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(7) ABSTRACT

The circuit may include bio-stimulating signal generating
circuit which generates a bio-stimulating signal in a bio-
stimulating mode, a bio-signal electrode which delivers the
bio-stimulating signal generated in the bio-stimulating mode
and receives a bio-signal in a bio-signal measuring mode, a
switch block which is turned on when a voltage of the
bio-stimulating signal is greater than a first reference voltage
which is greater than a second reference voltage or lower
than the second reference voltage, first and second resistors,
and a bio-signal measuring circuit which measures voltage
signals divided by the first and second resistors or measures
a signal of the bio-signal electrode according to whether the
switch block is turned on. The first and second resistors may
be serially connected between the bio-signal electrode and
the switch block, and divide a voltage of a signal of the
bio-signal electrode when the switch block is turned on.
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FIG. 2

First Node(N1)
Vol tage(V)
A

First Switch Circuit(130) : Turn On
Second Switch Circuit(140) : Turn Off

Vreft T

First Switch Circuit(130) : Turn Off
Second Switch Circuit(140) : Turn Off

VrefZ l
T

First Switch Circuit(130) : Turn Off
Second Switch Circuit(140) : Turn On




US 10,390,756 B2

Sheet 3 of 7

Aug. 27, 2019

U.S. Patent

- aNo _
Zh 1 LA mww
- [ 1o 1100410
+ Yol Mg puotag Uo11MS 1S i1 4 +

0vZ 2HLD 092 2\ 05z LHLO 0£2
H=
11n041D
Bul INnSesp ZN
jeubig-otg
, =
0.2

Anﬂﬂmno_woo_u |eusig-o1gq
IN

\

0ce

002

€ IId

1IN0 41)
Buiieisusy jeubig
Putle|nuwiis-ol1g

\

0le




US 10,390,756 B2

Sheet 4 of 7

Aug. 27, 2019

U.S. Patent

11N2117 041U0)
09¢
aNO
_ ) |
1IN0 119 1IN0410
Yol Mg puooag Yo11MS 15114
ore 0ce
EN
M=
1110119
But inseep 2N
jeubiS-oig
I NE= |
0G%
11N0J1D
Amco:om_m feubig-otig Buileleusy (eublg
N BUIlE|NWI1S-01g

o >

0L€

008 ¥ "OIA




US 10,390,756 B2

Sheet 5 of 7

Aug. 27, 2019

U.S. Patent

» 1100110 0

11U0)

=

08Y
ZA .H. LA mmw
_ ~ 4
= 11N0410) 1100410
+ 4O} MG pUODBS Yo} 1#S 181414 n

\x

Ort ¢THID 09%

_

w

F/

0S¥ LTHLO 0cv

1

eN
2y
N
:w%w
IN

1100119
BuUt INSEB
leuti1g-o1g
0Ly
Anﬂﬂmbohwom_m [eubig-o1g
J
/
0cv
00v

1inoa1)
Buiieiousy [eubig
Butlejnuwiigs-otg

\\

Oy

G "OId



US 10,390,756 B2

Sheet 6 of 7

Aug. 27, 2019

U.S. Patent

|

11n0119

Yol IMS pUOD8S

}1N041D

UO1IMG 15114

i

f

1109119
BuileiaULn |BUBIG
Buile|nwi1S-olg

\\

0LS

0SS X oS
HE
11N0119
Bu 1 ansesy 2N
[eubig-o1g
7 e
095
AMHWnoLHom_m jeubig-oig 18414 oot MS -
)
-
025
Ammmno_pom_m |euBIS-01g puossg oo
0eS 10119 {041U0)
ooe 0.6

9 "OI4d



US 10,390,756 B2

Sheet 7 of 7

Aug. 27, 2019

U.S. Patent

1IN2419
Buiielsuan |eubig
Buriejnuiig-oig

\\

019

aNo ~
1 LA
_ |
1In04 (0 1IN0U1Y -
Yol MG puodeg Uo1IMG 15414 “
f 7 TS
059 ¢HLD 0.9 N 099 17419 0¥9
2y
1IN0 119
Bul snseasfy ZN
|eub |S-01g
- M=
089
AMHWnokhom_m |BUDIS-C1g 1S4l pﬂh_ogw -
L
]
\
029
8p0.J10d8 eubig-o1 uoo8s °
AAHHm 10913 |BUDIS-01g PuODsS Lo
0€9 1IN0 {011U0)
J
-
009 069

L "OId



US 10,390,756 B2

1
BIO-STIMULATING AND BIO-SIGNAL
MEASURING CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 US.C. § 119 of Korean Patent Application
No. 10-2016-0020728, filed on Feb. 22, 2016, the entire
contents of which are hereby incorporated by reference.

