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(57) ABSTRACT

Disclosed herein are an RF biosensing system, a method of
manufacturing an RF biosensor used in the same, and a
method of controlling the same. The RF biosensing system
allows dementia screening without any painful or uncom-
fortable procedure through rapid detection of biomarkers for
Alzheimer’s disease present in a patient’s bodily fluids. In
addition, the RF biosensing system is very helpful for
preventing Alzheimer’s disease due to the ability to detect
triggers for dementia long before onset of symptoms and
easily monitor the progression of Alzheimer’s disease using
simple and inexpensive equipment.

60




Patent Application Publication  Nov. 2,2023 Sheet 1 of 9 US 2023/0349927 A1

100

FIG. 1



Patent Application Publication

<2 -
«©o T
foun 3
<
(@

Nov. 2,2023 Sheet 2 of 9

US 2023/0349927 Al

FIG. 2




Patent Application Publication  Nov. 2, 2023 Sheet 3 of 9 US 2023/0349927 A1

o1
311 522
al l—w i 87
. P ,//WWW\\." ........ 50
/ \ inea / )
40 !\ Porti ) 5'%%‘?{ ( Port2 /i
N N
hire— ™ b2
S12

FIG. 3



Patent Application Publication  Nov. 2, 2023 Sheet 4 of 9 US 2023/0349927 A1

Seflection {dB)
H
U
»
»
»
:
]
"
Q‘
Transmission {dB)

Pt

* ne
agk /-/ ~=- fonomer 25
R NS —»= Monomer 80

—~h— Monamar 190

~2.5 , , . 1 : ; :
7.85 7.8 785 8.40 .05 810 815
Freaulency (GHz)
20
Lo
| Ban aa n“vnoiﬁe{ !
- Monomer 50
154 |~ Monomer 100
X
A /
(0 P £
o - Vi
by A * A
fk Ad
A ‘ »
N ,‘/‘ ;\\ f.“ \A'
L,\ " X /} \‘
P -
N A *
S e il S .“‘“"\., 3 * o N ,/
AR g o ™ & i S
R ol NUSOR PSS SO0 '\\ P
- -
~a, han s
N L e Sy .
.\'\ ,Af""/‘ﬂ - ¥ *
- o
M{}(\J T
e o o - n 3
7.35 740 7.45 7.50 7.55

Freguiency {GHz)

FIG. 4



Patent Application Publication  Nov. 2, 2023 Sheet 5 of 9 US 2023/0349927 A1

1.4
0.8 -
v A
oy
A
§a NM &
o et L
o0 Ada s ¢
L0 Amagaat Ma“"‘“ e :
= VYW VW S / &
" { o
2= e
20 ("3\_“‘"&---0". “""%Mo\. / .'.‘./"
:?:; o "‘-‘ " . Tattay .:‘ »
oF Nnun At R utny, anvay Sade o
00 LT ‘
& -‘.‘.‘l' ;!
o
. .9
R4
Ao
D
43 4.4 45 48
Frequency {GHz)
1.2 R
A"’r Ly
; She
& ARk
1.0 &
A’\ 4
A LN 4
. & l‘_l
R OR ,‘**,‘ &
ot S
= e
g
=08 - L 2ant N
& h ti‘ . "\.‘
IE{“; - ,.Ir”"“'\‘\‘ // S » \'\Q‘
fSaed o P e LS LY
YA Py gy WO S R
PO S N Sl - e
- =
T PO it o I NG
0.
OG ! : : b ! i }
3.00 3.05 318 315 3,20 3.25

I

Fraquency {GHz)

FIG. 5



Patent Application Publication

Tres s {4523
Transmission {d2)

Nov. 2,2023 Sheet 6 of 9

i 14
i - e
i Sl e SRS - {1
W gy W **‘\g._,.l—"t\:‘ —.— 4 }
-0 5 \§ """""""""""""""
.k "
2 ./...»-4»-1\.\'\ ‘A\
ot o R Y A
b Y
g S N .\ ‘\‘-4\‘ ‘/(‘, -
. - . \‘\L.* //
~e - .
"‘? i\ N\ \’\"\w,n’. -
o e
.\\
b
A
\
.
\."”.“. L SV
) o
{5
¥ l ¥ 7 T Y
785 7.36 7.35 740 745
Fraquency {GHz)
e 1A o
1 B N
e A ; »
4] o
! A\
- { /’f '\‘\
h / .
N 6 ‘f \\\ / ./ \\‘ ‘\.
V.8~ /et ; LU
] \ ! y . R
/ /‘! ‘1\h . ,’/} f ﬁx & \" \
e A )

