse width based on the difference between the light voltage

signal and the noise voltage signal.
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