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MEASURING DEVICE, CONTAINER
DEVICE, AND MEASURING SYSTEM

TECHNICAL FIELD

The present invention relates to a measuring device, a
container device, and a measuring system, for example, to a
measuring device for measuring sugars or biomolecules, a
container device, and a measuring system.

BACKGROUND ART

There has been known a biomolecule detection device
that includes a power generation unit that is provided to a
contact lens or the like and utilizes the decomposition
reaction of biomolecules such as sugars, and transmits radio
signals at a frequency based on the power generation amount
of'the power generation unit (for example, Patent Document

1).
PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Application Publication
No. 2017-125914

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

In Patent Document 1, the electric power generated using
the decomposition reaction of the biomolecule is used and
therefore it is not necessary to supply electric power from
the outside. However, the power consumption of the trans-
mission circuit for transmitting radio signals in real time
may be large, and the electric power generated by the power
generation unit may be insufficient.

The present invention has been made in view of above
problems, and an objective thereof is to reduce the power
consumption of the measuring device.

Means for Solving the Problem

The present invention is a measuring system including: a
measuring device that is attached to a living body, the
measuring device being configured to store information
about an amount of electric power generated using sugars in
a body fluid or bodily secretion of a living body; and a
container device for storing the measuring device, the con-
tainer device receiving the information about the amount of
electric power generated, which is stored in the measuring
device, using a near-field wireless communication method
when the measuring device is stored in the container device.

In the above configuration, the measuring device may be
configured to use an electric power generated using sugars
in the body fluid or bodily secretion of the living body as a
power supply to generate and store the information about the
amount of electric power generated.

In the above configuration, the container device may
include a first antenna and a second antenna, the measuring
device may include a third antenna to be sandwiched
between the first antenna and the second antenna when the
measuring device is stored in the container device, and the
measuring device may transmit the information to the con-
tainer device by the third antenna inhibiting electromagnetic
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coupling between the first antenna and the second antenna or
propagation of an electromagnetic wave.

In the above configuration, the measuring device may
include: a power generation unit that generates an electro-
motive force through a reaction of the sugars, a first oscil-
lator that uses the electromotive force of the power genera-
tion unit as a power-supply voltage, and generates a first
oscillation signal of which a period varies in response to a
variation in the electromotive force, a second oscillator that
uses the electromotive force as a power-supply voltage and
generates a second oscillation signal of which a variation in
period with respect to a variation in the electromotive force
is smaller than that of the first oscillator, a timing circuit that
uses the electromotive force as a power-supply voltage and
generates a first timing and a second timing according to the
second oscillation signal, a counter circuit that uses the
electromotive force as a power-supply voltage, and counts
the number of pulses of the first oscillation signal between
the first timing and the second timing, and a storage unit that
stores the number of pulses as the information.

In the above configuration, the measuring device may be
mounted to a contact lens, and the body fluid or bodily
secretion of the living body is a tear.

The present invention is a measuring device to be attached
to a living body, including: a power generation unit that
generates electric power using sugars in a body fluid or
bodily secretion of the living body; a storage unit that stores
information about a power generation amount of the power
generation unit; and a transmission unit that transmits the
information about the power generation amount stored in the
storage unit to a container device using a near-field wireless
communication method when the measuring device is stored
in the container device.

The present invention is a container device including: a
container unit for storing a measuring device to be attached
to a living body, the measuring device storing information
about an amount of electric power generated using sugars in
a body fluid or bodily secretion of the living body; and a
reception unit that receives the information about the
amount of electric power generated, which is stored in the
measuring device, using a near-field wireless communica-
tion method when the measuring device is stored in the
container unit.

The present invention is a measuring device including: a
power generation unit that generates an electromotive force
through a reaction of biomolecules; a first oscillator that uses
the electromotive force as a power-supply voltage and
generates a first oscillation signal of which a period varies in
response to a variation in the electromotive force; a second
oscillator that uses the electromotive force as a power-
supply voltage and generates a second oscillation signal of
which a variation in period with respect to a variation in the
electromotive force is smaller than that of the first oscillator;
and a timing circuit that uses the electromotive force as a
power-supply voltage and generates a first timing and a
second timing according to the second oscillation signal; and
a counter circuit that uses the electromotive force as a
power-supply voltage and counts the number of pulses of the
first oscillation signal between the first timing and the
second timing.

In the above configuration, a memory circuit that stores
information on the number of pulses may be provided.

In the above configuration, a transmission circuit that
transmits the information about the number of pulses stored
in the memory circuit using a near-field wireless communi-
cation method may be provided.
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In the above configuration, an electricity storage device
that accumulates electric power generated by the power
generation unit, and supplies an electric power for retaining
the information about the number of pulses stored in the
memory circuit to the memory circuit when the power
generation unit does not generate electric power may be
provided.

The present invention is a measuring device to be attached
to a living body, including: a power generation unit that
generates a first electromotive force using sugars in a body
fluid or bodily secretion of the living body; a conversion
circuit that uses the first electromotive force as a power-
supply voltage and converts the first electromotive force into
a digital signal; a transmission circuit that transmits infor-
mation about the digital signal using a wireless communi-
cation method; and a power supply that supplies electric
power to the transmission circuit without supplying electric
power to the conversion circuit.

In the above configuration, the power supply may be a
solar cell.

In the above configuration, a booster circuit that is acti-
vated according to an activation signal generated by the
conversion circuit and boosts a second electromotive force
generated by the solar cell may be provided.

The present invention is a measuring device including: a
power generation unit that generates an electromotive force
through a reaction of biomolecules; an oscillator that uses
the electromotive force as a power-supply voltage and
generates an oscillation signal; a voltage-time conversion
circuit that uses the electromotive force as a power-supply
voltage and converts a magnitude of the electromotive force
into a period; and a counter circuit that uses the electromo-
tive force as a power-supply voltage and counts the number
of pulses of the oscillation signal within the period.

Effects of the Invention

The present invention reduces the power consumption of
a measuring device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B are schematic views of a measuring
system in accordance with a first embodiment;

FIG. 2 is a flowchart of a method for measuring a blood
glucose level in the first embodiment;

FIG. 3 is a block diagram of a measuring device in the first
embodiment;

FIG. 4 is a cross-sectional view of a power generation unit
in the first embodiment,

FIG. 5 is a circuit diagram of a measuring circuit in the
first embodiment;

FIG. 6A and FIG. 6B are circuit diagrams of an oscillator
in the first embodiment;

FIG. 7 is a schematic view illustrating the period of an
oscillation signal with respect to a power-supply voltage in
the first embodiment;

FIG. 8 is a circuit diagram of a counter circuit in the first
embodiment;

FIG. 9A and FIG. 9B illustrate signals of a timing circuit
with respect to time in the first embodiment;

FIG. 10 illustrates signals of a counter circuit 34 with
respect to time in the first embodiment;

FIG. 11 is a circuit diagram of the periphery of a trans-
mission circuit in the first embodiment;

FIG. 12 is a cross-sectional view of a container device in
a first variation of the first embodiment;
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FIG. 13 is a circuit diagram of the periphery of the
transmission circuit in the first variation of the first embodi-
ment;

FIG. 14A is a circuit diagram of an oscillator 30 in a
second embodiment, and FIG. 14B is a circuit diagram of a
switch unit;

FIG. 15 is a circuit diagram of an oscillator 31 in the
second embodiment;

FIG. 16A is a graph of an oscillating frequency versus a
power-supply voltage in the second embodiment, and FIG.
16B is a graph of a code versus a count;

FIG. 17A is a graph of a code versus a power-supply
voltage in the second embodiment,

FIG. 17B is a graph of an error versus a power-supply
voltage, and FIG. 17C is a graph of power consumption
versus power-supply voltage;

FIG. 18 is a block diagram of a measuring device in
accordance with third embodiment;

FIG. 19A is circuit diagram of a circuit that generates
control signals in third embodiment, and FI1G. 19B illustrates
control signals with respect to time;

FIG. 20 is a circuit diagram of a booster circuit in the third
embodiment;

FIG. 21 is a circuit diagram of an SOVD in the third
embodiment;

FIG. 22 is a circuit diagram of a starting inverter circuit
in the third embodiment;

FIG. 23 is a circuit diagram of another SOVD in the third
embodiment;

FIG. 24 is a circuit diagram of a transmission circuit in the
third embodiment;

FIG. 25 is a plan view of a chip in the third embodiment;

FIG. 26A to FIG. 26C illustrate the characteristics of a
solar cell in the third embodiment;

FIG. 27A and FIG. 27B illustrate the characteristics of the
booster circuit in the third embodiment;

FIG. 28 is a block diagram of a measuring circuit in a
fourth embodiment; and

FIG. 29 illustrates the voltages of the signals of the
measuring circuit with respect to time in the fourth embodi-
ment.

Hereinafter, with reference to the accompanying draw-
ings, embodiments will be described.

FIRST EMBODIMENT

FIG. 1A and FIG. 1B are schematic views of a measuring
system accordance with a first embodiment. FIG. 1A illus-
trates a state where a contact lens is attached to the eye of
a user, and FIG. 1B illustrates the contact lens stored in a
container device. FIG. 2 is a flowchart of a method for
measuring a blood glucose level in the first embodiment.

As illustrated in FIG. 1A, a contact lens 12 quipped with
a measuring device 10. In step S10 of FIG. 2, the user
attaches the contact lens 12 onto the eye. The contact lens 12
is attached to the cornea 50 of the user.

In step S12 of FIG. 2, the measuring device 10 periodi-
cally measures information about the blood glucose level of
the user. For example, the measuring device 10 periodically
measures the glucose concentration in a tear 52 on the
surface of the cornea 50. The measuring device 10 stores the
information about the glucose concentration in the tear 52
continuously measured. The glucose concentration in the
tear 52 correlates with the glucose concentration in the
blood. Thus, the glucose concentration (i.e., the blood glu-
cose level) in the blood can be estimated by measuring the
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glucose concentration in the tear 52. The glucose concen-
tration is measured at intervals of, for example, one second
to several minutes.

