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An electrocardiograph (ECG) patch including: a first elec-
trode; a second electrode; a high pass filter configured to
receive a bias voltage and provide the bias voltage to the first
electrode and the second electrode; and a signal processing
unit configured to generate the bias voltage and provide the
bias voltage to the high pass filter.
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FIG. 1
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FIG. 2
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FIG. 5

LAYER4

LAYERS |

LAYERG




US 2017/0135595 A1

May 18,2017 Sheet 6 of 10

Patent Application Publication

% ;
oebmeq op 7

-

-, o
e

005

80IMa(]
, JOSUS
AIO LD 5
| eomeq PP
I AotUB \ﬂmmcw.m}o
b reway ,, ,t
IBAIBOBURIL | UMD - Ndo
SSOBIA | Aunosg ,
e P
108U
oay
003
0iy g

ol




US 2017/0135595 A1

Yy falels

S e SES

. sTETEs T VS

OEG = hibe

G YOG

SR A

. A

0ZG il UDBUUGW JueHEy

0Lg

006

May 18,2017 Sheet 7 of 10

L "Dl

Patent Application Publication

LOR UG [eniBoloig/
UCHBULIOIL| usned Aedsigy ™

e,

0518 OV 1S

e
Bl

DUR UCHRE LHOLU] U084 Husues |

0215

-

LIOUION U0 UCHBLLO L [BEBSI0IE Lot

TN

3

LOLRONTTY SINDSXY s

(00s)=0

poneuloll 1eenbay

R

oLLs

ihed Lol

HOREDHUBYINY

(02 1) HOBS300dd~01g



US 2017/0135595 A1

May 18,2017 Sheet 8 of 10

Patent Application Publication

BB 8nosay ~
[eUdSOH -

HUHD ~

9D UHERH didnd ~

HOUNSUL fBOIDaW —

aiep teep T E5E08S

! 1099 8101000 i«
Gog
078
.\..,s\%.
Y008

8 Dl

AUBJWOT) 8OUBINSH] —

LOREIOAIOT) 80UBINSY| YBSH ~

19AIBS

058

487} U
...... g .

1288 =~

vivaa:
30 YIVAH

N

m HIOMIBN

%

¢
O e OO \\A )

yoied
004

00

S




US 2017/0135595 A1

May 18,2017 Sheet 9 of 10

Patent Application Publication

Aurd IOy asurBINsL —
uoneiodio souRINSY| Yljee -

ARy |
058 a1en) Y1y
o MV b
181Ueny anussy —
[BHESOR ~ L2BE

O ~
ejuR] UiieaH aiand - P08 s VAT U ¥ivaa)
LOUMSL [EDS — HOVIVAH o yivoH!
60BS P
T L YLYag Y2 a vivad 0088
sisoudEIp o {31 joneg T N TR ued
: (PR PG 5 6111 Tuto T TTe T ¥ DUOMIBN < - FiBSppgn » WomieN {EIBS g : etk
5401900 twmw $,10100¢] 23 {0 ieeH .,?sm,“m &E%M (m mw 19 iyivaH ) 903
N _ L VIVOH & T VIVAH S ~ YIYAH
e o' 5085 ; S et
ob8 oes 029 oi8 108 001
i
8008



Patent Application Publication = May 18,2017 Sheet 10 of 10  US 2017/0135595 Al

FIG. 10

800
¥
100 .
et #1» ECG Signal
- Data related with heart rate
- Data related with ardiythmia
ECG
Patch
» Medical Team
¢~ Family Protector
< Passery

HDATA § ------ 5909
5905 - |DDATA

977"‘"‘""{\‘{)8‘ % Heslth Care 15

\ Server
RS §
?’*{}ATL\ DDATA
314
etwo*ix
Mﬁ‘w
hDATAi DDATA
825 Fe.0oQ
sao7i | DO&O(;Q |- Medical Institution
r S - publ ith Cent
d,Docto,:s i Computing _qu;.c Health Center
lagnosis Nevics Clinic
. - Hospilal




US 2017/0135595 Al

PATCH INCLUDING AN EXTERNAL
FLOATING HIGH-PASS FILTER AND AN
ELECTROCARDIOGRAPH (ECG) PATCH

INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application No. 62/256,
951 filed on Nov. 18, 2015, and under 35 U.S.C. §119(a) to
Korean Patent Application No. 10-2016-0028210 filed on
Mar. 9, 2016, the disclosures of which are incorporated by
reference herein in their entireties.

TECHNICAL FIELD

[0002] Exemplary embodiments of the inventive concept
relate to an electrocardiograph (ECG) patch, and more
particularly, to an ECG patch including two electrodes and
a floating high-pass filter.

DISCUSSION OF RELATED ART

[0003] ECG monitoring is the process of recording the
electrical activity of the heart over a period of time using
electrodes placed on a person’s body. These electrodes
detect tiny electrical changes on the person’s skin that arise
from the heart depolarizing during each heartbeat. An ECG
patch placed near the heart allows ECG signals to be easily
acquired. Generally, an ECG patch includes ECG electrodes
for detecting ECG signals and a bias electrode for supplying
a bias voltage to a person’s body. The bias electrode is
typically attached to the person’s body together with the
ECG electrodes.

SUMMARY

[0004] According to an exemplary embodiment of the
inventive concept, there is provided an electrocardiograph
(ECG) patch comprising: a first electrode; a second elec-
trode; a high pass filter configured to receive a bias voltage
and provide the bias voltage to the first electrode and the
second electrode; and a signal processing unit configured to
generate the bias voltage and provide the bias voltage to the
high pass filter.

[0005] The signal processing unit includes: a voltage
regulator configured to receive an operating voltage; a
voltage divider configured to divide the voltage that has
been regulated by the voltage regulator to generate the bias
voltage; and a driver configured to drive the bias voltage to
the high pass filter.

[0006] The driver is a current driver.

[0007] The operating voltage is provided from a battery to
the voltage regulator.