H ,,k’
Py = N
. >
'Y
/
B4
H ' 1 B
-~y ‘. £ n "y
300 3.05 348 3.45 3.20 125

US 2023/0349927 Al



Patent Application Publication  Nov. 2, 2023 Sheet 7 of 9 US 2023/0349927 A1




Patent Application Publication  Nov. 2, 2023 Sheet 8 of 9 US 2023/0349927 A1

FIG. 8




Patent Application Publication  Nov. 2, 2023 Sheet 9 of 9 US 2023/0349927 A1

( Start ]

Y

Introduce amyloid-8 onto RF biosensor —~—35100

Y

Transmit, RF analyzer, RF signal to RF biosensor ——5200

Y

Measure, by RF analyzer, S-parameter based on RF
biosignal received upon passage of RF signal ——5300
through amvloid-3

Y

Obtain, by Al module, diagnosis for Alzheimer's disease

through diagnosis model trained based on ——S5400
S-parameter measurements

Y
End

FIG.9



US 2023/0349927 Al

RF BIOSENSOR AND MANUFACTURING
METHOD THEREOF

FIELD

[0001] Embodiments of the present invention relate to an
RF biosensing system, a method of manufacturing an RF
biosensor for the same, and a method of controlling the same
and, more particularly, to an RF biosensing system that
allows Alzheimer’s disease screening without any painful or
uncomfortable procedure through rapid detection of bio-
markers for Alzheimer’s disease present in a patient’s body
fluids and is very helpful for early diagnosis and prevention
of dementia due to the ability to detect triggers for Alzheim-
er’s disease long before onset of symptoms using simple and
inexpensive equipment, an RF biosensor for the same, and
a method of controlling the same.

BACKGROUND

[0002] Alzheimer’s disease is the most common degen-
erative brain disease that causes dementia and was first
reported in 1907 by a German psychiatrist named Alois
Alzheimer. Alzheimer’s disease develops slowly and wors-
ens over time Alzheimer’s disease typically begins with
memory loss for recent events, progresses to cause various
other cognitive disorders such as a speech disorder or
impaired judgement, and eventually leads to loss of all daily
living skills. Cognitive deterioration in Alzheimer’s disease
is often accompanied by psychobehavioral symptoms, such
as personality changes, anxiety, depression, delusions, hal-
lucinations, increased aggression, and sleep disturbance and,
in the later stages of Alzheimer’s disease, people often
develop neurological disorders, such as rigidity and gait
abnormalities, and physical complications, such as fecal/
urine incontinence, infection, and pressure ulcers.

[0003] As a result, social and economic costs of Alzheim-
er’s disease are rapidly increasing and various researches
have been made to provide early diagnosis and prevention of
the disease. However, currently reported methods for diag-
nosis and prevention of Alzheimer’s disease are limited in
their practical application due to the following problems.
[0004] First, magnetic resonance imaging (MRI) and posi-
tron emission tomography (PET) known as typical diagnos-
tic methods for Alzheimer’s disease are limited in use
thereof. MRI produces images of the internal body by
placing a patient’s body inside a strong magnetic field,
sending radio waves through the body, and measuring mag-
netic resonance signals, and PET produces images of the
internal body by injecting a positron-emitting radioisotope
tracer into a patient’s body, tracking the radioisotope tracer
using a positron emission tomograph, and analyzing the
distribution of radioisotopes in the body. However, both
MRI and PET require prolonged scan time and expensive
equipment. In particular, PET can cause uncomfortable
feelings for patients due to use of radioisotopes. Further,
since cognitively normal patients with brain lesions rarely
visit hospitals to have scans and there are a limited number
of hospitals that provide MRI or PET services for patients
with Alzheimer’s disease, these imaging examinations are
limited in use thereof.

