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CIRCUIT ARCHITECTURE FOR MODE interest , e.g. a particular light emitting diode ( LED ) , as well 
SWITCH as to detect and quantify contribution to the photocurrent 

that is due to the detection of light generated by all other 
Matter enclosed in heavy brackets [ ] appears in the light sources besides this light source of interest . 

Overview original patent but forms no part of this reissue specifica Present disclosure relates to a current detection module tion ; matter printed in italics indicates the additions capable of differentiating and quantifying contribution to a made by reissue ; a claim printed with strikethrough current signal generated by a sensor as a result of stimulation indicates that the claim was canceled , disclaimed , or held by a certain source of interest ( target source ) from contri invalid by a prior post - patent action or proceeding . butions from sources other than the source of interest 
( ambient sources ) . As long as the contribution from the CROSS - REFERENCE TO RELATED target source comprises a pulsed signal , the module syn APPLICATIONS chronizes itself to the pulse ( s ) so that there is a predeter 

This application claims the benefit of and priority from 15 mined phase relationship between the pulse ( s ) and functions 
U.S. Provisional Patent Application Ser . No. 62 / 029,361 carried out by various stages of the module . The module may 
filed 25 Jul . 2014 entitled " Circuit Architecture for Mode be re - used to also provide high precision detection and 
Switch ” , which is incorporated herein by reference in its quantification of contributions to the sensor - generated cur 
entirety . rent signal from ambient sources by presenting , to the 

20 current detection module , the contributions from ambient 
TECHNICAL FIELD OF THE DISCLOSURE sources as one or more pulses which , in turn , trigger 

synchronization of the module . To that end , a detection 
The present disclosure relates the field of integrated system is provided that implements the current detection 

circuits , in particular to current detectors . module as described herein and allows mode switching 
25 where , depending on the mode of operation being selected , 

BACKGROUND the current detection module is configured to perform dif 
ferent kinds of measurements . 

A photodiode ( also referred to as “ photodetector ” ) is a Accordingly , in one aspect of the present disclosure , a 
type of a sensor capable of converting light into current or detection system includes a sensor configured to generate a 
voltage . Generally , the photodiode is a semiconductor 30 current signal , where the current signal includes at least a 
device with a PIN or PN connection structure . When a first portion comprising a contribution to the current signal 
photon of sufficient energy strikes the photodiode , it excites from a predefined source ( i.e. a source of interest ) and / or a 
electrons , creating free electrons and positively charged second portion comprising a contribution to the current 
electron holes . The holes move toward the anode , and signal from one or more sources other than the predefined 
electrons toward the cathode , and a photocurrent is produced 35 source , such other sources referred to herein as “ ambient 
proportional to the amount of incident light on the photo- sources . ” The detection system further includes a current 
diode . detection module configured to receive the current signal 

Other types of sensors include e.g. pyro - electric , piezo- generated by the sensor and generate a digital value indica 
electric , or capacitive sensors . tive of the first portion of the current signal and / or a digital 

All of these sensors are common in that they include a pair 40 value indicative of the second portion of the current signal . 
of electrodes and , when stimulated by their respective Furthermore , the detection system also includes a mode 
stimuli , the state of charge across the electrodes changes . switch configured to set the current detection module to 
Current resulting from the changed state of charge across the operate in at least one of a first mode , a second mode , and 
electrodes can then be used to detect and quantify the a third mode . In the first mode , the current detection module 
stimuli . For example , a photodiode produces a change in the 45 is synchronized to the predefined source and is configured to 
state of charge across its electrodes when the light is incident generate the digital value indicative of the first portion ( i.e. 
on the photodiode . In other words , the photodiode generates current detection module is configured to detect the contri 
current ( which may be referred to as “ photocurrent ” ) in the bution to the current signal from the source of interest , while 
presence of light , where the current is proportional to the cancelling , reducing , or rendering below the noise of the 
amount of light incident on the photodiode . Similarly , a 50 current detection module the contribution to the current 
pyro - electric sensor produces a change in the state of charge signal from sources other than the source of interest ) . In the 
across its electrodes when heated or cooled , a piezo - electric second mode , the current detection module is configured to 
sensor produces a change in the state of charge across its generate the digital value indicative of at least the second 
electrodes in response to the change in its mechanical portion ( i.e. the current detection module is configured to 
orientation ( e.g. strain ) , while a capacitive sensor is one 55 only detect the contribution to the current signal from the 
where changes in the environment change the effective ambient sources ) when the contribution to the current signal 
capacitance of the sense element , which in turn changes the from the one or more sources other than the predefined 
capacity to hold charge . source is in a first range of values . In the third mode , the 

For such sensors , as well as other sensors operating current detection module is configured to generate the digital 
according to similar principles of detecting change of charge 60 value indicative of at least the second portion ( i.e. the current 
state , it may be desirable to be able to detect and quantify detection module is configured to only detect the contribu 
stimuli originating from a specific source of interest as well tion to the current signal from the ambient sources ) when the 
as stimuli originating from all other sources besides the contribution to the current signal from the one or more 
source of interest . For example , in context of a photodiode , sources other than the predefined source is in a second range 
it may be desirable to detect and quantify a contribution to 65 of values , the second range of values having an upper end 
the current generated by the photodiode that is due to the higher than an upper end of the first range of values ( i.e. 
detection of light generated by a particular light source of ambient sources cause larger currents ) . 
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It should be noted that , in various embodiments , both the FIG . 8 is a simplified circuit diagram of another embodi 
first and second portion need not always be present ( e.g. the ment of the circuit architecture ; 
source of interest may be off , or there may be no or FIG . 9 is a simplified diagram of a detection system with 
negligible amount of contributions from the ambient mode switching , according to some embodiments of the 
sources ) , and , if both present , not always do both need to be 5 disclosure ; 
measured . Furthermore , in some embodiments of the second FIG . 10 is a simplified diagram of a sensor , according to 
and third modes , the current detection module may be some embodiments of the disclosure ; 
configured to generate the digital value indicative of not FIG . 11 is a simplified diagram of a mode switch , accord 
only the second portion but also the first portion ( i.e. the ing to some embodiments of the disclosure ; current detection module is configured to detect the contri- 10 FIG . 12 is a simplified diagram a mode switch , according 
bution to the current signal both from the source of interest to other embodiments of the disclosure ; and ambient sources ) . FIG . 13 is a simplified circuit diagram of a circuit As will be appreciated by one skilled in the art , aspects of architecture with mode switching , according to some the present disclosure may be embodied in various man 
nerse.g . as a method , a system , a computer program embodiments of the disclosure ; 
product , or a computer - readable storage medium . Accord FIG . 14 is a graph showing an LED pulse input to a mode 
ingly , aspects of the present disclosure may take the form of switch over time , according to some embodiments of the 
an entirely hardware embodiment , an entirely software disclosure ; 
embodiment ( including firmware , resident software , micro FIGS . 15A - 15D show timing diagrams of four modes of 
code , etc. ) or an embodiment combining software and 20 operation of the detection system with mode switching , 
hardware aspects that may all generally be referred to herein according to some embodiments of the disclosure ; and 
as a " circuit , ” “ module ” or “ system . ” Functions described in FIG . 16 is a table summarizing four modes of operation 
this disclosure may be implemented as an algorithm of the detection system with mode switching , according to 
executed by one or more processing units , e.g. one or more some embodiments of the disclosure . 
microprocessors , of one or more computers . In various 25 
embodiments , different steps and portions of the steps of DESCRIPTION OF EXAMPLE EMBODIMENTS 
each of the methods described herein may be performed by OF THE DISCLOSURE 
different processing units . Furthermore , aspects of the pres 
ent disclosure may take the form of a computer program Exemplary Current Detection Module 
product embodied in one or more computer readable medi- 30 
um ( s ) , preferably non - transitory , having computer readable Embodiments of the present disclosure are based on the 
program code embodied , e.g. , stored , thereon . In various use of a current detection module capable of differentiating 
embodiments , such a computer program may , for example , and quantifying ( i.e. meas easuring ) the contribution to the 
be downloaded ( updated ) to the existing devices and sys- current signal generated by a certain source of interest from 
tems ( e.g. to the existing current detection modules or 35 contributions from sources other than the predefined source 
controllers of such modules , etc. ) or be stored upon manu- of interest , i.e. ambient sources . As long as the contribution 
facturing of these devices and systems . to the current signal from the predefined source comprises a 

Other features and advantages of the disclosure are appar- pulsed signal ( referred to in the following as “ pulse ( s ) of 
ent from the following description , and from the claims . interest " ) , the current detection module is configured to 

40 synchronize itself to the pulse ( s ) so that there is a predeter 
BRIEF DESCRIPTION OF THE DRAWING mined phase relationship between the pulse ( s ) and functions 

carried out by various stages of the current detection module 
To provide a more complete understanding of the present ( referred to in the following as a “ receiver circuit ” ) . The 

disclosure and features and advantages thereof , reference is pulsed signal of the source of interest may include one pulse 
made to the following description , taken in conjunction with 45 or multiple pulses , where a pulse may include one or more 
the accompanying figures , wherein like reference numerals frequency components . Ambient sources may also contain 
represent like parts , in which : multiple frequency components , possibly even the same 

FIG . 1 is a simplified circuit diagram of a circuit archi- components as those of the pulse of the predefined source of 
tecture for a current detection module , according to some interest . Because the frequencies present in the pulse ( s ) of 
embodiments of the disclosure ; 50 interest are synchronized to the receiver circuit ( i.e. syn 
FIG . 2 is a simplified diagram illustrating example details chronized to the clock of the current detection module ) , 

of measurements associated with the circuit architecture , there is a certain known phase relationship between the 
according to some embodiments of the disclosure ; current detection module and each of the frequency com 
FIG . 3 is a simplified diagram of other example details of ponents of the pulse of interest ( which phase relationship 

measurements associated with the circuit architecture , 55 could be different for different frequencies in the pulse of 
according to some embodiments of the disclosure ; interest , but nevertheless known ahead of time ) . The current 
FIG . 4 is a simplified diagram of yet other example details detection module is designed to detect pulses synchronously 

of measurements associated with the circuit architecture , and in a way that requires precise phase relationship 
according to some embodiments of the disclosure ; between the receiver circuit and the source of interest . While 
FIG . 5 is a simplified diagram of an example detail of an 60 the ambient sources may contain the same frequency com 

application associated with the circuit architecture , accord- ponents as the source of interest , the ambient sources are 
ing to some embodiments of the disclosure ; unlikely to contain precisely the same amplitudes and phases 
FIG . 6 is a simplified block diagram of another embodi- that make up the pulses of interest ( i.e. ambient sources are 

ment of the circuit architecture ; unlikely to be synchronized to the current detection mod 
FIG . 7 is a simplified block diagram of example details of 65 ule ) . As a result , frequencies present in the ambient are 

an application of an embodiment of the circuit architecture , averaged out even if the ambient sources contain very 
according to some embodiments of the disclosure ; and similar or the same frequencies as the pulse of interest . 