In step S14 of FIG. 2, the user detaches the contact lens
12 from the eye. For example, the user does not wear the
contact lens 12 during sleeping. The user may detach the
contact lens 12 to clean the contact lens 12.

As illustrated in FIG. 1B, a container device 15 includes
a container unit 16 and a reception unit 14. The container
unit 16 includes a bottom portion 16a and a lid portion 165.
In step S16 of FIG. 2, the user stores the contact lens 12 in
the container unit 16 of the container device 15. For
example, the user stores the contact lens 12 in the recessed
portion of the bottom portion 16a, and covers the bottom
portion 16a with the lid portion 165.

In step S18 of FIG. 2, the reception unit 14 receives the
information about the blood glucose level (for example, the
glucose concentration) stored in the measuring device 10
using a near-field wireless communication method. The
near-field wireless communication method is, for example,
near field communication (NFC), and is an electromagnetic
coupling type communication method or an electromagnetic
wave type communication method. The transmission range
between the measuring device 10 and the reception unit 14
is, for example, 10 cm or less.

In step S20 of FIG. 2, the reception unit 14 transmits the
received information to a control unit 18 such as a computer.
The control unit 18 stores temporal change in the blood
glucose level of the user in a server or the like. Thereafter,
the primary doctor or the like can access the data about the
blood glucose level of the user.

Body fluids or bodily secretions from which the blood
glucose level can be measured are blood, cutaneous inter-
cellular fluids, tears, saliva, sweat, and urine. The accuracy
of the blood glucose level becomes lower in this order, and
when a body fluid or bodily secretion other than blood is
used, it may take a long time for the blood glucose level in
the body fluid or bodily secretion other than blood to become
the same as the blood glucose level in the blood. Therefore,
the blood glucose level is measured using a continuous
glucose measurement system (CGMS). However, the
CGMS requires a needle to be inserted into the body of the
user, which may cause the user to take action in consider-
ation of the measurement of the blood glucose level. This
makes it impossible to measure the blood glucose level
during normal times. For this reason, in the first embodi-
ment, the glucose concentration in a tear is measured using
a contact lens type measuring device. This allows the blood
glucose level to be continuously measured precisely without
making the user be conscious of the measurement.

FIG. 3 is a block diagram of a measuring device in the first
embodiment. As illustrated in FIG. 3, the measuring device
10 includes a power generation unit 20, a measuring circuit
22, a memory circuit 24, a transmission circuit 26, and an
electricity storage device 28. The power generation unit 20
generates electric power using electromotive force gener-
ated through the decomposition reaction of glucose in tears.
The power generation unit 20 supplies the electromotive
force to the measuring circuit 22, the memory circuit 24, and
the transmission circuit 26 as a power-supply voltage (volt-
age VDD-voltage VSS). The electricity storage device 28 is,
for example, a capacitor, and accumulates the electric power
generated by the power generation unit 20. The electricity
storage device 28 may not be necessarily provided.

The measuring circuit 22 generates information related to
the magnitude of the power-supply voltage corresponding to
the electromotive force of the power generation unit 20. The
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memory circuit 24 stores the information generated by the
measuring circuit 22. The memory circuit 24 is, for example,
a volatile memory such as a static random-access memory
(SRAM) or a nonvolatile memory such as a flash memory.
To allow the memory circuit 24 to retain the information
when the power generation unit 20 does not generate electric
power (for example, the contact lens 12 is detached), the
memory circuit 24 is preferably a nonvolatile memory.
However, the nonvolatile memory needs high voltage when
writing and reading the information. Thus, the memory
circuit 24 may be a volatile memory. When the memory
circuit 24 is a volatile memory and the power generation unit
20 does not generate electric power, the memory circuit 24
uses the electric power stored in the electricity storage
device 28 to retain the information.

The transmission circuit 26 transmits the information
stored in the memory circuit 24 to the reception unit 14 of
the container device 15 using a near-field wireless commu-
nication method. The power generation unit 20, the mea-
suring circuit 22, the memory circuit 24, the transmission
circuit 26, and the electricity storage device 28 are formed
of, for example, a semiconductor integrated circuit provided
on a substrate 25.

FIG. 4 is a cross-sectional view of the power generation
unit in the first embodiment. As illustrated in FIG. 4, the
power generation unit 20 includes an anode 41, an ion
selective permeable membrane 42, a cathode 43, and a
substrate 44. The anode 41, the ion selective permeable
membrane 42, and the cathode 43 are disposed on the
substrate 44. The ion selective permeable membrane 42 is
interposed between the anode 41 and the cathode 43. The
power generation unit 20 is a fuel cell using, for example,
glucose and atmospheric air. The anode 41 is supplied with
the tear 52 through the substrate 44, while the cathode 43 is
supplied with atmospheric air or the like.

At the anode 41, the following glucose decomposition
reaction is caused using a catalyst such as platinum.

CeH ,06+20H —C¢H,,0,+H,0+2¢"
At the cathode 43, the following reaction is caused.
(12)0,+H,0+2¢™—20H"

OH~ generated in the cathode 43 moves to the anode 41
through the ion selective permeable membrane 42. Electro-
motive force (electric potential difference) is generated
between the anode 41 and the cathode 43 by electrons e~
generated at the anode 41 and electrons e~ reacting at the
cathode 43. The following reaction occurs as a whole.

Cel1506+(42)0,—=C6H 1,07

When the impedance of an external load connected
between the anode 41 and the cathode 43 is constant, the
electromotive force increases as the glucose concentration in
the tear 52 increases. Thus, the power-supply voltage of the
measuring circuit 22, the memory circuit 24, and the trans-
mission circuit 26 increases as the glucose concentration
increases. The power generation unit 20 may use other
chemical reactions that generate electric power using sugars
or biomolecules.

FIG. 5 is a circuit diagram of the measuring circuit in the
first embodiment. The measuring circuit 22 includes oscil-
lators 30 and 31, a timing circuit 23, and a counter circuit 34.
When an Enable signal becomes high, the oscillator 30
outputs an oscillation signal OUT using the voltages VDD
and VSS supplied from the power generation unit 20 as a
power-supply voltage. The oscillator 31 outputs an oscilla-
tion signal REF using the voltages VDD and VSS as a
power-supply voltage.
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The timing circuit 23 generates a timing according to the
oscillation signal REF. The timing circuit 23 includes a
counter circuit 32, AND circuits 35a to 35¢, a frequency
divider 36, a pulse generator 37, and a delay circuit 38. The
AND circuit 35¢ outputs the AND signal of the oscillation
signal REF and the output of the AND circuit 356 to the
counter circuit 32. When receiving a Reset signal from the
pulse generator 37, the counter circuit 32 starts counting the
number of pulses of the oscillation signal REF. The counter
circuit 32 sets a Done signal at high level when the counting
is started, and sets the Done signal at low level when the
counting is completed. The AND circuit 356 outputs high
level when the Done signal and the Enable signal are both
high levels. The AND circuit 35a outputs the AND signal of
the oscillation signal OUT and the output of the AND circuit
35b to the counter circuit 34.

The frequency divider 36 divides the oscillation signal
REF, and outputs a signal with a period longer than that of
the oscillation signal REF. The period of the signal output
from the frequency divider 36 becomes the period at which
the glucose concentration is measured. The pulse generator
37 generates a pulse when the signal output from the
frequency divider 36 becomes high level, and outputs the
generated pulse as the Reset signal. The counter circuits 32
and 34 are reset when receiving the Reset signal. The delay
circuit 38 delays the signal output from the frequency
divider 36. Therefore, the Reset signal and the Enable signal
are output substantially simultaneously.

When the Done signal and the Enable signal are both high
levels, the AND circuit 35a outputs the oscillation signal
OUT to the counter circuit 34 as a signal OUT". When the
Done signal or the Enable signal is low level, the AND
circuit 354 outputs low level. Therefore, the counter circuit
34 counts the number of pulses of the oscillation signal OUT
during the period when the Done signal is high level. When
the counting of the counter circuit 34 is completed, the
memory circuit 24 stores each bit of the counter circuit 34.

FIG. 6A and FIG. 6B are circuit diagrams of the oscillator
in the first embodiment. As illustrated in FIG. 6A, the
oscillator 30 is a ring oscillator. A plurality of inverter
circuits 45 are connected in a ring shape. A period obtained
by multiplying the delay time it takes for one inverter circuit
45 to be inverted by the number of the inverter circuits 45
is substantially equal to the period of the oscillation signal
OUT. The power-supply voltage of the inverter circuit 45 is
the electric potential difference between the voltages VDD
and VSS. When the power-supply voltage decreases, the
drive current for charging the inverter circuit 45 at the next
stage decreases, and therefore the time it takes for the
inverter circuit 45 to be inverted increases. Thus, as the
power-supply voltage decreases, the period of the oscillation
signal increases (i.e., the frequency becomes lower). The
frequency of the oscillation signal OUT is preferably
approximately 1 kHz to 100 kHz to reduce the I/f noise. That
is, the period is preferably approximately 10 microseconds
to 1 millisecond.

As illustrated in FIG. 6B, the oscillator 31 includes a field
effect transistor (FET) 46 and an oscillator 48. The oscillator
48 is, for example, a ring oscillator. The source, the drain,
and the gate of the FET 46 are respectively connected to the
power supply of the oscillator 48, the power supply line to
which the voltage VDD is supplied, and the ground line to
which the voltage VSS is supplied. Thus, the FET 46
functions as a constant-current source. Since the supply-
power current supplied to the oscillator 48 is constant, the
period of the oscillation signal REF output from the oscil-
lator 48 depends very little on the power-supply voltage. The
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period of the oscillation signal REF is preferably longer than
the period of the oscillation signal OUT, and is preferably,
for example, approximately 10 milliseconds to 1 second.

