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(57) ABSTRACT

A vital information measuring device includes: a flexible
substrate including a functioning part which is mounted
thereon; and an outer member for covering the flexible
substrate. The functioning part has: a sensor section for
sequentially measuring a parameter relating to certain vital
information on a subject; a circuit section for performing a
predetermined process with respect to a measurement signal
outputted from the sensor section; a memory section for
storing therein the measurement signal or measurement data
after the process by the circuit section; a display section for
displaying thereon certain information relating to the mea-
surement; and a power source section for supplying a drive
voltage to the respective sections of the functioning part.
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VITAL INFORMATION MEASURING DEVICE

[0001] This application is based on Japanese Patent Appli-
cation No. 2005-300610 filed on Oct. 14, 2005, the contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a vital information
measuring device for non-invasively detecting various vital
information from a human body, and more particularly to a
vital information measuring device adapted to measure vital
information for a long time.

[0004] 2. Description of the Related Art

[0005] There are known a pulse oximeter, a PSG (poly-
somnography), and a holter monitor, as examples of a vital
information measuring device for non-invasively detecting
vital information from a human body, particularly, as a vital
information measuring device requiring a long time vital
information detection. As shown in FIG. 25, a pulse oxime-
ter 100 is used in such a manner that: a probe 101 equipped
with a light emitter and a light detector is detachably
attached to a finger of a living body i.e. a subject; light is
projected onto a living body of the subject i.e. a finger of the
subject to be measured to measure a change in the amount
of light transmitted through the living body as a pulse signal;
and a change in blood oxygen saturation with time during
the subject’s sleep is obtained by performing moving-
averaging with respect to measurement values at each sam-
pling frequency. The pulse oximeter 100 is constructed in
such a manner that the probe 101 and a device main body
102 as individual components are electrically connected by
a cable 103. Generally, the pulse oximeter 100 is detachably
attached to the subject by attaching the device main body
102 around a wrist of the subject by way of a wristband 104,
and by securely holding a fingertip of the subject by the
probe 101, with the cable 103 extending along the back of
the subject’s hand.

1. Field of the Invention

[0006] The PSG is provided with various sensor devices
for detecting, in addition to the blood oxygen saturation,
various assessment parameters such as pulse waveforms, air
flow rates through mouth or nose, snoring sounds, body
positions/body movements, chest and abdominal move-
ments in respiration, and electrocardiographic waveforms.
The PSG is a measuring device for diagnosing sleep apnea
syndrome (SAS) or the like by analysis and display of the
measurement results. Similarly to the pulse oximeter, the
PSG is composed of a device main body and the various
sensor devices which are provided independently of each
other. Generally, the device main body of the PSG device is
detachably attached to or around the body trunk portion of
a subject; and the sensor devices, which are detachably
attached to their appropriate sites of the subject, and the
device main body are electrically connected by way of
cables.

[0007] The holter monitor is generally composed of elec-
trodes for detecting an action potential of the subject’s heart,
and a receiver for receiving data detected from the elec-
trodes. The holter monitor is a measuring device for per-
forming data measurement under a condition that the subject
performs a normal activity for one day or so, with five or so
electrodes being attached to the chest of the subject, and the
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receiver being mounted on the waist of the subject. After the
measurement completion, the data stored in the receiver is
outputted to a predetermined analyzer for an electrocardio-
graphic waveform analysis, so that a time interval (RR-
interval) between two consecutive R waves of the electro-
cardiogram, or the like is obtained. Generally, the electrodes
and the receiver are connected by cables. There is also
known a cordless measuring device which is constructed to
perform radio communication between electrodes and a
receiver.

[0008] Also, there is known a disposable pulse oximeter,
in which solely a sensor device provided with a light emitter
and a light receiver is mounted on a flexible substrate for
pulse oximetry measurement. There is also known a vital
information measuring device, wherein a sensor which is
attached to a subject for detecting vital information on the
subject has a radio transmitting function, and the measuring
device has a controller for controlling an operation of the
sensor, and receiving the vital information sent from the
Sensor.

[0009] The pulse oximeter or the PSG has the cable e.g.
the cable 103 shown in FIG. 25 for electrically connecting
the sensor device to the device main body. These measuring
devices are required to be attached to the subject continu-
ously for a long time during his or her sleep. However, if the
cable gets hung up in a bedding item or the like, the sensor
device may be detached from the attached site of the subject.
Also, the subject may feel discomfort or stress because the
measuring device is attached to the subject’s body, with the
cable entangled. Particularly, since the PSG has a large
number of sensor devices, the subject may even feel diffi-
culty in rolling over in his or her sleep, which may inhibit
good sleep, and resultantly fail to obtain accurate measure-
ment data. The same drawback is involved in the former
conventional arrangement i.e. the disposable pulse oximeter,
because the flexible substrate for mounting the sensor device
thereon, and the oximeter main body are connected by the
cable.

[0010] The cordless holter monitor and the. latter conven-
tional arrangement i.e. the cordless vital information mea-
suring device are free from the drawback that the cable may
get hung up. However, the holter monitor and the cordless
vital information measuring device have drawbacks that the
subject has to carry the receiver for wirelessly receiving a
detection signal from the electrodes, and to carry the con-
troller for wirelessly receiving the vital information detected
by the sensor, respectively. In both of the cases, despite the
cordless arrangement, the subject may feel stress resulting
from carrying some parts of the measuring device. Also,
these arrangements essentially fail to solve the inconve-
nience due to the fact that the sensor device and the device
main body are provided independently of each other.

SUMMARY OF THE INVENTION

[0011] In view of the above problems residing in the
conventional examples, it is an object of the present inven-
tion to provide a vital information measuring device which
is suitable for a long time vital information measurement,
with no or less stress to a subject involved in wearing the
device, and has an enhanced operability.

[0012] An aspect of the invention is directed to a vital
information measuring device including: a flexible substrate
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including a functioning part which is mounted thereon; and
an outer member for covering the flexible substrate. The
functioning part has: a sensor section for sequentially mea-
suring a parameter relating to certain vital information on a
subject; a circuit section for performing a predetermined
process with respect to a measurement signal outputted from
the sensor section; a memory section for storing therein the
measurement signal or measurement data after the process
by the circuit section; a display section for displaying
thereon certain information relating to the measurement; and
a power source section for supplying a drive voltage to the
respective sections of the functioning part.

[0013] These and other objects, features and advantages of
the present invention will become more apparent upon
reading the following detailed description along with the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a plan view briefly showing an arrange-
ment of a vital information measuring device according to
an embodiment of the invention.

[0015] FIG. 2 is a block diagram showing an electrical
configuration of a functioning part to be mounted on a
flexible substrate in the case where a pulse oximeter is
provided as an example of the inventive vital information
measuring device.

[0016] FIGS. 3A and 3B are perspective views showing
the flexible substrate on which various components consti-
tuting the functioning part are mounted, wherein FIG. 3A is
a perspective view of a front surface of the flexible substrate,
and FIG. 3B is a perspective view of a rear surface of the
flexible substrate.

[0017] FIGS. 4A and 4B are diagrams showing a vital
information measuring device according to a first embodi-
ment of the invention, wherein FIG. 4A is a front view, and
FIG. 4B is a side view.

[0018] FIGS. 5A through 5C are explanatory diagrams for
describing a setting direction of a display section.

[0019] FIG. 6 is a perspective view showing how the vital
information measuring device in the first embodiment is
removably attached to a fingertip of a subject for measure-
ment.

[0020] FIGS. 7A and 7B are diagrams showing a vital
information-measuring device according to a second
embodiment of the invention, wherein FIG. 7A is a front
view, and FIG. 7B is a rear view.

[0021] FIG. 8 is a perspective view showing how the vital
information measuring device in the second embodiment is
removably attached to the fingertip of the subject.

[0022] FIGS. 9A and 9B are diagrams showing a vital
information measuring device according to a third embodi-
ment of the invention, wherein FIG. 9A is a front view, and
FIG. 9B is a rear view.

[0023] FIG. 10 is a perspective view showing how the
vital information measuring device in the third embodiment
is removably attached to the fingertip of the subject.

[0024] FIGS. 11A and 11B are diagrams showing a vital
information measuring device according to a fourth embodi-
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ment of the invention, wherein FIG. 11A is a cross-sectional
side view, and FIG. 11B is a top plan view.

[0025] FIG. 12 is a perspective view showing how the
vital information measuring device in the fourth embodi-
ment is removably attached to the fingertip of the subject.

[0026] FIGS. 13A through 13C are diagrams showing a
vital information measuring device according to a fifth
embodiment of the invention, wherein FIG. 13A is a front
view, FIG. 13B is a rear view, and FIG. 13C is an exploded
view.

[0027] FIGS. 14A through 14C are diagrams showing a
vital information measuring device according to a sixth
embodiment of the invention, wherein FIG. 14A is a front
view, FIG. 14B is a rear view, and FIG. 14C is a cross-
sectional view.

[0028] FIGS. 15A and 15B are plan views respectively
showing an LED display device using plural LEDs, and a
liquid crystal display device using a flexible liquid crystal
display.

[0029] FIG. 16 is a perspective view showing a modified
vital information measuring device in the fourth embodi-
ment.

[0030] FIG. 17 is a perspective view showing a modified
vital information measuring device in the first embodiment.

[0031] FIGS. 18A through 18C are diagrams showing a
vital information measuring device according to a seventh
embodiment of the invention, wherein FIG. 18A is a front
view, FIG. 18B is a side view, and FIG. 18C is a side view
showing a used state of the vital information measuring
device.

[0032] FIG. 19 is a cross-sectional view showing an
embodiment using a body temperature powered battery.

[0033] FIG. 20 is a block diagram showing a flexible
substrate provided with a circuit arrangement of realizing an
embodiment equipped with an easily breakable portion.

[0034] FIG. 21 is a plan view showing a vital information
measuring device according to an eighth embodiment of the
invention.

[0035] FIGS. 22A and 22B are plan views for explaining
how the vital information measuring device in the eighth
embodiment is used.

[0036] FIGS. 23A and 23B are perspective views showing
a vital information measuring device according to a ninth
embodiment of the invention.

[0037] FIG. 24 is a diagram showing an embodiment to be
used as a polysomnography device.

