
TEMPERATURE SENSING DEVICE, SEMICONDUCTOR DEVICE HAVING TEMPERATURE SENSING
DEVICE INSTALLED THEREIN AND AUTO- FOCUSING SYSTEM USING THIS SEMICONDUCTOR
DEVICE BACKGROUND OF THE INVENTION Field of the Invention This invention
relates to a temperature sensing device, a semiconductor device having this
temperature sensing device installed therein and an auto-focusing (AF)
system using this semiconductor device. Description of Related Art As one
of the applications of a solid-state imaging device, for example, a CCD
(Charge Coupled Device) linear sensor, there is provided an auto- focusing
sensor (hereinafter called as an AF sensor). In a simple AF sensor, a
so-called triangle measuring system is applied for calculating a distance.
That is, as shown in Fig. 11, there are provided two lenses 101, 102 spaced
apart by a specified distance L and further 



there are arranged two CCD linear sensors 103, 104 spaced apart by a
specified distance (d) in respect to each of these lenses 101, 102.    2
Then, distances Xl, X2 ranging from each of the center points of the lenses
101, 102 to each of image focusing points P1, P2 are calculated in response
to each of output signals when an object P is focused on the two CCD linear
sensors 103, 104 through the lenses 101, 102, and then a position of each
of the lenses 101, 102 in their optical axial directions is automatically
controlled so as to satisfy an equation 1 below. D = d x (L/(X1 + X2))
.......... Equation 1 In the aforesaid AF sensor, it is generally applied
that a plastic lens is normally used as this type of lens in order to make
a low cost assembly. 



However, in recent years, there has been found a tendency that a CCD sensor
with a multi-pixel high density characteristic is used in order to
manufacture a high precision AF sensor and in this case, an error caused by
a variation in strain (aberration) caused by a temperature in an optical
system of such a lens as above to be used and the like can not be ignored,
resulting in that the error is required to be corrected. Due to this fact,
it becomes necessary to provide a temperature sensing device for use in
sensing a variation in temperature. In that case, it is advantageous to
install the temperature sensing device on a CCD chip in    3 view of its
cost and a space and the installation on the chip enables a temperature of
the AF sensor by itself to be measured accurately, so that its correcting
accuracy 



may also be improved. As shown in Fig. 12A and Fig. 12B, it is well known
to provide this type of temperature sensing device in which a normal
electrical current is flowed in a pn- junction diode and a variation of
voltage value of a forward direction on-voltage (a turn-on voltage) is
utilized. With such an arrangement as above, although a voltage value of
the forward direction on-voltage of the pn-junction diode indicates a
junction voltage value of about 0.7 V at a normal temperature, this
junction voltage value is reduced if the temperature is increased under the
same condition (for exampler the electrical current is the same) as that of
the measurement at the normal temperature in the case of silicon Si.
Actually, this variation is about -2 mV/[err] per one piece of diode, so
that it is necessary to connect a plurality of stages of diodes (two stages
in this example) as shown in Fig. 13A and Fig. 13B or to connect an
amplifying circuit having a less dependency of temperature on an 



amplification rate to a stage subsequent to the former    4 stages in order
to attain a high precision sensing of the temperature. In addition, it is
also well known as another temperature sensing device to utilize variation
in voltage value of a base-emitter junction voltage [err] of a bipolar
transistor caused by the temperature. However, since the temperature
sensing device using the pn-junction diode or the bipolar transistor is
naturally realized by a bipolar process, it is difficult to install this
device on a CCD linear sensor in view of its manufacturing process. Even if
the diode could be installed on a chip, it would be difficult to install a
high precision amplifying circuit on the chip. Further, although it is
widely known to 



perform a temperature sensing with a thermistor, it is necessary to install
it on the chip in order to perform an accurate measurement of of a measured
device. In such a case as one in which the installation on the chip is
required, it may not be realized with a thermistor (an element normally
called as a thermistor). In view of such reasons as described above, it is
desired to develop a temperature sensing device which can be realized by a
so-called MOS process.    5 SUMMARY OF THE INVENTION The present invention
has been developed in view of the aforesaid problem and it is an object of
the present invention to provide a temperature sensing device in which a
measured item can be installed on a chip and a temperature variation of the
measured device 



