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DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention relates to the field of pyroelectric infrared detectors, and more
particularly to a differential pyroelectric infrared detector circuit.

BACKGROUND OF THE INVENTION

[0002] Pyroelectric infrared detectors are used In many applications where background
electronic noise can be a severe impediment to maximizing the performance of a system which
utilizes these devices. The use of pyroelectric sensors using polarized crystals for detection of
thermal radiation is well known. There have been many uses developed for such pyroelectric
sensors. One important application i1s In the field of intruder alarms in which a pyroelectric
sensor Is arranged to detect the infrared radiation from a human being as an indication of an
Intruder. The Invisible glow of materials permits pyroelectric infrared detectors to be used In
detecting, monitoring, locating, counting and the like applications. Since every object is emitting
Infrared light, every object is a transmitter.

[0003] However, some pyroelectric infrared detectors can be falsely triggered by other sources
of infrared radiation such as hot air from a heating system, sunlight, or equipment which may
give off heat radiation. To discriminate between an element and such environmental effects,
one method Is to require movement of the source of heat. For this purpose, it iIs known to
utilize at least two collocated sensors In a differential connection so as to produce zero net
signal output when both sensors are irradiated and to produce multiple pulse outputs when a
person walks past the device, as illustrated in U.S. Patent 3,839,640 wherein two such sensors
are connected In series opposition.

[0004] EP 1 156 583 A2 describes amplification circuit for electric charge type sensor. In the
acceleration sensor amplification circuit, the inversion input terminal of an operational amplifier
IS connected to one end of the acceleration sensor. In addition, a feedback circuit including a
feedback resistor and a feedback capacitor connected in parallel to each other is connected
between the inversion input terminal and the output terminal of the operational amplifier.

[0005] US 2013/082179 A1 describes an object detection device that includes: a pyroelectric
element configured to output a current signal in response to a change in an amount of infrared
light; an I/V conversion circuit including an operational amplifier, a capacitive element serving
as a feedback circuit, and a discharging circuit, and configured to convert the current signal to
a voltage signal;, an A/D conversion circuit configured to convert the voltage signal to a first
digital signal; a digital filter configured to extract a detection component having a frequency
Included In a frequency band associated with an object from a waveform represented by the
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first digital signal by subjecting the first digital signal to an arithmetic processing, and create a
second digital signal representing a waveform of the detection component; a judgment circuit
configured to detect the target based on the second digital signal;; and a control unit
configured to control the discharging circuit based on a period corresponding to a
predetermined frequency not greater than a lower limit of the frequency band to discharge
electric charges stored in the capacitive element.

[0006] DE 197 27 447 A1 describes a device that has a pyroelectric unit with a light sensitive
surface for the reception of infrared radiated by an object to be detected and a pair of external
electrodes on opposite surfaces of the pyroelectric unit. The pyroelectric unit has a number of
pyroelectric layers with internal electrodes between adjacent layers. The edges of the internal
electrodes are uncovered alternately on opposite surfaces of the unit and are connected to the
external electrodes. The pyroelectric unit can be polarised between the electrodes and the
lateral edges of the internal electrodes are uncovered on the light reception surfaces.

[0007] WO 99/44020 A1 describes a pyroelectric circuit that includes a pyroelectric sensor
element connected to a load resistor and to an input of a buffer amplifier having a feedback
path for multiplying the resistance of the load resistor at non-zero frequencies.

[0008] U.S. Patent 4,441,023 discloses a compensated pyroelectric sensor having two
separate but closely spaced lithium tantalate pyroelectric crystal detectors connected in parallel
and poled such that output connections of opposite polarity are connected to each other. The
dual sensor produces a much greater output voltage when one crystal is irradiated than would
occur If the two detectors were connected series opposing.

