20 June: 2006 1 Photo-receiver Arrangenent Meld of the Invention 5 The
invention relates to a photo-receiver arrangenent corrprl%q npre pHito- sensor
and a preanplifier for detecting and neasuring light, in particular
infrared |ight being incident on the bhoto sensor. Background of the

I nvention .10 Wrel ess technol ogy has beconme a highly desirable technol ogy
due to its conveni ence and ?ﬁs‘g of use, Infrared (IR technol ogy is one
such wirel ess technol ogy that @ TCERALATARGERENY o i n el ectronic devices,
like |aptop conputers, handphones and PDAs (personal digital assistant)
due to its low cost of inplenentation and high data 15 transfer rates in
the order of ‘Md/s. IR technology allows users to link to each other through
various | Rigdpf thesinyemtioln short di stance. Generally, known IR devices
conprise an |R transceiver for transmitting, receiving and processing an
infrared si gnal the IR transceiver including 20 an IR sensor for capturing
IR Iight and converting ‘t he sarre into an electrical signal, and a

preanpki fi Gl 3 ner at e the IR
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magnitude t he d t ance, bejween the sour.ce of the infrared
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control unit, and the sensor of the IR transceiver. As

incident on the photo sensor.

Background of the Invention

10
Wireless technology has become a highly desirable technology due to its convenience
and ease of use. Infrared (IR) technology is one such wireless technology that is
commonly utilized in electronic devices, like laptop computers, handphones and
PDAs (personal digital assistant) due to its loﬁv cost of implementation and high data '

15  transfer rates in the order of Mb/s,

IR technology allows users to link to each other through VariouerR devices over a
short distance. Generally, known IR devices comprise an IR transceiver for
transmitting, receiving and procéssing an infrared signal, the IR tral_lsceiver including

20  an IR sensor for capturing IR light and converting the same into an electrical signal,
and a preamplifier for amplifying the electrical signal generéted bf the IR sensor.
The power of the incident infrared light varies in orders of magpitude, depending on
the distance between the source of T‘he infrared signal, which can be e.g. a transceiver
of another IR device or a remote control unit, and the sensor of the IR transceiver. As . ‘

25  the distance increases, the infrared signal received by the sensor of the IR receiver



25 the distance increases, the infrared signal received by the sensor of
tﬁe | R receiver 20 June 2006 2 decreases in an exponent!all%ﬁnﬁ%?g 2006
Therefore, to allow comunication between IR devices within a reasonable
range of distances, a w de dynanic range of the IR device and, in
particular, of it's transceiver is essential. 5 Furthernore, IR devices
usual |y operate in conditions where there is anbient light. Such anbi ent
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1 e S A5 i ko Bt ™
[ h erwhel m n tocurrent generated by the sensor corresponding
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a photocurrent which is proportional to the signal strength is generated
by the santd, Thparti¢iBaroofitiséransceiien ér@tatiaby t he 1R sensor needs to be
anplified, and a transi npedance anplifier is comonly used as the o
preanplif | er. The transinpedance anplifier used in said known preanplifier
is desired to be a | ow noise anplifier and should provide for a high gain.
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contradi stinction, the dynam c range of a typical transinpedance anplifier
is only overwhelming photocurrent generated by the sensor corresponding to ambient light.

10  When an infrared signal is captured by the IR sensor, a photocurrent which is
proportional to the signal strength is generated by the same. The photocurrent
generated by the IR sensor needs to be amplified, and a transimpedance amplifier is
commonly used as the preamplifier. The transimpedance amplifier used in said known
preamplifier is desired to be a low noise amplifier and should provide for 2 high gain.

15
However, when using IR devices in the abovementioned reasonable range of
distances, the intensity of the incident infrared light captured by the IR sensor varies
typically in a dynamic range of about 100dB (3.6 uW/SR to 500 mW/SR). Therefore, -
the intensity of the photocurrent generated by the IR sensor in response to the incident

20 IR light and input to the preamplifier has also a dynamic range in the order of 100 dB.
In contradistinction, the dynamiq range of a typical transimpédance amplifier is only
between 40 dB to 60 dB, beyond which the amplifier loses its linear properties and
enters into saturatio_n. As such, the fransimpedance amplifier is not able to

-accommodate the wide dynamic range of the photocurrent generated by the IR sensor

25  without losing its linearity.



bet ween 40 dB to 60 dB, beyond which the anplifier loses its |linear
properties and enters into saturation. As such, the transi4fpeddmece006
anplifier is not able to accomobdate the w de dynam c range of the photo
current generated by the IR sensor 253thout losing its linearity. 20
June 2006 3 A typical inplenmentation of the receiver part of a known IR
transceiver is shown in Fig. 1. The IR receiver conprising an IR sensor
100 including a photodi ode 130, and a preanplifier is shown in Fig 1. The
preanplifier is inplemented by a 5 transi npedance anplifier 200 conpri sing
an oper at i Artgpicalnipipilérhertathof the reRieaglrt of a3insHaRRaRedvand sfodggdback

capacitor Cf 230. There are many constraints in designing the

transi npedgaCce. PRPIR fd Pt st i ; . The .l r . boyund of the
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| evel of the inou]tiﬁref.erred nai 3\? of t transi ppedance anplifier 200. Any
signal with ZeerRulier 1%, 0%he By Fighdl.| dRer PISEURMOGT 18 nEnRlomened Parkye wil |
be very difficult to detect, as the SNRis very lowin this range. The
upper bBounfirusimpedance gmplidiar 20heuprising en toparatipwad eakeplifier 21p) & fleaibad0O i s
determned at the input signal |evel when the transi npedance anplifier 200
beconmes saesistat Bel22(hahd srfeedimick chpmactor O2300nger |inear. Hence the dynanic -
range i n which the transi npedance anplifier 200 should be operated nust be
bet ween the upper and the | ower bound so that on the one hand a | ow | evel

i nput signal can be detected, and on the other hand a high | evel input

signal is fld LIG%HEH Lottt &sﬂg‘nﬂeg e %ilsrllrnpedance amplifier 200 of this IR

receiver. The lower bound of the dynamic range of the transimpedance amplifier 200
10 is determined by the level of the input referred noise of the transimpedance amplifier
200. Any signal with a signal level below the lower bound of the dynamic range wiil
be very difficult to detect, as the SNR is very low in this range. The upper bound of
the dynamic range of the transimpedance almpliﬁer 200 is determined at-the input
signal level when the transimpedance amplifier 200 becomes saturated and the gain is
15 no longer linear. Hence the dynamic range in which the transhnpedanée amplifier
200 should be operated must be between the upper and the lower bourd so that on thé
one hand a low level input signal can be detected, and on the other hand a high level

input signal is still amplified with a linear gain.

