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Description

FIELD OF THE INVENTION

[0001] The present invention relates to thermal cameras, in general, and to methods and microbolometers, in particular.

BACKGROUND OF THE INVENTION

[0002] A bolometer is a temperature sensor that can be used as an infrared radiation sensing device, well known in
the art. The bolometer senses the incident infrared radiation by changing its temperature. The change in temperature
causes a change in the electrical resistance of the bolometer. The resistance of the bolometer either increases or
decreases, depending on the material the bolometer is made off. According to a simple model of a bolometer, wherein
only incident infrared radiation is considered, the infrared radiation energy can be determined by measuring the change
of the bolometer resistance. It is noted that the temperate of a bolometer may further change (i.e., other that radiation)
by exchanging heat energy with the surroundings (e.g., air or electrical contacts) of the bolometer, via conduction. The
temperature of a bolometer may further change due to current, flowing through a bolometer, during the measurement
process. The change in temperature, due to current flow, is known as self-heating. In calculating the power dissipation
in a bolometer, the noted phenomena should be accounted for.
[0003] A microbolometer is a small bolometer usually in the order of a few tens of microns in size. Microbolometers
are commonly used in infrared imaging devices. An introduction to bolometers is provided by "Low-Cost Uncooled
Infrared Detectors in CMOS Process" by Eminoglu et.al, available at www.sciencedirect.com.
[0004] Reference is now made to Figure 1A, which is a schematic illustration of an exemplary thermal imaging micro-
bolometer apparatus, generally referenced 2, which is known in the art. Apparatus 2 measures the resistance of a
bolometer using a reference voltage, according to a simple model. This simple model operates under the assumption
that the measurement activity negligibly changes the bolometer temperature, due to the energy dissipated during the
measurement process.
[0005] Apparatus 2 includes a reference voltage source 4 and a bolometer 6. Bolometer 6 is coupled in parallel with
reference voltage source 4. Voltage source 4 supplies a constant voltage across bolometer 6. Infrared radiation 8,
incident on bolometer 6, causes the resistance of bolometer 6 to change. Consequently, when the reference voltage is
applied to the bolometer, the current through bolometer 6, Iout, changes. The resistance of bolometer 6 is determined
by measuring Iout with a current measuring device, known in the art (not shown), and applying the law of Ohm. The law
of Ohm, known In the art, is stated in Equation (1) 

wherein Rb is the resistance of the bolometer, V is the voltage across the bolometer and I is the current through the
bolometer. In apparatus 2, the voltage across bolometer 6 is Vref and the current through bolometer 6 is Iout.
[0006] Reference is now made to Figure 1 B, which is a schematic illustration of an exemplary thermal imaging
microbolometer apparatus, generally referenced 10, which is known in the art. Apparatus 10 measures the resistance
of a bolometer using a reference current, according to the model of Figure 1A.
[0007] Apparatus 10 includes a reference current source 12 and a bolometer 14. Bolometer 14 is coupled in parallel
with current source 12. Current source 12 provides a constant current, Iref, through bolometer 14. Infrared radiation 16,
incident on bolometer 14, causes the resistance of bolometer 14 to change. Consequently, when the reference current
is applied to the bolometer, the voltage, across bolometer 14, Vout, changes. The resistance of bolometer 14, is determined
by measuring Vout with a voltage measuring device, known in the art (not shown) and applying the law of Ohm, stated
in equation (1). In apparatus 10, V is the voltage across bolometer 14, Vout and I is the reference current Iref.
[0008] Reference is now made to Figure 1C, which is a schematic illustration of an exemplary thermal imaging micro-
bolometer apparatus, generally referenced 20, which is known in the art. Apparatus 20 measures the resistance of a
bolometer, using a reference current created by a voltage source and a reference resistor, according to the model of
Figure 1A. Apparatus 20 includes a voltage source 22, a bolometer 24 and a reference resistor 26. Reference resistor
26 is coupled in series with bolometer 24. Voltage source 22 is coupled with the series combination of reference resistor
26 and bolometer 24. Voltage source 22 supplies a constant voltage across the series combination of reference resistor
26 and bolometer 24.
[0009] Infrared radiation 28, incident on bolometer 24, changes the resistance of bolometer 24. Consequently, when
the reference current is applied to the bolometer, the voltage across bolometer 24, Vout, changes. The resistance of
bolometer 24 is determined by measuring Vout. Vout is measured with a voltage measuring device, known in the art (not
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shown) and applying equation (2) 

