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1 PHOTODET T S THODE:
Background of the Invention Thi s vaRtEbn_ }el jt 0 mm ;%
phot odet ect or circuits. Mre particularly, IS 1 Mvelti elf*at es

5 the portions of a photodetector circuit that are used to S nvert a
i ght signal to an electrical signal. A phot odetector is a
devi ce used for. converting the photon energy of a |ight source'into

a photocurrent. In general, photodetectors are used in 10 rmany practi cal
applications such as conmuni cations, -1~ security systens, optical

anal yzing instrunments, and ot her nodern el ectronic devices. Typically,
phot odet ector circuits include an anplifying stage connected to the
phot odet ect or for produci ng an anal og 15 voltage signal proportional to the
phot ocurrent. In many applications, the anal og voltage

signal fromthe anplifying stage is applied to a

PHOTODETECTOR CIRCUIT AND METHODS

Backaround of the Invention
This invention relates to photodetector

circuits. More particularly, this invention relates to
5 the portions of a photodetector circuit that are used to
convert a light signal to an electrical signal.
A photodetector is a device used for
converting the photon energy of a light source into
a photocurrent. In general, photodetectors are used in
10 many practical applications such as communications,
security systems, optical analyzing instruments, and
other modern electronic devices. Typically,
photodetector circuits include an amplifying stage
connected to the photodetector for producing an analog
15 voltage signal proportional to the photocurrent.
In many applications, the analog voltage
signal from the amplifying stage is applied to a
comparator circuit in order to determine the relative
strength of the light signal with respect to a preset
20 threshold voltage. 1If the analog signal is less than
the threshold voltage, the comparator circuit may trip

and produce a logic high at its output. However, if



conparator circuit in order to determne the relative strength of the
light signal with respect to a preset 20 threshold voltage. |If the
anal og signal is less than the threshold voltage, the conparator
circuit may trip and produce a logic high at its output. However, if

- 2- the anal og signal -is greater than the threshol d vol tage, the
conparator circuit nmay generate a |l ogic |l ow at its output. :
This type of circuit is often used to creat2e 5 an object detector that can
determ ne the presence or absence of an object within a specific

regi on. For thexanpneg aiphatodet gceateri hant thaytheeghpddged so

that a lloht embitdged efe f:éﬁgérﬁeaﬁéé?g!:ﬁf.?rﬁh?cgén@rate abgagual |1t

on to the photodée as ft amis uninterrupted,
t he phot odet ect bowpabditesoutputa suffici ent photocurrent, and the out put

of the conparator. ci ?ﬁ%ttgﬁgﬁ‘{)ﬁ%ﬂc&l%og CoFPUL HOUEVED: caEEte""he“

an obj ect blocks the ligh hot odet ect or turns
t he out put bf téae QBjecbnﬂatacborcthcblCabedehesmaneoghe hrghence or

Aol ock diagramgleactyRroah 8650Let tnin RObOAPEPC PLoSUALeMDQ0 o

shown in FIG 1 generally inc es a p I"od 0, an
anplifier cexamplelZ@ phdtadebepboat okrcuitunay 186. aknéngedds@0 l'i ght

changed i nio o Vot Fater Rt Rt ERLRS, S8R, \ueny , PORECEHELGTDrh Bkt

~changed into a vo rer circ
Conpar at or cir cheém of 1B@htoopatesthbephupbdétedtergnaAsmiohgaapréhet

threshol d yal ue,j g, del gL ng Whelber LLiLs, OERA! ShoPbadPect bESH:blan Lhe

t hreshol d val ue € anpl P88 réshol d,
conpar at or 130 arsuﬁf1c1engephoabcugrentpgandht@@ antpus ofit phe. This neans
t hat the level of _infrared.

sense by of.0 de has
fallen below a ﬁ?%?%ﬁ%¥95lﬁ%ranélc%??h% a ackl $ é gbﬁnfré%gﬁvFlght
When t he anpli fwkensagnebjestgbkatkes the light signal, the

photodetector turns OFF, and the output of the

15 comparator circuit becomes a logic high.

A block diagram of a typical prior art

photodetector system 100 is shown in FIG. 1. System
100 generally includes a photodiode 110, an amplifier
circuit 120 and a comparator circuit 130. Infrared

20 light incident upon photodiode 110 creates a small
photocurrent that is changed into a voltage and
amplified by amplifier circuit 120. Comparator circuit
130 compares the amplified signal with a preset
threshold value to determine whether it is greater or

25 less than the threshold value. If the amplified signal
is less than the threshold, comparator 130 trips
generating a logic high at its output. This means that
the level of infrared light sensed by photodiode 110
has fallen below a minimum value, indicating a lack of

30 infrared light. When the amplified signal is greater
than the threshold value, comparator 130 supplies a
logic low at its output, indicating that a sufficient

amount of infrared light is detected.



than the threshold value, conparator 130 supplies a logic low at its
out put, indicating that a sufficient anount of infrared light is

det ect ed. - 3-

Phot odet ect or system 100 may be used in conjunction with other
conponents for determ ning the presence or absence of objects. For
exanpl e, assune a light emtting diode (shown in FIG 2 as LED 160) is
5 positioned to constantly project a beam¥f infrared | i ght upon
phot odi ode 110. This creates a "sensing field" 170 between LED 160 and
phot odi ode 110 within Phgtiodie tesitest sYs&6mhd Ofeiayt 8. used dig as t he

pat h of ||&6h35h%%hb%Dw&Q@ thaQOEgﬁpgﬁ%n%éOfb§ HRIRYE YR ge@helo a

sufficient anount of current will be continuousl generate
phot odi ode 110 P5SERRCE RE hSgaceoPt objegggpar Péreﬁéwpﬂ@maﬁﬁ§um@ a logic

low. However, whgght emid® i@l %l@cibd%”t(%h%wﬁe'iﬁ' RgGhi ol Qsliﬁa tl%@ﬂ__ %m of
infrared |i ht is interrupte phot odi ode 110 turns

ceases to condubPpitipred @9u§@§5tant1€oﬁﬁ963?§ralQQaﬂoofr#pfaﬁaedroduce a
logic high at i§$ght u BHtBﬂbtogﬁedgr?i@nceTﬁisaE§EQEESOE ageﬂghﬁ t W thin

sensing field 170 " may determ ned by exam nin
conparat or 130. fipleield@t patwesnalEBgil€02end hhghodandsbﬂé@tWnthpnesent in

the sensing f'ekﬁichfoBH@ctshcaﬂubguget§c§e509'ﬁ %ggtagbtﬁgtgéan8k

present . schemati ¢ dragram of ection
100 is shown i nlEglt @romsLEHoﬁﬁolhOFpEDthlpdetbaDode unintét@upted,

rever se- bi gged &Agnff&élgﬁedsmsaﬂ968%69u£9eaé wifio4RdchRERHAR,ERY! Stor 111

and its cat hode connecte 5V power source. ormard
bi ased with gen§§a§ﬁddethﬁ§@dédde01lQ4$bpbhet sbaroetaud ofs

cat hode Se|eCt'E8h%aEQEBfC§§€ &g?giﬂgngtt rfagg °ﬂ§% HOYE¥E§S'§hgé58)

151-158. Each resistor has a di erent va
The intensity o@nt@ejeafrantdrs sensjhy §u9bd|bﬂ0bythétb&6ﬂ 0§ det erm ned

by the value of;nr o108 185h81 0 iﬂtéfrﬁﬁ@ggcéﬁg ﬁﬂotggiogéaf?betukﬂsLED

15 "OFF" (i.e., ceases to conduct). This causes
comparator 130 to trip and produce a logic high at its
output. The presence or absence of an object within
sensing field 170 may be determined by examining the
output of comparator 130. If the output is a logic

20 high, an object is present in the sensing field, if. the
output is a logic low an object is not present.

A schematic diagram of photodetection system

100 is shown in FIG. 2. As shown in FIG. 2, photodiode
110 is reverse-biased with its anode connected to

25 ground through resistor 111 and its cathode connected
to a +5V power source. LED 160 is forward biased with
its anode connected to +24V power source and its
cathode selectively connected to ground through one of
resistors 151-158. Each resistor has a different value

30 (151 > 152 > ... 158). The intensity of the infrared
light supplied by LED 160 is determined by the value of
the resistor it is connected to. For example, if LED
160 is connected to the resistor with the smallest

value (i.e., resistor 158), a relatively large amount



160 is connected to the resistor with the snall est value (i.e.,
resistor 158), a relatively |arge anount

-4- of current will flow through it, causing LED 160 to produce
the greatest quantity of light. Conversely, If LED 160 is connected to
the resistor with the | argest value (i.e., resistor 151), a relatively
smal | ampunt 5 of current will flow through it, causing LED 160 to
provide the | east quantity of Iight. -4- When phot odi ode 110
receives an infrared beam from LED 160, the reverse-hi as | eakage

current across Of cuptepfcwaideflenushaguahvbtt agaussngelEBnéhat 68 across

10 resistor 11hr-6RhEES bhe gIQh§e¥9|?ﬁgﬁthﬁyaBPllfghfo tb@nG@@Sel% If
inverting input_ of operational a i er hrough’ a

anp
hi gh- pass f||teLEmlé690@ﬁeaonpegﬁgéct@othglne51s oanwltbstbeOlazqsstThe

f t d
77" The Bmpl 11 V2885 (100t pur CTOPERRC oLt (F EP 6t BtV IShEIE amghiclTT

t he i nGert ofigcueranbavidl fdopathrough3dt, AcahsesgoLED 160 tol tage VR
creat ed by_ser|§§oggaglgg rggaggoraa % ? %goli%%%32 is applied to the

non-inverting term na eéh the output voltage of
op-anp 120 20 is less tWhantphothdeeﬁelulooreageveshanounﬁuareﬁ bean

comparator 130 kol g, Y61 e PULBILeOh1 98 FURAGD curroh®. gLEBLET than

the threshold v age,
conparator 130 it imdreeses camsimgracvoptage ﬂdObeNgenerahpdtechAQ reads

(P22 o B ks RLIRRE 7L, R RGOSl g ST
120 is al so feditvertingninpatoopuvperiddosaltimplifieny (opRamp) 1he
magni t ude the anplifjer's output roco ut er, 140
selects a resis %Fongu %égéapﬁﬁstﬁfggﬁﬁtLg? %?5%% %ﬂﬁlF?ﬁnﬁﬁgts a
control signal &anddresestdbOlib.ordee gain oD @Ot ausd lhe isteosttyloédt he
light produced Q¥ %Eg ratiolgg'resistors 116 and 117. The amplified
15 output voltage V, of op-amp 120 is applied to the
inverting terminal of comparator 130. A threshold
voltage Vp created by series coupled resistors 131 and
132 is applied to the non~inverting terminal of
comparator 130. When the output voltage of op-amp 120
20 is less than the threshold voltage, the output of
comparator 130 is high, when the output of op-amp 120
is greater than the threshold voltage, it is low.
The output signal of comparator 130 is fed to
a microcomputer 140. Microcomputer 140 reads this
25 output signal so that it may determine whether an
object is present within sensing field 170. 1In
addition, the output of op-amp 120 is also fed to
microcomputer 140 so that it may monitor the magnitude
of the amplifier’s output signal. Microcomputer 140
30 selects a resistor value based on this output signal
and transmits a control signal to driver 150 in order
to adjust the intensity of the light produced by LED
160.



One deficiency of photodetection system 100 is that LED 160, which is
connected to the +24V power supply, is constantly on and therefore
consunming a significant anmount of power. In addition, changing the 5
overall gain of photodetection system 100 poses several practi cal

probl ens. For exanple, changing the gain of system 100 i nvol ves

adj usting the value of the feedback rgsi stor connected to an input pin
of op-anp 120. This is generally undesirable way of adjusting the gain

due 10 to the sensitivityn&fdéPEcPnePPos pRoEOBEtELEODSnabyshem 100 i§put
pin. Furthernore, having an external pin that connects to the input of

op-anp 120 addsthml aeFPit60, whighats t geeReeEed heC obranh24Vi RPWeT whi ch

reduces its  sufhege MBIEbRstAht DPUSH &hd StiRE PRESHR CabnBEnsRYyVed by 15
i ncreasi ng power_ consunption, this solution is .undesirabl e,
Thus, in view ofighefierrgormeunt tohRPdebe In additiamt eChanging blea

phot odet ect®r clyLriist f pRPESA €8c R o CHHEEEN PPYET pbSY S| Sevétayoul d
al so be 20 deg? rﬁ%ﬁlg t%éip?o?/i d% a p(%éot o((:jet%ctor circuit ltahat ha%vana

overal | gain tiREackiCcae REpRAeRY. hyFeb e iey ofhangingtthaagairseStor to
a single externalsRaCkede Mvblves adfUEFFRLY OGle VEIHAVERLLRE é’é%%back

It is therefore "an object of the present invention to provi a
phot odet ect or f¢TkAEOX Heennected ey aAAlesinPpul defire ff poernp eléfs. This

It is another | i nti o . . i de. a.
phot odet ect or ?lpér %%%%%%?hﬁgiﬁi%%ﬁé%o& g%?l%u%‘gg?é gjgﬂrl\?b%g%%j %%? ed by
connectingt@&n esa eitrmalsensitisity oof tithe e =xiererndiiipns at the

o cso Sorse L] lese, S, eekgll coleytly on hECBKEELy | GERlon @
i ndi cati ve of tdmnnects to the input of op-amp 120 adds parasitic
capacitance to the op-amp's input, which reduces its
phase margin. Although this problem can be solved by
15 increasing power consumption, this solution is
undesirable.