20  Further, the bandwidth requirement places a large constraint on the design of the
transimpedance amplifier 200. The bandwidth of the transimpedance amplifier is

approximated by

BW = 1/(2nCRy),

25



20 Further, the bandw dth requirenment places a |large constraint on the
design of the transinpedance anplifier 200. The bandwi dth 89 dhee 2006
transi npedance anplifier is approximated by BW-1/ (27t CfRf), 25 20 June
2006 where Rf is the feedback resistor 4220 connected between the inverting
i nput and the output of the operational anplifier 210 and Cf is the

f eedback capacitor 230 connected in parallel wth the feedback resistor

220. 5 Thewkkes R, ¢gltheesdatlo pedistdarmividhhbetsd Bstivder Ble 1B0ertif Mk ANVIRO as to
avoid distortions such as intersynbol interferences, jitfers, etc On the
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However, tHiPar gﬂ%@ﬁg&%ﬁ@@kgwi Gal ues of Cf 230 10 and Rf220
t hensel ves are al so subject to various constraints. The photodi ode 130 of
the IR sensor 100 is desired to have a large surface area and thereby a

| arge sensing area in order to achieve a high signal strength resulting in
a good SNieHizsieatboperational mdpidih ehindd @otbd too magywtsalak Yo hvdid dittoms hi gh
parasitic 15 capacitance Cpd 110 (al so known as the pin capacitance) as the
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Therefore, the values of Cr 230 and Rs 220 should be carefully chosen to obtain an

-

optimal operational bandwidth. However, this is not so easy as the values of C; 230

10  and Ry 220 themselves are also subject to various constraints.

The photodiode 130 of the IR sensor 100 is desired to have a large surface area and
thereby a large sensing area in order to achieve a high signal strength resulting in a
good SNR. However, a large photodiode will inevitably introduce a high parasitic
15  capacitance Cpg 110 (also known as the pin capacitance) as the parasitic capacitance
110 is directly proportional to the size of the photodiode 130. Depending on the bias
condition of the transimpedance amplifier 200, the C,q 110 can be as high as 10 pF to

15 pF. With such a high C,,q4 110, the circuit might have stability problems.

20 As a rule of thumb, in order to ensure stability of the transimpedance amplifier 200,
its phase margin has to be larger than 45°, this requires the zero of the open loop gain
to be less than 10 times the dominant pole, i.e.

—

®; < 100,

25  where the position of the zero is given by @, = 1/(CRy),



20 As a rule of thunmb, in order to ensure stability of the _transi npedance
anplifier 200, its phase margin has to be larger than 45, 2tohiJémree&lQiorGes
the zero of the open loop gain to be less than 10 tinmes the dom nant pole,
i.e. cuz _< 10wp, 25 where the position of the zero is given by nms =

1/ (CfRa, 20 June 2006 and the position of the dom nant pole is given by cu
= 1/Rf (Cpd + Cf), which inplies that Cf ? 9Cpd 5 It can be seen fromthe

above equairdihe pbélion bf hs deRSAMPRSIR if SvaSs) Gn < @ﬁ{ff(egddbeﬁk capaci tor Cf 230
as |l arge as possible. However, increasing the val ue t e feedback

capaci tor ‘anc ecreases the bandwi dth, resulting in increased
distortion o ﬁ?‘l%gﬂ%ssn%ﬁf signal. Hence this poses a 10 constraint on how

| arge the val ue of the feedback capacitor Cf 230 can be chosen without
significantly distorting the input $tgh8Cw Furthernore, the gain of the
transi npedance anplifier 200 is directly proportional to the value of the
feedback resistor Rf 220. The value of Rf 220 should be high on the 15 one
hand to achieve a high gain, but should not be too high on the other hand

to avoisd BakuNRldas fdE e %We”%ﬂ%gﬁé‘ﬁ?%ag g&cgésﬁrabl%% @A%P%gggvébg&i ts

bandw dt h. Reducing the value of"t resistor reduce

gain and i [: incyease th bandwi dt h of the transi npedance anplifier
200, resul{As%%{o?%??é%ﬁsc{af%nasgpsﬁg' SNR. This poses anot her constraint on
t he value of the feedback resistor Rf 220.

However, increasing the value of the feedback capacitor Cr 230 also decreases the
bandwidth, resulting in increased distortion of the input signal. Hence this poses a
10 constraint on how large the value of the feedback capacitor Cr 230 can be chosen

without éigniﬁcantly distorting the input signal.

Furthermore, the gain of the transimi)edance amplifier 200 is directly proportional to
the value of the feedback resistor R¢220. The value of R¢ 220 should be high on the
15  one hand to achieve a high gain, but should not be too high on the other hand to avoid
saturating the transimpedance amplifier 200 and narrowing its bandwidth. Reducing
~ the value of the feedback resistor Ry 220 will reduce gain and inevitably inérease .the
bandwidth of the transimpedance amplifier 200, resulting in reduction of the SNR.
This poses another constraint on the value of the feedback resistor Ry 220.
20 |
As can be seen from above explanations, requirements regarding the sensitivity,
dynamic range, Signal-to-Noise Elatio (SNR), bandwidth and stability of the ]R
receiver, and especially of its transimpedance amplifier, all pose constraints in
designing the amplifier 200, and, therefore, many compromises have to be made.

25



20 As can be seen from above expl anations, requirenents regarding the
sensitivity, dynam c range, Signal-to-Noise Ratio (SNR), bahdhige h? A%
stability of the IR receiver, and especially of its tran5| npedance
anplifier, all pose constraints in degigning the anplifier 200, and,
therefore, many conprom ses have to be made. 25 20 June 2006 Various

i npl ementations of this type of preanplifier had been devel oped in order to

over cone tVieicubameletemtitionedf ¢oNshE %&‘? @n@mﬁephﬂpb@aﬁsddveﬁgéd iﬂlgrdte%r ef rom
However, none of the known inplenentations is able to overcone al

descr i bed oyeraplee R $95c COUROLY. ROMRTRLETROhBELOR B DR gpedance.

anplifier is shown In 2 and uses an n con roI) unit
300 to vary_ the val ue f eedbac reS|sto 220' so as_to . avoid
saturati orﬁ%v? Fﬁenql}eaﬂg%g%%émﬁﬁﬂ}e?ﬂu@ﬁ 356 ]ﬁy 0 Qyerpquagy allndesprbads
photocurrent 120 generated by the IR sensor 100 to a range within 10 40 dB
to 60dB. @W@JQmﬁblenlof this inplenentation is that since the dynam c range
of the input photocurrent is very large as explai ned above, a feedback
resistér Rf 220" with a plurality of different values is needed to achieve
a sufficient nunber of gain steps. 15 Furthernore, though output linearity

can be ac *@&V&Méﬂ%?kﬁ%ﬁ%#ﬂéﬁieﬁﬁu@ﬁbwﬁﬂ%%gﬁedaﬁ&é &E?]?llf@érriy%g&sin@ig.t he

f eedback resistor 220 the transi.np ce anp
2 and uses an AGC (automatic gain control) unit 300 to vary the value of the feedback

resistor R¢ 220" so as fo avoid saturation of the transimpedance amplifier 200 by

scaling the input photocurrent 120 generated by the IR sensor 100 to a range within

10 40 dB to 60 dB.