[0009] It I1s also known In the prior art to connect two pyroelectric sensors in parallel opposition.
sSuch connection will also reject signals produced by radiation common to both elements and
has the advantage of a much higher sensitivity and output when only one sensor is energized.
Such units also are free of the static build up problem. Typical of this type of device are the
structures disclosed In U.S. Patent 3,877,308 and U.S. Patent 3,453,432 which disclose a

pyroelectric radiation detector having at least two parallel opposed connected sensors.

[0010] Pyroelectric is the ability of certain materials to generate a temporary voltage when they
are heated or cooled. The resulting polarization change gives rise to a voltage across the
crystal. The crystal has a thermal time constant so it will thermalize to the ambient environment
after a step input. The background noise can occur since pyroelectric infrared detectors
require an impedance converting amplifier which is single ended wherein any electronic
perturbation from an outside source such as line frequency interference or noise from an
external but nearby oscillator which may be used to operate a microprocessor circuit or other
sources of electronic noise can be coupled onto the detectors. Practical pyroelectrics contain
either a JFET source follower in a voltage mode or a transimpedance amplifier in a current
mode. The voltage mode circuit 1Is known to generate the best signal to noise ratio. Other
Infrared detectors which do not require an impedance conversion circuit such as thermopiles
are relatively low impedance devices are less sensitive to this problem.
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SUMMARY OF THE INVENTION

[0011] An objective of the invention is to disclose a differential amplifier to determine a desired
signal being the difference between two signals to reduce or eliminate background electronic
noise.

[0012] Another objective of the invention 1s to disclose a differential pyroelectric infrared
detector circuit comprising two separate Impedance conversion circuits coupled to a
pyroelectric crystal with each circuit providing a low impedance output and an amplifier for
receipt of each.

[0013] Still another objective of the invention 1s to disclose a differential pyroelectric infrared
detector circuit wherein two outputs when connected differentially have an output which Is a
factor of two greater than a conventional single ended device, wherein the two outputs produce
noise which 1s only the square root of 2 greater.

[0014] Yet still another objective of the invention Is to disclose a differential pyroelectric infrared
detector circuit that increases signal noise of a detector by a factor of the square root of the
Increase In signal.

[0015] Still another objective of the invention Is to disclose a differential pyroelectric infrared
detector circuit that increases signal noise of a detector by about 1.41 times a conventional
single ended device.

[0016] Other objectives and further advantages and benefits associated with this invention will
be apparent to those skilled in the art from the description, examples and claims which follow.

[0017] These objectives are solved by means of a differential pyroelectric infrared detector
circuit according to claim 1. Beneficial further developments and embodiments of the invention
are given in the dependent claims.

[0018] The Invention discloses a differential pyroelectric Infrared detector formed by
connecting a pyroelectric crystal to two separate impedance conversion circuits. The separate
circuits derive two low impedance outputs which are then connected to a differential amplifier.

[0019] Thus, according to the invention the differential pyroelectric infrared detector circuit is
comprising a pyroelectric crystal with two electrodes, two separate impedance conversion
circuits, wherein one impedance conversion circuit is connected to one of the electrodes and
the other iImpedance conversion circuit to another of the electrodes of the pyroelectric crystal,
wherein each of the impedance conversion circuits is formed from an amplifier and provides a
first and second low impedance output, and a differential amplifier for receipt of each of said
low iImpedance outputs, so that the two low impedance outputs are connected differentially.
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[0020] Further according to the Invention, either the amplifiers forming the impedance
conversion circuits comprise a FET and the differential pyroelectric infrared detector circuit
further comprises a primary bridge and a secondary bridge, wherein the primary bridge iIs
coupled to each of the pyroelectric crystal electrodes and the secondary bridge I1s coupled to
each of the amplifier outputs, wherein the primary bridge is formed by a first resistor and a
second resistor, and the primary bridge Is furthermore coupled to the secondary bridge which
IS formed by a first resistor and a second resistor, or, alternatively, each of the amplifiers
forming the impedance conversion circuits is an operational amplifier that has a resistor bridge
each of which iIs connected to the inverting input of the corresponding operational amplifier and
wherein the non-inverting inputs of the operational amplifiers are connected to each other.