Thus, in view of the foregoing, it would be
desirable to provide a photodetector circuit that
operates at reduced power levels. It would also be

20 desirable to provide a photodetector circuit that has an
overall gain that can be adjusted by connecting an

external resistor to a single external package pin.

Summary of the invention
25 It is therefore an object of the present

invention to provide a photodetector circuit that
operates at reduced power levels.

It is another object of the present invention
to provide a photodetector circuit that has an overall

30 gain that can be adjusted by connecting an external

resistor to a single external pin.

In accordance with these and other objects of
the present invention a photodetector circuit suitable

for acquiring and reporting data indicative of the



- 6- relative strength of a light signal is provided. The

phot odetector circuit is configured to alternate between st andby and
active periods in order to reduce overall power consunption. 5

The photodetector circuit includes a phot odi ode and a switch timng
circuit that periodically generates a control signal. Wen the contro
signal is a logic low, an active periqd is initiated during which

t he photodetector may acquire and report Fﬁght signal 10 information.
Buring a portion. of the activ od,, .an . ternal LED i vat ed,
causing it to J&tatdie Frren %:I*f(j’r#t aildeht s ec"]sent unt of
thgt i ghtplﬁjﬁﬁﬁﬁtdcﬁ:dxefdlzfﬁuﬁft qﬁ @ddﬁg@%gd)djoo(&,textnc?te be(t@nafia_ufft s
and generates a photocurrent vari gbl e gain t ransi ppedance ifier
coupled to theﬁﬁ%ﬂdﬁﬁ(iﬂg activgReriods ok QFEisTo & ‘%%d“ﬁ?ﬁagges an
anal og VoldAags RiRAdtdbH. to the anpllfled phot ocur.rent.

Wiile in the active nbde, an auto-zero nplifier circuit coupled to

the transi fpedance 20  &RS i OéZPd&rFﬁlqtﬂre@tI}?éué:nd-lr’&d-%St &e and applies

it to a CYMRAIRLIYdeL idnellid -swiRhC MTRARRY AireitUithaGOMRAiRYicall he
anplified anal og voltage with a preset threshol d val ue taq deternlne

whether it is GRESTETES q &8 tedn signaline Whenedhe Fondined Signade is

anplified signal lioyileaowy5 an a1 vieh@eriiors h%l thth%te@w@r@r whiilchs
generating a l'ogic high at its output. If the anmplified ana%@a

vol tage is gre&@&*ﬂﬂ%%QQQQ?'WW%§WdI@C@§PE@ apﬁereporQ; ppl i es
logic | owigl iti$ Rl 0’ Yui8ng a pot@isd) ofAt‘K'eg'aTc%hvfé a3 JBY o€
coupled to the output 30 of the conparator circuit to filter out spurious
readi ngs. external LEDhisyactifeéedy heasgiingh ifti fongemieradier 2
generates a |OQH%hQ'QHg%%QtrOhs%hﬁﬂﬁb al R AER LWt amountOolE taR¢ the

phot odet ector enters a standb
light signal is reflected onto the photodiode, it

a

conducts and generates a photocurrent. A variable gain
15 transimpedance amplifier coupled to the photodiode
amplifies the photocurrent and produces an analog
voltage proportional to the amplified photocurrent.
While in the active mode, an auto-zero
amplifier circuit coupled to the transimpedance
20 amplifier amplifies the analog voltage and applies it to
a comparator circuit. The comparator circuit compares
the amplified analog voltage with a preset threshold
value to determine whether it is greater or less than
the threshold value. If the amplified signal is less
25 than the threshold, the comparator trips generating a
logic high at its output. If the amplified analog
voltage is greater than the threshold value, the s
comparator supplies a logic low at its output (or vice-
versa). A digital filter may be coupled to the output
30 of the comparator circuit to filter out spurious
readings. |
However, when the switch timing circuit
generates a logic high control signal, the LED turns
OFF, and the photodetector enters a standby mode.



-7- During the standby node, the auto-zero anplifier initializes
itself (i.e., sets its output to substantially zero), and the out put
of the conparator is set to a default logic state (i.e., either a
logic low 5 or logic high). Both the auto-zero anplifier and the
conparator remain in these respective disabled states during the

st andby node so that no data is acquired 98' processed. In this node,
t he power consuned by the phot odet ector circuit is significantly
reduced. The 1 hot Qdet egt.or.circujt es nqQt re-enter .t.he active node
until switch tiq)r]ﬁrpr‘?‘dlgci i Ctad)é“’ r &4 'aﬂ:g’ten@lu Codit9 (?lel}pllrﬁecront r ol
signal . .initi_allliz'bEh;ESLe:ﬁl(f otihey. ,f wtu;; &&sa%t@ﬂlﬁrﬁo?gﬁs of the
present invention w Jbecome nore apparent fromthe ol | owi,ng .
detai | ed descr iSRASHRNGH &4l Yo,ashi) ar Pd t%eemuﬁer?tf tjtﬁ’&éiﬂ“}paféto 18

il lTustrated inddie 2 GOMRAMIINY logic FAWIS . e., eithBd &f URHY 14 On of
the Draw n FI G is a block diagram.of a prior art 20

s
i nfrared p%bt o®& d@gdic high). Both therpytoyzesoy agpHdfdgic afidadihdm of the

infrared PRARASIRT O r 22 i thleGe bespective disabldd Gtatdss @
bl ock di agram of a basic hot odetector Circuit constructed in

accor dance wit Hurdapghe b @odef schéhgite dondaitay dift isgiguired or
FIG 4 is a blegly SRUAM Gh I fode, _t?x%p?h)z;e'rc%%%uﬁfé@ (Pﬂ/ett@ﬁzt or

circuit constructe accordance with the principles of the present
i nvention; photodetectom cirguid &ssehemitficagitdyr amdyces .30 The
{ransi npedence ARl e el QUieudfNeedC et B-enterd 4 GRAIT M Ne
princi ples of the present invention;

until switch timing circuit generates another logic low

control signal.

These and other features and advantages of the
present invention will become more apparent from the
15 following detailed description of an exemplary
embodiment thereof, as illustrated in the accompanying

drawings.

Brief Description of the Drawings

FIG. 1 is a block diagram of a prior art
20 infrared photodetector;
FIG. 2 is a schematic diagram of the infrared
photodetector shown in FIG. 1;
FIG. 3 is a block diagram of a basic
photodetector circuit constructed in accordance with the

25 principles of the present invention;

o

FIG. 4 is a block diagram of a more
sophisticated photodetector circuit constructed in
accordance with the principles of the present invention;

FIG. 5 is a schematic diagram of a

30 transimpedence amplifier circuit constructed in

accordance with the principles of the present invention;



FIG 6 is a schematic diagramof an auto-zero anplifier circuit

constructed in accordance with the principles of the present

i nvention; FIG 7 is a schematic diagramof a conparator 5
circuit constructed in accordance with the principles of t he present

i nvention; FIG 8 is atimng diagramthat illustrates a
sequence for generating control signals; FIG 9 is a
schemati c di agram of switches that 10 are*&nnlenented usi ng CMOS
transm ssi on gates. Det ai | ed Description _of the Preferred

Enbodi nent s FIGL b 35i8 ECBﬁﬁéklaléb?ﬁﬁ?Bfoﬁ RofBEETB8FOr

circuit 200 coné&ﬁygfférl81§859£dé8ﬁ§tﬁuébeahﬁn accoP8hREEPLEEnOthEhE
present invention, Photo-detector 15 circuit 200 preferably conprises at

| east five sectpbhBciprles of)thp presgnht tAvVeRbiewi ode 336, (2) a

transi npedence anpli gl ¢ L6ULtsnatPe Alagbhn 8878 BERbLELES:
circuit 400, (4) a conparator circuit 500, and ? t|n1qg
circuit 2455 20circuit constraetedhim W@op%m@lewethothmpéyntzlmeﬁl 3
has been i nprov o¥E Lhe phi8ht8bh; systens shown in FIGS. 1 and 2 by
repl aci ng anpli??er 1%% mFtE aut 0- zer o anplifier 400 and by the
addition of switch tiningfFIG. 8cigcaitipisy diagrap Bhatwiltwstrateg a
circuit 245 25 ShEQ! Bo XL ERBR) £ LED e r@PL{ &L 815400 and

conpar at or 500. seqlt oG ﬂétoper§§$oﬁ of %otodetector 200 can be
essentially divided into Fi- nBdks, aaﬁCh%mQtyé"dh®@%a@n@f switghest binelby"
node. Duripg th C weet and reports
i nformation gr?éiggg?ﬁggeﬁdggsfﬁ?ﬁ%e stﬁfééﬁT§%§H2ﬁ9§ §§S|gnal on
phot odi ode 336. Durlng the st andby node, however, portions of

phot odet ect or %&Qtﬁffé&Lﬁég%Efg%iéﬁ of the Preferred Embodiments
FIG. 3 is a block diagram of a photodetector

circuit 200 constructed in accordance with the
principles of the present invention. Photo-detector

15 circuit 200 preferably comprises at least five sections:
(1) an integrated photodiode 336, (2) a transimpedence
amplifier circuit 300, (3) an auto-zero amplifier
circuit 400, (4) a comparator circuit 500, and (5) a
switch timing circuit 245. '

20 Note that the photodetector circuit of FIG. 3
has been improved over the prior art systems shown in
FIGS. 1 and 2 by replacing amplifier 120 with auto-zero
amplifier 400 and by the addition of switch timing
circuit 245. 1In FIG. 3, switch timing circuit 245

25 controls external LED 260, amplifier 400 and
comparator 500.

The operation of photodetector 200 can be
essentially divided into two modes, an "active" mode and
a "standby" mode. During the active mode,

30 photodetector 200 acquires and reports information
regarding the relative strength of a light signal on
photodiode 336. During the standby mode, however,

portions of photodetector 200 are turned OFF or



- 9- di sabl ed, and information regarding the light signal is not

acquired or reported. Phot odet ect or 200 does not need to

continuously remain in the active node to effectively 5 obtain and report
l'ight signal information. This is because data regarding the relative
strength of a Iight signal can be acquired and reported periodically

r at her than continuously w thout significantly conprom sing
accuracy as long as the data acquisition (?ﬁ'"sanpling") 10 rateis

sufficient for the jntended application. For . example, if.it |s.
desired to use PhOEBUERecEB SHEOTEALION Legerding PRSxihoby BITRAL obf ect
movi ng at an avebBY&€cquiredebBcrépyoptelien neters per second, a sanpling

rate of 1000 hertz naé englo¥ed so_t hat the photodetector 15 provides
a proximty reading for ebBP{odererhefefOPndoes nolnesd tPavels. If

desired, this s@sRtiR@ofidlg £aMabf in th¥asteivé nEEs OPHDEREEcRI e TP
variety of sensitivi requi rements, Phot odetector 200 takes, advant age

ty ;
of this 5 f a2PtHiR P Rdr REPPRE bieheeRldR2 1 vER LRt IRy FobRsis 20

During standby pBEguséedsthNrE§IPONEHt Shal feldf el S¥Fength &F 4i aghed so
that the overall  power consunption is reduced

. L. In
operation, sw tEhoRehi AR CPR caFTubRed (aif crePorteqPeREPHEA hhY o5eF RSt or

a constant tinme:Rih SHLt sHObusEP wPthSRY &1&elrSehdeby ecshpLothisVig
periodically provides a DATAON control “signal to external LED 260,

aut o- zer o AFPLTRFBradobongnds copfatdracgoisifpion (e TRampbing™)

signal is gol oGk&td 0¥s PAPEPEEELEL For 2We | Sntdhdd® applidktide. MOEG: This
means that anplifier 400 and 30 conpar at or 500 are ‘enabl ed and t hat

inverter 255 CX¥pRARdesl alki hhafletbretF6e5s R EIRRLeELeNIr 780 G and
generates a |ighdnsé ARt . pASEINL B9 dNakn ot Ghing at AW UWNePlqgd he

| i ght produced by LED 260 is reflected ont o phot odi ode 336 (e.Qg., by a
near by object),vélocity of ten meters per second, a sampling rate :
of 1000 hertz may employed so that the photodetector

15 provides a proximity reading for every centimeter the
object travels. 1If desired, this sampling rate can be
varied to accommodate a wide variety of sensitivity
requirements. Photodetector 200 takes advantage of this
fact by alternatihg between active and standby modes.