One problem of this implementation is that since the dynamic range of the input
photocurrent is very large as explained above, a feedback resistor Ry 220" with a
plurality of different values is needed to achiéve a sufficient number of gain steps.
15
Furthermore, though output linearity can be achieved through switching between the
 different values of the feedback resistor Rg 220" of the Mimpedmce amplifier 200
by means of the AGC unit 300, the transimpedance amplifier 200 has to be able to
sink the input photocurrent 120 Which can range from a few tens of nA to a few tens
20 of mA. Therefore, this known implementation operates with high current values and
has, t];erefore; ‘high power dissipation. However, high power consumption is a
problem especially in battery opél:ated and small-sized portable electronic devices like

.

handphones, personal digital assistants (PDA) and laptops.



by neans of the AGC unit 300, the transinpedance anplifier 200_has to be
able to sink the input photocurrent 120 which can range frofh AURRW P @Rs of
nAto a fewtens 20 of mA. Therefore, this known inpl enentation operates
‘with high current values and has, therefore, high power dissipation.
However, high power consunption is a problemespecially in battery
operated and snal |l -sized portable el ectronic devices |ike handphones,
personal di gi Anbthaslgiosmantpieni@bdtjonaofch preguiplifier o2fh TR RO 2 @idleAnot her
known inpl ementation of a preanplifier of an IR receiver is a diode
clanping tr apkidpedRaensddates difonithP0AR sEORM P FTle Randhieddn80S Mpedance
circuitry 400 conprises a clanping diode 410 and a resistor 420 connected

el t gro ngs dipde dwi.dt b 9f thi s, di ode cl anpi
[ ansi mpecarad™s et SIS 5RMPLA Bnad By B PAALRAR oebedeteRtls fanc o 1
dis the it | 10 of 1 he phat o- 100, and R 420 is th
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the transinpedance gain at the inverting input of the 10 operational

anpl i f Ber 210 of the pirestpHDO isapppimatedlas BWinpi@nCuRy ent. Therefore, the

I nput voltage to the preanplifier 200 is limted, resulting in that the

latter W lyhedlh M e dabds@icS &y 9. £ LRGHE i itic or
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pi n capacitance d 11 interacts wth npi ng resisto

limt the ﬁﬂﬁﬂﬂe%&:%ﬁeﬁ% iﬂﬁﬁ%rﬂ%leli:l{iis Sw. 200 automatically.

The clamping diode 410 limits the transimpedance gain at the inverting input of the
10 operational ampliﬁer 210 of the preamplifier 200 at high input current. Therefore, the
input voltage to the preamplifier 200 is limited, resulting in that the latter will not
enter info saturation. Furthermore, the high parasitic or pin capacitanée Cpa 110
interacts with the clamping resistor R.420 to limit the bandwidth of the preamplifier
200 automatically.
15
-One drawback of this known diode clamping_ transimpedance circuitry 400 is that it is
only suitable for low speed implementations. Furthermore, thére is no control over

the gain of the preamplifier 200.
20  Summary of Invention

It is an object of the invention to provide a photo-receiver arrangement, and in
particular an infrared receiver arangement, which is capable to capture, detect and
amplify and thereby process incident light having a large dynamic range in an

25  accurate manner, which is less susceptible to the problems based on the constraints in



15 One drawback of this known di ode cl anpi ng transinpedanca circui%hé 400
Is that it is only suitable for | ow speed inplenentations.OFJPPﬁe Pe,

- there is no control over- the gain of the preanplifier 200. 20 Summary of
Invention It is an object of the invengion to provide a photo-receiver
arrangenment, and in particular an infrared receiver arrangenent, which is
capable to capture, detect and anplify and thereby process incident |ight
havi ng a kaisgvitsty SHR] baridwidth dridl AabiRE dckdkidven ABAGR] andMihich Has 2l1&% S
susceptible to the problens based on the constraints in 20 June 2006 8
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has a | ow power dissipation ber'ng nec attery operated portable

el ectroni ¢_deyices_|i hanes, onal djgital assistants (PDA),

| apt ops, %@ﬁg&%h?égg%%l %‘g?&?agsmgféf]ée@ﬁgé’?aﬁwshﬁ{cto the invention with a
phot o-recei ver arrangenent which conprises a photo-sensor for capturing
| i ght being incident thereon and having a predeterm ned range of |ight
intensity values, and for converting the captured incident light into a
first 2l eThisi algéctds golakd aecqudiegdoahe inventioestithda photarreceitayuirragferhdig

phot o-sensor for producing a second scal ed electrical signal based on and
10 correspangi dbﬁlﬁr@e§ﬂpﬂotﬁ+séﬁ§or%re&bﬁﬁﬁ§|ﬁgﬁtﬁéﬁéiﬂMHeﬁf‘tHe?eoh%ﬁEhaﬁﬁ%o the
pre-scaler, and a preanplifier connected to an output of the pre-3caler
for anplifyi §EP@ d I j.cal_ signal Lch s input into
the pr earn%lérg (?eér, dzﬁ%%ga%ﬁg@ i glgenglatgﬁ]a%ueg, and” K %Omyg%ng the capt!%eé

incident light into a first electrical signal; a pre-scaler connected to an output of the
photo-sensor for producing a second scaled electrical signal based on and
10  corresponding to said first electrical signal which is input into the pre-scaler; and a
preamplifier connected to an output of the pre-scaler for amplifying said second
scaled electrical signal which is input into the preamp]iﬁe;r, the preamplifier having a
dynamic range of at least substantially linear gain, wherein the pre-scaler and the
preamplifier are designed in a mutually matching configuration such that the second
15  scaled electrical signal falls mthm the dynamic range of the preampiiﬁer for any light

intensity value falling into said predetermined range of light intensity values.

According to this proposal of the invention a separate pre-scaler is inserted between
the photo-sensor and the preamplifier of the photo-receiver arrangement. The
20  electrical signal generated by the photo-sensor in response to the incident light is
scaled, for all operational light intensity values, by the separate pre-scaler such as to
produce a scaled electrical signai Y_vith a value which falls within the preamplifier’s
dynamic range with linear gain chﬁracteﬂstics and which unambiguously and -
distinctively corresponds to the respective value of the electrical signal generated by

