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FOCAL PLANE ARRAY HAVING RATIOED 
CAPACITORS 

BACKGROUND 

[ 0001 ] As is known in the art , a focal plane array is an 
image sensing device typically having an array of pixels at 
the focal plane of the lens of the image sensing device . Focal 
plane arrays have been used in a variety of different appli 
cations including sensors , infrared astronomy , manufactur 
ing inspection , thermal imaging for firefighting , medical 
imaging , and infrared phenomenology . 
[ 0002 ] Focal plane arrays include circuitry to convert light 
signals received at the array into electrical signals . However , 
light signals having different strengths or other properties 
can be difficult to process . Therefore , focal plane arrays typically include multiple circuits having complex designs 
to properly receive and process light signals at a variety of 
different strengths . 

SUMMARY 

[ 0003 ] In accordance with the concepts , systems , methods 
and techniques described herein a dual mode focal plane 
array having a readout integrated circuit ( IC ) is provided . 
The readout IC is configured to transition between direct 
injection ( DI ) mode and buffered direction injection ( BDI ) 
mode in response to a level of a detection current . Thus , the 
ICs described herein provide the operability of both DI 
mode and BDI mode within a shared architecture . 
[ 0004 ] For example , DI and BDI circuits , as described 
herein , can provide a large full well that is determined by an 
integration capacitor within the respective circuit . The DI 
circuits can be configured to receive and process stronger 
light signals ( e.g. , infrared ( IR ) signals , laser pulses , etc. ) . 
BDI circuits can provide a lower input impedance , faster 
response times and be configured to receive and process 
weaker light signals . Thus , the ICs described herein can 
transition between DI mode and BDI mode based at least in 
part on the properties of the signals being received at the 
respective array . 
[ 0005 ] The mode of operation ( e.g. , DI or BDI ) can be set 
in response to a control signal generated by a user . In some 
embodiments , the IC can be transitioned between DI mode 
and BDI mode using control signals generated by a user . The 
control signal can be generated in response to a level of the 
detection current and the detection current can be generated 
responsive to an IR signal received at the focal plane array . 
The readout IC can operate in DI mode for stronger laser 
pulses resulting in a high detection current ( e.g. , detection 
current greater than a current threshold ) and the readout IC 
can operate in BDI mode for weaker laser pulses resulting in 
a low detection current ( e.g. , detection current lower than or 
equal to a current threshold ) . 
[ 0006 ] In DI mode , an amplifier in the readout IC can 
serve as a shield for a sensitive common DI bias to mitigate 
or prevent electrical crosstalk . For example , in DI mode , a 
detector bias control signal , vUcDet , can be coupled to a 
gate terminal of an input device and shared with each unit 
cell in the respective array . This may cause crosstalk issue 
for laser spot tracker type applications because a drain 
voltage of the input device could increase quickly in 
response to a received laser pulse and be coupled to the 
detector bias control signal , vUcDet , through a gate drain 
capacitor , Cgd , of the input device . Therefore , the DI circuits 

as described herein include an operational amplifier that is 
configured to operate as a unity gain buffer in order to serve 
as shield for the detector bias control signal , vUcDet , to 
prevent crosstalk . 
[ 0007 ] In an embodiment , the dual mode focal plane array 
having the readout IC can be used for a variety of different 
applications , including but not limited to , a laser spot tracker 
system that can be configured to output a laser spot position 
at a very fast frame rate ( e.g. , several tens of kilo frame per 
second ) . For example , the dual mode focal plane array can 
include a plurality of pixels and be configured to detect 
properties of one or more IR signals received at the array and 
generate an electrical signal corresponding to those proper 
ties ( e.g. , an electrical charge , voltage , or resistance in 
relation to the number of photons detected at each pixel of 
the array ) . The electrical signal can be measured , digitized 
and then further processed to construct an image of an 
object , scene , or phenomenon corresponding to the IR signal 
received at the array . 
[ 0008 ] The systems and methods described herein may 
include one or more of the following features independently 
or in combination with another feature . 
[ 0009 ] In a first aspect , an integrated circuit ( IC ) is pro 
vided comprising an operational amplifier having a first 
input and a second input , wherein the second input is 
coupled to a feedback signal path and a switching network 
having a first switch and second switch . The first switch is 
coupled between the output of the operational amplifier and 
the feedback signal path and the second switch is coupled 
between a detection signal path and the feedback signal path . 
The switching network is configured to switch the integrated 
circuit between a first mode and a second mode responsive 
to a level of a detection current generated on the detection 
signal path . The IC further comprises an input device having 
a first terminal coupled to an output of the operational 
amplifier , a second terminal coupled to the detection signal 
path to receive the detection current , and a third terminal . 
[ 0010 ] The second terminal of the input device can be 
coupled to the second input of the operational amplifier 
through the second switch . The first mode comprises a direct 
injection ( DI ) mode and the second mode comprises a 
buffered direct injection ( BDI ) mode . During DI mode , the 
first switch can be closed and the second switch can be open 
such that the output of the operational amplifier is coupled 
to the second input of the operational amplifier , and during 
BDI mode , the first switch can be open and the second 
switch can be closed such that the second terminal of the 
input device is coupled to the second input of the operational 
amplifier . 
[ 0011 ] The switching network can transition the integrated 
circuit to the first mode when the level of the detection 
current is greater than a current threshold and transitions the 
integrated circuit to the second mode when the level of the 
detection current is less than or equal to the current thresh 
old , for example , in response to a control signal generated by 
a user . 

[ 0012 ] The first input of the operation amplifier is config 
ured to receive a detection bias voltage signal ( vUcDet ) . 
[ 0013 ] In some embodiments , the IC comprises a sample 
and hold module having a sample and hold switch and a 
capacitor . The sample and hold switch has a first terminal 
coupled to the third terminal of the input device and a second 
terminal coupled to a first terminal of the capacitor , and the 
capacitor has a second terminal coupled to a reference 
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potential . A reset switch can be provided having a first 
terminal coupled to the third terminal of the input device and 
a second terminal coupled to a reference potential . 
[ 0014 ] The IC can comprise a read out integrated circuit 
configured to receive a signal from a focal plane array . 
[ 0015 ] In some embodiments , the IC comprises a source 
follower and a row select switch . The source follower can 
include a first terminal coupled to the third terminal of the 
input device , a second terminal coupled to a reference 
voltage and a third terminal coupled to a first terminal of the 
row select switch . The row select switch can have a second 
terminal coupled to a focal plane array , and the row select 
switch can be configured to selectively read data from one 
of a plurality of rows of the focal plane array . 
[ 0016 ] A photodiode can be coupled to the second termi 
nal of the input device . The photodiode can be configured to 
detect an infrared signal and generate the detector current 
responsive the infrared signal . 
[ 0017 ] In another aspect , a method for transitioning an 
integrated circuit between a first mode and a second mode is 
provided . The method includes generating a detection cur 
rent on a detection signal path of the integrated circuit in 
response to an infrared signal . The integrated circuit 
includes an operational amplifier having a first input and a 
second input , the second input is coupled to a feedback 
signal path , a switching network having a first switch and a 
second switch , the first switch is coupled between an output 
of the operational amplifier and the feedback signal path and 
the second switch is coupled between the detection signal 
path and the feedback signal path , and a input device having 
a first terminal coupled to an output of the operational 
amplifier , a second terminal coupled to the detection signal 
path to receive the detection current , and a third terminal . 
[ 0018 ] The method further comprises generating a control 
signal for the switching network in response to a level of the 
detection current and transitioning the integrated circuit 
between the first mode and the second mode in response to 
the control signal . In some embodiments , the control signal 