20 During standby mode, certain components are turned OFF
or disabled so that the overall power consumption is
reduced.

In operation, switch timing circuit 245 {(which
may include an oscillator, a constant time off one-shot,

25 or any other suitable circuitry) periodically provides a
DATA ON control signal to external LED 260, auto-zero
amplifier 400, and comparator 500. While the DATA ON ¥
signal is a logic low, photodetector 200 is in the
active mode. This means that amplifier 400 and

30 comparator 500 are enabled and that inverter 255
provides a signal to LED 260 such that it turns ON and
generates a light signal. Assuming that a sufficient
amount of the light produced by LED 260 is reflected

onto photodiode 336 (e.g., by a nearby object),



-10- phot odi ode 336 conducts and produces a small amount of

phot ocurrent that is proportional to the intensity of the light. As
the intensity of the |ight upon phot odi ode 336 i ncreases, so does the
photocurrent and 5 vice-versa. The photocurrent is anplified and
converted into a voltage signal (TRANSOUT) by transi npedence
anplifier 300. Auto-zero anplifier 400 further anplifies the TRANSOUT
vol t age, produci ng an output si gnal . The gain of transi npedence

anplifier 300 10 a ted ar value of .an ext er.nal

resi stor 335 (RR é}ctj lede B SEhdee A#’s#gﬁ?qe lzlzdﬂﬁournst &pl i ed
to an i nputpmftcnmmrm drhaﬁﬂ(lywmr@dxttuomaiorumartﬁm \Mﬂﬂerfslty of
user-sel ectabl e shql.d val t (.nqt sh e LE 158 . OQUT is greater
than the threshéﬁﬁaadiqgﬁe %} %ggh ensit f 5@ﬁb§ﬂéﬁﬁ?‘§ﬁﬁl(CCNPCUT)
will may be a | qgm:tdmgme 336 Jlrfcn%é@é'ﬁ [ $d @BJ%St e tohe tdvateitd aml t age,

CovPQUT be a ic | Vi ce- versa) Thus,..th ative
strength of allgﬁﬁe %ﬁé% (e#ﬁft LTS St é&é%ﬁ§%ﬁﬁa Q# CHVETEE D
an obj ect) can hmtﬂftaemj]!wbéo)sl@ram NITRANS OU'It)hcbwlﬂxwismfpezmmﬁ at or

500. For exanple i.f, is a_logi.c. hi a sufficient anount
of light has qrequéJC.t eg\‘%ﬁ’[ & S50t &%&%ggoo rEhehg the
presence of an @m;ﬂQIfld'EbWﬂiéﬁfTRHNfS ouer @ldilm:la'fgeof poducdepamatoutu@0 is a

|l ogic | ow, an inade ht has been refl ected .ontg
gt ol ot 330 icamioel B 1B sain.mrd Lranaingerbace GRmILLAN 395

preferablyiltas can b Ridjusted aPwarydhghtdcevaine 9F bhaextiraaivel y

smal | fluctuatiogns i he out put of anplifier 400 will not 30 cause
the output of cdRFasACs Ehange state. During the
active node, LED 260 A@sh%h@dﬁnod@l $36. G ansi opede’cepplldd itef a300,

aut o- zero lifier 400, and conparator 500 cooperate to prOV|de

data regarding P Ut &de FOBPET3L0Lern08 hexR dibj &6t compared with

user-selectable threshold voltage (not shown). If

15 AZ OUT is greater than the threshold voltage, the output
of comparator 500 (COMP OUT) will may be a logic high,
if AZ_OUT is less than the threshold voltage, COMP_OUT
- may be a logic low (or vice-versa). Thus, the relative
strength of a light signal (and therefore the presence

20 or absence of an object) can be determined by examining
the output of comparator 500. For example, if the
output is a logic high, a sufficient amount of light has
been reflected onto photodiode 336, indicating the
presence of an object. However, if the output of

25 comparator 500 is a logic low, an inadequate amount of
light has been reflected onto photodiode 336, indicating
the absence of an object. Comparator 500 preferably hass
a built-in amount of hysterisis so that relatively small
fluctuations in the output of amplifier 400 will not

30 cause the output of comparator 500 to change state.

During the active mode, LED 260,

photodiode 336, transimpedence amplifier 300, auto-zero
amplifier 400, and comparator 500 cooperate to provide

data regarding the presence or absence of an object.



However, when switch timng circuit 245 generates a | ogi ¢ hi gh DATAON

signal, LED 260 turns OFF, and phot odet ector 200 enters a standby
node. During the standby node, anplifier 400 initializes itself (i.e.,
5 sets its output to substantially zero), and the output of
conpar at or 500 becones set to a default logic state (i.e., either a

|l ogic low or logic high). Both anplifier 400 and conparator 500 remain
in these respective "di sabl ed" states-d@ltri ng the standby node so 10
that no data is acquired or processed. In this node, t he power

consuned by photBdeteetprwRéf swischgntimtagttyrcuit 24Hugeder#bes oalet ect or

200 does not re-enter th Lye . pbde i 1 tiplng_clLrcuit 245
gener at es anothe?mBlc hfggféﬁ#%ﬂpgmﬁ%@ﬁfgfg#g#.éﬁémtﬁggs OFF, aﬁ desi red,
portions of photpdeted¢ébector 280renteér208 stamdiey fradxie cat Bdrimg atlse ngl e

“chi p" or integrated circuit . 0., a DIP (dual in-1ijpe,.

packgge) or a'"c %ag?gﬁémﬁéﬁkaﬁ%?léfigﬁ.4€§r1%k5h%£%%es 195?%€ &%r%u1t

el enent s con5aiggdtmﬁihénodbpﬁedtbi@?%%E&nﬂﬂallﬁizfro)jrhmmte$e2&5§%%mjtch
timng circuit 245, ot odj ode , transj npedenge ifjer

bt gero ' Zapicomerrabor "ShE Kechmea: s hR)E gt aulE nod s ace

one integrated ciicdi}.clfhéheaCrsgi@f 16w Can 1¥PEc highpackagen for
exanple, the "top" portion of the can may 25 have an aperture regi on that
allows |ight erri%ltl@ﬁl%}yer 400 | #3p8 2GR PER% 0P OtRPR B LRt F %L phot odi ode

336. The " bREEREEL PREL T QUs Rb1ENe SO IBYICPIHGI thd SRy Glode so

connection | eads for connecting to external circuitry. For exanpl e,
the bottomhay hERRLi1PR 43F% obf RCIVVECBPT FIFREREFUN- | eBRIsERYS )M oner

connection |ead, the)pdw PE e wemestd it deask 430 fs | eaghie Cannpg!
to ext er nal 5)Zé%f 3%) a lead foor_connecting to the out put “of

conparator 500, B#¢SY- a FRekrdekeckinell mpes ok rgisehipRicHe arpive i er
300 to external f&$dsi@fiB3witch timing circuit 245 generates another

logic low DATA ON signal.

15 If desired, portions of photodetector
circuit 200 can be fabricated on a single "chip" or
integrated circuit (e.g., as a DIP (dual in-line
package) or a "can" type package, etc.). For example,
the circuit elements contained within dotted line 221

20 (i.e., inverter 255, switch timing circuit 245,
photodiode 336, transimpedence amplifier 300, auto-zero
amplifier 400, and comparator 500) may be included on
one integrated circuit. 1In the case of a can type
package, for example, the "top" portion of the can may

25 have an aperture region that allows light emitted by
LED 260 to pass through and strike photodiode 336. The
"bottom™ portion of the can may contain a number of
connection leads for connecting to external circuitry.
For example, the bottom may have the following five

30 connection leads: (1) a power connection lead, (2) a
ground connection lead, (3) a lead to connect to
external LED 260, (4) a lead for connecting to the
output of comparator 500, and (5) a lead for connecting

transimpedence amplifier 300 to external resistor 335.



-12- Phot odet ect or 200 can be further inproved by as

showmn in FIG 4 by adding digital filter 235, master/slave circuit
240, and control circuit 250. As FIG 4 shows, digital
filter 235 may be 5 coupled to the output of conparator 500. Digital
filter 235 preferably includes filter circuitry that can accunul ate
and interpret output signals it receives from conparator 500 (e.g.,
up/ down counter circuitry). Such circui2¢y may produce output signals

that are indicative 10 of the input signals received. For exanple, if
conpar at or 500 produces chhotumEstemndwem(bgiam hiegrfurthexsijgam}cmecdikg}tal

filter 235 may resngr nd by. at ut put .
Digital filter ‘i/wrb B aich 041;]?%@&%%1% ‘{Ql%a’tccair}t ?}oﬂi | LTEROUT)
remains at a 15 mat:ﬂrenaisldx&gimmmte ZJ!.I‘CI,I larid dcemajoﬂe&narcsmu 25 mf | nput
signals fromconparator 5 | t t g exa
conmparator 500 may remain @ac% dllgl eqllftcﬁﬁ' 25‘ €?/e | ogi c
| ow signal s Gare dcﬂqﬂleceoto the fdlm'pLﬁOrﬁmrcﬁiI@j’arﬁﬁQ)r Bardf .or mmtsalch
filtering 20 icr.eas he 1ikel.i.hoad tha ut put, of
(i ter 295 wi || oy et e hanahias did e et fat cam ode
336, thereby inGmmﬁﬁmukhﬂdﬁhﬁﬁKMHﬂunpﬁHt outpuihatiegellectiyy r¥bdives from
Anot her way to inprove the (H%fornance of . 25 hot odet ect or, 200 isto

Yer

control the oper&tt SR/ FOURLE Ta YR HY loneFuch

circuits indivi disddyitry may tprctudRsidiiphs tsq g lishithatecaesanikitive
photodetector 200 i.s changing from one phase of operatlon t o anot her

(i.e., fror%ctiQfe Ghsdd s et s3greGpddecand Feirc €x@@prd®)r iitf i s not
necessary that dmfrdtf 500 gridduiddd fo@ia%?xs%tcﬁtt%v%' TN ;l‘é% y, or

that the all _Circuitry remain active for the sane anount of “tine.
The purpose of Edeadis cid@iitalogd Ltar &3 mingyi Feispeadaby generadiagep

divider circuit 1Qyidn¥ et SWd RIBut .0Chigital filter 235 may be
configured so that its output (FILTER OUT) remains at a

15 certain logic state until it receives a series of input
signals from comparator 500 that cause it to change.
For example, comparator 500 may remain at a logic high
until four consecutive logic low signals are received
from comparator 500. Performing such filtering

20 increases the likelihood that the output of digital
filter 235 will accurately reflect the conditions sensed
by photodiode 336, thereby increasing the accuracy of
photodetector 200.

Another way to improve the performance of

25 photodetector 200 is to control the operational periods
of some of the above-mentioned circuits individually.
It is desirable to do this because when
photodetector 200 is changing from one phase of
operation to another (i.e., from active mode to standby

30 mode and vice versa) it is not necessary that all of the
circuitry change state simultaneously, or that the all
circuitry remain active for the same amount of time.
The purpose of control circuit 250 (which may include a

frequency divider circuit or any other suitable clock



- 13- generation circuitry) is to coordinate the operational

periods of certain circuitry within photodetector 200

W th respect to

t he operation of LED 260. Control circuit 250 acconplishes this by

periodically creating 5 additional control signals (i.e

DATA 1 and

DATA 2) from the DATAON signal. Bot h t he DATAON and
DATA 1 control signals are connected to conparator 500 and auto-zero
anplifier 400. Wiether anplifier 400 and comparator 500 10 are enabled or
di sabl ed depends upon the |ogic |evel of t he DATAON and DATA 1 control
signals. For exagexation oheuiARONS S doegidintgh, tife Gipdimtafortad t ches

d ted "S1" wi thi lifier. 400 and t, h
Fros 6 and 7) A HDRGl (G g GO Mg P RRSFASTAR G 2o <

pl aces phot odet egittar r?égpedt &o the ﬁp@l@bidmdﬁ- LE#oVBBCE! |,

si gnal changes . fro i C to | ogic | ow, fhe
opened so that é:r?'pﬁquf]Ite cgﬂ"ﬂﬂ“lgd%ﬁ’zﬁsatg’rl FeFtoaicy

odigirdihe DATAON
1 switches are

&R SAN ed

After a shorg d@cﬁﬁﬂ&@fdéld,cdiﬁﬁdp'm@lalsc'(&Clét FOrgenedid gt DATA 1
control signal. While the DATA 1 signal is a logic high, aTset of

swi t ches dégiFhdihed DA QN tSHigiadnpl i fi er 400 and conpar at or 500
(FIGS. 6 and 7) close, en%ﬂl’ﬂﬁ:@%@?\c'dbp‘ﬂﬁcﬁ DATROM! Idbntrol f@cltc%{a"l%r d,

control circuit 250 generates a 2725 control~ signal, which turns ON
LED 260 and confé& sonnectag dlozé%oélpér’f”@ltloﬂ-’ S0046Mc FUEOMFATR or 500. At
this PO Nt ariNQtFAdat eRr 28R ther Wip] 136V @ NS dadkdtdr 500

acquire and report data. From t he above it can be seen that

when 30 pH& odéfEctFRLASH Takisaldies PependsadPop tdeadadie leveaip@d,

control circuit +220 paief eneking $288l 4 cont ¥PIdikyngn 400 Ry LQERATAt or 500
first, and then turns — LED 260 ON.. This provides some settling t'ime for

anpllfler 400 aM@redoPdPaidt i50@ tloddgehdgie angroup of switches
designated "S1" within amplifier 400 and comparator 500

(shown in FIGS. 6 and 7) are closed, disabling both of
15 these circuits. This places photodetector 200 in a

standby mode. However, when the DATA ON signal changes

from a logic high to a logic low, the S1 switches are

opened so that amplifier 400 and comparator 500 are

longer disabled. After a short delay period, control

20 circuit 250 generates a DATA 1 control signal. While

the DATA 1 signal is a logic high, a set of switches

designated "S2" within amplifier 400 and comparator 500

(FIGS. 6 and 7) close, enabling these circuits. Shortly

afterward, control circuit 250 generates a DATA 2

25 control signal, which turns ON LED 260 and connects

auto-zero amplifier 400 to comparator 500.