a 
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Much of prior art approaches where it is desired to detect For example , Burr Brown's OPT201 integrated photo 
and measure contribution from a predefined source of inter- diode and amplifier provides low noise operation , but does 
est from all other possible sources is based on avoiding not have any means to distinguish between different types of 
interference with the ambient source by choosing a fre- light sources . In another example , New Focus Inc.'s 1601 
quency of the source of interest to be different than the 5 and 1611 high - speed photo - receivers have large gain band 
frequencies present in the ambient . Inventors of the present width ( GBW ) , low noise , high drive capability and large 
application realized that such approaches are not always dynamic range to enable wide bandwidth low - noise detec 
successful because the content of the ambient is often tion of signals distributed over fiber - optic cables , or found in 
unpredictable . Inventors of the present application further applications such as high resolution spectroscopy , fiber 
realized that by synchronizing the receiver circuit to the optic sensors , and optical metrology . The photo - receivers 
pulses of the signal of interest , it is possible to detect and consist of a silicon or InGaAs PIN photodiode followed by 
measure contributions from the source of interest in pres- a low - noise amplifier . However , these photo - receives are not 
ence of contributions from one or more ambient sources capable of sampling multiple channels , and are designed 
without having to choose frequencies for the pulses of the such that there is no need to distinguish between different 
signal of interest that are different from the ambient ( i.e. the types of light that fall on the sensor- predefined source of 
frequency components could be the same ) . interest and the ambient . 
An exemplary current detection module and functionality Turning to FIG . 1 , FIG . 1 is a simplified block diagram of 

of such a module is now described in greater detail with electrical circuit 10 that may be used as a current detection 
reference to measurement of photocurrent signal generated 20 module described herein . Electrical circuit 10 is configured 
by a photodiode in response to detecting light from a light to simultaneously provide low - noise and low - power con 
source ( i.e. for the example that the current detection module sumption among other features ) while avoiding interfer 
is used to detect photocurrent ) . However , teachings provided ence from uncorrelated sources besides the source of interest 
herein are equally applicable to current detection modules ( for the example of a sensor being a photodiode , such 
configured to detect currents generated by sensors , or charge 25 uncorrelated sources being e.g. , sunlight , background light , 
generators , other than photodiodes , such as , but not limited ambient light ) in the environment . Furthermore , the circuit 
to , pyro - electric , piezo - electric , or capacitive sensors . For all architecture is configured to have high dynamic range that is 
of these sensors ( i.e. some kind of charge generators ) , a suitable for use in the presence of a strong ambient source , 
general setting described below for photodiodes is appli- such as e.g. sunlight , for the example of a sensor being a 
cable where a sensor generates a current signal that may 30 photodiode . The circuit architecture can be extended to 
contain contributions from what may be considered as two multiple channels , for example , in applications that involve 
" sources . ” One " source " is a particular source of interest ( i.e. reading multiple sensor ( e.g. multiple photodiode ) signals 
the sensor sensing some event of interest — e.g . light gener- concurrently 
ated by a particular LED as detected by a photodiode , According to various embodiments , electrical circuit 10 
change in temperature due to a particular source of interest 35 can provide the following features substantially simultane 
detected by a pyro - electric sensor , mechanical deformation ously : low noise , high dynamic range , high rejection of 
caused by a particular force / source of interest as detected by uncorrelated ambient sources , high signal extraction of a 
a piezo - electric sensor , touch by e.g. a human or a stylus as locked or target source ( i.e. the source of interest ) , low 
detected by a capacitance sensor , etc. ) . The other source ” power operation , and flexibility for different sampling 
may be considered to include everything else besides the 40 modes . Furthermore , electrical circuit 10 can allow for 
source of interest that may cause the change in the charge simultaneous sampling of multiple channels for analog - to 
state of the sensor . Such a source is referred to as an digital conversion , improve ambient signal rejection in the 
“ ambient source . ” In other words , the same sensor that first mode , and measure ambient signal in the second mode . 
senses contributions from the source of interest may also ( or One example is ambient light rejection ( ALR ) in the first 
instead of , in case the source of interest is not providing any 45 mode when a sensor is a photodiode . Multiple channels are 
contribution ) sense other things - e.g . the photodiode may serviced by a single and often more precise analog - to - digital 
detect ambient light , the capacitance sensor may sense touch converters ( ADCs ) while maintaining simultaneous mea 
that is not by a human or a stylus , etc. One common goal for surement on all channels . 
all of these sensors may be to be able to distinguish and According to a specific embodiment , electrical circuit 10 
quantify these separate contributions to the current gener- 50 may comprise a sensor 12 that detects a stimuli from a target 
ated by the sensors . source of interest 14 , e.g. a photodiode 12 that receives light 

Referring now to the example of a photodiode as a sensor , from a light source 14. The current signal generated by the 
some embodiments of the present disclosure provide for sensor 12 can include a single pulse of low duty cycle or a 
measurement of photocurrent signal from a light source , multiple pulse train of low duty cycle ( e.g. , depending on the 
which may be synchronized ( e.g. , specifically modulated ) . 55 duty cycle of target source 14 ) . In some embodiments , the 
Common photodiode circuits ( e.g. , photodiode amplifi- target source 14 may be modulated by an integrated circuit 

ers ) are typically configured for one of low noise , wide ( not shown ) coupled to electrical circuit 10 . 
bandwidth , and high dynamic range . Such circuits do not According to various embodiments , electrical circuit 10 
generally provide all three characteristics ( low noise , wide can comprise four stages 16 , 18 , 20 , and 22. Stage 16 can 
bandwidth , and high dynamic range ) simultaneously . Even if 60 include a trans - impedance amplifier ( TIA ) , which may 
some circuits do provide all three characteristics , such amplify the current signal from the sensor 12 and generate 
circuits may require high power , or may not provide for high a low noise signal . The trans - impedance amplifier can also 
signal extraction of a target light source ( especially in the convert the current signal to a voltage at the output . Stage 16 
presence of a high amount of ambient light , which is includes a feedback capacitance 24 ( CO in parallel with a 
considered an interference and acts like noise ) , or may not 65 feedback resistor 26 ( RG ) connected to an operational ampli 
be flexible to accommodate different sampling modes or fier ( op - amp ) 28 in an R - C feedback loop , for example , to 
multiple channels . reduce noise and stabilize the circuit . 
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Any source of interest 14 ( including DC source , e.g. DC some embodiments , switches SW2 may be used to reset 
light for the example of a sensor being a photodiode ) whose positive integrating amplifier 38 ( 1 ) and negative integrating 
bandwidth is within the amplifier bandwidth may be ampli- amplifier 38 ( 2 ) , for example , after every conversion cycle or 
fied by amplifier 28. Generally , capacitance of a sensor can after multiple integration phases . 
affect noise gain based on the relative value of the capaci- 5 Each of positive integrating amplifier 38 ( 1 ) and negative 
tance to resistance value Ry of feedback resistor 26 and integrating amplifier 38 ( 2 ) ( generally referred to individu 
capacitance value C of feedback capacitor 24. Configuring ally as an “ integrator ” 38 ) acts like a storage element that 
stage 16 as a first stage can provide increased flexibility to produces an output voltage output proportional to the inte 
minimize excess noise gain . In a general sense , two domi- gral of its input current ( converted from voltage output of the 
nant noise sources in electrical circuit 10 include Johnson 10 previous stage ) over time . In other words , the magnitude of 
noise of feedback resistor 26 and amplifier 28's input the output voltage is determined by the length of time 
voltage noise . To reduce Johnson noise , resistance value R , ( integration period tind ) during which an input voltage is 
of feedback resistor 26 can be chosen to be as large as present as the current through the feedback loop ( comprising 
possible consistent with the largest DC current that is Cind ) charges or discharges capacitor Cint . The circuit oper 
expected for a given arrangement of sensor 12 and other 15 ates by passing a current that charges capacitor Cint over 
components . Such a configuration may provide minimum time from the input current of stage 18. When the input 
amplifier noise consistent with the total DC current . Capaci- current of stage 18 is firstly applied to the integrator , the 
tance value Cf of feedback capacitor 24 can be chosen to feedback capacitor Cint begins to charge and the output 
change the bandwidth of the current signal ( which may be of voltage is determined by the total charge ( which is the 
the order of approximately 1 / t , where t refers to the input 20 integral of the input current over time ) . 
pulse duration ) as desired . Stage 16 can also include a low Positive integrating amplifier 38 ( 1 ) may generate a posi 
pass filter ( LPF ) 30 that additionally filters out high fre- tive integrated value 40 ( Q + ) , which is the integral over time 
quency noise in the photocurrent signal . LPF 30 can also of the positive amplitude of the alternating current signal 
increase the duration of pulses of the current signal gener- from stage 18 , and negative integrating amplifier 38 ( 2 ) may 
ated by sensor 12 ( which may coincide with the pulse 25 generate a negative integrated value 42 ( Q_ ) , which is the 
duration of the ( synchronized ) target source 14 ) . The fre- integral over time of the negative amplitude of the alternat 
quency threshold of LPF 30 can be configured as desired ing current signal from stage 18. The integration period tint 
based on particular needs depending on the expected ( or can be configured over a wide range based on particular 
measured ) noise characteristics . needs . The start of the integration cycle may be controlled by 

Stage 18 may comprise a high pass filter , active or 30 timer 36 in a microcomputer , a simple programmable circuit , 
passive , with frequency fac , and a capacitor that provides AC or other suitable component . The gain of the amplifier can be 
coupling . Stage 18 can eliminate low frequencies ( e.g. , chosen to optimize conversion by an analog - to - digital con 
remove DC ) and allow high gain to be provided in subse- vertor ( ADC ) 44 ( as DC and low frequency components of 
quent stages . The pulsed output from the stage 16 is filtered ambient light are largely removed after stage 18 ) at stage 22 . 
by having low frequency components removed by stage 18 , 35 At the end of the positive and negative integration cycle , 
thereby providing a zero cross - over point where the ampli- substantially all currents in the integration period t , may be 
tude of the current signal changes from positive to negative . integrated and the voltage may be held at the outputs of stage 
Stage 18 can eliminate some of the noise components from 20. The voltages may be subtracted either before conversion 
stage 16 and high frequency noise and lower frequency by a difference amplifier or converted by ADC 44 and then 
currents from ambient signal ( e.g. ambient light ) or uncor- 40 subtracted digitally . 
related ambient sources . Mathematically , the integration and subtraction are simi 

In some embodiments , a square pulse shaped signal from lar to a low pass filter and a “ lock - in ” filter to further remove 
target source 14 may be modified by the filtering action of noise artifacts of the ambient sources while amplifying the 
LPF 30 and stage 18 to eliminate low frequencies . The current signal . For example , the phase of switch 34 can be 
corner frequencies ( e.g. , boundary in the frequency response 45 adjusted to provide “ lock - in ” functionality to a signal origi 
at which energy flowing through begins to reduce ( attenuate nating from a distant system . Assume , merely for illustrative 
or reflect ) ) of stages 16 and 18 may be chosen to maximize purposes , and not as a limitation , that a distant light source 
signal measurement and provide ALR . For example , the produces a train of N pulses repeating at a rate R. Timer 36 
corner frequency of the high pass filter of stage 18 can be set can be configured to lock to the phase of the clock that 
as large as 0.5 / t . The choice can also be influenced by the 50 generates the N pulses . Thus a phase lock loop can be 
integration time chosen in next stage 20 . constructed to measure the light intensity of the distant light 