25  the photo-sensor. In other words, the input light of a large dynamic range is converted



dynam c range of at |east substantially |inear gain, wherein the pre-scaler
and the preanplifier are designed in a nmutually matching c%%fqlﬁtﬁ a9

such that the second 15 scaled electrical signal falls within the dynamc
range of the preanplifier for any | ighb intensity value falling into said
predeterm ned range of light intensity”values. According to this proposal
of the invention a separate pre-scaler is inserted between the

phot o- sensggr, t 3 (flar.of fl t O- [ . arrangenent. The 20
el ectri calqﬂst?%ggy tg% gé%tageégidgyiut%htggrﬁ{%?‘g@éijejﬁs%rsgiﬁﬁfregg%aéﬁlg?% Gﬁgai nci dent
light is caled, for all operational light intensity values, by, the
separ at e 5@3@1’-&35&113&%6 SOIEFPPRAIpy, to ﬁlﬁ%ﬁﬂ??é Egﬂbéﬂ‘raé‘ﬂcéﬁ“@@t?ﬁ thg pregogilifierwi t h a
value which falls within the preanplifier's dynamc range with linear gain
char act er iAacprdinglyd theh pesnscaleanef Hieo pbotp-raeriver dirvangenseity etgording resthends t o
t he respective value of the electrical signal generated by 25 the
phot o- sensventiom petfwets thersiimal séding iR yicH & ghrinnef that forregerydyNAHitendignge i s
converted 20 June 2006 9 in total by the photo-sensor and the pre-Scaler to
a scal ¢d ghreldfi gp@éh i L: . i he
| i near sgai n d;dgéﬁrﬁ@igc?gnge ct):‘%tI %%Saﬁ%egm‘g?ﬂe?%Eﬁﬁg%”?‘g?%gﬂg‘g,agﬁﬁ%&&?e- scal er
of the ph recelv arnrangenent. . a rding to the Jinventio erforns the
signal sca a?%léﬁ tﬁ%{eggl@hv%lu %%grmctlﬁl@?ﬁ&btrls 8&)élp§,eqtslod;h§t I}orﬁl%‘ﬁ'i FI{%E} Be8| ye of
t he inci deni |ight a scaled electrical signal being specific for.. and
assi gned #olost dEHNg {thin sealing ol s, coniexie speificnecaledcslentrieal | sigial mesnproduced
so.that no signal information 1is lost during the scaling. In this context,
speci fi c scaé¢keleetiiedtsigrahwithi aysplcifivesigmal aalus oa) ifd peb-acdler with asiagiable With a
specific signal value or, if a pre-scaler with a variable

scaling factor is used, a scaled electrical signal with a specific combination of a signal

10 value and a scaling factor used to produce the scaled electrical signal with that signal

value.

Since the electrical signal input to the preamplifier is scaled according to the
invention by a separate pre-scaler and not by a circuit element of the preamplifier
15 itself, the characteristics of the scaling, such as the extent of the scaling and the
characteristics of the preamplifier such as its gain can be set independently from each

other.

In particular and in conu'adistinctién tﬁ the above discussed prior art arrangement,
20  with the pre-scaler according to the invention, it is not necessary to vary a feedback
resistor of the preamplifier in order to scale the electrical signal input to the
preamplifier. Rather, the feedback resistor can be ﬁﬂly used to adjust the gain of the
preamplifier without having to consider the large dynamic range of the input electrical

signal; and the feedback capacitor 230 can be filly used to adjust the bandwidth of the



scaling factor is used, a scaled electrical signal with a specific

conbi nati on of a signal 10 value and a scaling factor used £9 $aBeud@0éhe
scal ed electrical signal with that signal value. Since the electrical
signal input to the preanplifier is scaled according to'the invention by a
separate pre-scaler and not by a circuld elenment of the preanplifier 15
itself, the characteristics of the scaling, such as the extent of the
scaling and the, characteristics of the preanplifier such as its gain can
be set i nduprEmRitier|WithquphaeagHo enpider thenlargsr paresitic capaoitarios Cpd of the
contradi stinction to the above discussed prior art arrangenent, 20 with
t he pre- sqhbotr scasmorith regartido theequienticendf stabilitiy bf the ceiitnecessary to vary a
f eedback resistor of the preanplifier in order to scale the electrical
signal input to the preanplifier. Rather, the feedback resistor can be
fully used to adjust the gain of the preanplifier wthout having to

consi der t .Gl i_nput ectrical ighal ; _and the
f eedback cfg’g%l& %fg’ %@%&ﬁ’%@%&ﬁ?{/%@%& mga‘%ﬁfgtar‘? ﬁ@ﬂ%ﬁﬁﬁ%ﬂpﬂla_ the 20
June 2Q06 .10 preanplifier w thout having to consider the |large parasitic
capaci anc%méiﬁa‘ﬁ%g&?ﬁgy thaBiecscalsh agrordipg fio thegiaventian, thesphpie-sensen degs

stability of the circuit. Furthernore, since the photo-sensor and the
preanpl i f inet have agye guecitivfluensd dnsthiediaadwidsh,f the ifigmed-to-dlokeer Ritjo tnk the
pre-scal er according to the invention, the photo-sensor does not have any

di rect i nfsta a:m&ﬁm:bgmiaﬂ dlidd, ByhRuddeiag the phécakr RRESRIRNE iHae
Il er.

stability of the preanpli Al so, by introducing the pre-scaler
accor di ng itRntiBf the pre-scaler can be designed so that the effect of the photo-sensor on the

preamplifier with regard to its bandwidth, SNR and stability is compensated by that of
10  the pre-scaler so that the photo-sensor and the pre-scaler jointly as a unit seen by the
input of the preamplifier do not have amy negative effect on the mentioned

characteristics of the preamplifier.

The photo-receiver according to the im‘.rention can be used for detecting and
15 processing any kind of light signal which has a wide dynamic range regarding its
inteﬁsity. However, the photo-receiver according to the invention can be utilized very
adva.ntageoﬁsly for detécting ‘and processing infrared light, since infrared light has a
very wide signal intensity range. Therefore, according to a preferred eﬁlbod.-iment of
the invention, the photo-sensor is an infrared sensor and the photocurrent generated |
20 by the infrared sensor as output electrical signal corresponds to the signal power of
the infrared light which is detect¢d by the infrared sensor.
The pre-scaler of the photo-receiver according to the invention can be any circuitry

which varies the value of its input current supplied by the photo-sensor so as to match



invention, the pre-scaler can be designed so that the effect of the

phot o-sensor on the preamplifier with regard to its bandw €% hJUSRR28H@
stability is conpensated by that of 10 the pre-scaler so that the

phot o- sensor and the pre-scaler jointly as a unit seen by the input of the
preanplifier do not have any negative 1Xffect on the mentioned
characteristics of the preanplifier. The photo-receiver according to the

i nvention,can he used.for.detecti and 15 processing.any. kind ot |ight

Sl onal  wnitortn 4% 5GiRinsl g oty AP sttt e ERE AR 5T Sobever ¢ he
phot o-recei ver according to the invention can be utilized very

advant ageboglepenisd by sneentimepifie ¢iryidssi ng i nfrared |ight, since infrared
light has a very wide signal intensity range. Therefore, according to a
preferred enbodi nent of the invention, the photo-sensor is an infrared
sensor and the photocurrent generated 20 by the infrared sensor as out put

el ectri calscgdandlto 4R I eRthe e-bddferThafl Ba impRRAted such Bt itctREAdal | ght
which is detected by the infrared sensor. The pre-scal er of ‘the