wherein V is the voltage across the series combination of the bolometer and the reference resistor, Vout is the voltage
across the bolometer and R is the resistance of the reference resistor. In apparatus 20, V is voltage source 22, R is the
resistance of reference resistor 26 and Vout is the voltage measured across bolometer 24.
[0010] Measuring signals (e.g., current, voltage) in an electrical system is a process accompanied by electrical dis-
turbances known as noise. Noise may cause errors in the measurement. It is therefore desirable to increase the signal
and reduce the noise (i.e., increase the signal to noise ration). In order to increase the signal to noise ration (i.e., SNR)
of the bolometer signal measurement, a more common technique involves measuring the accumulated current through
or voltage across the bolometer over time (i.e., integrating the current through the bolometer over a predetermined time
period). The integration operation in effect "averages" the measured signal (i.e., the desired signal and the noise), over
the predetermined time period.
[0011] Reference is now made to Figure 1D, which is a schematic illustration of a thermal imaging microbolometer
apparatus, generally referenced 30, which is known in the art. Apparatus 30 integrates the current through the bolometer
over a predetermined time period. The current through the bolometer is related to the resistance of the bolometer by
equation (1). The resistance of the bolometer may change due to incident radiation. Apparatus 30 may be a part of an
integrated circuit including several microbolometers. Apparatus 30 includes three voltage sources 32, 34 and 36, a
bolometer 38, a reference resistor 40, a pMOS transistor 44, an nMOS transistor 46 and an integrator 48. Integrator 48,
known in the art, further includes an amplifier 50, a feedback capacitor 52 and a switch 56.
[0012] The negative terminal of voltage source 32 is coupled with ground. The positive terminal of voltage source 32
is coupled with one of the terminals of bolometer 38. The other terminal of bolometer 38 is coupled with the source
terminal of pMOS transistor 44. The drain terminal of pMOS transistor 44 is coupled with the drain terminal of nMOS
transistor 46. The source terminal of nMOS transistor 46 is coupled with one of the terminal of reference resistor 40.
The other terminal of reference resistor 40 is coupled with the negative terminal of voltage source 34. The positive
terminal of voltage source 34 is coupled with ground. The negative terminal of voltage source 36 is coupled with ground
and the positive terminal of voltage source 36 is coupled with the positive input terminal of amplifier 50. The negative
input terminal of amplifier 50 is coupled with the drain terminals of pMOS transistor 44 and nMOS transistor 46. One of
the terminals of feedback capacitor 52 and switch 56 are coupled with the negative input terminal of amplifier 50. The
other terminals of feedback capacitor 52 and switch 56 are coupled with the output terminal of amplifier 50.
[0013] Voltage source 32 provides a reference voltage and thus a reference current to the circuit. Voltage source 34
provides the bias value of the voltage across the negative input terminal of amplifier 50 and ground. Voltage source 36
sets the bias value of the voltage across the positive input terminal of amplifier 50 and ground. pMOS transistor 44
provides a mean to control the reference current through bolometer 38 and nMOS transistor 46 in conjunction with
resistor 40 provides a mean to reduce the value of the current through the bolometer and to compensate for temperature
fluctuations in the immediate surrounding of the microbolometer (e.g., temperature fluctuations of the substrate in an
integrated circuit). Resistor 40 is a thermally shorted microbolometer typically used in microbolometer readout circuits.
Switch 56 controls the integration period.
[0014] Incident radiation 42 changes the resistance of bolometer 38. Thus, the current through bolometer 38 changes
during the integration operation. Amplifier 50 may be an operational amplifier, known in the art wherein, the voltage
difference across its negative and positive input terminals is approximately zero causing the charge flow into the negative
terminal of amplifier 50 to accumulate on capacitor 56. Thus, Integrator 48, integrates the current through the negative
terminal of amplifier 50 over a predetermined period, controlled by switch 56. Consequently, the output of integrator 48
relates to the accumulated incident energy on bolometer 38.
[0015] Microbolometers for infrared imaging are typically fabricated on integrated circuits in a two dimensional N3M
array of microbolometers, each functioning as a single picture element known as a pixel. The array senses the change
in temperature of a focal plane of incident radiation. The change in the resistance, of each microbolometer in the array,
is translated to an electrical signal as described above. The electrical signal can, be transferred, for example, to an
imaging device for display or to a memory device for storage.
[0016] A Read Out Integration Circuit (ROIC) is an electrical circuit for integrating the electrical signal resulting from
the incident radiation in a microbolometer pixels. The term "Retrieval" relates to the operation of integrating the electrical
signal relating to incident radiation on the microbolometer pixel and releasing. The term "Releasing" relates to transferring
the resulting integrated electrical signal out of an ROIC module. The term "Resetting" is the operation of clearing the
ROIC from previous values (i.e., the integrated electrical signals), to ensure the integrity of the values resulting from the
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next integration operation. An ROIC is a device performing retrieval.
[0017] An array of microbolometer pixels in combination with an ROIC module or modules is known as a microbolometer
Focal Plane Array (FPA). The time period of retrieving an entire two dimensional array of microbolometer pixels, is known
as a frame acquisition retrieval period, and is denoted Q. During the frame acquisition period, the microbolometer pixel
is exposed to incident radiation for an ample portion of Q, known as exposure period. During exposure period, the
resistance of the microbolometer changes to a value related to the temperature of the focal plane of the incident radiation.
For the remaining portion of the frame acquisition period, the microbolometer pixel is retrieved. During the microbolometer
pixel retrieval period, reference current is applied through the microbolometer. The reference current is applied through
the microbolometer in order to acquire a measurement relating to the resistance of the microbolometer, and consequently
to the incident radiation on the microbolometer. The measurement is integrated over a predetermined time period to
increase the SNR.
[0018] A pixel in an FPA may be retrieved by selecting a row of pixels, enabling retrieval of all the pixels in the selected
row. A specific pixel, to be retrieved, is selected from the enabled row. Thus, the pixel is coupled with the ROIC module.
The ROIC module retrieves the selected pixel. This process is repeated until all the pixels are retrieved. Accordingly,
the pixel retrieval time period is the frame acquisition period Q, divide by the number of pixels M3N (i.e., Q/M3N).
Releasing and resetting the ROIC module takes a few microseconds. Thus, the actual integration period slightly less
than Q/M3N. The microbolometer exposure period to incident radiation is thus slightly less than Q.
[0019] Johnson noise is the noise generated by thermal agitation of electrons in a conductor. Johnson noise is a
dominant source of noise in microbolometers that might degrade the performance of FPA systems. Johnson noise is
usually more dominant than other noise sources such as KTC noise and thermal fluctuation noise. The Johnson noise
is proportional to the square root of the bandwidth of the system. The bandwidth of the system is controlled by the
integration period of the ROIC. An expression for the Johnson noise in degrees Kelvin is given in Equation (3) 