Stage 20 may comprise integration and demodulation . A source . Positive integrating amplifier 38 ( 1 ) and negative 
single pole changeover switch 34 may switch the incoming integrating amplifier 38 ( 2 ) can together provide increased 
signal based on a clock from timer 36. The clock cycle of ALR . Outputs 40 and 42 may be fed to ADC ( or ADC 
timer 36 may be configured to match the zero cross - over 55 integrated with a micro - controller ) 44 at stage 22 to perform 
point of the photocurrent signal from stage 18. When the further operations . 
zero cross - over point occurs , switch 34 may switch from ADC 44 can read the output voltage of stage 20 and a 
integrating amplifier 38 ( 1 ) to integrating amplifier 38 ( 2 ) . controller therein can reset integrators 38 ( 1 ) and 38 ( 2 ) , for 
Two integrating amplifiers 38 ( 1 ) and 38 ( 2 ) may be used to example , by momentarily closing SW2 , to start a new 
integrate in succession on the positive portion of the signal 60 integration cycle . The reset can occur at the end of each 
from stage 18 when switch 34 is connected to the positive pulse or at the end of a group of pulses . The voltage at stage 
integrating amplifier 38 ( 1 ) and on the negative portion of the 20 may represent a signal charge deposited at the sensor 12 
signal from stage 18 when switch 34 is connected to the as a result of detecting stimuli from the target source 14 in 
negative integrating amplifier 38 ( 2 ) . Each of positive inte- addition to charge from substantially all ambient interfer 
grating amplifier 38 ( 1 ) and negative integrating amplifier 65 ence . In an example embodiment , the pulses may be added 
38 ( 2 ) may include a capacitor Cint configured to enable the together thereby increasing signal strength and reducing 
operational amplifier therein to operate as an integrator . In noise and interference digitally after ADC 44. In another 

a 

a 

a 



' 
int 

a a 

V ac 
Vint 

TIA int * 

US RE48,996 E 
9 10 

example embodiment , the pulses may be added in an analog According to various embodiments , at least some com 
domain until SW2 resets integrating capacitors Cint ponents of stages 16 , 18 , and 20 are programmable ( e.g. , 
Embodiments of electrical circuit 10 can permit extension of component values adjustable according to user specifica 
the circuit architecture to ultra short pulses , for example in tions ) after electrical circuit has been implemented in a 
nanosecond and picosecond domain , without substantially 5 physical form . The component values may be programmable 
increasing the speed of ADC 44. High dynamic range may manually , or by a suitable computing device or controller . 
be facilitated as digital additions of pulses can be carried out For example , capacitance C of feedback capacitor 24 , resis 
over many more pulses , almost without limit , than any tance R , of feedback resistor 26 ; bandpass filter shaping 
analog addition on the integrating capacitors Cime would function BPF ( fild ) , resistance Rin , capacitance Cint etc. can 
permit . 10 be programmed according to the application in which elec 

trical circuit 10 is to be used . Thus , the same physical According to various embodiments , i nput current gener 
ated by sensor 12 may be converted to voltage at stage 16 . representation of electrical circuit 10 may have a first set of 

component values in one application ( e.g. , photoplethys Any frequency content of the voltage signal may be shaped mography ( PPG ) system used in controlled ambient light ) by the band pass filtering functions at state 18. The output 15 and a different , second set of component values in a different voltage of stage 18 may be converted back to current , for 
example , using a suitable resistor , and integrated with application ( e.g. , wireless sensor used in uncontrolled ambi 

ent light ) . capacitor Cint over time tint over positive and negative Turning to FIG . 2 , FIG . 2 is a simplified diagram illus cycles . At least a portion of the behavior of electrical circuit trating an example signal chart 50 according to an embodi 10 may be indicated by the following equations : 20 ment of electrical circuit 10. Merely for example purposes , 
and not as a limitation , the pulse duration t was set at 1 us , 
and the high pass filter corner frequency ( of stage 18 ) was 

Vria = in XR , set at 300 kHz or 0.3 / t . The output of the stages was referred 
Vac = BPF ( ffilt ) * VTIA to the input to allow for easy comparison . Input photocurrent 

25 pulse 52 from synchronized light source may result in a 
) x ( Cim Xtim ) photocurrent signal 54 , illustrated after stages 16 and 18 . Rin Signal 54 indicates an AC signal , with a zero cross - over 

point . The zero cross - over point may set the integrating 
where V tia is the output voltage at stage 16 ; i , is the cycle duration Positive and negative integration cycles 

current from sensor 12 ( e.g. photovoltaic current for the 30 may be denoted by a line 56 , which also has a zero 
example of sensor 12 being a photodiode ) ; R , is the resis- cross - over point coinciding with the zero cross - over point of 
tance of feedback resistor 26 ; Vae is the output voltage at signal 54 . 
stage 18 ; BPF ( ffilt ) is a bandpass filter shaping function of Turning to FIG . 3 , FIG . 3 is a simplified diagram illus 
stage 18 ; Vint is the output voltage at stage 20 ; Rin is the trating an example signal chart 60 according to an embodi 
resistance of a resistor ( not shown ) at stage 20 ; Cint is the 35 ment of electrical circuit 10. Input photocurrent pulse 62 
capacitance at stage 20 ; and tint is the integration time . from synchronized light source may result in a photocurrent 

For example , Rf may be chosen to prevent saturation at signal 64 , illustrated after stages 16 and 18. Signal 64 is an 
stage 16 with a high amount of low frequency ambient AC signal , with a zero cross - over point . The zero cross - over 
sources , such as e.g. sunlight . The corner frequencies can be point may set the integrating cycle duration tint . Positive and 
chosen to minimize interference while transmitting most of 40 negative integration cycles may be denoted by the line 66 , 
the signal pulse at stage 18. Moreover , the choice of Rin and which also has a zero cross - over point coinciding with the 
Cint can allow signal gain at stage 20 to match ADC input zero cross - over point of signal 64. Input photocurrent signal 
range at stage 22. Further , multiple cycles of analog inte- 62 may be generated as pulses ( e.g. , with a short 1 us pulse ) . 
gration over many pulses with digital integration at ADC 44 Each pulse of signal 64 may be shaped by the action of 
can allow a large dynamic range . 45 stages 16 and 18. Positive and negative integration cycles 

In some embodiments , an intense short pulse produced by are applied to each pulse in the train of pulses . The sepa 
target source 14 may perform better for low power operation ration t , between pulses may be configured based on the 
as the system of amplifiers and ADC can be powered down settling time or to minimize any effect of particularly domi 
between the pulses . Also , for the same net power consumed nant frequency components ( if any ) from ambient light . 
by synchronous target source 14 , signal - to - noise - ratio 50 Turning to FIG . 4 , FIG . 4 is a simplified diagram illus 
( SNR ) can be maximized by using the shortest possible trating a graph 80 showing input charge over frequency of 
pulse that can be produced by a driver circuit . ( The shortest interfering ambient light . Graph 80 illustrates the suppres 
possible pulse may be limited by the peak current output sion of ambient light according to electrical circuit 10 . 
available . ) Electrical circuit 10 may be dynamically or Assume , merely for illustrative purposes , and not as a 
programmatically configured in some embodiments , for 55 limitation , that a light source in the environment has a 
example , by changing the C R , Cine , and other passive frequency f . Further assume that the phase of the ambient 
component values and corner frequency values as desired . light is somehow synchronized to produce worst case inter 

In some embodiments , the low frequency ( e.g. , DC ) ference at each possible frequency of the ambient light 
component of the current signal generated by sensor 12 may ( indicated along the x - axis ) . The measured amplitude of the 
be measured by directly connecting stage 16 to the input of 60 photocurrent signal produced at that frequency can be 
ADC 44. Alternatively , the low frequency component may reduced by the action of all four stages 16 , 18 , 20 and 22. In 
be measured by connecting stage 16 to either positive the case of a train of multiple pulses , suppression may be 
integrating amplifier 38 ( 1 ) or negative integrating amplifier increased even further . 
38 ( 2 ) of stage 20. In embodiments with low levels of Graph 80 was generated using 16 pulses , and the input 
ambient signals , one of positive and negative integrating 65 referred integrated current ( after stage 22 ) was calculated as 
amplifiers 38 ( 1 ) and 38 ( 2 ) , respectively , may be connected charge on the Y - axis . According to embodiments of electri 
directly to sensor 12 , bypassing stages 16 and 18 . cal circuit 10 , ALR of almost a factor of 100 at frequencies 
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below 50 kHz may be observed . Many ambient light sources within a certain time interval . The time interval may be 
such as fluorescent lamps and light emitting diode ( LED ) configured according to the power cycle of light source 14 , 
lights have components at low frequencies . Very low fre- such that ADC 44 completes sampling the outputs from all 
quencies such as 120 Hz may be suppressed by factors stage 20 before light source 14 powers down . 
exceeding 1000 and DC light may be completely blocked . Moreover , the output from stage 20 can remain constant 

It may be noted that embodiments of electrical circuit 10 after the integration phase until reset , ADC 44 can be may reject electrical noise injected at sensor 12 similar to multiplexed to sample each of the outputs without compro rejection of currents generated by ambient sources . Indeed , mising performance . Thus embodiments of electrical circuit components of electrical circuit 10 may not distinguish 
between currents generated by the sensor in response to 10 low frequency switching between channels can be used 10 can allow a relatively lower cost low speed ADC with 
stimuli of ambient sources or electromagnetic interference 
( EMI ) or any other electrical noise injected into the circuit , without compromising performance . Such circuit architec 
facilitating robustness in the presence of both electrical ture can be used in specialized sensor applications , for 
interference and interference due to detection by the sensor example , that use lateral photodiodes , quad detectors , or 
of ambient source ( e.g. optical interference for the example 15 optical angle sensors in context of a sensor being a photo 
of sensor 12 being a photodiode ) . diode . With the circuit architecture of embodiments of 

Turning to FIG . 5 , FIG . 5 is a simplified diagram illus electrical circuit 19 , pulse width of the input light and 
trating an example application 90 of electrical circuit 10 as substantially all components of stages 16 , 18 , and 20 can be 
used in a photoplethysmography system 92. A photoplethys- configured with nanosecond pulses without substantially 
mograph is a device used to optically measure changes in the 20 affecting ADC 44’s sample rate . 
effective light transmission or reflectance of an organ . Turning to FIG . 7 , FIG . 7 is a simplified diagram illus 
Examples of photoplethysmography systems include pulse trating an example application 100 of electrical circuit 10 . 
oximeters , cardiovascular monitors , and respiration detec- Smartphone 102 may be configured to detect gestures of a 
tors . Application 90 illustrated in the FIGURE can include user 104 based on optical signals ( rather than touch ) . Mul 
a pulse oximeter , although electrical circuit 10 may be 25 tiple photodiodes 12 may be configured on Smartphone 102 
implemented in any other type of photoplethysmography ( e.g. , on its display screen ) . Synchronous light source 14 
systems as well , within the broad scope of the embodiments . may be provided on Smartphone 102 in some embodiments . 