FIG. 7 is a schematic view illustrating the period of the
oscillation with respect to the power-supply voltage in the
first embodiment. As illustrated in FIG. 7, in the oscillator 30
illustrated in FIG. 6A, as the power-supply voltage
increases, the period of the oscillation signal OUT becomes
longer. In the oscillator 31 illustrated in FIG. 6B, the period
of the oscillation signal REF depends very little on the
power-supply voltage. The power-supply voltage depen-
dence of the period of the oscillation signal REF output from
the oscillator 31 (i.e., the amount of change in period/the
amount of change in power-supply voltage) is preferably
equal to or less than %5 of, more preferably equal to or less
than Y10 of, further preferably equal to or less than %0 of the
power-supply voltage dependence of the period, of the
oscillation signal OUT output from the oscillator 30. The
oscillators 30 and 31 may have circuit configurations other
than those illustrated in FIG. 6 A and FIG. 6B as long as the
power-supply voltage dependence of the period of the oscil-
lation signal. REF is smaller than the power-supply voltage
dependence of the period of the oscillation signal OUT.

FIG. 8 is a circuit diagram of the counter circuit in the first
embodiment. An 8-bit counter circuit will be described as an
example of the counter circuit 34. As illustrated in FIG. 8,
the counter circuit 34 includes eight FFs 49 each being a D
flip-flop. The signal OUT" output from the AND circuit 35a
is input to the clock terminal C of the FF 49 at the first stage.
The output terminal Q outputs bit data Q0. The output
terminal QB (the complementary output terminal of the
output terminal Q) is connected to the clock terminal C of
the FF 49 at the next stage and the data terminal D of the FF
49 at the first stage. The Reset signal is input to the reset
terminal R. The FFs 49 at the second and subsequent stages
are connected in the same manner. The FFs 49 output bit
data QO to data Q7, respectively. The same applies to the
circuit of the counter circuit 32. The counter circuits 32 and
34 may be counter circuits that use FFs other than DFFs. The
number of bits of the counter circuits 32 and 34 may be
freely designed.

FIG. 9A and FIG. 9B illustrate signals of the timing circuit
with respect to time in the first embodiment. FIG. 9B is an
enlarged view of FIG. 9A. A 4-bit counter will be described
as an example of the counter circuit 32. As illustrated in FIG.
9A, before time t0, the Enable signal is low level, the Reset
signal is high level, and the Done signal is low level.

As illustrated in FIG. 9B, at time t0, the Enable signal
becomes high level and the Reset signal becomes low level.
When the Reset signal returns to high level at time t1, the
counter circuits 32 and 34 reset, and start counting. The
Done signal becomes high level. The interval between time
t0 and time t1 is less than the period of the oscillation signal
REF. In FIG. 9A, the Reset signal is illustrated so as to have
no width at time t0. When the time scale is enlarged as
illustrated in FIG. 9B, the Reset signal changes from high
level to low level at time t0, and the Reset signal changes
from low level to high level at time t1.

As illustrated in FIG. 9A, when counting 15 pulses of the
oscillation signal REF, the counter circuit 32 becomes low
level at time t2. As described above, the timing circuit 23
generates two timings corresponding to time t1 at which the
Done signal becomes high level and time t2 at which the
Done signal becomes low level according to the oscillation
signal REF. Since the period of the oscillation signal REF is
substantially constant regardless of the power-supply volt-
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age, the interval between time t1 and time t2 is substantially
constant regardless of the power-supply voltage.

FIG. 10 illustrates signals of the counter circuit 34 with
respect to time in the first embodiment. The counter circuit
34 is an 8-bit counter. As illustrated in FIG. 10 the Enable
signal, the Reset signal, the Done signal, and the oscillation
signal REF are the same as those in FIG. 9A, respectively.

When the Done signal becomes high level at time t1, the
oscillation signal OUT is input to the counter circuit 34 as
the signal OUT". The bit data QO of the Oth bit of the counter
circuit 34 has a period that is two times the period of the
oscillation signal OUT. The bit data Q1 of the 1st bit has a
period that is four times the period of the oscillation signal
OUT. The bit data Q7 of the 7th bit has a period that is 256
times the period of the oscillation signal OUT. At time t2 at
which the Done signal becomes low level, the signal OUT'
becomes low level. The FFs 49 of the counter circuit 34 hold
the bit data QO to the bit date Q7 at time t2, respectively. In
the example of FIG. 10, Q7 to Q0 become 11000110. The
number obtained by deeming Q7 to Q0 to be a binary
number is the number of pulses of the oscillation signal OUT
between time t1 and time t2.

The period of the oscillation signal REF depends very
little on the power-supply voltage as illustrated in FIG. 7. In
addition, the timing circuit 23 uses digital circuits such as
the counter circuit 32 and the AND circuits 35a to 35c.
Therefore, even when the power-supply voltage fluctuates,
the interval between time t1 and time t2 depends very little
on the power-supply voltage and is substantially constant.
As illustrated in FIG. 7, as the power-supply voltage
becomes higher, the period of the oscillation signal OUT
becomes longer. Therefore, as the power-supply voltage
becomes higher (i.e., as the glucose concentration
increases), the number of pulses of the oscillation signal
OUT between time t1 and time t2 decreases. As the power-
supply voltage becomes lower (i.e., the glucose concentra-
tion decreases), the number of pulses of the oscillation signal
OUT between time t1 and time t2 increases. As described
above, the measuring circuit 22 converts the glucose con-
centration into digital information indicating the number of
pulses.

FIG. 11 is a circuit diagram of the periphery of the
transmission circuit in the first embodiment. As illustrated in
FIG. 11, the measuring device 10 includes an antenna 60 and
a rectifier circuit 66 in addition to the memory circuit 24, the
transmission circuit 26, and the electricity storage device 28.
The container device 15 includes an antenna 70 in addition
to the reception unit 14.

The antenna 60 is a coil, a first end of the antenna 60 is
connected to the transmission circuit 26, and a second end
of the antenna 60 is connected to VSS. VSS is, for example,
ground. The transmission circuit 26 includes a capacitor 62
and an FET 64. A first end of the capacitor 62 is connected
to the second end of the antenna 60, while a second end of
the capacitor 62 is connected to VSS through the FET 64.
The gate of the FET 24 is connected to the memory circuit
24. The FET 24 is an N-channel FET. The second end of the
antenna 60 is connected to the electricity storage device 28
through the rectifier circuit 66. The memory circuit 24 is
supplied with electric power from the electricity storage
device 28.

The container device 15 includes the antenna 70 in
addition to the reception unit 14. The antenna 70 is, for
example, a coil, and both ends of the antenna 70 are
connected to the reception unit 14. When the contact lens 12
is stored in the container device 15, the antennas 60 and 70
are electromagnetically coupled. The reception unit 14 out-
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puts an oscillation signal to the antenna 70. The induced
current corresponding to the oscillation signal flows through
the antenna 60. The rectifier circuit 66 rectifies the induced
current. The rectified electric power is stored in the elec-
tricity storage device 28. The rectifier circuit 66 may be, for
example, a half-wave rectifier circuit. When the power
generation by the power generation unit 20 alone is sufficient
to charge the electricity storage device 28, the rectifier
circuit 66 does not have to be used to charge the electricity
storage device 28.

When sufficient electric power is stored in the electricity
storage device 28, the memory circuit 24 outputs Q7 to Q0
in sequence to the gate of the FET 64. For example, when
Q7 is 1 (i.e., high level), the second end of the antenna 60
is connected to VSS through the capacitor 62. For example,
when Q7 is 0 (ie., low level), the capacitor 62 is not
connected to VSS. Thus, the resonant frequency of the
resonant circuit formed of the antenna 60 and the capacitor
62 when Q7 is 1 differs from the resonant frequency of the
resonant circuit formed of the antenna 60 and the capacitor
62 when Q7 is 0. The antenna 70 is electromagnetically
coupled to the antenna 60. Thus, when the resonant fre-
quency of the resonant circuit formed of the antenna 60 and
the capacitor 62 varies, the impedance of the antenna 70
varies. The reception unit 14 receives the bit of Q7 by
detecting the variation in the impedance of the antenna 70.
The reception unit 14 receives Q6 to Q0 in the same manner.

As a concrete example of the first embodiment, when the
glucose concentration in the tear 52 is 20 mg/dL. to 500
mg/dl, 8 bits are sufficient for the information about the
glucose concentration. When the counter circuit 32 is a 4-bit
counter circuit and the counter circuit 34 is an 8-bit counter
circuit, the power consumption of the oscillators 30 and 31
and the timing circuit 23 is tens of nanowatts. When the
memory circuit 24 stores 8-bit information every 5 minutes
for 8 hours, the amount of data to be stored is 768 bits, and
the storage capacity of the memory circuit 24 is 1 kbit. The
power consumption of a 1-kbit SRAM is 7 nW. The power
generation amount per unit area of the power generation unit
20 using glucose is approximately 30 nW/mm?. Thus, the
power generation of the power generation unit 20 can
sufficiently cover the power consumption of the measuring
circuit 22 and the memory circuit 24.

First Variation of the First Embodiment

FIG. 12 is a cross-sectional view of a container device in
accordance with a first variation of the first embodiment. As
illustrated in FIG. 12, the contact lens 12 includes the
antenna 60, and the container device 15 includes antennas
70a and 705. When the contact lens 12 is stored in the
container unit 16, the antennas 70a and 705 sandwich the
antenna 60 therebetween. The remaining structure is the
same as that in FIG. 1B.