BACKGROUND

The present disclosure herein relates to an implantable
medical device, and more particularly, to a bio-stimulating
and bio-signal measuring circuit.

With development in a low-power, high-density elec-
tronic circuit implementation technology and a high energy
density battery technology, an implantable medical device
has decreased in size, has multi-function, and has multi-
channel. A deep brain stimulator or defibrillator is an
example of a commercialized implantable medical device.
Also, the commercialization of various implantable medical
devices is in progress, such as a stomach stimulator, a foot
drop treatment device, cochlear implantation, and brain
computer interface (BCI) or an implantable drug pump.

The implantable medical devices are different in symp-
toms to be treated while most of them have the same
algorithm. When an abnormal state in a corresponding
bio-signal according to the symptom to be treated is
detected, the implantable medical device stimulates the
nerve of a specific part. The implantable medical device
relieves or removes the symptom to be treated by such a
stimulation signal, and allows a corresponding bio-signal to
become normal.

However, in an existing implantable medical device, a
bio-stimulating mode and a bio-signal measuring mode are
divided. The reason is to prevent a bio-signal signal mea-
suring circuit from becoming damaged by a bio-stimulating
signal. Thus, the existing implantable medical device cannot
simultaneously perform the bio-stimulating mode and the
bio-signal measuring mode. Thus, the existing implantable
medical device has a limitation in that it is difficult to handle
an abnormal signal in real time that may be caused upon the
application of the bio-stimulating signal.

SUMMARY

The present disclosure provides a bio-stimulating and
bio-signal measuring circuit that automatically protects a
bio-signal measuring circuit in a bio-stimulating mode and
simultaneously performs bio-stimulating and bio-signal
measurement with a single electrode.

An embodiment of the inventive concept provides a
bio-stimulating and bio-signal measuring circuit including a
bio-stimulating signal generating circuit, a bio-signal elec-
trode, a switch block, first and second resistors, and a
bio-signal measuring circuit. The bio-stimulating signal gen-
erating circuit may generate a bio-stimulating signal in a
bio-stimulating mode. The bio-signal electrode may to
deliver the bio-stimulating signal generated in the bio-
stimulating mode and receive a bio-signal in a bio-signal
measuring mode. The switch block may be turned on in a
case where a voltage of the bio-stimulating signal is greater
than a first reference voltage or lower than a second refer-
ence voltage. The first and second resistors may be serially
connected between the bio-signal electrode and the switch
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block and divide a voltage of a signal of the bio-signal
electrode according to whether the switch block is turned on.
The bio-signal measuring circuit may measure voltage sig-
nals divided by the first and second resistors or measure a
signal of the bio-signal electrode, according to whether the
switch block is turned on. The first reference voltage may be
greater than the second reference voltage.

In an embodiment of the inventive concept, a circuit for
measuring a bio-stimulating signal and a bio-signal includes
a bio-stimulating signal generating circuit, a multiplexer, a
connection node, a switch block, first and second serially
connected resistors, and a bio-signal measuring circuit. The
bio-stimulating signal generating circuit may generate a
bio-stimulating signal in a bio-stimulating mode. The first
and second bio-signal electrodes may output the bio-stimu-
lating signal generated in the bio-stimulating mode and
receive a bio-signal in a bio-signal measuring mode. The
multiplexer may select at least one of the first and second
bio-signal electrodes by a control signal and connect the
selected bio-signal electrode to the bio-stimulating signal
generating circuit. The connection node may allow the
bio-stimulating signal generating circuit and the multiplexer
to be connected thereto. The switch block may be turned on
in a case where a voltage of the bio-stimulating signal is
greater than a first reference voltage or lower than a second
reference voltage. The first and second serially connected
resistors may be connected between the connection node and
the switch block and divide a voltage of a signal of the
selected bio-signal electrode according to whether the
switch block is turned on. The bio-signal measuring circuit
may measure voltage signals divided by the first and second
resistors or measure a signal of the selected bio-signal
electrode, according to whether the switch block is turned
on. The first reference voltage may be greater than the
second reference voltage.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:

FIG. 1 is a circuit diagram that shows a bio-stimulating
and bio-signal measuring circuit according to an embodi-
ment of the present application;

FIG. 2 is a conceptual diagram that shows operations
according to the voltages of first nodes of first and second
switch circuits shown in FIG. 1; and

FIGS. 3 to 7 are circuit diagrams that show bio-stimulat-
ing and bio-signal measuring circuits according to other
embodiments of the present application.