The pulse oximeter of application 90 may include pho- Light from light source 14 may be reflected off user 104 , and 
todiode 12 and synchronous light source ( e.g. , red and may be measured by photodiodes 12. The amount of light 
infrared light emitting LED ) connected to photoplethysmog- 30 arriving at each photodiode 12 may depend on the particular 
raphy system 92 , which can include electrical circuit 10 and gesture ( hand , finger or body position ) of user 104. When 
other components , based on the particular application need . user 104 changes the gesture , the amount of light on 
The pulse oximeter may be attached to , or otherwise placed photodiodes 12 may also change . This change may be 
in proximity with an organ ( e.g. , fingertip , wrist , etc. ) 94 calculated by a suitably calibrated microcontroller to detect 
( e.g. , of the patient whose pulse is being monitored ) . Light 35 the gesture and derive a suitable meaning thereof . With 
emitted by synchronous light source 14 may be partially electrical circuit 10 implemented in such application 100 , 
reflected , transmitted , absorbed , and / or scattered by the the sensitivity of the system to the background light and 
organ ( e.g. , skin , surrounding tissues , and the blood at the other extraneous light may be reduced without compromis 
fingertip ) before it reaches photodiode 12. The photocurrent ing the performance . 
signal from photodiode 12 can provide a measurement of the 40 Turning to FIG . 8 , FIG . 8 is a simplified circuit diagram 
organ , for example , indicative of pulse rate , or oxygen illustrating another example configuration of an embodi 
content , etc. ment of electrical circuit 10. Instead of ADC 44 , a differ 

Currently available pulse oximeters and other photopl- ential amplifier 110 may be used in stage 22. Differential 
ethysmography systems use caps , light proof enclosures , and amplifier 110 may compute a difference between outputs 40 
other such devices to prevent ambient / background light 45 and 42 and send the difference to ADC 44 or other suitable 
from generating noise in the photoplethysmography sys- component ( e.g. , microprocessor , digital signal processor , 
tems . With electrical circuit 10 , such light blocking enclo- etc. ) . Differential amplifier 110 may also amplify the differ 
sures ( e.g. , caps , boxes , etc. ) need not be used , as electrical ence in outputs 40 and 42 , and thereby increase accuracy of 
circuit 10 includes noise reduction capabilities sufficient to measurement based on particular needs . 
overcome ambient and other background light noise . More- 50 To summarize the above description , an example electri 
over , because of the noise reduction characteristics of elec- cal circuit is provided and includes a sensor ( e.g. a photo 
trical circuit 10 , and its consequent reduced sensitivity to diode ) that receives a signal ( e.g. light signal ) from a target 
ambient and DC light , the distance between synchronous source ( e.g. a target light source ) and generates a current 
light source 14 and photodiode 12 may be configured based signal ( e.g. a photocurrent signal ) , a trans - impedance ampli 
on convenience factors , rather than noise reduction . 55 fier that amplifies the current signal and generates a low 

Turning to FIG . 6 , FIG . 6 is a simplified block diagram noise signal , and a high pass filter that converts the low noise 
illustrating another embodiment of electrical circuit 10 . signal into an AC signal having a positive amplitude , a 
Multiple ( e.g. , four ) sensors 12 , shown in FIG . 6 as photo- negative amplitude , and a zero cross - over point between the 
diodes 12 , may be connected to ADC 44 , for example , to positive amplitude and the negative amplitude . The electri 
measure light intensity from four different spatial orienta- 60 cal circuit also includes a positive integrating amplifier that 
tions . In some embodiments , each sensor 12 may be con- receives the positive amplitude of the AC signal and gen 
nected to separate stages 16 , 18 and 20 , with all sensors 12 erates a positive integrated value over an integration period , 
sharing a common ADC 44. Each of stages 20 may provide and a negative integrating amplifier that receives the nega 
a positive integrated value and a negative integrated value to tive amplitude of the AC signal and generates a negative 
ADC 44. ADC 44 may sample the outputs from a specific 65 integrated value over the integration period . The electrical 
stage 20 before proceeding to the next stage 20 , and so on , circuit further includes at least one ADC that receives the 
until it samples the outputs from substantially all stage 20 positive and negative integrated values . 
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In a specific embodiment where the sensor is a photo- the sensor ) , such parasitic elements schematically illustrated 
diode , the electrical circuit is coupled to a photoplethys- in FIG . 10 as parasitic capacitive elements 134 . 
mography system . Light from the light source reflects off , or Sensor 122 is configured to detect stimuli , shown in FIG . 
transmits through an organ before reaching the photodiode , 9 with arrows going to sensor 122 , which could originate 
such that the photocurrent signal from the photodiode can 5 from one or more sources of interest , shown as “ target 
provide an indication of a measurement of the organ . The source 128 ” in FIG . 9 , and / or from one or more sources 
photoplethysmography system does not have to include a which may comprise any sources that are not classified as 
light blocking enclosure to keep out ambient light for the target sources , shown as " ambient source 130 ” in FIG . 
accurate measurements . 9. Target source 128 could be implemented as source 14 
A system is also provided that includes a plurality of 10 described above , while ambient source 130 could e.g. 

sensors ( e.g. photodiodes ) that receive one or more signals include various sources contributing to ambient light ( i.e. 
from one or more target sources ( e.g. light sources ) , with what is referred to as " ambient source 130 ” does not have to 
each one of the sensors generating a current signal , a be a single , definitive source , but could include any kind of 
plurality of trans - impedance amplifiers , in which each trans- stimuli generator that a particular sensor 122 could detect ) . 
impedance amplifier amplifies the current signal from one of 15 Mode switch 124 is configured to control operation of 
the sensors and generates a low noise signal , a plurality of current detection module 126 in order to use the same 
high pass filters , in which each high pass filter converts the current detection module 126 to perform different measure 
low noise signal from each trans - impedance amplifier into ments in the following modes . In each of what is referred to 
an AC signal having a positive amplitude , a negative ampli- as a “ first mode ” and a “ fourth mode ” described herein , 
tude , and a zero cross - over point between the positive 20 current detection module 126 is configured to detect contri 
amplitude and the negative amplitude and a plurality of bution from the source of interest 128. The first and fourth 
integrators . Each integrator includes a positive integrating modes differ in how exactly such contribution is detected . In 
amplifier that receives the positive amplitude of the AC each of what is referred to as a " second mode ” and a “ third 
signal from each high pass filter and generates a positive mode ” described herein , current detection module 126 is 
integrated value over an integration period , and a negative 25 configured to detect contribution from the ambient source 
integrating amplifier that receives the negative amplitude of 130. The second and third modes differ in which ranges of 
the AC signal from each high pass filter and generates a signal intensity generated by ambient source 130 may be 
negative integrated value over the integration period . The correctly measured . In particular , the second mode may be 
system further includes an ADC that receives the positive used to detect contributions from ambient sources is in a 
and negative integrated values from the plurality of integra- 30 certain first range of amplitudes , while the third mode may 
tors . be used to detect contribution in a higher range of ampli 

Using Current Detection Module with Mode Switching tudes ( which amplitudes could oversaturate sensor 122 
Embodiments of the present disclosure are further based resulting in incorrect measurement if measured in the second 

on the recognition that a current detection module as mode ) . In order to control different modes of operation , 
described above may be re - used to not only detect and 35 mode switch 124 may be configured to ensure that one or 
quantify contribution to the current signal from a predefined , more of sensor 122 , current detection module 126 , and target 
target , source of interest , but also provide high precision source 128 are synchronized ( which synchronization is 
detection and quantification of contributions to the sensor- described in more detail below ) , as shown in FIG . 9 with 
generated current signal from sources other than the pre- dashed arrows between mode switch 124 and each one of 
defined source . To that end , a detection system is provided 40 these elements . 
that implements the current detection module as described In various embodiments , functionality provided by mode 
above and further allows mode switching where , depending switch 124 may be implemented different manners 
on the mode of operation being selected , the current detec- software , hardware , a combination of software and hard 
tion module is configured to perform different kinds of ware , etc. 
measurements . FIG . 11 illustrates one example of implementing mode 

FIG . 9 is a simplified diagram of an architecture 112 for switch 124 in software . In such an embodiment , mode 
use of detection system 120 with mode switching , according switch 124 may include at least one processor 136 and at 
to some embodiments of the disclosure . As shown , detection least one memory element 138 , along with any other suitable 
system 120 may include sensor 122 , a mode switch 124 , and hardware and / or software to enable its intended functional 
a current detection module 126 . 50 ity . Mode switch 124 may be considered to include one or 

Current detection module 126 could be implemented as more modules ( not shown in FIG . 11 ) configured to carry out 
electrical circuit 10 described above . functionality described herein related to mode switching and 

Sensor 122 could be implemented as sensor 12 described synchronization , as well as an interface ( not shown in FIG . 
above , which could be e.g. a photodiode , a pyro - electric 11 ) to enable communication with other devices , e.g. sensor 
sensor , a piezo - electric sensor , or a capacitive sensor . In 55 122 , current detection module 126 , and target source 128 
general , sensor 122 may be considered to be a device illustrated in FIG . 9. As a result of performing functionality 
comprising one or more charge collecting / generating capaci- described herein , mode switch 124 can ensure that current 
tive elements , as shown in FIG . 10. As used herein , the term detection module 126 properly performs measurements in 
“ capacitive elements ” of a sensor refer to elements of a one of the modes . Optionally , in different embodiments , 
sensor capable of holding a certain charge or , in other words , 60 various repositories ( not shown in FIG . 11 ) may be associ 
possessing a certain capacitance . Such capacitive elements ated with mode switch 124 , including , but not limited to , e.g. 
may include capacitors built into the sensor on purpose , a repository storing information related to target sources 
shown in FIG . 10 with one or more designated capacitive 128 , a repository storing information indicative of specifi 
elements 132 , as well as capacitances that a sensor may cations and limitations of sensor 122 , etc. 
intrinsically possess without being included on purpose ( i.e. 65 FIG . 12 illustrates one example of implementing mode 
“ parasitic capacitances ” that may be built into the sensor switch 124 in hardware . In such implementation , mode 
itself and / or happen to be in the circuit elements surrounding switch 124 may be configured as an actual switch that could 
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be in one of the following positions : position 142 , where function as SW1 and integrators 38 ( 1 ) and 38 ( 2 ) of FIG . 1 . 
mode switch 124 connects the output of sensor 122 to the Similar to FIG . 1 , in FIG . 13 , positive and negative inte 
input of the first stage ( i.e. , the TIA ) of current detection grated values are provided to the ADC 198 of stage 4 , e.g. 
module 126 ( i.e. as a result of sensor 122 receiving stimuli , via a multiplexer 196 shown in configured to select one 
current may flow from sensor 122 to current detection 5 value at a time . Similar to FIG . 1 , stage 1 of FIG . 13 is used 
module 126 ) ; position 144 , where mode switch 124 connects to reduce noise and stabilize the circuit , stage 2 of FIG . 13 
the output of sensor 122 is not connected to anything ( i.e. , is used to remove DC from TIA bias as well as current 
because the output of sensor 122 is open , current cannot flow generated by sensor 152 ( e.g. to provide first level immunity 
from sensor 122 and , as a result of receiving stimuli , sensor to low frequency ambient signals ) , stage 3 of FIG . 13 is used 
122 accumulates charge , referred to as “ floating ” of sensor 10 for integrating both the positive and the negative transient 
122 ) ; or position 146 where mode switch 124 connects the values ( e.g. to provide second level immunity to ambient 
output of sensor 122 to a predefined reference voltage , e.g. signals ) , while stage 4 of FIG . 13 is used to digitize the 
to the common mode ( CM ) node of the TIA in the first stage integrator output . 
of current detection module 126 , or to some other reference Optionally , circuit architecture could include circuitry 180 
voltage ( i.e. irrespective of how much stimuli sensor 122 is 15 for using measurements of the circuit 160 in further digital 
receiving , sensor 122 is maintained to be at the reference signal processing , e.g. for gesture and / or proximity deter 
voltage ) . In an optional embodiment , mode switch 124 could minations . Optionally , circuit architecture may be config 
be configured to connect sensor 122 to at least two different ured to work with more than one target source , as shown 
reference voltages , shown as a first reference voltage V_refi with LED2 184. Further , photodiode 152 may be connected 
in position 146 and a second reference voltage V_ref2 in 20 to switch 200 for management of photodiode bias , which 
position 148. In various embodiments , mode switch 124 switch may be shorted during the times the photodiode is off . 
may be implemented using any number of switches , con- In an embodiment , logic signals sent to the LED driver to 
nected in series or / and parallel , as suitable for a particular pulse the target LED 154 ( or any other target source ) can be 
deployment of the detection system 120. In various embodi- simply directed to the switch 172 so that it pulses similar to 
ments , one or more switches of the mode switch 124 may be 25 the LED . This is shown as “ PD switching ” switch that 
implemented as complementary metal - oxide - semiconductor directs LED pulse signals to the switch 172 . 
( CMOS ) switches . Mode switch 170 may be used to switch between mea 