[0021] Preferably, each of said amplifiers comprising a FET comprises a 2N4117 FET.

[0022] Preferably, the first resistor of the primary bridge has 1e11 Ohms and the second
resistor of the primary bridge has 1e11 Ohms, wherein the first resistor of the secondary bridge
has 100 KOhms and the second resistor of the secondary bridge has 100 KOhms.

[0023] Preferably, each said resistor of the resistor bridges of the operational amplifiers has a

small capacitance of less than 5 pico Farad and a high ohmic value of resistance of about 100
Giga Ohms.

[0024] Even more preferred is an embodiment wherein said two low impedance outputs when
connected differentially have an output which I1s a factor of two greater than a conventional
single ended device, wherein said two outputs produce noise which is only the square root of 2
greater.

[0025] Furthermore, the differential pyroelectric infrared detector circuit may be configured
such that said circuit increases the electrical noise of a detector by a factor of the square root
of the increase In signal.

[0026] In a preferred embodiment, the differential pyroelectric infrared detector circuit Is
configured such that said increase In signal to noise ratio of the detector Is increased by about
1.41 times a conventional single ended device.

[0027] It I1s preferable if said first and second low impedance output being an increase in signal
to noise ratio by about 1.41 times a conventional single ended device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Figure 1 Is an electrical schematic of the circuit for the differential pyroelectric infrared detector;
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and

Figure 2 1s an alternative embodiment for the differential pyroelectric infrared detector

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0029] Detailed embodiments of the instant invention are disclosed herein, however, it Is to be
understood that the disclosed embodiments are merely exemplary of the invention, which may
be embodied In various forms. Therefore, specific functional and structural details disclosed
herein are not to be interpreted as limiting, but merely as a basis for the claims and as a
representation basis for teaching one skilled In the art to variously employ the present
Invention in virtually any appropriately detailed structure.

[0030] Referring to Figure 1, illustrated i1s a differential pyroelectric infrared detector circuit
formed by connecting a pyroelectric crystal to two separate impedance conversion circuits. The
separate circuits derive two low impedance outputs which are then connected to a differential
or instrumentation amplifier. The circuit will eliminate electronic perturbations from outside
sources such as line frequency interference or notice from an external but nearby oscillator
which may be used to operate a microprocessor circuit, and other sources of electronic noise.
The two outputs when connected differentially also have an output which 1s a factor of two
greater than a normal standard single ended device, but also only produce noise which is only
the square root of 2 or greater. The circuit additionally increased the signal to noise of the
detector by a factor of the square root of the increase in signal or by about 1.41 times the
standard single ended device.

[0031] Figure 2 1s an alternative embodiment wherein a pair of FET Iinput amplifiers are
connected with resistors Zf1 and Zf2 a placed in a parallel combination. In this embodiment,
resistors Zf1 and Zf2 have a small capacitance of less than 5 pico Farads and a high ohmic
value of resistance of about 100 Giga. Outputs 1 and Output 2, when connected differentially
also have an output which 1s a factor of two greater than a normal standard single ended
device, but also only produce noise which is only the square root of 2 or greater. The circuit
additionally increased the signal to noise of the detector by a factor of the square root of the
Increase in signal or by about 1.41 times the standard single ended device.