[0005] Second, although there have been proposed diag-
nostic test methods for Alzheimer’s disease through mea-
surement of the concentration of amyloid-f in cerebrospinal
fluid (CSF), a CSF collection procedure is time-consuming
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and painful to patients. In particular, CSF collection using an
invasive procedure called lumbar puncture (LP) can cause
the risk of spinal subdural or subarachnoid hemorrhage.
Accordingly, most patients who have not yet developed
symptoms will not feel the need to be tested, so they are
unlikely to undergo CSF collection from their spine to be
tested for Alzheimer’s disease, which makes these methods
unsuitable for early diagnosis and prevention of dementia.
[0006] Third, existing diagnostic test methods for
Alzheimer’s disease as described above have a problem in
that patients do not feel the need to be tested until onset of
symptoms. Although it is known that production of amy-
loid-p monomers and aggregation thereof into oligomeric
species, which are the main triggers for Alzheimer’s disease,
start to appear about 20 years before onset of symptoms and
preventing production and aggregation of amyloid-f helps
to prevent Alzheimer’s disease, these diagnostic test meth-
ods have difficulty in detection of the triggers and thus are
limited in their ability to provide early diagnosis and pre-
vention of Alzheimer’s disease.

[0007] A recent study showed that Alzheimer’s disease
mainly develops when a small protein called amyloid-f is
overproduced and deposited in the brain, causing toxic
effects on brain cells. Therefore, there is an urgent need for
a novel technique which can address the above problems
based on this knowledge and can reduce social and eco-
nomic costs of dementia by providing early diagnosis and
prevention of Alzheimer’s disease in a simple and rapid
manner.

SUMMARY

[0008] Embodiments of the present invention are con-
ceived to solve such problems in the art and provide an RF
biosensing system that allows dementia screening without
any painful or uncomfortable procedure through rapid detec-
tion of biomarkers for Alzheimer’s disease present in the
patient’s body fluids and is very helpful for early diagnosis
and prevention of dementia due to the ability to detect
triggers for dementia long before onset of symptoms using
simple and inexpensive equipment, an RF biosensor for the
same, and a method of controlling the same.

[0009] It will be understood that objects of the present
invention are not limited to the above. The above and other
objects of the present invention will become apparent to
those skilled in the art from the detailed description of the
following embodiments in conjunction with the accompa-
nying drawings.

[0010] Inaccordance with one aspect of the present inven-
tion, there is provided an RF biosensing system for mea-
suring degrees of production of amyloid-p and aggregation
of monomeric amyloid-f into oligomeric amyloid-f} using a
radio frequency (RF) signal, the RF biosensing system
including: an RF biosensor including a silicon substrate, a
signal electrode disposed on the silicon substrate, and an
interconnector electrically connected to the signal electrode
to detect amyloid-f as a biomarker; and an RF analyzer
electrically connected to the RF biosensor and measuring a
quantitative ratio of oligomeric amyloid-f to monomeric
amyloid-$ using an RF signal.

[0011] In one embodiment, the interconnector may be
reduced graphene oxide.

[0012] In one embodiment, the signal electrode may have
a structure of a ground-signal-ground (GSG) electrode.
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[0013] Inone embodiment, the RF biosensing system may
further include: an input probe; and an output probe, wherein
the RF analyzer may receive an RF biosignal through
measurement of voltage at the input probe and the output
probe and may measure an S-parameter based on the RF
biosignal.

[0014] Inone embodiment, the RF biosensing system may
further include: an artificial intelligence (AI) module
adapted to build a diagnosis model through training based on
the S-parameter measured by the RF analyzer, wherein the
S-parameter may be a ratio of reflected/transmitted voltage
measured at the output probe to reflected/transmitted voltage
measured at the input probe and may include a reflection
coeflicient calculated using a signal reflected from the input
probe and a transmission coefficient calculated using a
signal reflected from the output probe, and the diagnosis
model may obtain a diagnosis for Alzheimer’s disease based
on correlation between the reflection coefficient and the
transmission coefficient.

[0015] In one embodiment, the reflection coeflicient and
the transmission coefficient may increase with increasing
concentration of monomeric amyloid-f and oligomeric
amyloid-f.

[0016] In one embodiment, the reflection coefficient may
decrease and the transmission coefficient may increase with
increasing ratio of monomeric amyloid-p to oligomeric
amyloid-f.

[0017] In one embodiment, the signal electrode may
include: a pair of central electrodes formed on an upper
surface of the silicon substrate with a space therebetween
and extending across the upper surface of the silicon sub-
strate; a one-side electrode connected to both the central
electrodes and extending along a periphery of the upper
surface of the silicon substrate; and an opposite-side elec-
trode connected to both the central electrodes and extending
along the periphery of the upper surface of the silicon
substrate to be symmetrical to the one-side electrode with
respect to the pair of central electrodes.