[0008] The high pass filter is a floating high pass filter.
[0009] According to an exemplary embodiment of the
inventive concept, there is provided an ECG patch compris-
ing: a first patch including a first electrode, a high pass filter
and an ECG signal processing unit; a second patch including
a second electrode and a battery; and a cable including a first
wire for providing a bias voltage from the first patch to the
second electrode, a second wire for providing an operating
voltage to the second patch and a third wire for providing a
ground voltage to the second patch.

[0010] The ECG signal processing unit comprises: a volt-
age regulator configured to receive the operating voltage; a
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voltage divider configured to divide the voltage that has
been regulated by the voltage regulator to generate the bias
voltage; and a driver configured to drive the bias voltage to
the high pass filter.

[0011] The high pass filter is configured to receive the bias
voltage from the ECG signal processing unit, provide the
bias voltage to the first electrode and provide the bias
voltage to the second electrode through the first wire.
[0012] The high pass filter is configured to perform a high
pass filtering on a first ECG signal detected by the first
electrode to generate a first high pass signal, and to perform
a high pass filtering on a second ECG signal detected by the
second electrode to generate a second high pass signal, and
wherein the ECG signal processing unit is configured to
generate an ECG output signal based on a difference
between the first high pass filtered ECG signal and the
second high pass filtered ECG signal.

[0013] The first patch includes a printed circuit board
having a plurality of layers, and wherein the ECG signal
processing unit is disposed at a first layer of the plurality of
layers and the high pass filter is disposed at a last layer of the
plurality of layers.

[0014] The ECG signal processing unit and the high pass
filter are disposed opposite each other.

[0015] A transmission line for transmitting a ground volt-
age is configured to shield a transmission line for transmit-
ting a first high pass filtered signal.

[0016] A shielding layer is disposed between the high pass
filter and signal lines of the ECG signal processing unit.
[0017] According to an exemplary embodiment of the
inventive concept, there is provided a data processing sys-
tem comprising: an ECG patch comprising a first electrode,
a second electrode, a high pass filter configured to generate
a bias voltage to be provided to the first electrode and the
second electrode, and a wireless transceiver; and a mobile
communication device configured to communicate with the
ECG patch.

[0018] The mobile communication device communicates
with the ECG patch through a network.

[0019] The mobile communication device includes an app
that displays data provided from the ECG patch, wherein the
data provided from the ECG patch is medical data of a
person wearing the ECG patch.

[0020] The mobile communication device provides a user
with information based on the data provided from the ECG
patch to medically assist the person wearing the ECG patch.
[0021] According to an exemplary embodiment of the
inventive concept, there is provided a data processing sys-
tem comprising: an ECG patch comprising a first electrode,
a second electrode, a high pass filter configured to generate
a bias voltage to be provided to the first electrode and the
second electrode, and a wireless transceiver; a health care
server configured to receive ECG medical data of a person
wearing the ECG patch; and a mobile computing device
configured to the receive the ECG medical data of the person
from the health care server.

[0022] The mobile communication device presents a
medical professional with the ECG medical data from the
health care server to enable the medical professional to
diagnose the person.

[0023] The ECG medical data of the patient is stored in the
health care server.

[0024] The mobile communication device presents a
medical professional with the ECG medical data from the
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health care server and medical history data of the person
from the health care server to enable the medical profes-
sional to the diagnose the person.

[0025] The data processing system further comprises an
internet of things (IoT) device configured to display data
related to the diagnosis to the person.

[0026] The data processing system further comprises an
ToT device configured to provide the ECG medical data from
the ECG patch to the health care server.

[0027] According to an exemplary embodiment of the
inventive concept, an ECG patch comprises: a first electrode
configured to detect a first ECG signal; a second electrode
configured to detect a second ECG signal; a high-pass filter
configured to perform high-pass filtering on the first ECG
signal to generate a first high-pass filtered signal, and to
perform high-pass filtering on the second ECG signal to
generate a second high-pass filtered signal; and a signal
processing unit configured to generate an ECG output signal
based on a difference between the first ECG signal and the
second ECG signal, wherein the high-pass filter is further
configured to generate a first bias voltage based on a driving
voltage and provide the first bias voltage to the first elec-
trode, and to generate a second bias voltage based on the
driving voltage and provide the second bias voltage to the
second electrode.

[0028] The first bias voltage and the second bias voltage
have the same level.

[0029] The first ECG signal is detected when the first bias
voltage is applied to a person’s body and the second ECG
signal is detected when the second bias voltage is applied to
the person’s body.

[0030]

[0031] The high-pass filter comprises: a first capacitor
connected between a first transmission line and a third
transmission line, wherein the first transmission line is
connected to a first pad of the signal processing unit; a
second capacitor connected between a first wire and a
second transmission line, wherein the second capacitor is
connected to a second pad of the signal processing unit; a
first resistor connected between the third transmission line
and a first node connected to a fifth pad of the signal
processing unit; a second resistor connected between the
first transmission line and the first node; a third resistor
connected between the first node and the second transmis-
sion line; and a fourth resistor connected between the first
node and the first wire.

[0032] The first and second capacitors have the same
capacitances as each other and the first to fourth resistors
have the same resistances as each other.

[0033] The signal processing unit comprises: a voltage
regulator connected to a third pad of the signal processing
unit and configured to receive an operating voltage via the
third pad and regulate the operating voltage, wherein the
third pad is connected to a second wire; a voltage divider
configured to divide the voltage that has been regulated by
the voltage generator to generate a driving voltage; and a
driver configured to drive the driving voltage and provide
the driving voltage to the high-pass filter through the fifth
pad.

[0034] The first and second wires are included in a con-
nector connecting the first and second electrodes to each
other.

The high-pass filter is a floating high-pass filter.
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[0035] The ECG patch further comprises a battery con-
figured to provide the operating voltage to the voltage
regulator via the second wire.

[0036] The third transmission line is connected between
the first electrode and the high-pass filter and the first wire
is connected between the second electrode and the high-pass
filter.

[0037] According to an exemplary embodiment of the
inventive concept, an ECG patch comprises: a first patch
including a first electrode and an ECG sensor; a second
patch including a second electrode; and a cable connected
between the first patch and the second patch, wherein the
ECG sensor is configured to receive a first high-pass filtered
signal and a second high-pass filtered signal and amplify a
voltage difference between the first and second high-pass
filtered signals to generate an output voltage, wherein the
first patch includes a high-pass filter configured to generate
a first bias voltage and a second bias voltage using a driving
voltage and to provide the first bias voltage to the first
electrode and the second bias voltage to the second elec-
trode.