Turning to FIG . 13 , FIG . 13 is a simplified circuit diagram suring signals from the target source 154 and measuring 
of a circuit architecture 150 with mode switching , according integrated ambient charge . In one embodiment , as shown in 
to some embodiments of the disclosure . Such an architecture 30 FIG . 13 , mode switch 170 may be implemented by including 
can be used for one or more of detecting and measuring two switches , switches 172 and 174 , connected in parallel . 
incoming signals from a target source at a sensor and In various implementations , mode switch 170 may be used 
detecting , measuring , and cancelling incoming ambient sig- to e.g. measure LED light synchronized the LED pulse 
nals . FIG . 13 illustrates , and descriptions provided below generator circuits or it may be used to measure ambient 
refer to a sensor being a photodiode . However , the same as 35 light . Depending on the timing and connection of the mode 
for the descriptions above , these teachings are equally switch 170 , four different tasks can be carried out by the 
applicable to detections systems employing current detec- same circuit architecture , as described in further detail 
tion module and mode switching as described herein con- below . 
figured to detect currents generated by sensors , or charge In a first mode ( normal mode ) , mode switch 170 is used 
generators , other than photodiodes , such as , but not limited 40 as a bypass to connect the output of sensor 152 to TIA 188 
to , pyro - electric , piezo - electric , or capacitive sensors . of the first stage of the current detection module 160 and is 

According to a specific embodiment , circuit architecture primarily used to measure the response to an LED pulse , in 
150 may comprise a sensor 152 that detects a stimuli from the same manner as described above with reference to 
a target source of interest 154 , e.g. a photodiode 152 that electrical circuit 10 ( therefore , all of the discussions pro 
receives light from a light source 154. Circuit architecture 45 vided above for circuit 10 are applicable here ) . The response 
150 may further include current detection module 160 of the rest of the circuit is illustrated in FIG . 14. In this 
comprising four stages ( indicated in FIG . 13 as stages 162 , mode , the goal is to measure light falling on the detector that 
164 , 166 , and 168 ) similar to the four stages 16 , 18 , 20 , and only corresponds to the illumination by a certain target LED 
22 of electrical circuit 10 described above . In addition , and reject ambient light ( which could include sunlight , light 
circuit architecture 150 may comprise a mode switch 170. 50 from other LEDs or from any other light sources ) . As was 
Photodiode 152 , LED 154 , mode switch 170 , and current described with reference to electrical circuit 10 and illus 
detection module 160 illustrated in FIG . 13 may be trated in FIG . 14 , this is accomplished in four stages : ( 1 ) 
examples of , respectively , sensor 122 , target source 128 , amplify the photocurrent and convert it to voltage ( TIA 
mode switch 124 , and current detection module 126 illus- stage ) , ( 2 ) pass the output of stage 1 through the BPF 190 to 
trated in FIG . 9. Therefore , all of the discussions provided 55 remove the DC portion of the photocurrent which predomi 
for sensor 122 , target source 128 , mode switch 124 , and nantly consists of the ambient light since the LED pulse is 
current detection module 126 are applicable to correspond- relatively short in time duration ( see LED pulses and output 
ing elements shown in FIG . 13 , which discussions , in the of BPF in FIG . 14 ) , ( 3 ) integrate the AC output of stage 2 
interests of brevity , are not repeated here . with the integrator 192-194 that switches sign at the zero 

Comparison of FIGS . 1 and 13 reveals that FIG . 13 shows 60 crossing ( see integration pulses in FIGS . 14 ) , and 4 ) digitize 
the four stages of the circuit as illustrated in FIG . 1 , except the integrator output using ADC 198 , with an optional MUX 
that sometimes elements are denoted with different symbols . 196 to allow multiple channels to share a single ADC . 
For example , the TIA 188 of FIG . 1 ( stage 1 ) is the same as As mentioned above , in the first mode , current detection 
the operational amplifier ( op - amp ) 28 in FIG . 1 , the band- module 160 can provide two levels of protection from 
pass filter ( BPF ) 190 of FIG . 13 ( stage 2 ) is the same as AC 65 ambient light . First , low DC light is reduced or blocked in 
element 32 of FIG . 1 , the + 17-1 integration switch 192 and stage 2. Then , positive and negative integrations by the 
integrator 194 of FIG . 13 ( stage 3 ) represent the same integrator of stage 3 further reduce or block any remaining 
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ambient light . Thus , the architecture 150 allows cancelling generated by the target source at the sensor controls the 
ambient signals without contributing additional computa- timing of operations performed by the current detection 
tional load to the circuit . As used herein , in this context , the module . First row of FIG . 15A illustrates that , in the first 
term " cancelling ” refers to cancelling ambient signals , mode , the mode switch 170 is closed ( i.e. the output of the 
reducing ambient signals , or rendering ambient signals 5 photodiode 152 is connected to the first stage input of the 
below the noise of the current detection module . current detection module 160 ) . LED pulses generated by the 

Thus , the mode switch 170 is used as a bypass and the rest LED 154 ( shown in the second row of FIG . 15A ) are 
of the circuit architecture cancels ambient light . In one detected by the photodiode 152 and the photodiode 152 
example , pulsed LED light falls on the mode switch 170 . generates current that flows to the TIA 188 ( shown in the 
FIG . 14 shows a graph of an LED pulse input to a mode 10 third row of FIG . 15A ) . There normally is a certain time 
switch 170 over time , according to some embodiments of the delay between the LED pulses shown in the second row and 
disclosure . The blinking LED light results in sensor 152 TIA pulses shown in the third row of FIG . 15A ( and other 
generating current pulses as shown in FIG . 14 with “ LED FIG . 15 ) , as a person of ordinary skill in the art would 
pulses ” . As shown in the circuit architecture 150 , the square immediately recognize , but since this delay is common and 
electrical pulses generated by sensor 152 in response to the 15 does not relate to the synchronization of the elements of the 
light generated by LED 154 are input into the TIA 188 , and detection system described herein , it is not illustrates in FIG . 
the pulses may be band pass filtered in stage 1 ( e.g. with the 15A ( and other FIG . 15 ) . 
low - pass filter 30 as shown in FIG . 1 ) . The pulses are then Values of the stimulus generated by the target source ( e.g. 
passed through an AC filter to remove the DC ( i.e. through width of the LED pulse ) as well as various circuit elements 
the BPF 190 of stage 2 ) , where the output of this stage is 20 of the current detection module , such as e.g. bandwidth of 
shown in FIG . 14 with “ O / P BPF . ” An integrator is used to the TIA 188 , corner frequencies of the BPF 190 , etc. , define 
recover the charge , which is represented by the area under the time delay ( shown in FIG . 15A as “ tdelay " ) from the 
the curve O / P BPF , and to cancel any DC that passed through beginning of the LED pulse to the time the zero crossing 
the BPF 190. The integrator uses positive integration in a occurs in the output of the BPF 190. In other words , the 
first ( positive ) phase of the cycle , and negative integration in 25 location of the zero crossing depends on the value settings 
the second ( negative ) phase of the cycle in order to add both for the target stimulus and the values of the circuit elements 
parts of the cycle and capture the charge . In the first mode , of the current detection module 160. All of these values are 
the operations in the four stages of the current detection fixed by the circuit or the user ( e.g. the user provides the 
module as described herein result in an excellent rejection of settings for the target stimulus ) and thus the zero crossing 
the ambient light while only measuring the total number of 30 occurs at a specific time tdelay from the application of the 
photons reaching the detector from the LED pulse of the stimulus . The integration sign should be changed at the time 
target LED . In order to enable such operation , various parts the zero crossing occurs . Since it is possible for the detection 
of the architecture 150 need to be synchronized , where , system to determine when the zero crossing occurs for a 
besides being provided by the design choices made in particular target source of interest , the system may be 
implementing various elements of the architecture 150 , the 35 configured to set the timing of the integration switch 192 to 
synchronization may be controlled / managed by mode switch from +1 to -1 integration in dependence ( i.e. with 
switch 170. Synchronization is also important for other respect to ) the stimulus so that the transition of the switch 
modes of operation of the current detection module 192 from +1 to -1 coincides with the zero crossing . This is 
described herein . Such synchronization is described below illustrated in FIG . 15A where the integration sign shown in 
with reference to FIGS . 15A - 15D . 40 the fifth row changes at the same time as zero crossing in 
FIGS . 15A - 15D show timing diagrams of four modes of BPF output occurs . It is this specific relationship that allows 

operation of the detection system with mode switching , the current pulse from the input to the TIA 188 to be 
according to some embodiments of the disclosure . Each of integrated in such a way that both the positive and the 
FIGS . 15A - 15D illustrate five rows that show the synchro- negative output from the BPF filter 190 contribute to the 
nization in time between various elements . The first row in 45 measured signal , i.e. they are added . Any ambient light , 
each of the FIGS . 15A - 15D illustrates state of the mode irrespective of its frequency or shape , is quite unlikely to 
switch 170. The second row in each of the FIGS . 15A - 15D coincide precisely to this internally generated integration 
illustrates stimuli ( signal ) generated by the source of interest switch and thus , on an average , is cancelled during the 
( e.g. LED pulses generated by the target LED ) . The third positive and negative integration phases . When many of 
row in each of the FIGS . 15A - 15D illustrates input signal 50 these pulses are added , due to such synchronization between 
provided to the first stage ( TIA 188 ) of the current detection the target source and the current detection system , current 
module . The fourth row in each of the FIGS . 15A - 15D pulses resulting from the target source will continue to add 
illustrates output of the second stage ( BPF 190 ) of the to the previous values . On the other hand , at the output of the 
current detection module . The fifth row in each of the FIGS . integration of stage 3 , current values from the ambient 
15A - 15D illustrates switching of the integration sign by the 55 sources will have values that are sometimes positive and 
switch 192 in stage 3 of the current detection module . The sometimes negative ( because the integration sign is not 
timing diagrams of FIGS . 15A - 15D represent the relative switched synchronously with the ambient sources ) , and thus 
sequence of events in the signal chain of receiving and will be averaged towards zero . Thus , the current detection 
processing signals . Synchronization between the elements of module 160 allows synchronizing the sign change of the 
the detection system described herein refers to the fact that 60 integration of stage 3 to the pulsed signal of interest , so that 
these events have specific and well defined relationship in the integrator output is added for the pulsed signal of interest 
each of the measurement modes . but the ambient signals are , on average , cancelled out due to 
The timing diagram for the first mode is illustrated in FIG . lack of their synchronization with the sign change . 