[0038] FIG. 25 is a diagram showing how a conventional
pulse oximeter is mounted.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
[0039] Inthe following, embodiments of the invention are
described referring to the drawings.
Description on Basic Embodiment

[0040] FIG. 1 is a plan view briefly showing an arrange-
ment of a vital information measuring device “S” according
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to an embodiment of the invention. The vital information
measuring device “S” includes a flexible substrate 10
mounted with a functioning part “F” thereon, and an outer
member 20 for covering the flexible substrate 10. In this
embodiment, there are mounted, on the flexible substrate 10,
a sensor section 30 for sequentially measuring a parameter
relating to certain vital information, a circuit section 40 for
performing a predetermined process with respect to a mea-
surement signal outputted from the sensor section 30, a
memory section 50 for storing therein the measurement
signal or measurement data after the process by the circuit
section 40, a display section 60 for displaying thereon
certain information relating to the measurement, and a
power source section 70 for supplying a drive voltage to the
respective sections, which serve as the functioning part “F”.

[0041] The flexible substrate 10 is a flexible base member
constructed in such a manner that a conductive pattern made
of copper or a copper alloy is fabricated on a plastic film
made of e.g. polyimide or polyester. As mentioned above,
the various sections or components constituting the func-
tioning part “F” are mounted on the flexible substrate 10.

[0042] The outer member 20 is functioned to protect the
flexible substrate 10 from an external force, and is also
functioned to waterproof the flexible substrate 10, or to
block the flexible substrate 10 from light by providing a
member having a waterproof function or a member having
a light blocking function for the outer member 20, according
to needs. With this arrangement, in the case where it is
required to attach the vital information measuring device
“S” continuously for a long time for sequential measure-
ments, for instance, a subject is allowed to take a bath or take
a shower, while wearing the vital information measuring
device “S” by making the outer member 20 waterproof.
Also, in the case where the sensor section 30 performs an
optical measurement, using an LED or a light detector,
blocking the flexible substrate 10 from light by the outer
member 20 enables to keep the measuring device from
external light which may affect measurement results.

[0043] The shape of the outer member 20 is not specifi-
cally limited. The outer member 20 may have a sheet-like
shape to cover one surface of the flexible substrate 10, or a
bag-like shape for accommodating the flexible substrate 10
therein, for instance. The flexible substrate 10 and the outer
member 20 may be separated from each other or movable
relative to each other. It is desirable to integrally form the
flexible substrate 10 with the outer member 20 in order to
securely position the sensor section 30 relative to the outer
member 20. In this sense, the outer member 20 may be of a
sealing or coating type of fixedly sealing the flexible sub-
strate 10 therein. Alternatively, the outer member 20 may be
provided with a support structure for integrally and detach-
ably holding the flexible substrate 10 thereon. In the altered
arrangement, the flexible substrate 10 can be positioned
relative to the outer member 20, using the support structure,
and the flexible substrate 10 can be easily detached from the
outer member 20, thereby enhancing operability of the vital
information measuring device “S”.

[0044] Preferably, the outer member 20 may be integrally
formed with an adhesive layer having an adhesion to a
human skin, a locking member for fixedly attaching the
outer member 20 to a body part, or a like member in order
to easily mount the vital information measuring device “S”
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to the subject. The flexible substrate 10 and the outer
member 20 may have outer configurations depending on the
attached site of the vital information measuring device “S”
onto the subject, or the arrangement of the sensor section 30.
Some examples concerning the outer configurations of the
flexible substrate 10 and the outer member 20 will be
described later in the section “Description on Various
Embodiments Concerning Shapes”.

[0045] The sensor section 30 is a part for sequentially
measuring a certain parameter relating to vital information
on the subject. The sensor section 30 includes various
sensing elements depending on the kind of vital information
to be detected. For measuring blood oxygen saturations i.e.
SpO, or pulse waveforms, for instance, a light emitter such
as an LED (in case of SpO, measurement, a two-wavelength
LED is used) and a light detector such as a silicon light
detector are provided. In this arrangement, a member having
a light blocking function is used as the outer member 20. For
measuring body positions/body movements, and chest and
abdominal movements of the subject in respiration, an
acceleration sensor or the like is provided. For measuring
electrocardiographic waveforms, electromyographic wave-
forms, or the like, electrodes for detecting a cardiac activity
potential of the subject are provided. In this case, a member
having a waterproof function is used as the outer member 20
to prevent an electric leakage or the like. For measuring air
flow rates through mouth or nose, i.e. respiratory move-
ments of the subject, a temperature sensor for detecting a
temperature rise resulting from the breathing is provided.
For detecting snoring sounds, a compact microphone or the
like is provided.

[0046] The circuit section 40 performs a predetermined
process with respect to a measurement signal concerring
vital information,which is outputted from the sensor section
30. The circuit section 40 includes various electronic com-
ponents, integrated circuit components, a CPU (Central
Processing Unit), and the like. The circuit section 40 func-
tionally includes an A/D converter for converting the analog
measurement signal outputted from the sensor section 30
into a digital signal, an analysis processor for performing
predetermined data analysis with respect to the digital
signal, and a controller for controlling the operations of the
respective sections of the functioning part “F”. The control-
ler further has a function of controlling an operation of
measuring vital information by the sensor section 30, an
operation of recording the measurement signal or measure-
ment data into the memory section 50 in association with
measurement time information, and an operation of display-
ing, on the display section 60, ongoing measurement status
information or information relating to the measured vital
information, for instance.

[0047] The memory section 50 includes an ROM (Read
Only Memory) for storing a control program for the vital
information measuring device “S”, or the like, an EEPROM
(Electrically Erasable Programmable ROM) for temporarily
storing data such as a computation process or a control
process, and an involatile memory such as a flash memory,
so that the measurement signal or the measurement data
after the analysis is stored in association with the measure-
ment time information. The association enables to easily
perform posterior data analysis, and to correlate the corre-
sponding measurement data with the measurement time in
the case where two or more measurement data are detected,
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for instance, in the case where data for obtaining SPO, and
data for obtaining a pulse waveform are detected from the
same sensor section 30.

[0048] The display section 60 includes an LED display
device provided with one or more LEDs, a flexible liquid
crystal display device, or an organic photoluminescence
display device. The display section 60 displays the ongoing
measurement status information such as information indi-
cating that the device “S” is under measurement, or mea-
surement information as a live indication; or information in
association with the measured vital information such as
information concerning a measurement data analysis result
as lighting/blinking information, textual/numeral/symbol
information, picture indication, or character information.
The LED display device performs lighting/blinking opera-
tions in association with the ongoing measurement status
information or the measured vital information. The flexible
crystal display device displays, on a liquid crystal display
screen, a proper indication in association with the ongoing
measurement status information or the measured vital infor-
mation. A display device having a property that a display
color is varied depending on a current capacity or a like
device may be used as the display section 60.

[0049] The power source section 70 is provided with a
power source circuit and a power source battery such a
button battery, and supplies a drive voltage to the respective
sections of the functioning part “F”. Preferably, the power
source circuit may have a function of automatic power off
(APO). Also, a switch or a like device for allowing a user to
start supplying the drive voltage may be provided. Alterna-
tively, an arrangement may be provided, in which a power
supply is started in response to mounting the vital informa-
tion measuring device “S” to the subject’s body, or inter-
ference of the battery with a part of the subject’s body in
mounting, or in which a power supply is started by partial
breakage of the flexible substrate 10, or removal of a part of
the flexible substrate 10, in place of providing the switch.
These arrangements will be described later by way of
examples.

[0050] Alternatively, a power generator for generating an
electric power, utilizing heat energy of the subject i.e. a heat
power generator may be provided in place of the power
source battery. The heat power generator generates an elec-
tric power based on Seebeck effect, utilizing a difference in
temperature between an area of the heat power generator
which is heated by the body temperature of the subject due
to a contact with a part of the subject’s body, and an area
thereof away from the body part. Use of the heat power
generator is advantageous, because an electric power is
generated, utilizing the body temperature of the subject. This
eliminates the need of providing part such as the button
battery in the vital information measuring device “S”. Also,
this arrangement enables to start measurement upon mount-
ing the vital information measuring device “S” to the
subject, because body temperature detection, followed by
power generation, is started upon mounting the vital infor-
mation measuring device “S” to the subject.

[0051] An exemplified operation of the vital information
measuring device “S” having the above arrangement is
briefly described. When measurement is started, the sensor
section 30 measures vital information at each sampling
frequency, and a measurement signal is sequentially output-
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ted from the sensor section 30. After the measurement signal
is converted into a digital signal by the circuit section 40, the
digital signal is stored in the memory section 50 in associa-
tion with the measurement time information, using a timer
function provided in the circuit section 40. The measurement
operation is cyclically repeated for a measurement period,
whereby the measurement data are accumulated in the
memory section 50. After the measurement is completed, the
measurement data stored in the memory section 50 is read
out therefrom by the analysis processor provided in the
circuit section 40 so as to perform predetermined data
analysis useful for finding a disease or the like. The analysis
result is displayed on the display section 60 as lighting
information or textual/numeral/symbol information. accord-
ing to needs. The measurement result or the analysis result
may be displayed on the display section 60 as a live
indication during the measurement period.

[0052] With the thus-constructed vital information mea-
suring device “S”, there are mounted, on the single flexible
substrate 10, the functioning part necessary for vital infor-
mation measurement, i.e. the sensor section 30, the circuit
section 40, the memory section 50, the display section 60,
and the power source section 70. This eliminates, unlike the
conventional art, the need of a cable for electrically con-
necting the sensor device to the device main body, or a
mechanism for performing radio communication between
the sensor device and the device main body. This enables to
simplify the arrangement of the vital information measuring
device, and to remarkably reduce stress of the subject
involved in wearing the vital information measuring device,
because the arrangement is free from entangling of the cable.

Description on Embodiment as Pulse Oximeter

[0053] In this section, an embodiment of the invention is
described by an example of a pulse oximeter for measuring
SpO,. Screening on sleep apnea syndrome (SAS) can be
performed by measuring a variation in SpO, in the subject’s
sleep. It is desirable to suppress stress of the subject as much
as possible, in light of the fact that the subject has to wear
the pulse oximeter overnight. In view of this, the pulse
oximeter is a preferred embodiment of the vital information
measuring device of the invention which is suitable for a
long time wearing.