[0018] In one embodiment, the signal electrode may fur-
ther include: a pair of interconnector contact portions
extending radially from distal ends of the pair of central
electrodes facing each other, respectively, wherein the pair
of interconnector contact portions may each include: a first
interconnector contact electrode extending from one end of
the central electrode in a parallel direction with respect to the
central electrode; and a pair of second interconnector contact
electrodes extending from the one end of the central elec-
trode and curved with a predetermined curvature towards a
distal end of the first interconnector contact electrode.

[0019] In accordance with another aspect of the present
invention, a method of controlling the RF biosensing system
includes the steps of: (a) introducing amyloid-f§ onto the RF
biosensor; (b) transmitting, by the RF analyzer, an RF signal
to the RF biosensor; (c) measuring, by the RF analyzer, the
S-parameter based on an RF biosignal received upon pas-
sage of the RF signal through the amyloid-p; and (d)
obtaining, by the Al module, a diagnosis for Alzheimer’s
disease through the diagnosis model trained based on the
S-parameter measured by the RF analyzer.

[0020] In accordance with a further aspect of the present
invention, a method of manufacturing the RF biosensor of
the RF biosensing system includes the steps of: (a) forming
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the signal electrode on the silicon substrate; and (b) forming
the interconnector detecting amyloid-f§ as a biomarker on
the signal electrode.

[0021] In one embodiment, the step (a) may include:
forming a first interconnector contact electrode extending
from one end of each of the pair of central electrodes in a
parallel direction with respect to the central electrode; and
forming a pair of second interconnector contact electrodes
extending from the one end of the central electrode and
curved with a predetermined curvature towards a distal end
of the first interconnector contact electrode.

[0022] In one embodiment, the step (b) may include (b1)
forming graphene oxide (GO) on the signal electrode while
dropping MXene thereon in a controlled ratio of the gra-
phene oxide (GO) to MXene.

[0023] In one embodiment, the step (b) may further
include (b2) baking the silicon substrate.

[0024] The RF biosensing system according to the present
invention allows dementia screening without any painful or
uncomfortable procedure through rapid detection of bio-
markers for Alzheimer’s disease present in a patient’s bodily
fluids and is very helpful for prevention of Alzheimer’s
disease due to the ability to detect triggers for dementia long
before onset of symptoms and easily monitor the progres-
sion of Alzheimer’s disease using simple and inexpensive
equipment.

[0025] It will be understood that advantageous effects of
the present invention are not limited to the above ones, and
include any advantageous effects conceivable from the fea-
tures disclosed in the detailed description of the present
invention or the appended claims.

DRAWINGS

[0026] The above and other aspects, features, and advan-
tages of the present invention will become apparent from the
detailed description of the following embodiments in con-
junction with the accompanying drawings:

[0027] FIG. 1 is a schematic view of an RF biosensor
according to one embodiment of the present invention;
[0028] FIG. 2 is a schematic view of an RF biosensing
system according to one embodiment of the present inven-
tion;

[0029] FIG. 3 is a conceptual diagram illustrating a prin-
ciple of measuring a reflection coefficient and a transmission
coefficient based on an RF signal in the RF biosensing
system according to the present invention, specifically the
RF biosensor thereof;

[0030] FIG. 4 is graphs of relationships between a reflec-
tion coeflicient S11 and a transmission coefficient S21 as a
function of frequency for solutions having different concen-
trations of monomeric amyloid-f3, according to one embodi-
ment of the present invention;

[0031] FIG. 5 is graphs of relationships between the
reflection coefficient S11 and the transmission coeflicient
S21 as a function of frequency for solutions having different
concentrations of oligomeric amyloid-f}, according to one
embodiment of the present invention;

[0032] FIG. 6 is graphs of relationships between the
reflection coefficient S11 and the transmission coeflicient
S21 as a function of frequency for solutions having different
ratios of monomeric amyloid-f to oligomeric amyloid-f for
a given total amount of monomeric and oligomeric amyloid-
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[0033] FIG. 7 is a schematic view illustrating introduction
of an interconnector onto a signal electrode in a RF biosen-
sor manufacturing method according to one embodiment of
the present invention;

[0034] FIG. 8 is a schematic view sequentially illustrating
the RF biosensor manufacturing method; and

[0035] FIG. 9 is a flowchart of an RF biosensing system
control method according to one embodiment of the present
invention.