FIG. 13 is a circuit diagram of the periphery of the
transmission circuit in the first variation of the first embodi-
ment. As illustrated in FIG. 13, the container device 15
includes the antennas 70a and 7054, a transmitter 72, and a
receiver 74. The antennas 70a and 706 are inductively
coupled as indicated by an arrow 75. The transmitter 72
outputs an oscillation signal to the antenna 70a. The induced
current having a frequency equal to that of the oscillation
signal flows through the antenna 706. The receiver 74
receives the induced current of the antenna 705. The remain-
ing structure is the same as that in FIG. 11.

When the memory circuit 24 outputs O to the gate of the
FET 64, the resonant frequency of the antenna 60 does not
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vary. Therefore, the induced current flowing through the
antenna 705 does not vary. When the memory circuit 24
outputs 1 to the gate of the FET 64, the resonant frequency
of the resonant circuit of the antenna 60 and the capacitor 62
varies. This inhibits the electromagnetic coupling (the arrow
75) between the antennas 70a and 705, and the induced
current flowing through the antenna 7056 decreases. The
reception unit 14 can determine whether the output of the
transmission circuit 26 is 0 or 1 on the basis of difference
between the oscillation signal output from the transmitter 72
and the reception signal received by the receiver 74.

When the frequency of the oscillation signal output from
the transmitter 72 is high, electromagnetic waves (the arrow
75) propagate from the antenna 70q to the antenna 705. The
resonant frequency of the resonant circuit of the antenna 60
and the capacitor 62 is adjusted to be approximately equal to
the frequency of the electromagnetic wave. When the
memory circuit 24 outputs 0, the antenna 60 does not reflect
the electromagnetic wave. When the memory circuit 24
outputs 1, the electromagnetic wave is reflected by the
antenna 60. This decreases the intensity of the electromag-
netic wave received by the antenna 705. The reception unit
14 can determine whether the output of the transmission
circuit 26 is 0 or 1 on the basis of the difference between the
intensity of the electromagnetic wave output from the trans-
mitter 72 and the intensity of the electromagnetic wave
received by the receiver 74.

For example, as disclosed in 2011 Symposium on VLSI
Circuits Digest of Technical Paper pp. 162-163, the recep-
tion unit 14 may determine whether the output of the
transmission circuit 26 is 0 or 1 on the basis of the bit error
rate of the digital signal transmitted from the transmitter 72
to the receiver 74. Alternatively, the transmitter 72 transmits
a clock signal and the receiver 74 receives the clock signal.
The reception unit 14 may determine whether the output of
the transmission circuit 26 is O or 1 on the basis of the
change in the duty ratio of the transmitted clock signal and
the received clock signal. The change in the duty ratio may
be detected using a time to digital convertor (TDC) or the
like.

The antenna 60 only inhibits the electromagnetic coupling
between the antennas 70a and 705 or the propagation of the
electromagnetic wave. Thus, the power consumption of the
transmission circuit 26 is reduced.

The measuring device disclosed in Patent Document 1
uses electric power generated using the decomposition reac-
tion of biomolecules, and thus does not need to be supplied
with the source power from the outside. However, the
measuring device mounted to the contact lens transmits the
information about the blood glucose level in real time. Since
the transmission circuit transmits the information within a
range of at least approximately 1 meter, the power genera-
tion amount of the power generation unit may be insuffi-
cient.

In the first embodiment and the variation thereof, the
measuring device 10 is mounted to the contact lens 12, and
stores information about the amount of electric power gen-
erated using sugars in the tear 52. That is, the power
generation unit 20 of the measuring device 10 generates
electric power using sugars in the tear 52, and the memory
circuit 24 (a storage unit) of the measuring device 10 stores
the power generation amount of the power generation unit
20. The container device 15 stores the contact lens 12, and
receives the information about the power generation amount
stored in the measuring device 10 using the near-field
wireless communication method when the contact lens 12 is
stored. That is, when the contact lens is stored in the
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container unit 16, the transmission circuit 26 (a transmission
unit) of the measuring device 10 transmits the information
about the power generation amount stored in the memory
circuit 24 to the container device 15 using the near-field
wireless communication method. The reception unit 14 of
the container device 15 receives the information about the
power generation amount stored in the measuring device 10
using the near-field wireless communication method.

As described above, the measuring device 10 does not
have to have the transmission circuit that transmits the
information about the power generation amount in real time
like Patent Document 1 because the measuring device 10
stores the information about the power generation amount
while the contact lens 12 is attached to the eye of the user.
When the contact lens 12 is stored in the container device 15,
the information about the power generation amount is trans-
mitted from the measuring device 10 to the container device
15 using the near-field wireless communication method. The
power consumption of the near-field communication method
is small, and therefore the power consumption of the mea-
suring device 10 is reduced. In addition, in the near-field
wireless communication method, as illustrated in FIG. 11,
the electric power for transmitting the information from the
container device 15 to the measuring device 10 can be
supplied.

The measuring device 10 generates and stores the infor-
mation about the power generation amount using, as a power
supply, the electric power generated using sugars in the tear
52. As described above, the electric power generated by the
power generation unit 20 can cover the electric power for the
measuring circuit 22 and the memory circuit 24.

As in the first variation of the first embodiment, the
container device 15 includes the antenna 70a (a first
antenna) and the antenna 705 (a second antenna). The
measuring device 10 includes the antenna 60 (a third
antenna) to be sandwiched between the antennas 70a and
705 when the measuring device 10 is stored in the container
device 15. The transmission circuit 26 transmits the infor-
mation to the reception unit 14 by the antenna 60 inhibiting
the electromagnetic coupling between the antennas 70a and
704 or the propagation of the electromagnetic wave.

The antennas 70a and 706 can easily sandwich the
antenna 60 therebetween by storing the contact lens 12 in the
container unit 16. In addition, the power consumption of the
transmission circuit 26 can be reduced.

In the measuring device 10, the power generation unit 20
generates the electromotive force through the reaction of
sugars. The oscillator 30 (a first oscillator) uses the electro-
motive force of the power generation unit 20 as a power-
supply voltage and generates the oscillation signal OUT (a
first oscillation signal) of which the period varies in response
to the variation in electromotive force. For example, as the
electromotive force increases, the period decreases. The
oscillator 31 (a second oscillator) uses the electromotive
force as a power-supply voltage and generates the oscillation
signal REF (a second oscillation signal) of which the varia-
tion in period with respect to the variation in the electro-
motive force is smaller than that of the oscillator 30. The
timing circuit 23 uses the electromotive force as a power-
supply voltage and generates a first timing indicating time t1
and a second timing indicating time t2 on the basis of the
oscillation signal REF. The counter circuit 34 uses the
electromotive force as a power-supply voltage and counts
the number of pulses of the oscillation signal OUT between
the first timing and the second timing. The measuring device
10 may generate the electromotive force through the decom-
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position reaction of biomolecules instead of the decompo-
sition reaction of sugars in the tear 52.

Accordingly, the electromotive force that is the analog
value can be converted into the number of pulses that is the
digital value using the small electric power and low voltage
generated by the power generation unit 20. Therefore, the
power consumption of the measuring device 10 is further
reduced.

The memory circuit 24 stores the information about the
number of pulses as the information about the power gen-
eration amount. Thus, the memory circuit 24 is able to store
the number of pulses that is the digital value representing the
electromotive force.

The transmission circuit 26 transmits the information on
the number of pulses stored in the memory circuit 24 using
the near-field wireless communication method. This reduces
the power consumption for transmitting the information.

The electricity storage device 28 accumulates the electric
power generated by the power generation unit 20, and
supplies the electric power to the memory circuit 24 to retain
the information about the number of pulses stored in the
memory circuit 24 when the power generation unit 20 does
not generate electric power. This allows the memory circuit
24 to retain the information while the contact lens 12 is
stored in the container device 15 and the information is
transmitted to the container device 15 even when the
memory circuit 24 is a volatile memory.

The first embodiment and the variation thereof describe
an exemplary case where the measuring device 10 mounted
to the contact lens generates electric power using sugars in
the tear 52. At least, the measuring device 10 is attached to
a living body such as a human body. The liquid used by the
measuring device 10 to generate electric power may be body
fluids such as blood or cutaneous intercellular fluid in the
body of the living body, or bodily secretions such as saliva,
sweat, or urine secreted by the living body. For example, the
measuring device 10 may be mounted to an article that is to
be in direct contact with the body surface of the living body,
such as a ring, a piercing jewelry, or earrings, and the
measuring device 10 may generate electric power using
sugars in sweat. The container unit 16 of the container
device 15 stores the measuring device to be attached to the
living body.

SECOND EMBODIMENT

As a second embodiment, a measuring circuit illustrated
in FIG. 5 was fabricated using the 65 nm complementary),
metal oxide semiconductor (CMOS) technology. FIG. 14A
is a circuit diagram of the oscillator 30 in the second
embodiment and FIG. 14B is a circuit diagram of a switch
unit. The oscillator 30 is a circuit based on the method
disclosed in IEEE J. Solid State Circuits, Vol. 51, no. 6, pp.
1423-1435.2016.

As illustrated in FIG. 14A in the oscillator 30, signals ®1
and V; are input to a switch unit 80q, signals ®2 and V,, are
input to a switch unit 804, signals ®1 and V, are input to a
switch unit 80c, and signals ®2 and V, are input to a switch
unit 80d. The switch units 80a to 804 output the signals V,
to V, to inverters 81a to 81d respectively.

The Enable signal and the output signal of the inverter 81a
are input to a NAND circuit 82a. A P type field effect
transistor (PFET) 83« and an N type field effect transistor
(NFET) 84a are connected in series between the power
supply supplied with the voltage VDD and the ground
supplied with the voltage VSS. The output signal of the
NAND circuit 82a is input to the gate of the PFET 834 and
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the output signal of the inverter 815 is input to the gate of
the NFET 844. The node to which the drains of the PFET
834 and the NFET 84a are connected is connected to the
node of a latch 85¢ in which inverters 85a and 855 are
circularly connected. The other node of the latch 85¢ is
connected to the output terminal that outputs the oscillation
signal OUT.