At this

point, photodetector 200 is fully active and is ready to~”

acquire and report data.

From the above it can be seen that when

30 photodetector 200 transitions from standby to active

mode, control circuit 250 preferably enables

amplifier 400 and comparator 500 first, and then turns

LED 260 ON. This provides some settling time for

amplifier 400 and comparator 500 to overcome any



-14- internal or transient delays, so that photodetector 200 IS
fully active when LED 260 is subsequently pul sed ON. When
changing froman active to a standby node, control circuit 250
preferably disables circuitry 5 in a manner opposite to that described
above (i.e., LED 260 is turned OFF first, and conparator 500 and
anplifier 400 are disabled followi ng a delay period). Control circuit
250 does this by: (1) first changing DAFA 2 froma logic high to a
logic low, (2) then, after 10 a delay, changing DATA 1 froma | ogic high
to a logic MnﬁﬁrnaijO@Bﬁﬂhﬂﬂuﬁﬂhuyeiay$com@ dtlazy phottanaig teg: HOAT A0

froma logic Io hi d nce rredu the
anount of tine D é%(} Cg\lltyte(!’; Anel L%qsg% q\émgtuib\;&qye dﬁ% of the
tinme that 15 photodetect@me%O@hangammlFafmfangemlwedm@ @gsm@wab%: 500
consunpti on. It i.sahl i angpli fier ar at.or
shortly after E% dﬁﬁ S P& 350 ggffggggéyt%ésﬁgéﬁqm

phot odet ect & 206 eepammmngoppos1&esmurk@u& dlegali bef hb6w@g(dlegran1
illustrating thiEip referred eng_ e/dls bl e seguence iiS shown in FIG 8.

As shown in FIG sﬁ@rF§I§F§ FedittSt40and copparaheired0Poarént r o

CIrCUIt 250 andambﬂdW&er 400phetodésabiler ZBleQlﬁeraH%l&§ '&B%H)? .
"master" or ve.." Faqr I n IS se 0 a

25 predeternlngﬁnt58|ccﬂéVgﬁt gégngoﬁsISBFé B ﬁ} %F66| anggpgh)

mast er/ sl ave C|DAWAIZZ@Qomeadioqlseh&qh tbgaahonc lowGOnbn Olchehl CHiFk 250

conflgurlng8photo et ect or ter. Wien configured as a naster

phot odet ectdr 2809€ anFE?HQPP9 B@E@L&t5§omt§ oRALIEORERBI tei gnapreici .

30 DATAON, DATAok, and [oATAfa)ubasﬁg @nsacéh@caeis:w) changihgn@mﬂeaﬁr at ed
inswitch timn ternativel en input 241

gire
i s connected to9 &98F§|HBWI58|€ %Pgh§|h%gh ?BhseﬁééFﬁawnclock
si gnal ), nasteréet;aéﬁcel lréuut:ea4eh§eaﬁléuﬁt86lfe€imél gmBl 260 is ON to

- 15- only a relatively small portion of the time that
15 photodetector 200 is active, further reducing power
consumption. In addition, disabling amplifier 400 and
comparator 500 shortly after LED 260 is turned OFF
decreases the possibility of photodetector 200 reporting
a spurious signal. A timing diagram illustrating the
20 preferred enable/disable sequence is shown in FIG. 8.

As shown in FIG. 4, master/slave circuit 240
is coupled to control circuit 250 and allows
photodetector 200 to operate as either a "master" or a
"slave." For example, if input 241 (EXTCLK) is set to a

25 predetermined logic level (e.g., a logic low or a logic
high), master/slave circuit 240 sends a select signal to
control circuit 250 configuring photodetector 200 as a
master. When configured as a master, photodetector 200
internally generates its own control signals (i.e.,

30 DATA_ON, DATA 1, and DATA 2) based on a clock (CLK)
signal generated in switch timing circuit 245.

Alternatively, when input 241 is connected to
an varying logic signal (e.g., an external clock

signal), master/slave circuit 240 sends a select signal



to control circuit 250 configuring photodetector 200 as a slave. Wen

configured as a slave, control circuit 250 generates control signals
based on the external signal (EXTCLK) it is connected to rather than

5 the CLK signal. In certain enbodinents, switch timng circuit 245
may be turned OFF when phot odetector 200 is configured as a slave to
further conserve power. It will be apparent fromthe above

t hat several photodetectors 200 nay bé&S5eonnected together to 10

forma notion detector. One way this may be done is by arranging a

group of photodéoteonbrslzamrbuia 260ewbafiguringephotadebechori 206t ak
pattern (not shomn epepding .9 t.he desired appli The anopunt
of tinme each iﬁngde?gg of P£1%%FF9eaﬁa§ %g g?Vl 888g§?0 separate 15
peri ods and aIIomataﬂttBseagbnphatedetentnol591ghalsohhyed on bhe

I hot od d
Prie. This hmy S6heTorsy seqtnbr (EREGRKS Pe FooBhpiEotea cookalndy BigR™ ' °
si gnal (EXTELK)the CLK sﬂ@ﬁ&EE/SKﬁVEeEtatﬂlémﬁéﬁlﬂéntﬂg shétahlommlﬁd

beri od. Each phit CUREBCEAP 908 Gt A RIEAEOBF ot CoadhPibaldzbPgte

signal s enlttedc@ﬁﬂigﬂrédcabvadsMavelnotﬁerther toneBerneepyabral | ocated to

it. By exam ning the outp of each t dete tor 200 duripg its
al l ocated active 25 nggpgf%5dbetﬁ%p35§?€'gﬁo%r ot f ﬂvﬁfgéﬁgobject may
be deternisederanppbﬁﬁaﬁeﬂgcaon@t200 maypbeitonnedEédctogether te this

way i s desjrable because it prevents nea hot odetectors from

hoqui ting W rEBERT R Mokt rayOFFEREST " "O8Y way RTS.P8H By ORBeabivE
phot odet ect or. &8Pranging a group GESphﬁﬂodéotécﬁ@SsOﬁophDhOdekemEOHat
circuit 200 can_be fabricated on a rated circuit

Co o 200 B mvenafel, ST fer ofl iaBrett' Toflanopyhe SeRRLIEnS oR")'
For exanpl e, théh@egiredi appl oBBiSN CONtiRe Ngfowht hbh Bohéedathne 222

- 16- photodetector is active may be divided into separate

15 periods and allocated to each photodetector so that only
one particular photodetector 200 in the group is active
for a given period time. This may done, for example, by
providing an external clock signal (EXTCLK) to
master/slave circuit 240 during the allocated period so

20 that each photodetector 200 is active only during that
period. Each photodetector 200 within the group may
process light signals emitted and/or received within the
time interval allocated to it. By examining the output
of each photodetector 200 during its allocated active

25 time period, the position or motion of an object may be
determined. Implementing a motion or position detector
in this way is desirable because it prevents nearby
photodetectors from acquiring and reporting stray light
signals created by the active photodetector.

30 If desired, portions of photodetector
circuit 200 can be fabricated on a single "chip" or
integrated circuit (e.g., as a DIP (dual in-line
package) or a "can" type package, etc.). For example,

the circuit elements contained within dotted line 222



(i.e., buffer 256, control circuit 250, switch timng circuit 245,

master/slave circuit 240, phot odi ode 336, t ransi npedence anplifier
300, auto-zero anplifier 400, conparator 500, and digital filter 235)
may be included 5 on one integrated circuit. |In the case of a can type
package, the "top" portion of the can may have an aperture region that
allows light emtted by LED 260 to pass through and stri ke phot odi-ode
336. The "bottont portion of the can -y contain a nunber of
connection 10 | eads for connecting to external circuitry. For

exanpl e, the botlo® - mapuifes 256 .f songwiodg cdircuit 25@enseditichn tisday: (1) a
power connecti op;l a I i |l e . to
connect to Eéx?g%ﬁa%%%EDmf§6ér?E?%§%I%gggﬁg% %ggheggpﬁé%%gﬁfhgg%B

out put of di git &rahisippededse @BPld fiexad308r evmreceirngamplifiieandio®pedence
anplifier 300 t l. @3 st.ar . 6 | ead for .connect.i ng
to external Sig%gﬁ?%?%%@r 5%?é5%397§ﬁ§&§a%iFggg?gzégg) ﬁa@ © 1nc&u%eg
schemat i ¢ dPagr am oheaipiteterted erdbodirent I20theotaseansi apedentgpe

anplifier 300 i i I o . I 5 o] ransi_npedence
anplifier 300 né?é?%gpﬁdghg GEO?ntgéigﬁga 8%0?%8i8§g ggg,hggﬁaéPtors
338- 339, r apestore 38yi®ssthatidaiilanwsi $tight amitg8ad. bynl.Egr a6edto

phot odi ode 336 (o] i.Cc d k I P- m.substrate
N th dl nenst onsPaFabBtPtaBoras: Pk BoBfePotEeanySa8. T 182 cpBrEph
sensitivity of mbstiod. afALtWe Hemewey, cohésén a numperi bifcabhnastaoa only

exenpl ary, ;and er.l . i n ectral sensitivities may’
be used if16 9%§§%re % FhﬂgggF%Pganiéﬁﬁgrﬁﬁgo 5%?1?5yhotgofhat 30
phot odi odes i n ggampak, atbeohbytemnmayi heveotheghvllowingt birn a certain

ROt o oaphRERLER Tl T o pounf BB Sa LRl el o
with that of greoundeccnnetyianalkadl) e (BEDs. lead to connect to
- 17- externd® £BBYI6b! Crap s PEDa2£SHT LLSLEDL; X! L89G LS
15 output of digital filter 235, (5) a lead for connecting
transimpedence amplifier 300 to external resistor 335
and (6) a lead for connecting to external signals to
master/slave circuit 240,
A schematic diagram of a preferred embodiment
20 of transimpedence amplifier 300 is shown in FIG. 5. As
FIG. 5 shows, transimpedence amplifier 300 may include
integrated photodiode 336, capacitors 338-339,
resistors 331-335, and transistors 321-330. Integrated
photodiode 336 may be fabricated using an N-well in a P-
25 substrate with dimensions of about 500pm x 500pm and a
spectral sensitivity of about 0.4 A/W. However, these
specifications are only exemplary, and other materials, ~
sizes, and spectral sensitivities may be used if
desired. In addition, it is important to note that
30 photodiodes in general are only sensitive to light
within a certain bandwidth (e.g., infrared). Therefore,
care should be taken to fabricate photodiode 336 so that
its sensitivity range is compatible with that of
commercially available LEDs.



applied to vdd term nal 310 of transi npedence anplifier 300, a current

mrror formed by resistor 331 and P-channel transistors (PMOS) 321-322
starts to 5 conduct and reverse-bi ases photodi ode 336. Assum ng

that no light within a specified bandw dth strikes phot odi ode 336, it
behaves simlar to an open circuit and conducts substantially no
current (except for a smal | "dark current” which is discussed in nore
detail 10 bel ow). As curremk?flows through PMOS transi stor
322, di ode connected N-channel transistors (NMOS) 323 and 325

turn ON and start to condd& Shpwrs FHéusés thernptthaufficientyigisiasgs i(F | e.

324 and 326) in4 fé%f@@fd@'ﬂ&%l%ll@ld“gf %’Farfglrlrﬁférdécrﬂfémd by NMOS
transistors 323-326 t al so turn ON and conduct . NMOS

transi stors 324 ampllfdrﬁ:l-’ 3 rarde cCOyreaty slirage |f§r§@ﬁ5erkétt é@sei'tsﬁqre dnmon
gate of PMOS trangi HQlhnided ac&%n%%%twscwwsr)s INeMro stdhbs HY s causes

a current to flow through resistor connected to the source of PMOS

transi stor 328, Condu@erﬁéﬂatﬁeﬁfgir@e\r@lltaé@@ dhotegd oglz7 33fhe Veisuagagat
node 337 contr 0|t‘§1atﬂ”"?1ogelt1%'r&0%o%‘i‘%ll‘ﬁ°| t%g,%c(l\f[l%rdr]b) l@\,ﬁﬁstr k:?%sr)anm st or

330. PMOS transistor 3307 s ased transi stor and
resistor 333. Nedetgiidds A36,25t b@@@ﬁl@d stigiRRIDS tior @ms iopteary <33T uilr ough

coupling CapRoidpndid JMshan1shal bl LG Atk tdhdon 3

i nci dent upon photodi ode 336, transistor may produce

TRANSOUT si gnal sigdtl Hgark FAIrrensas sl ich ﬂﬁedmﬁcussedmhmsmp@@eﬁ@é@lﬂrom
PMOS transiigt or y34%)30 However, when a sufficient anmount of
light is i nci ent upon photodi ode 336, it starts to conduct,
diverting current away f r & @usdentofAewsedhxpogh PMOSt tasisisdos 322, and

325. This causeg;tfie %%Wétct%gl N-chafifle &ere&agsap%o% ! f%@%' S 328240

and 326 to ease, there i ng t voltage a
conmon gat éugh QNCBndr§ﬁ§¢§t@psC@B¢u§md SZSlSThayseedm©esother

transistors (i.e., 324 and 326) in the cascode-connected

15 current mirror formed by NMOS transistors 323-326 to
also turn ON and conduct. While NMOS transistors 324
and 326 are ON, a voltage is generated at the common
gate of PMOS transistors 327 and 328 which turns them
ON. This causes a current to flow through resistor 332

20 connected to the source of PMOS transistor 328,
generating a voltage at node 337. The voltage at
node 337 controls the gate—sourée voltage (Vg) of PMOS
transistor 330. PMOS transistor 330 is DC-biased by
PMOS transistor 329 and resistor 333. Node 337 is AC-

25 coupled to PMOS transistor 330 through coupling
capacitor 339. When substantially no light signal is
incident upon photodiode 336, transistor 330 may produce-
a "DC" TRANS OUT signal that has a value based on the DC
bias received from PMOS transistor 329.