[0038] The first patch includes a printed circuit board
(PCB) having a plurality of layers, wherein the ECG sensor
is placed at a first side of the PCB and the high-pass filter is
placed at a second side of the PCB, wherein the first and
second sides are opposite each other.

[0039] A transmission line for transmitting the first high-
pass filtered signal and the high-pass filter are placed at the
same layer and a transmission line for transmitting a ground
voltage is configured to shield the transmission line for
transmitting the first high-pass filtered signal.

[0040] According to an exemplary embodiment of the
inventive concept, there is provided an ECG patch compris-
ing: a first electrode; a second electrode; a wire; and a
high-pass filter configured to generate a first bias voltage and
a second bias voltage, apply the first bias voltage to the first
electrode via a transmission line and apply the second bias
voltage to the second electrode via the wire.

[0041] The ECG further comprises: a signal processing
unit configured to generate a driving voltage and provide the
driving voltage to the high pass filter, wherein the high pass
filter uses the driving voltage to generate the first and second
bias voltages.

[0042] The driving voltage is based on an operating volt-
age provided through the wire.

[0043] The wire includes an operating voltage line and a
bias voltage line.

[0044] According to an exemplary embodiment of the
inventive concept, there is provided an ECG patch compris-
ing: a first electrode configured to detect a first ECG signal
from a heart of a person; a second electrode configured to
detect a second ECG signal from the heart of the person; a
high-pass filter configured to perform high-pass filtering on
the first ECG signal to generate a first high-pass filtered
signal, and to perform high-pass filtering on the second ECG
signal to generate a second high-pass filtered signal; and an
ECG processing unit including an ECG sensor configured to
sense a difference between the first high-pass filtered signal
and the second high-pass filtered signal and generate an
ECG output signal corresponding to the sensing result, and
a bias voltage generating circuit configured to provide a bias
voltage to the high pass filter.

[0045] The ECG processing unit further comprises: an
analog-to-digital converter configured to convert the ECG
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output signal into an ECG digital signal; a processing unit
configured to analyze a heart thythm of the person using the
ECG digital signal; and a wireless transceiver configured to
transmit data related to the heart rhythm of the person to an
external device.

[0046] The external device includes an internet of things
device.
[0047] The external device is configured to display the

data related to the heart rhythm of the person.

[0048] The ECG processing unit further comprises a
memory configured to store personal information and bio-
logical information of the person.

[0049] The personal information includes age, blood type,
doctor’s name, or medical history of the person, and the
biological information includes a heart rate or an ECG
waveform of the person.

[0050] The ECG processing unit further comprises a secu-
rity circuit configured to encode the data related to the heart
rhythm of the person.

[0051] The external device includes a health care sever.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The above and other features of the inventive
concept will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

[0053] FIG. 1 is a perspective view of a wearable elec-
trocardiograph (ECG) patch including two ECG electrodes
and a floating high-pass filter according to an exemplary
embodiment of the inventive concept;

[0054] FIG. 2 is a perspective view showing a state where
the wearable ECG patch illustrated in FIG. 1 is placed
around a human heart, according to an exemplary embodi-
ment of the inventive concept;

[0055] FIG. 3 is a detailed block diagram of the wearable
ECG patch illustrated in FIG. 1, according to an exemplary
embodiment of the inventive concept;

[0056] FIG. 4 is a schematic diagram of the layout of a
floating high-pass filter and ECG transmission lines
included in a first patch of the wearable ECG patch illus-
trated in FIG. 1, according to an exemplary embodiment of
the inventive concept; and

[0057] FIG. 5 is a schematic diagram of the layout of a
printed circuit board (PCB) included in the first patch of the
wearable ECG patch illustrated in FIG. 1, according to an
exemplary embodiment of the inventive concept.

[0058] FIG. 6 is a detailed block diagram of the wearable
ECG patch illustrated in FIG. 1, according to an exemplary
embodiment of the inventive concept;

[0059] FIG. 7 is a diagram of a data processing system
which includes the ECG signal processing unit shown in
FIG. 6, according to an exemplary embodiment of the
inventive concept; and

[0060] FIGS. 8, 9, and 10 are diagrams illustrating data
processing systems which include the wearable ECG patch
shown in FIG. 1, according to an exemplary embodiment of
the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0061] Exemplary embodiments of the inventive concept
will now be described more fully hereinafter with reference
to the accompanying drawings. This inventive concept may,
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however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. In the drawings, the size and relative sizes of layers
and regions may be exaggerated for clarity. Like numbers
refer to like elements throughout this application.

[0062] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present.

[0063] As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0064] FIG. 1 is a perspective view of a wearable elec-
trocardiograph (ECG) patch 100 including two ECG elec-
trodes and a floating high-pass filter according to an exem-
plary embodiment of the inventive concept. FIG. 2 is a
perspective view showing a state where the wearable ECG
patch 100 illustrated in FIG. 1 is placed around a human
heart, according to an exemplary embodiment of the inven-
tive concept.

[0065] Referring to FIG. 1, the wearable ECG patch 100
may include a first patch 110, a second patch 150, and a
cable 170. The wearable ECG patch 100 may be called an
ECG patch or an ECG sensor patch.

[0066] ECG electrodes 112 and 152 are placed on the
patches 110 and 150, respectively. The wearable ECG patch
100 does not require special ECG electrodes for body
biasing to be implemented in any of the patches 110 and 150.
Accordingly, the wearable ECG patch 100 includes only two
ECG electrodes 112 and 152. The ECG electrodes 112 and
152 are ECG electrodes or ECG signal electrodes which are
placed on the body, and more particularly, around the heart
of a person 300.