DETAILED DESCRIPTION

It should be understood that the foregoing general
descriptions and the following detailed descriptions are all
exemplary, and it should be appreciated that the additional
descriptions of the claimed invention are provided. Refer-
ence signs are shown in detail in the exemplary embodi-
ments of the inventive concept, and their examples are
shown in reference drawings. Wherever possible, the same
reference numeral is used for descriptions and drawings in
order to refer to the same or similar part.

In the following, a semiconductor circuit would be used
as an example for describing the characteristic and function
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of the inventive concept. However, a person skilled in the art
would be capable of easily understanding other advantages
and performance of the inventive concept according to the
content set forth herein. The inventive concept would also be
capable of being implemented or applied through other
embodiments. Moreover, the detailed description may be
modified or changed according to a perspective and appli-
cation without departing significantly from the scope, tech-
nical spirit and other objects of the inventive concept.

FIG. 1 is a circuit diagram that shows a bio-stimulating
and bio-signal measuring circuit according to an embodi-
ment of the present application. Referring to FIG. 1, the
bio-stimulating and bio-signal measuring circuit 100 may
include a bio-stimulating signal generating circuit 110, a
bio-signal electrode 120, first and second resistors R1 and
R2, first and second switch circuits 130 and 140, and a
bio-signal measuring circuit 150.

The operation of the bio-stimulating and bio-signal mea-
suring circuit 100 may be divided into a bio-stimulating
mode and a bio-signal measuring mode. The bio-stimulating
mode is a mode in which the bio-stimulating and bio-signal
measuring circuit 100 stimulates a body. The bio-signal
measuring mode is a mode in which the bio-stimulating and
bio-signal measuring circuit 100 measures a response signal
for a bio-stimulating signal or a general bio-signal from a
body.

The bio-stimulating signal generating circuit 110 is con-
nected to the bio-signal electrode 120, the first resistor R1,
and the first and second switch circuits 130 and 140 through
the first node N1. The bio-stimulating signal generating
circuit 110 generates a bio-stimulating signal in the bio-
stimulating mode. The generated bio-stimulating signal is
provided to the bio-signal electrode 120. Also, the generated
bio-stimulating signal is provided to the first and second
switch circuits 130 and 140. For example, the bio-stimulat-
ing signal may be a voltage or current signal. Thus, the
bio-stimulating signal generating circuit 110 may include all
circuits that may generate the voltage or current signal. For
example, the bio-stimulating signal generating circuit 110
may include a digital analog converter (DAC) or function
generator.

For example, the bio-stimulating signal may include at
least one of transcranial Direct Current Stimulation (tDCS),
transcranial Alternating Current Stimulation (tACS), or tran-
scranial Random-Noise Stimulation (tRNS).

The bio-signal electrode 120 is connected to the bio-
stimulating signal generating circuit 110, the first resistor
R1, and the first and second switch circuits 130 and 140
through the first node N1. The bio-signal electrode 120
delivers to a body the bio-stimulating signal generated by
the bio-stimulating signal generating circuit 110. Alterna-
tively, the bio-signal electrode 120 receives the bio-signal
from the body. That is, the bio-signal electrode 120 may be
used for both bio-stimulating signal generation and bio-
signal measurement.

For example, the bio-signal may include at least one of
electroencephalogram (EEG), electrocardiogram (ECG),
electromyogram (EMG), or electrooculography (EOG).

The first resistor R1 is connected between the first node
N1 and the second node N2. The second resistor R2 is
connected between the second node N2 and a third node N3.
In the case where at least one of the first and second switch
circuits 130 and 140 is turned on, the first and second
resistors R1 and R2 may operate as voltage dividers. In this
case, the first and second resistors R1 and R2 divide a
voltage of the first node according to the proportion of
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values of the first resistor R1 and the second resistor R2 to
provide the voltage to the second node N2.

For example, resistances of the first resistor R1 and the
second resistor R2 may be determined so that the amount of
current flowing along the first resistor R1 is lower than an
allowable amount of current of the bio-signal measuring
circuit 150. Alternatively, the resistances of the first resistor
R1 and the second resistor R2 may be determined to be
lower than the allowable amount of current of the first and
second switch circuits 130 and 140. Also, the proportion of
the resistances of the first resistor R1 and the second resistor
R2 may be defined by an allowable range of voltage of the
bio-signal measuring circuit 150. That is, the first and second
resistors R1 and R2 are circuits for preventing the bio-signal
measuring circuit 150 from becoming damaged by a bio-
stimulating signal.

