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[57] ABSTRACT

A sensor-integrator utilizes a light sensing diode di-
rectly connected to the inputs of an operational ampli-
fier. The operational amplifier forms part of a dual-slope
integrator and directly integrates the current generated
by the light sensing diode thereby eliminating the need
for preamplifiers and diode switching circuitry.

6 Claims, 3 Drawing Figures
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1
SENSOR INTEGRATOR SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to light sensors, and
more particularly to integrating light systems that pro-
vide an indication of the total amount of light sensed
over a predetermined time interval.

2. Description of the Prior Art

Various light sensing systems, including integrating
systems, are known; however, systems capable of oper-
ating at low light levels typically require preamplifiers
between the light sensing device and the integrating
amplifier. Such preamplifiers are disadvantageous in
that they have offset and drift problems that must be
compensated, thereby resulting in a fairly complex and
expensive design. In addition, systems that use a dual-
slope integrator for integrating the output of the sensor
generally require switching circuitry for alternately
connecting and disconnecting the sensor from the inte-
grator. Such switching devices further add to the com-
plexity of the system and cause further drift and voltage
offset problems.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a sensor-integrator that overcomes many of
the disadvantages of the prior art sensor-integrators.

It is another object of the present invention to pro-
vide a simplified sensor-integrator.

It is still another object of the present invention to
provide a sensor-integrator using a dual-slope integrator
that does not require switching circuitry for disconnect-
ing the sensor from the dual-slope integrator.

It is vet another object of the present invention to
provide a sensor-integrator system wherein the sensor is
connected directly to the inputs of the integrator.

In accordance with a preferred embodiment of the
invention, an operational amplifier is connected as a
dual-slope integrator with a storage capacitor coupled
between the output and the inverting input of the ampli-
fier. The sensor which may be, for example, a light
sensing semiconductor diode, is connected directly
between the input terminals of the amplifier. A refer-
ence current source is connected to the inverting input
and a switch is provided for selectively rendering the
reference current source operative to apply the refer-
ence current to the inverting input. A timing circuit 1s
provided for maintaining the reference current source
inoperative for a predetermined first time interval. Dur-
ing this time interval, the storage capacitor is charged to
a level proportional to the amount of current flowing
through the sensor, and consequently, to a level propor-

tional to the amount of light sensed by the sensor. After 60

the predetermined first time interval has elapsed, the
reference current source is rendered operative to apply
the reference current to the operational amphfier 1n a
direction opposite that of the current provided by the
sensor to thereby discharge the storage capacitor. A
comparator is provided again to disable the reference
current source after the storage capacitor has been dis-
charged to a predetermined level. The time required to
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discharge the storage capacitor to the predetermined
level is a function of the integral of the current provided
by the sensor over the first predetermined time interval.

BRIEF DESCRIPTION OF THE DRAWING

These and other objects and advantages of the pres-
ent invention will become readily apparent upon con-
sideration of the following detailed description and
attached drawing, wherein:

FIG. 1 is a simplified schematic diagram of the sen-
sor-integrator according to the invention;

FIG. 2 is a graph illustrating the operation of the
sensor-integrator according to the invention; and

FIG. 3 is a schematic diagram of a practical embodi-
ment of the sensor-integrator according to the inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawing, with particular atten-
tion to FIG. 1, there is shown a simplified diagram of
the sensor-integrator 10. The sensor-integrator 10 com-
prises an operational amplifier 12 having inverting and
noninverting input terminals. A sensor such as a photo-
diode 14 is connected, in the present embodiment, di-
rectly across the input terminals of the amplifier 12,
however, any passive direct current coupling network,
such as, for example, a resistive or inductive network,
can be used. A capacitor 16 is connected between the
output and the inverting input of the operational ampli-
fier 12 and stores a charge proportional to the amount of
current flowing through node 11. A pair of resistors 18
and 20 connected to a voltage reference provide a
source of reference current for the integrator 10. A
switch 22 selectively shunts the reference current flow-
ing through the resistor 18 to ground and away from the
amplifier 12, while a second switch 24 is used to dis-
charge the capacitor 16.