[0067] In FIG. 2, reference numeral 111 denotes an adhe-
sive layer for fixing or attaching the first ECG electrode 112
of the first patch 110 to the surface of the person’s chest
around the heart and reference numeral 151 denotes an
adhesive layer for fixing or attaching the second ECG
electrode 152 of the second patch 150 to the surface of the
person’s chest around the heart. Each of the adhesive layers
111 and 151 may include a conductive gel but is not limited
thereto. In addition, reference numerals 111 and 151 may
denote disposable ECG electrodes which are electrically
connected to ECG electrodes 112 and 152, respectively.

[0068] FIG. 3 is a detailed block diagram of the wearable
ECG patch 100 illustrated in FIG. 1, according to an
exemplary embodiment of the inventive concept. Referring
to FIG. 3, V.. denotes the voltage of an ECG signal
generated by the heartbeat of the person 300; 7, in an
electrode interface model IFM denotes a contact impedance
between each modeled ECG electrode 112 or 152 and the
person 300; V, . denotes a voltage difference, e.g., a direct
current (DC) component between the ECG electrodes 112
and 152; and AZ denotes a difference between the imped-
ance of the first patch 110 and the contact impedance of the
second patch 150. AZ is one of the factors increasing motion
noise. The motion noise may be increased by the motion of
the person 300 or a physical difference between the ECG
electrodes 112 and 152 (e.g., a difference between the
thicknesses of the adhesive layers 111 and 151 existing
between the respective ECG electrodes 112 and 152 and the
body of the person 300). The contact impedance 7, may
be determined by resistance (e.g., 51 k) and capacitance
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(e.g., 47 nF) and the voltage difference V,,_ may be +300 mV,
but these values 51 kQ, 47 nF, and £300 mV are just
examples.

[0069] 50/60 Hz denotes power noise generated from a
noise source (NS) and I denotes noise current generated
from the NS. For instance, when the person 300 with the
wearable ECG patch 100 placed on the body around the
heart is near the NS, e.g.. a fluorescent light or a measuring
device, which operates at a frequency of 50 or 60 Hz, the
power noise 50/60 Hz and the noise current I - may influence
the body of the person 300. F .. denotes capacitance between
an earth ground (GND) and the body of the person 300;
VSS 5 denotes a ground (or a ground of a printed circuit
board (PCB)) of an ECG signal processing unit 120; and CC
denotes capacitance between the earth GND and the PCB
ground VSS, ;.

[0070] Referring to FIGS. 1 through 3, the first patch 110
includes the first ECG electrode 112, the ECG signal pro-
cessing unit 120, a high-pass filter 130, and transmission
lines 122-1, 122-2, and L1.

[0071] The first ECG electrode 112 may detect a first ECG
signal from the heart of the person 300. The high-pass filter
130 may perform high-pass filtering on the first ECG signal
to generate a first high-pass filtered ECG signal ECG_P.

[0072] The ECG signal processing unit 120 may include a
plurality of pads 121-1, 121-2, 121-3, 121-4, and 121-5, an
ECG sensor 123, a voltage regulator 125, a voltage divider
127, and a driver 129. The ECG signal processing unit 120,
which can process bio signals ECG_P and ECG_N, may be
an ECG chip or a bio-processor.

[0073] The ECG sensor 123 may sense a difference
between the first high-pass filtered ECG signal ECG_P input
through the first pad 121-1 and a second high-pass filtered
ECG signal ECG _N input through the second pad 121-2 and
may generate and process an ECG output signal correspond-
ing to the sensing result.

[0074] The voltage regulator 125 may receive an operating
voltage VDD through the third pad 121-3, may regulate the
operating voltage VDD, and may generate an operating
voltage of the ECG sensor 123 included in the ECG signal
processing unit 120. The operating voltage VDD is gener-
ated by a battery 154 embedded in the second patch 150 and
may be supplied to the voltage regulator 125 through a
second wire W2 and the third pad 121-3.

[0075] The voltage divider 127 may divide the voltage
(e.g., VDD) that has been regulated by the voltage regulator
125 to generate a driving voltage. The driving voltage may
be VDD/2 but is not limited thereto. The driver 129 may
drive the driving voltage VDD/2 to the high-pass filter 130
through the fifth pad 121-5. The driver 129 may have a gain
of 1 and may be implemented as a current driver, but the
inventive concept is not limited to this example.

[0076] The high-pass filter 130 may generate a first bias
voltage and a second bias voltage using the driving voltage
VDD/2, may apply the first bias voltage to the body of the
person 300 through the third transmission line L1 and the
first ECG electrode 112, and may apply the second bias
voltage to the body of the person 300 through a first wire W1
and the second ECG electrode 152. The level of the first bias
voltage may be the same as the level of the second bias
voltage, but the inventive concept is not limited to this
example. The levels of the first and second bias voltages may
be determined by the driving voltage, e.g., VDD/2, output
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from the driver 129 when the ECG electrodes 112 and 152
are attached to the body of the person 300.

[0077] Accordingly, the first ECG electrode 112 may
apply the first bias voltage to the body of the person 300 and
detect a first ECG signal at a time, and the second ECG
electrode 152 may apply the second bias voltage to the body
of the person 300 and detect a second ECG signal at a time.
The times may be the same, substantially simultaneous or
different from each other.

[0078] Since the driving voltage VDD/2 is applied to the
high-pass filter 130, the high-pass filter 130 may be imple-
mented as a floating high-pass filter. The high-pass filter 130
may include a plurality of capacitors 132 and 135 and a
plurality of resistors 131, 133, 134, and 136. Although the
high-pass filter 130 is placed outside the ECG signal pro-
cessing unit 120 in the embodiment illustrated in FIG. 3, the
high-pass filter 130 may be integrated into or placed within
the ECG signal processing unit 120.

[0079] The first capacitor 132 is connected between the
third transmission line L1 and the first transmission line
122-1. The second capacitor 135 is connected between the
first wire W1 and the second transmission line 122-2. The
first transmission line 122-1 is connected to the first pad
121-1. The second transmission line 122-2 is connected to
the second pad 121-2.