Description on Electrical Configuration

[0054] FIG. 2 is a block diagram showing an electrical
configuration of a functioning part to be mounted on a
flexible substrate 11 in the case where the inventive vital
information measuring device is produced as a pulse oxime-
ter. The flexible substrate 11 includes, as the functioning
part, a sensor section 30 having a light emitter 31 and a light
detector 32, a measurement circuit section 41 and a main
controller 42 corresponding to the circuit section 40 in FIG.
1, amemory section 50 equivalent to the memory section 50
in FIG. 1, a display section 60 equivalent to the display
section 60 in FIG. 1, a power source section 70 equivalent
to the power source section 70 in FIG. 1, a communication
section 80 for performing data communication with another
electrical apparatus, and an operation section 90 for allowing
a user to enter certain operation information. Description on
the memory section 50, the display section 60, and the power
source section 70 is omitted herein. The communication
section 80 and the operation section 90 may not be mounted
on the flexible substrate 11.
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[0055] The light emitter 31 of the sensor section 30 is
composed of LEDs for generating light of two wavelengths
M and A2 different from each other, for instance, a red LED
for generating red light of the wavelength A1 in a red color
region, and an infrared LED for generating infrared light of
the wavelength A2 in an infrared region. The light detector
32 includes a photoelectric conversion device for receiving
the light from the light emitter 31 to generate a current
commensurate with the intensity of the received light. An
example of the photoelectric conversion device is a light
detecting device such as a silicon photodiode having pho-
tosensitivity to at least the light of the wavelengths A1 and
A2

[0056] The light emitter 31 and the light detector 32 may
be disposed opposite to each other so that a living tissue e.g.
a fingertip of the subject for which SpO, is to be measured
is securely held therebetween so as to detect the light
transmitted through the living body, or may be disposed
adjacent to each other to detect the light reflected from the
living body. With this arrangement, the light of the wave-
length A1 and the light of the wavelength A2 emitted from
the light emitter 31 are detected by the light detector 32
through the living body.

[0057] The measurement circuit section 41 has an emis-
sion controller 411 connected to the light emitter 31, and an
A/D converter 412 connected to the light detector 32. The
emission controller 411 controls the light emitter 31 to
alternately emit red LED light and infrared LED light based
on an emission control signal outputted from the measure-
ment controller 421 of the main controller 42 to be described
later with a predetermined sampling frequency. With this
arrangement, the red light of the wavelength A1 and the
infrared light of the wavelength A2 are alternately emitted.
The measurement controller 421 controls the A/D converter
412 to acquire a photoelectric conversion signal i.e. a
measurement signal outputted from the light detector 32 in
synchronism with the light emission from the light emitter
31, and to convert the acquired measurement signal into a
digital signal for outputting the digital signal to the main
controller 42.

[0058] Oxygen is transported by oxidation/reduction of
hemoglobin in the blood. The hemoglobin has such optical
characteristics that absorption of red light of the wavelength
A1 is decreased, and absorption of infrared light of the
wavelength 22 is increased when the hemoglobin is oxi-
dized, and, conversely, absorption of red light of the wave-
length A1 is increased and absorption of infrared light of the
wavelength A2 is decreased when the hemoglobin is
reduced. The sensor section 30 is designed to utilize the
optical characteristics. It is possible to obtain the SpO, by
measuring a variation in transmitted amounts of the red light
of the wavelength 2.1 and the infrared light of the wave-
length A2, which are detected by the light detector 32.

[0059] The main controller 42 has a CPU. The main
controller 42 is adapted to control operations of the respec-
tive sections mounted on the flexible substrate 11, and is
functionally provided with the measurement controller 421,
a recording controller 422, a display controller 423, and an
analysis processor 424. The measurement controller 421
controls the sensor section 30 to measure vital information
based on a predetermined measurement program. Specifi-
cally, the measurement controller 421 issues a timing pulse
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or the like to the emission controller 411 and to the A/D
converter 412, controls the light emitter 31 to emit light at
each sampling frequency, and controls the light detector 32
to acquire a photoelectric conversion signal i.e. a measure-
ment signal in synchronism with the emission timing.

[0060] The recording controller 422 controllably records
the digital measurement signal outputted from the A/D
converter 412, or measurement data after a certain data
analysis by the analysis processor 424 into the memory
section 50 in association with the measurement time infor-
mation, using the timer function or a like function provided
in the CPU.

[0061] The display controller 423 controllably displays,
on the display section 60, ongoing measurement status
information concerning the SpO,, or an analysis result
obtained by analyzing the measured SpO, information by
the analysis processor 424 e.g. a degree of variation of SpQO,
during the subject’s sleep in a predetermined display format.

[0062] The analysis processor 424 performs a predeter-
mined data analysis based on the measurement signal
acquired by the sensor section 30. For instance, in case of
performing data analysis for screening SAS, the analysis
processor 424 generates time-based data i.e. an SpO, curve
during a measurement period i.e. a sleep period by reading
SpO, values recorded in the memory section 50, and detects
the number of appearance of a portion of the SpO, curve
where the SpO, values have temporarily dropped ie. a
lowest peak of the SpO, values, which represents that a
respiratory failure appears in the subject, a degree of low-
ering of the SpO, values i.e. a blood oxygen saturation
lowering index, or the like, according to computation.

[0063] The communication section 80 includes an inter-
face device for enabling data communication in the case
where the data recorded in the memory section 50 is to be
transferred to the another electrical apparatus such as a
personal computer. The operation section 90 includes opera-
tion buttons through which the user is allowed to designate
a measurement start or to enter various operation command
information to the main controller 42.

[0064] An operation of the flexible substrate 11 having the
above arrangement is briefly described as follows. When a
measurement is started, the measurement controller 421
controls the sensor section 30 to operate so that a measure-
ment signal in accordance with transmitted light or reflected
light is outputted from the sensor section 30 at each sam-
pling frequency. The measurement signal is converted into a
digital signal by the A/D converter 412, and then, the digital
signal is stored in the memory section 50 as an SpO, value
at each measurement time by the recording controller 422.
The measurement operation is cyclically repeated during a
measurement period, and the SpQ, values at the respective
measurement periods are accumulated in the memory sec-
tion 50. After the measurement is completed, in case of
screening SAS, for instance, the analysis processor 424
reads out the SpO, values from the memory section 50, and
creates an SpO, curve by developing the SpO, values along
a time axis. Then, the analysis processor 424 obtains infor-
mation relating to a screening result on SAS based on the
number of times of appearance of the SpO, lowest peak in
the SpO, curve, a degree of lowering of the SpO, values in
the lowest peaks, or the like. The analysis result information
is displayed on the display section 60 by the display con-
troller 423 in an appropriate display format.
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[0065] As described above, combining the flexible sub-
strate usable as the pulse oximeter with a proper outer
member enables to provide a preferred embodiment of the
inventive vital information measuring device. The flexible
substrate and the outer member may be formed into various
shapes, considering fittability of the vital information mea-
suring device to the subject’s body, or viewability of the
display section. The following section describes various
embodiments concerning the shapes of the flexible substrate
and the outer member, including mounting manners as to
how the functioning part is mounted on the flexible sub-
strate.

Description on Various Embodiments Concerning
Shapes

[0066] First, a preferred embodiment concerning a manner
of mounting a functioning part on a flexible substrate is
described. FIGS. 3A and 3B are perspective views showing
the flexible substrate 11 mounted with the components
constituting the functioning part. As shown in FIG. 34, a
transversely long display section 60 is mounted on one
surface i.e. a front surface 11a of the flexible substrate 11. As
shown in FIG. 3B, a light emitter 31, a light detector 32, a
measurement circuit controller 41, a main controller 42, a
memory section 50, and a power source section 70 are
mounted on the other surface, i.e. a rear surface 115 of the
flexible substrate 11.

[0067] In the flexible substrate 11, the front surface 11a
serves as a viewing surface, and the rear surface 115 serves
as a measurement surface where light is projected and
detected by the light emitter 31 and the light detector 32,
respectively. With this arrangement, contacting the rear
surface 115 with a predetermined subject’s body surface site
e.g. a fingertip of the subject enables to measure vital
information of the subject, while allowing a user including
the subject to view the display section 60. Since the display
section 60 is arranged on the front surface 11a of the flexible
substrate 11, a large area can be secured for the display
section 60. Furthermore, since the both surfaces of the
flexible substrate 11 can be utilized, the size of the flexible
substrate 11 can be decreased. A part of the components to
be mounted on the rear surface 115 of the flexible substrate
11 except for the light emitter 31 and the light detector 32
may be mounted on the front surface 11a of the flexible
substrate 11.

[0068] FIGS. 4A and 4B are diagrams showing a vital
information measuring device “S1”, using the flexible sub-
strate 11, according to a first embodiment of the invention.
FIG. 4A1s a front view, and FIG. 4B is a side view. The vital
information measuring device “S1” includes the flexible
substrate 11, and an outer member 21 which is so designed
as to cover the front surface 11a of the flexible substrate 11.

[0069] The outer member 21 has a flexibility, is made of
a resin material or a like material having a light blocking
function and a waterproof function, and is formed into a
sheet-like shape, with a vertical size in FIGS. 4A and 4B
sufficiently larger than the corresponding size of the flexible
substrate 11. The vertically long sheet-like shape is advan-
tageous in winding the outer member 21 around a fingertip,
like an adhesive tape (see FIG. 6). An adhesive layer 21A
having an adhesion to a human skin is formed on one surface
of the outer member 21. A window portion 21T is formed
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near a central part of the outer member 21. The window
portion 21T is defined so that the user can view the display
screen of the display section 60 through the window portion
21T. The window portion 21T is defined by cutting an area
corresponding to the window portion 21T, or by forming a
transparent resin layer with an area corresponding to the
window portion 21T being removed, which is obtained, for
instance, by placing, onto a transparent sheet, a non-trans-
lucent sheet with an area corresponding to the window
portion 21T being cutout.

[0070] The flexible substrate 11 is integrally formed with
the outer member 21 in such a manner that the front surface
11a (see FIG. 3A) of the flexible substrate 11 is opposed to
the adhesive layer 21A of the outer member 21. The flexible
substrate 11 and the outer member 21 are made integral, with
the display section 60 mounted on the front surface 11a
being positioned relative to the window portion 21T,
whereby the user is allowed to observe the display screen of
the display section 60 through the window portion 21T. The
flexible substrate 11 may be integrally formed with the outer
member 21, utilizing the adhesion of the adhesive layer 21A,
or may be integrally formed with the outer member 21 by
way of an additional adhesive layer to secure more adhe-
siveness. Further alternatively, the flexible substrate 11 and
the outer member 21 may be individual members substan-
tially with no adhesion or bonding.