can be detected accurately, a semiconductor device having this temperature
sensing device installed therein and an AF system using the semiconductor
device. The temperature sensing device of the present invention is
constructed to have a potential control circuit having a first MOS
transistor, sensing a potential under a depletion in a gate of the first
MOS transistor and controlling a gate voltage of the first MOS transistor,
and a second MOS transistor of which gate voltage is controlled by the
potential control circuit and of which output is applied as a temperature
output. The potential control circuit in the temperature sensing device
having the aforesaid configuration detects a potential in the case of
depletion in the gate of the first MOS transistor stored therein and
controls a gate voltage of the first MOS transistor, thereby sets the
potential equal to a  



6 reference voltage or a potential proportional to the reference voltage.
An output of this potential control circuit is applied as the gate voltage
of the second MOS transistor, thereby controls a temperature dependency of
a threshold voltage Vth of the MOS transistor. Then, only the temperature
dependency of a drain current Ids of the MOS transistor is utilized to
detect a temperature. The semiconductor device of the present invention is
constructed such that the temperature sensing device having the aforesaid
configuration is installed on the same chip. In addition, the AF system of
the present invention is constructed such that a solid-state imaging device
installed on the same chip is used as an AF sensor. BRIEF DESCRIPTION OF
THE DRAWINGS 



Fig. 1 is a configuration figure for showing one preferred embodiment of
the present invention. Fig. 2 is a circuit diagram of one example of a
potential control circuit in the case that an NMOS transistor is used.    7
Fig. 3 is a circuit diagram of one example of a potential control circuit
in the case that a PMOS transistor is used. Figs. 4A and 4B are sectional
views and potential diagrams for showing portions in the MOS transistors
M1, M2 in a potential-voltage conversion circuit, respectively. Fig. 5 is
an input/output characteristic diagram in a potential control circuit. Fig.
6 is a temperature characteristic diagram 



in a potential control circuit. Fig. 7 is a temperature characteristic
diagram for showing a result of simulation. Fig. 8 is a configuration view
for showing an entire temperature sensing device of the present invention.
Fig. 9 is a configuration view for showing a CCD linear sensor having a
temperature sensing device of the present invention installed therein. Fig.
10 is a schematic configuration view for showing an AF system in which th
CCD linear sensor having the temperature sensing device of the present
invention installed therein issued as an AF sensor.    8 Fig. 11 is a view
for showing a principle of auto-focusing operation. 



Figs. 12A and 12B are circuit diagrams (No.1) for showing an example of the
prior art. Figs. 13A and 13B are circuit diagrams (No.2) for showing an
example of the prior art. DESCRIPTION OF THE PREFERRED EMBODIMENT Referring
now to the accompanying drawings, one preferred embodiment of the present
invention will be described in detail as follows. Fig. 1 is a configuration
view for showing one preferred embodiment of the present invention. In Fig.
1, the temperature sensing device of the preferred embodiment of the
present invention is comprised of at least one MOS transistor MO with its
source being connected to the ground and its drain being connected to a
power supply Vdd through a reference resistor R, and a potential control
circuit 10 operated to make a potential in case of depletion under a gate
of this MOS transistor MO equal to the reference voltage Vref or a
potential proportional to the reference voltage Vref. 



That is, MOS process is carried out so as to take out an output which is
dependent upon a temperature.    9 In this case, as parameters of the MOS
transistor which are dependent upon a temperature, there are provided a
threshold voltage value Vth and a drain current Ids.  Of these parameters,
a configuration utilizing a temperature variation of the drain current Ids
in the preferred embodiment is employed. In the case that the drain current
Ids is used as a parameter which is dependent upon a temperature, its
output can be remarkably increased by changing a size of the MOS transistor
MO. For example, mere setting of twice of a channel width causes the
current to become twice in its value. This variation in current can be
attained as a voltage output through the reference resistor R and this 



voltage output becomes a temperature output. This drain current Ids is
expressed by Equation 2 during an operation in a saturated region. Ids =
[err] where, [err] is an electron moving degree, [err] is a dielectric
constant, [err] is a vacuum dielectric constant (8.85 x [err](F.[err])),
[err] is a film thickness of a gate oxidizing film, W is a channel width, L
is a channel length and Vgs is a gate voltage.    10 However, in accordance
with the above equation, an electron moving degree [err] is decreased as a
temperature is increased near a normal temperature so as to cause the drain
current Ids to be decreased, although a threshold voltage Vth is decreased
in its value by itself, its negative may act to cause the drain current 