30 However, when a sufficient amount of light is
incident upon photodiode 336, it starts to conduct,
diverting current away from diode-connected NMOS
transistors 323 and 325. This causes the amount of

current drawn by NMOS transistors 324 and 326 to



current flow through resistor 332 causing the voltage at node 337 to
drop-off which, in effect, produces an "AC' 5 signal at node 337. This

AC si.gnal will change gate- source voltage of PMOS transistor 330
altering the amount of current it conducts. This current passes

t hrough external resistor 335 generating output voltage TRANS QUT. As
the intensity of the light signal on 10 photodi ode 336 increases, the -
anount of current diverted away from digde-connected NMOS transistors
323 and 325 i ncreases, further increasing the output voltage of

amplifier 300. Theceowapdl tvhéteye [IRANDAYTEhef voltaganpki ther cdfifiohs

Bhot odi ode 336, 9=Ee or BubS° ek STk aks] 322 an; okt o rperpEraLErs the
coefficieﬂt of exstereat fngstngoBQE réb@st@taBBQagauQing thgph@l@d@%ﬁgtor
200 (which is te ependen juste stanti g
linearly. This a$$§ 532 © grﬁﬁ- %%hﬂﬁbﬁhthén ﬁg?%EviP§°§Fcﬁﬁo?8de@§ctor

200 so that Bt 51gn§yl&abhﬁdé033dete£hi§gAtl§D§n§l9ﬂ§l§ @ﬁaﬂ@éygﬂﬂe—
intensity over a broad ra¥ge of %e erat ures

desired to use photbdet¥ibrIeod!t aE13S tranﬁ?ﬁ??ﬁ1§9°d@fEegng FP% galn may

be_a?Justed to S@méﬁnﬁ5ofob?ﬁﬁéﬁtaitggéfaaét§?|Y¥%§s ?uﬁtéﬁgeiéﬁséb a high
gain or at.a relative short di stan W a low gajn

Lol antial Ty | nEereRgRr Y tea Ee el ster S5n dborrachar SOtDhperet fagey
this configuratitrans otrat Qméyt@@elﬁﬁéﬁéﬂay of th@l DigBtl eg4haedoh 0 adj ust
t he gain of hotodete {or gg 30 This is ni ficant i rovement over
prior art s@@teh@ho © 1?ﬂ%t O ptREF$3SeRedt ?%oa PRI QT conheeRrt a9t verbRe k

resistor to an ogesptfesal dfmé%d;mﬁeé@e@om@$ sYsh€MEtors $2BNand 325
-19- In FIG t he, %%se of capa0|tor 338 is to

band-limit the f+%ﬂﬁ%ﬁ%@soff¥ﬁ%h%¥ Fredsidethg7ouput voltage ofn

frequency si gnal smandr 1oF sSo@! e ThétSligsuPWoltage (PRANSPOGTSIgpal at node
337 is AC-coupl ed through
amplifier 300 is generally proportional to the intensity

15 of the light impinging on photodiode 336.

By properly choosing the temperature
coefficient of external resistor 335, the total gain of
photodetector 200 (which is temperature dependent) can
be adjusted substantially linearly. This allows user to

20 change the sensitivity of photodetector 200 so that it
suitable for detecting light signals of varying
intensity over a broad range of temperatures. For
example, if is desired to use photodetector 200 as a
proximity detector, its gain may be adjusted to sense

25 objects at a relatively far distance (with a high gain)
or at a relatively short distance (with a low gain)
substantially independent of temperature. An additional”
benefit of this configuration is that only one external
pin is required to adjust the gain of photodetector 200.

30 This is a significant improvement over prior art systems
that typically need two pins to connect a feedback
resistor to an operational amplifier to adjust system

gain.



5 capacitor 339. Capacitor 339 and resistor 334 forma hi gh- pass

filter that cancel s-out a DC offset created by a small current signal
that is produced by phot odi ode 336 when substantially no light is

i nci dent upon it (i.e., the "dark current”). PMOS transistor 329 and
10 resistor 333 provide voltage to DC bias the gate of PMOS

transi stor 330. As nentioned above, the val ue of external resistor 335
may be sel ected by the user to set the9gain of anplifier 300.
General |y speaking, as the val ue of external resistor 335 is increased

the voltage 15 gain of EmpFl&i b, 30t ipwrpeseLhmbpacictarrd3e is to

The out put volt 11@@”? r q§ﬂ§ ier 300
is further anpli |%dl y q:ﬂ-éaf)rtto zer%g(yn%ﬁ el'eérlg}%gl rgA)ése ovvn3a’in:p %f%

aut o- zero oot iHigh mwmmmr&lswnihm%mmﬁlﬂzem oW tches
460- 463, capaci 444 i-popal ) 445,

The out put of t%rgénm %‘&t 1%n£fdat9 (félfl er %&%%ﬁ’r%l S C Ied to an
inverting 5 dagatitim 339 op- %ann@dl‘:blt H’r?zﬁugﬁm@acr@ﬂaﬁomolﬁﬂ eitbrm a

swi tches 452 a 6 Zﬂgg t 44 fee c

from out put 47 (‘fdhg}?)ﬁals?rp& It 19|{a%ts éané&é]isﬁvgpcﬁl ng 1 npﬂteé Velé%%a%i CP%& udes
swi t ches 450- 45l sthD], currem!ndsxmma]citﬂmt V%I % pro@uc&kd)\hy iphdAlddidgie when S2

switch 460 is 11063 hand lﬁ}séﬂélm%%oﬁ%’htare dee}lt uporI eetdback pat h

from out put 47 i ng 1 npu resu rough capamtor 442.
In this instancei.e., tlop- aiqrm4sﬁlnx$rﬁﬂﬂf| glmms atsraarsmsﬂcegrzﬁsnramd can
anplify sigpals rec ve on1tra denc fler (

t he enabl nod?eesojf dBi%rporo"l [@1 ‘%r?er?tlsgl@la tch

460 i s open andransistor 330. As mentloned above, the vaKHb of

swi t ches 450-451 are osed, .bot verting | and 0 ut 470
are shorted to St C]grliﬁﬁfus*‘_(qlhmsj{'é“a%é)e Sd1y tseéjoljbé’d% &ero

anplifier 400).the gain of ampllfnlkmomo nve;dnmﬂhwlﬁpefhﬂ&r@, %aﬂ‘ié 445 is
5.t Coupled to anal og round iy oudh 3 netwark fhat JNClfSSe vorc3he
15 gain of amplifier 300 increases and vice-versa.

The output voltage (TRANS OUT) produced by
transimpedence amplifier 300 is further amplified by
auto-zero amplifier 400. As shown In FIG. 6, auto-zero
amplifier 400 includes S1 switches 450-455, S2

20 switches 460-463, capacitors 441-444, and operational
amplifier op-amp) 445. The output of transimpedence
anmplifier 300 (TRANS OUT) is coupled to an inverting
input 471 of op-amp 445 through parallel coupled
switches 452 and 461 and capacitor 441. A feedback

25 network is coupled from output 470 of op-amp 445 to its
inverting input 471 that includes switches 450-451, 460,
and capacitor 442. As shown in FIG. 6, when S2 -
switch 460 is closed and S1 switches 450-451 are open, a
feedback path from output 470 to inverting input 471

30 results through capacitor 442. 1In this instance,
op—amp 445 is configured as an integrator and can
amplify signals received from transimpedence
amplifier 300 (this is the enabled mode of auto-zero

amplifier 400). However, when S2Z switch 460 is open and



capacitors 443-444. As shown in FIG 6, when S2 sw tches 462-463 are
cl osed and S1 swi tches 453-455 are open (during the enabl ed node) so
that non-inverting 10 i nput 472 is coupled to anal og ground through
paral |l el - connected capacitors 443 and 444. This matches the

network seen by inverting input 471 when op-anp 445 is configured as
an integrator. When S2 sw tches 462-463 -20-are open and S1 switches "
453-455 are closed (during the 15 disabl ed node), non-inverting input 472
is coupled in S1 spdtehksl 450- asalagegbmusddanﬂoparahbehtd@@nampai 471
capacitors 443 and 444. Thi s matches the network.seen i.nverti

mput 471 when GBCafliCRES 1300PERLFBR lod o"8na135 Grgyng (pd f5 thY
circuitry Connediedbl@dnﬁbdeZBf atlBgekkirbganpplEié?r24i09)a virtual "copy" of
t he network connected to_invertin put 4 prowde%I4 ut,o-

n hi
oro amel i er 400 with dosPoROByTREERLipARt PR TR0t Boohnte duBh iR
non-linearibi escauphedstel aakibgegrbbh@ughrough anfletibriRoichetexpeniuaesed

desi gn - oynibt PyChAeR; 4%3nancer REbaRes] A6 #E00. eARough. 1L

wi Il be understeggachevesenqsthay thpsnghwhRhkin FIccoBpeghed 5o
non-inverting |n§ut 472 regresents a preferred enbodlnent of th
present inventi8HihfBeFs4RET 486 ar%s%éﬂ??ﬁla?GrSBpEWéFFBﬁS 4§3r4é§aﬁﬁ?e

non-inverting openlm&uklﬂ§2tﬁ@UéﬂaﬁﬁeéoﬁaééiegodthéﬁtthLQnﬁaﬁtﬁﬁgground
W t hout advgrse affectlng the operation of auto-zero nplifier 400.
-21- input ¢y2| & aGPBP%%?ot%nﬁPF%P%rgﬁ@@“?stﬁrgﬁﬁheaaralleloutput

470 is ConneCtedoﬁﬁeéﬂéHOGaﬁé@ﬂBQréh4@99§n§1444 SMi 5ChgschAel- 4hd.

However, when DATAON changes from a 0gi C h toalogic low the S1
switches are opBREHOTS Se%ﬂdbﬁoh?V%FtngchPPu§567geﬂﬁﬁﬁt@Q a"PATAS118i gnal .
Thi s causegofi gt £ahgs 4801 Abdgt o6t OSewnenNadhi 8@itchesadBhlhbgr 400.

At this point, auto-zero anpllfler 400 is ready to anplify input
si gnal s fron1tr%ﬁg|9@@@eﬁ@@ S1 switches 453-455 are ' closed (during the

15 disabled mode), non-inverting input 472 is coupled in
parallel to analog ground and parallel-connected
capacitors 443 and 444. This matches the network seen
by inverting input 471 when op~amp 445 is disabled.

Note that the circuitry connected to non-

20 inverting input 472 is a virtual "copy" of the network
connected to inverting input 471. This provides auto-
zero amplifier 400 with design symmetry that tends to
cancel out non-linearities such as clock feed-through
and 1/f noise experienced during switching intervals.