[0071] The vital information measuring device “S1” hav-
ing the above arrangement is, as shown in FIG. 6, removably
attached to a subject’s body portion by winding longitudinal
both ends of the outer member 21 around a fingertip of the
finger “f” of the subject to be measured, i.e., a fingertip of
the subject. While the vital information measuring device
“S1” is being mounted, the flexible substrate 11 is flexibly
deformed along the configuration of the fingertip, and the
light emitter 31 and the light detector 32 are brought into
contact with the fingertip. The adhesive layer 21A is adhe-
sively attached to the surface of the fingertip, and is also
adhesively attached to a part of the front surface of the outer
member 21.

[0072] In the attachment, the longitudinal direction of the
window portion 21T of the outer member 21 and the display
section 60 is made substantially coincident with the extend-
ing direction of the finger “f”, in light of the point that the
transversely long display section 60 is mounted on the
flexible substrate 11. Specifically, as shown in FIGS. 5A
through 5C, it is desirable to locate the flexible substrate 11
onto the finger “f” to be measured in such a manner as to
substantially make the direction of the arrow “a2” in FIG.
5C indicating the extending direction of the finger “f”
substantially coincident with the direction of the arrow “al”
indicating the longitudinal direction of the display section 60
for securing flatness of the display screen of the display
section 60 to enhance viewability. For this purpose, the
flexible substrate 11 is mounted on the outer member 21 so
as to make the extending direction i.e. the arrow direction
“al” of the display section 60 substantially coincident with
the extending direction i.e. the arrow direction “a2” of the
finger “f” to be measured in a state that the outer member 21
is removably attached to the fingertip. In other words, the
flexible substrate 11 is mounted on the outer member 21 in
such a manner as to make the longitudinal direction of the
window portion 21T substantially coincident with the
extending direction of the finger “f” to be measured in
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removably attaching the outer member 21 to the fingertip.
With this arrangement, as shown in FIG. 6, viewability of
the display screen of the display section 60 is enhanced.
Particularly, displaying an indication in the longitudinal
direction of the flexible substrate 11 enables to further
enhance viewability from a user’s view. In FIG. 6, a numeri-
cal value “95%” is displayed along the longitudinal direction
of the flexible substrate 11.

[0073] FIGS. 7A and 7B are diagrams showing a vital
information measuring device “S2” according to a second
embodiment of the invention, wherein FIG. 7A is a front
view, and FIG. 7B is a rear view. FIG. 8 is a perspective view
showing how the vital information measuring device “S2” is
mounted on the finger “f” 10 be measured. The vital infor-
mation measuring device “S2” is similar to the vital infor-
mation measuring device “S1” in the first embodiment in
that the vital information measuring device “S2” includes a
flexible substrate 12, and an outer member 22 which is so
designed as to cover one surface of the flexible substrate 12,
except that the vital information measuring device “S2” has
an improved configuration capable of enhancing stability
and fittability in removably attaching the vital information
measuring device “S2” to the finger “f” to be measured.

[0074] The flexible substrate 12 includes a rectangular
main portion 121, an oblong probe portion 122, and an
oblong connecting portion 123. A display section 60 is
mounted on a front surface of the main portion 121, and a
measurement circuit section 41, a main controller 42, a
memory section 50, and a power source section 70 are
mounted on a rear surface of the main portion 121. A light
emitter 31 and a light detector 32 are mounted on the probe
portion 122. The connecting portion 123 is adapted to
integrally connecting the main portion 121 to the probe
portion 122. As shown in FIG. 7A, the probe portion 122 and
the connecting portion 123 extend orthogonal to each other,
and are integrally formed into a substantially T-shape. In the
second embodiment, the light emitter 31 and the light
detector 32 are disposed away from each other, whereby an
optical system for transmitting light through a fingertip for
measurement is established.

[0075] The outer member 22 includes a rectangular por-
tion 221, afirst band portion 222, a second band portion 223,
and a third band portion 224. The rectangular portion 221 is
adapted to cover the main portion 121 of the flexible
substrate 12. The first band portion 222 is adapted to cover
the probe portion 122, and also serves as a locking member
for fixedly mounting the probe portion 122 onto a distal end
of the finger “f” to be measured. The second band portion
223 extends from an end portion of the rectangular portion
221, and serves as a locking member for fixedly mounting
the main portion 121 onto a base end of the finger “f” to be
measured. The third band portion 224 is adapted to connect
the rectangular portion 221 to the first band portion 222
while covering the connecting portion 123.

[0076] A window portion 22T is formed in the rectangular
portion 221 of the outer member 22, so that the user can
view the display section 60 mounted on the flexible substrate
12 through the window portion 22T. Both ends of the first
band portion 222 constitute a first winding portion 222a and
a second winding portion 2224 to be wound around the distal
end of the finger “f” to be measured, respectively. An
adhesive layer 222¢ is formed on the first winding portion
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222a. Similarly to the first band portion 222, both ends of the
second band portion 223 constitute a first winding portion
223a and a second winding portion 2235 to be wound
around the base end of the finger “f” to be measured,
respectively. An adhesive layer 223¢ is formed on the first
winding portion 223a.

[0077] The vital information measuring device *“S2” hav-
ing the above construction is, as shown in F1G. 8, removably
attached to the finger “f” to be measured, using the first band
portion 222 and the second band portion 223. Specifically,
winding the first band portion 222 around the distal end of
the finger “f” to be measured allows the probe portion 122
of the flexible substrate 12 to be mounted on the finger “f”
to be measured so that the light emitter 31 and the light
detector 32 are brought into contact with the distal end of the
finger “f” to be measured. In the attachment, the second
winding portion 2226 is placed over the adhesive layer 222¢
of the first winding portion 222a to thereby make the vital
information measuring device “S2” unmovable relative to
the finger “f”. Also, winding the second band portion 223
around the base end of the finger “f” to be measured allows
the main portion 121 carrying the display section 60 to be
mounted on the finger “f” so that the display section 60 is
exposed outside. In the attachment, the second winding
portion 2235 is placed over the adhesive layer 223¢ of the
first winding portion 223a to thereby make the vital infor-
mation measuring device “S2” unmovable relative to the
finger “f.

[0078] With the vital information measuring device “S2”
having the above construction, the vital information mea-
suring device “S2” is made unmovable relative to the finger
“f” to be measured at the two sites i.e. the distal end and the
base end of the finger “f” to be measured by the first band
portion 222 and the second band portion 223, thereby
enhancing stability in mounting. Also, as shown in FIG. 8,
setting the length of the third band portion 224 to such a
length as to expose the first joint and the second joint of the
finger “f” to be measured secures desirable fittability without
obstructing a flexing action of the finger “f”.

[0079] FIGS. 9A and 9B are diagrams showing a vital
information measuring device “S3” according to a third
embodiment of the invention, wherein FIG. 9A is a front
view, and FIG. 9B is a rear view. FIG. 10 1s a perspective
view showing how the vital information measuring device
“S3” is removably attached to the finger “f””. to be measured.
The vital information measuring device “S3” is similar to
the vital information measuring device “S2” in the second
embodiment in that the vital information measuring device
“S3” includes a flexible substrate 13, and an outer member
23 which is so designed as to cover one surface of the
flexible substrate 13, and that the vital information measur-
ing device “S3” has two locking members, except that the
vital information measuring device “S3” has a more sim-
plified configuration concerning the flexible substrate 13 and
the outer member 23.

[0080] In the third embodiment, the flexible substrate 13
has an oblong shape, with a width thereof smaller than the
width of a finger. A display section 60 is mounted on a front
surface of the flexible substrate 13, and a light emitter 31, a
light detector 32, a measurement circuit section 41, a main
controller 42, a memory section 50, and a power source
section 70 are linearly mounted on a rear surface of the



US 2007/0123756 A1l

flexible substrate 13. In the third embodiment, the light
emitter 31 and the light detector 32 are arranged in proximity
and juxtaposed to each other, opposing a back portion or a
ball portion of the fingertip, whereby an optical system for
irradiating light to be measured and receiving reflected light
is established.

[0081] The outer member 23 includes a rectangular por-
tion 231 for covering the flexible substrate 13, and a first
band portion 232 and a second band portion 233 which
extend from longitudinal both ends of the rectangular por-
tion 231, respectively. A window portion 23T is formed in
the rectangular portion 231 of the outer member 23 so that
the user can view the display section 60 mounted on the
flexible substrate 13 through the window portion 23T. The
first band portion 232 and the second band portion 233 serve
as locking members for fixedly attaching the vital informa-
tion measuring device “S3” to the finger “f” to be measured.
Specifically, both ends of the first band portion 232 consti-
tute a first winding portion 232a and a second winding
portion 2325 to be wound around a portion near a tip end of
the finger “f” to be measured. Both ends of the second band
portion 233 constitute a first winding portion 233a and a
second winding portion 2335 to be wound around an inter-
mediate portion of the finger “f” to be measured. The first
winding portion 232a is formed with an adhesive layer 232c,
and the first winding portion 233a is formed with an
adhesive layer 233c, respectively.

[0082] With the vital information measuring device “S3”
having the above construction, as shown in FIG. 10, the vital
information measuring device “S3” is removably attached to
the finger “f” to be measured, with the longitudinal direction
thereof being aligned with the extending direction of the
finger “f” to be measured, using the first band portion 232
and the second band portion 233. Specifically, the vital
information measuring device “S3” is removably attached to
the finger “f” to be measured by mounting the rectangular
portion 231 near the tip end of the finger “f” to be measured,
with the longitudinal direction of the rectangular portion 231
being substantially coincident with the extending direction
of the finger “f” to be measured, and by winding the first
winding portion 232 and the second winding portion 233
around the respective corresponding sites of the finger “f” to
be measured. In the attachment, placing the second winding
portion 2325 and the second winding portion 2335 over the
adhesive layer 232c¢ of the first winding portion 232a and
over the adhesive layer 233c¢ of the first winding portion
233a respectively allows the vital information measuring
device “S3” to be unmovable relative to the finger “f”* to be
measured. Also, the attachment allows the light emitter 31
and the light detector 32 to be brought into contact with the
fingertip, in the example of FIG. 10, the back portion of the
fingertip.

[0083] With the vital information measuring device “S3”
having the above construction, the vital information mea-
suring device “S3” is made unmovable relative to the finger
“f” to be measured at the two sites by the first band portion
232 and the second band portion 233. This arrangement
enables to enhance stability in mounting the vital informa-
tion measuring device “S3” onto the finger “f” to be mea-
sured, and yet simplify the configuration of the flexible
substrate 13 and the outer member 23, thereby reducing a
production cost.
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[0084] FIGS. 11A and 11B are diagrams showing a vital
information measuring device “S4” according to a fourth
embodiment of the invention, wherein FIG. 11A is a cross-
sectional view, and FIG. 11B is a top plan view. FIG. 12 is
a perspective view showing how the vital information mea-
suring device “S4” is removably attached to the finger “f” to
be measured. The vital information measuring device “S4”
includes a rectangular flexible substrate 14, and a fingerstall-
like outer member 24 for housing the flexible substrate 14
therein.