Ids to be increased. In view of this fact, in the preferred embodiment of
the present invention, the potential control circuit 10 is applied to cause
a potential in the case of a depletion in a gate of the MOS transistor MO
(= Vgs - Vth) to be kept constant, thereby the drain current Ids is set to
have a temperature dependency only on an electron moving degree The
potential control circuit 10 is a circuit for controlling a gate voltage of
the MOS transistor MO in such a way that even if the power supply voltage
Vdd or the threshold value voltage Vth varies, the potential in the case of
depletion under the gate of the MOS transistor MO may become the reference
voltage Vref. A practical circuit configuration of this potential control
circuit 10 will be described as follows. Fig. 2 is a circuit diagram of one
example of the potential control circuit in the case that an NMOS   



transistor is applied. In Fig. 2, a potential-voltage conversion circuit 11
is comprised of a driving side MOS transistor M1 and a load side MOS
transistor M2 connected in series between the power supply Vdd and the
ground, and a bias voltage Vggl is applied to a gate of the load side MOS
transistor M2 by the  OS transistors M3, M4 connected with diode connected
in series between the power supply Vdd and the ground. An output of this
potential-voltage conversion circuit 11 becomes an inverted (-) input of a
comparator 12 and this is compared with a reference voltage Vin which
becomes its non-inverting (+) input. To this comparator 12 is applied a
bias voltage Vgg2 by MOS transistors M5, M6 connected by diode connected in
series between the power supply Vdd and the ground. The comparator 12 is
comprised of MOS transistors M7, M8 connected in series between the power
supply Vdd and the ground so as to constitute a (+) side 



input; the MOS transistors M9, M10 constituting a (-) side input stage; the
MOS transistors 1412, M13 having their sources connected in common to
perform a differential operation; the MOS transistor M11 becoming a current
source for the former MOS transistors; and the MOS transistors M14, 1415
connected between each of the    12 drains of the MOS transistors M12, M13
and the ground so as to constitute a current mirror circuit, wherein a bias
voltage vgg2 is applied to each of the gates of the MOS transistors M7, M9
and M11, respectively. Fig. 3 is a circuit diagram for showing one example
of the circuit configuration of the potential control circuit 10 in the
case that the PMOS transistor is applied. This potential control circuit 10
is merely different from the potential control circuit shown in 



Fig. 2 in view of the fact that its polarity is reverse to that of the
latter one and basically both of them are of the same circuit
configuration. In Fig. 4A and Fig. 4B are shown a sectional view and a
potential diagram of the portions of the MOS transistors Ml, M2 in the
potential-voltage conversion circuit 11. In this case, the
potential-voltage conversion circuit 11 applied with NMOS will be described
as follows. In the case that the channel width of each of the MOS
transistors M1, M2 is W1, W2, respectively, and the channel length is
defined as LI, L2, respectively, it is assumed that L1 is set to be low and
L2 is set to be high. As one example, it is set to be  2/L1  approximately
100.    13 With such an arrangement as above, a fine 



current is flowed in the load side MOS transistor M2 and along with this
flowing operation, a current flowing in the driving side MOS transistor M1
becomes a fine current, resulting in that a potential Vn in a channel under
the gate of the MOS transistor M1 becomes an output voltage Vout as it is.
That is, a size ratio as described above is set to enable a potential in
the case of depletion under a gate of the MOS transistor Ml to be detected
as an output voltage Vout. In the, potential control circuit 10 having the
aforesaid configuration, the potential-voltage conversion circuit 11 may
detect a potential in the case of depletion under a gate of the M0S
transistor M1 in view of the aforesaid principle. The output of this
potential-voltage conversion circuit 11 is compared with the reference
voltage Vref at the comparator 12 and a gate voltage of the MOS transistor
M1 in the potential- voltage conversion circuit 11 is controlled by the
output of comparison. With such an arrangement as 