phot o- ¢ ecei_yer rdin ne, i nyent i on . can any..cireuitr which

vari es thécaégg u@%%ﬁoﬂt“gg% tﬁg‘ﬁaﬁ-‘a@ﬁrsrcgﬁ?g gglﬁ}%‘l ﬁg‘ggﬁeﬁ" F’?{cé’r D &ttl%-as rRfeny Eiso as to
mat ch 20 June_ 2006 11 it wi.th the operational |inear, gain dynam ¢ range of
the preanfippdigient pf the ipveatign, %@Prq-fﬁﬁl%ﬁse stgef jo Peroran e Vﬁm}ﬂm g
circuits. According to the invention the pre-scaler can be inplenmented such
that it pef ther elsctrical Sigwhigengyato dryathe photorsehsar wish iaadst of disatdtngealiag ue.
However, according to a preferred enbodi nent of the invention, the

pr e- scal efactdis.de higBRBoditmepesf M inieniian thetalingfadton® be used for a specific

)t € €

signal value of the electrical signal generated by the photo-sensor is preferably

10  determined by that signal value of the electrical signal itself.

According to a further preferred _.embodiment of the i-nvention, the pre-scaler is a
programmable current mirror coupled with a current sensing circuit.  The
photocurrent produced by the photo-sensor is input into the current mirror and a
15 | current being proportional to the photocurrent is drawn from thé current sensing
circuit. Based on the current drawn, the current sensing circuit determines the level of
the photocurrent and thereby a scaling factor to be applied to the photocurrent, and
produces a corresponding control signal input into the current mirror to scale the
photocurrent according to the determined scaling factor. The scaled current, which is
20  kept within the dynami;: range of the preamplifier, is then supplied to the preamplifier
as an input signal.
N
In this embodiment of the invention the current semsing circuit is preferably
implemented by an A/D converter.

25



of the electrical signal generated by the photo-sensor with a set of

di screte scaling factors. In this enbodi nent of the invent?8nJtne g@86i ng
factor to be used for a specific signal value of the electrical signal .
generated by the photo-sensor is prefefqably. 10 determ ned by that signal
value of the electrical signal itself. According to a further preferred
enbodi nent of the invention, the pre-scaler is a programmble current

mrror couplRedinktid a frefdRidt eAMB&hiear Ciff B inveihith, RROLRGHIIER produced
by the photo-sensor is input into the current mrror and a 11.35 current being

proportio p AL i fr h urren ensin

circuit. %ggggﬁgpgﬁgﬁ?e%hﬁﬁgr’u ra\/\n?ﬁﬁgse%euﬁ%géré llgpél(rfls(fuﬁ%n%:it$cﬁ ng& erm nes
the level o t he photocurrent and thereby a _scaling factor, to be applied
to the phd E‘?'Plé‘n&',ls aw@oélﬁ}%&?é%e AVEBHS sapé??&gw& 1§tor Ands s deedbagkn put
into the current mrror to scale the photocurrent according to the

det er nmi nec-apacior rage feannested beiwesn dhe dnpaxirandnthe awipuhofl the2@ansippedaintehi n t he
dynam c range of the preanplifier, is then supplied to the preanplifier as

an inpgt sinflfer. he feBdiiaok Segetbo #gRAtto Wontrbletherpaanbf @i trhaipédafey
sensing circuit is preferably inplenented by an A/D converter. 25 20 June

2006 12 A j ' : | ti
preanplifie I%GP’gaﬁ(?rtg%gaﬁ%%%g’ﬁceg%%wgﬁrw\?\Fﬁlslc Eaiﬁg?ﬂlg% E“gr};{oﬁ%gg(% ed

' nput_cur rbeag&w%d?h Of the' tsggtampliﬁer. Choice of the resistor and capacitor values is not

restricted by the large parasitic capacitance Cpd of the photo sensor, since in the
photo-receiver arrangement according to the invention the parasitic capacitance does

10  not threaten the stability of the circuit.

As the input current of the preamplifier is prevented from being foo high by the pre-
scaler according to the invention, 1-:he poi;ver consumption and dissipation of the
preamplifier is small so that the photo-receiver according to the invention can be
15  advantageously utilized as infrared receiver for portable electrical devices having

infrared communication units for infrared data transfer.
Brief description of the Drawings

20 Figure 1 shows a schemaﬁc circuit diagram of a prior art photo-receiver with a
transimpedance ainpliﬁer;
Figure 2 shows a schemétiq circuif diagram of a prior art photo-receivér with
transimpedance amplifier comprising an automatic gain control unit;
figure 3 shﬁws a schematic circuit diagram of a brior art photo-receiver using

25  adiode clamping transimpedance circuitry;



voltage. In this enbodi mrent of the invention, a feedback registor and a
feedback capacitor are connected between the input and t he“BufBte 6f°fhe
transi npedance 5 anplifier. The feedback resistor is used to control the
gain of the transinpedance anplifier, and the capacitor, together with the
resistor, is used to control the band®i dth of the said anplifier. Choice
of the resistor and capacitor values is not restricted by the |arge
parasitic capacitance Cpd of the photo sensor, since in the photo-receiver
arrangement ac&tsuEs Aghews & hiockiiegraned the ehplerigesiverarmagenint aceasdisges 10
not threaten the stability of the circuit. As the input current of the
preanpl i f teetheisveptienvent ed from being too high by the pre- scal er according
to the invention, the power consunption and dissipation of the

preanplifier i gigmn@blshsws bRolenidiR dieaitAidgeasiof ehe MciGUseisbe of thelphBid-nvention
can be 15 advantageously utilized as infrared receiver for portable

el ectrica | | lnfr.ar C | i | for infrared data
transfer. l‘eﬁgﬁé# &%o%gg@é %{%%S%ljd%lgt ﬁ?gﬁ%%g%eﬁbgwée&%% 16%s -a schemati c
circuit diagram of rior art photo-receiver with a transjnpedance
anplifier: Fi gﬁ%@r@%#@v& % Schepae (Gieui idiagmm offmitﬁamw@erapfpthmho@n

.photo-receiver with transinpedance anplifier conprising an automatic gain
control umdceiveFingpngemgnisicoding te theepraferred einbodintentiofthye amvenfiom prior art
phot o-receiver using 25 a diode clanping transinpedance circuitry; 20 June
2006 13 Figure 7 shows a schematic circuit diagram of the preamplifier of the photo-

receiver arrangement according to the preferred embodiment of the invention; and
Figure 8 shows a schematic circuit diagram of the photo-receiver arrangement

10  according to the preferred embodiment of the imvention.
Detailed Description of the Invention

In the following, a preferred embodiment of the invention is described with reference

15 toFigures4to 8.