wherein Id is the current through the microbolometer, Td is the temperature in degrees Kelvin of the microbolometer, Rb
is the resistance of the microbolometer, Ti is the readout integration period during which a measurement relating to the
resistance of the microbolometer is acquired, a is the temperature coefficient of resistance of the bolometer and k is
Boltzmann’s constant. Reducing the bandwidth or alternately increasing the integration period reduces the Johnson
noise and consequently improves the performance of the FPA system.
[0020] US patent 5,698,852 issued to Tanaka et al entitled "Titanium Bolometer-Type Infrared Detecting Apparatus"
is directed to a method wherein two ROICs are used in order to increase the integration period. The integration period
is increased to slightly less than 2Q/M3N. A pixel in the array is retrieved by selecting a row of pixels, enabling the
retrieval of all the pixels in the row. A specific pixel, to be retrieved, is selected from the enabled row. Initially, the first
ROIC module is allocated to a selected pixel. The selected pixel is coupled with the first ROIC module. After a delay of
Q/M3N, the second ROIC module is allocated to another selected pixel. The other selected pixel is coupled with the
second ROIC module. After a delay of slightly less than Q/M3N the first ROIC module is released and reset. The next
pixel in the row is selected and coupled with the first ROIC module. After a delay slightly less than Q/M3N the second
ROIC module is released and reset. The next pixel in the row is selected and coupled with the first ROIC module. This
process is repeated until all the rows of the pixel array are retrieved. Consequently, integration time period is increased
to slightly less than 2Q/M3N for each pixel.
[0021] US patent 5,965,892 issued to Tanaka entitled "Thermal-Type Infrared Imaging Device", is directed to a method
of operation, similar to that described in US patent 5,698,852. In addition, Tanaka describes a row select circuit selects
only odd rows during the first half of the integration period. Even rows are retrieved during the second half the integration
period.
[0022] US Patent No 6,028,309 issued to Parrish et at entitled "Method and Circuitry for Correcting Temperature-
induced Errors in Microbolometer Focal Plane Array" is directed to a method of simultaneously integrating all the pixels
in a row, from an array of microbolometer pixels.
[0023] Reference is now made to Figure 2, which is a schematic illustration of an FPA system, generally referenced
70, which is known in the art. System 70 integrates a row of pixels, from an array of pixels, with a row of M ROIC modules.
System 70 includes an N3M array 72 of microbolometer pixels, a row select circuit 74 and a row of M ROIC modules
76 also referred to as ROIC row. Row select circuit 74, is operative to select all the pixels of a specific row, to be retrieved.
Thus, each pixel element in the selected row is coupled with a respective ROIC module in ROIC row 76. ROIC row 76
integrates the entire selected row for a period of slightly less than Q/N. After integration is completed, the signals are
released. The ROIC modules are reset. Row select circuit 74 selects the next row of microbolometer pixels to be retrieved.
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This operation is repeated, until all the rows of array 72 are retrieved.
[0024] Reference is made to Figure 3, which is an illustration of a timing scheme, generally referenced 80, of FPA
system 70 in Figure 2, which is known in the art. Figure 3 shows, HORIZONTAL DRIVE 82, ROIC ROW signal 84 and
a period 86. HORIZONTAL DRIVE represents a signal of time period Q/N that drives the row select circuit. ROIC ROW
signal 84 represents the retrieval period of ROIC row 76 in Figure 2. Period 86, at the end of the retrieval period is the
time duration of releasing and resetting the row of ROIC modules.