[0085] As shown in FIGS. 11A and 11B, as in the case of
the third embodiment, the flexible substrate 14 has a sim-
plified construction, with a width thereof smaller than the
width of a finger. A display section 60 is mounted on a front
surface of the flexible substrate 14. A light emitter 31, a light
detector 32, and other sections (not shown) constituting the
functioning part are mounted on a rear surface of the flexible
substrate 14. The light emitter 31 and the light detector 32
are disposed away from each other. As shown in FIG. 114,
the flexible substrate 14 is housed in the outer member 24 in
a state that a curved portion 141 is formed between the light
emitter 31 and the light detector 32, with extending direc-
tions thereof substantially being opposite to each other
between the light emitter 31 and the light detector 32.
Forming the curved portion 141 enables to dispose the light
emitter 31 and the light detector 32 opposite to each other,
for instance, the light emitter 31 on a back portion of a
fingertip and the light detector 32 on a ball portion of the
fingertip in removably attaching the vital information mea-
suring device “S4” to the fingertip, whereby an optical
system for irradiating light to be measured and receiving
transmitted light is established.

[0086] The outer member 24 has a bottomed tubular
shape, with an inner diameter capable of fittingly receiving
a distal end of the finger “f” to be measured therein. A
window portion 24T is formed in a circumferential wall of
the outer member 24 so that the user can view, through the
window portion 24T, the display screen of the display
section 60 mounted on the flexible substrate 14 which is
housed in the outer member 24. Also, an annular adhesive
layer 241 having an adhesion to a human skin is formed on
an inner circumferential wall of the bottomed tubular shaped
outer member 24 near an opening 24H thereof.

[0087] With the vital information measuring device “S4”
having the above construction, as shown in FIG. 12, the vital
information measuring device “34” is removably attached to
a distal end of the finger “f” to be measured 1.e. the fingertip
by fittingly receiving the fingertip through the opening 24H
of the outer member 24. After the attachment, adhesively
attaching the adhesive layer 241 to the skin near the fingertip
allows the vital information measuring device “S4” to be
removably attached to the fingertip. Alternatively, the outer
member 24 may have an elastic layer having such elasticity
as to supply a proper fastening force to the fingertip, in place
of the adhesive layer 241. The altered arrangement is
advantageous in easily attaching the vital information mea-
suring device “S4” to the fingertip.

[0088] FIGS. 13A through 13C are diagrams showing a
vital information measuring device “S5” according to a fifth
embodiment of the invention, wherein FIG. 13A is a front
view, FIG. 13B is a rear view, and FIG. 13C is an exploded
view. The vital information measuring device “S5” includes
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an oblong flexible substrate 15 and an outer member 25,
wherein both surfaces of the flexible substrate 15 are cov-
ered by the outer member 25, and the flexible substrate 15
is detachably mounted to the outer member 25.

[0089] Similarly to the flexible substrate 13 shown in the
third embodiment, a display section 60 is mounted on a front
surface of the flexible substrate 15, and various sections of
a functioning part including a measurement circuit section
are linearly mounted on a rear surface of the flexible
substrate 15.

[0090] As shown in FIG. 13A, the outer member 25 has,
on a rear surface 251 thereof, a transparent pocket member
252, which serves as a detachable. support structure and is
capable of housing the flexible substrate 15. As shown in
FIG. 13B, the outer member 25 is formed, on a front surface
253 thereof, a window portion 25T through which the user
is allowed to view the display section 60 of the flexible
substrate 15. The outer member 25 has such a length as to
be wound around a distal end of the finger “f* to be
measured by about 1.5 times, and is formed with a hook-
and-loop fastener layer on the rear surface 251 thereof.

[0091] As shown in FIG. 13C, the flexible substrate 15 is
detachably attached to the transparent pocket member 252.
The flexible substrate 15 is integrally held relative to the
outer member 25 by housing the flexible substrate 15 in the
transparent pocket member 252. The flexible substrate 15 is
housed in the transparent pocket member 252 in such a way
that the user can view, through the transparent pocket
member 252, the surface of the flexible substrate 15 where
the light emitter 31 and the light detector 32 are mounted,
and that the display. section 60 is aligned with the window
portion 25T. With this arrangement, light projecting. and
receiving operations by the light emitter 31 and the light
detector 32 are executed smoothly through the transparent
pocket member 252, and the user is allowed to view the
display screen of the display section 60 through the window
portion 25T.

[0092] With the vital information measuring device “S5”
having the above construction, the vital information mea-
suring device “S5” is removably attached to the finger “f” to
be measured by winding the rear surface 251 of the outer
member 25, which carries the hook-and-loop fastener layer,
around the fingertip, and by engaging both ends of the
hook-and-loop fastener layer with each other. The vital
information measuring device “S5” is capable of not only
being easily attached to the subject but also reusing the outer
member 25 by replacing the flexible substrate 15 with a new
one, thereby providing the vital information measuring
device with superior recyclability.

[0093] FIGS. 14A through 14C are diagrams showing a
vital information measuring device “S6” according to a sixth
embodiment of the invention, wherein FIG. 14A is a front
view, FIG. 14B is a rear view, and FIG. 14C is a cross-
sectional side view. The vital information measuring device
“S6” is an embodiment which is adapted to be removably
attached to the chest or abdomen of the subject where body
movements are relatively large due to respiratory operations
or the like, in place of being attached to a fingertip.

[0094] The vital information measuring device “S6”
includes an approximately square-shaped flexible substrate
16, and an outer member 26. The flexible substrate 16 is
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provided near a central part on the rear surface of the outer
member 26. A window portion 26T is formed in the outer
member 26 so that the user can view the display screen of
a display section 60 mounted on the flexible substrate 16
through the window portion 26T.

[0095] As shown in FIGS. 14A and 14C, the entirety of a
rear surface of the flexible substrate 16 corresponding to the
side where a light emitter and a light detector are mounted
is covered by a transparent adhesive sheet layer 261. In other
words, the flexible substrate 16 is sealably closed by the
outer member 26 and the adhesive sheet layer 261. With the
vital information measuring device “S6” having the above
construction, the vital information measuring device “S6”
can be securely and planarly adhered to an intended body
surface portion of the subject by the adhesive sheet layer
261, which causes no or less displacement or detachment of
the vital information measuring device “S6” even if the vital
information measuring device “S6” is attached to the chest
or abdomen where body movements are relatively large.

Description on Embodiments of Display Section

[0096] In this section, embodiments of the display section
are described. FIGS. 15A and 15B are diagrams showing
embodiments of the display section 60. FIG. 15A is a plan
view showing an LED display device 60A using plural
LEDs, and FIG. 15B is a plan view showing a liquid crystal
display device 60B using a flexible liquid crystal display.

[0097] The LED display device 60A illustrated in FIG.
15A includes a display substrate 61, and three different
LEDs of emitting light of different wavelengths, i.e. a red
LED 61R, a yellow LED 61Y, and a blue LED 61B, which
are mounted on the display substrate 61. The LED display
device 60A enables to perform various indications by allow-
ing the respective LEDs 61R, 61Y, and 61B to perform
lighting/blinking operations. For instance, lighting of the
blue LED 61B indicates “NORMAL”, lighting of the yellow
LED 61Y indicates “NEED CARE”, and lighting of the red
LED 61R indicates “COMPLETE EXAMINATION
REQUIRED” in accordance with an analysis result on
measurement data by the analysis processor 424 (see FIG.
2). Thus, the indication in association with the measured
SpO, values is displayable.

[0098] Alternatively, the LED display device 60A may
display an indication representing a measurement status. For
instance, if the sensor section 30 is detached from the
fingertip during a measurement, the output from the A/D
converter 412 shows an obviously abnormal value, as com-
pared with an output based on light transmitted through the
living body, or light reflected from the living body. As an
arrangement, the controller 42 may detect the abnormality,
control the blue LED 61B to emit light while a normal
measurement is conducted, and control the red LED 61R to
emit light when abnormality has occurred. This arrangement
allows the user to confirm whether a normal measurement is
conducted at a glance.

[0099] The liquid crystal display device 60B illustrated in
FIG. 15B includes a display substrate 62, and a liquid
display screen 62D mounted on the display substrate 62. An
analysis result on the aforementioned measurement data, or
information indicating a measurement status, or a live indi-
cation concerning the measurement result are displayable on
the liquid crystal display screen 62D in terms of appropriate
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texts, numerals, figures, picture symbols, characters includ-
ing face marks, or the like. FIG. 15B shows an example,
wherein the liquid crystal display screen 62D has an SpO,
indication area 621 for display an SpO, value, a pulse rate
indication area 622 for displaying a pulse rate, and a
judgment indication area 623 for displaying a judgment
result as to whether the SpO, value and the pulse rate show
normal values in a simplified manner in terms of an expres-
sion of a face mark. In the case where a screening result on
SAS is displayed on the liquid crystal display screen 62D,
for instance, a score, a symbol such as O or X, a ranking
such as “EXCELLENT”, “GOOD”, “NEED CARE”, or
“DANGER”, a warning message such as “COMPLETE
EXAMINATION REQUIRED”, an indication of a face
mark, or an equivalent indication may be displayed on the
liquid crystal display screen 62D in accordance with the
screening result.

Description on Various Embodiments of Power
Source Section

[0100] In this section, various embodiments on the power
source section are described. Considering the point that the
inventive vital information measuring device is suitably
used as a disposable pulse oximeter or a like device, it is
desirable to simplify the arrangement of the vital informa-
tion measuring device, for instance, to eliminate a compo-
nent such as a measurement start switch. In view of this, it
is desirable to configure the vital information measuring
device in such a manner that energization i.e. power supply
is started in response to a subject’s attachment of the vital
information measuring device onto a fingertip or a like site
for automatic measurement. The configuration is also advan-
tageous in suppressing consumption of the power source
battery. In the following, various embodiments concerning
the power source section which satisfy the above require-
ments are described.

[0101] FIG. 16 is a perspective view showing a modified
vital information measuring device “S4™ in the fourth
embodiment. Similarly to the fourth embodiment, the vital
information measuring device “S4™ is constructed in such a
manner that an oblong flexible substrate 140 is housed in a
fingerstall-like outer member 24. The vital information
measuring device “S4” has an improved arrangement for
holding a power source battery 71, and is so configured as
to allow the power source battery 71 to start a power supply
to the respective sections of the functioning part mounted on
the flexible substrate 140 in response to insertion of a
fingertip of the subject into the vital information measuring
device “S4™ through an opening 24H of the outer member
24.