generated by a user . 
[ 0019 ] The first mode can comprise a direct injection ( DI ) 
mode and the second mode can comprise a buffered direct 
injection ( BDI ) mode . During DI mode , the method includes 
closing the first switch and opening the second switch such 
that the output of the operational amplifier is coupled to the 
second input of the operational amplifier . During BDI mode , 
the method includes opening the first switch and closing the 
second switch such that the second terminal of the input 
device is coupled to the second input of the operational 
amplifier . 
[ 0020 ] The integrated circuit can be transitioned to the first 
mode when the level of the detection current is greater than 
the current threshold and transitioning the integrated circuit 
to the second mode when the level of the detection current 
is less than or equal to the current threshold . 
[ 0021 ] The operational amplifier can include an opera 
tional amplifier , and the first input of the operation amplifier 
can be configured to receive a detection bias voltage signal . 
A sample and hold module can be provided having a sample 
and hold switch and a capacitor . The sample and hold switch 
can have a first terminal coupled to the third terminal of the 
input device and a second terminal coupled to a first terminal 
of the capacitor , and the capacitor can have a second 
terminal coupled to a reference potential . 

[ 0022 ] A reset switch can be provided having a first 
terminal coupled to the third terminal of the input device and 
a second terminal coupled to a reference potential . 
[ 0023 ] The IC can comprise a read out integrated circuit 
configured to receive a signal from a focal plane array . The 
IC may include a source follower and a row select switch . 
The source follower can include a first terminal coupled to 
the third terminal of the input device , a second terminal 
coupled to a reference voltage and a third terminal coupled 
to a first terminal of the row select switch . The row select 
switch can have a second terminal coupled to a focal plane 
array , and the row select switch can be configured to 
selectively read data from one of a plurality of rows of the 
focal plane array . 
[ 0024 ] In another aspect , a system comprises : a back 
ground module including a first capacitor to integrate a first 
signal for a first amount of time , wherein the first signal 
comprises a background signal ; and a signal module includ 
ing a second capacitor to integrate a second signal for a 
second amount of time , wherein the second signal comprises 
a signal of interest and the background signal , wherein the 
first and second capacitors have impedance values in a first 
ratio , and wherein the first amount of time and the second 
amount of time define a second ratio corresponding to the 
first ratio . 
[ 0025 ] A system can further include one or more of the 
following features : a controller module to subtract the first 
signal from the second signal to obtain a signal correspond 
ing to a laser spot tracking signal , the controller module is 
configured to control the first and second amounts of time to 
calibrate mismatch between the first and second capacitors , 
a detector for generating the first and second signals , the 
detector comprises a photodiode , Csig / Tint_sig = Cbgr / Tint_ 
bgr , wherein Cbgr corresponds to the first capacitor , Csig 
corresponds to the second capacitor , Tint_bgr corresponds to 
the first amount of time , and Tint_sig corresponds to the 
second amount of time , voltages on the first and second 
capacitors are sampled and read out differentially , the first 
and second signals comprise DC current signals , a signal 
resulting from a subtraction of the first signal from the 
second signal to obtain an output signal corresponding to a 
laser spot tracking signal has a slope of zero if no signal 
errors are present , and / or the output signal comprises part of 
a focal plane array . 
[ 0026 ] In a further aspect , a method comprises : integrating 
a first signal for a first amount of time , wherein the first 
signal comprises a background signal , using a first capacitor ; 
and integrating a second signal for a second amount of time 
using a second capacitor , wherein the second signal com 
prises a signal of interest and the background signal , wherein 
the first and second capacitors have impedance values in a 
first ratio , and wherein the first amount of time and the 
second amount of time define a second ratio corresponding 
to the first ratio . 
[ 0027 ] A method can further include one or more of the 
following features : subtracting the first signal from the 
second signal to obtain a signal corresponding to a laser spot 
tracking signal , the controller module is configured to con 
trol the first and second amounts of time to calibrate mis 
match between the first and second capacitors , employing a 
detector for generating the first and second signals , the 
detector comprises a photodiode , Csig / Tint_sig = Cbgr / Tint . 
bgr , wherein Cbgr corresponds to the first capacitor , Csig 
corresponds to the second capacitor , Tint_bgr corresponds to 

can be 
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the first amount of time , and Tint_sig corresponds to the 
second amount of time , voltages on the first and second 
capacitors are sampled and read out differentially , the first 
and second signals comprise DC current signals , a signal 
resulting from a subtraction of the first signal from the 
second signal to obtain an output signal corresponding to a 
laser spot tracking signal has a slope of zero if no signal 
errors are present , and / or the output signal comprises part of 
a focal plane array . 
[ 0028 ] In another aspect , a system comprises : a first signal 
integrating means for integrating a first signal for a first 
amount of time , wherein the first signal comprises a back 
ground signal ; and a second signal integrating means for 
integrating a second signal for a second amount of time , 
wherein the second signal comprises a signal of interest and 
the background signal , wherein first and second capacitors 
have impedance values in a first ratio , and wherein the first 
amount of time and the second amount of time define a 
second ratio corresponding to the first ratio . 
[ 0029 ] It should be appreciated that elements of different 
embodiments described herein may be combined to form 
other embodiments not specifically set forth above . Various 
elements , which are described in the context of a single 
embodiment , may also be provided separately or in suitable 
combination . Other embodiments , not specifically described 
herein are also within the scope of the following claims . 
[ 0030 ] The details of one or more embodiments of the 
disclosure are set forth in the accompanying drawings and 
the description below . Other features , objects , and advan 
tages of the disclosure will be apparent from the description 
and drawings , and from the claims . 