[0080] The first resistor 131 is connected between the third
transmission line L1 and a node ND connected to the fifth
pad 121-5. The second resistor 133 is connected between the
first transmission line 122-1 and the node ND. The third
resistor 134 is connected between the node ND and the
second transmission line 122-2. The fourth resistor 136 is
connected between the node ND and the first wire W1.
[0081] The capacitors 132 and 135 may have the same
capacitance C and the resistors 131, 133, 134, and 136 may
have the same resistance R. However, the resistors 131 and
136 may have a resistance R1 and the resistors 133 and 134
may have a resistance R2. In this case, the resistance R1 may
be different from the resistance R2. Each of the resistors 131,
133, 134, and 136 may be a passive or an active resistance
element. Each of the capacitors 132 and 135 may be a
switched capacitor.

[0082] A common-mode DC gain Gy, pe Of the high-
pass filter 130 may be 1. For instance, when R=R1=R2, a
cutoff frequency fp5, _345 of the high-pass filter 130 is 1/2%
RC and a differential input impedance Z,, Dy Approximates
R.

[0083] When the ECG electrodes 112 and 152 are attached
to the body of the person 300 around the heart and the
driving voltage VDD/2 is applied to the high-pass filter 130,
a voltage of the first transmission line 122-1 is VDD/2+
G1Vo/24V,, /2 and a voltage of the second transmission
line 122-2 is VDD/2-G1-V5/2+V, /2, where G1 may
denote a gain which is determined by the capacitance C, the
resistance R2, and a frequency of the voltage Vi,
Although the formulas illustrated in FIG. 3 do not include
G1, in practice these formulas may include G1.

[0084] Accordingly, differential DC inputs (e.g., V,,.) are
attenuated by the high-pass filter 130 and the attenuated
differential DC inputs may be eliminated from the ECG
sensor 123. The body of the person 300 is biased by two
resistors 131 and 136 and two ECG electrodes 112 and 152.
In other words, the ECG patch 100 does not include a
separate bias electrode for exclusively supplying a bias
voltage.
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[0085] The ground of the battery 154 and the PCB ground
VSS .-z may be connected with each other through a third
wire W3 and the fourth pad 121-4.

[0086] The second patch 150 may include the second
electrode 152 and the battery 154. The second ECG signal
detected by the second electrode 152 is transmitted to the
high-pass filter 130 through the first wire W1. The high-pass
filter 130 performs high-pass filtering on the second ECG
signal to output the second high-pass filtered ECG signal
ECG_N. The second high-pass filtered ECG signal ECG_N
may be transmitted to the ECG sensor 123 through the
second transmission line 122-2 and the second pad 121-2.
[0087] The cable 170 may include the first wire W1 for
transmitting the second ECG signal detected by the second
ECG electrode 152 placed in the second patch 150 to the first
patch 110, the second wire W2 for transmitting the operating
voltage VDD to the first patch 110, and the third wire W3 for
transmitting a ground voltage to the first patch 110. The
cable 170 may be a shielded cable.

[0088] FIG. 4 is a schematic diagram of the layout of the
floating high-pass filter 130 and ECG transmission lines
included in the first patch 110 of the wearable ECG patch
100 illustrated in FIG. 1, according to an exemplary embodi-
ment of the inventive concept. Referring to FIG. 4, when the
ECG patch 100 is implemented in a PCB including a
plurality of layers LAYER1 through LAYERG, the ECG
signal processing unit 120 may be placed at the first layer
LAYERI and the high-pass filter 130 may be placed at the
sixth layer LAYER®6, but the inventive concept is not limited
to the current embodiment.

[0089] A first electrostatic discharge (ESD) protection
circuit 140 may be placed between the electrodes 112 and
152 and the high-pass filter 130. The high-pass filter 130
may be placed as close as possible to the ECG sensor 123.
A transmission line for supplying a ground voltage VSS may
be placed at the fifth layer LAYERS. ESD protection circuits
140 and 142, the first transmission line 122-1 for transmit-
ting the first high-pass filtered ECG signal ECG_P, and the
second transmission line 122-2 for transmitting the second
high-pass filtered ECG signal ECG _N may be placed at the
sixth layer LAYER®6, but the inventive concept is not limited
to the current embodiment.

[0090] FIG. 5 is a schematic diagram of the layout of a
PCB included in the first patch 110 of the wearable ECG
patch 100 illustrated in FIG. 1, according to an exemplary
embodiment of the inventive concept. Referring to FIG. 5,
a transmission line for transmitting the first high-pass fil-
tered ECG signal ECG_P and the high-pass filter 130 are
placed at the sixth layer LAYER®, a transmission line 210
placed at the fifth layer LAYERS to transmit a ground
voltage may have a structure for shielding the transmission
line for transmitting the first high-pass filtered ECG signal
ECG_P to prevent coupling noise between digital lines 230
placed at the fourth layer LAYER4 and the transmission line
placed at the sixth layer LAYER6 to transmit the first
high-pass filtered ECG signal ECG_P. In addition, a shield-
ing structure 220 or a shielding layer 220 may be placed
between the digital lines 230 and the high-pass filter 130 to
prevent coupling noise between the digital lines 230 and the
high-pass filter 130.

[0091] FIG. 6 is a detailed block diagram of the wearable
ECG patch illustrated in FIG. 1, according to an exemplary
embodiment of the inventive concept. Referring to FIGS. 1,
2, 3, and 6, an ECG processing unit 120-1 may include an
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BCG sensor 123, an analog-to-digital converter (ADC) 410,
a central processing unit (CPU) 420, a memory controller
430, an internal memory device 435, a security circuit 440,
and a wireless transceiver 450. Referring to FIGS. 1, 3, and
6, the ECG patch may include a memory device 460 and a
sensor 470.

[0092] Referring to FIGS. 3 and 6, the ECG sensor 123
may receive a first high-pass filtered ECG signal ECG_P and
a second high-pass filtered ECG signal ECG_N, process (or
amplify) a voltage difference between the first high-pass
filtered ECG signal ECG_P and the second high-pass filtered
ECG signal ECG_N, and generate an ECG output corre-
sponding to a result of the process (or amplification).
[0093] The ADC 410 may convert the ECG output into an
ECG digital signal and output the ECG digital signal to the
CPU 420. The CPU 420 may analyze a heart rhythm of a
person using the ECG digital signal. The CPU 420 may
detect, predict, or analyze sudden cardiac arrest (SCA) of a
person using the ECG digital signal. For example, the CPU
420 may detect, predict, or analyze cardiac arrhythmias such
as ventricular fibrillation and/or ventricular tachycardia
using the ECG digital signal.