[0102] Specifically, plastic deformable battery supports
142 are uprightly mounted on a battery holding surface of
the flexible substrate 140. A power source terminal 143 is
provided on a substrate surface of the flexible substrate 140
where the battery supports 142 are uprightly mounted. The
battery supports 142 hold the power source battery 71 in a
state that an electrode surface 711 of the power source
battery 71 and the power source terminal 143 are disposed
away from each other before the finger is inserted into the
vital information measuring device “S4".

[0103] When the fingertip is inserted through the opening
24H, the power source battery 71 is pressed upward by the
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fingertip, whereby the battery supports 142 are plastically
deformed by application of the pressing force, and the
electrode surface 711 of the power source battery 71 is
contacted with the power source terminal 143. As a result of
the operation, the power supply is started from the power
source battery 71 to the respective sections of the function-
ing part. With this arrangement, automatic measurement can
be started in response to insertion of the finger into the vital
information measuring device “S4™, without providing a
measurement start switch or a like device. It is desirable to
form a proper adhesive layer near the contact site of the
electrode surface 711 with the power source terminal 143 so
as to prevent the electrode surface 711 from being detached
from the power source terminal 143 after the contact, or to
form a battery fixing groove to secure the contact of the
electrode surface 711 with the power source terminal 143.

[0104] FIG. 17 is a perspective view showing a modified
vital information measuring device “S1' in the first embodi-
ment. The vital information measuring device “S1" includes
an insulating sheet 713 for starting a power supply from a
power source battery 71, in addition to a flexible substrate
110, an outer member 210, and a power source battery 71.

[0105] Battery support pins 712 are uprightly mounted on
a battery holding surface of the flexible substrate 110. The
battery support pin 712 has an urging force to urge the power
source battery 71 against the flexible substrate 110. With this
arrangement, an electrode surface 711 of the power source
battery 71 is urged against a power source terminal 114 of
the flexible substrate 110. The band-like insulating sheet 713
is provided between the electrode surface 711 and the power
source terminal 114 for an electric insulation there between.
A distal end of the insulating sheet 713 is drawn out onto an
upper surface of the outer member 210 through a drawing
slit 212 formed in the outer member 210, so that the user can
easily pull out or draw out the insulating sheet 713 while
nipping the distal end thereof. A self-adhesive compound is
filled in the drawing slit 211 so that a clearance defined after
the pulling out of the insulating sheet 713 can be filled.

[0106] In the vital information measuring device “S1",
pulling out the insulating sheet 713 at the time of starting
measurement allows the electrode surface 711 to be con-
tacted with the power source terminal 114 due to an urging
operation of the power source battery 71 against the power
source terminal 114 by the battery support pins 712. The
contacts allows for start of the power supply from the power
source battery 71 to the respective sections of the function-
ing part, thereby starting measurement by the vital informa-
tion measuring device “S1'.

[0107] FIGS. 18A through 18C are diagrams showing a
vital information measuring device “S7” according to a
seventh embodiment of the invention, wherein FIG. 18A is
a front view, FIG. 18B is a side view, and FIG. 18C is a side
view showing a used state of the vital information measuring
device “S7”. The vital information measuring device “S7”
includes a substantially rectangular flexible substrate 17, and
an outer member 27 with one end thereof formed into a
narrow width portion 271, and the other end thereof formed
into a wide width portion 272.

[0108] The flexible substrate 17 includes a first electrode
section 171 which extends from an unillustrated power
source circuit and has a narrow width, and a second elec-
trode section 172 having a wide width. The first electrode
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section 171 and the second electrode section 172 extend
from opposing side portions of the flexible substrate 17,
respectively. As shown in FIG. 18B, the first electrode
section 171 extends toward the wide width portion 272 of
the outer member 27 on a surface of the outer member 27
where the flexible substrate 17 is mounted. The second
electrode section 172 extends toward the narrow width
portion 271 through the outer member 27. Although a
detailed description on a circuit configuration of the flexible
substrate 17 is omitted, electrical conduction between the
first electrode section 171 and the second electrode section
172 allows for a power supply from an unillustrated power
source battery to respective sections of a functioning part of
the vital information measuring device “S7”.

[0109] As shown in FIG. 18C, the vital information mea-
suring device “S7” having the above construction is wound
around a fingertip or a like portion in such a manner that the
narrow width portion 271 is placed inside relative to the
wide width portion 272 when in use. The winding places the
first electrode section 171 outside relative to the second
electrode section 172, thereby making the first electrode
section 171 and the second electrode section 172 conductive
to each other. With this arrangement, the power supply from
the power source battery to the respective sections of the
functioning part is started, thereby starting measurement by
the vital information measuring device “S7”.

[0110] Further, it is possible to configure the vital infor-
mation measuring device in such a manner that measure-
ment is started in response to supply of heat energy by
contact with a human body by providing the heat power
generator mentioned in the foregoing section of “Descrip-
tion on Basic Embodiment”, in place of adopting the
mechanical mechanism using the power source battery. FIG.
19 is a cross-sectional view showing an example of the
arrangement, wherein a body temperature powered battery
72 is mounted on a flexible substrate 11', and the flexible
substrate 11' is sealably closed by an outer member 21'.

[0111] The body temperature powered battery 72 is a
device equipped with a thermoelectric conversion device,
and is adapted to generate a power based on Seebeck effect,
utilizing a difference in temperature between an area of the
body temperature powered battery 72 which is heated by the
body temperature of the subject due to a contact with a part
of the subject’s body, and an area thereof away from the
body part. The body temperature powered battery 72 is
mounted on a heat insulating plate 721 to avoid thermal
influence from the flexible substrate 11'. Contact of the body
temperature powered battery 72 with the finger “f” to be
measured heats the body temperature powered battery 72 by
the body temperature of the subject, thereby generating a
power. Thus, measurement can be started in response to the
subject’s wearing the vital information measuring device.

[0112] In addition to the above arrangement, a part of a
flexible substrate may be formed into an easily breakable
portion, so that a power supply to the respective sections of
the functioning part is started or suspended by breaking the
easily breakable portion. FIG. 20 is a block diagram show-
ing a flexible substrate 11A equipped with a circuit configu-
ration of realizing an embodiment provided with the easily
breakable portion.

[0113] The flexible substrate 11A includes a substrate
main body 111, and an extension 112 extending from a side
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portion of the substrate main body 111. A perforation portion
113, which corresponds to an array of sequential through-
holes, and serves as an easily breakable portion, is formed in
the extension 112. The extension 112 is dividable into a
distal portion 112a and a base end 1126 by the perforation
portion 113.

[0114] A buffer gate 701, a latch circuit 702, a power
source circuit 703, and a circuit section 400 corresponding
to the measurement circuit section 41, the main controller
42, and the like are mounted on the flexible substrate 11A.
The buffer gate 701 has a gate IC. An input line 701a of an
input section “Q” of the buffer gate 701 has a relatively long
linear portion extending to the distal portion 112a over the
perforation portion 113 of the extension 112, and is folded
backward and connected to the ground at the base end 1125
over the perforation portion 113. Diodes D1 and D2 pro-
vided in the input section “Q” are protective diodes for the
buffer gate 701.

[0115] The latch circuit 702 supplies an output depending
on an output “L” or “H” of the buffer gate 701 to the power
source circuit 703. This embodiment adopts an arrangement
that the output of the latch circuit 702 is fixed to “H”
instantaneously when the output of the buffer gate 701 is
changed from “L” to “H”. The power source circuit 703 is
turned on depending on the output of the latch circuit 702 to
supply a drive voltage to the circuit section 400. For
instance, the power source circuit 703 is controllably turned
on in response to supply of the output “H” from the latch
circuit 702.

[0116] With the flexible substrate 11A having the above
construction, when the distal portion 112¢ is detached from
the rest of the flexible substrate 11A at the perforation
portion 113, a portion from the input section “Q ” to a distal
end “P”, which is formed by detachment of the distal portion
112a, of the input line 701a of the buffer gate 701 is
electrically disconnected from the ground. Since the portion
from “P” to “Q” has a relatively long length, the portion
from “P” to “Q” also functions as an antenna portion “An”
for picking up electric induction noise. As a result, an
unstable input potential is supplied from the antenna portion
“An” to the input section “Q” of the buffer gate 701, which
may resultantly cause an exceedingly large input threshold
value for the buffer gate 701. As a result, the output of the
buffer gate 701 is changed from “L” to “H”, and the latch
circuit 702 is fixed to the output “H” in response to the
output change. Then, the power source circuit 703 is turned
on in response to the output “H” of the latch circuit 702,
whereby a drive voltage is supplied to the circuit section 400
thereafter. Even if the antenna portion “An” picks up induc-
tion noise after the drive voltage supply, there is no likeli-
hood that the power source circuit 703 may be turned off,
because the output of the latch circuit 702 is fixed.

[0117] Use of the flexible substrate 11A having the above
configuration enables to start measurement by the vital
information measuring device by breaking the easily break-
able portion partially formed in the flexible substrate 11A.
FIG. 21 is a plan view showing a vital information measur-
ing device “S8” equipped with an example of the easily
breakable structure, according to an eighth embodiment of
the invention. The vital information measuring device “S8”
is composed of a flexible substrate 18 on which various
components of a functioning part such as a light emitter 31,
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a light detector 32, a measurement circuit section 41, a main
controller 42, a display section 60, and a power source
section 70 are mounted; and an outer member 28 for
enclosing the flexible substrate 18. The vital information
measuring device “S8” is further provided with a first
perforation portion 281 and a second perforation portion
282, as an example of the easily breakable portion.

[0118] Similarly to the perforation portion 113 in FIG. 20,
the first perforation portion 281 is a detaching portion for
enabling start of a power supply from the power source
section 70 to the functioning part by breaking the outer
member 28 at the first perforation portion 281. The second
perforation portion 282 is a detaching portion for electrically
disconnecting the light emitter 31 and the light detector 32
from the measurement circuit section 41. Specifically,
detaching a part of the outer member 28 from the rest of the
outer member 28 at the second perforation portion 282
prohibits a light emission operation by the light emitter 32
and a light receiving operation by the light detector 32,
whereby a measurement operation is suspended.