As can be seen from Fig. 4, a photo-receiver arrangement according te the invention
comprises a photo-sensor 500, a pre-scaler 600 and a preamplifier 700. When light
falls on and is captured by the sensor 500, a photocurrent Ipc‘l 510 is generated by the
20  sensor, wherein the value of the generated photocurrent is proportional to the intensity
of the light feceived by the sensor 500. The pre-scaler 600 receives the generated
photocurrent I,g 510 as input signal and scales the value of the photocuﬁent La 510,
théreby generating an input current I, 610 to be fed into the preamp]iﬁer 700. After

scaling by the pre-scaler, the value of the input current I is such that it falls within



Figure 4 shows a bl ock di agram of the photo-receiver arrangenent according
to the invention; Figure 5 shows a schematic circuit di agradfl ofurtehe2006
phot o- sensor of the photo- receiver arrangenent according to a preferred
enbodi ment of the invention; 5 Figure g shows a schematic circuit diagram
of the pre-scaler of the photo- receiver arrangenent according to the
preferred enbodi nent of the invention; Figure 7 shows a schematic circuit
di agr am ofthd bigergtickalylineit gdin dimdnhic rah@t 6f the @ecinplificA70R IR BRimpEEQr ding to
the preferred enbodi nrent of the invention; and Figure 8 shows a schematic
circuit draggLary s+ €.C 81 qgﬁﬁgﬂ ding to the
preferredWgﬂgﬁgyﬁéw?gg%ﬁﬁEgﬂ?%3%ﬁ%qgﬁm€%g?alIe %SégPﬁggﬁﬂh of the
Invention In the followi ng, a preferred enbodi nent of the invention is
described with reference 15 to Figures 4 to 8. As can be seen fromFig. 4,
a photo-receiver arrangenment according to the invention conprises a

phot o- sené¥rondong, togths paefered enbedimenheal thejrembipn, the @hotoosensamdf isiaght

falls on and is captured by the sensor 500, a photocurrent |pd 510 is

gener ab ed idfyared @R2 Gersen wich deterieany Hheigwa lbemgdhcitée theraen andproghagsocur r ent
I's proportional to the intensity of the light received by the sensor 500.

The pre- sa%bﬁéspéﬁ@m%%eiom&eﬂmg 8N EMRITR GenddP QP EsthpRets al phBtodidded20! NpUt
signal and scales thé value of the photocurrent |pd 510 t her eby

A ter oo et Eibhe e Coy 550 BrkdBol 5 igpt i R ORIl 2005 ' cucn

that it falls w.thi 0 June 2006 X )
ghown 1yr\f ].Elg. §1 %he photocurrent I,q 510 is fed mto the pre-scaler 600.

10  The main purpose of the pre-scaler 600 is to have an independent scaling function to
scale the photocurrent Iyq 5-10 to an input current Iy, 610 which is within the linear
gain dynamic range of the preamplifier 700. According fo the preferred embodiment
of the invention, the pre-scaler 600 comprises a progra'mméble current mirror 630 and
a current sensing circﬁit 620 as shown in Fig. 6. The photocurrent I,q 510 output by

15  the IR sensor 500 is fed directly into the programmable current mirror 630 and a
corresponding sensing current I; 640 being proportional to the pﬁotocurrent Ls 5101is
drawn from the current sensing circuit 620. Based on the sensing current I, 640
drawn, the sensing circuit 620 judges whether the value of the photocurrent I,s 510 is
too high so that the preamplifier 700 would be saturated if the phdtocurrent La 510

20  were directly supplied to it, or the photocurrent I,; 510 is too small to produce a good
Signal-to-Noise ratio (SNR). Based on this judgement a scaling factor m is
determined by the current senéing ciréuit 620. The current- sensing circuit 620
generates then a control signal 650 corresponding to the said scaling factor m and

outputs the same to the programmable current mirror 630 which, in tum, scales the



14 the operational, |linear gain dynam c range of the preanplifier 700. The
preanplifier 700 anplifies the input current li. 610 to prddudena 380P6abl e
out put signal. According to the preferred enbodi nent of the invention, the
phot o-sensor 500 is an 5.infrared (I Rj5 sensor which detects any IR signa
bei ng i ncident thereon and produces a correspondi ng photocurrent |pd 510.
The IR sensor 500 conprises a photodiode 520 with a parasitic capacitance
Cpd 530 cohwécugednti By §40 actating tohthe sealpipofaotdic ol @nd 2Rerelsy prddoees atnitd=i g. 5.
The photocurrent Ipd 510 is fed into the pre-scaler 600. 10 The main

pur pose ofguihif ti Bp@tcaineht B 01t6 be o 812 pré@eRERAe0d. scal ing function to
scal e the photocur?ent Ipd@%10 to a%minput étrrent i, 610 which is within
the linear gain dynam c range of the preanplifier 700. According to the
preferred enbodi nent of the invention, the pre-scaler 600 conprises a
programmahl e current, mrror 630 d, a current _sensing.circuif 620 as shown
in Fig. 6. °’f§’h§]ted’él?}}tr°§ﬁ?ntl pé@%@i&%a{eaw@? 100ds pithar amBliPE & s f ed
directly into the programable current mrror 630 and a correspondi ng
sensi n§ curacdion of thepbotpeivmentdiadiOigivenrhyithe followingxdwuetomr rent 1 pd 510 is
drawn fromthe current sensing circuit 620. Based on the sensing current I|s
640 drawn, the sensing circuit 620 judges whet her the value of the
photocurrent Ipd 510 is too high so that the preanplifier 700 woul d be
saturated if the photocurrent Ipd 530_207were directly supplied to it, or

t he photocurrent |pd 510 is too smalt to‘%roduce a good Signal-to-Noise
ratio (SNR). Based on this judgenent a scaling factor mis determ ned by
the current sensing circuit 620. The current-sensing circuit 620 generates

then a control signal, 650 corresponding to the said scaling factor. m and
wherein I, 0610 is a multiple of 1,3 510 with m <1 when Iq 510 is at or above the

10 higher bound of the operational linear gain dynamic range of the preamplifier 700,
and m > 1 when Iq 510 is at or below the lower bound of the said dynamic range to

achieve good SNR.

Accordingly, the function of the current sensing circuit 620 is to determine the scaling
15 factor m in order to scale the photocurr_ent I,a 510. In contradistinction, the current
sensing circuit 620 does not have tight bandwidth, SNR and- stability requirements.
Moreover, the current sensing circuit 620 is also isolated from the preamplifier 700
and therefore the components used in the current sensing circuit 620 do not affect the
performance of the preamplifier 700. As a result, the current sensing circuit 620 is

20  easy to design and implement.