[0094] The memory controller 430, under the control of
the CPU 420, may transmit data related to the high-pass
filtered ECG signals ECG_P and ECG_N to the internal
memory device 435 and/or the memory device 460 and
receive data related to the high-pass filtered ECG signals
ECG_P and ECG_N from the internal memory device 435
and/or the memory device 460.

[0095] The internal memory device 435 may be a read
only memory (ROM), a random access memory (RAM), a
dynamic RAM (DRAM), or a static RAM (SRAM), but is
not limited thereto. The memory device 460 may store a boot
image for booting the ECG patch 100 and an application
program to be performed by the CPU 420. The memory
device 460 may comprise a volatile memory and/or a
non-volatile memory. The volatile memory may be a RAM,
a DRAM, or an SRAM, but is not limited thereto. The
non-volatile memory may be an electrically erasable pro-
grammable ROM (EEPROM), a NAND-type flash memory,
a NOR-type flash memory, a magnetic RAM (MRAM), a
spin-transfer torque MRAM, a ferroelectric RAM (Fe-
RAM), a phase change RAM (PRAM), a resistive RAM
(RRAM), a holographic memory, a molecular electronics
memory device, or an insulator resistance change memory,
but is not limited thereto.

[0096] The internal memory device 435 and/or the
memory device 460 may store information on a person such
as a patient (e.g., patient data) and/or data related to the
high-pass filtered ECG signals ECG_P and ECG_N under
the control of the memory controller 430. For example, the
data may include high-pass filtered ECG signals ECG_P and
ECG_N, data related to a heart rate, data related to cardiac
arrhythmias, data related to ventricular fibrillation (e.g., a
history of ventricular fibrillation and a history of defibrilla-
tion), and/or sensing data generated by the sensor 470. For
example, the data may be encoded or decoded by the
security circuit 440.

[0097] The security circuit 440 may encode data output
from the CPU 420 and related to a heart rhythm into security
data, and output the encoded security data to the wireless
transceiver 450. In addition, the security circuit 440 may
decode the data transmitted from the wireless transceiver
450 and transmit the decoded data to the CPU 420. For
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example, the security circuit 440 may be configured, e.g.,
programmed, with an encryption and decryption code.

[0098] The wireless transceiver 450 may transmit encoded
security data output from the security circuit 440 to an
external Internet of Things (IoT) device 500 (e.g., a wireless
communication device, a smart watch, a smart phone, a
tablet personal computer (PC), a wearable computer, a
mobile internet device, etc.) under the control of the CPU
440. The ECG processing unit 120-1 may use a communi-
cation circuit, e.g., the wireless transceiver 450, for con-
necting to the external IoT device 500. For example, the
ECG processing unit 120-1 may determine what kind of
external smart device the communication circuit is con-
nected to.

[0099] The wireless transceiver 450 may transmit data
related to the high-pass filtered ECG signals ECG _P and
ECG_N, e.g., security data or biological data, to the external
ToT device 500 through a local area network (LAN), a
wireless LAN (WLAN) such as wireless fidelity (Wi-Fi), a
wireless personal area network (WPAN) such as Bluetooth,
a wireless universal serial bus (USB), a Zigbee connection,
a near field communication (NFC) connection, a radio-
frequency identification (RFID) connection, or a mobile
cellular network. For example, the mobile communication
network may be a 3™ generation (3G) mobile communica-
tion network, a 4” generation (4G) mobile communication
network, or a long term evolution mobile communication
network (LTE™). For example, the wireless transceiver 450
may include a transceiver and an antenna for modem com-
munication. The Bluetooth interface may support Bluetooth
Low Energy (BLE).

[0100] FIG. 7 is a diagram of a data processing system
which includes the ECG signal processing unit 120-1 shown
in FIG. 6, according to an exemplary embodiment of the
inventive concept. Referring to FIGS. 6 and 7, a user of a
IoT device 500 may execute, e.g., select for use, an appli-
cation installed in the IoT device 500 (5110).

[0101] A communication module (or wireless transceiver)
of the IoT device 500 may transmit an information request
to the ECG processing unit 120 or 120-1 (hereinafter col-
lectively referred to as 120) under the control of the appli-
cation performed by a CPU of the IoT device 500 (5120). A
CPU 420 of the ECG processing unit 120, for example
bio-processor 120, may require authentication by perform-
ing an information request through the wireless transceiver
450 (S130).

[0102] After the authentication is completed, the CPU 420
may read patient information and biological information
from the memory device 435 or 460 using the memory
controller 430, and transmit the patient information and the
biological information to the wireless transceiver 450
through the security circuit 440. The wireless transceiver
450 may transmit the patient information and the biological
information to the IoT device 500 through a wireless net-
work (S140).

[0103] The application executed by a CPU included in the
ToT device 500 may display patient information 520 and/or
biological information 530 on a display device 510 of the
ToT device 500 (S150). For example, the patient information
520 may include the age 521, blood type 522, family doctor
(medical attendant) 523, and/or a medical history 524 of the
patient. The biological information 530 may include heart
rate 531 and an ECG waveform 532.
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[0104] A user of the IoT device 500 may determine a state
of a patient to which the wearable ECG patch 100 is attached
using the patient information 520 and/or the biological
information 530, and perform a proper medical treatment or
emergency diagnosis on the patient according to a result of
the determination.

[0105] FIGS. 8, 9, and 10 are diagrams illustrating data
processing systems which include the wearable ECG patch
shown in FIG. 1, according to exemplary embodiments of
the inventive concept. Referring to FIG. 8, a data processing
system 800A may be used to provide a telemedicine service.
The data processing system 800A may include the wearable
ECG patch 100 and a first medical server (health care sever)
820 which can communicate with the wearable ECG patch
100 through a wireless network 810, e.g., the internet or
Wi-Fi.