[0119] In the vital information measuring device “S8”
having the above construction, the first perforation portion
281 and the second perforation portion 282 are not detached
from the rest of the outer member 28 in an initial state of use
i.e. in the state shown in FIG. 21. Accordingly, in this state,
a drive voltage is not supplied from the power source section
70 to the respective sections of the functioning part of the
flexible substrate 18. Then, as shown in FIG. 22A, when the
outer member 28 is broken into two parts by the first
perforation portion 281, a part 18C of the flexible substrate
18 is detached from the rest of the flexible substrate 18. The
detachment allows the power source section 70 to start
supply of a drive voltage to the respective sections of the
functioning part based on the principle described referring to
FIG. 20, whereby a measurement operation is started. At this
time, by winding a band-like portion 28C (see FIG. 22A) of
the outer member 28 around a fingertip or a like site of the
subject, the vital information measuring device “S8” can be
removably attached to the fingertip or a like portion.

[0120] Then, after completion of the measurement for a
certain measurement period, as shown in FIG. 22B, further
breaking the outer member 28 into two parts by the second
perforation portion 282, which means detaching a part 18D
from the rest of the flexible substrate 18, and detaching a part
28D from the rest of the outer member 28, respectively,
enables to suspend the drive signal supply to the light emitter
31 and to the light detector 32, whereby the measurement
operation is forcibly terminated. In this arrangement, it is
desirable not to disconnect a circuit wiring of connecting the
display section 60 to the power source section 70 so as to
continue a displaying operation by the display section 60.
The vital information measuring device “S8” having the
above arrangement enables to start and suspend a measure-
ment operation i.e. a power supply operation in response to
detachment of the necessary parts from the rest of the
flexible substrate 18 and from the outer member 28 by the
first perforation portion 281 and the second perforation
portion 282, as easily breakable portions, at respective
appropriate timings.

Description on other Various Embodiments

[0121] As shown in FIG. 2, the flexible substrate 11 may
preferably have the communication section 80 for perform-
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ing data communication with another electrical apparatus
such as a personal computer. In the arrangement, the com-
munication section 80 is required to have a connector
portion to be connected to a communication cable terminal,
a wireless communication portion, or the like.

[0122] FIGS. 23A and 23B are perspective views showing
a vital information measuring device “S9” equipped with a
connector portion, according to a ninth embodiment of the
invention. As shown in FIG. 23A, the vital information
measuring device “S9” includes a flexible substrate 19, and
an outer member 29 for enclosing the flexible substrate 19.
A perforation portion 291 is formed exclusively on the outer
member 29.

[0123] In the vital information measuring device “S9”, as
shown in FIG. 23B, when measurement is completed,
detaching an end portion 29D from the rest of the outer
member 29 by the perforation portion 291 allows an end
portion 19E of the flexible substrate 19 to be exposed, with
the result that a connector portion 191 including a conduc-
tive exposed portion formed on the end portion 19E is
exposed. Connecting the exposed connector portion 191 to
a communication cable provided with a clip connector, for
instance, allows for data communication between the vital
information measuring device and a personal computer or a
like apparatus.

Description on other Examples of Vital Information
Measuring Device

<RR Interval Measuring Device>

[0124] In the foregoing, the various embodiments of the
vital information measuring device of the invention are
described by the example of the pulse oximeter. Alterna-
tively, the invention is applicable to a vital information
measuring device other than the above embodiments. For
instance, an electrocardiographic RR interval measuring
device can be provided as an example of the inventive vital
information measuring device. The RR interval is a peak-
to-peak interval of two consecutive R waves, which are the
most frequently observed waves among P waves, Q waves,
R waves, S waves, and T waves, which appear in one cycle
of heartbeat in an electrocardiogram. Expressing the RR
interval in a time-series manner enables to find out a
heartbeat fluctuation. The heartbeat fluctuation is widely and
clinically used as an index for assessing a biological control
function of an autonomic nervous system involved in an
organic activity of the body.

[0125] In the above modification, electrodes for detecting
an action potential of a heart are used as the sensor section
30 shown in FIG. 1. Alternatively, a pulse wave detector
using a light emitter for emitting light of a single wavelength
may be used, in place of the light emitter 31 using a
two-wavelength LED described referring to FIG. 2, in order
to extract information corresponding to the RR intervals i.e.
peak-to-peak intervals concerning a pulse wave, out of pulse
wave data. Use of the RR interval measuring device is
advantageous in remarkably reducing stress of the subject
involved in wearing the device, as compared with the
conventional holter monitor. A relatively long time measure-
ment for about one to two weeks is required in measuring
atrial fibrillation. However, with the altered arrangement, the
long time measurement can be conducted with less stress or
discomfort to a subject.
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<PSG Device>

[0126] A PSG (polysomnography) device for detecting
assessment parameters such as electroencephalographic
waveforms, air flow rates through mouth or nose, snoring
sounds, chest and abdominal movements in respiration, and
body positions/body movements is used to obtain AHI
(apnea hypopnea index), which indicates the number of
apneustic breathings or infrequent breathings per hour. In
the conventional PSG device, sensors for acquiring the
assessment parameters are attached to certain body sites of
a subject, and the sensors and the PSG device main body are
connected by cables. In the arrangement, the subject is even
deprived of freedom of rolling over during the PSG mea-
surement.

[0127] Application of the inventive vital information mea-
suring device to the PSG measurement is advantageous in
remarkably reducing stress of the subject involved in wear-
ing the device. For instance, as shown in FIG. 24, a first vital
information measuring device “S11” as an air flow sensor
for detecting air flow rates through mouth or nose, a second
vital information measuring device “S12” as a sensor for
detecting chest and abdominal movements in respiration,
and a third vital information measuring device “S13” as a
pulse oximeter for measuring SpO, are prepared, and are
removably attached to predetermined body sites of a subject,
respectively. In this arrangement, a temperature sensor is
used as a sensor section of the first vital information mea-
suring device “S11”, an acceleration sensor or a distortion
gauge is used as a sensor section of the second vital
information measuring device “S12”, and the aforemen-
tioned flexible substrate provided with the light emitter and
the light detector is used in the third vital information
measuring device “S13”. Measurement values obtained
from the first, the second, and the third vital information
measuring devices “S117, “S12”, and “S13” are stored in
memory sections of the respective vital information mea-
suring devices in association with measurement time infor-
mation. Data analysis is conducted while correlating the
respective measurement data with the measurement time
information. Thus, analysis data such as AHI can be
obtained.

[0128] The aforementioned embodiments essentially
include the invention having the following arrangements.

[0129] A vital information measuring device according to
an aspect of the invention comprises a flexible substrate
including a functioning part which is mounted thereon; and
an outer member for covering the flexible substrate. The
functioning part includes: a sensor section for sequentially
measuring a parameter relating to certain vital information
on a subject; a circuit section for performing a predeter-
mined process with respect to a measurement signal output-
ted from the sensor section; a memory section for storing
therein the measurement signal or measurement data after
the process by the circuit section; a display section for
displaying thereon certain information relating to the mea-
surement; and a power source section for supplying a drive
voltage to the respective sections of the functioning part.

[0130] In the above arrangement, the sensor section, the
circuit section, the memory section, the display section, and
the power source section, which constitute the functioning
parts required for measuring the vital information, are
mounted on the single flexible substrate. This arrangement
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eliminates the need of a cable for electrically connecting the
sensor section to the device main body, or a mechanism for
performing radio communication between the sensor section
and the device main body, as required in the conventional
art. Also, the arrangement protects the flexible substrate,
using the outer member.

[0131] According to the above arrangement, the sensor
section and the device main body are not separated from
each other, unlike the conventional arrangement. This elimi-
nates the need of a connection cable or a radio communi-
cation mechanism, thereby simplifying the arrangement.
Also, there is no likelihood that the cable may be entangled.
Thus, the arrangement can remarkably reduce stress of the
subject involved in wearing the device. This enables to
provide a vital information measuring device which is
suitable for a long time vital information measurement, and
has an enhanced operability. Also, since the flexible sub-
strate is used, the device provides fittability to a curved
measuring site or a distal body part such as a fingertip.
Further, since the arrangement can be made simple, the
arrangement is advantageous in reducing the production cost
of the vital information measuring device, which enables to
provide a disposable vital information measuring device.

[0132] In the above arrangement, preferably, the circuit
section may have an A/D converter for converting the
measurement signal into a digital signal, and an analysis
processor for performing a predetermined data analysis
process with respect to the digital signal. In the arrangement,
the functioning part mounted on the flexible substrate is
provided with the data analysis processing function. Allow-
ing the display section to display an analysis result of the
analysis processor enables the subject to easily and promptly
known a disease or the like.

[0133] According to the arrangement, since the subject
can promptly know the analysis result relating to the mea-
sured vital information, home-based screening is available,
thereby enabling to provide a vital information measuring
device useful in finding a disease at an early stage thereof.

[0134] Preferably, the circuit section may have a main
controller for controlling operations of the functioning part,
and the main controller may control at least one of the
operations including measuring the vital information of the
subject by the sensor section, recording the measurement
signal or the measurement data into the memory section in
association with measurement time information, and dis-
playing ongoing measurement status information or certain
information relating to the measured vital information by the
display section.

[0135] Inthe above arrangement, since the main controller
controls the at least one operation out of the measuring
operation, the recording operation, and the display operation
by the functioning part, a user-friendly vital information
measuring device is provided.

[0136] In any one of the above arrangements, preferably,
the sensor section may have a light emitter and a light
detector, and the outer member may be a member having a
light blocking function. In the case where the sensor section
provided with the light emitter and the light detector per-
forms an optical measurement to measure a blood oxygen
saturation, a pulse waveform, or the like, the arrangement
prevents external light from affecting the measurement
because the outer member has the light blocking function.
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[0137] According to the above arrangement, in the case
where the optical measurement is conducted by the sensor
section, intrusion of the external light resulting in measure-
ment error can be prevented, thereby ensuring accurate
measurement.

[0138] In any one of the above arrangements, preferably,
the vital information to be measured may include at least one
vital information selected from blood oxygen saturations,
pulse waveforms, air flow rates through mouth or nose,
snoring sounds, body positions/body movements, chest and
abdominal movements in respiration, and electrocardio-
graphic waveforms.

[0139] According to the above arrangement, the assess-
ment parameter which has been measured by the conven-
tional PSG device can be measured by the vital information
measuring device, and a medical diagnosis substantially
equivalent to a medical diagnosis by the conventional PSG
device is enabled based on the measurement result.