DETAILED DESCRIPTION

[0036] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompa-
nying drawings. It should be understood that the present
invention may be embodied in different ways and is not
limited to the following embodiments. In the drawings,
portions irrelevant to the description will be omitted for
clarity. Like components will be denoted by like reference
numerals throughout the specification.

[0037] Throughout the specification, when an element or
layer is referred to as being “on,” “connected to,” or
“coupled to” another element or layer, it may be directly on,
connected to, or coupled to the other element or layer or
intervening elements or layers may be present. In addition,
unless stated otherwise, the term “includes” should be
interpreted as not excluding the presence of other compo-
nents than those listed herein.

[0038] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. 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. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0039] As described above, conventional diagnostic test
methods for Alzheimer’s disease involve a long, painful
procedure or expensive and complicated equipment and lack
the ability to provide early diagnosis of Alzheimer’s disease,
symptoms of which take more than 20 years to manifest,
resulting in significant increase in social and economic
costs.

[0040] In order to solve these problems, the present inven-
tion provides: an RF biosensor for measuring the degrees of
production of amyloid-f and aggregation of monomeric
amyloid-f into oligomeric amyloid-f using a radio fre-
quency (RF) signal, wherein the RF biosensor includes a
silicon substrate, a signal electrode disposed on the silicon
substrate, and an interconnector electrically connected to the
signal electrode to detect amyloid-f} as a biomarker; and a
method for manufacturing an RF biosensor, which includes
(a) forming a signal electrode on a silicon substrate and (b)
forming an interconnector detecting amyloid-f as a bio-
marker on the signal electrode.

[0041] Advantageously, the RF biosensor according the
present invention can rapidly detect biomarkers for
Alzheimer’s disease present in a patient’s bodily fluids,
thereby allowing Alzheimer’s disease screening without any
painful or uncomfortable procedure. In addition, the RF
biosensor according to the present invention is able to detect
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triggers for Alzheimer’s disease long before onset of symp-
toms and easily monitor the progression of Alzheimer’s
disease using simple and inexpensive equipment, and thus
can be very helpful for prevention of Alzheimer’s disease.
[0042] 1. RF Biosensor 100

[0043] An RF biosensor according to the present invention
will be described with reference to FIG. 1.

[0044] FIG. 1 is a schematic view of an RF biosensor
according to one embodiment of the present invention.
[0045] Referring to FIG. 1, an RF biosensor 100 according
to the present invention includes a silicon substrate 10, a
signal electrode 20 disposed on the silicon substrate 10, and
an interconnector 30 electrically coupled to the signal elec-
trode 20 to detect amyloid-f as a biomarker.

[0046] The silicon substrate 10 serves as a structural
material to support the RF biosensor 100 and provides a
place where the signal electrode 20 is deposited, as shown
in FIG. 1.

[0047] The silicon substrate 10 may be any typical silicon
substrate that can be used as a structural material for a sensor
capable of detecting an RF signal from a biomarker and has
an appropriate thickness for preventing degradation in elec-
trical/optical properties. Preferably, the silicon substrate 10
is a silicon wafer, more preferably a silicon wafer having an
upper layer formed of silicon oxide (SiO,) obtained by
thermally oxidizing silicon, in terms of signal maximization
and prevention of leakage current.

[0048] The signal electrode 20 is disposed on the silicon
substrate 10, includes a pair of opposing portions spaced
apart from each other to generate an RF field upon appli-
cation of input/output power, and contacts an upper portion
of reduced graphene oxide as the interconnector 30
described below to transmit a signal detected from a bio-
marker to input and output probes disposed on the silicon
substrate 10 and the signal electrode 20 in the form of an
electro-optical signal.

[0049] Thus, the signal electrode 20 may have a structure
of a ground-signal-ground (GSG) electrode, both sides of
which are grounded, as shown in FIG. 1, thereby ensuring
more sensitive measurement of signal differences than when
using a general single-electrode-type signal electrode.
[0050] The signal electrode 20 may be formed of any
known metal consistent with the objectives of the present
invention, for example, titanium (T1), gold (Au), and chro-
mium, preferably gold (Au) in terms of electrical conduc-
tivity and sensitivity.

[0051] Specifically, referring to FIG. 1, the signal elec-
trode 20 includes a one-side electrode 21, an opposite-side
electrode 22, and a pair of central electrodes 23.