SUMMARY OF THE PRESENT INVENTION

[0025] It is an object of the present invention to provide a novel system and method for increasing the signal to noise
ration of a thermal imaging system which overcomes the disadvantages of the prior art. In accordance with an aspect
of the present invention there is thus provided a thermal image acquisition system including a temperature sensor array,
a retrieval module array and a row select circuit. The temperature sensor array of N rows and M columns includes a
plurality of N temperature sensor rows. Each of the temperature sensor rows includes a plurality of M temperature
sensors, for detecting electromagnetic radiation energy incident thereon.
[0026] The retrieval module array includes a plurality of K retrieval module rows each retrieval module row including
a plurality of M retrieval modules. The retrieval module array is coupled with the temperature sensor array. The retrieval
module array is operative for accumulating electrical charge of each the temperature sensors resulting from the elec-
tromagnetic radiation energy incident thereon.
[0027] The row select circuit is coupled with the temperature sensor array and with the retrieval module array. The
row select circuit is operative for coupling the M retrieval modules of each of the retrieval module row of the retrieval
module array with a respective temperature sensor of an allocated temperature sensor row of the temperature sensor
array, for a time period greater than the frame acquisition period divided by the number of temperature sensor rows.
[0028] According to another aspect of the present invention there is thus provided a method for acquiring a thermal
image. The thermal image is associated with electrical charge, resulting from electromagnetic radiation energy incident
on a temperature sensor array of N rows and M columns. The temperature sensor array includes a plurality of N
temperature sensor rows, each temperature sensor row including a plurality M of temperature sensors.
[0029] The method includes the procedures of selecting a temperature sensor row from the temperature sensor array,
allocating a retrieval module row from a retrieval module array, the retrieval module array including a plurality of K
retrieval module rows, each retrieval module row includes a plurality of M retrieval modules, and coupling each temper-
ature sensor from the selected temperature sensor row with a respective retrieval module from the allocated retrieval
module row. The method further includes the procedures of retrieving the electrical charge of each of the temperature
sensors by the respective retrieval modules coupled therewith, and repeating from the procedure of selecting.
[0030] Each temperature sensor from the selected temperature sensor row is coupled with a respective retrieval
module from the allocated retrieval module row, for a time period greater than the frame acquisition period divided by
the number of temperature sensor rows. The procedure of selecting a temperature sensor row is repeated for another
temperature sensor row and for another retrieval module row, before the time period of coupling the selected temperature
sensor row with the allocated retrieval module row, elapses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention will be understood and appreciated more fully from the following detailed description
taken in conjunction with the drawings in which:

Figures 1A, 1 B, 1C and 1D are schematic illustrations of a thermal imaging microbolometer apparatus, which are
known in the art;
Figure 2 is a schematic illustration of an FPA system, which is known in the art;
Figure 3 is an illustration of a timing scheme, of FPA system of Figure 2, which is known in the art;
Figure 4 is a schematic illustration of an FPA system, constructed and operative in accordance with an embodiment
of the present invention;
Figure 5 is a schematic illustration a timing scheme for retrieving a microbolometer array in accordance with another
embodiment of the present invention; and
Figure 6 is a schematic illustration of a method for retrieving the pixels in a microbolometer array constructed in
accordance with a further embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0032] The present invention overcomes the disadvantages of the prior art by providing a system and a method for
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integrating microbolometer FPA systems. The system according to the present invention provides a plurality of ROIC
rows. The plurality of ROIC rows may integrate a plurality of microbolometer row, simultaneously. In the disclosed system
and method, retrieval operation period of each microbolometer pixel is significantly increased, while the frame acquisition
period is maintained. The system significantly increases the output signal of the system. Thus, the signal-to-noise ratio
of the system increases, and the performance of the system improves.
[0033] Reference is made to Figure 4, which is a schematic illustration of an FPA system, generally referenced 100,
constructed and operative in accordance with an embodiment of the present invention. Systems 100 includes an N3M
array 102 of microbolometer pixels, K3M array 106 of ROIC modules and a row select circuit 108. Array 102 is coupled
with row select circuit 108 and array 106. Row select circuit 108 is further coupled with array 106. Row select circuit 108
selects a group of rows from array 102. The selected rows are coupled with respective allocated rows from array 106.
[0034] Each ROIC row in array 106 sequentially retrieves the rows from array 102 that the ROIC row is allocated to.
Initially system 100 allocates and couples the first ROIC row to the first microbolometer row. After QlN, system 100
allocates and couples the second ROIC row to the second microbolometer row. When all the K ROIC rows are coupled,
the system waits for another Q/N seconds, releases and resets the first ROIC row, and couples the K+1 microbolometer
row to the first ROIC row.
[0035] According to another embodiment of the present invention, a group of K microbolometer rows may be coupled
at the same time, as a group to K ROIC rows, and released, at the same time, as a group.
[0036] Reference is now made to Figure 5, which is a schematic illustration of a timing scheme, for retrieving a
microbolometer array generally referenced 140, in accordance with a further embodiment of the present invention. Figure
5 shows a HORIZONTAL DRIVE signal 142, ROIC ROW signals 144, 148, 152, 156, periods 146, 150, 154, 158 and
period 160. HORIZONTAL DRIVE signal 142 is of period Q/N and represents the signal driving row select circuit 108 in
Figure 4. ROIC ROW signals 144, 148, 152, 156 are of period (K3Q)/N and represent retrieval periods of the ROIC
rows of array 106 in Figure 4. Periods 146, 150, 154, 158 at the end of each ROIC ROW signal is the time duration
required for releasing and resetting the modules of the ROIC row of array 106 in Figure 4. Periods 146, 150, 154, 158
are of the same duration as period 160. In timing scheme 140, each ROIC row sequentially retrieves the microbolometer
rows the ROIC row is allocated to. The retrieval operation is represented by signals 144, 148, 152, 156. Each retrieval
period is of time period of (K3Q)/N. At the end of each retrieval period, the modules in the ROIC row are released (i.e.,
transferring the resulting integrated electrical signal out of the ROIC row). After the ROIC row is released, the ROIC
modules are reset (i.e., clearing the ROIC module from previous integrated values). Therefore, Integration period is
slightly less than (K3Q)/N since releasing and resetting the modules in the ROIC row, takes a few microseconds. The
time duration of releasing and resetting the ROIC rows indicated by periods 146, 150, 154, and 158.
[0037] In the system according to the present invention, rows of microbolometers are coupled with rows of ROICs at
a predetermined switching interval. The system releases the each ROIC no later than a predetermined integration period,
after the each ROIC row was coupled.
[0038] Reference is now made to Figure 6, which is a schematic illustration of a method for retrieving the pixels in a
microbolometer array constructed in accordance with a further embodiment of the present invention. In the method
according to present invention, the retrieval operation period of each microbolometer pixel is increased, while the frame
acquisition period is maintained. Thus, Integration period also increases.
[0039] In procedure 120, radiation, incident on an array of microbolometers, Is detected. The array of microbolometers
consists of a plurality of rows (N), each row consists of a plurality (M) of microbolometer pixels. The incident radiation
changes the resistance of the microbolometer during the exposure period of the microbolometer. Thus, the current
through the microbolometer changes during the retrieval period. With reference to Figure 4, the incident radiation is
detected by array 102.
[0040] In procedure 122, a row of microbolometer pixels is selected. The selected row of microbolometers is the row
the system attempts to retrieve. With reference to Figure 4, row select circuit 108 selects a row, of microbolometer pixels
from array 102.
[0041] In procedure 124, an ROIC row from an ROIC array is allocated for microbolometer retrieval. The ROIC array
includes a plurality of rows, each row includes a plurality of ROICs. The retrieval operation includes integrating the
resulting current flowing through the microbolometer by the ROIC and transferring the signal resulting from the integration
out of the FPA. With reference to Figure 4, a row of ROIC modules from array 106 is allocated, to the microbolometer
row selected from array 102.
[0042] In procedure 126, a selected row of microbolometer pixels is coupled with the respective allocated ROIC row,
at a predetermined switching interval. The first microbolometer row is temporarily coupled with the first allocated ROIC
row. After a predetermined switching interval, the second row of microbolometer is temporarily coupled with the second
ROIC row. The process repeats in a circular manner for all K ROIC rows. An ROIC row may be released from a previously
coupled microbolometer row, prior to coupling. With reference to Figure 5, the predetermined switching interval is Q/N,
indicated by period 162.
[0043] In procedure 128, the charge flow from each microbolometer pixel, is integrated by the respective ROIC coupled
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therewith. Integration is aimed at accumulating the charge flow over a predetermined time period. With reference to
Figure 5, period of integration performed by the ROIC rows is slightly less than (K3Q)/N, indicated by period 164.
[0044] In procedure 130, a row of ROIC modules is released and reset no later than a predetermined time period after
the ROIC row was coupled. The predetermined time period is the integration period of each ROIC row (i.e.,(K3Q)/N).
Releasing is aimed to transfer the resulting electrical signal out of the array of pixels. Resetting is the operation of clearing
the ROIC from previous values to ensure the integrity of the values resulting from the next integration operation the
method returns to procedure 120. With reference to Figure 5, an ROIC row is released and reset at a period of (K3Q)/N
after it was coupled. Releasing and resetting, takes several microseconds. The releasing and resetting periods are
indicted by periods 146, 150, 154 and 158.
[0045] The temperature of the bolometer increases as electrical current passes through it. The increase in temperature
due to electrical current flow is called self-heating. According to the present invention, integration period is increased
be a factor of K over the prior art. Consequently current will flow thorough the microbolometers for a longer time. Therefore,