[0106] According to one example, the data processing
system 800A may further include a second medical server
(health care server) 850 which can communicate with the
wearable ECG patch 100 and/or the first medical server 820
through the wireless network 810. For example, a health
insurance corporation and/or an insurance company may
manage the second medical server 850 and a database 855.
[0107] The wireless transceiver 450 of the wearable ECG
patch 100 may transmit data HDATA corresponding to the
ECG signals ECG_P and ECG_N. The application may store
a uniform resource locator (URL) of the first medical server
820 and/or a URL of the second medical server 850.
Accordingly, the wireless transceiver 450 of the wearable
ECG patch 100 may transmit data HDATA to the first
medical server 820 (S801) and/or the second medical server
850 (S821) through the network 810 under the control of the
CPU 420 or a control of an application program (“app”)
performed by the CPU 420.

[0108] The data HDATA may include the ECG signals
ECG_P and ECG_N, data generated based on the ECG
signals ECG_P and ECG_N, and patient information. For
example, data generated based on the ECG signals ECG_P
and ECG_N may include data on ventricular fibrillation,
data on ventricular tachycardia, a heart rate, arrhythmia, or
a defibrillation history of the patient, but is not limited
thereto.

[0109] The wireless network 810 may transmit the data
HDATA to the first medical server 820 and/or the second
medical server 850 (S803 and/or S821). The first medical
server 820 may store the data HDATA in database 821
(5804), and transmit the data HDATA to a computing device
845 of a doctor working at a medical institution 840 through
a network 830 (8805). For example, the computing device
845 of a doctor may be a PC or a tablet PC, but is not limited
thereto. The doctor may work at a medical institution, a
public health care center, a clinic, a hospital, or a rescue
center, for example.

[0110] The doctor may diagnose a state of the patient
using the data HDATA displayed through the computing
device 845 and input diagnostic data into the computing
device 845 (S807). The computing device 845 transmits the
diagnostic data DDATA to the first medical server 820
through the network 830 (S809), and the first medical server
820 stores the diagnostic data DDATA in the database 821
(S804) and transmits the diagnostic data DDATA to the
network 810 (S811). The network 810 may transmit the
diagnostic data DDATA to the wearable ECG patch 100
(S813) or to the second medical server 850 (S821). The ECG
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patch 100 may store the diagnostic data DDATA in the
memory device 435 or 460. The second medical server 850
may store the diagnostic data DDATA in the database 855
(S823).

[0111] Each of the servers 820 and 850 may store or
analyze each of the data HDATA and DDATA in the data-
bases 821 and 855. In addition, each of the servers 820 and
850 may transmit a result of the analysis to the networks 810
and 830.

[0112] Referring to FIG. 9, a data processing system 800B
may be used to provide a remote medical service. The data
processing system 800B may include the wearable ECG
patch 100, an IoT device 801 (for example a smart watch or
a smart phone), and the first medical server 820 which can
communicate with the IoT device 801 through the wireless
network 810. The IoT device 801 may be the IoT device 500
of the examples shown in and described with reference to
FIGS. 6 and 7, but is not limited thereto. The data processing
system 800A of FIG. 9 is similar to the data processing
system 800B of FIG. 8, in terms of its structure and
operation, except for the IoT device 801 through which the
wearable ECG patch 100 transmits or receives data to or
from the wireless network 810.

[0113] The wearable ECG patch 100 may transmit data
HDATA generated by the wearable ECG patch 100 to the
ToT device 801 (S800). For example, the wearable ECG
patch 100 may automatically transmit the data HDATA to
the ToT device 801 according to a request of the loT device
801 or when an abnormality is detected in the heart function
of a patient (S800). The IoT device 801 may transmit the
data HDATA to the network 810 (S801), and receive diag-
nostic data DDATA output from the network 810 (S813).
The IoT device 801 may display the diagnostic data DDATA
on a display of the IoT device 801. Accordingly, a user of the
IoT device 801 may provide appropriate medical care to or
perform first aid on a patient who wears the wearable ECG
patch 100, using the diagnostic data DDATA.

[0114] Referring to FIG. 10, a data processing system 900
may be used to provide a remote medical service. The data
processing system 900 may include the wearable ECG patch
100 and a mobile computing device 910 which can com-
municate with the wearable ECG patch 100 through a
network 905. The data processing system 900 may further
include a medical server (health care server) 915 which can
communicate with the mobile computing device 910
through a network 912.

[0115] The wireless transceiver 450 of the wearable ECG
patch 100 may transmit data HDATA corresponding to the
ECG signals ECG _P and ECG _N to the mobile computing
device 910 through the network 905 under the control of the
CPU 420 or a control of an app performed by the CPU 420
(S901).

[0116] For example, the mobile computing device 910
may be a smart phone, a tablet PC, a minimally invasive
device (MID), an IoT device, or an internet of everything
(IoE) device, but is not limited thereto. A user of the mobile
computing device 910 which can perform an app to be
described with reference to FIG. 10 may be a medical team,
a guardian, or a passerby. The passerby may be someone
who has completed first aid training; however, the inventive
concept is not limited thereto.

[0117] An app performed by a CPU of the mobile com-
puting device 910 may be represented by an icon(s), inter-
face, etc. displayed on a display of the mobile computing
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device 910. The mobile computing device 910 may transmit
the data HDATA to the medical server 915 through the
network 912 under the control of the app (S903 and S905).
The mobile computing device 910 stores a URL of the
medial server 915, such that the mobile computing device
910 may transmit the data HDATA to the medical server 915
corresponding to a URL under the control of an app (S903
and S905).

[0118] The medical server 915 may store the data HDATA
in the database 917 (S906), and transmit the data HDATA to
a computing device 925 of a doctor working at a medical
institution 920 through a network 914.

[0119] The doctor may diagnose a state of a patient using
the data HDATA displayed through the computing device
925 and input diagnostic data into the computing device 925
(8907). The computing device 925 may transmit the diag-
nostic data DDATA to the medical server 915 through the
network 914, and the medical server 915 may store the
diagnostic data DDATA in the database 917 (S906), and
transmit the diagnostic data DDATA to the mobile comput-
ing device 910 through the network 912 (S909 and S911).
The mobile computing device 910 may display the diagnos-
tic data DDATA of the doctor on a display of the mobile
computing device 910. Accordingly. a user of the mobile
computing device 910 may provide appropriate medical care
to or perform first aid on a patient who wears the wearable
ECG patch 100, using the diagnostic data DDATA.