[0052] The one-side electrode 21 is connected to both the
central electrodes 23 and is formed along a periphery of an
upper surface of the silicon substrate 10.

[0053] More specifically, the one-side electrode 21 is
formed only on one side of the silicon substrate 10 with
respect to the pair of central electrodes 23.

[0054] The opposite-side electrode 22 is connected to both
the central electrodes 23 and is formed along the periphery
of the silicon substrate 10 to be symmetrical to the one-side
electrode 22 with respect to the pair of central electrodes 23.
[0055] More specifically, the opposite-side electrode 22 is
formed on the other side of the silicon substrate 10 with
respect to the pair of central electrodes 23.
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[0056] Accordingly, the one-side electrode 21 and the
opposite-side electrode 22 are symmetrical to each other
with respect to the pair of central electrodes 23.

[0057] The pair of central electrodes 23 is formed on the
upper surface of the silicon substrate 10 with a space
therebetween and extends across the upper surface of the
silicon substrate 10.

[0058] The interconnector 30 is formed in and near a
region between the pair of central electrodes 23 facing each
other.

[0059] The interconnector 30 contacts the silicon substrate
10 and the pair of central electrodes 23 of the signal
electrode 20 and serves to transmit an electrical signal
detected from a biomarker for Alzheimer’s disease to an RF
field generated by the signal electrode 20.

[0060] Although the exact pathogenesis and cause of
Alzheimer’s disease are not yet fully understood, a recent
study showed that Alzheimer’s disease mainly develops
when a small protein called amyloid-f is overproduced and
deposited in the brain, causing toxic effects to brain cells.

[0061] Accordingly, various research efforts are being
conducted to diagnose and prevent Alzheimer’s disease
through quantitative measurement and analysis of amyloid-

[0062] However, measuring amyloid-f in blood is signifi-
cantly more difficult than measuring amyloid-p in cerebro-
spinal fluid, which is a conventional diagnostic test method
for Alzheimer’s disease, since the concentration of amy-
loid-p in blood is 50 times lower than that in cerebrospinal
fluid and other proteins than amyloid-f are approximately
1,000 times more abundant in blood than amyloid-p.
Accordingly, research on amyloid-f as a biomarker for
Alzheimer’s disease has been limited to quantitative mea-
surement of monomeric amyloid-f and oligomeric amy-
loid-p and is still far from enabling early diagnosis of
Alzheimer’s disease through patient-by-patient determina-
tion of a quantitative ratio between monomeric amyloid-f3
and oligomeric amyloid-f, that is, a degree of aggregation of
amyloid-f into oligomer species. Furthermore, even though
it is possible to measure the degree of aggregation of
amyloid-f into oligomer species, unreliable measurement
accuracy and low economic feasibility due to the necessity
of expensive equipment and time-consuming analysis work
limits practical use of such an approach.

[0063] The present invention can achieve accurate diag-
nosis and prevention of Alzheimer’s disease and significant
reduction in social and economic costs of the disease
through early detection of Alzheimer’s disease, symptoms of
which take decades to manifest, in a simple and rapid
manner by providing an RF biosensor including an inter-
connector capable of highly precise and objective measure-
ment of the quantitative ratio between monomeric amy-
loid-p and oligomeric amyloid-f3, which are biomarkers for
Alzheimer’s disease present in a patient’s bodily fluids.
[0064] To this end, the RF biosensor according to the
present invention may use reduced graphene oxide as an
interconnector measuring the quantitative ratio between
monomeric amyloid-f and oligomeric amyloid-f3, which are
biomarkers for Alzheimer’s disease.

[0065] In general, graphene is highly promising in many
applications such as electronics, energy storage and conver-
sion devices (such as supercapacitors, batteries, fuel cells,
and solar cells), and bioscience/biotechnology due to unique
physical properties such as large surface area, good thermal/
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electrical conductivity, and high mechanical strength, and
graphene oxide obtained by oxidizing graphene can be
subjected to various types of chemical modification or
functionalization due to a unique chemical structure thereof
and thus is advantageously used in electrochemical or bio-
medical applications.

[0066] However, the unique chemical structure of gra-
phene oxide can cause deterioration in electrochemical
properties inherent to graphene. Accordingly, the RF bio-
sensor according to the present invention may use reduced
graphene oxide as an interconnector measuring the degree of
oligomerization of amyloid-f3.