it is desirable to reduce the reference current through the bolometer by a factor of  in order reduce self-heating. If

the reference current is reduced by a factor of  and integration period is increased by a factor of K over the prior

art, the Johnson noise remains unchanged according to equation (3). In the system according to the present invention,
the electrical signal at the output of the ROIC is proportional to the current through the bolometer multiplied by the
integration period. Since the integration period is increased by a factor of K over the prior art, and the reference current

through the microbolometer is decreased by a factor of  the output signal of the ROIC has increased by a factor

of  Since the Johnson noise is unchanged, the signal-to-noise ratio of the system according to the present invention,

improves by a factor of  over the prior art.

[0046] Theoretically, K can be increased to be equal to the number of rows, N, of array 102 in Figure 4 (i.e., K = N).
However, choosing K = N has limited advantages since the integration period is increased to slightly less than the frame
acquisition period. Increasing the integration period without reducing the reference current, increases the temperature
of the microbolometer due to self-heating. The temperature increase may be above the minimum detectable temperature
difference of the microbolometer (i.e., the smallest change in temperature the microbolometer responses to). An increase
in temperature, due to self-heating, above the minimum detectable temperature difference, may result in erroneous
measurements. Therefore, the reference current should be substantially reduced, to reduce the self-heating of the
microbolometer below the minimum detectable temperature difference. Substantially reducing the reference current,
reduces the value of the current flowing into the ROIC. Therefore, the current flowing into the ROIC becomes extremely
small compared with currents produced by the different noise source of the system. Consequently, the signal to noise
ratio of the system reduces. In practice, K is chosen to be between 7 and 10.
[0047] It will be appreciated by persons skilled in the art that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather the scope of the present invention is defined only by the claims,
which follow.

Claims

1. A device, for retrieving electrical charge, resulting from electromagnetic radiation energy incident on a temperature
sensor array of N rows and M columns, said temperature sensor array including a plurality of N temperature sensor
rows, each temperature sensor row including a plurality of M temperature sensors, the device comprising:

a retrieval module array including a plurality of K retrieval module rows, each retrieval module row including a
plurality of M retrieval modules, each said retrieval modules being operative to accumulate said electrical charge,
from a single temperature sensor; and
a row select circuit, coupled with said temperature sensor array and with said retrieval module array, for coupling
said M retrieval modules of each said retrieval module row of said retrieval module array with a respective
temperature sensor of an allocated temperature sensor row of said temperature sensor array, for a time period
which is greater than the frame acquisition period divided by the number of said temperature sensor rows.

2. The device according to claim 1, wherein each said temperature sensors is a microbolometer.

3. The device according to claim 1, wherein said time period is no greater than the number of said retrieval module
rows multiplied by the frame acquisition period and divided by the number of said temperature sensor rows.
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4. A method for acquiring a thermal image, the thermal image being associated with electrical charge, the electrical
charge resulting from electromagnetic radiation energy incident on a temperature sensor array of N rows and M
columns, the temperature sensor array including a plurality of N temperature sensor rows, each temperature sensor
row including a plurality M of temperature sensors, the method comprising the procedures of:

selecting a temperature sensor row from said temperature sensor array;
from a retrieval module array, said retrieval module array including a plurality of K retrieval module rows, allocating
a retrieval module row, wherein each said retrieval module row includes a plurality of M retrieval modules;
coupling each said temperature sensor from said selected temperature sensor row with a respective retrieval
module from said allocated retrieval module row, for a time period which is greater than the frame acquisition
period divided by the number of said temperature sensor rows;
retrieving said electrical charge of each of said temperature sensors by the respective said retrieval modules
coupled therewith; and
repeating from said procedure of selecting, for another of said temperature sensor row and another retrieval
module row, before said time period elapses, with respect to said selected temperature sensor row and said
allocated retrieval module row.