The first and second switch circuits 130 and 140 are
connected between the third node N3 and a first source
voltage GND. The first switch circuit 130 may be set to be
turned on in the case where a voltage is equal to or higher
than a first reference voltage Vrefl. The second switch
circuit 140 may be set to be turned on in the case where a
voltage is equal to or lower than a second reference voltage
Vref2. In the present embodiment, the first and second
switch circuits 130 and 140 are controlled by a voltage of the
first node N1. Here, the voltage of the first node N1 would
be a bio-stimulating signal or bio-signal as described above.
Thus, the first switch circuit 130 is turned on in the case
where the voltage of the first node N1 is equal to or higher
than the first reference voltage Vrefl. The second switch
circuit 140 is turned on in the case where the voltage of the
first node N1 is lower than or equal to the second reference
voltage Vref2. The first reference voltage Vrefl is greater
than the second reference voltage Vref2. The conditions and
examples of the first and second reference voltages Vrefl
and Vref2 would be described with reference to FIG. 2.

For example, the first switch circuit 130 may include an
NMOS transistor. In this case, the first reference voltage
Vrefl would be the threshold voltage of the NMOS transis-
tor. Alternatively, the first switch circuit 130 may include an
NPN type bipolar junction transistor (BJT). For example, the
second switch circuit 140 may include a PMOS transistor. In
this case, the second reference voltage Vref2 would be the
threshold voltage of the PMOS transistor. Alternatively, the
second switch circuit 140 may include a PNP type BJT. The
operating regions of the first and second switch circuits 130
and 140 according to the voltage of the first node N1 would
be described with reference to FIG. 2.

FIG. 2 is a conceptual diagram that shows operations
according to the voltages of first nodes of first and second
switch circuits shown in FIG. 1. Referring to FIG. 2, it is
possible to be aware of the operating states of the first and
second switch circuits 130 and 140 in FIG. 1 according to a
level of a bio-stimulating signal.

In the case where a voltage of the first node N1 is greater
than the first reference voltage Vrefl, the first switch circuit
130 is turned on and the second switch circuit 140 is turned
off. In the case where the voltage of the first node N1 is a
voltage level between the first reference voltage Vrefl and
the second reference voltage Vref2, the first and second
switch circuits 130 and 140 are turned off. In the case where
the voltage of the first node N1 is lower than the second
reference voltage Vref2, the first switch circuit 130 is turned
off and the second switch circuit 140 is turned on.

The first and second switch circuits 130 and 140 are
circuits for preventing the bio-signal measuring circuit 150
from becoming damaged by a bio-stimulating signal. Thus,
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the first and second switch circuits 130 and 140 are set to be
turned on when the bio-stimulating signal is generated. On
the contrary, the first and second switch circuits 130 and 140
should not operate in the case where a bio-signal is provided
through the bio-signal electrode 120. That is, the bio-signal
needs not to be provided to the bio-signal measuring circuit
150 through a voltage divider. The reason is that the bio-
signal is small in amplitude. Therefore, the first reference
voltage Vrefl may be set to be greater than the voltage level
of the bio-signal. The second reference voltage Vref2 may be
set to be lower than the voltage level of the bio-signal.

For example, the bio-stimulating signal and the bio-signal
may always have a negative voltage level. In this case, the
first and second reference voltages Vrefl and Vref2 would
be a negative voltage level. The bio-stimulating signal and
the bio-signal may always have a positive voltage level. In
this case, the first and second reference voltages Vrefl and
Vref2 would be a positive voltage level. Alternatively, the
bio-stimulating signal and the bio-signal may have a nega-
tive voltage level or positive voltage level. In this case, the
first reference voltage Vrefl may have a positive voltage
level and the second reference voltage Vref2 may have a
negative voltage level.

Referring back to FIG. 1, the bio-signal measuring circuit
150 is connected to the first and second resistors R1 and R2
through the second node N2. The bio-signal measuring
circuit 150 measures a voltage of the second node N2 in a
bio-stimulating mode. In the bio-stimulating mode, the
voltage of the second node N2 is a voltage generated when
the bio-stimulating signal is divided by a voltage divider.
Also, the bio-signal measuring circuit 150 may measure the
bio-signal in a bio-signal measuring mode. In this case, the
first and second switch circuits 130 and 140 are not turned
on according to the above-described embodiment. Thus, a
voltage of the second node N2 is the same as the voltage of
the bio-signal. The bi-signal measuring circuit 150 may
include all circuits that may measure the voltage or current
signal. For example, the bio-signal measuring circuit 150
may include an analog digital converter (ADC), a compara-
tor or an amplifier.