[ 0043 ] FIG . 10B is a graphical representation of the resul 
tant signal after subtraction of the background signal from 
the laser plus background signal ; 
[ 0044 ] FIG . 10C is an example display showing a laser 
spot ; 
[ 0045 ] FIG . 10D is a graphical representation of back 
ground signal integration , laser plus background signal 
integration , and signal sampling while a laser is applied ; 
[ 0046 ] FIG . 10E is a graphical representation of the 
sampled background signal ; 
[ 0047 ] FIG . 10F is a graphical representation of the 
sampled laser plus background signal integration ; 
[ 0048 ] FIG . 10G is a graphical representation of the resul 
tant signal after subtraction of the background signal from 
the laser plus background signal ; 
[ 0049 ] FIG . 11 is a flow diagram showing an example 
sequence of steps for detecting a laser spot signal using 
ratioed capacitors ; and 
[ 0050 ] FIG . 12 is a block diagram of an example computer 
that can perform at least a portion of the processing 
described herein . 

DETAILED DESCRIPTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0031 ] The foregoing features may be more fully under 
stood from the following description of the drawings in 
which like reference numerals indicate like elements : 
[ 0032 ] FIG . 1 shows a circuit diagram of a dual mode 
readout integrated circuit ; 
[ 0033 ] FIG . 1A shows a circuit diagram of the dual mode 
readout integrated circuit of FIG . 1 having a power down 
signal ; 
[ 0034 ] FIG . 2 shows a diagram of timing signals for 
operating the dual mode readout IC of FIG . 1 , 
[ 0035 ] FIG . 3 shows a block diagram of the dual mode 
readout IC of FIG . 1 ; 
[ 0036 ] FIG . 4 is a flow diagram of a method for transi 
tioning the dual mode readout IC of FIG . 1 between direct 
injection mode and buffered direct injection mode and vice 
versa ; 
[ 0037 ] FIG . 5 is a block diagram of an example laser 
tracking system having ratioed capacitors ; 
[ 0038 ] FIG . 6 is an illustrative implementation of an 
example signal detection circuit having ratioed capacitors ; 
[ 0039 ] FIG . 7 is a waveform diagram having timing sig 
nals for background signal integration and laser plus back 
ground signal integration ; 
[ 0040 ] FIG . 8 is an example representation of ratioed 
capacitor charging ; 
[ 0041 ] FIG . 9 is a graphical representation of background 
signal integration , laser plus background signal integration , 
and signal sampling ; 
[ 0042 ] FIG . 10A is a graphical representation of the 
sampled background signal and the sampled laser plus 
background signal ; 

[ 0051 ] A dual mode readout integrated circuit ( IC ) is 
provided herein that is switchable between a first mode ( e.g. , 
direction injection mode ) and a second mode ( e.g. , buffered 
direction injection ) in response to a control signal generated 
by a user . In some embodiments , the user can generate the 
control signal based in part on a level of a detection current . 
The IC includes a switching network disposed between an operational amplifier and an input device to switch the IC 
between the first and second mode responsive to the control 
signal . The control signal can include instructions to open or 
close the one or more switches of the switching network and 
thus transition the IC between the different modes . The ICs 
as described herein can be configured to handle high detec 
tion currents and low detection currents by switching 
between the different modes while utilizing the same cir 
cuitry ( e.g. , non amplifier , transistors , etc. ) . 
[ 0052 ] Now referring to FIG . 1 , a dual mode readout IC 
100 includes an operational amplifier 102 having a first input 
102a configured to receive a detection bias voltage signal 
( vUcDet ) and a second input 102b configured to receive a 
feedback signal . In an embodiment , the detection bias volt 
age signal for DI mode can be set on threshold voltage level 
lower than for BDI mode to provide the same detector bias 
voltage as in BDI mode ( e.g. , voltage at node on detection 
signal path 107 between a detection node 112 and an input 
device 108 of FIG . 1 ) . For example , in BDI mode , the 
detection bias voltage signal ( vUcDet ) can be approximately 
equal to the voltage at the detection signal path 107 between 
detection node 112 and input device 108 of FIG . 1. Thus , the 
detection bias voltage signal can be approximately equal to 
the voltage at detection node 112 minus the voltage at 
detection signal path 107 ( e.g. , VUcDet = vDetCom - Vbias ) . 
In DI mode , the detector bias voltage signal can be approxi 
mately equal to a voltage on a control signal path 103. The 
voltage on the detection signal path 107 can approximately 
equal to the voltage on the control signal path 103 plus a 
voltage threshold ( e.g. , V ( 107 ) = v ( 103 ) + Vth ) . Thus , in DI 
mode , the detection bias voltage signal can be approxi 
mately equal to the voltage on detection signal path 107 
minus the bias voltage minus the threshold voltage ( e.g. , 
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vUcDet = vDetCom - Vbias - Vth ) . The feedback signal will 
be described in greater detail below . 
[ 0053 ] An output 102c of operational amplifier 102 is 
coupled to switching network 101 through control signal 
path 103 . 
[ 0054 ] Switching network 101 includes a first switch 104 
and a second switch 106. In an embodiment , first and second 
switches 104 , 106 may be provided as multipole switches 
( here two pole switches ) . First switch 104 has a first terminal 
104a coupled to output 102c of operational amplifier 102 
and coupled to a first terminal 108a ( e.g. , gate terminal ) of 
a input device 108 ( e.g. , transistor ) on control signal path 
103. A second terminal 104b of first switch 104 is coupled 
to second input 102b of operational amplifier 102 and 
coupled to a first terminal 106a of second switch 106 on 
feedback signal path 105 . 
[ 0055 ] A second terminal 106b of second switch 106 is 
coupled to a second terminal 110b of a photodiode 110 and 
coupled to a second terminal 108b ( e.g. , source terminal ) of 
input device 108 on a detection signal path 107. A first 
terminal 110a of photodiode 110 is coupled to receive an 
infrared ( IR ) signal at detection node 112 . 
[ 0056 ] A third terminal 108c ( e.g. , drain terminal ) of input 
device 108 is coupled to a first terminal 114a of a reset 
switch 114 and a sample and hold module 115. Sample and 
hold module 115 includes a sample and hold switch 116 and 
a capacitor 118. First terminal 114a of reset switch 114 is 
coupled to a first terminal 116a of sample and hold switch 
116. A second terminal 114b of reset switch 114 is coupled 
to a reference potential 128 ( e.g. , ground reference poten 
tial ) . 
[ 0057 ] A second terminal 116b of sample and hold switch 
116 is coupled to a first terminal 118a of capacitor 118 and 
a first terminal 120a ( e.g. , gate terminal ) of a source follower 
120 ( e.g. , transistor ) . A second terminal 118b of capacitor 
118 is coupled to a reference potential 128 ( e.g. , ground 
reference potential ) . 
[ 0058 ] A second terminal 120b ( e.g. , drain terminal ) of 
source follower 120 is coupled to an analog power supply 
126. A third terminal 120c ( e.g. , source terminal ) of source 
follower 120 is coupled to a first terminal 122a of a row 
select switch 122. A second terminal 122b of row select 
switch 122 is coupled to a unit cell array 124. In an 
embodiment , second terminal 122b is configured to selec 
tively couple to one of a plurality of rows of unit cell array 
124 to read data collected at the particular row of unit cell 
array 124. In some embodiments , unit cell array can be 
provided as a focal plane array . 
[ 0059 ] Input device 108 and / or source follower 120 may 
include as a transistor . In some embodiments , input device 
108 and / or source follower 120 may include a unit gain 
amplifier or a common - drain amplifier ( also referred to as a 
source follower circuit ) . 
[ 0060 ] As illustrated in FIG . 1 , IC 100 can be configured 
to operate in both DI and BDI mode using common archi 
tecture and circuit components . For example , IC 100 
includes a single operational amplifier 102 to perform opera 
tions for both DI mode and BDI mode . Further , circuit 
components such as input device 108 , photodiode 110 , reset 
switch 114 , sample and hold module 115 , source follower 
120 and row select switch 122 can be used for both DI mode 
and BDI mode . 
[ 0061 ] In operation , switching network 101 can be con 
figured to switch IC 100 between a first mode and a second 