[0120] As described above, according to an exemplary
embodiment of the inventive concept, an ECG patch
includes two electrodes and a floating high-pass filter but
does not include a bias electrode for applying a bias voltage
to a human body. To generate the bias voltage, the ECG
patch uses the high-pass filter, and applies the bias voltage
to the human body through the ECG electrodes. In other
words, since the ECG patch does not include a bias elec-
trode, a form factor for the ECG patch is reduced in size.
Further, since the ECG patch has a minimum number of
electrodes, a contact area between the ECG patch and the
skin is minimized, so that the convenience of attaching/
detaching the ECG patch to the skin increases and an area of
the skin impacted by the attached electrodes is also mini-
mized.

[0121] While the inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in forms and details may
be made therein without departing from the spirit and scope
of the inventive concept as defined by the following claims.

1. An electrocardiograph (EGG) patch, comprising:

a first electrode;

a second electrode;

a high pass filter configured to receive a bias voltage and
provide the bias voltage to the first electrode and the
second electrode; and

a signal processing unit configured to generate the bias
voltage and provide the bias voltage to the high pass
filter.

2. The ECG patch of claim 1, wherein the signal process-

ing unit comprises:

a voltage regulator configured to receive an operating
voltage;

a voltage divider configured to divide the voltage that has
been regulated by the voltage regulator to generate the
bias voltage; and
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a driver configured to drive the bias voltage to the high
pass filter.

3. The EGG patch of claim 2, wherein the driver is a

current driver.

4. The ECG patch of claim 2, wherein the operating
voltage is provided from a battery to the voltage regulator.

5. The ECG patch of claim 1, wherein the high pass filter
is a floating high pass filter.

6. An electrocardiograph (ECG) patch, comprising:

a first patch including a first electrode, a high pass filter

and an EGG signal processing unit;

a second patch including a second electrode and a battery;
and

a cable including a first wire for providing a bias voltage
from the first patch to the second electrode, a second
wire for providing an operating voltage to the second
patch and a third wire for providing a ground voltage to
the second patch.

7. The ECG patch of claim 6, wherein the ECG signal

processing unit comprises:

a voltage regulator configured to receive the operating
voltage;

a voltage divider configured to divide the voltage that has
been regulated by the voltage regulator to generate the
bias voltage; and

a driver configured to drive the bias voltage to the high
pass filter,

8. The ECU patch of claim 6, wherein the high pass filter
is configured to receive the bias voltage from the ECG signal
processing unit, provide the bias voltage to the first electrode
and provide the bias voltage to the second electrode through
the first wire.

9. The ECG patch of claim 6, wherein the high pass filter
is configured to perform a high pass filtering on a first ECG
signal detected by the first electrode to generate a first high
pass signal, and to perform a high pass filtering on a second
ECG signal detected by the second electrode to generate a
second high pass signal, and

wherein the ECG signal processing unit is configured to
generate an ECG output signal based on a difference
between the first high pass filtered ECU signal and the
second high pass filtered ECG signal.

10. The ECG of claim 6, wherein the first patch includes

a printed circuit board having a plurality of layers, and
wherein the ECU signal processing unit is disposed at a first
layer of the plurality of layers and the high pass filter is
disposed at a last layer of the plurality of layers.

11. The ECG of claim 10, wherein the ECG signal
processing unit and the high pass filter are disposed opposite
each other.

12. The ECG of claim 10, wherein a transmission line for
transmitting a ground voltage is configured to shield a
transmission line for transmitting a first high pass filtered
signal.

13. The ECG of claim 12, wherein a shielding layer is
disposed between the high pass filter and signal lines of the
ECU signal processing unit.

14-23. (canceled)

24. An electrocardiograph (ECG) patch, comprising:

a first electrode configured to detect a first ECG signal;

a second electrode configured to detect a second ECG
signal;
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a high-pass filter configured to perform high-pass filtering
on the first ECG signal to generate a first high-pass
filtered signal, and to perform high-pass filtering on the
second ECG signal to generate a second high-pass
filtered signal; and

a signal processing unit configured to generate an ECG
output signal based on a difference between the first
ECG signal and the second ECG signal,

wherein the high-pass filter is further configured to gen-
erate a first bias voltage based on a driving voltage and
provide the first bias voltage to the first electrode, and
to generate a second bias voltage based on the driving
voltage and provide the second bias voltage to the
second electrode.

25. The ECG patch of claim 24, wherein the first bias

voltage and the second bias voltage have the same level.

26. The ECG patch of claim 24, wherein the first ECG
signal is detected when the first bias voltage is applied to a
person’s body and the second ECU signal is detected when
the second bias voltage is applied to the person’s body.

27. The ECU patch of claim 24, wherein the high-pass
filter is a floating high-pass filter.

28. The ECO patch of claim 24, wherein the high-pass
filter comprises:

a first capacitor connected between a first transmission
line and a third transmission line, wherein the first
transmission line is connected to a first pad of the signal
processing unit;

a second capacitor connected between a first wire and a
second transmission line, wherein the second capacitor
is connected to a second pad of the signal processing
unit;

a first resistor connected between the third transmission
line and a first node connected to a fifth pad of the
signal processing unit;

a second resistor connected between the first transmission
line and the first node;

a third resistor connected between the first node and the
second transmission line; and

a fourth resistor connected between the first node and the
first wire.

29. The ECG patch of claim 28, wherein the first and
second capacitors have the same capacitances as each other
and the first to fourth resistors have the same resistances as
each other.

30. The ECG patch of claim 28, wherein the signal
processing unit comprises:

a voltage regulator connected to a third pad of the signal
processing unit and configured to receive an operating
voltage via the third pad and regulate the operating
voltage, wherein the third pad is connected to a second
wire;

a voltage divider configured to divide the voltage that has
been regulated by the voltage generator to generate a
driving voltage; and

a driver configured to drive the driving voltage and
provide the driving voltage to the high-pass filter
through the fifth pad.

31-48. (canceled)
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