5. The method according to claim 4, wherein each of said temperature sensors is a microbolometer.

6. The method according to claim 4, wherein said procedure of retrieving includes accumulating said electrical charge,
releasing said retrieval modules and resetting said retrieval modules.

7. The method according to claim 4, wherein said time period is no greater than the frame acquisition period multiplied
by the number of said retrieval module rows and dividing by the number of said temperature sensor rows.

Patentansprüche

1. Vorrichtung zur Wiedergewinnung einer elektrischen Ladung, die sich aus elektromagnetischer Strahlungsenergie
ergibt, die auf ein Temperatursensorarray von N Zeilen und M Spalten einfällt, wobei das genannte Temperatur-
sensorarray eine Vielzahl von N Temperatursensorzeilen umfasst, wobei jede Temperatursensorzeile eine Vielzahl
von M Temperatursensoren umfasst, wobei die Vorrichtung Folgendes umfasst:

ein Array von Wiedergewinnungsmodulen, das eine Vielzahl von K Wiedergewinnungsmodul-Zeilen umfasst,
wobei jede Wiedergewinnungsmodul-Zeile eine Vielzahl von M Wiedergewinnungsmodulen umfasst, wobei
jedes der genannten Wiedergewinnungsmodule wirksam ist, um die genannte elektrische Ladung aus einem
einzelnen Temperatursensor zu speichern; und
eine Zeilenauswahlschaltung, die mit dem genannten Temperatursensorarray und mit dem genannten Array
von Wiedergewinnungsmodulen gekoppelt ist, um die genannten M Wiedergewinnungsmodule von jeder ge-
nannten Wiedergewinnungsmodul-Zeile des genannten Arrays von Wiedergewinnungsmodulen mit einem da-
zugehörigen Temperatursensor einer zugeordneten Temperatursensorzeile des genannten Temperatursen-
sorarrays für einen Zeitraum zu koppeln, der größer als der Rahmenerfassungszeitraum ist, der durch die
Anzahl der genannten Temperatursensorzeilen geteilt ist.

2. Vorrichtung nach Anspruch 1, worin jeder der genannten Temperatursensoren ein Mikrobolometer ist.

3. Vorrichtung nach Anspruch 1, worin der genannte Zeitraum nicht größer ist als die Anzahl der genannten Wieder-
gewinnungsmodul-Zeilen, die mit dem Rahmenerfassungszeitraum multipliziert und durch die Anzahl der genannten
Temperatursensorzeilen geteilt ist.

4. Verfahren zur Erfassung eines Wärmebilds, wobei das Wärmebild mit einer elektrischen Ladung verbunden ist,
wobei die elektrische Ladung sich aus elektromagnetischer Strahlungsenergie ergibt, die auf ein Temperatursen-
sorarray von N Zeilen und M Spalten einfällt, wobei das genannte Temperatursensorarray eine Vielzahl von N
Temperatursensorzeilen umfasst, wobei jede Temperatursensorzeile eine Vielzahl von M Temperatursensoren
umfasst, wobei das Verfahren folgende Vorgänge umfasst:

Auswählen einer Temperatursensorzeile aus dem genannten Temperatursensorarray;
aus einem Array von Wiedergewinnungsmodulen, wobei das genannte Array von Wiedergewinnungsmodulen
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eine Vielzahl von K Wiedergewinnungsmodul-Zeilen umfasst, Zuordnen einer Wiedergewinnungsmodul-Zeile,
worin jede der genannten Wiedergewinnungsmodul-Zeilen eine Vielzahl von M Wiedergewinnungsmodulen
umfasst;
Koppeln jedes genannten Temperatursensors aus der genannten Temperatursensorzeile mit einem dazuge-
hörigen Wiedergewinnungsmodul aus der genannten zugeordneten Wiedergewinnungsmodul-Zeile, für einen
Zeitraum, der größer als der Rahmenerfassungszeitraum ist, der durch die Anzahl der genannten Temperatur-
sensorzeilen geteilt ist;
Wiedergewinnen der genannten elektrischen Ladung jedes der genannten Temperatursensoren durch die ge-
nannten dazugehörigen, damit gekoppelten Wiedergewinnungsmodule; und
Wiederholen ab dem genannten Vorgang des Auswählens, für eine andere der genannten Temperatursensor-
zeilen und eine andere Wiedergewinnungsmodul-Zeile, bevor der genannte Zeitraum vergeht, im Hinblick auf
die genannte ausgewählte Temperatursensorzeile und auf die genannte zugeordnete Wiedergewinnungsmo-
dul-Zeile.