25 Switches 452 and 461 are also provided for design
symmetry and aid in canceling out clock feed-through.
It will be understood, however, that the network
connected to non-inverting input 472 represents a
preferred embodiment of the present invention and is not

30 essential for operation. For example, non—inverting
input 472 could be connected directly to analog ground
without adversely affecting the operation of auto-zero

amplifier 400.



anplifier 300. Followi ng a short delay, control 10 ci rcuit 250 gener at es

a DATA 2 control signal that pul ses external LED 260 ON. If an object
is present, a portion of the light signal emtted fromLED 260 wi ||
refl ect onto photodi ode 336 causing transi npedence anplifier 300 to
produce an out put signal (TRANSOUT). 15 Auto-zero anplifier 400 further
anplifies the TRANSOUT si gnal produci ng AZOUT which is coupled to -

i nput of conparator 500 shown in FIG-21- As shown in
Fig. 7, conmparator circuit 500 may include S1 switches 503-504, S2
swi t ches 505-506, S3 20 Whilehawt&ode 50 2amphbbidr of @0 5Dy-dbseblederters
510- 513, I 0, nd. t wo- it S\ 5 V,

510-513 are conﬁ%‘g{%‘g@iwgeﬁ eéé@r&mgé)%&%%gg%u%%ﬁ%fg%pouﬂai%{éﬁ@ %113

coupled to the sswifcipes 450+49Lth FROveWdwe, when iPATA QN ¢hargerfmio 4 s

connected to ca L10ns: 507: 50 . a?ﬂrt i €. of
inverter 510 naf/)f&éig 1?:%) pI%ét% %é%iﬁ' r’oﬁ% ngws‘%/&ﬁ]%%pé%la%;? ?%&géﬁ
threshold 5 vadagentfelr¢iteudt, 28boyenerdtasd a MARN Higwilch Boks

I nverter 510 may coalpl.e: ound. h ' 504 or to
hysterisis vol ta%%?%? %%ﬁﬁ%ﬁ% aﬁt&gi. gt':’%)c%sew ?réa.cﬂg!.%r%a]bout 0.5V

t hrough S3 switcdmplifi&N24@hd tAdb-iposks tpemtswidawto538ro amplifier 400
During standby e, Sl swt . 503 e it ches
D05, £06° g o8 o8 Sxeddly oL ' BHSPs APl %%%Paﬁrf’%%’?t %ﬂp}g‘r“%‘j, ' o 521
is connected to amplifier 300. Following a short delay, conrt2él

threshol d vpltage Vlerr] d_node 523 | Apupl ed r oun t.hrough S1
switch 504. rig%lgr *Elet n2ex ?‘rél;h cejr%$es 3’ opefpiat%goorh‘?r%lomev%?a}l (tfk.laetj?.', t he
active node), thauDpdA@kternakiLil2é®ces Bf lagicbjeavt opamespr8l, a

chitches 03 S04eiofit AL BREOTRA |90 A D) Yl n 6 g ohes
S3 switches 501-56Pleduromigo tphot@diods,336 caumitey SXan simpsdended to
ﬁg?cjrl; ggg B?g\e/i g%g;?fyisffeofjpg(?(? to prc;[é)uchélsa;[nercgu Ilzwsutvosli[gargael V{.ﬁ{;{r}s_(&fﬁu.m ng
15 Auto-zero amplifier 400 further amplifies the TRANS OUT
signal producing AZ OUT which is coupled to input of
comparator 500 shown in FIG. 7.
As shown in Fig. 7, comparator circuit 500 may
include S1 switches 503-504, S2 switches 505-506, S3
20 switches 501-502, capacitors 507-509, inverters 510-513,
latch 520, and two-position switch 530. Inverters
510-513 are connected in series with the output of
inverter 513 coupled to the set input of latch 520. The
input of inverter 510 is connected to capacitors 507-508
25 and to S2 switch 505. The input of inverter 510 may
couple to AZ OUT through S3 switch 501 or to a threshold
voltage V; (e.g., about 2.5 V) through S1 switch 503.
Inverter 510 may also couple to ground through S1
switch 504 or to hysterisis voltages V, (e.g.,
30 about 0.3 V) or V; (e.g., about 0.5 V) through S3 switch
502 and two-position switch 530.
During standby mode, S1 switches 503-504 are
closed, and S2 switches 505-506 and S3 switches 501-502

are open. During this period, node 521 is connected to



10 reported a logic |ow, otherw se node 523 would be coupled to
hysterisis voltage V[err]). Wen conparator 500 enters standby again,
inverter 510 will "conpare" the previously received AZ QUT signal

wi th threshold voltage Vlerr]. If the difference between the AZOUT
signal and V[err] 15 is greater than the value of V[err], the output of
inverter 513 and latch 520 to becones a | ogic high. On t he ot her hand,
if the difference between the AZOUT s¢gnal and V[err] is less than
Vierr], the outggt of inverter 513 and | atch 520 tQ output a logic

low. 20 reshpidoleptingsf Vi anch mHe ddderd® ce3RYes & groun

two- posi tion swhebugROsi SsHPPBRCEGM. t ODRYSAET £8é Snext my@btage V3 or V2.
When the output of latch 520 is a . logic’low, two-position switch 530
i s connected tooperathgB: ehpWe¥eyol {age. V[ ere]ackive medoli 0he RATAON

However, 25 — whep,ife,oubpul of 15@%“1&396 eﬁiﬂg?géf mﬂ\@ch%‘) 03-504
position switch 530 1s connected t ysteflisis voftage ?e.g., about
0.3 vol ts).5 ThardpkhlAdbsbeoopasadotogic himo eleding Sdhotmttdiehys®erisis
equal to the di re e N, t teL L St Se Vol r] and
Vlerr] (e.g., a %gf Q§QXtO.Eh€O?%§§TZ QngXf ﬁgééﬁésT% %§§%§t$%.e t he
above- descri bedctospagi §dnswitches hdIeS02t ai Puriugsihibs péweiddl | owi ng
exanple. Durin e; t?gg@ e i e i o) ol d
vol tage V[err] ?n?%? g?%fajb%u éc{\f/'%ﬁ't% rb?%fe%[ﬁ%h]aﬁ Igév)\(?%]c"%fdlé Cé&gf&p

-23- 503. tThehpotenhs ps avel bige dpadiaseumdad iletcbn®et edevdouslygr ound

t hrough S1;swit e v . c i, ches 503- 504
open and §5§smﬁfg%ggé%%¥ga£%&fg f@%@ %#%EE&H?@D&é§§tégﬁyégﬁfagéénal becones
a |l ogi c high 5 coupbed3teviyshesiSDd wmbt&HLR &) oseWheThicomparsdert 560t op

pl ates of capaci 507 - t rg At chi NG, €S d of

i nvertor 510. I%ﬁg‘%g% %%%@%gyt %gli}g’t t%nn%;gréé%lg%e vgjfwgap%%lﬁ%rg 50 %o
charge to the veterioisiwQfceived A%.QUI. Sigmd t syiEndchtesthmtd ooltage of

capacitor 507 19 = 4G GhAr 9f A kh%e’ Helfielh BHR!RY bt Lhade ke,
15 is greater than the value of V,;, the output of

inverter 513 and latch 520 to becomes a logic high. On

the other hand, if the difference between the AZ OUT

signal and V,; is less than V,;, the output of inverter 513

and latch 520 to output a logic low.

20 The output of latch 520 determines whether
two-position switch 530 is connected to hysterisis

voltage V; or V,. When the output of latch 520 is a

logic low, two-position switch 530 is connected to

hysterisis voltage V; (e.g., about 0.5 volts). However,
25 when the output of latch 520 is a logic high, two-
position switch 530 is connected to hysterisis voltage

V, (e.g., about 0.3 volts). This provides comparator ~
500 with an amount of hysterisis equal to the difference
between the hysterisis voltages V; and V, (e.g., about

30 0.2 volts).

To illustrate the above-described comparison
in more detail, consider the following example. During
the standby mode, node 521 is connected to threshold
voltage V,, (e.g., about 2.5 volts) through S1 switch



(e.g., 0.5 volts). When conparator 500 returns to the

st andby node agai n, node 521 has to change from about 1.9 volts to
back to the V[err] threshold voltage. This nmeans that 15 node 521 has to
change fromroughly 1.9 volts to 2.5 volts, a difference of about 0.6
volts. At the sane time node 523 has to change from ground to about
0.5 volts, a difference of roughly 0.5 volts. This creates a net
vol t age change of about 0.1 volts at node'@?? 20 mhich is anplified by
inverters 510-513 to produce a at t ut _of inv

ic hi h g§ I ter
513. In this ca®®3. The W@t&@‘b@tla&ﬁ Iogt@lfil Eét@éu NGS5 g\ﬁi tch
530 to dis 1er|wsl|t§:th,lot4agew‘ﬁ[e%r rt-]heargttqwa@det o]
hysterisis voltggg $I7ierrr%!H N he output of inverter 513 dy be
applied to cmTansp Il @rwutwms 503 - 5ﬂ4eOIBRPA321dS|S§n£WJ1W
connected to th nput h hySiait B dahdEaeneyighed
by latch 520 m%ﬁlr&gl éee ‘va INe aclth% Di%%—czo-r%pgflgtor é:génelss in tg%e st?r?dby
node. 30 5 and s3rhm$1;he@@ 50dn@rSB 59 tdiese -of ThHe Frawas the top
invention are pr r abl | ement ed _ LAY S SRR Ga
but any suitabl é’ 1T f C ernentrgf> Slﬁ %8 ec&s?egelt ft%gem red. Fortn%s
exanpl e, the Sltﬁihshnﬂﬂfﬁf invertor 510. It also causes the bottom _24.
swi tches may i npl.enent using .eit f ot Idfeg _OUT
transm ssi on gatpe}?r%(?etgrc ! tor }B%rs to Jﬁ%z@%%‘@%&ha Vr?q%%cd
t wo- posi ti on swi{&ly.530 J/mwolts) lmd rmieermmenh rsliarige pvefraiamlcldmxplfnéﬁ

transm ssion 5 gates 610 a 620.. Tr si.qn d 620 may
i ncl ude NVAS ¢t r difsihanee é'ﬁbr]tj??d B ¢ | B orﬁss%é’%sltajgoet hat are

connected to ong @%h@ suditdiat the dr ain of Pl\/m 630 i s connected
to the source of N 640 and vice ver sa thou gl S ~SW tch"
during operation). An 10 W%HQ?}P%‘H%S@C% t ndg’(es of
the transi s{fes addiH N ddRNBP IS HAN tgﬁtcelaﬁﬂg% (ﬂro@n a3 1630 volts and

NMOS 640) so that a signal applied to the g
) to bacéJto tﬂg)vg threshold voftage This means that

15 node 521 has to change from roughly 1.9 volts to 2.5
volts, a difference of about 0.6 volts. At the same
time node 523 has to change from ground to about 0.5
volts, a difference of roughly 0.5 volts. This creates
a net voltage change of about 0.1 volts at node 522

20 which is amplified by inverters 510-513 to produce a
logic high at the output of inverter 513. In this case,
the output of latch 520 causes two-position switch 530
to disconnect from hysterisis vbltage V; and connect to
hysterisis voltage V,.

25 The output of inverter 513 may be applied to
one input of latch 520. The DATA 2 signal may be
connected to the other input of latch 520. Thus, the
data generated by latch 520 may only be valid while
comparator 500 is in the standby mode.

30 The S1, S2, and S3 switches of the present
invention are preferably implemented using CMOS
transmission gates, but any suitable switching elements

may be used if desired. For example, the S1, S2, and S3



one transistor (e.g., PMOS 630) is inverted at the gate of the other
transistor (e.g., NMOS 640). This allows 15 both transistors of

transm ssion gate 610 to be ON or OFF when control input 660 is a
logic lowor a logic hi gh, respectively. The opposite is true for
transm ssion gate 620 (i.e., gate 620 is OFF when control input 660 is
a logic | ow and ON when control 20 i nput,, 660 is a |l ogic high). '

As FIG 9 shows, input 611 of transm ssi orf 4" gate 620 is connected to

hysterisis vol ta n 601 qf tran Si ate 610 is
connected to tﬁé&%CY‘esnﬁyeﬁngﬁlf“&&tteggéls\? rfglr%rﬁ%n 860 i s
connect ed 25 dE%dﬁﬂbeaﬂﬂnﬂhsﬁiésabmhg&&@s(@@MPGUTﬁzand to the gates of
PMOS and NMOS transi stor mﬁ&pin t.ra '32;%? g es 610t%%%§

the signal applied-to contt §CWR I §ut-660 HW& KIS 3&8n|&Wl rﬁﬁglstor
640' and PMOS be ﬁzrpareﬁie‘htt@d @3Q'ng @awaaﬂ%rli—sz&h@ﬂe@atteaﬁéﬁuars&oﬂzF whi l e 30

NMOS tranS|stor ranS|stor 630 .i sn135| ate 610
e o T sariis 1D Gra 020> ellml St ol gates, SRoand SA0 RN 601

of tr ﬁns mlml@ﬂ@@lll‘@sfslﬁ‘aml@tbg%t 6@?2 anlanless twansistors 630
- 25- ysterisis volta V3 may be sel ective ected to |
capaci tor 507. that are’ con eCQQ§N§Qean-@npﬁge§|§ § it getGIE&HtPSI

i nput 660 is apvos G gk d&h«i@@c&é@ t@m&hel\/lasu@&@ OfNNBIOS BU@Nefids¥iee gate
620 are ON while NMOS 640 and PMOS 6 in transm ssion %ate 610 are

OFF. This al | oW§¥rsa (aﬁi?PgﬂmsF§l§oP?§geSVF@FPT PYLPRYs OPREALRPUL 688 of

transnm ssii@n gahee@2@rt @seutiRUicobhécted bRitkewaY the gateaPad t@e 507 nmay be
sel ectively connected to hysterisis 10 vol tage V2. = Because the NMOS and

PMOS transi st oit§agpistorsomiyhdme trpasgwssiran 9g&ee 62810 loe-628)08ak30e ON
at any 0l Vel b eQlohheb hysler '%'1§n¥a‘2' bpge i ¥kethl ik g[a%rbfcan be
connected to capacitor 507 at any one ersons skilled
in the art w | Pngppragisdsgor (e.g., PMOS 630) is inverted at the gate
of the other transistor (e.g., NMOS 640). This allows
15 both transistors of transmission gate 610 to be ON or
OFF when control input 660 is a logic low or a logic
high, respectively. The opposite is true for
transmission gate 620 (i.e., gate 620 is OFF when
control input 660 is a logic low and ON when control
20 input 660 is a logic high).
As FIG. 9 shows, input 611 of transmission
gate 620 is connected to hysterisis voltage V, and
input 601 of transmission gate 610 is connected to the
hysterisis voltage V3. Control input 660 is connected
25 to the output of latch 520 (COMP_OUT) and to the gates
of PMOS and NMOS transistors within transmission
gates 610 and 620. If the signal applied to control
input 660 is a logic low, NMOS transistor 640' and PMOS
transistor 630" in transmission gate 620 are OFF while
30 NMOS transistor 640 and PMOS transistor 630 in
transmission gate 610 are ON. This allows the V,
hysterisis voltage fo pass from input 601 of

transmission gate 610 to output 602. In this way,



15 that the present invention can be practiced by other t han t he

descri bed embodi nents, which are presented for pur poses of
illustration and not of limtation, and the present invention is
limted only by the clains which fol |l ow . 20
-26- THE I NVENTI ON CLAI MED | S 1. A photodetector circuit
conpri si ng; a switch timlu;égjcuit that periodically

generates a first control signal; a phot odi ode circuit that

roduces a first signal in response to a }Jigh [ ' ' [
Bhotodiode Circ@g§é%risis voltage V; may Legsglgé Q@él&ngbgﬁgatggogosa'd

capacitor 507.
However, if the signal applied to control

input 660 is a logic high, NMOS 640' and PMOS 630 in

5 transmission gate 620 are ON while NMOS 640 and PMOS 630
in transmission gate 610 are OFF. This allows
hysterisis voltage V, to pass from input 611 of
transmission gate 620 to output 612. In this way,
capacitor 507 may be selectively connected to hysterisis

10 voltage V,. Because the NMOS and PMOS transistors of
only one transmission gate (610 or 620) can be ON at any
given time, either hysterisis voltage V, or V; can be
connected to capacitor 507 at any one time.