mode or between the second mode and the first mode in 
response to a control signal . The control signal can be 
generated by a user in response to a level of the detection 
current . For example , photodiode 110 can detect an IR signal 
and generate the detection current ( e.g. , output of photo 
diode 110 can be the detection current ) . The detection 
current can be compared to a current threshold to determine 
whether IC 100 should operate in DI mode or BDI mode 
[ 0062 ] In some embodiments , when the detection current 
is greater than the current threshold , the control signal can 
be generated by the user to select the first mode ( e.g. , DI 
mode ) and when the detection current is less than or equal 
to the current threshold , the control signal can be generated 
by the user to select the second mode ( e.g. , BDI mode ) . To 
transition the IC 100 between modes , the control signal can 
be provided to switching network 101 . 
[ 0063 ] For example , in response to the detection current 
being greater than the current threshold , the control signal 
can be generated having instructions to close first switch 104 
and open second switch 106. In such an embodiment , the IC 
100 can be transitioned to the first mode and the output 1020 
of operational amplifier 102 is coupled to the second input 
102b of operational amplifier 102 and the feedback signal 
provided to the second input 102b of operational amplifier 
102 can follow the output 102c of operational amplifier 102 . 
[ 0064 ] In response to the detection current being less than 
or equal to the current threshold , the control signal can be 
generated having instructions to open first switch 104 and 
close second switch 106. In such an embodiment , the second 
terminal 110b of photodiode 110 is coupled to the second 
input of operational amplifier 102 and the feedback signal 
provided to the second input 102b of operational amplifier 
102 can follow the detection current generated by photo 
diode 110 . 
[ 0065 ] Now referring to FIG . 1A , in which like reference 
numerals indicate like elements , a power down signal 152 
can be provided to operational amplifier 102 of IC 100 to 
turn off or otherwise power down operational amplifier 102 . 
As illustrated in FIG . 1A , a first terminal 154a of a power 
down switch 154 is coupled to the detection bias voltage 
signal and a second terminal 154 of power down switch 
154 is coupled to control signal path 103 and thus , first 
terminal 108a of input device 108. When power down signal 
152 is set low , the first terminal 154a can be disconnected 
from the second terminal 154b ( e.g. , open ) and IC 100 can 
operate as described above with respect to FIG . 1 . 
[ 0066 ] When power down signal 152 is set high , and first 
and second switches 104 , 106 can be set low , the first 
terminal 154a can be coupled to second terminal 154b to 
turn off operational amplifier 102 and provide the detection 
bias voltage signal to the first terminal 108a of input device 
108. In such an embodiment , IC 100 can be configured for 
DI mode without operating as a detector bias voltage signal 
( vUcDi ) shield . In some embodiments , the power down 
signal can be used lower a power consumption of the IC 100 . 
[ 0067 ] Now referring to FIG . 2 , a timing diagram 200 is 
provided showing example positions of the reset switch 114 , 
the sample and hold switch 116 , and the row select switch 
122 of FIG . 1 , during a reset phase , an integration phase , and 
a read phase of the IC 100 of FIG . 1. As illustrated in FIG . 
2 , the position of reset switch 114 is represented by reset 
waveform 202 , the position of sample and hold switch 116 
is represented by sample and hold waveform 212 , and the 
position of row select switch 122 is represented by a first 
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row waveform 222 , a second row waveform 232 , and an N 
row waveform 242. In an embodiment , each of the wave 
forms may transition between a first level ( e.g. , 0 ) and a 
second level ( e.g. , 1 ) to indicate a change in the position of 
the corresponding switch . 
[ 0068 ] The reset phase begins at a first time period 250 , 
with the reset switch 114 closed and the reset waveform 202 
at the second level and the sample and hold switch 116 
closed and the sample and hold waveform 212 transitions 
from the first level to the second level . During the reset 
phase , a voltage across capacitor 118 of FIG . 1 can be reset 
as reset switch 114 is coupled to ground potential 128 and 
with sample and hold switch 116 closed , capacitor 118 can 
discharge stored energy to reset . In an embodiment , the 
duration of reset phase of IC 100 corresponds to a duration 
it takes for capacitor 118 to discharge . 
[ 0069 ] At second time period 260 , the integration phase 
begins and the reset switch 114 transitions from the closed 
position to an open position and thus reset waveform 202 
transitions from the second level to a first level . The sample 
and hold switch 116 remains closed and thus the sample and 
hold waveform 212 stays at the second level . During the 
integration phase , capacitor 118 is charged with the detec 
tion current generated by photodiode 110 . 
[ 0070 ] In an embodiment , photodiode 110 senses an IR 
signal and generates the detection current responsive to the 
IR signal . The detection current is provided to the second 
terminal 108b of input device 108. As sample and hold 
switch 116 is in a closed position , the first terminal 118a of 
capacitor 108 is coupled to the third terminal 108c of input 
device 108 to receive the detection current and charge 
capacitor 118. The duration of the integration phase and the 
time it takes for capacitor to charge from the detection 
current may be referred to as an integration time ( Tint ) . 
[ 0071 ] At a third time period 270 , the integration phase 
can end and the sample and hold switch 116 can transition 
from the closed position to the open position and sample and 
hold waveform 212 can transition from the second level to 
the first level . Thus , capacitor 118 is no longer coupled to 
third terminal 108c of input device 108 to receive the 
detection current . Further , reset switch 114 can transition 
from the open position to the closed position and reset 
waveform 202 can transition from the first level to the 
second level . With reset switch 114 in the closed position , 
third terminal 108c of input device 108 is coupled to ground 
reference 128 . 
[ 0072 ] At a fourth time period 280 , the read phase begins 
and row select switch 122 can selectively couple to one of 
a plurality of rows of unit cell array 124 to read data from 
the respective row . 
[ 0073 ] For example , and as illustrated in FIG . 2 , at fourth 
time period 280 , row select switch can coupled to a first row 
of unit cell array 124 to read data from the first row and first 
row waveform 222 can transition from the first level to the 
second level . 
[ 0074 ] At a fifth time period 282 , row select switch 122 
can couple to a second row of unit cell array 124 to read data 
from the second row . Responsive to row select switch 122 
coupling to second row , first row waveform 222 can tran 
sition from the second level to the first level and second row 
waveform 232 can transition from the first level to the 
second level . 
[ 0075 ] At a sixth time period 284 , row select switch 122 
can couple to a Nth row of unit cell array 124 to read data 