The Enable signal and the output signal of the inverter 81¢
are input to a NAND circuit 825. A PFET 836 and an NFET
845b are connected in series between VDD and VSS. The
output signal of the NAND circuit 825 is input to the PFET
83b, and the output signal of the inverter 814 is input to the
gate of the NFET 845. The node to which the drains of the
PFET 835 and the NFET 8454 are connected to the node of
a latch 857 in which inverters 85¢ and 85d are circularly
connected. The other node of the latch 85fis connected to an
inverter 86a. The inverter 864 outputs the signal @2, and an
inverter 864 outputs the signal ®1 obtained by inverting the
signal ®2.

As illustrated in FIG. 14B in a switch unit 80 (corre-
sponding to the switch units 80a to 804 FIG. 14A) a signal
CLK is input to the gates of PFETs 87a and 875 connected
between VDD and V., ». An inverter 86¢ inverts the signal
CLK, and outputs the resulting signal to the gate of a PFET
87c. The PFET 87¢ connects the node between the PFETs
87a and 875 with the terminal supplied with a signal V.
A capacitor C1 and a metal oxide semiconductor (MOS)
capacitor 88 are connected in parallel between the source of
the PFET 876 (the node of V_,, and VSS. The MOS
capacitor 88 is connected in the forward direction.

In the switch unit 80a, the signals CLK, Vzzr, and Vo »
in FIG. 14B correspond to the signals @1, V5, and V, in FIG.
14A, respectively. In the switch unit 805, the signals CLK,
Vizer and Vo, correspond to the signals @2, V,,, and V,,
respectively. In the switch unit 80c, the signals CLK, Vg,
and V ., » correspond to the signals ®1, and V;, respectively.
In the switch unit 804, the signals CLK, Vgzr, and V- »
correspond to the signals @2, V,, and VD, respectively.

In the oscillator 30, the electric charges of the capacitor
C1 and the MOS capacitor 88 in the switch unit 80 are
discharged as the gate leak current of the MOS capacitor 88.
The oscillating frequency is determined by the time it takes
for V., to reach the threshold voltage of the inverter 86¢
from the power-supply voltage VDD-VSS. The PFETs 87a
to 87¢ and the inverter 86¢ in the switch unit 80 construct a
switch circuit having a small leak current. Thus, the dis-
charge from the capacitor C1 is mostly due to the gate leak
current of the MOS capacitor 88. A low-leakage switch
circuit including the PFETs 874 to 87¢ and the inverter 86¢
is a circuit based on IEEE Int. Symp. Circuits Syst., pp.
557-560, 2006.

The period T that is the inverse of the oscillating fre-
quency of the oscillator 30 is expressed in the following
equation (1) where the equivalent resistance value of the
MOS capacitor 88 is represented by R, the total capaci-
tance value of the capacitor C1 and the MOS capacitor 88
connected to the nodes of V., is represented by C ez

T=2%R;105xCoscrXIn(2)

M

Here, In indicates natural logarithm.

The equivalent resistance value R, s of the forward gate
leak current of the MOS capacitor 88 depends on the voltage
applied to the gate of the MOS capacitor 88. For example,
R, /05 18 inversely proportional to the voltage applied to the
gate. Therefore, as the power-supply voltage VDD-VSS
increases, R, decreases and the period T becomes shorter.
That is, the oscillating frequency becomes higher. As
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described above, the oscillating frequency of the oscillator
30 largely depends on the power-supply voltage VDD-VSS.

The oscillator 30 includes blocks 89a and 895. The block
894 includes the switch units 80a and 805, the inverters 81a
and 8154, the NAND circuit 824, the PFET 83a, the NFET
84a, and the latch 85¢. The block 895 includes the switch
units 80¢ and 804, the inverters 81c, 81d, 86a, and 865, the
NAND circuit 825, the PFET 835, the NFET 845, and the
latch 857 The block 896 generates the signals @1 and @2,
while the block 89a generates the oscillation signal OUT.

FIG. 15 is a circuit diagram of the oscillator 31 in the
second embodiment. The oscillator 31 is a circuit based on
the method disclosed in IEEE J. Solid State Circuits, Vol. 51,
no. 6, pp. 1331-1346, 2016.

As illustrated in FIG. 15, in the oscillator 31, a MOS
capacitor 92a and PFETs 91a and 915 are connected in
series between the power supply supplied with the voltage
VDD and the ground supplied with the voltage VSS. The
MOS capacitor 924 is connected in the backward direction.
The capacitor C2a is connected in parallel to the PFET 9154.
A signal @, is input to the gate of the PFET 914, and a signal
@ is input to the gate of the PFET 914. The signal of the
node between the PFETs 91a and 915 is input to an inverter
944 having a PFET 934 and an NFET 9354. The output signal
of'the inverter 94a is input to the gate of a PFET 96a through
inverters 95a and 955.

A MOS capacitor 926 and PFETs 91c¢ and 91d are
connected in series between VDD and VSS. The signal @
is input to the gate of the PFET 91c¢, and the signal @, is
input to the gate of the PFET 91d. A capacitor C2b is
connected in parallel to the PFET 91d. The signal of the
node between the PFETs 91¢ and 914 is input to an inverter
945 having a PFET 93¢ and an NFET 93d. The output signal
of the inverter 946 is input to the gate of an NFET 965
through an inverter 95c¢.

The PFET 964 and the NFET 964 are connected in series
between VDD and VSS. The node to which the drains of the
PFET 964 and the NFET 9654 are connected is connected to
the node of a latch 97¢ in which inverters 97a and 975 are
circularly connected. The other node of the latch 97¢ outputs
the signal ®,. An inverter 98a inverts the signal @, and
outputs the resulting signal to the output terminal that
outputs the oscillation signal REF. An inverter 985 inverts
the signal @, and outputs the signal DB.

In the oscillator 31, the MOS capacitor 92a is used as a
current source for charging the capacitor C2a, and the MOS
capacitor 925 is used as a current source for charging the
capacitor C2b. The oscillating frequency f of the oscillator
31 is expressed in the following equation (2) where the gate
leak current values of the MOS capacitors 92a and 925 are
represented by I, the capacitance values of the capacitors
C2a and C2b are represented by C 4, and the threshold
voltages of the inverters 94a and 945 are represented by

VIN v

F :Igate/ (2xCoscrxVinp) (2)

The threshold voltages V- of the inverters 94a and 945
are proportional to the power-supply voltage VDD-VSS.
The backward gate leak currents of the MOS capacitors 92a
and 926 are proportional to the power-supply voltage VDD-
VSS. Therefore, the oscillating frequency f depends very
little on the power-supply voltage.

The number of stages (the number of bits) of the counter
circuit 32 was set at four stages, and the number of stages of
the counter circuit 34 was set at eight stages. The aera of the
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oscillator 30 was 0.0027 mm?, the area of the oscillator 31
was 0.0005 mm?, and the area of the measuring circuit 22
was 0.0047 mm”.

FIG. 16A is a graph of the oscillating frequency versus the
power-supply voltage in the second embodiment. Dots indi-
cate measurement points, and lines connect the dots. As
presented in FIG. 16A, when the power-supply voltage
(VDD-VSS) is varied within a range from 800 mV to 1000
mV, the oscillating frequency of the oscillator 30 varies
within a range from 85.8 Hz to 126.2 Hz. The oscillating
frequency of the oscillator 31 varies within a range from 1.9
Hz to 3.2 Hz. The sensitivity of the oscillating frequency of
the oscillator 30 to the power-supply voltage is 202 mHz/
mV, and the sensitivity of the oscillating frequency of the
oscillator 31 to the power-supply voltage is 6.6 mHz/mV. As
seen above, the oscillating frequency of the oscillator 30
largely varies with the power-supply voltage, while the
oscillating frequency of the oscillator 31 varies very little
with the power-supply voltage.

FIG. 16B is a graph of a code versus a count in the second
embodiment. The power-supply voltage was set at 900 mV.
The count corresponds to the number of pulses of the
oscillation signal OUT of the oscillator 30, and the code is
the number expressing the outputs Q7 to Q0 of the counter
circuit 34 as a decimal. When the Enable signal becomes
high level, the counter circuit 34 counts the number of pulses
of the oscillation signal OUT, and the code increases (i.e.,
count up). When the counting is completed, the counter
circuit 34 retains (i.e., holds) the code corresponding to the
power-supply voltage of 900 mV. When the Reset signal
becomes high level, the counter circuit 34 is reset, and the
code becomes 0. As seen above, the counter circuit 34
operates properly.

FIG. 17A is a graph of a code versus power-supply
voltage in the second embodiment. Dots represent measure-
ment points, and a line is an approximate line. As illustrated
in FIG. 17A, when the power-supply voltage is varied from
800 mV to 1000 mV, the code varies. The determination
coefficient R? is —0.9944, and the relationship between the
power-supply voltage and the code is substantially approxi-
mated by a straight line.

FIG. 17B is a graph of an error versus power-supply
voltage in the second embodiment. The error is the differ-
ence between the measurement point and the approximate
curve in FIG. 17A. As illustrated in FIG. 17B, the largest
value of the error in the power-supply voltage due to use of
the code is +10 mV, and the smallest value of the error in the
power-supply voltage due to use of the code is =12 mV. As
illustrated in FIG. 17A and FIG. 17B, the measuring circuit
22 can convert the power-supply voltage into the code.