In the preferred embodiment of the invention the programmable current mirror 630 is
a multi-stage current mirror which allows the photocurrent I3 510 to be scaled up or
.down in steps according to the number of stages utilized. The current mirror can be

25  implemented by using MOS or BJT transistors as basic electronic components.



outputs the sane to the programmable current mrror 630 which, in turn,
scal es the 20 June 2006 15 photocurrent |pd 510 according té%t#anscalPhg
factor in and thereby produces at its output the input current I;, 610 to
be input into the preanplifier 700. Thgyefore, the input current I;,, 610
fed to the preanplifier 700 is either a nultiple or a 5 fraction of the
phot ocurrent | pd 510 given by the followi ng equation lin = m pd wherein Ij~
610 is a nultiple of Ipd 510 with in <1 when Ipd 510 is at or above the 10
hi gher bound of the operational |inear gain dynam c range of the

pr eanpl i f it FORnpRASt 00 Aaphinth e Lpdl Shfbrk 5, 810 8 pRALON: HRHIOVREDOUNd Of

the said dynam c range to "achieve good SNR Accordingly, the functtion of

the curre ngy ' ' | d r.m.ne | N 15 factor in
i nor der - tipREaeBRdibe fite tefdor 6 B Bty T8 R bund s c
current sensing circuit 620 does not have, ti ght bandw dth, SNR and

stability B % SHERLOr 2 ypitags, agnal ccem%gﬂ theeprefcrepdcosmbedimeripths s al so
isolated fromthe preanplifier 700 and therefore the conponents used in

t he cubr empreamplifieng70( g vinpleddtafo anot teeivfienpieddrve applifier vempesing anhe
preanplifier 700. As a result, the current sensing circuit 620 is 20 easy

to ‘design oPBﬂtibﬁﬂ' @ifiiter 710 withe, REGIRK TeshtQOB0HRA L REIHABR chgiRM CON the

programuable current mrror 630 is a nulti-stage current mrror which

N h &N, | pd ; | 1 15
o oL e Ak B0 R e OMR0 B

current mrror can be
control the gain of the amplifier 710, and to set, together with the capacitor Cr 730,

the bandwidth of the preamplifier 700.
10
Since the pre-scaler 600_ scales the photocmrent Iy 510, the dynamic range of the
inpfat current I, 610 produced by the pre-scaler 600 is ¥educed as well. Therefore, it
-is not necessary for the preamplifier 700 to utilize a variable feedback resistor to
achieve a number of variable gain steps. Consequently, according to the preferred
15  embodiment of the invention, the resistance of the resistor R¢ 720 can even be set to a

fix value.

Figure 8 shows a schematic circuit diagram of the entire ﬁhoto—receiver arrangement
according to the preferred embodiment of the invention. Although the shown and
20  described embodiment refers to a single-ended implementation of the photo-receiver
arrangement according to the nvention, it should be noted tﬁat the invention is not
restricted thereto. Rather, it is within the scope of the invention to implement the
photo-receiver arrangement in a differential or pseudo-differential configuration. The |
advantage of a single-ended configuration over a djﬁ'erenﬁql configuration is that it

25  has a much lower power consumption, which is an important aspect when the photo-



25 inmpl enmented by using MOS or

conponents.

current |;~ 610 to produce a suitable output
i mpl ement ation of the preanplifier 70047the o

or a voltage signal.

preanplifier

oper at i onajeceivgal i

capacitor Cf

BIT transistors as basic electronic
20 June 2006 16 The preanplifier 700 anplifies £ReJpApuR006

signal . Dependi ng on the

ut put signal = can be a current
According to the preferred enbodi nent, the 5 :

700 is inplenmented as a transi npedance anplifier conprising an

730 as shown in Fig. 7.
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Figure 8 shows a schematic circuit diagramof the entire
according to the preferred enbodi nent of the

AIthough the shown and 20 described enbodi ment refers to

preamplifier 700 is reduced by the current mirror 630, the preamplifier 700 does not
enter into saturation even in case of high infrared light intensity values and hence
always gives a gain which is linear for all input signal values. Also, even if the

photocurrent Ig 510 based on a low intensity infrared light is so small that it would Lie

a

below the lower bound of the linear gain dynamic range of the preamplifier 760, the -

input current I, 610 fed to the preamplifier 700 is within the said dynamic range since
it is scaled up by the pre-scaler 600. Therefore the input current I, 610 will always be
within the Jower and upper bound of the linear gain dynamic range of the preamplifier
700 so as to give good SNR. As a result, the value of the feedback resistor Ry 720
need not be restricted to prevent the preamplifier 700 from saturation or to give a
good SNR. The problem of large power consumption and dissipation by the
preamplifier 700 is also circumvented as the input current L, 610 is controlled from
being too hlgh

In the photo-receiver arrangemeﬁt a:‘ccordjng to the invention the parasitic capacitance
Coa 530 is isolated from the preamplifier 700 by the pre-scaler 600, and hence does
not affect the stebility of the amplifier 700. Therefore, the photodiode 520 can be

large-sized, thereby improving the sensitivity of the photo-sensor 500. Further, there

sisofp ewnpramigeebefwgem thd evingdé-endadi aigd e gai n
according to the preferred 15 enbodi nent of the

fix



restricted thereto. Rather, it is within the scope of the invention to

i mpl ement the photo-receiver arrangenent in a differential 28rJune 2006
pseudo-di fferential configuration. The advantage of a single-ended
configuration over a differential configuration is that it 25 has a mnuch
| ower power consunption, which is an ﬂﬁportant aspect when the photo 20
June 2006 17 receiver arrangenent i-s utilized in a portable electronic
devi ce. e . di ffer ' [ tion vant age of a far
pet tor notb et of Kl iR R Ao, R G e
pseudo-differential_ configuration of the photo-receiver _arrangenent is
preferred Pml&%%?rsa Q%&P&%%@@%a%m ¢hd0Gs; Hgre .- b desibaskresistor Re
differential configurations. Referring further to Fig. 8, as the dynamc
range of t78@ amdpthe deadbask capaciter C:oT3( ke npt eestnidted itercerald wslueedyced by
the current mrror 630, the preanplifier 700 does not enter into

sat ur at i obaedeidtt, RtabaRP afd Sigraltd-Nbise Re@oh iastucts, He§tah b skpdouiudand hence
10 always gives a gain which is linear for a i nput signal values. Also,

N
even i & t . j ity infrared |ight
is so énapgu%ﬂg%hﬂﬁyﬁ%ﬁ?%g#ﬁ%né%%Wgﬁﬁ@ﬂgpﬂgag%ﬁﬁ%ﬁﬁ%9@$ the linear gain
dynam c range of the preanplifier 700, the input current Iin 610 fed to
the preanplifier 700 is within the said dynamic range since it is scaled
up by the pre-scaler 600. Therefore the input current |;,, 610 will always
be 15 wit HE@ phile-TcesiesT aamugaPsE actwding tothetitresntion ean beyafilizedyimany kindange of
the preanplifier 700 so as to give good SNR. As a result, the value of the

f eedback wéslesirioal ddvicé?n patiedlanin PIDAs, headptioateshd laptopevent t he
preanplifier 700 fromsaturation or to give a