above, the potential in the case of depletion under a gate of the MOS
transistor Ml is feed back controlled in such a way that it may be equal to
the reference voltage Vref.    14 Then, the output voltage Vout of this
potential control circuit 10 is given to the MOS transistor MO as its gate
voltage. In this case, as the MOS transistor MO, the transistor having the
same size as that of the MOS transistor Ml in the potential- voltage
conversion circuit 11 is applied and the potential in the case of depletion
under a gate of the MOS transistor MO is also controlled by the potential
control circuit 10 in such a way that it may be equal to the reference
voltage Vref. The potential under a gate, in the case of 



depletion, of the MOS transistor MO is kept at a specified voltage (the
reference voltage Vref) even if either the power supply Vdd or the
threshold value voltage Vth is varied, resulting in that the drain current
Ids has a single temperature dependency of the electron moving degree
[err].  Accordingly, when the temperature is changed, the drain current Ids
in the MOS transistor MO is changed, and this current varying part is
obtained as a voltage output through a reference resistor R to become a
temperature output. In Fig. 5 is indicated a characteristic of a reference
voltage Vref to an output voltage Vout in the potential control circuit 10.
This characteristic is an    example of the case of Vth = 1V. A reason why
its gradient is not 1 is dependent upon a back-gate effect or the like. In
addition, in Fig. 6 is indicated a 



temperature characteristic (a reference voltage Vref being kept constant)
in the potential control circuit 10.  A gate voltage Vgs of the MOS
transistor MO is controlled by the potential control circuit 10, thereby as
the temperature is increased, the gate voltage Vgs of the MOS transistor MO
follows a temperature variation of the threshold voltage Vth and is
decreased, resulting in that a value (Vgs - Vth) in Equation 2 is kept
constant. Fig. 7 is a temperature characteristic diagram indicating a
result of actual simulation in the preferred embodiment. As apparent from
this temperature characteristic diagram, it shows that a temperature
coefficient is several tens mV/[err] and practically, a high precision
circuit can be realized. If a dynamic range of the output is wide, several
hundreds mV/[err] can also be realized. In Fig. 8 is indicated a
configuration figure of an entire temperature sensing device of the present
invention.  In Fig. 8, the temperature output detected 



as a voltage output through a reference resistor R is changed into a
digital form by an AD converter 13 and    16 supplied to a calculation
processing circuit 14. Then, an actual temperature is calculated in this
calculation processing circuit 14 in reference to the output data of the AD
converter 13 by referring to a table of - temperature coefficients and
output voltages at a normal temperature stored in advance in ROM 15 and
then this calculated temperature is applied as a temperature information
output. As described above, the MOS transistor MO is used, a variation of
the drain current Ids having a temperature dependency is detected through
the reference resistor R while a potential in the case of depletion under a
gate of this MOS transistor 140 is being 



controlled to become equal to the reference voltage Vref and the detected
voltage output is applied as a temperature output, thereby the MOS
transistor M0 performing actually the temperature sensing and the potential
control circuit 10 can be installed on the chip of the measured device,
resulting in that a variation of temperature of the measured device can be
detected more accurately. In addition, although a varying amount of current
in the MOS transistor MO is converted into a voltage through the resistor R
and fed out as a    17 temperature output in the preferred embodiment of
the present invention, it is not necessarily required to take it out as a
voltage output and it is also possible to output the current flowing in
either the drain or 



source of the MOS transistor MO and to apply it as a temperature output. In
addition, although a potential in the case of depletion under a gate of the
MOS transistor MO is controlled to become equal to a fixed reference
voltage Vref in the aforesaid preferred embodiment, it is also possible to
make the reference voltage Vref variable in response to a temperature and
further to control the reference voltage Vref to be decreased as the
temperature is increased. In such a controlling operation as above, it is
possible to increase more a detecting sensitivity of a surrounding
temperature. Fig. 9 is a configuration figure for showing a CCD linear
sensor, for example, having the temperature sensing device 20 of the
present invention installed therein. In Fig. 9, a CCD linear sensor 30 is
configured to have a row of linearly arranged sensors 32 in which a
plurality of (for example, 2,000 pixels) photo-electrical conversion
segments (pixels) 31 for 