15A . In the first mode , the arrival of light from the LED 154 It should be noted that the timing diagram for the first 
( or a stimulus generated by any other target source ) at the 65 mode illustrated in FIG . 15A is comparable to the timing 
photodiode 152 ( or any other appropriate sensor ) , sets off a diagram illustrated in FIG . 3 , except that FIG . 3 illustrates 
sequence of events . In other words , arrival of signal pulses various metrics in the same graph ( as opposed to rows of 
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FIG . 15A ) and illustrates an input current generated by the configured to switch the integrator sign of stage 3 at the time 
sensor ( “ input photocurrent pulse ” ) instead of a pulse gen- when the zero - crossing takes place ( shown in the fifth row 
erated by the target source ( “ LED pulse ” ) . of FIG . 15B ) . 

In a second mode ( which could be referred to as a Thus , in the second mode of operation of the current 
" floating " sensor mode ) , one goal is to measure the ambient 5 detection module 160 , providing an artificially generated 
contributions only . In such a case , there is no natural pulsing current pulse to the current detection module 160 ( by means 
of ambient sources , as was the case with the pulsed target of the mode switch 170 ) allows benefiting from the syn 
source 154 , ( because , unlike target sources that may be chronization between the elements provided by the module 
controlled , ambient sources are typically not controlled ) . to accurately measure the pulse . In this mode , because the 
However , in this mode , the mode switch 170 may be 10 pulse is generated as a result of the sensor 152 detecting 
operated in such a way that the sensor 152 itself can be used contributions from the ambient sources only ( target sources 
as the integrator , artificially generating what looks , to the were off ) , the value generated by the current detection 
current detection module 160 , as a current pulse similar to module is representative of contributions to the sensorgen 
that generated in the first mode when LED pulse is detected . erated current signal due to the ambient sources . In other 
To that end , capacitance associated with the sensor 152 ( e.g. 15 words , a current pulse artificially generated in the second 
the designated capacitive elements as well as parasitic mode , when integrated , directly represents the total accu 
capacitive elements as shown in FIG . 10 ) can be used to mulated charge and hence the strength of the ambient . 
integrate the charge generated by the sensor as a result of In some embodiments of the second mode , stage 2 ( i.e. 
receiving stimuli from ambient sources . BPF 190 ) of the current detection module 160 may be 

The cycle of the second mode may begin by the mode 20 removed / bypassed because in this mode it is not necessary 
switch 170 ensuring that the output of sensor 122 is not to eliminate low frequency / DC contributions typical of 
connected to anything ( this may be achieved e.g. by having ambient light in the first mode . Thus , the current pulse 
mode switch in position 144 illustrated in FIG . 12 and may shaped by the TIA 188 may be integrated directly , without 
be considered as the mode switch 170 being open ) . This is passing through the BPF stage . In such embodiments , the 
shown in the first row of FIG . 15B providing the timing 25 timing of the integration switch may be adjusted to include 
diagram for the second mode . the entire integration of the pulse in the positive or the 
At the time the mode switch 170 is open , signals gener- negative cycle . When the second stage is bypasses , zero 

ated by one or more ambient sources are detected by the crossing point is defined in the output of the TIA 188 . 
sensor 152 , resulting in the sensor 152 generating charge on The switching integrator stage ( stage 3 ) is maintained in 
the capacitors of the sensor . Target sources 154 may be off 30 the second mode . The positive - negative cycle removes 
( i.e. not generating signals that are detected by the sensor many integrator offsets . If the integration time on the sensor 
152 ) , as shown in the second row of FIG . 15B ( no LED ( i.e. the time the sensor 152 is floating ) is t and contributions 
pulse ) . Because the output of the sensor 152 is not connected from the ambient sources result in sensor 152 generating 
to anything , current cannot flow , so the charge accumulates / current iamb , the total charge Q = iambt can be measured by 
integrates on the capacitive elements of the sensor 152. This 35 the detection system as described herein with high SNR by 
continues for a certain time period ( which could be referred simply increasing the floating time until the charge accu 
to as “ integration time ” or “ floating time ” ) , which could e.g. mulated on the sensor 152 is greater than the measurement 
be user - defined or could be dynamically determined by the noise floor . 
detection system based on the maximum charge that can be In some implementations , internal leakage currents may 
stored . 40 limit the floating time . For example , for a relatively large 

After this certain time period , the mode switch 170 photodiode of 100 um in size , one lux of light will make for 
connects the output of sensor 152 to the current detection roughly 4-5 pA of current , which , when integrated for 1 ms , 
module 160 , as shown in the first row of FIG . 15B with the results in 8 fC of accumulated charge that can be measured . 
mode switch being " closed . ” As a result of making this As the foregoing illustrates , the same current detection 
connection , the charge stored on the capacitive elements of 45 module can be used to either measure contributions from the 
the sensor 152 will discharge through the current detection ambient sources or contributions from synchronous pulse ( s ) 
module ( e.g. through the TIA 188 ) and make a pulse of generated by a target source . 
current , shown in the third row of FIG . 15B . As far as the rest In an embodiment , mode switching functionality used to 
of the current detection module 160 is concerned , this pulse create a pulse in the ambient input as described for the 
of current looks just like a pulse received from the sensor 50 second mode may be implemented with the mode switch 
152 in the first mode as a result of sensor 152 detecting a 170 comprising the switches 172 and 174. In such an 
pulse generated by the target source . In other words , opera- embodiment , the first switch 172 may be connected to the 
tion when , in the second mode , the mode switch 170 first second switch 174. When the second switch 174 is open , the 
makes sure that the output of sensor 152 is not connected to charge from the sensor 152 has nowhere to go and the mode 
anything and accumulates charge and then connects the 55 switch 170 integrates the accumulated charge on the sensor . 
output of sensor 152 to the current detection module 160 , Then the second switch 174 is closed to the TIA 188 , and the 
artificially generates a current pulse that is provided to the charge is transmitted through to the TIA 188 like a pulse of 
TIA 188. The rest of the architecture of the current detection target source in the first mode . In this manner , ambient 
module 160 may then be used in a manner analogous to how signals are captured and turned into pulsed signals . The 
a current pulse was processed in the first mode because , as 60 pulses are then processed by the rest of the circuit in the 
described above for the first mode , it is the receipt of this same manner as the target source pulses were processed in 
current pulse by the current detection module that defines the first mode . 
the timing of other operations and elements of the current A third operating mode may also be used to measure 
detection module . For example , as described above , occur- ambient contributions only , but this mode may be used 
rence of zero - crossing ( shown in the fourth row of FIG . 65 particularly advantageously in a presence of fairly strong 
15B ) happens after a predefined time period after the receipt contributions from ambient sources ( e.g. in presence of 
of the TIA pulse , and the current detection module 160 is strong ambient light ) . In such situations , it may be undesir 
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able to integrate the charge on the sensor 152 as was done current is momentarily directed into the TIA 188 , resulting 
in the second mode because , when ambient contributions are in one or more current pulses on the TIA 188 as shown in the 
strong , such integration is likely to lead to saturation of the third row of FIG . 15C . Such current pulses is similar to the 
sensor 152 ( i.e. reaching the maximum amount of charge current pulse of from the target source of the first mode and 
that the capacitive elements of the sensor 152 are able to 5 the rest of the operation of the current detection module 160 
hold ) in a very short amount of time . A saturated sensor proceeds as described above for the first and second modes , 
cannot produce accurate measurements because it is clipped which descriptions , in the interests of brevity , are not 
at the maximum values . This mode of operation may also be repeated here . Fourth and fifth rows of FIG . 15C illustrate 
advantageously used with certain types of sensors that may synchronization as described above . 
function better when the voltage remains constant during the 10 In one embodiment , the third mode described herein 
measurement , e.g. pyro sensors biased at a constant voltage could be modified by measuring sensor node between two 
and photodiodes for measuring intense light . In all these different reference voltages , thereby measuring the changes 
situations , it may be desirable to measure the current gen- to the sensor itself as the voltage is pulsed . This embodiment 
erated by the sensor 152 directly , without integrating the may be implemented in the same manner as the third mode 
charge on the sensor as was done in the second mode . In 15 described above , except that , at times shown in FIG . 15C as 
such situations , the mode switch 170 can be used , again , to tvref , the mode switch 170 connects the output of the sensor 
effectively generate what looks like a current pulse that can 152 to a certain reference voltage that is different from the 
be processed by the current detection module 160. Thus , common mode voltage V_cm . For example , if switch 174 
similar to the second mode , in the third mode , there is no were connected to V_ref and the switch 172 were pulsed , 
natural pulsing of ambient sources but the mode switch 170 20 and if V_ref were to be different than V_cm , then the 
may be operated to artificially generate what looks , to the potential on the sensor is changed as switch 172 is pulsed . 
current detection module 160 , as a current pulse similar to Thus the current flowing into the amplifier depends not only 
that generated in the first mode when LED pulse is detected . on the ambient current but also on the differences in the 
The rest of the architecture of the current detection module charge due to different potentials — V_cm when connected to 
160 may then be used in a manner analogous to how a 25 the input of the amp and V_ref otherwise . This will provide 
current pulse was processed in the first mode because it is input pulse to the amplifier even in the absence of any 
the receipt of this current pulse by the current detection ambient . This flow of current originates purely from the 
module that defines the timing of other operations and changes in potential is directly proportional to the capaci 
elements of the current detection module ( i.e. , as in the tance of the network . Simply , the net charge flowing into the 
second mode , it is possible to benefit from the synchroni- 30 amplifier during “ pulse ” is AQ = C AV where the difference 
zation between the elements provided by the module to between the two potentials is AV . As previously described 
accurately measure the pulse ) . herein , this capacitance ( be it capacitance itself , or state of 

In the third mode , at certain times ( shown in FIG . 15C as the sensor such as pyro , PZT , inductive etc. ) can be changed 
" U vret " ) the mode switch 170 connects the output of the by the environment and measured . Thus this modification of 
sensor 152 to a certain reference voltage ( e.g. common mode 35 the third mode allows direct measurement of the “ state of the 
voltage of the TIA 188 , V_cm ) node so that no current sensor " and hence it's environment . 
passes through the TIA 188 ( i.e. as far as the TIA 188 is A fourth operating mode , illustrated in the timing diagram 
concerned , the mode switch 170 is open , as illustrated in the of FIG . 15D , may be considered as a combination of the first 
first row of FIG . 15C ) . At this time , target sources 154 may and second modes described above in that both pulsing of 
be off ( i.e. not generating signals that are detected by the 40 the target source 154 and floating of the sensor 152 are used . 
sensor 152 ) , as shown in the second row of FIG . 15C ( no In this case , the sensor 152 is floating for a certain time 
LED pulse ) , and only signals generated by one or more period ( shown in FIG . 15D as “ ta ” ) when the target source 
ambient sources are detected by the sensor 152. Because the is off ( in the second row of FIG . 15D , LED pulse is shown 
sensor 152 is connected to the reference voltage and not to be off during time h ) , followed by the output of the 
connected to the current detection module 160 , there is no 45 sensor 152 being connected to the input of the TIA 188 for 
current going to the TIA 188 during the times tyref ( as shown a certain time period ( shown in FIG . 15D as “ , 
in FIG . 15C in the third row ) . resulting in a current pulse as described above for the second 
At certain other times ( shown in FIG . 15C as “ t , mode ( shown in the third row of FIG . 15D as current pulse 

mode switch 170 connects the output of the sensor 152 to the “ ambient ” ) . Because the target source 154 was off in the 
input of the amplifier 188. When this happens , current 50 time when the sensor was floating , this current pulse , when 
( representative of the ambient source contributions ) can flow integrated ( see first integration in the fifth row of FIG . 15D ) , 
from the sensor 152 to the TIA 188 , resulting in the TIA 188 directly represents the total accumulated charge and hence 
receiving a current pulse similar to the current pulse made , the strength of only the ambient . 
in the first mode , by the target source . The magnitude of the After that , the sensor 152 is floating again for a certain 
current pulse can be measured in the same way as described 55 time period ( shown in FIG . 15D as " 12 " , which time period 
above . may but does not have to be equal to t ) , except that now the 