[0067] In other words, in view of the fact that, despite
having better electrical properties than graphene oxide,
graphene oxidizes easily due to metallic properties thereof
and is difficult to use in applications requiring uniformity in
properties, the RF biosensor according to the present inven-
tion uses an interconnector formed of reduced graphene
oxide obtained by reducing oxidized graphene under the
same conditions as in oxidation to make the oxidized
graphene have semiconductor characteristics, such as band-
gap characteristics, and uniform properties throughout. Fur-
thermore, since reduced graphene oxide has more functional
groups than graphene and can be easily combined with
biomaterials, the RF biosensor according to the present
invention can sufficiently overcome the aforementioned
problems by providing real-time analysis of the degree of
oligomerization with high accuracy and sensitivity through
use of reduced graphene oxide as an interconnector detect-
ing amyloid-f, which is a biomarker for Alzheimer’s dis-
ease, and subsequent analysis of RF signals detected from
amyloid-f.

[0068] 2. RF Biosensing System 200

[0069] Next, an RF biosensing system 200 according to
one embodiment of the present invention will be described
with reference to FIG. 1 to FIG. 6.

[0070] FIG. 2 is a schematic view of an RF biosensing
system according to one embodiment of the present inven-
tion.

[0071] Referring to FIG. 2, the RF biosensing system 200
according to this embodiment includes an RF biosensor 100,
an input probe 40, an output probe 50, and an RF analyzer
60.

[0072] More specifically, referring to FIG. 2, the present
invention provides an RF biosensing system 200 including
the RF biosensor 100 as described above and an RF analyzer
60 electrically connected to the RF biosensor 100 and
measuring a quantitative ratio between oligomeric amy-
loid-p and monomeric amyloid-p based on an RF signal,
wherein the RF biosensor 100 detects amyloid-f§ and con-
verts the detection signal into an RF signal such that the RF
analyzer 60 can analyze a degree of oligomerization of
amyloid-f based on the RF signal.

[0073] The RF biosensing system 200 may further include
an input probe 40 and an output probe 50, wherein each of
the input probe 40 and the output probe 50 may be disposed
on the silicon substrate 10 and the signal electrode (see FIG.
2) to be electrically connected to the RF analyzer 60.
[0074] Reduced graphene oxide used as the interconnector
30 of the RF biosensor 100 according to the present inven-
tion may react with a solution containing monomeric amy-
loid-p and oligomeric amyloid-f} when a certain magnitude
of voltage is flowing through the signal electrode 20, and
may transmit variations in electrical properties before/after
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the reaction to the RF analyzer 60 described below via the
signal electrode 20, such that transfer of electrons from a
valence band to a conduction band can be recognized and
analyzed as an electrical signal.

[0075] The RF analyzer 60 may receive an RF biosignal
through measurement of voltage at the input probe 40 and
the output probe 50 and may quantitatively determine a ratio
between oligomeric amyloid-B and monomeric amyloid-f3
through measurement of an S-parameter based on the
received RF biosignal.

[0076] As used herein, “S-parameter” refers to a ratio of
reflected/transmitted voltage measured at the output probe
50 to reflected/transmitted voltage measured at the input
probe 40 and includes a reflection coefficient S11 calculated
using a signal reflected from the input probe 40 and a
transmission coefficient S21 calculated using a signal
reflected from the output probe 50.

[0077] The RF analyzer 60 may measure the S-parameter
using input voltage and output voltage at the input probe 40
and the output probe 50.

[0078] FIG. 3 is a conceptual diagram illustrating a prin-
ciple of measuring the reflection coefficient and the trans-
mission coefficient based on an RF signal in the RF bio-
sensing system according to the present invention,
specifically the RF biosensor thereof.

[0079] Specifically, referring to FIG. 3, the S-parameter is
a ratio of reflected/transmitted voltage measured at the
output probe 50 to reflected/transmitted voltage measured at
the input probe 40, and includes a reflection coefficient
(S11=bl/al) calculated using a signal reflected from the
input probe 40 and a signal reflected from the output probe
50 and a transmission coefficient (S21=b2/al) calculated
using a signal transmitted from the input probe 40 to the
output probe 50 and a signal transmitted from an output port
to an input port (for reference, S12=b1/a2, S22=b2/a2).
[0080] Based on the reflection coefficient S11 and the
transmission coefficient S21, resistance (R), inductance (L),
conductance (G), capacitance (C), impedance (Z), and
propagation constant (Y) may be obtained. Specifically, R, L,
G, C, Z, and y may calculated according to Equation 1:

(1-53 +5%)

4 2= 4 asir-s) O
C D17 2Su| —((1-s3) - 3)
Zy

(1-8% +5%)
y =cosh 4 = (R + joL)(G + jwC)

B
Z=4% = JR T joly)(G 1 joC)

R=Re{yZ} L= Im@
w

G =Re{y/z} C=Im{y/Z}/w,

[0081] where Z, is an impedance of free space, and Re and
Im are real and imaginary parts, respectively.