from the Nth row . Responsive to row select switch 122 
coupling to Nth row , second row waveform 232 can tran 
sition from the second level to the first level and Nth row 
waveform 242 can transition from the first level to the 
second level . It should be appreciated that although FIG . 2 
shows data being read form three rows of unit cell array 124 , 
row select switch 122 and thus IC 100 can be configured to 
read data from each row of unit cell array 124 and the 
number of rows of unit cell array 124 can be selected based 
at least in part on a particular application of unit cell array 
124 . 
[ 0076 ] At a seventh time period 290 , the read phase can 
end and row select switch 122 can disconnect from unit cell 
array 124 such that it is not reading data from any of the 
rows of unit cell array 124. Further , Nth row waveform 242 
can transition from the second level to the first level . 
[ 0077 ] Now referring to FIG . 3 , a block diagram of a dual 
mode readout IC 300 is provided . IC 300 may be the same 
as or substantially similar to IC 100 of FIG . 1. IC 300 
includes a unit cell array 302 ( i.e. , unit cell array 124 of FIG . 
1 ) , row address circuitry 312 , an analog to digital converter 
( ADC ) 332 and a serializer 342 . 
[ 0078 ] Unit cell array 302 can be provided as a two 
dimensional array having N rows and M columns . The 
specific size of unit cell array 320 can be based at least in 
part on a particular application of IC 300. Unit cell array 320 
can include a plurality of pixels ( e.g. , light sensing pixels ) 
arranged in the N?M array and the pixels can be configured 
to sense light signals or infrared signals incident on the unit 
cell array 302. The unit cell array 302 can include additional 
circuitry ( see IC 100 of FIG . 1 ) to detect properties of the 
signals incident on the unit cell array 302 and can generate 
an electrical signal ( e.g. , detection current , data at each row 
of unit cell array 124 of FIG . 1 ) corresponding to a number 
of photons detected at each pixel . The electrical signal can 
include an electrical charge , voltage , or resistance and can be 
measured and used to construct an image of an object , scene , 
or phenomenon that emitted the photons of the signal 
incident on the unit cell array 302. In some embodiments , 
unit cell array 302 can be provided as a focal plane array . 
[ 0079 ] As illustrated in FIG . 3 , row address circuitry 312 
is coupled to unit cell array 302. Row address circuitry 312 
can include a plurality of row address circuits that are 
coupled to different rows of unit cell array 302. Each of the 
row address circuits can be configured to address the par 
ticular row that are coupled to and generate a pulse or other 
form of signal to activate the respective row during different 
phases of operation ( e.g. , reset , integration , read ) of unit cell 
array 302 . 
[ 0080 ) ADC 332 is coupled to unit cell array 302. ADC 
332 can be configured to convert a signal generated by unit 
cell array 302 and corresponding to the signals received at 
unit cell array 302 to a digital signal . Serializer 342 is 
coupled to ADC 332. Serializer 342 can be configured to 
receive the digital signal corresponding to the signals 
received at unit cell array 302 and load them into one or 
more registers , such as but not limited to , a shift register or 
a memory register . In some embodiments , serializer 342 can 
be coupled to additional circuitry ( not shown ) or outputs to 
transmit the received digital signals . 
[ 0081 ] Now referring to FIG . 4 , a method 400 for transi 
tioning the dual mode readout IC 100 of FIG . 1 between a 
first mode ( e.g. , DI mode ) and a second mode ( e.g. , BDI 
mode ) and vice versa is provided . In an embodiment , the IC 
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100 can be set and / or transitioned between the first and 
second modes in response to a control signal generated by a 
user . 

[ 0082 ] Method 400 begins at block 402 by generating a 
detection current on a detection signal path of IC 100 in 
response to an IR signal . IC 100 can be provided as a dual 
mode readout IC coupled to unit cell array 124 , which may 
be but is not limited to being , a focal plane array . The IC 100 
can include an operational amplifier 102 having a first input 
102a and a second input 102b . The first input 102a can be 
configured to receive a detection bias voltage signal and the 
second input 102b can be coupled to a feedback signal path 
105 to receive a feedback signal . The IC 100 further includes 
an input device 108 having a first terminal 108a coupled to 
an output 102c of the operational amplifier 102 , a second 
terminal coupled 108b to the detection signal path 107 to 
receive the detection current , and a third terminal 108c 
coupled to a reset switch 114 and a sample and hold module 
115 of the IC 100. A photodiode 110 can be coupled to the 
second terminal 108b of the input device 108 and be 
configured to sense an IR signal and generate the detection 
current response to the IR signal . 
[ 0083 ] At block 404 , a control signal can be generated . In 
an embodiment , the control signal can be generated by a 
user , administrator or any individual or system operating IC 
100. The control signal can include instructions to modify a 
position of a first switch 104 and / or a second switch 106 of 
a switching network 101 in response to the comparison . For 
example , in first mode ( DI mode ) , the control signal can be 
generated having instructions to close first switch 104 and 
open second switch 106. In such an embodiment , the IC 100 
can be transitioned to the first mode and the output 102c of 
operational amplifier 102 is coupled to the second input 
102b of operational amplifier 102 and the feedback signal 
provided to the second input 102b of operational amplifier 
102 can follow the output 102c of operational amplifier 102 . 
In second mode ( BDI mode ) , the control signal can be 
generated having instructions to open first switch 104 and 
close second switch 106. In such an embodiment , the second 
terminal 1106 of photodiode 110 is coupled to the second 
input of operational amplifier 102 and the feedback signal 
provided to the second input 102b of operational amplifier 
102 can follow the detection current generated by photo 
diode 110 . 