[0032] All patents and publications mentioned In this specification are indicative of the levels of
those skilled in the art to which the invention pertains. It is to be understood that while a certain
form of the invention is illustrated, it is not to be Iimited to the specific form or arrangement
herein described and shown. It will be apparent to those skilled in the art that various changes
may be made without departing from the scope of the invention and the invention is not to be
considered Imited to what I1s shown and described In the specification and any
drawings/figures included herein.
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[0033] One skilled in the art will readily appreciate that the present invention is well adapted to
carry out the objectives and obtain the ends and advantages mentioned, as well as those
Inherent therein. The embodiments, methods, procedures and techniques described herein
are presently representative of the preferred embodiments, are intended to be exemplary and
are not intended as limitations on the scope. Changes therein and other uses will occur to
those skilled Iin the art which are encompassed within the scope of the appended claims.
Although the invention has been described in connection with specific preferred embodiments,
it should be understood that the invention as claimed should not be unduly limited to such
specific embodiments. Indeed, various modifications of the described modes for carrying out
the Invention which are obvious to those skilled in the art are intended to be within the scope of
the following claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
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PATENTKRAYV

1. Pyroelektrisk infrargdt differentialdetektorkredslgb, omfattende:

- et pyroelektrisk krystal med to elektroder;

- o separate impedansomdannelseskredslab, hvor et impedansomdannel-
seskredslgb er forbundet med en af elektroderne og det andet impedans-
omdannelseskredslagb med en anden af elektroderne | det pyroelektriske
krystal, hvor hvert isaer af impedansomdannelseskredslgbene er dannet
af en forstaerker og tilvejebringer et torste og andet lavimpedansoutput
(Output 1, Output 2); og

- en differentialforstaerker til modtagelse af hvert i1saer af lavimpedans-
outputtene (Output 1, Output 2), saledes at de to lavimpedansoutput
(Output 1, Output 2) forbindes differentielt;

hvor enten

() forstaerkerne, som danner impedansomdannelseskredslgbene, omfatter
en FET (Q1, Q2), hver elektrode | det pyroelektriske krystal er direkte
foroundet med porten |1 den respektive FET, og det pyroelekiriske
iInfrargde differentialdetektorkredslab endvidere omfatter en primaer bro
0g en sekundaer bro, hvor den primaere bro er koblet til hver iszer af de
pyroelektriske krystalelektroder, og den sekundaere bro er koblet til hvert
iIseer af forstaerkeroutputtene, hvor den primaere bro er dannet af en
forste modstand (R1) og en anden modstand (R2), den primaere bro
endvidere er koblet til den sekundaere bro, som er dannet af en fgrste
modstand (Rs1) og en anden modstand (Rs2), og den primaere bro og
den sekundeaere bro er forbundet med jordpotentiale,
eller

() hvor hver isaer aft forstaerkerne, som danner impedansomdannelses-

kredslgbene, er en operationsforstaerker, som har en modstandsbro
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(Z1, Z12), som hver isaer forbinder outputtet med det inverterende (*-7)
iInput fra den tilsvarende operationsforstaerker, hvor elektroderne | det
pyroelektriske krystal er direkte forbundet med de inverterende (*-7) input
fra operationsftorstaerkerne, og hvor de ikke-inverterende ("+) input fra
operationsforstaerkerne er forbundet med hinanden og med jord-

potentialet.

2. Pyroelektrisk infraradt differentialdetektorkredslob ifglge krav 1, hvor hver
iseer af forsteerkerne, som omfatter en FET (Q1, Q2), omfatter en 2N4117-FET.

3. Pyroelektrisk infrargdt differentialdetektorkredslab ifglge et hvilket som helst
af de foregaende krav, hvor fgrste modstand (R1) | den primaere bro har 1e11
Ohm, og den anden modstand (R2) i den primeaere bro har 1e11 Ohm, hvor den
forste modstand (Rs1) | den sekundaere bro har 100 KOhm, og den anden
modstand (Rs2) i den sekundaere bro har 100 KOhm.

4.  Pyroelektrisk infrargdt differentialdetektorkredslob ifglge krav 1, hvor hver
Iseer af modstandene | modstandsbroerne (Zf1, Zi2) | operationsforstaerkerne har
en lille kapacitans pa mindre end 5 pico Farad og en hgj ohmsk modstandsveerdi
pa cirka 100 Giga Ohm.
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FIGURE 2
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