In operation, the switch 22 is first closed to shunt the
reference current away from the inputs of the amplifier
12. The switch 24 is momentarily closed to discharge
the capacitor 16. After the switch 24 is opened, the
input current at node 11 is solely the current generated
by the photodiode 14. Since the input voltage at the
inverting inputs of amplifier 12 is essentially zero
potenial, because the feedback mechanism of the inte-
grator, the diode load is a low impedance, and for all
practical purposes a short circuit. The diode 14 thus acts
as a current generator that provides a current propor-
tional to light intensity. This current will be referred to
as 1. The direction of the current iy is shown in FI1G. 1,
with the flow of conventional current being from the
inverting input of the amplifier 12 through the diode 14
and into the noninverting input of the amplifier 12.
Because resistor 20 is connected to essentially a zero
potential source at each termination, the resistor 20
provides virtually no shunting of the diode generated
current. Thus, with the switch 22 closed, the shunting
effect of the resistor 20 is negligible. Also, with the
switch 22 closed, the reference current iz 1s zero.

The current i flows through the capacitor 16 in the
direction shown in FIG. 1. This current causes the
capacitor 16 to charge and gradually increases the out-
put voltage e, as shown in FIG. 2. Thus, the voltage e,
increases at a rate determined by the current i;. The
switch 22 is maintained closed for a predetermined time
interval t| at which point the switch 22 is opened. When
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the switch 22 is opened, the current 1; increases from a
zero value to a reference value greater than the value of
the current i;. When this occurs, the current 1 through
the capacitor 16 becomes equal to the difference be-
tween the currents i; and i since the direction of the
current i; is opposite that of the current i;. Since, as
previously stated, the value of the current 17 is greater
than the value of the current 1, the direciion of the net
current 1 flowing through the capacitor 16 becomes
opposite to the direction shown in FIG. 1, and the volt-
age e, decreases at a rate determined by the value of the
reference current i; minus i;. Alternatively, the sensor
current i) can be made a known value by illuminating
the diode 14 with a light source of known intensity, or
by maintaining the diode 14 in total darkness.

After the switch 22 has been opened, the voltage e,
will continue to drop at a rate determined by the refer-
ence current i> minus i;. The switch 22 1s maintained
open until the output voltage e, reaches a predeter-
mined level, such as, for example, zero volts, and the
time t> elapsed between the opening of the switch 22
and the value of the output voltage e, reaching the
aforesaid predetermined level is ascertained. Since the
value of the output voltage e, at the end of the time
interval t) is determined by the magnitude of the sensor
current 1], and since the magnitude of the reference
voltage 12 is known, the value of the sensor current 1
can be readily ascertained by comparing the time inter-
vals t; and t7 in conventional dual-slope integrator fash-
ion.

A practical embodiment of the sensor-integrator ac-
cording to the invention is illustrated in FIG. 3. The
embodiment illustrated in FIG. 3 utilizes hundreds se-
ries reference numerals to identify various components,
with analogous components of the embodiments of
FIGS. 1 and 3 having like tens and units digits. Thus,
the amplifier 112, for example, corresponds to the am-
plifier 12 of FIG. 1. :

In the embodiment illustrated in FIG. 3, the amplifier
112, the diode 114, the capacitor 116 and the resistors
118 and 120 correspond to the like components 12, 14,
16, 18 and 20 of FIG. 1. In addition, a field effect transis-
tor 122 1s used as the switch 22, and a pair of field effect
transistors 123 and 128 are connected in series to form a
switching circuit 124 analogous to the switch 24. Two
field effect transistors are used as the switching circuit
124 to reduce the leakage current across the capacitor
116, and a resistor 127 at the junction of the transistors
123 and 125 serves as a current limiting resistor. In the
embodiment shown, the field effect transistors 122 and
123 are N-channel enhancement mode insulated gate
field effect transistors (IGFETS) and the field effect
transistor 125 1s a P-channel junction transistor (J-
FET), however, any suitable switching transistors may
be used. |

In the embodiment illustrated in FIG. 3, the operation
of the circuit 1s controlled by a logic circuit 126 which
contains timing, computation and switching circuitry.
In operation, the logic circuit 126 applies a signal via a
line 128 to the gate of the field effect transistor 122 to
thereby render the field effect transistor 122 conduc-
tive. This causes the transistor 122 to conduct to ground
the current flowing through the resistor 118 as a result
of the potential at the junction of a pair of resistors 130
and 132. Simultaneously, the field effect transistors 123
and 128 are momentanly rendered conductive via sig-
nals applied to the gates thereof via a pair of lines 134
and 136. The signal on line 136 is applied to the transis-
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tor 125 via a reverse polarity protection diode 138. The
momentary rendering conductive of the transistors 123
and 125 discharges the capacitor 116 to initialize the
integrating operation.