FIG. 17C is a graph of power consumption versus power-
supply voltage in the second embodiment. Circular dots
indicate the total power consumption of the logic circuit and
the oscillator 30, rectangular dots indicate the power con-
sumption of the oscillator 31, and rhombic dots indicate the
total power consumption of the measuring circuit 22. As
illustrated in FIG. 17C, when the power-supply voltage is
800 mV, the power consumption is approximately 11 nW,
and when the power-supply voltage is 1000 mV, the power
consumption is approximately 100 nW. As seen above, the
power consumption of the measuring circuit 22 is reduced.

In the second embodiment, the frequency of the oscilla-
tion signal REF output from the oscillator 31 is set in a
sub-Hz range, and the frequency of the oscillation signal
OUT output from the oscillator 30 is set to be dozens of
times the frequency of the oscillation signal REF. Thus, the
reduction in switching power and a high sampling rate (i.e.,
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high resolution of the power-supply voltage) are both
achieved. As seen above, the measuring circuit 22 of the
second embodiment is able to convert the power-supply
voltage into the code with less power consumption. Further
small power-supply voltage can be converted into the code
with small power consumption by improving the circuit of
the measuring circuit 22. The oscillator other than that of the
second embodiment may be used for the oscillators 30 and
31 of the first embodiment.

THIRD EMBODIMENT

A third embodiment is an exemplary case where the solar
cell supplies electric power to the transmission circuit, and
the transmission circuit transmits the information about the
electromotive force of the power generation unit while the
contact lens is attached to the eye of the user.

FIG. 18 is a block diagram of a measuring device in
accordance with the third embodiment. As illustrated in FIG.
18, a measuring device 10a includes the power generation
unit 20, the measuring circuit 22, a transmission circuit 27,
a solar cell 54, and a booster circuit 56. The power genera-
tion unit 20 supplies the electromotive force to the measur-
ing circuit 22 as a power-supply voltage (voltage VDDI1-
voltage VSS1). The solar cell 54 converts the light emitted
to the contact lens 12 into the electric power. The electro-
motive force of the solar cell 54 is a voltage VDD2-VSS2.
The booster circuit 56 boosts the voltage VDD2-VSS2 to the
voltage VDD3-VSS3. The booster circuit 56 supplies the
boosted electric power to the transmission circuit 27. The
electric power for the measuring circuit 22 is not supplied
from the solar cell 54. The electric power for the transmis-
sion circuit 27 is not supplied from the power generation unit
20.

The measuring circuit 22 converts the electromotive force
of the power generation unit 20 into the code, and outputs
the code to the transmission circuit 27. The code is formed
of the bits output from the counter circuit 34 in FIG. 5. The
measuring circuit 22 outputs a control signal TXC to the
transmission circuit 27, and outputs a control signal HC to
the booster circuit 56.

FIG. 19A is a circuit diagram of a circuit generating
control signals in the third embodiment, and FIG. 19B
illustrates control signals with respect to time. As illustrated
in FIG. 19A, the output of the frequency divider 36 of the
measuring circuit 22 in FIG. 5 becomes the control signal
HC, and the output of the frequency divider 36 becomes the
control signal TXC through an inverter 57. The remaining
circuits of the measuring circuit 22 are the same as those in
FIG. 5.

As illustrated in FIG. 19B when the output of the fre-
quency divider 36 is low level, the control signal HC holds
low level, the Reset signal holds high level, the Enable
signal holds low level, and the measuring circuit 22 holds a
digital code corresponding to the electromotive force of the
power generation unit 20 (Hold). The output voltage VDD3
of the booster circuit 56 is 0 V, and the control signal TXC
is high level,

When the output of the frequency divider 36 becomes
high level at time t3, the control signal HC becomes high
level. At slightly delayed time to, a pulse is output as the
Reset signal, and the Enable signal becomes high level. This
resets the measuring circuit 22 (Rst). Thereafter, the counter
circuit 34 of the measuring circuit 22 counts the number of
pulses corresponding to the electromotive force of the power
generation unit 20, and generates the code (Count). There-
after, the measuring circuit 22 holds the code (Hold).
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When the control signal HC becomes high level, the
booster circuit 56 is activated, and starts boosting the output
voltage of the solar cell 54. The boosted electric power is
stored in an electricity storage device such as a capacitor (for
example, a capacitor C56 in FIG. 20). Therefore, VDD3
increases from 0 V, and becomes a voltage sufficient for the
operation of the transmission circuit 27.

When the output of the frequency divider 36 becomes low
level at time t4, the control signal HC becomes low level and
the control signal TXC becomes high level. After a short
delay, the Enable signal becomes low level. When the
control signal TXC becomes high level, the transmission
circuit 27 is activated, and transmits the code that has been
held. This causes the electric charge accumulated in the
electricity storage device to be discharged, and VDD3
returns to 0 V.

FIG. 20 is a circuit diagram of the booster circuit in the
third embodiment. The booster circuit 56 includes self-
oscillating voltage doublers (SOVD) 564 to 56¢ that form
three stages. The output voltage of the solar cell 54 is
VDD2-VSS2. The SOVD 56a boosts VDD2-VSS2 to
V1-VSS2. The SOVD 564 is activated by the control signal
HC. The SOVD 565 boosts V1-VSS2 to V2-VSS2. The
SOVD 56¢ boosts V2-VSS2 to VDD3-VSS2. The capacitor
C56 is connected to the output of the SOVD 56¢. The
voltage VDD3-VSS3 obtained by boosting the electromo-
tive force of the solar cell 54 is applied to the capacitor C56,
and the electric charge is accumulated in the capacitor C56.

FIG. 21 is a circuit diagram of the SOVD in the third
embodiment. In the SOVD 564, a starting inverter circuit
120 and a delay circuit 131a are connected between a power
supply line to which VDD2 is supplied and a power supply
line to which VSS2 is supplied. An inverter circuit 1355 and
a delay circuit 1315 are connected between a power supply
line to which V1 is supplied and a power supply line to
which VDD2 is supplied. Each of the delay circuits 131a and
1315 includes PFETs 1324 to 132d and NFETs 134a to
1344.

The output of the starting inverter circuit 120 is connected
to the gates of the PFET 132a and the NFET 134a of the
delay circuit 131a. The drains of the PFET 1324 and the
NFET 1344 of the delay circuit 131a are connected to a node
N2a. The gates of the PFET 13256 and the NFET 1344 of the
delay circuit 131a are connected to an input node N1a of the
starting inverter circuit 120. A capacitor C3a is connected
between the output of the starting inverter circuit 120 and the
output of the inverter circuit 135b. A capacitor C35 is
connected between the output of the delay circuit 131a and
the output of the delay circuit 1315.

When the control signal HC is high level, the starting
inverter circuit 120 inverts the signal of the node N1la, and
outputs the resulting signal. The delay circuit 131a delays
the output of the starting inverter circuit 120, and outputs the
delayed output to the input of the starting inverter circuit
120. Thus, the starting inverter circuit 120 and the delay
circuit 131a form a ring oscillator.

The output of the inverter circuit 1355 is connected to the
gates of the PFET 1324 and the NFET 134a of the delay
circuit 13156. The gates of the PFET 1326 and the NFET
13454 of the delay circuit 1315 are connected to an input node
Nilb of the inverter circuit 1355. Thus, the inverter circuit
1355 and the delay circuit 131a form a ring oscillator. The
node N2a is connected to the node Nlb. A node N2b is
connected to the node Nla of the SOVD 565 at the next
stage.

When the control signal HC is input to the starting
inverter circuit 120, the starting inverter circuit 120 and the
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delay circuit 131a oscillate. When the starting inverter
circuit 120 and the delay circuit 131a oscillate, the inverter
circuit 1355 and the delay circuit 1315 oscillate, and VDD2-
V882 is boosted to V1-VDD2.

FIG. 22 is a circuit diagram of the starting inverter circuit
in the third embodiment. The starting inverter circuit 120
includes inverters 125 and 1254, a circuit 121, and a
NAND circuit 125¢. The power-supply voltage of the
inverter 125q is VDD1-VSS1, the power-supply voltage of
the circuit 121 is VDD1-VSS2, and the power-supply volt-
age of the inverter 1255 and the NAND circuit 125¢ is
VDD2-VSS2.

The circuit 121 includes PFETs 122a and 1226 and
NFETs 124a and 1245. When the control signal HC
becomes high level, the gate of the PFET 1224 becomes low
level, and the gate of the PFET 1224 becomes high level.
The gate of the NFET 1244 becomes low level, and the gate
of the NFET 1245 becomes high level. Thus, the output of
the circuit 121 becomes low level. The output of the inverter
1255 becomes high level. When the control signal HC is low
level, the NAND circuit 125¢ outputs high level regardless
of'the level of the node N1a, and when the control signal HC
is high level, the NAND circuit 125¢ inverts the level of the
node Nla and outputs the inverted level. Thus, when the
control signal HC becomes high level while the node N1a is
low level, the starting inverter circuit 120 outputs high level.
Thus, the starting inverter circuit 120 and the delay circuit
131a in FIG. 21 oscillate, and the SOVD 56a is activated.
Thereafter, while the control signal HC is high level, the
NAND circuit 125¢ functions as an inverter circuit.

FIG. 23 is a circuit diagram of the SOVD in the third
embodiment. In the SOVD 5654, an inverter circuit 135a and
the delay circuit 131a are connected between a power supply
line to which V1 is supplied and a power supply line to
which VSS2 is supplied. The inverter circuit 1356 and the
delay circuit 1315 are connected between a power supply
line to which V2 is supplied and a power supply line to
which V1 is supplied. The SOVD 565 boosts V1-VSS2 to
V2-VSS2. Other structures are the same as those of the
SOVD 564, and the description thereof is thus omitted. The
SOVD 56¢ boosts V2-VSS2 to VDD3-VSS2. Other struc-
tures are the same as those of the SOVD 565, and the
description thereof is thus omitted.