Thus , in the third mode , the mode switch 170 is config- target source is on in the second row of FIG . 15D , LED 
ured to effectively generate what looks like a current pulse pulse is shown to be on during time ta ) . Since the sensor 152 
from a constant stimulus arriving at the sensor 152. This is is floating ( i.e. no current is flowing to the TIA 188 ) when 
done by pulsing the mode switch 170 to connect for a 60 the target source is on , during this time t12 , the charge 
specific amount of time to the amplifier's input ( tpulse ) and accumulated on the capacitive elements of the sensor 152 is 
otherwise the sensor 152 remains connected to a fixed due to both contributions of the ambient and the target 
reference voltage , e.g. to the common mode voltage of the source . Again , as in the second mode above , the output of the 
amplifier through the switch 174 shown in FIG . 13 ) . With sensor 152 is then connected to the input of the TIA 188 for 
such implementation , the sensor always has the same poten- 65 a certain time period ( shown in FIG . 15D as “ tpulse2 " ) , 
tial on its terminals and the TIA 188 does not receive current resulting in a current pulse as described above for the second 
generated by the sensor 152 except for the times when that mode ( shown in the third row of FIG . 15D as current pulse 

pulsel ” ) , 
pulse " ) , the 

. 
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“ ambient + target ” ) , except that now , because the target device and , further , provide connectors for other peripherals . 
source 154 was on in the time when the sensor was floating , More specifically , the motherboard can provide the electrical 
this current pulse , when integrated ( see the second integra- connections by which the other components of the system 
tion in the fifth row of FIG . 15D ) , directly represents the can communicate electrically . Any suitable processors ( in 
combined strength of ambient and target sources . By sub- 5 clusive of digital signal processors , microprocessors , sup 
tracting the value generated by the current detection module porting chipsets , etc. ) , memory elements , etc. can be suit 
160 indicative of measurements of the first pulse ( ambient ) ably coupled to the motherboard based on particular 
from the value indicative of measurements of the second configuration needs , processing demands , computer designs , pulse ( ambient + target ) , a value indicative of the contribution etc. Other components such as external storage , additional of the target source only is obtained . sensors , controllers for audio / video display , and peripheral In some embodiments of the fourth mode , the mode devices may be attached to the motherboard as plug - in cards , switch 170 may be disconnect the output of the sensor 152 
from the TIA 188 immediately following the discharge of via cables , or integrated into the motherboard itself . 
the sensor 152 in the first current pulse , as shown in FIG . In another example embodiment , parts or entire electrical 
15D . However , in other embodiments , this may be done 15 circuits of the FIGURES may be implemented as standalone 
some time later , as long as the timing is such that the target modules ( e.g. , a device with associated components and 
source is turned on when that disconnection occurs ( i.e. circuitry configured to perform a specific application or 
when the sensor 152 starts floating again ) . function ) or implemented as plug - in modules into applica 

Considerations provided above for the second mode are tion specific hardware of electronic devices . Note that par 
applicable , except for the differences in that target source is 20 ticular embodiments of the present disclosure may be readily 
sometimes on , to the fourth mode , and , therefore , are not included in a system on chip ( SOC ) package , either in part , 
repeated here . In particular , in the fourth mode ( as well as in or in whole . An SOC represents an IC that integrates 
the third mode ) , in some embodiments , the second stage components of a con uter or other electronic system into a 
( BPF ) of the current detection module 160 may be bypassed single chip . It may contain digital , analog , mixed - signal , and 
and the output of the TIA 188 may be presented directly to 25 often radio frequency functions : all of which may be pro 
the integrator stage . vided on a single chip substrate . Other embodiments may 

The fourth mode may be particularly advantageous for include a multi - chip - module ( MCM ) , with a plurality of 
situations where ambient light is weak or has low modula- separate ICs located within a single electronic package and 
tion frequency compared to pulse width , in which cases the configured to interact closely with each other through the 
fourth mode can provide enhanced SNR when compared to 30 electronic package . In various other embodiments , the 
multiple pulses in the first mode . amplification functionalities may be implemented in one or 

The four modes described above are summarized in the more silicon cores in Application Specific Integrated Cir 
table in FIG . 16 for the example of sensor 152 being a cuits ( ASICs ) , Field Programmable Gate Arrays ( FPGAs ) , 
photodiode . and other semiconductor chips . 

For the example of sensor 152 being a photodiode , 35 It is also imperative to note that all of the specifications , 
according to various implementations , the LED light can be dimensions , and relationships outlined herein ( e.g. , the num 
any color . For example , a red or a green LED light may be ber of processors and memory elements , logic operations , 
used . Similarly , the LED pulse width can be any selected etc. ) have only been offered for purposes of example and 
width , and in one example , the LED pulse width is about 3 teaching only . Such information may be varied considerably 
us . In other examples , the LED pulse width is less than about 40 without departing from the spirit of the present disclosure , or 
3 us , or more than about 3 us . Pulse width of few ns to 100's the scope of the appended claims . The specifications apply 
of microsecond is a typical range for LED pulsewidths . The only to one non - limiting example and , accordingly , they 
measurements can be repeated first as a burst of pulses , should be construed as such . In the foregoing description , 
which are themselves repeated at various rates ranging from example embodiments have been described with reference 
0.01 Hz to many kHz . 45 to particular processor and / or component arrangements . 

In other embodiments when sensor 152 is a photodiode , Various modifications and changes may be made to such 
the target light source could be any controllable light source , embodiments without departing from the scope of the 
not necess essarily a LED . Thus , target light sources could be , appended claims . The description and drawings are , accord 
but are not limited to , e.g. laser diodes , high / low pressure ingly , to be regarded in an illustrative rather than in a 
gas discharge sources , inorganic / organic light emitting 50 restrictive sense . 
diodes , incandescent sources , halogen sources , etc. Note that with the numerous examples provided herein , 

Variations and Implementations interaction may be described in terms of two , three , four , or 
Note that in this Specification , references to various more electrical components . However , this has been done 

features ( e.g. , elements , structures , modules , components , for purposes of clarity and example only . It should be 
steps , operations , characteristics , etc. ) included in “ one 55 appreciated that the system can be consolidated in any 
embodiment ” , “ example embodiment ” , “ an embodiment ” , suitable manner . Along similar design alternatives , any of 
“ another embodiment ” , “ some embodiments ” , “ various the illustrated components , modules , and elements of the 
embodiments ” , “ other embodiments ” , “ alternative embodi- FIGURES may be combined in various possible configura 
ment ” , and the like are intended to mean that any such tions , all of which are clearly within the broad scope of this 
features are included in one or more embodiments of the 60 Specification . In certain cases , it may be easier to describe 
present disclosure , but may or may not necessarily be one or more of the functionalities of a given set of flows by 
combined in the same embodiments . only referencing a limited number of electrical elements . It 

In one example embodiment , parts or entire electrical should be appreciated that parts or entire electrical circuits 
circuits of the FIGURES may be implemented on a moth- of the FIGURES and its teachings are readily scalable and 
erboard of an associated electronic device . The motherboard 65 can accommodate a large number of components , as well as 
can be a general circuit board that can hold various com- more complicated / sophisticated arrangements and configu 
ponents of the internal electronic system of the electronic rations . Accordingly , the examples provided should not limit 
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the scope or inhibit the broad teachings of parts or entire current signal to generate a second digital value 
electrical circuits as potentially applied to a myriad of other indicative of a total of the first portion and the 
architectures . second portion , and 
Numerous other changes , substitutions , variations , altera- the current detection module is configured to generate 

tions , and modifications may be ascertained to one skilled in 5 the digital value indicative of the first portion by 
the art and it is intended that the present disclosure encom subtracting the first digital value from the second 
pass all such changes , substitutions , variations , alterations , digital value . 
and modifications as falling within the scope of the 4. The detection system according to claim 1 , wherein , in 
appended claims . the second mode , the mode switch is configured to enable 

Although the claims are presented in single dependency 10 charge accumulation on one or more capacitive elements of 
format in the style used before the USPTO , it should be the sensor for a duration of a first time interval followed by 
understood that any claim can depend on and be combined discharge of the one or more capacitive elements of the 
with any preceding claim of the same type unless that is sensor to the current detection module for a duration of a 
clearly technically infeasible . second time interval thereby providing a pulsed current 

15 signal to the current detection module . 
What is claimed is : 5. The detection system according to claim 4 , wherein the 
1. A detection system comprising : one or more capacitive elements of the sensor accumulate 
a sensor configured to generate a current signal , the charge for a duration of first time interval followed by 

current signal comprising at least a first portion com- discharge of the one or more capacitive elements of the 
prising a contribution from a target source and / or a 20 sensor to the current detection module for a duration of a 
second portion comprising a contribution from one or second time interval thereby providing a pulsed current 
more sources other than the target source ; signal to the current detection module . 

a current detection module configured to receive the 6. The detection system according to claim 1 , wherein , in 
current signal generated by the sensor and generate a the third mode , the mode switch is configured to maintain 
digital value indicative of the first portion of the current 25 charge on a capacitor of the sensor at a reference value for 
signal and / or a digital value indicative of the second a duration of a first time interval followed by a second time 
portion of the current signal ; and interval during which the mode switch is configured to 

a mode switch configured to set the current detection release maintaining of the charge on a capacitor at the 
module to operate in one of a first mode , a second reference value while enabling the capacitor of the sensor to 
mode , and a third mode , wherein : 30 discharge to the current detection module thereby providing 
in the first mode , the current detection module is a pulsed current signal to the current detection module . 

configured to generate the digital value indicative of 7. The detection system according to claim 1 , wherein the 
the first portion , sensor comprises one of a photosensor , a capacitance sensor , 

in the second mode , the current detection module is an impedance sensor , a magnetic field sensor , or a piezo 
configured to generate the digital value indicative of 35 electric film . 
at least the second portion when the contribution 8. The detection system according to claim 1 , wherein the 
from the one or more sources other than the target contribution to the current signal from the target source 
source is in a first range of values , and comprises a pulse or a series of repeating pulses synchro 

in the third mode , the current detection module is nized to the current detection module . 
configured to generate the digital value indicative of 40 9. The detection system according to claim 1 , wherein the 
at least the second portion when the contribution current detection module comprises : 
from the one or more sources other than the target a first stage comprising a trans - impedance amplifier con 
source is in a second range of values , the second figured to amplify the current signal and generate a low 
range of values having an upper end higher than an noise signal ; 
upper end of the first range of values . a second stage comprising a high pass filter configured to 

2. The detection system according to claim 1 , wherein the convert the low noise signal into an alternating current 
mode switch and the target source are synchronized so that ( AC ) signal having a positive amplitude , a negative 
the mode switch is configured to set the current detection amplitude , and a zero cross - over point between the 
module to operate in the first mode when the target source positive amplitude and the negative amplitude ; 
is generating the contribution to the current signal , and 50 a third stage comprising : 
configured to set the current detection module to operate in a positive integrating amplifier configured to receive 
the second mode or in the third mode when the target source the positive amplitude of the AC signal and generate 
is not generating the contribution to the current signal . a positive integrated value over an integration 

3. The detection system according to claim 1 , wherein the period ; and 
mode switch is further configured to set the current detection 55 a negative integrating amplifier configured to receive 
module to operate in a fourth mode , the negative amplitude of the AC signal and generate 

wherein in the fourth mode , a negative integrated value over the integration 
the mode switch is configured to : period ; and 

set the current detection module to operate in the a fourth stage comprising at least an analog - to - digital 
second mode for a first period of time while the 60 converter ( ADC ) configured to receive the positive and 
target source is not generating the contribution to negative integrated values and generate the digital 
the current signal to generate a first digital value value indicative of the first portion of the current signal 
indicative of the second portion in absence of the and / or the digital value indicative of the second portion 
first portion , and of the current signal based on the positive and negative 

set the current detection module to operate in the 65 integrated values . 
second mode for a second period of time while the 10. The detection system according to claim 9 , wherein 
target source is generating the contribution to the the trans - impedance amplifier includes an operational 
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amplifier with a feedback loop comprising a feedback mine a contribution to the current signal due to the 
capacitor and a feedback resistor and a low pass filter . detected stimuli from the target source . 