[ 0084 ] In some embodiments , to determine the appropriate 
mode for IC 100 , the detection current can be compared to 
a current threshold . The current threshold can represent a 
threshold between a high detection current and a low detec 
tion current . Based on the comparison , the IC 100 can be 
configured to operate in the first mode or second mode or 
stated differently , in DI mode or BDI mode . For example , 
when the detection current is greater than the current thresh 
old , DI mode can be selected and the control signal can be 
provided to the IC 100 to transition the IC to DI mode . When 
the detection current is less than or equal to the current 
threshold , BDI mode can be selected and a control signal can 
be provided to the IC 100 to transition the IC to BDI mode . 
[ 0085 ] The switching network 101 can be disposed 
between the operational amplifier 102 and the input device 
108 and be configured to transition the IC 100 between DI 
mode and BDI mode . For example , the first switch 104 can 
be coupled between the output 102c of the operational 
amplifier 102 and the feedback signal path 105 and the 

second switch 106 can be coupled between the detection 
signal path 107 and the feedback signal path 105 . 
[ 0086 ] At block 406 , the IC 100 is transitioned from the 
first mode ( e.g. , DI mode ) to the second mode ( e.g. , BDI 
mode ) or from the second mode to the first mode in response 
to the control signal . The control signal can be provided to 
the first switch 104 , the second switch 106 or both the first 
and second switches 104 , 106. The control signal can 
include instructions to close or open the first switch 104 , the 
second switch 106 or both the first and second switches 104 , 
106 . 
[ 0087 ] For example , during DI mode , the control signal 
can include instruction to close the first switch 104 and open 
the second switch 106 such that the output 102c of the 
operational amplifier 102 is coupled to the second input 
102b of the operational amplifier 102. In such an embodi 
ment , having the second switch 106 open , the second 
terminal 110b of the photodiode 110 is coupled to the second 
terminal 108b of the input device 108 . 
[ 0088 ] During BDI mode , the control signal can be con 
figured to open the first switch 104 and close the second 
switch 106 such that the second terminal 110b of the 
photodiode 110 and the second terminal 108b of the input 
device 108 are coupled to the second input 102b of the 
operational amplifier 102 . 
[ 0089 ] In another aspect , a laser spot tracker determines 
laser spot position using ratioed capacitors . Embodiments of 
a laser spot tracker output a laser spot position in the 
presence of a background signal at fast frame rates . Because 
background signals , such as dark current and background 
scene , induce current that can vary both spatially and 
temporally , these signals should be removed from the signal 
of interest to calculate laser spot position accurately . 
[ 0090 ] Conventional laser spot trackers with non - unifor 
mity correction cannot remove temporally varying back 
ground signals . In addition , known current mode back 
ground subtraction methods rely on current sources working 
in a subthreshold region where current exponentially 
depends on the gate source voltage . Such systems suffer 
from high noise , e.g. , switching noise voltage converted 
noise current . 
[ 0091 ] FIG . 5 shows an example signal detector system 
500 having a detector module 502 coupled to a signal 
processing module 504. In an example embodiment , the 
signal processing module 504 includes a background signal 
processing module 506 and target signal processing module 
508. A controller module 510 controls operation of the 
background signal module 506 and the target signal pro 
cessing module 508 and provides timing signals , as 
described more fully below . An output module 512 is 
coupled to the signal processing module 504 for outputting 
an output signal to array , for example . 
[ 0092 ] FIG . 6 shows an example circuit implementation 
600 of the signal detector system 500 of FIG . 5. The detector 
includes a photodetector 602 , such as a photodiode . As is 
known in the art , a photodiode comprises a semiconductor 
device that converts light into current as photons are 
absorbed in the photodiode . In embodiments , a first switch 
ing element 604 , such as a transistor , is coupled to the 
photodetector 602 for selectively enabling light detection . A 
switch 606 can be provided to reset the circuit 600 and drain 
capacitor charge , as described more fully below . 
[ 0093 ] A background signal processing module 608 
includes a background integration switch mechanism 610 



US 2020/0029042 A1 Jan. 23 , 2020 
7 

and a background capacitor 611 for integrating a background 
signal . In embodiments , the impedance of the background 
capacitor 611 can be adjusted . 
[ 0094 ] A signal processing module 614 includes a target 
integration switch mechanism 616 and a signal capacitor 
613 for integrating a signal , which can comprise a laser plus 
background signal . In embodiments , the impedance of the 
signal capacitor 613 can be adjusted . 
[ 0095 ] In the illustrated embodiment , various parasitic 
capacitors 615 , 617 , 619 are shown coupled across the 
background integration switch 610 and the target integration 
switch 616. It is understood that in embodiments , parasitic 
capacitors are not physical elements , but rather , elements 
included to model parasitic circuit effects . It is further 
understood that additional capacitors and other circuit com 
ponents can be added to meet the needs of a particular 
application . 
[ 0096 ] In embodiments , a controller 620 controls the state 
of the background integration switch 610 and the target 
integration switch 616 , for example . The background inte 
gration switch 610 and the target integration switch 616 can 
be controlled to have a conductive or non - conductive state 
to selectively integrate the background signal or the target 
signal at a given time . 
[ 0097 ] FIG . 7 shows an illustrative waveform diagram 
with a background control signal PSH_bgr 700 and a target 
control signal PSH_sig 702. When the background control 
signal 700 is active , shown as logically high in the illustrated 
embodiment , for time Tint_bgr , the background integration 
switch 610 provides a conductive path so that the back 
ground capacitor 611 ( FIG . 6 ) charges to a given voltage as 
the signal is integrated . 
[ 0098 ] When the control signal 702 is active , shown as 
logically high in the illustrated embodiment , the target 
integration switch 616 provides a conductive path so that the 
signal capacitor 613 ( FIG . 6 ) charges to a given voltage as 
the signal is integrated . In embodiments , dual integration of 
the background and laser plus background signals allows 
removal of the background signals by subtraction , as 
described more fully below . In embodiments , it is under 
stood that the integrated signals have DC currents . 
[ 0099 ] In embodiments , the background signal is inte 
grated for time Tint_bgr as charge is stored on background 
capacitor 611 , and then the laser plus background is inte 
grated for time Tint_sig while charge is stored on signal 
capacitor 613. The integrated background signal and laser 
plus background signal can be readout in differential form . 
[ 0100 ] In embodiments , as shown in FIG . 8 , the same 
voltage outputs are obtained for same current provided that 
Csig / Tint_sig = Cbgr / Tint_bgr = K.Csig / K : Tint_sig since , as 
is well known that i = Cdv / dt , where i is current , C is 
capacitance , and dv / dt is the change in voltage over time . It 
will be appreciated that selecting K < 1 may save time and 
area , as well as by selecting relatively small values for Cbgr 
and Tint_bgr . In embodiments , mismatch between Csig and 
Cbgr can be calibrated out by fine control of Tint_bgr and / or 
Tint_sig . It is understood that the ratio of Csig and Cbgr 
should be kept constant to the extent practical . It will be 
appreciated that for smaller values of Csig and Cbgr para 
sitics and mismatch it can be challenging to maintain the 
ratio constant . In an embodiment , Cbgr corresponds to 
background capacitor 611 and Csig corresponds to signal 
capacitor 613 n FIG . 6 . 