Persons skilled in the art will appreciate

15 that the present invention can be practiced by other
than the described embodiments, which are presented for
purposes of illustration and not of limitation, and the
present invention is limited only by the claims which

follow.
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a first anplifier circuit coupled to said photodiode circuit that receives
and anplifies said first signal such that said first anplifier circuit
generates a second signal that is indicative of said first signal; and

a second anplifier circuit coupled to said switch timng circuit, said
second anplifier circuit configured to receive said second signal and
generate a third signal indicative of said second signal when said first
control signal is received fromsaid switchétimng circuit. 2.
The circuit of claim1l disposed on an integrated circuit device.

3. The circuiXHEcINVWENTTION cCHARMED{ISt her conprising a conparator circuit:
having hysterisis coupledjto Sﬂjﬁhéﬂ@&é%béééQr%ﬁf%ﬁfﬁiéo Lo gid second
anplifier circuit, said conparator circuit configured to recelve and
conpare said third signal to aat$wiktl| dinihaesinendt comprpeviodiczlly
produci ng an o ' ' S 0, | oh conpari son. 4.
The circuit de?#%&%ﬁ%%?%?%iﬁygégﬁggggﬁaéa?% Gghbarator circuit perforns
sai d conpari son when said first pootodiode gnbrcust rigeat viexbdwoss sai d switch
timng circuit. g ; . ; . = A

The circuit defifed it oPam3 WHERFH B o cOHpar a?%‘%‘%%ﬂtlp%‘fl%‘?%a‘ﬂp?s%

i ndi cative of asridtphsiegiodesaidchight signal incident upon said
phot odi ode circuit.

a first amplifier circuit coupled to said
photodiode circuit that receives and amplifies said
first signal such that said first amplifier circuit
generates a second signal that is indicative of said
first signal; and

a second amplifier circuit coupled to
said switch timing circuit, said second amplifier
circuit confiqured to receive said second signal and
generate a third signal indicative of said second signal
when said first control signal is received from said

switch timing circuit.

2. The circuit of claim 1 disposed on an

integrated circuit device.

| 3. The circuit defined in claim 1 further
comprising a comparator circuit having hysterisis
coupled to said switch timing circuit and to said second
amplifier circuit, said comparator circuit configured to
receive and compare said third signal to a threshold &
value, said comparator circuit producing an output

signal in response to said comparison.

4. The circuit defined in claim 3 wherein
said comparator circuit performs said comparison when
said first control signal is received from said switch

timing circuit.

L



6. The circuit defined in claiml1l wherein said first anplifier is a

vari abl e gai n transi npedence anplifier. 7. The circuit defined in
claim1l1 wherein said transi npedence anplifier has a variable gain that can
be sel ected by coupling an external resistor to said transi npedence
anplifier. 8. The circuit defined in claim?7 wherein a
sensitivity of the photodetector circuit varies in a substantially | i near
fashi on when said gain of said transi npedefte anplifier is changed.

9. The circuit defined |n claiml further conprising an inverter circuit
having an input and an ou?put B Gheselh definehvidr i a*mmﬁnwh%F%%ﬁﬁlgured

to receive sai dsziidséodﬂﬁlfé%r% t signal 1s 1nci£ba£|'i'k¢e Gfcant defined
in claim9 wherein sai nverter circuit outﬁ is coupled to an externa
dien

light emitting Hitersikyief|sykd bioht i skone Q%ﬁ@ﬂ?mPRﬁﬂeﬁﬁﬂQﬁf as

directed by saJﬁhgtééio@@néfggu§tgnal 11. A phot odet ect or
circuit capable of dual- npde operation in which the photodetector circuit:

(1) generates at |east one output signal indicative of light intensity

during a first mode of opgratiffe Gfftdf) &¥Aicy A AIKAY SLaldrdina
second node operation during
said first amplifier is a variable gain tran51mpedence

amplifier.

- 7. The circuit defined in claim 1 wherein
said transimpedence amplifier has a variable gain that
can be selected by coupling an external resistor to said

transimpedence amplifier.

8. The circuit defined in claim 7 wherein a
sensitivity of the photodetector circuit wvaries in a
substantially linear fashion when said gain of said

transimpedence amplifier is changed.

9. The circuit defined in claim 1 further
comprising an inverter circuit having an input and an
output and wherein said inverter input is configured to

receive said first control signal.

10. The circuit defined in claim 9 wherein
said inverter circuit output is coupled to an external
light emitting diode, said light emitting diode turning

on and off as directed by said first control signal.

11. A photodetector circuit capable of dual-
mode operation in which the photodetector circuit: (1)
generates at least one output signal indicative of light
intensity during a first mode of operation, and (2)

enters a standby state in a second mode operation during

(O



which no output signals are generated and portions of the photodetector
circuit are shutdown or disabled in order to reduce overall power
consunption, the photodetector circuit conprising: a contro
circuit that periodically generates first and second control signals, the
phot odetector circuit being in the first node of operation when said first
control signal is generated and the photodetector circuit being in the
second node of operation when said second €281 rol signal is generated;
a photodi ode circuit that produces a first signal in response to a |ight
signal inci anIj whdeh sa dytipttodiiepea la reoe tgenerated andapfqntsj{ormmﬂ fier
circuit couple 0 S i ode .circ |t t ha elollly ignal in
response to sal&%ﬁ|§§(t§§§%ﬂ({9ﬁuferUl are %ggboggl%ﬁr ?%ﬁng%?gﬁlt
tﬂat is coupled deieSxalﬂbf el ;vernaml pa:mérsa:ouhsﬁmtpsnom*rplhlfe er circuit

at receives an ifies sai.d second sSi {.0 generate a third signal
that is indicatﬁggﬂg¥Q W SORFE ,ﬁﬂmpéi secgnd anplifier C|rcu?t

anplifying said second si @naiontrrdles:ﬁxmﬁﬂti (trma: @dnumhaaﬂriiyr afersimgrials,

12. The circuit flned n cIa| further c co r circuit
havi ng hysteri si Oégrﬁ%l A ti\lnd(%)th%toa scg:t:g\d

anplifier ci rCUldchﬁﬂtd mrm;arlai @hecifficyit neekf log‘iJrogxénatircenewham aed d

conpare said thlrd S|gnal tog a thr shold val u ald arat.or. ¢i rcuit
produci ng an outfpidt O]n aﬁfgf) 210 photodecﬂecct%r

The circuit def Icfiqd:ulrt Yeing Lk whey @e@:dﬁl ehdzmnw aipyrammuuwnqaerga:rms
sai d conpari son when - 29-
second coptrol signal is generated;

a photodiode circuit that produces a first
signal in response to a light signal incident upon said
photodiode circuit;

a first amplifier circuit coupled to said
photodiode circuit that produces a second signal in
response to said first signal; and

a second amplifier circuit that is coupled to
said control circuit and said first amplifier circuit
that receives and amplifies said second signal to
generate a third signal that is indicative of said
second signal; said second amplifier circuit amplifying
said second signal in response to said first control

signal.

12. The circuit defined in claim 11 further
comprising a comparator circuit having hysterisis
coupled to said control circuit and to said second
amplifier circuit, said comparator circuit configured to
receive and compare said third signal to a threshold
value, said comparator circuit producing an output

signal in response to said comparison.

13. The circuit defined in claim 12 wherein

said comparator circuit performs said comparison when

A



said first control signal is received fromsaid control circuit.
14. The circuit defined in claim 12 wherein said conparator output signal
is indicative of an intensity of said |ight signal incident upon said

phot odi ode circuit. . 15. The circuit defined in claim12 further
conprising a digital filter circuit coupled to an output of said conparator
circuit that filters said conparator output signals. 16. The

circuit defined in claim15 wherein said diZfital filter circuit includes
up/ down counter circuitry that accumul ates and interprets said output

si gnal s recei vesafidofigasitd comvipardatsdgneilr dwi received from s@id Thetepdcuit
defined in cIaig&}%uﬁ@erein said first anplifier circuit is a variable gain
transi npedence anplifieér. 18. The circuit defined in claim17
wherein said transi npedence anplifier further conprises a first current

mrror circuit coupl ed to,gai dypRotdiade HIghaLaVERSE1RIASES SRkdein
phot odi ode when said first ‘Ccurrent "mrror cifcurt i's conducting.
19. The circuit sdétl cedparatiai oututheignalsadisdihdarsitipedeficenanplifier

further conprises.a _sec¢ond current .mrraor. circuit .coupl to i,d
phot odi ode that?3§§Pﬁﬁ%§é° aF&l%iﬁ%gh iﬁﬁgpél the1GeHE Sgon said
photodiode circuit.

15. The circuit defined in claim 12 further
comprising a digital filter circuit coupled to an output
of said comparator circuit that filters said comparator

output signals.

16. The circuit defined in claim 15 wherein
said digital filter circuit includes up/down counter
circuitry that accumulates and interprets said output

signals received from said comparator circuit.

17. The circuit defined in claim 11 wherein
said first amplifier circuit is a variable gain

transimpedence amplifier.

18. The circuit defined in claim 17 wherein
said transimpedence amplifier further comprises a first
current mirror circuit coupled to said photodiode that
reverse-biases said photodiode when said first current

mirror circuit is conducting.

19. The circuit defined in claim 18 wherein
said transimpedence amplifier further comprises a second
current mirror circuit coupled to said photodiode that

amplifies said first signal.

g



- 30- 20. The circuit defined in claim19 wherein said

transi npedence anplifier further conprises an output transistor coupled to
said second current mrror circuit that further anplifies said first

si gnal . 21. The circuit defined in claim20 wherein said

transi npedence anplifier further conprises an external resistor coupled to
sai d output transistor and wherein a value of said external resistor sets a

gain of said transinpedence anplifier. -30- 22. The circuit defined
in claim1ll wherein said second anplifier circuit is an auto-zero anplifier
circuit. 23. TRe. ciWbeiCideﬁihedefhnedaim1QQaMhel%iwheaeﬂn

aut o-zer o ampl i fetql £-6A0LhAUNEHCE. A0 P1 £0" ALpLraDC-ARDLE LEes pal d

second signal in or uce sali o zZero
anplifier rece|vestpatdtransustontcotpsegnab Sald second canreﬂhemtrrcnit

defined in Cla'"bgflgﬁﬁrﬁhgts@hg %oaﬁg ngglééigrflés ngigrgized and

produces a substan y Z€ro ou o anplifier
recei ves said second control signal 25. The circuit defined in

claim11l further conpr|S|ng a s¥héc$ £ég1gg%%£{§g t, gogfa?g 59 &@ control

circuit that produces a clock signal’;  sai o reut genera g sai d
first and secondsamdttnhnsugpaﬁsnbas&ﬂpbhfi@a fthothkesi gmaprieesi awd from

sai d swtch t'n1ggtgkngf're51stor coupled to said output transistor and
wherein a value of said external resistor sets a gain of

said-transimpedence amplifier.

22. The circuit defined in claim 11 wherein
said second amplifier circuit is an auto-zero amplifier

circuit.

23. The circuit defined in claim 22 wherein
said auto-zero amplifier is configured as an integrator
‘and amplifies said second signal in order to produce
said third signal when said auto-zero amplifier receives

said first control Signal.

24. The circuit defined in claim 22 wherein
said auto-zero amplifier is initialized and produces a
substantially zero output signal when said auto-zero
amplifier receives said second control signal.
,

e

25. The circuit defined in claim 11 further
comprising a switch timing circuit coupled to said
control circuit that produces a clock signal, said
control circuit generating said first and second control
signals based on the clock signal received from said

switch timing circuit.