The bio-stimulating and bio-signal measuring circuit 100
in FIG. 1 is shown that each of components (the bio-
stimulating signal generating circuit, the bio-signal elec-
trode, the first and second switch circuits, or the like) include
a single component. However, the present application is not
limited thereto. Each component may include a plurality of
components. For example, a set of the voltage divider that
includes the first and second resistors R1 and R2, and the
first and second switch circuits 130 and 140 may be in
plurality. In this case, each set may be configured to operate
under the individual condition. Also, although the first and
second switch circuits 130 and 140 in FIG. 1 are shown to
be configured as divided circuits, it is possible to configure
them as a switch block that performs the same function. The
above-described switch block would be capable of being
implemented in hardware.

The operation of the bio-stimulating and bio-signal mea-
suring circuit 100 is as follows. Firstly, the bio-stimulating
signal generating circuit 110 generates a bio-stimulating
signal in a bio-stimulating mode. The voltage signal is
delivered to a user’s body through the bio-signal electrode
120. Also, the voltage signal is delivered to the first and
second switch circuits 130 and 140 through the first node
N1. For example, the case where the voltage signal is greater
than the first reference voltage Vrefl is assumed. In this
case, the first switch circuit 130 is turned on. Subsequently,
the first and second resistors R1 and R2 operates as a voltage
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divider. Thus, the voltage of the first node N1 is divided by
the resistance ratio of the first and second resistors R1 and
R2 and provided to the second node N2. Then, the bio-signal
measuring circuit 150 measures a voltage of the second node
N2.

Alternatively, in the case where the voltage signal of the
first node N1 is lower than the second reference voltage
Vref2, the second switch circuit 140 is turned on. The
following operation is the same above. That is, the second
switch circuit 140 is turned on so that the first and second
resistors R1 and R2 operate as a voltage divider. Subse-
quently, the voltage of the bio-stimulating signal is divided
and provided to the second node N2. As described above, the
voltage value of the second node N2 would be within a range
of input of the bio-signal measuring circuit 150. Thus,
damage to the bio-signal measuring circuit 150 by the
bio-stimulating signal that has an excessive voltage level is
prevented. The bio-signal measuring circuit 150 may mea-
sure the voltage of the second node N2 divided by a voltage
divider to monitor the actual voltage level of the bio-
stimulating signal.

In a bio-signal measuring mode, the operation of the
bio-stimulating and bio-signal measuring circuit 100 is as
follows. The bio-signal electrode 120 receives the bio-signal
from a user’s body. In comparison to the bio-stimulating
signal, the bio-signal has a relatively low voltage level. That
is, the bio-signal is lower than the first reference voltage
Vrefl and higher than the second reference voltage Vref2.
Thus, the first and second switch circuits 130 and 140 are not
turned by the bio-signal. That is, the voltage of the bio-signal
is not divided through the first and second resistors R1 and
R2. Subsequently, the bio-signal is provided to the bio-
signal measuring circuit 150 through the first node N1 and
the first resistor R1. The bio-signal measuring circuit 150
measures the received bio-signal.

In summary, the bio-stimulating and bio-signal measuring
circuit 100 automatically lowers the voltage level of a signal
by a voltage divider in the bio-stimulating mode to prevent
damage to the bio-signal measuring circuit 150. In a bio-
signal measuring mode, the bio-stimulating and bio-signal
measuring circuit 100 also inactivates a voltage divider to
measure the bio-signal as it is. Thus, the bio-stimulating and
bio-signal measuring circuit 100 according to an embodi-
ment of the present application may simultaneously perform
bio-stimulating and bio-signal measurement by a single
circuit without dividing the bio-signal electrode 120.

FIGS. 3 to 7 are circuit diagrams that show bio-stimulat-
ing and bio-signal measuring circuits according to other
embodiments of the present application.

Referring to FIG. 3, a bio-stimulating and bio-signal
measuring circuit 200 may include a bio-stimulating signal
generating circuit 210, a bio-signal electrode 220, first and
second resistors R1 and R2, first and second comparators
230 and 240, first and second voltage sources V1 and V2,
first and second switch circuits 250 and 260, and a bio-signal
measuring circuit 270. Except for the first and second
comparators 230 and 240 and the first and second switch
circuits 250 and 260, the bio-stimulating and bio-signal
measuring circuit 200 in FIG. 3 has the same configuration
and operation as the bio-stimulating and bio-signal measur-
ing circuit 100 in FIG. 1. Thus, related descriptions are
omitted.