The transistor 122 is maintained conductive for the
predetermined time interval t; during which time the
capacitor 116 is charged to a value proportional to the
current generated by the photodiode 114, which cur-
rent is proportional to the intensity of the light to which
the photodiode 114 is exposed. After the time interval
t1, the logic circuit 126 initiates a timing sequence and
renders the transistor 122 nonconductive. When the
transistor 122 i1s rendered nonconductive, current flows
from the junction of the resistors 130 and 132 through
the resistors 118 and 120 and into node 111 of the ampl:-
fier 112. This current reverses the polarity of the output
current and causes the gradual discharge of the capaci-
tor 116 and the corresponding decrease in the voltage at
the output of the amplifier 112.

The output of the amplifier 112 is monitored by a
comparator 140 which compares the voltage at the
output of the amplifier 112 with a bias voltage appear-
ing at the junction of a pair of resistors 142 and 144, and
provides a signal to the logic circuit 126 when the volt-
age at the output of the amplifier [116] /72 drops
below the voltage at the junction of the resistors 142
and 144 to thereby terminate the timing sequence. A
resistor 146 connected between the comparator 140 and
the junction of the input of the comparator 144, the
capacitor 116 and the transistor 125 provides hysteresis
for the comparator 140. The elapsed time t; between the
rendering nonconductive of the transistor 122 and the
generation of the logic signal by the comparator 144 1s
then compared with the predetermined time interval t;
in order to determine the current generated by the pho-
todiode 114 during the interval t;.

In the two embodiments illustrated in FIGS. 1 and 3,
the source of reference current has been a voltage
source and a pair of limiting resistors. However, the
reference current can be obtamed from various current
sources including a second photodiode that 1s exposed
to a light source which would produce a current greater
than the maximum current produced by the diode 14.
Such an arrangement would provide compensation for
variations in the light source and compensate for varia-
tions in the parameters of the photodiode 14.

Obviously, many modifications and variations of the
present invention are possible in light of the above
teachings. Thus, it i1s to be understood that, within the
scope of the appended claims, the invention may be
practiced otherwise than as specifically described
above. |

What is claimed and desired to be secured by Letters
Patent of the Umted States 1s:

1. A sensor-integrator comprising:

an amplifier having an inverting input terminal, a

noninverting input terminal and an output terminal;

a hight sensing device that provides a current which

varies in accordance with the intensity of light
energy applied to said device, said light sensing
device having first and second terminals;

passive circuit means for direct current coupling said

first and second terminals to said input terminals;

a reference current source coupied to [one of] said

inverting [inputs] input terminal and switching
means coupled to said reterence current source for
selectively rendering said reference current source
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operative to supply a predetermined reference cur-
rent to [one of] said inverting [inputs] input, and
charge storage means coupling said output terminal
and said inverting input terminal and cooperating
with said amplifier for providing at said output
terminal an output voltage proportional to the total
current applied to said input terminals over a pre-
determined time interval.

2. A sensor-integrator as recited in claim 1 further
including means coupled to said switching means for
rendering said reference current source inoperative to
supply said predetermined reference current to said
[one of said] inverting [inputs] input for a predeter-
mined time interval and for rendering said reference
current source operative to supply said predetermined
reference current at the end of said predetermined time
interval.

3. A sensor-integrator as recited in claim 2 further
including level sensing means coupled to said output for
sensing the amplitude of the voltage present at said
output terminal and providing a switching signal when
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said voltage reaches a predetermined level, and means
responsive to said switching signal for rendering said
switching means operative to discontinue supplying
said predetermined reference current to said [one of
said] inverting [inputs] input.

4. A sensor-integrator as recited in claim 3 further
including means for determining the elapsed time 1inter-
val between the end of said predetermined time interval
and the occurrence of said switching signal and means
for comparing said predetermined time interval and said
elapsed time interval to thereby provide an indication of
the total current applied to said inputs over said prede-
termined time interval.

5. A sensor-integrator as recited in claim 1 wheretn
said passive circuit means includes means for directly
connecting said light sensing device to said input termii-
nals.

6. A sensor-integrator as recited in claim 5 wherein

said light sensing device is a photodiode.
£ % % % @
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