5. Verfahren nach Anspruch 4, worin jeder der genannten Temperatursensoren ein Mikrobolometer ist.

6. Verfahren nach Anspruch 4, worin der genannte Vorgang des Wiedergewinnens das Speichern der genannten
elektrischen Ladung, das Freigeben der genannten Wiedergewinnungsmodule und das Rückstellen der genannten
Wiedergewinnungsmodule umfasst.

7. Verfahren nach Anspruch 4, worin der genannte Zeitraum nicht größer ist als der Rahmenerfassungszeitraum, der
mit der Anzahl der genannten Wiedergewinnungsmodul-Zeilen multipliziert und durch die Anzahl der genannten
Temperatursensorzeilen geteilt ist.

Revendications

1. Dispositif pour extraire une charge électrique résultant de l’énergie d’un rayonnement électromagnétique rencontrant
un réseau de capteurs de température comprenant N rangées et M colonnes, ledit réseau de capteurs de température
comprenant une pluralité de N rangées de capteurs de température, chaque rangée de capteurs de température
comportant une pluralité de M capteurs de température, le dispositif comprenant :

un réseau de modules d’extraction comprenant une pluralité de K rangées de modules d’extraction, chaque
rangée de modules d’extraction comprenant une pluralité de M modules d’extraction, chacun desdits modules
d’extraction opérant pour accumuler ladite charge électrique d’un capteur de température unique ; et
un circuit de sélection de rangée, couplé avec ledit réseau de capteurs de température, et avec ledit réseau de
modules d’extraction, pour coupler lesdits M modules d’extraction de chacune desdites rangées de modules
d’extraction dudit réseau de modules d’extraction avec un capteur de température respectif d’une rangée de
capteurs de température affectée dudit réseau de capteurs de température, pendant une durée qui est supérieure
à la période d’acquisition de trame, divisée par le nombre desdites rangées de capteurs de température.

2. Dispositif selon la revendication 1, dans lequel chacun desdits capteurs de température est un microbolomètre.

3. Dispositif selon la revendication 1, dans lequel ladite durée n’est pas supérieure au nombre desdites rangées de
modules d’extraction multiplié par la période d’acquisition de trame et divisé par le nombre desdites rangées de
capteurs de température.

4. Procédé d’acquisition d’une image thermique, l’image thermique étant associée à une charge électrique, la charge
électrique résultant de l’énergie d’un rayonnement électromagnétique rencontrant un réseau de capteurs de tem-
pérature comprenant N rangées et M colonnes, le réseau de capteurs de température comprenant une pluralité de
N rangées de capteurs de température, chaque rangée de capteurs de température comportant une pluralité de M
capteurs de température, le procédé comportant les procédures suivantes :

sélection d’une rangée de capteurs de température dudit réseau de capteurs de température ;
dans un réseau de modules d’extraction, ledit réseau de modules d’extraction comprenant une pluralité de K
rangées de modules d’extraction, affectation d’une rangée de modules d’extraction, dans lequel chacune des-
dites rangées de modules d’extraction comprend une pluralité de M modules d’extraction ;
couplage de chacun desdits capteurs de températures de ladite rangée de capteurs de température sélectionnée
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avec un module d’extraction respectif de ladite rangée de modules d’extraction affectée, pendant une durée
qui est supérieure à la période d’acquisition de trame, divisée par le nombre desdites rangées de capteurs de
température ;
extraction de ladite charge électrique de chacun desdits capteurs de température par lesdits modules d’extraction
respectifs couplés avec ceux-ci ; et
répétition de ladite procédure de sélection pour une autre desdites rangées de capteurs de température et une
autre rangée de modules d’extraction, avant que s’écoule ladite durée, par rapport à ladite rangée de capteurs
de température sélectionnée et à ladite rangée de modules d’extraction affectée.

5. Procédé selon la revendication 4, dans lequel chacun desdits capteurs de température est un microbolomètre.

6. Procédé selon la revendication 4, dans lequel ladite procédure d’extraction comprend l’accumulation de ladite charge
électrique, le dégagement desdits modules d’extraction et la remise à zéro desdits modules d’extraction.

7. Procédé selon la revendication 4, dans lequel ladite durée n’est pas supérieure à la période d’acquisition de trame
multipliée par le nombre desdites rangées de modules d’extraction et divisés par le nombre desdites rangées de
capteurs de température.
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