11. The detection system according to claim 9 , wherein 21. The detection system according to claim 20 , wherein 
the second stage includes an AC source and a capacitor that the current detection module comprises : 
provides AC coupling . a first stage comprising a trans - impedance amplifier con 

12. The detection system according to claim 9 , wherein figured to amplify the current signal and generate a low 
the third stage includes a switch configured to change from noise signal ; 
the positive integrating amplifier to the negative integrating a second stage comprising a high pass filter configured to 
amplifier at the occurrence of the zero cross - over point . convert the low noise signal into an alternating current 

13. The detection system according to claim 12 , wherein 10 ( AC ) signal having a positive amplitude , a negative 
the switching action of the switch is configured by a timer . amplitude , and a zero cross - over point between the 

14. The detection system according to claim 13 , wherein positive amplitude and the negative amplitude ; 
the timer is configured to provide a clock synchronized with a third stage comprising : 
a frequency of the target source . a positive integrating amplifier configured to receive 

15. The detection system according to claim 9 , wherein 15 the positive amplitude of the AC signal and generate 
the second stage is bypassed in the second mode and / or the a positive integrated value over an integration 
third mode . period ; and 

16. The detection system according to claim 9 , wherein a negative integrating amplifier configured to receive 
the target source is a synchronous light source . the negative amplitude of the AC signal and generate 

17. The detection system according to claim 16 , wherein 20 a negative integrated value over the integration 
a pulse of the synchronized light source has a duration of t , period ; and 
a bandwidth of the second stage is approximately 1/7 , and a a fourth stage comprising at least an analog - to - digital 
corner frequency of the high pass filter is set as 0.5 / t . converter ( ADC ) configured to receive the positive and 

18. A detection system comprising : negative integrated values and determine the contribu 
first means for generating a current signal , the current 25 tion to the current signal due to the detected stimuli 

signal comprising at least a first portion comprising a based on the positive and negative integrated values . 
contribution from a target source and / or a second 22. The detection system according to claim 20 , wherein 
portion comprising a contribution from one or more the current signal further comprises a contribution due to the 
sources other than the target source , and generating a sensor detecting a stimuli from one or more sources other 
digital value indicative of the first portion of the current 30 than the target source , and the detection system further 
signal and / or a digital value indicative of the second comprises a mode switch configured to control the current 
portion of the current signal ; and detection module to operate in a first mode or a second 

second means for setting the first means to operate in one mode , wherein 
of a first mode , a second mode , and a third mode , the current detection module is configured to determine 
wherein : the contribution to the current signal due to the detected 
in the first mode , the first means is configured to stimuli from the target source when the current detec 

generate the digital value indicative of the first tion module operates in the first mode , and 
portion , the current detection module is configured to determine 

in the second mode , the first means is configured to the contribution to the current signal due to the detected 
generate the digital value indicative of at least the 40 stimuli from one or more sources other than the target 
second portion when the contribution from the one or source when the current detection module operates in 
more sources other than the target source is in a first the second mode . 
range of values , and 23. The detection system according to claim 22 , wherein 

in the third mode , the first means is configured to the mode switch is configured to control the current detec 
generate the digital value indicative of at least the 45 tion module to operate in one of the first mode , the second 
second portion when the contribution from the one or mode , or a third mode , and wherein 
more sources other than the target source is in a the current detection module is configured to operate in 
second range of values , the second range of values the second mode when the contribution from the one or 
having an upper end higher than an upper end of the more sources other than the target source is in a first 
first range of values . range of values , and 

19. The detection system according to claim 18 , wherein the current detection module is configured to operate in 
the second means and the target source are synchronized so the third mode when the contribution from the one or 
that the second means is configured to set the first means more sources other than the target source is in a second 
module to operate in the first mode when the target source range of values , the second range of values having an 
is generating the contribution to the current signal , and 55 upper end higher than an upper end of the first range of 
configured to set the first means to operate in the second values , to determine the contribution to the current 
mode or in the third mode when the target source is not signal due to the detected stimuli from one or more 
generating the contribution to the current signal . sources other than the target source . 

20. A detection system comprising : 24. The detection system according to claim 22 , wherein 
a sensor configured to generate a current signal indicative 60 the mode switch is configured to control the current detec 

of the sensor detecting a stimuli that comprises a pulse tion module to operate in one of the first mode , the second 
or a series of repeating pulses generated by a target mode , or a third mode , and wherein , in the third mode , the 
source ; current detection module is configured to : 

a current detection module having a predetermined phase operate in the second mode for a first period of time 
relationship between operation of the current detection 65 during which the sensor is not detecting the stimuli 
module and the pulse or the series of repeating pulses from the target source to determine the contribution to 
generated by the target source , and configured to deter- the current signal due to the detected stimuli from one 
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or more sources other than the target source in absence receiving at the first sensor , a background electromag 
of the contribution to the current signal due to the netic field ; 
detected stimuli from the target source , producing a combined signal which includes a pulse train 

operate in the second mode for a second period of time signal based at least on the received pulse train and a 
during which the sensor is detecting the stimuli from 5 background signal at least based on the received back 
the target source to determine a combined contribution ground electromagnetic field ; 
due to the sensor detecting both the stimuli from the extracting the pulse train signal from the background 
target source and the stimuli from one or more sources signal at least based on subtraction and the predeter 
other than the target source , and mined clock phase ; and , 

determine the contribution to the current signal due to the analyzing the object at least based on the extracted pulse 
stimuli from the target source by subtracting the con- train signal . 
tribution determined for the first period of time from 29. The method of claim 28 , wherein the electromagnetic 
the combined contribution determined for the second field is a quasi - static electric field . 
period of time . 30. The method of claim 29 , wherein the first sensor is a 

25. The detection system according to claim 20 , wherein : first capacitive sensor . 
the current signal is a first current signal , further com- 31. The method of claim 28 , wherein the first electromag 

prising a contribution due to the sensor detecting a netic field source is a first light source . 
stimuli from one or more sources other than the target 32. The method of claim 31 , wherein the first sensor is 
source , 20 photodiode . 

the sensor is configured to generate the first current signal 33. The method of claim 28 , further comprising the step 
for a first time period during which the sensor is of producing a clock signal at least based on the predeter 
detecting both the stimuli from the target source and the mined clock phase . 
stimuli from one or more sources other than the target 34. The method of claim 33 , further comprising the step 
source , 25 of synchronizing the received pulse train signal with the 

the sensor is further configured to generate a second produced clock signal . 
current signal for a second time period during which 35. The method of claim 28 , further comprising switching 
the sensor is detecting the stimuli from one or more between a first mode associated with the pulse train signal 
sources other than the target source and not detecting and a second mode associated with the background signal . 
the stimuli from the target source , 36. The method of claim 28 , further comprising low - pass 

the current detection module is configured to determine filtering at least one of the background and pulse train 
the contribution to the current signal due to the stimuli signals . 
from the target source based on a difference between 37. The method of claim 28 , further comprising digitally 
the first current signal and the second current signal . sampling at least one of the background and pulse train 

26. The detection system according to claim 20 , wherein : 35 signals . 
the pulse generated by the target source or each pulse of 38. A system for analyzing the presence of a proximal 

the series of repeating pulses generated by the target object using a pulsed electromagnetic field source compris 
source has a duration of t , ing : 

the current detection module comprises a trans - imped- a first electromagnetic field source producing a pulse 
ance amplifier configured to amplify the current signal 40 train , the pulse train having a predetermined clock 
and generate a low noise signal and a high pass filter phase ; 
configured to convert the low noise signal into an a first sensor which senses the pulse train and a back 
alternating current ( AC ) signal having a positive ampli- ground electromagnetic field ; 
tude , a negative amplitude , and a zero cross - over point an analog circuit which produces a combined signal , the 
between the positive amplitude and the negative ampli- 45 combined signal comprises a pulse train signal based 
tude , and at least on the received pulse train and a background 

the predetermined phase relationship between operation signal at least based on the received background elec 
of the current detection module and the pulse or the tromagnetic field ; 
series of repeating pulses generated by the target source a clock having the predetermined clock phase ; 
comprise? the bandwidth of the high pass filter being 50 a module which extracts the pulse train signal from the 
1 / t , and a corner frequency of the high pass filter being background signal at least based on subtraction and 
0.5 / t . the predetermined clock phase ; and , 

27. The detection system according to claim 23 , wherein : a comparator circuit which analyzes the object at least 
the current detection module comprises a clock , and based on the extracted pulse train signal . 
the current detection module having the predetermined 55 39. The system of claim 38 , wherein the electromagnetic 

phase relationship with the pulse or the series of field is a quasi - static electric field . 
repeating pulses generated by the target source com- 40. The system of claim 39 , wherein the first sensor is a 
prises one or more frequencies present in the pulse or first capacitive sensor . 
the series of repeating pulses generated by the target 41. The system of claim 38 , wherein the first electromag 
being synchronized to the clock . 60 netic field source is a first light source . 

28. A method for determining the presence of an object 42. The system of claim 41 , wherein the first sensor is 
using a pulsed electromagnetic field source , the steps com- photodiode . 
prising : 43. The system of claim 38 , further comprising an analog 

producing a pulse train from a first electromagnetic field to digital converter ( ADC ) . 
source ; 44. The system of claim 43 , further comprising a module 

receiving at a first sensor , the pulse train having a for which synchronizes the received pulse train signal with 
predetermined clock phase ; a produced clock signal based on the clock . 
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45. The system of claim 38 , further comprising a mode 
switch configured switch between a first mode associated 
with the pulse train signal and a second mode associated 
with the background signal . 

46. The system of claim 38 , further comprising a low - pass 5 
filter configured to filter at least one of the background and 
pulse train signals . 

47. An apparatus for determining the presence of an 
object using a pulsed electromagnetic field source compris 
ing : 
means for producing a pulse train from a first electro 

magnetic field source ; 
means for receiving at a first sensor , the pulse train having 

a predetermined clock phase ; 
means for receiving at the first sensor , a background 15 

electromagnetic field ; 
means for producing a combined signal which includes a 

pulse train signal based at least on the received pulse 
train and a background signal at least based on the 
received background electromagnetic field ; 

means for extracting the pulse train signal from the 
background signal at least based on subtraction and 
the predetermined clock phase ; and , 

means for analyzing the object at least based on the 
extracted pulse train signal . 
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