) O 1



- 31- 26. The circuit defined in claim25 wherei
timng circuit further conprises an oscillator circuit.
circuit defined in claim11l further conprising a naster/sl

n said swtch
27. The
ave configuration

circuit having an input and an out put wherein said photodetector circuit
operates as a naster when a fixed logic Ievel signal is applied to said
mast er/ sl ave input such that said photodetector circuit and internally

generates said first and second control siglkts.
circuit defined in claim11l further conprising a nmaster/sl

28. The
ave configuration

circuit having an input arban Tha putraier edefismid iphotledaet 6t othexigigui t

operates as a sl ave ) . .Cl o I i I d said
mast er/ sl ave i npsaé}l%ngéﬁlr}i%gt@@% oé]%lr%o éo%‘ce:‘#efﬁc{rgr}laécﬁ rc?:)ﬁﬁ}&aén%dg%rﬁer ates said

first and secondbsmiitratiosigiatsithased on said external cl

ock signal

29. The circuit defined in claim25 wherein said control circuit generates
a third control signal based on said clock signal during said first node of
oper ati on. 30.2The The aiitcudidf ideeftined clmiaha9n fiir ttherther

i Si buf f ircuit havi [ t d t put.
Cnverter nput iSOG i AR R Y S T PR O 1

wher.ei.n .sai
r%ﬁkﬁuﬂéé¥%éj

31. The circuit gefinmt iand | ro@puthedtsdre ivaish il fdlertaddtmdtars coupl ed
to an external léi%:héuietmggelrn&edsl oadse’a Smaa{s elrI %%ene% t 1|xne%l d.L'oogdiec tluervrglng on

and
signal is applied to said master/slave inp

said-photodetector circuit and intermnally

first and second control signals.

28. The circuit defined in clai

comprising a master/slave configuration ci

ut such that

generates said

m 11 further

rcuit having

an input and an output wherein said photodetector

circuit operates as a slave when an external clock

signal is applied to said master/slave inp
said photodetector circuit and generates s
second control signals based on said exter

signal.

29. The circuit defined in clai

ut such that
aid first and

nal clock

m 25 wherein

said control circuit generates a third control signal

based on said clock signal during said first mode of

operation.

30. The circuit defined in clai

m 29 further

comprising a buffer circuit having an input and an

output wherein said inverter input is configured to

receive said third control signal.

31. The circuit defined in claim 30 wherein

said buffer output is coupled to an external light

emitting diode, said light emitting diode

turning on and

I



-32- generating a light signal when said buffer circuit receives said
third control signal. 32. The circuit defined in claim31
wherein at |east a portion of said light signal is reflected from an object
onto sai d photodi ode, said photodi ode producing said first signal in

response to said portion of a light signal. 33. A nmethod for
detecting a light signal with a photodetector circuit, the nethod

conpri si ng: periodically genéfating a first control signa
with a swtch timng circuit; produci ng a first signal in

response to a |igaResaghay anéiabht sigobal avhebt sdiddeutferurircul

generating a secppdesigBabaiadinathveontrsal difhast signal with a first
anplifier circuit coupled to said photodiode circuit; and

generating a third signal indicative of said second signal with a second

anpl [fier circuit coupled g9 SapflefLLsb SIPhLELALI CLACUILINNGD AL sRCONd
anplifier circuit receives a first control signal fromsalid switch timng
circuit. at legat Fhponbidbdobfseidi hidBt whbeedsh bai vephecbedt ect or
circuit further rpse tQr.: gi i ing terlslSs pled to
said switch tini ﬁg&@i ?@u???etgﬁgBﬁE?h%%l‘?uélﬁﬁ%‘?dg%an%?iss’ig%‘g:ﬁﬁb%al&&g

recei ving sai d thfeducigaabaift fisat dstondhr bn oresporse t {0 sadiid coophian or
circuit configurgd golggﬁgagg 5aid third signal to a threshold value, said
conparator circuit proddclng gn out put signal in response to said

conpari son

- 33. A method for detecting a light signal

with a photodetector circuit, the method comprising:

periodically generating a first control
signal with a switch timing circuit;

producing a first signal in response to a
light signal incident upon a photodiode circuit;

generating a second signal indicative of
said first signal with a first amplifier circuit coupled
to said photodiode circuit; and

generating a third signal indicative of
said second signal with a second amplifier circuit
coupled to said first amplifier circuit when said second
amplifier circuit receives a first control signal from

said switch timing circuit.

34. The method of claim 33 wherein said
photodetector circuit further comprises a comparator
circuit having hysterisis coupled to said switch timing *
circuit, the method further comprising:

receiving said third signal with said
comparator circuit, said comparator circuit configured
to compare said third signal to a threshold value, said
comparator circuit producing an output signal in

response to said comparison.

R R 0 .



- 33- 35. The nethod of claim 34 further conprising performng
sai d conpari son when said first control signal is received fromsaid switch
timng circuit. 36. A nethod of detecting a light signal with a
phot odet ector circuit wherein the photodetector circuit operates in a

dual - node fashion during which the photodetector circuit: (1) generates at

| east one output signal indicative of light intensity during a first node
of operation, and (2) enters a standby sta¥ in second node operation

during which no output signals are q_g}rgerat ed _.and portions of the , .
phot o- det ector circuit are® shiffolerHicdaEdH r?orfiddthed IR GV al |

power consunpt igdk e netRod URYdrSistdi when said ASt0dAIddL generating
first and second control signals with a contral circuit, the photodetector

circuit being iR 4T HeTRIFED L TEFe SR FWHIER Sdrg [ Wdritr ol si gnal
is generated and the photodetector circuit being in the second node of

operation when said second control signal is generated;, , pr.oduci ng
a first signal in respons@-to%mqté?ﬂdgﬁfgﬁﬁtqcﬁéin@er@t 1igdt &ismetodidde

circuit; a phAHIAJTHE &iSReAR] WHiRAh Ithd ¢RlJtERIetet@d Tirst
signal wwth a first anplifier circuit coupled to said photodiode circuit;
and _ (S{rléétql_ﬁg Oé?ecqﬁtﬁf ﬁfgﬁaldqaﬁqﬂ@é‘ﬁ \f@S@floélaid&rsl@@pr‘r&llghgﬁéﬂe with
a second anpl i iRyt ddt@ditiorC QURIRA t1:0 (331 GehierSi @RIt fliells tCidnelidutihiRn
said second anplifier circuit receives said first control signal fromsaid
control circuitignal indicatiye ofhd ighthd@tensdityi urdnghér iy ssamede

phot odet ect or ¢ G¥eratildn)earkdPNR)| $8%edsCARRABY state in second

mode operation during which no output signals are
generated and portions of the photo-detector circuit are
shutdown or disabled in order to reduce overall power
consumption, the method comprising:

periodically generating first and second
control signals with a control circuit, the
photodetector circuit being in the first mode of
operation when said first control signal is generated
and the photodetector circuit being in the second mode
of operation when said second control signal is
generated;

producing a first signal in response to a
light signal incident upon a photodiode circuit;

generating a second signal indicative of said
first signal with a first amplifier circuit coupled to
said photodiode circuit; and

creating a third signal indicative of said
second signal with a second amplifier circuit coupled to
said first amplifier circuit when said second amplifier
circuit receives said first control signal from said

control circuit.

37. The method of claim 36 wherein said

photodetector circuit further comprises a comparator

N



-34- circuit having hysterisis coupled to said control circuit, the nethod
further conprising: receiving said third signal with said
conparator circuit, said conparator circuit configured to conpare said
third signal to a threshold value, said conparator circuit producing an

out put signal in response to said conparison. . 38. The net hod of
claim37 further conprising performng said conparison when said first
control signal is received fromsaid controd4dircuit. 39. The

met hod of claim 37 wherein said photodetector circuit further conprises a
digital filter ELFEYiit daypined hvs teyd sdt perrdeds diod seddpacataolei reuit,
the method further&QWRr tHN % NG redH ¢ anaQr output signals.
40. The nethod of cl aifh 39 mheré#%psg[ %igipgﬁggiﬁtéflcircu[t further
conpri ses up/ down count er rEiqediimgy sadai dbfiirid elionglf withesadshpri sing
accurmul ati ng and RLeLRE! | 0 t S |$ hLecsi fr '
conparat or circui t?) altld dlg:ctlﬂzzi s Hg rrc%t&“%%ga%f)rclggirﬁﬁ \fh%ggrfg?#qgg d
first anplifier téi compbrries sgigatindiyide sgainalt tangi Fpeeshod damgllivi, esatikiat
includes a firstoamWah 8 Mdi ¢ | p -0 i d,generating
further conprisigggﬁéverse-ﬁiqgﬁﬁghggﬁgcgﬁgf% igggg%ﬁe%ggg%% gprst current
mrror circuit respondgctiongaid comparisonq?2. The nmet hod of claim 41
wherei n said
38. The method of claim 37 further comprising
perferming said comparison when said first control

signal is received from said control circuit.

39. The method of claim 37 wherein said
photodetector circuit further comprises a digital filter
circuit coupled to the output of said comparator
circuit, the method further comprising filtering said

comparator output signals.

40. The method of claim 39 wherein said
digital filter circuit further comprises up/down counter
circuitry, said filtering further comprising
accumulating and interpreting the output signals

received from said comparator circuit.

41. The method of claim 36 wherein said first
amplifier circuit is a variable gain transimpedence
amplifier that includes a first current mirror circuit
and a photodiode, said generating further comprising
reverse-biasing said photodiode when said first current

mirror circuit is conducting.

42. The method of claim 41 wherein said
transimpedence amplifier circuit includes a second

current mirror circuit, said generating further



transi npedence anplifier circuit includes a second current mrror circuit,

sai d generating further - 35-
conprising anplifying said first signal with said second current mrror
circuit. 43. The nethod of claim42 wherein said

transi npedence anplifier further conprises an output transistor coupled to
said second current mrror circuit, said generating further conprising
additional ly anplifying said first signal “#Pth said output transistor.

44. The nethod defined in claim36 wherein said second a lifier is an

aut o- zero anpl i FPRPrishnd ewpifrgngusahdr LEbahr s59RyL cohER gsriAgssaprd

auto-zero anpli k1efefd RANrtBlteglatQf{+so that said auto-zero anplifier
anplifies said second signal in order to produce said third signal .when

said auto-zero anplifier receives said first control signal.

45. The nethod defined in claigy36 @ﬂgrﬁé@héglgfsgfgﬂg @@p%h f@in'§af@

auto-zero anplifier, said creatln? further conprising initializing said
auto- zero anpl FFrBsimpedanee samplhfiior zBusthen| COMRELPeddaR eaubDUL

substantially zergneikpdi &bPReabENsaPl s8R ZEE AR I LEL, ! ECE! Ves

sai d second control signal. defined in
cl ai m 36 wher ei ﬁltﬁél‘pho@@u@t gereratinguferther uckempai sithy chdditionally

amplifying said first signal with said output
transistor.

44. The method defined in claim 36
wherein said second amplifier is an auto-zero
amplifier, said creating further comprising configuring
said auto-zero amplifier as an integrator so that said
auto-zero amplifier amplifies said second signal in
order to produce said third signal when said auto-zero

amplifier receives said first control signal.

45. The method defined in claim 36
wherein sald second amplifier is an auto-zero amplifier,
said creating further comprising initializing said auto-
zero amplifier so that said auto-zero amplifier produces
a substantially zero output signal when said auto-zero

amplifier receives said second control signal.

46. The method defined in claim 36
wherein the photodetector circuit includes a switch
timing circuit coupled to said control circuit that
produces a clock signal, said periodically generating
further comprising generating said first and second
control signals based on the clock signal received from

said switch timing circuit.

B



timng circuit coupled to said control circuit that produces a clock
signal, said periodically generating further conprising generating said
first and second control signals based on the clock signal received from
said switch timng circuit. - 36-

47. The nethod defined in claim36 wherein said photodetector circuit
further conprises a naster/slave configuration circuit having an input ‘and
an out put, said nethod further conprising tdmfiguring said photodetector
circuit to operate as a nmaster when a fixed logic |level signal is applied
to said master/slave input such that said photodetector circuit and

internally generates said firSt4ﬁmdjﬁgfE?ﬂjgg?gﬁﬁﬁg%%%gﬁgc1aim-36

48. The method defined in claim36 or circuit
further conprisé&hereaidgstsaid|rhatatnifegiontdiocuwdtr dintheayicgumnisepuw  and

an out put, said fnd TP i i S8l etector
circuit to operér'ggegas aglgéa%/:éovﬁ%ﬁé%eﬁ%]{d%%g%%l?‘?ngﬂrpiqgh)ggcpIa%le(% to
sai d mast er/ sl ad@® igigiRutsuERidhate Swdl fyhdthede tasapari sding wan firgh rgener at es

said first and sGANGHAYdA e HANY 1S RATEL PR_dHL 4L N Ha He3C Kot 912! -
fixed logic level signal is applied to said master/slave
input such that said photodetector circuit and
internally generates said first and second control

sigmals.

48. The method defined in claim 36

wherein said photodetector circuit further comprises a
master/slave configuration circuit having an input and

. an output, said method further comprising configuring
said photodetector circuit to operate as a slave when an
external clock signal is applied to said master/slave
input such that said photodetector circuit and generates
said first and second control signals based on said

external clock signal.
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