FIG. 24 is a circuit diagram of the transmission circuit in
the third embodiment. As illustrated in FIG. 24, the trans-
mission circuit 27 includes a booster circuit 110 and an
antenna 116. The booster circuit 110 includes inverters 113a
to 113¢, a PFET 112d, and a capacitor C11. The inverter
1134 includes a PFET 1124 and an NFET 114a, the inverter
1135 includes a PFET 1126 and an NFET 11454, and the
inverter 113¢ includes a PFET 112¢ and an NFET 114c.

When the control signal TXC is low level, the outputs of
the inverters 11356 and 113c¢ are low level. The PFET 1124
is turned ON. VSS1 is applied to one end of the capacitor
C11, and VDD1 is applied to the other end of the capacitor
C11. Thereby the capacitor C11 is charged. When the control
signal TXC is high level, the outputs of the inverters 1135
and 113¢ are high level. The PFET 1124 is turned OFF. The
sum of VDDI1 and the difference between the voltages at
both ends of the capacitor C11 is applied to the source of the
PFET 112¢ of the inverter 113¢. Thus, the output of the
inverter 113¢ becomes higher than VDD1.

The voltage VDD3 is applied to a first end of the antenna
116, and second ends of the antenna 116 are connected to
nodes N15a and N15b. The drains of NFETs 115a and 1154
are respectively connected to the nodes N15a and N155, and
the gates of the NFETs 1154 and 1155 are respectively
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connected to the nodes N155 and N15a, and the sources of
the NFETs 115a and 11556 are connected to VSS3 through
NFETs 114d and 114e. When the output of the booster
circuit 110 becomes high level, the NFETs 114d and 114e
are turned ON, and the high-frequency signal is output from
the antenna 116. The leak current through the NFETs 1144
and 114e is reduced by connecting in cascade the NFETs
1144 and 114e.

The nodes N15a and N155b are connected to a digital
analog convertor (DAC) 115. The DAC 115 includes a
pull-down switch including a capacitor and an FET. When
an 8-bit code is input to the DAC 115, the capacitance
between the nodes N15a and N15b becomes the value
corresponding to the code. This changes the frequency of the
high-frequency signal output from the antenna 116 by the
frequency corresponding to the code. The receive circuit that
has received the high-frequency signal output from the
antenna 116 is able to receive the code of the frequency of
the high-frequency signal (i.e., the electromotive force of the
power generation unit 20).

The measuring device 10a of the third embodiment was
fabricated using the 65 nm node CMOS technology. The
power generation unit 20 and the measuring circuit 22 were
the same as the power generation unit 20 and the measuring
circuit 22 of the second embodiment.

FIG. 25 is a plan view of a chip in the third embodiment.
A silicon (semiconductor) chip 58 includes the measuring
circuit 22, the transmission circuit 27, the booster circuit 56,
pads 59, and the antenna 116. The transmission circuit 27 is
located within the antenna 116. The measuring circuit 22, the
booster circuit 56, and the pad 59 are located in the outside
of the antenna 116. Other regions of the chip 58 are solar
cells 54. The power generation unit 20 is connected to the
pads 59, and VDD1 and VSS1 are applied to the pads 59.
The size of the chip 58 is D1xD2, and is 650 umx635 pm.

In the solar cell 54, three kinds of p-n junction solar cells
are connected in parallel. FIG. 26A to FIG. 26C illustrate the
characteristics of the solar cell in the third embodiment. FIG.
26A is a graph of current density versus voltage when the
illumination intensity is 200 Ix. At 0.2 V or less, a current
density of approximately 9 pA/cm? is obtained. FIG. 26B is
a graph of power density versus illumination intensity. Even
when the illumination intensity is 200 1x, a power density of
1.97 uW/cm? is obtained. When the illumination intensity is
3500 Ix or greater, a power density of 12 pW/ecm® is
obtained. FIG. 26C is a graph of circuit voltage VOC and
maximum voltage VMAX versus illumination intensity.
Even when the illumination intensity is 200 1x, VOC is 0.235
V and VMAX is 0.295 V. When the illumination intensity is
3500 Ix or greater, VOC is 0.27 V, and VMAX is 0.34 V.

The capacitor C56 of the booster circuit 56 in FIG. 20 was
a metal insulator metal (MIM) capacitor with 25 pF. FIG.
27A and FIG. 27B illustrate the characteristics of the booster
circuit of the third embodiment. FIG. 27A is a graph of
output voltage VDD3-VSS3 versus load current when
VDD2-VSS2is 0.2V, 0.3V, and 0.4 V. As illustrated in FIG.
27A, when the load current is 10 pA or less, the output
voltage VDD3-VSS3 can be made to be 1 V or greater even
at 0.2 V of VDD2-VSS2.

FIG. 27B is a graph of conversion efficiency versus load
current when VDD2-VSS2 is 0.2 V, 03 V, and 0.4 V. As
illustrated in FIG. 27B, when the load current is 10 pA and
VDD2-VSS2 is 0.2 V, the conversion efficiency is 1% or
greater.

In the third embodiment, the electric power other than the
electric power for the measuring circuit 22 is supplied from
the solar cell 54. As illustrated in FIG. 17C, the power
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consumption of the measuring circuit 22 is approximately 11
nW when the power-supply voltage VDD1-VSS1 is 800 mV.
When it is assumed that the power density of the power
generation unit 20 is 7 uW/cm?, the area of the power
generation unit 20 is 0.0016 cm®. When it is assumed that
the power consumption of the booster circuit 56 and the
transmission circuit 27 is 5.3 nW, the area of the solar cell
54 is 0.27 mm? according to FIG. 26B. This is Vi2s of the
area of the power generation unit 20 when the electric power
of the transmission circuit 27 is supplied from the power
generation unit 20.

The area of each circuit in the chip 58 was as follows. The
transmission circuit 27 was 0.010 mm?, the booster circuit
56 was 0.034 mm?, the measuring circuit 22 was 0.0047
mm?, the solar cell 54 was 0.27 mm?, and the total area was
0.3187 mm?>.

It may be considered to use a sugar sensor and an analog
digital converter (ADC) in a measuring device for measur-
ing sugars in the body fluid or bodily secretion of a living
body. In this case, the power consumption of the sensor and
the ADC is large, resulting in the large area of the power
generation unit 20 using sugars. In addition, when the
electric power for the sensor and the ADC is supplied from
the power supply such as a solar cell, the area of the solar
cell becomes large.

In the third embodiment, the measuring circuit 22 (a
conversion circuit) that converts the electromotive force (a
first electromotive force) VDD1-VSS1 of the power gen-
eration unit 20 into the code (a digital signal) uses the
electromotive force of the power generation unit 20 as a
power-supply voltage. The solar cell 54 (a power supply)
supplies electric power to the transmission circuit 27 that
transmits the information about the code using a wireless
communication method, and does not supply the electric
power to the measuring circuit 22.

As described above, the measuring circuit 22 that con-
verts the electromotive force of the power generation unit 20
into the digital signal needs a small electricity and therefore
is able to operate using the electromotive force of the power
generation unit 20 as a power-supply voltage. On the other
hand, the transmission circuit 27 consumes a large electric
power, and therefore uses another power supply such as the
solar cell 54. This reduces the size of the chip 58. As another
power supply, instead of a photoelectric transducer such as
the solar cell 54, a thermoelectric conversion device, or a
capacitor or battery that stores electric power supplied from
the outside can be used.

When the solar cell 54 is used as another power supply,
the solar cell 54 can be mounted on the single chip 58 on
which the measuring circuit 22, the booster circuit 56, and
the transmission circuit 27 are also mounted using the
CMOS technology.

When the measuring device is attached to the living body,
there may be a case where the solar cell 54 does not generate
power stably. For example, when the measuring device is
attached to the contact lens 12 and the user blinks, the
electric power generated by the solar cell 54 decreases. For
example, when the measuring device is attached to, for
example, a tooth in the mouth and the user closes their
mouth, the electric power generated by the solar cell 54
decreases. Therefore, the electric power can be stably sup-
plied to the transmission circuit 27 by providing the elec-
tricity storage device such as the capacitor C56 of the
booster circuit 56.

The booster circuit 56 is activated according to the control
signal HC (an activation signal) generated by the measuring
circuit 22, and boosts the electromotive force (a second
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electromotive force) generated by the solar cell 54. There-
fore, even when the power generation of the solar cell 54 is
unstable, the booster circuit 56 can be activated.

An exemplary case where the transmission circuit 27
transmits the information about the code while the measur-
ing device is attached to the living body is described, but the
transmission circuit 27 may transmit the information about
the code while the measuring device is detached from the
living body as in the first and second embodiments. The
measuring device 10a may include the memory circuit 24 of
the first embodiment. In this case, the electric power of the
memory circuit 24 is supplied from the power supply such
as the solar cell 54.

FOURTH EMBODIMENT

A fourth embodiment is another exemplary measuring
circuit. FIG. 28 is a block diagram illustrating a measuring
circuit in the fourth embodiment. As illustrated in FIG. 28,
a measuring circuit 22q includes one oscillator 31. Like the
oscillator 31 of the measuring circuit 22, the frequency of
the oscillation signal REF of the oscillator 31 varies very
little even when the power-supply voltage varies. The fre-
quency divider 36 is identical to the frequency divider 36 in
FIG. 5. A control circuit 37a includes the pulse generator 37
and the delay circuit 38 illustrated in FIG. 5, and generates
the Reset signal and the Enable signal.