The first comparator 230 is connected between the first
node N1 and a node CTRLI1. The first comparator 230
determines whether the voltage level of the first node N1 is
greater than the voltage level of the first voltage source V1.
The first comparator 230 generates a turn-on voltage for the
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first switch 250 according to a result of determination. For
example, the voltage level of the first voltage source V1 may
be set to be equal to the first reference voltage Vrefl in FIG.
2.

The second comparator 240 is connected between the first
node N1 and a node CTRL2. The second comparator 240
determines whether the voltage level of the first node N1 is
lower than the voltage level of the second voltage source V2.
The second comparator 240 generates a turn-on voltage for
the second switch circuit 260 according to a result of
determination. For example, the voltage level of the second
voltage source V2 may be set to be equal to the second
reference voltage Vref2 in FIG. 2.

The first and second switch circuits 130 and 140 in FIG.
1 are configured to be turned on by different reference
voltages, respectively. In the case where the first switch
circuit 130 is the NMOS transistor and the second switch
circuit 140 is the PMOS transistor according to the above-
described embodiment, the first and second reference volt-
ages Vrefl and Vref2 become the threshold voltages of the
NMOS transistor and the PMOS transistor, respectively. In
this case, the threshold voltage may easily vary by a change
in process voltage temperature (PVT). In an embodiment of
FIG. 3, the first and second switch circuits 250 and 260 may
use the same circuit. That is, the first and second compara-
tors 230 and 240 generate the same turn-on voltage for
respective nodes CTRL1 and CTRL2 according to a result of
comparison. Also, the first and second voltage sources V1
and V2 may be configured as an adjustable, variable voltage
sources. Thus, in comparison to the bio-stimulating and
bio-signal measuring circuit 100 in FIG. 1, the bio-stimu-
lating and bio-signal measuring circuit 200 in FIG. 3 is easy
to set the voltage levels of the first and second voltage
sources V1 and V2 to desired levels.

Referring to FIG. 4, the bio-stimulating and bio-signal
measuring circuit 300 may include a bio-stimulating signal
generating circuit 310, a bio-signal electrode 320, first and
second resistors R1 and R2, first and second switch circuits
330 and 340, a bio-signal measuring circuit 350, and a
control circuit 360. Except for the control circuit 360, the
bio-stimulating and bio-signal measuring circuit 300 in FIG.
4 has the same configuration and operation as the bio-
stimulating and bio-signal measuring circuit 100 in FIG. 1.
Thus, related descriptions are omitted.

The control circuit 360 is connected to the bio-signal
measuring circuit 350 and the bio-stimulating signal gener-
ating circuit 310. The control circuit 360 receives feedback
on measurement values of a bio-stimulating signal and a
bio-signal from the bio-signal measuring circuit 350. The
control circuit 360 monitors the feedback measurement
value to adjust the voltage level of a bio-stimulating signal
generated by the bio-stimulating signal generating circuit
310. The reason for adjusting the voltage level of the
bio-stimulating signal is that impedance varies according to
the position of a user or the bio-signal electrode. In the case
where bio-impedance varies, it is difficult to provide a
desired waveform of the bio-stimulating signal for the same
bio-stimulating signal. The control circuit 360 controls the
bio-stimulating signal generating circuit 310 to provide the
desired waveform of the bio-stimulating signal even when
the bio-impedance varies.

For example, the control circuit 360 may include a
processor, a micro processor, a micro controller, a central
processing unit (CPU), a micro processing unit (MPU), a
micro controlling unit (MCU) or the like.

For example, the control circuit 360 may include ADC
and DAC. The ADC converts an analog signal monitored by
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the bio-signal measuring circuit 350 into a digital signal. The
control circuit 360 generates a digital signal or code for
controlling the bio-stimulating signal generating circuit 310
based on the digital signal from the ADC. The generated
digital signal or code is converted into an analog signal by
the DAC to control the bio-stimulating signal generating
circuit 310 in real time.

As another example, the control circuit 360 may include
a memory or interface circuit. The memory may store
information, such as commands and programs for the opera-
tions of a bio-stimulating mode and a bio-signal measuring
mode, data for bio-stimulation, and algorithms for the read-
ing of a bio-signal. The memory may include a random
access memory (RAM), a read only memory (ROM), an
erasable programmable ROM (EPROM), an electrically
EPROM (EEPROM), a flash memory or the like.

The interface circuit may relay the communication
between a user and the control circuit 360 according to the
control of the control circuit 360. As an example, the
interface circuit may include an input interface, such as a
keyboard, keypad, button, touch panel, touch screen, touch
pad, touch ball, camera, microphone, gyroscope sensor, or
vibration sensor. Also, the interface circuit may include an
output interface, such as a liquid crystal display (LCD),
organic light emitting diode (OLED) display device, active
matrix OLED (AMOLED) display device, LED, speaker, or
MONitor.