10



good SNR. The problem of |arge power consunption and di ssi pg{)i on by_the
preanplifier 700 is also circunvented as the input current nBa® £806
controlled from 20 being too high. In the photo-receiver arrangenent
according to the invention the parasiti; capaci tance Cpd 530 is isolated
fromthe preanplifier 700 by the pre-sc ?er 600, and hence does not affect
the stabilify of the anplifier 700. Therefore, the photodi ode 520 can be 25
| ar ge- si zed‘,’oil"ﬁégr‘é%‘?“’ldn‘ﬁ’r oving the sensitivity of the photo-sensor 500.
Further, there 20 June 2006 18 is no constraint to set the value of the

f eedback cabaci thotereceder pirgigemenieatenrising provi de for a high stability of
the preanplifier 700. Since the feedback resistor Rf 720 and the feedback
capaci tor Cf 730 are aphots-eaisot for edpthong Bglitdieingiatidas thereorbwhibliniadt h,
stability and Signal -to-Noi se Ration aspects, they can be set to values so

5 as to obtain the paasichBthedde U RARMALIA Vi@l add Rr BERRA th 8iptdRE.  The

phot o-recei ver arrangenent according to the invention can be utilized in

oy 1 of el ol 0 b8 JOBHETAR LT T onarcEoncs, o
arrangement conprisi nag pre-scaler connected 1;0 an output of the photo-sensor for producing a
second scaled electrical signal based on and corresponding to said first
electrical signal input into the pre-scaler, wherein the second scaled electrical
signal is produced by the pre-scaler using a variable scaling factor which is
10 dependent on the first electrical signal; and
a preamplifier connected to an output of the pre-scaler for amplifying
said second scaled electrical signal input into the preamplifier, the
preamplifier having a dynamic range of at least substantially linear gain;
wherein the pre-scaler and the preamplifier are designed in a mutually
15 matching configuration such that the second scaled electrical signal falls
within the said dynamic range of the preamplifier for any light intensity
value falling into said predetermined range of light intensity values, and
wherein the second scaled electrical signal is produced by the pre-scaler

independently of the preamplifier.

20
2. Photo-receiver arrangement according to claim 1, wherein the photo-sensor is

. an infrared sensor, and the pre-scaler and the preamplifier are designed in

matching relationship with the infrared sensor.

25



a phot o-sensor for capturing light being incident thereon within a

predet erni ned range of light intensity values, and for convéPtyngetfR06
captured 5 incident light into a first electrical signal; a pre-scaler
connected to an out put of the photo-sensgr for producing a second scal ed

el ectrical signal based on and corresporiding to said first electrical
signal input into the pre-scaler, wherein the second scaled electrica
signal is produced by the pre-scaler using a variable scaling factor which
is 10 dependlent &hotoHsceiverrapgeaentpecordiag ¢elpim dnvhereintbapistscalienis
connected to an output of the pre-scaler for anplifying said second scal ed
el ectrical signadesigmpdsudhrdsao pbrdonm @ serhihg bf edid firdt elecpricabsipdal fiithra deawf ng a
dynam c range of at |east substantially |inear gain; wherein the pre-scaler
and the preanplidis@eteabfingemétgrRred in a nutually 15 matching configuration
such that the second scaled electrical signal falls wthin the said
dynam c range of the preanplifier for any light intensity value falling
into said predetermi ned range of light intensity values, and wherein the
second scal ed electrical signal is produced by the pre-scaler

i ndependently of the preanplifier. 20 2. Photo-receiver arrangenent
according to claim1l, wherein the photo-sensor is an infrared sensor, and
the pre-scaler and the preanplifier are designed in matching relationship
with the infrared sensor:



25 20 June 2006 19a 3. Photo-receiver arrangenent according.to claim1,
wherein the pre-scaler is designed such as to performa sgglgﬁﬁeogogéid
first electrical signal with a set of discrete scaling factors. 20 June
2006 20 4. Photo-receiver arrangenment according to claim3, wherein the
pre-scaler is designed such that its %Qaling factor is determned by said
first electrical signal. 5 5. Photo-receiver arrangenent according to any
one of clajnms 1 4 erein the pre-scaler .comrises.a progra hl e
current ni JrLr or _Pl%o?o-ﬁ?]c& ST PHELESTAt ACPOrPEN NP 1a. Co FHIEHIR ttﬁe (P?%? % B\wher ei n
the pre-scaler _conprises current sensing circuit, the current sensing
circuit being cefsted sych thati Bs sealingpfastpr dArdsterainads by weidnfirst glectinal
controlling the sanme. 7. Photo-receiver arrangenent according to claim®,
wherein the cursigmd. sensing circuit is an A/D converter. 15 8.

Phot o-recei ver arrangenent according to any one of clains 5 to 7, wherein
the programmable current mrror is inplenmented by MOS or BJT transistors.
9. Photo-receiver arrangenent according to any one of clainms 1 to 8,

wher ei i the  preRARLLdivRF abingbolohPRSLIRGIRNGS RIRELTLS! 1 EOTPASHA%E"

oper ational’

pre-scaler comprises a programmable current mirror.

6. Photo-receiver arrangement according to claim 5, wherein the pre-scaler
comprises a current sensing circuit, the current sensing circuit being connected

10 : to said programmable current mirror for controlling the same.

7. Photo-receiver arrangement according to claim 6, wherein the current sensing

circuit is an A/D converter.

15 8. Photo-receiver arrangement according to any one of claims 5 to 7, wherein the

programmable current mirror is implemented by MOS or BJT transistors.

9. Photo-receiver arrangement according to any one of claims 1 to 8, wherein the
preamplifier i1s a transimpedance amplifier comprising an operational
20 - amplifier, a feedback, resistor and a feedback capacitor connected betweeﬁ the

output and the negative input of the operational amplifier,

10.  Photo-receiver arrangement according to any one of claims 1 to 9, wherein the
photo-sensor, the pre-scaler and the preamplifier are designed in a single-

25 ended configuration.



20 anplifier, a feedback/ resistor and a feedback capacitor_connected
between the output and the negative input of the operationd] &wikiZes.

10. Photo-receiver arrangenent according to any one of clains 1 to 9,
wherein the photo-sensor, the pre-scaler and the preanplifier are designed
in a single- 25 ended configuration. 20 June 2006 21 11. Photo-receiver
arrangenent according to any one of clains 1 to 9, wherein the
phot o- sensor, the pre-scaler and the preanplifier are designed in a
differential or pseudo-differential configuration. 5 12. Electrical device
conprising a photo-receiver arrangenent according to any one of clains 1 to
11. 13. Eliect r itbato-fiesivecarraganeitngedraingte iy duk ofdigingi Inotd) evhetedthel cal
device is a 10 personal digital assistant, a handphone or a portable

conputer. photo-sensor, the pre-scaler and the preamplifier are designed in a differential

or pseudo-differential configuration.

12.  Electrical device comprising a photo-feceiver arrangement according to any

one of claims 1 to 11.

13.  Electrical device according to claim 12, wherein the electrical device is a

10 personal digital assistant, a handphone or a portable computer.