converting an incident light into a signal charge of    18 charged amount
corresponding to its optical amount, and have a charge transfer register 34
for transferring a signal charge read out from each of the light receiving
parts 31 in the row of sensors 32 through a reading-out gate 33. With such
a configuration as above, a reading- out operation for a signal charge
through the reading- out gate part 33 is carried out by an operation in
which a reading-out gate pulse [err]ROG is given from an external side. In
addition, the charge transfer register 34 is driven in two-phases by the
transfer clocks [err]1 and [err]2. The two-phase transfer clocks [err]1 and
[err]2 are generated at a timing generating circuit 35 having the CCD chip
comprised of the row of sensors 32, the reading-out gate 



33 and the charge transfer register 34 made thereon in reference to a
reference clock [err]CTK given from the external side. A terminal end of a
transferring destination of the charge transfer register 34 is provided
with a charge voltage converting part 36 comprised of a floating diffusion
amplifier, for example, for detecting a signal charge transferred by the
charge transfer register 34 and converting it into a voltage. A rear stage
of the charge voltage converting part 36 is    19 provided with a buffer 37
comprised of a source follower circuit, for example. This buffer 37 is also
made by being installed on the chip of the CCD chip in the same manner as
that of the timing generating circuit 35. With such an arrangement as
above, the CCD linear sensor 



30 is configured and its output signal Vout is changed into a digital form
by the AD converter 38 arranged outside the CCD chip. In addition, a
temperature sensing device 20 for use in sensing its surrounding
temperature is installed in the chip of the CCD linear sensor 30. As this
temperature sensing device 20, a device shown in Fig. 1, i.e. a temperature
sensing device for outputting a temperature dependent output using the  OS
process is applied. Applying this temperature sensing device enables this
device to be installed in the CCD chip of the device, resulting in that a
temperature of the CCD linear sensor 30 can be detected more accurately. In
the preferred embodiment as above, although the temperature sensing device
20 is installed on the CCD linear sensor 30, this is not limited to the
installation on the CCD linear sensor 30, but it may be installed on either
a CCD area sensor or a CCD delay line. In the case of the CCD delay sensor,
for example, 



20 although a total amount of delay comprised of a delay amount determined
by a certain clock and a delay amount of buffer is changed in response to a
temperature, installing of the temperature sensing device 20 on the chip
enables a temperature variation of the CCD delay line to be detected more
accurately and concurrently a more precision delay amount can be attained
by performing a fine adjustment of the delay amount. In addition, this is
not limited to the CCD, but the present invention can be executed in such a
way that it can be installed on an amplifying type solid- state imaging
device such as a MOS type image sensor or a BASIS (Base Stored Image
Sensor) type image sensor and further a general type of semiconductor
device such as MOS circuit or the like and a temperature changing 



amount in an output of a semiconductor device can be corrected in reference
to the measured temperature information. Fig. 10 is a schematic
configuration view for showing one example of the AF system in which the
CCD linear sensor having the temperature sensing device 20 of the present
invention installed therein, for example, is used as the AF sensor. The
same component parts in Fig. 10 as those of Figs. 8 and 9 are applied with
the    21 same reference numbers. In Fig. 10, the output signal Vout of the
CCD linear sensor 30 is changed into a digital form by the AD converter 38,
thereafter this signal is supplied to a calculation circuit 41 comprised of
a microcomputer. In Fig. 10, only one CCD linear sensor 30 is shown,
although as apparent from an auto- 



focusing principle figure of Fig. 11, two CCD linear sensors are used for
calculating an actual focusing displacement amount. In turn, as already
illustrated in Fig. 8, a temperature output from the temperature sensing
device 20 installed on the CCD linear sensor 30 is changed into a digital
form by the AD converter 13, thereafter an actual temperature is calculated
in the calculation processing circuit 14 in reference to the table of
temperature coefficients and output voltages stored in advance in the ROM
15 and then the calculated temperature is given to the calculation circuit
41 as an output of the temperature information. In this calculation circuit
41, a focusing displacement amount is calculated in response to the output
signal Vout of the CCD linear sensor 30 and concurrently the calculated
focusing displacement amount is corrected in reference to the output of the