Referring to FIG. 5, a bio-stimulating and bio-signal
measuring circuit 400 may include a bio-stimulating signal
generating circuit 410, a bio-signal electrode 420, first and
second resistors R1 and R2, first and second comparators
430 and 440, first and second voltage sources V1 and V2,
first and second switch circuits 450 and 460, a bio-signal
measuring circuit 470, and a control circuit 480. Except for
the control circuit 480, the bio-stimulating and bio-signal
measuring circuit 400 in FIG. 5 has the same configuration
and operation as the bio-stimulating and bio-signal measur-
ing circuit 200 in FIG. 3. Also, the control circuit 480 in FIG.
5 has the same configuration and operation of the control
circuit 360 shown in FIG. 4. Thus, related descriptions are
omitted.

Referring to FIG. 6, the bio-stimulating and bio-signal
measuring circuit 500 may include a bio-stimulating signal
generating circuit 510, first and second bio-signal electrodes
520 and 530, first and second control switches SWC1 and
SWC?2, first and second resistors R1 and R2, first and second
switch circuits 540 and 550, a bio-signal measuring circuit
560, and a control circuit 570. Except for the first and second
bio-signal electrodes 520 and 530 and the first and second
control switches SWC1 and SWC2, the bio-stimulating and
bio-signal measuring circuit 500 in FIG. 6 has the same
configuration and operation as the bio-stimulating and bio-
signal measuring circuit 300 in FIG. 4. Thus, related descrip-
tions are omitted.

The first bio-signal electrode 520 is connected to the first
control switch SWC1. The first control switch SWC1 con-
nects the first node N1 to the first bio-signal electrode 520
and is controlled by the control circuit 570. The second
bio-signal electrode 530 is connected to the second control
switch SWC2. The second control switch SWC2 connects
the first node N1 to the second bio-signal electrode 530 and
is controlled by the control circuit 570.

The bio-stimulating and bio-signal measuring circuit 500
in FIG. 6 may insert the first and second bio-signal elec-
trodes 520 and 530 into different parts of a user body,
respectively. Then, the control circuit 570 may select one of
the first and second bio-signal electrodes 520 and 530 for a
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desired part. For example, in the case where the first
bio-signal electrode 520 is selected, the control circuit 570
closes the first control switch SWC1 and opens the second
control switch SWC2. Accordingly, the bio-stimulating and
bio-signal measuring circuit 500 may perform stimulation
and measurement on a desired one of a plurality of body
parts by a single circuit.

Referring to FIG. 6, the control switches SWC1 and
SWC?2 and the bio-signal electrodes 520 and 530 are shown
as two components. However, the present application 1s not
limited thereto. Thus, the control switches and the bio-signal
electrodes may be configured as two or more components.
Also, although the first and second control switches SWC1
and SWC2 in FIG. 6 are shown to be configured as divided
circuits, it is possible to configure them as a multiplexer that
performs the same function. The above-described multi-
plexer would be capable of being implemented in hardware.

Referring to FIG. 7, a bio-stimulating and bio-signal
measuring circuit 600 may include a bio-stimulating signal
generating circuit 610, first and second bio-signal electrodes
620 and 630, first and second resistors R1 and R2, first and
second comparators 640 and 650, first and second voltage
sources V1 and V2, first and second switch circuits 660 and
670, a bio-signal measuring circuit 680, and a control circuit
690. Except for the first and second bio-signal electrodes
620 and 630 and the first and second control switches SWC1
and SWC2, the bio-stimulating and bio-signal measuring
circuit 600 in FIG. 7 has the same configuration and opera-
tion as the bio-stimulating and bio-signal measuring circuit
400 in FIG. 5. Also, the first and second bio-signal elec-
trodes 620 and 630 and the first and second control switches
SWC1 and SWC2 shown in FIG. 7 have the same configu-
rations and operations as the first and second bio-signal
electrodes 520 and 530 and the first and second control
switches SWC1 and SWC2 shown in FIG. 6. Thus, related
descriptions are omitted.