When the Enable signal becomes high level, a burst pulse
generation circuit 142 generates a signal OUT1 from the
oscillation signal REF. When the Enable signal becomes
high level, a voltage-time conversion circuit 144 converts
two voltages VDD-VSS into the period, and outputs a signal
OUT2. A NAND circuit 1454 outputs the NAND of the
signals OUT1 and OUT2 as a signal OUT3. The inverter
1454 outputs an inversion signal OUT3' of the signal OUT3
to the counter circuit 34. The counter circuit 34 is identical
to the counter circuit 34 illustrated in FIG. 5, and counts the
number of pulses of the signal OUT3' after the Reset signal
is input, and outputs the number of counts as the code.

FIG. 29 is a graph of the voltage of each signal of the
measuring circuit versus time in the fourth embodiment. As
illustrated in FIG. 29, the oscillator 31 outputs the oscillation
signal REF. When the Reset signal is input at time t5, the
burst pulse generation circuit 142 outputs a pulse as the
signal OUT1 every fixed number of pulses of the oscillation
signal REF. The voltage-time conversion circuit 144 outputs
high level as the signal OUT2 from time t5 to time t6. The
signal OUT3' becomes high level when high level is input as
the signal OUT1 during the period when the signal OUT2 is
high level (the period between time t5 and time t6). During
other periods, the signal OUT3' is low level.

The counter circuit 34 counts the number of pulses of
OUT3' between time t5 and time t6. The voltage-time
conversion circuit 144 decreases the period during which
high level is output as the electromotive force VDD-VSS of
the power generation unit 20 decreases. For example, the
signal OUT?2 is high level from time t5 to time t6'. The pulse
of'the signal OUT3' is the pulse of the signal OUT1 between
time t5 and time t6'. The number of pulses of OUT3' counted
by the counter circuit 34 between time t5 and time t6'
becomes less than the number of pulses of OUT3' between
time t5 and time t6.

Accordingly, like the measuring circuit 22, the measuring
circuit 22a is able to convert the electromotive force VDD-
VSS of the power generation unit 20 into the code. The
measuring circuit 22a can be replaced with the measuring
circuit 22 in the first through third embodiments.
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In the fourth embodiment, the voltage-time conversion
circuit 144 uses the electromotive force VDD-VSS of the
power generation unit 20 as a power-supply voltage, and
converts the magnitude of VDD-VSS to a period. The
counter circuit 34 uses VDD-VSS as a power-supply volt-
age, and counts the number of pulses of the oscillation signal
REF within the period.

Therefore, the electromotive force that is an analog value
can be converted into the number of pulses that is a digital
value using the small power and low voltage generated by
the power generation unit 20. Therefore, the power con-
sumption of the measuring device 10 is further reduced.

The measuring circuit 22« in accordance with the fourth
embodiment can be used instead of the measuring circuit 22
in the first through third embodiments.

Although preferred embodiments of the present invention
have been described so far, the present invention is not
limited to those particular embodiments, and various
changes and modifications may be made to them within the
scope of the invention claimed herein.

DESCRIPTION OF REFERENCE NUMERALS

10, 10a measuring device

12 contact lens

14 reception unit

16 container unit

20 power generation unit

22, 22a measuring circuit

23 timing circuit

24 memory circuit

26 transmission circuit

28 electricity storage device

30, 31 oscillator

32, 34 counter circuit

54 solar cell

56 booster circuit

60, 70, 70a, 705 antenna

The invention claimed is:

1. A measuring device comprising:

a power generation unit that generates an electromotive
force through a reaction of biomolecules;

an oscillator that uses the electromotive force as a power-
supply voltage and generates an oscillation signal;

a voltage-time conversion circuit that uses the electromo-
tive force as a power-supply voltage and converts a
magnitude of the electromotive force into a period; and

a counter circuit that uses the electromotive force as a
power-supply voltage and counts the number of pulses
of the oscillation signal within the period.

2. A container device comprising:

a container unit for storing a measuring device to be
attached to a living body, the measuring device storing
information about an amount of electric power gener-
ated using sugars in a body fluid or bodily secretion of
the living body;

a first antenna and a second antenna, a third antenna in the
measuring device to be sandwiched between the first
antenna and the second antenna when the measuring
device is stored in the container device; and

a reception unit that receives the information about the
amount of electric power generated, which is stored in
the measuring device, using a near-field wireless com-
munication method when the measuring device is
stored in the container unit,

wherein the measuring device transmits the information to
the reception unit by the third antenna inhibiting elec-
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tromagnetic coupling between the first antenna and the

second antenna or propagation of an electromagnetic

wave.

3. A measuring system comprising:

a measuring device that is attached to a living body, the
measuring device including a power generation unit
that generates an electromotive force through a reaction
of biomolecules, a measuring circuit configured to
generate information about the electromotive force and
a memory circuit that stores the information about the
electromotive force, the power generation unit supply-
ing the electromotive force to the measuring circuit as
a power-supply voltage with neither boosting of the
electromotive force nor stepping down of the electro-
motive force; and

a container device for storing the measuring device, the
container device receiving the information about the
electromotive force, which is stored in the memory
circuit, using a near-field wireless communication
method when the measuring device is stored in the
container device,

wherein the container device includes a first antenna and
a second antenna,

wherein the measuring device includes a third antenna to
be sandwiched between the first antenna and the second
antenna when the measuring device is stored in the
container device,

wherein the measuring device transmits the information to
the container device by the third antenna inhibiting
electromagnetic coupling between the first antenna and
the second antenna or propagation of an electromag-
netic wave.

4. A measuring system comprising:

a measuring device that is attached to a living body, the
measuring device including a power generation unit
that generates an electromotive force through a reaction
of biomolecules, a measuring circuit configured to
generate information about the electromotive force and
a memory circuit that stores the information about the
electromotive force, the power generation unit supply-
ing the electromotive force to the measuring circuit as
a power-supply voltage with neither boosting of the
electromotive force nor stepping down of the electro-
motive force; and

a container device for storing the measuring device, the
container device receiving the information about the
electromotive force, which is stored in the memory
circuit, using a near-field wireless communication
method when the measuring device is stored in the
container device,

wherein the measuring circuit includes:

a first oscillator that uses the electromotive force of the
power generation unit as the power-supply voltage,
and generates a first oscillation signal of which a
period varies in response to a variation in the elec-
tromotive force,

a second oscillator that uses the electromotive force as
a power-supply voltage and generates a second oscil-
lation signal of which a variation in period with
respect to a variation in the electromotive force is
smaller than that of the first oscillator,

a timing circuit that uses the electromotive force as a
power-supply voltage and generates a first timing
and a second timing according to the second oscil-
lation signal, and

a counter circuit that uses the electromotive force as a
power-supply voltage, and counts the number of
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pulses of the first oscillation signal between the first
timing and the second timing,

wherein the memory circuit stores the number of pulses as
the information.

5. The measuring system according to claim 4, wherein
the power generation unit generates the electromotive force
using sugars in the body fluid or bodily secretion of the
living body.

6. The measuring system according to claim 4, wherein
the measuring device is mounted to a contact lens, and the
biomolecules is a tear.

7. A measuring device comprising:

a power generation unit that generates an electromotive

force through a reaction of biomolecules;

a first oscillator that uses the electromotive force as a
power-supply voltage and generates a first oscillation
signal of which a period varies in response to a varia-
tion in the electromotive force;

a second oscillator that uses the electromotive force as a
power-supply voltage and generates a second oscilla-
tion signal of which a variation in period with respect
to a variation in the electromotive force is smaller than
that of the first oscillator; and

a timing circuit that uses the electromotive force as a
power-supply voltage and generates a first timing and
a second timing according to the second oscillation
signal; and

a counter circuit that uses the electromotive force as a
power-supply voltage and counts the number of pulses
of the first oscillation signal between the first timing
and the second timing.

8. The measuring device according to claim 7, further
comprising a memory circuit that stores information on the
number of pulses.

9. The measuring device according to claim 8, further
comprising a transmission circuit that transmits the infor-
mation about the number of pulses stored in the memory
circuit using a near-field wireless communication method.

10. The measuring device according to claim 8, further
comprising an electricity storage device that accumulates
electric power generated by the power generation unit, and
supplies an electric power for retaining the information
about the number of pulses stored in the memory circuit to
the memory circuit when the power generation unit does not
generate electric power.

11. A measuring device to be attached to a living body,
comprising:
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a power generation unit that generates a first electromo-
tive force using sugars in a body fluid or bodily
secretion of the living body;

a conversion circuit that uses the first electromotive force
as a power-supply voltage and converts the first elec-
tromotive force into a digital signal, the power genera-
tion unit supplying the first electromotive force to the
conversion circuit as a power-supply voltage with
neither boosting of the electromotive force nor stepping
down of the first electromotive force;

a transmission circuit that transmits information about the
digital signal using a wireless communication method;
and

a power supply that supplies electric power to the trans-
mission circuit and does not supply the electric power
to the conversion circuit,

wherein the conversion circuit includes:

a first oscillator that uses the first electromotive force of
the power generation unit as the power-supply volt-
age, and generates a first oscillation signal of which
a period varies in response to a variation in the first
electromotive force,

a second oscillator that uses the first electromotive
force as a power-supply voltage and generates a
second oscillation signal of which a variation in
period with respect to a variation in the first electro-
motive force is smaller than that of the first oscillator,

a timing circuit that uses the first electromotive force as
a power-supply voltage and generates a first timing
and a second timing according to the second oscil-
lation signal, and

a counter circuit that uses the first electromotive force
as a power-supply voltage, counts the number of
pulses of the first oscillation signal between the first
timing and the second timing and outputs the number
of pulses as the digital signal.

12. The measuring device according to claim 11, wherein
the power supply is a solar cell.

13. The measuring device according to claim 12, further
comprising a booster circuit that is activated according to an
activation signal generated by the conversion circuit and
boosts a second electromotive force generated by the solar
cell.

14. The measuring device according to claim 11, wherein
the power generation unit does not supply the first electro-
motive force to the transmission circuit.
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