[ 0101 ] In example embodiments , the background signal is 
integrated for a first amount of time Tint_bgr , using the 
background capacitor 611. The background and signal of 
interest is integrated for a second amount of time Tint_sig 
using the signal capacitor 613. The background and signal 
capacitors 611 , 613 have impedance values in a first ratio 
and the first amount of time Tint_bgr and the second amount 
of time Tint_sig define a second ratio corresponding to the 
first ratio since as noted above , Csig / Tint_sig = Cbgr / Tint_ 
bgr = K Csig / K Tint_sig . 
( 0102 ] FIG . 9 shows example waveforms for the circuit of 
FIG . 6 when no laser is applied . During a first time tl , from 
about 1.9 us to about 3.4 us , which may correspond to 
Tint_bgr in FIG . 7 , the background signal is integrated . In 
the illustrated embodiment , the dc current integrated on 
background capacitor 611 ( FIG . 6 ) can vary from about 0.5 
nA to about 1.2 nA . As can be seen , a number of curves have 
differing slopes depending on the current level . 
[ 0103 ] During a second time t2 , from about 3.8 us to about 
6.8 us , which may correspond to Tint_sig in FIG . 7 , the laser 
plus background ( LB ) signal is integrated . Curves for vari 
ous current levels are shown . In the illustrated embodiment , 
the integration time of the LB signal is about twice as long 
at the integration time of the background signal , the slopes 
of corresponding background signal to LB signal is about 
two to one , and the ratio of the background capacitor , e.g. , 
background capacitor 611 in FIG . 6 , to the signal capacitor , 
e.g. , 613 in FIG . 6 , is about two to one . 
[ 0104 ] After the signal is integrated , at a third time t3 , 
which is shown at about 8 us , the signal and background 
voltage levels on the respective capacitors 611 ( Cbgr ) , 613 
( Csig ) are sampled . It will be appreciated that the sampled 
voltage levels will be somewhat less than the background 
and LB signal levels reached during integration . The 
sampled background and LB signals can be read out differ 
entially . 
[ 0105 ] FIG . 10A shows further detail of the sampled 
values of LB signal and background and FIG . 10B shows a 
plot of LB signal minus background . As can be seen in FIG . 
10A , the sampled signal varies from about 416 mV for a DC 
current of about 0.5 to about 460 mV for a DC current of 
about 1.2 nA . The signal range of about 460 mV to about 
416 mV is about 44 mV . The background samples range 
from about 410 mV to about 454 mV . As can be seen , the 
voltage different between the signal and background is about 
6 mV . 
[ 0106 ] FIG . 10B shows a plot of signal minus background 
samples . It will be appreciated that in an ideal circuit , the 
signal minus background plot would be level , i.e. , slope = 0 . 
However , in the illustrative circuit implementation of FIG . 
6 , for example , errors from parasitics and other sources , 
results in a plot having a given slope . As can be seen , at 0.5 
nA of DC current , 44 mV of signal range ( FIG . 9A ) 
corresponds to about 0.406 mV signal - background so that 
the output of the sensor is reduced from 44 mV to about 
0.406 mV . It is understood that DC current corresponds to 
background plus dark . FIG . 10C shows an example output 
that includes a detected laser spot . 
[ 0107 ] FIG . 10D shows example waveforms for the circuit 
of FIG . 6 when a laser is applied . During a first time t1 , 
which may correspond to Tint_bgr in FIG . 7 , the background 
signal is integrated , and during a second time t2 , which may 
correspond to Tint_sig in FIG . 7 , the laser plus background 
( LB ) signal is integrated . Curves for various current levels 
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1202 out of volatile memory 1204. In one embodiment , an 
article 1220 comprises non - transitory computer - readable 
instructions . 

are shown . FIG . 10E shows an example sampled back 
ground signal and FIG . 10F shows an example sampled LB 
signal . As can be seen in FIG . 10F , the LB signal level has 
a range of about 11 mv , which corresponds to about 305 uV 
after subtraction of the background signal , as can be seen in 
FIG . 10G . That is , changes due to DC current ( background 
plus dark ) are reduced from about 11 mV to about 305 uV 
by subtracting the background signal . 
[ 0108 ] It is understood that an output can form part of a 
focal plane array having row address circuitry coupled to 
unit cell array , as shown in FIG . 3. U.S. Patent Publication 
2012/0248288 of Linder et al , shows an example ROIC laser 
tracker that includes a focal plane array , which is incorpo 
rated herein by reference . 
[ 0109 ] FIG . 11 shows an example sequence of steps for 
providing a laser spot tracker in accordance with example 
embodiments of the invention . In step 1100 , a background 
signal is integrated for a period of time Tint_bgr . In embodi 
ments , and referring to FIG . 6 , charge is stored on a 
background capacitor 611 during the integration time in step 
1102. In step 1104 , a laser plus background ( LB ) signal is 
integrated for a period of time Tint_sig . In embodiments , 
charge is stored on a signal capacitor 613 in step 1106. In 
step 1108 , the voltage values for the background and LB 
signal are sampled and read out . In embodiments , the 
samples are read out differentially . In step 1110 , the back 
ground signal is subtracted from the LB signal from which 
an output can be generated . 
[ 0110 ] In example embodiments , the impedances of the 
background capacitor and the signal capacitor have a 
selected ratio . In one embodiment , the impedances of the 
capacitors and the integration times have a selected rela 
tionship , such as Csig / Tint_sig = Cbgr / Tint_bgr . In an 
example , embodiment , the integration time of the signal of 
interest ( i.e. , the LB signal ) is about twice as long at the 
integration time of the background signal , the slopes of 
corresponding background signal to the LB signal is about 
two to one , and the ratio of the background capacitor , e.g. , 
Cbgr in FIG . 6 , to the signal capacitor , e.g. , Csig in FIG . 6 , 
is about two to one . 
[ 0111 ] Embodiments of the invention provide a laser spot 
tracker that outputs a laser spot position in the presence of 
background signal at fast frame rate . The background signal , 
which can vary spatially and temporally , can be efficiently 
removed to calculate laser spot position accurately using 
ratioed background and signal capacitors . 
[ 0112 ] It is understood that embodiments of the invention 
can include implementations in hardware , which can include 
programmable components , software , and combinations 
thereof . For example , circuits including capacitors can be 
used to obtain voltage values that can be processing using 
microprocessors . A wide variety of implementations will be 
readily apparent to one skilled in the art . 
[ 0113 ] FIG . 12 shows an exemplary computer 1200 that 
can perform at least part of the processing described herein , 
such as at least a portion of the example process of FIG . 4 
and / or example process of FIG . 11. The computer 1200 
includes a processor 1202 , a volatile memory 1204 , a 
non - volatile memory 1206 ( e.g. , hard disk ) , an output device 
1207 and a graphical user interface ( GUI ) 1208 ( e.g. , a 
mouse , a keyboard , a display , for example ) . The non - volatile 
memory 1206 stores computer instructions 1212 , an oper 
ating system 1216 and data 1218. In one example , the 
computer instructions 1212 are executed by the processor 