The bio-stimulating and bio-signal measuring circuits 100
to 600 according to embodiments of the present application
may be mounted by using a package, such as Package on
Package (PoP), ball grid array (BGA), chip scale package
(CSP), plastic leaded chip carrier (PLCC), Plastic Dual
In-line Package (PDIP), Die in Waffle Pack, Die in Wafer
Form, chip on board (COB), Ceramic Dual In-line Package
(CERDIP), metric quad flat pack (MQFP), thin quad flat
pack (TQFP), small outline integrated circuit (SOIC), shrink
small outline package (SSOP), thin small outline package
(TSOP), system in package (SIP), multi chip package
(MCP), Wafer-level Fabricated Package (WFP), or Wafer-
Level Processed Stack Package (WSP).

According to an embodiment of the inventive concept, the
bio-stimulating and bio-signal measuring circuit may mea-
sure a bio-stimulating signal and a bio-signal by a single
bio-electrode. Thus, a size of a circuit decreases and user
convenience increases. Also, the bio-stimulating and bio-
signal measuring circuit may simultaneously perform bio-
stimulating and bio-signal measurement. Thus, the bio-
stimulating and bio-signal measuring circuit may detect and
handle an abnormal signal by real-time control.

As above, best embodiments are set forth in the drawings
and in the specification. Although specific terms are used
herein, they are only used for the purpose of describing the
inventive concept and not used to define the meaning or limit
the scope of the inventive concept set forth in the following
claims. Therefore, a person skilled in the art would under-
stand that it is possible to implement various variations and
other equivalent embodiments from the inventive concept.
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Thus, the true technical protective scope of the inventive
concept would be defined by the technical spirit of the
following claims.

What is claimed is:

1. A circuit for measuring a bio-stimulating signal and a
bio-signal, the circuit comprising:

a bio-stimulating signal generating circuit configured to
generate the bio-stimulating signal and deliver the
bio-stimulating signal to a first node when the circuit is
in a bio-stimulating mode;

a bio-signal electrode coupled to the first node to:
receive the bio-stimulating signal from the first node

when the circuit is in the bio-stimulating mode, and
provide the bio-signal to the first node when the circuit
is in a bio-signal measuring mode;

a first resistor coupled between the first node and a second
node;

a second resistor coupled between the second node and a
switch block;

the switch block coupled between a ground and the
second resistor and configured to turn on when a
voltage of the bio-stimulating signal is greater than a
first reference voltage or lower than a second reference
voltage and to turn off when the voltage of the bio-
stimulating signal is less than the first reference voltage
and greater than the second reference voltage,

wherein the first and second resistors operate to divide a
voltage of the first node to produce a voltage of the
second node when the switch block is turned on; and

a bio-signal measuring circuit configured to measure the
voltage of the second node,

wherein the first reference voltage is greater than the
second reference voltage.

2. The circuit of claim 1, further comprising a control
circuit configured to receive feedback on a result of mea-
surement from the bio-signal measuring circuit to adjust an
intensity of the bio-stimulating signal.

3. The circuit of claim 1, wherein the switch block
comprises:

a first switch circuit configured to turn on when the
bio-stimulating signal is greater than the first reference
voltage; and

a second switch circuit connected in parallel to the first
switch circuit, and configured to turn on when the
bio-stimulating signal is lower than the second refer-
ence voltage.

4. The circuit of claim 3, wherein the first switch circuit
comprises an NMOS transistor and the second switch circuit
comprises a PMOS transistor, wherein a threshold voltage of
the NMOS transistor is the first reference voltage, and a
threshold voltage of the PMOS transistor is the second
reference voltage.

5. The circuit of claim 1, further comprising;

a first comparator configured to determine whether the
bio-stimulating signal is greater than the first reference
voltage and generate a first turn-on voltage when the
bio-stimulating signal is greater than the first reference
voltage; and

a second comparator configured to determine whether the
bio-stimulating signal is lower than the second refer-
ence voltage and generate a second turn-on voltage
when the bio-stimulating signal is lower than the sec-
ond reference voltage,

wherein the switch block comprises:

a first switch circuit configured to be turned on by the first
turn-on voltage; and
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a second switch circuit connected in parallel to the first
switch circuit, and configured to be turned on by the
second turn-on voltage.

6. The circuit of claim 5, further comprising a control
circuit configured to receive feedback on a result of mea- 5
surement from the bio-signal measuring circuit to adjust an
intensity of the bio-stimulating signal.

7. The circuit of claim 1, wherein the bio-stimulating
signal comprises a transcranial Direct Current Stimulation
(IDCS), a transcranial Alternating Current Stimulation 10
(tACS), or a transcranial Random-Noise Stimulation
(tRNS).

8. The circuit of claim 1, wherein the bio-signal comprises
an electroencephalogram (EEG), an electrocardiogram
(ECG), an electromyogram (EMG), or an electrooculogra- 15
phy (EOG).

12
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