[0140] In any one of the above arrangements, preferably,
the display section may have an LED display device for
performing a lighting operation in association with ongoing
measurement status information or measured vital informa-
tion. In the arrangement, the ongoing measurement status
information or the measured vital information is displayed
by the lighting operation of the LED (light emitting diode).

[0141] According to the above arrangement, since the
measurement status, the analysis result on the vital infor-
mation, or the like can be displayed on the simplified display
section using the LED display device, the arrangement
provides a vital information measuring device with an
enhanced operability and with a less cost.

[0142] In any one of the arrangements, preferably, the
display section may have a flexible liquid crystal display
device for displaying indication information in association
with ongoing measurement status information or measured
vital information. In the arrangement, the ongoing measure-
ment status information or the measured vital information is
displayed by the flexible liquid crystal display device.

[0143] According to the above arrangement, since the
flexible liquid crystal display device is used, the measure-
ment status, the analysis result on the vital information, or
the like can be displayed in a refine manner on the liquid
crystal display device. Also, this arrangement secures fitta-
bility even if the vital information measuring device is
removably attached to a curved measuring site or a distal
body part such as a fingertip.

[0144] In any one of the above arrangements, preferably,
the power source section may have a power generator for
generating an electric power, utilizing heat energy of a
human body.

[0145] According to the above arrangement, since the heat
energy of the human body is utilized for power generation,
the arrangement is free from providing the battery in the
power source section. Also, in response to mounting the vital
information measuring device onto the subject, the body
temperature of the subject is sensed to start the power
generation, and the measurement can be started based on the
power generation. This provides an enhanced operability.

[0146] In any one of the above arrangements, preferably,
the power source section may have a battery, and a drawable
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insulating sheet may be provided between an electrode of
the battery and a circuit wiring terminal for supplying an
electric power. In the arrangement, pulling out or drawing
out the insulating sheet enables to start a power supply from
the power source section to the respective sections of the
functioning part.

[0147] The above arrangement enables to provide a vital
information measuring device designed in such a manner as
to start measuring the vital information in response to
pulling out or drawing out the insulating sheet.

[0148] In any one of the above arrangements, preferably,
a part of the flexible substrate may be formed into an easily
breakable portion, a part of a circuit wiring may be wired in
such a manner as to cross the easily breakable portion, and
a power supply to the respective sections of the functioning
part may be started or suspended by breaking the flexible
substrate by the easily breakable portion. In the arrange-
ment, the power supply is started or suspended in response
to breaking of the flexible substrate by the easily breakable
portion. This eliminates the need of mounting a component
such a measurement start switch onto the flexible substrate,
thereby constructing the vital information measuring device
in a more simplified manner.

[0149] In any one of the above arrangements, preferably,
the outer member may be a member having a waterproof
fanction to make the flexible substrate waterproof.

[0150] According to the above arrangement, since the
flexible substrate is made waterproof, the subject is not only
allowed to take a bath or a like action while wearing the vital
information measuring device, but also to measure the vital
information before and after the bathing, which involves a
relatively large change in body temperature of the subject, as
well as during the bathing. Also, the arrangement is advan-
tageous in preventing an electrical leakage or the like, which
may occur in a condition that the sensor section includes
electrodes for contacting with a body surface, as required in
measuring an electrocardiographic waveform.

[0151] Further preferably, the outer member may have an
adhesive layer having an adhesion to a human skin.

[0152] The above arrangement enables to removably
attach the vital information measuring device onto the body
part of the subject, using the adhesive layer. This enables to
enhance the operability, and further reduce stress of the
subject involved in wearing the vital information measuring
device.

[0153] In any one of the arrangements, preferably, the
outer member may have a support structure for integrally
and detachably supporting the flexible substrate. In the
arrangement, the flexible substrate is supported by the
support structure provided on the outer member, thereby
integrally forming the flexible substrate with the outer
member.

[0154] The above arrangement enables to easily and
detachably attach the flexible substrate to the outer member,
thereby enhancing the operability.

[0155] In the above arrangement, preferably, the outer
member may be integrally formed with a locking member
for fixedly attaching the outer member to a body part of the
subject. In the arrangement, fixedly attaching the locking
member of the outer member to a predetermined site e.g. a
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fingertip of the subject for the vital information measure-
ment, enables to mount the flexible substrate to an intended
site. This allows the subject to easily and removably attach
the vital information measuring device at home or a like
place.

[0156] Preferably, in the case where the outer member is
removably attached to a finger of the subject, and the display
section has a transversely oblong display screen, the flexible
substrate may be supported on the outer member in such a
manner as to make a longitudinal direction of the display
screen substantially coincident with an extending direction
of the finger when the outer member is removably attached
to the finger.

[0157] According to the above arrangement, viewability
of the display screen is enhanced in a case that the vital
information measuring device is removably attached to the
finger of the subject.

[0158] In any one of the above arrangements, preferably,
at least the display section may be mounted on one surface
of the flexible substrate, and the sections other than the
display section of the functioning part may be mounted on
the other surface of the flexible substrate, and the outer
member may be formed with a window portion through
which the display screen is viewable. In the arrangement, the
display section is mounted on the one surface of the flexible
substrate, and the display section is viewable through the
window portion.

[0159] The above arrangement enables to increase the area
of the display section, as compared with a case that all the
sections constituting the functioning part are mounted on the
one surface of the flexible substrate. This enhances the
viewability of the display section.

[0160] In any one of the above arrangements, preferably,
the flexible substrate may be mounted thereon with a com-
munication section for performing data communication with
another electrical apparatus. In the arrangement, after the
measurement completion, data concerning the measured
vital information or the analysis data is transferable to the
another electrical apparatus such as a personal computer
through the communication section.

[0161] According to the above arrangement, more sophis-
ticated data analysis or the like can be performed by trans-
ferring the vital information data or the analysis data to the
another electrical apparatus such as the personal computer.

[0162] Preferably, the communication section may have a
connector portion for electrically connecting the vital infor-
mation measuring device to the another electrical apparatus,
and the connector portion may be exposed by partly break-
ing the outer member.

[0163] According to the above arrangement, the connector
portion is protected by the outer member until the measure-
ment completion, and after the measurement completion, the
connector portion is exposed by partly breaking the outer
member in transferring the measurement data or the like to
the another electrical apparatus. This enhances the operabil-
ity of the user.

[0164] Although the present invention has been fully
described by way of example with reference to the accom-
panying drawings, it is to be understood that various changes
and modifications will be apparent to those skilled in the art.
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Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention hereinafter
defined, they should be construed as being included therein.

What is claimed is:
1. A vital information measuring device comprising:

a flexible substrate including a functioning part which is
mounted thereon; and

an outer member for covering the flexible substrate,
the functioning part including:

a sensor section for sequentially measuring a parameter
relating to certain vital information on a subject;

a circuit section for performing a predetermined pro-
cess with respect to a measurement signal outputted
from the sensor section;

a memory section for storing therein the measurement
signal or measurement data after the process by the
circuit section;

a display section for displaying thereon certain infor-
mation relating to the measurement; and

a power source section for supplying a drive voltage to
the respective sections of the functioning part.
2. The vital information measuring device according to
claim 1, wherein

the circuit section has an A/D converter for converting the
measurement signal into a digital signal, and

an analysis processor for performing a predetermined data
analysis process with respect to the digital signal.
3. The vital information measuring device according to
claim 1, wherein

the circuit section has a main controller for controlling
operations of the functioning part, and

the main controller controls at least one of the operations
including measuring the vital information of the subject
by the sensor section, recording the measurement sig-
nal or the measurement data into the memory section in
association with measurement time information, and
displaying ongoing measurement status information or
certain information relating to the measured vital infor-
mation by the display section.

4. The vital information measuring device according to

claim 1, wherein

the sensor section has a light emitter and a light detector,
and

the outer member is a member having a light blocking
fanction.
5. The vital information measuring device according to
claim 1, wherein

the vital information to be measured includes at least one
vital information selected from blood oxygen satura-
tions, pulse waveforms, air flow rates through mouth or
nose, snoring sounds, body positions/body movements,
chest and abdominal movements in respiration, and
electrocardiographic waveforms.

6. The vital information measuring device according to

claim 1, wherein
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the display section has an LED display device for per-

forming a lighting operation in association with ongo-

ing measurement status information or measured vital
information.

7. The vital information measuring device according to
claim 1, wherein

the display section has a flexible liquid crystal display
device for displaying indication information in asso-
ciation with ongoing measurement status information
or measured vital information.
8. The vital information measuring device according to
claim 1, wherein

the power source section has a power generator for

generating an electric power, utilizing heat energy of a
human body.

9. The vital information measuring device according to
claim 1, wherein

the power source section has a battery, and

a drawable insulating sheet is provided between an elec-
trode of the battery and a circuit wiring terminal for
supplying an electric power.

10. The vital information measuring device according to

claim 1, wherein

a part of the flexible substrate is formed into an easily
breakable portion,

a part of a circuit wiring is wired in such a manner as to
cross the easily breakable portion, and

a power supply to the respective sections of the function-
ing part is started or suspended by breaking the flexible
substrate by the easily breakable portion.

11. The vital information measuring device according to

claim 1, wherein

the outer member is a member having a waterproof
function to make the flexible substrate waterproof.
12. The vital information measuring device according to
claim 1, wherein

the outer member has an adhesive layer having an adhe-
sion to a human skin.
13. The vital information measuring device according to
claim 1, wherein
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the outer member has a support structure for integrally
and detachably supporting the flexible substrate.
14. The vital information measuring device according to
claim 13, wherein

the outer member is integrally formed with a locking
member for fixedly attaching the outer member to a
body part of the subject.
15. The vital information measuring device according to
claim 14, wherein

in the case where the outer member is removably attached
to a finger of the subject, and the display section has a
transversely oblong display screen, the flexible sub-
strate is supported on the outer member in such a
manner as to make a longitudinal direction of the
display screen substantially coincident with an extend-
ing direction of the finger when the outer member is
removably attached to the finger.

16. The vital information measuring device according to

claim 1, wherein

at least the display section is mounted on one surface of
the flexible substrate, and the sections other than the
display section of the functioning part are mounted on
the other surface of the flexible substrate, and

the outer member is formed with a window portion
through which the display screen is viewable.
17. The vital information measuring device according to
claim 1, wherein

the flexible substrate is mounted thereon with a commu-
nication section for performing data communication
with another electrical apparatus.
18. The vital information measuring device according to
claim 17, wherein

the communication section has a connector portion for
electrically connecting the vital information measuring
device to the another electrical apparatus, and

the connector portion is exposed by partly breaking the
outer member.
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