[ 0114 ] In embodiments , processor 1202 performing 
instructions 1212 can operate to receive the digitized data 
from an ADC , such as ADC 332 , and serialize the data 342 . 
In some embodiments , the processor 1202 can perform 
instructions 1212 to generate signals for controlling 
switches , e.g. , pSHbgr , pSHsig , to achieve desired integra 
tion times , e.g. , Tint_bgr , Tint_sig . 
[ 0115 ] Processing may be implemented in hardware , soft 
ware , or a combination of the two . Processing may be 
implemented in computer programs executed on program 
mable computers / machines that each includes a processor , a 
storage medium or other article of manufacture that is 
readable by the processor ( including volatile and non 
volatile memory and / or storage elements ) , at least one input 
device , and one or more output devices . Program code may 
be applied to data entered using an input device to perform 
processing and to generate output information . 
[ 0116 ] The system can perform processing , at least in part , 
via a computer program product , ( e.g. , in a machine - read 
able storage device ) , for execution by , or to control the 
operation of data processing apparatus ( e.g. , a program 
mable processor , a computer , or multiple computers ) . Each 
such program may be implemented in a high level proce 
dural or object - oriented programming language to commu 
nicate with a computer system . However , the programs may 
be implemented in assembly or machine language . The 
language may be a compiled or an interpreted language and 
it may be deployed in any form , including as a stand - alone 
program or as a module , component , subroutine , or other 
unit suitable for use in a computing environment . A com 
puter program may be deployed to be executed on one 
computer or on multiple computers at one site or distributed 
across multiple sites and interconnected by a communication 
network . A computer program may be stored on a storage 
medium or device ( e.g. , CD - ROM , hard disk , or magnetic 
diskette ) that is readable by a general or special purpose 
programmable computer for configuring and operating the 
computer when the storage medium or device is read by the 
computer . Processing may also be implemented as 
machine - readable storage medium , configured with a com 
puter program , where upon execution , instructions in the 
computer program cause the computer to operate . 
[ 0117 ] Processing may be performed by one or more 
programmable processors executing one or more computer 
programs to perform the functions of the system . All or part 
of the system may be implemented as , special purpose logic 
circuitry ( e.g. , an FPGA ( field programmable gate array ) 
and / or an ASIC ( application - specific integrated circuit ) ) . 
[ 0118 ] Having described exemplary embodiments of the 
invention , it will now become apparent to one of ordinary 
skill in the art that other embodiments incorporating their 
concepts may also be used . The embodiments contained 
herein should not be limited to disclosed embodiments but 
rather should be limited only by the spirit and scope of the 
appended claims . 
[ 0119 ] All publications and references cited herein are 
expressly incorporated herein by reference in their entirety . 
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What is claimed is : 
1. A system , comprising : 
a background module including a first capacitor to inte 

grate a first signal for a first amount of time , wherein 
the first signal comprises a background signal ; and 

a signal module including a second capacitor to integrate 
a second signal for a second amount of time , wherein 
the second signal comprises a signal of interest and the 
background signal , wherein the first and second capaci 
tors have impedance values in a first ratio , and wherein 
the first amount of time and the second amount of time 
define a second ratio corresponding to the first ratio . 

2. The system according to claim 1 , further including a 
controller module to subtract the first signal from the second 
signal to obtain a signal corresponding to a laser spot 
tracking signal . 

3. The system according to claim 2 , wherein the controller 
module is configured to control the first and second amounts 
of time to calibrate mismatch between the first and second 
capacitors . 

4. The system according to claim 1 , further including a 
detector for generating the first and second signals . 

5. The system according to claim 4 , wherein the detector 
comprises a photodiode . 

6. The system according to claim 1 , wherein Csig / Tint_ 
sig = Cbgr / Tint_bgr , wherein Cbgr corresponds to the first 
capacitor , Csig corresponds to the second capacitor , Tint_ 
bgr corresponds to the first amount of time , and Tint_sig 
corresponds to the second amount of time . 

7. The system according to claim 1 , wherein voltages on 
the first and second capacitors are sampled and read out 
differentially 

8. The system according to claim 1 , wherein the first 
signal comprises a DC current signals . 

9. The system according to claim 1 , wherein a signal 
resulting from a subtraction of the first signal from the 
second signal to obtain an output signal corresponding to a 
laser spot tracking signal has a slope of zero if the resultant 
signal is free from the background signal . 

10. The system according to claim 9 , wherein the output 
signal comprises part of a focal plane array . 

11. A method , comprising : 
integrating a first signal for a first amount of time , wherein 

the first signal comprises a background signal , using a 
first capacitor ; and 

integrating a second signal for a second amount of time 
using a second capacitor , wherein the second signal 
comprises a signal of interest and the background 
signal , wherein the first and second capacitors have 
impedance values in a first ratio , and wherein the first 
amount of time and the second amount of time define 
a second ratio corresponding to the first ratio . 

12. The method according to claim 11 , further including 
subtracting the first signal from the second signal to obtain 
a signal corresponding to a laser spot tracking signal . 

13. The method according to claim 11 , further including 
controlling the first and second amounts of time to calibrate 
mismatch between the first and second capacitors . 

14. The method according to claim 11 , further including 
employing a light detector for generating the first and second 
signals . 

15. The method according to claim 11 , wherein Csig / Tint_ 
sig = Cbgr / Tint_bgr , wherein Cbgr corresponds to the first 
capacitor , Csig corresponds to the second capacitor , Tint_ 
bgr corresponds to the first amount of time , and Tint_sig 
corresponds to the second amount of time . 

16. The method according to claim 11 , further including 
reading out sampled voltages on the first and second capaci 
tors differentially . 
17. The method according to claim 11 , wherein the first 

signal comprises a DC current signal . 
18. The method according to claim 11 , wherein a signal 

resulting from a subtraction of the first signal from the 
second signal to obtain an output signal corresponding to a 
laser spot tracking signal has a slope of zero if the resultant 
signal is free from the background signal . 

19. The method according to claim 18 , wherein the output 
signal comprises part of a focal plane array . 

20. A system , comprising : 
a first signal integrating means for integrating a first signal 

for a first amount of time , wherein the first signal 
comprises a background signal ; and 

a second signal integrating means for integrating a second 
signal for a second amount of time , wherein the second 
signal comprises a signal of interest and the back 
ground signal , wherein first and second capacitors have 
impedance values in a first ratio , and wherein the first 
amount of time and the second amount of time define 
a second ratio corresponding to the first ratio . 