22 temperature information from the calculation processing circuit 14.
Then, the AF control circuit 42 performs a focusing adjustment by moving
the lens 43 in an optical axis direction in response to the focusing
displacement amount in which the temperature correction is attained. As
described above, the CCD linear sensor 30 having the temperature sensing
device 20 installed on its chip is used as the AF sensor in the AP system
to enable a temperature of the AF sensor by itself to be measured more
accurately, so that it is possible to improve a correction accuracy for
error caused by a strain (aberration) variation in an optical system of an
applied lens or the like. Accordingly, a more accurate auto-focusing
control can be attained. As described above, in accordance with the present
invention, the MOS transistor is used and a 



temperature is detected in reference to a varying amount of current in the
MOS transistor having a temperature dependency while a potential in the
case of depletion under a gate of the MOS transistor is being controlled to
become equal to the reference voltage, thereby this temperature sensing
device can be manufactured on the chip of the measured device in the MOS
process,    23 resulting in that a temperature variation of the measured
device can be detected more accurately.    24 WHAT IS CLAIMED IS: 1. A
temperature sensing device comprising: 



a potential control circuit having a first MOS transistor, for sensing a
potential in the case of depletion under a gate of this first MOS
transistor and for controlling a gate voltage of said first MOS transistor
in reference to this detected potential; and a second MOS transistor of
which gate voltage is controlled by said potential control circuit and
having its output being applied as a temperature output. 2.  A temperature
sensing device as set forth in clam 1, wherein a current flowing in either
a drain or a source of said second M0S transistor is applied as said
temperature output. 3. A temperature sensing device as set forth in clam 1,
wherein there is provided a reference resistor connected in series with
said second MOS transistor and a current flowing in either a drain or a
source of said second MOS transistor is attained as a voltage output
through said reference resistor and applied as said temperature output. 



4. A temperature sensing device as set forth in clam 1, wherein said
potential control circuit compares said detected potential with a reference
25 voltage and controls a gate voltage of said first MOS transistor in such
a way that it may be equal to said reference voltage or a potential
proportional to said reference voltage. 5. A temperature sensing device as
set forth in clam 4, wherein the reference voltage is made variable in
response to a temperature. 6. A temperature sensing device as set forth in
clam 1, wherein there are provided an AD converter for changing said
temperature output into a digital form and a calculation processing circuit
for calculating an actual temperature as a temperature information output 



from output data of said AD converter in reference to a table of
temperature coefficients and output voltages in normal temperature stored
in a memory. 7. A semiconductor device, wherein a potential control circuit
having a first MOS transistor, for sensing a potential in the case of
depletion under a gate of this first MOS transistor and for controlling a
gate voltage of said first MOS transistor in reference to this detected
potential, and a second MOS transistor of which gate voltage is controlled
by said potential control circuit and    26 having its output being applied
as a temperature output are installed on the same chip. 8. A semiconductor
device as set forth in claim 7, wherein said semiconductor device is a CCD.



9. A semiconductor device as set forth in claim 7, wherein it is selected
from a MOS type image sensor, a BASIS type image sensor and a MOS circuit.
10. An auto-focusing system, wherein a solid- state imaging device is
applied as an auto-focusing sensor, on the same chip, having a potential
control circuit having a first MOS transistor, for sensing a potential in
the case of depletion under a gate of this first M0S transistor and for
controlling a gate voltage of said first MOS transistor in reference to
this detected potential, and having a second MOS transistor of which gate
voltage is controlled by said potential control circuit and with its output
being applied as a temperature output. 11.  An auto-focusing system as set
forth in claim 10, wherein there are provided a first calculation circuit
for calculating a focusing displacement in 



response to an output signal of said solid-state imaging    27 device, and
a second calculation processing circuit for calculating an actual
temperature as a temperature information output from said temperature
output in reference to a table of temperature coefficients and output
voltages at a normal temperature stored in a memory and said focusing
displacement amount is corrected in response to said temperature
information output.    