[0082] FIG. 4 is graphs of relationships between the
reflection coefficient S11 and the transmission coefficient
S21 as a function of frequency for solutions having different
concentrations of monomeric amyloid-f, according to one
embodiment of the present invention.

[0083] Referring to FIG. 4, which shows the relationships
between the reflection coefficient S11 and the transmission
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coefficient S21 as a function of frequency, as calculated for
solutions having different concentrations of monomeric
amyloid-p according to Equation 1, the reflection coefficient
graph (on the left) indicates that the reflection coefficient
increases with increasing concentration of monomeric amy-
loid-P. In addition, the transmission coefficient graph (on the
right) indicates that the transmission coefficient increases
with increasing concentration of monomeric amyloid-p. In
summary, both the reflection coefficient and the transmission
coefficient increase with increasing concentration of mono-
meric amyloid-f.

[0084] FIG. 5 is graphs of relationships between the
reflection coefficient S11 and the transmission coefficient
S21 as a function of frequency for solutions having different
concentrations of oligomeric amyloid-B, according to one
embodiment of the present invention.

[0085] Referring to FIG. 5, which shows the relationships
between the reflection coefficient and the transmission coef-
ficient as a function of frequency, as calculated for solutions
placed on reduced graphene oxide and having different
concentrations of oligomeric amyloid-f§ according to Equa-
tion 1, the reflection coefficient graph (on the left) indicates
that the reflection coefficient increases with increasing con-
centration of oligomeric amyloid-B. In addition, the trans-
mission coefficient graph (on the right) indicates that the
transmission coefficient increases with increasing concen-
tration of oligomeric amyloid-f. In summary, both the
reflection coefficient and the transmission coefficient
increase with increasing concentration of oligomeric amy-
loid-B.

[0086] FIG. 6 is graphs of relationships between the
reflection coefficient S11 and the transmission coefficient
S21 as a function of frequency for solutions having different
ratios of monomeric amyloid-f to oligomeric amyloid-f for
a given total amount of monomeric and oligomeric amyloid-
B.

[0087] Referring to FIG. 6, which shows the relationships
between the reflection coefficient and the transmission coef-
ficient as a function of frequency, as calculated for solutions
placed on reduced graphene oxide and having different
ratios of monomeric amyloid-B to oligomeric amyloid-f for
a given total amount of monomeric and oligomeric amyloid-
B, the reflection coefficient graph (on the left) indicates that
the reflection coefficient decreases with increasing propor-
tion of monomeric amyloid-B. In addition, the transmission
coefficient graph (on the right) indicates that the transmis-
sion coefficient increases with increasing proportion of
monormeric amyloid-B. In summary, with increasing ratio of
monomeric amyloid-B to oligomeric amyloid-B, the reflec-
tion coefficient decreases, whereas the transmission coeffi-
cient increases.

[0088] In addition, the RF biosensing system 200 accord-
ing to the present invention may further include an artificial
intelligence (AI) module (not shown) adapted to build a
diagnosis model through training based on the S-parameter
(see FIG. 6) measured by the RF analyzer 60.

[0089] The diagnosis model obtains a diagnosis for
Alzheimer’s disease based on correlation between the reflec-
tion coefficient S11 and the transmission coefficient S21.

[0090] Accordingly, the Al module may obtain a diagnosis
for Alzheimer’s disease based on the correlation between the
reflection coefficient S11 and the transmission coefficient
S21 through the diagnosis model.



US 2023/0349927 Al

[0091] Specifically, when the ratio of monomeric amy-
loid-p to oligomeric amyloid-f is high, the Al module may
diagnose that the probability of developing Alzheimer’s
disease is high based on determination that the risk of
developing dementia is high.

[0092] Conversely, when the ratio of monomeric amy-
loid-p to oligomeric amyloid-p is low, the Al module may
diagnose that the probability of developing Alzheimer’s
disease is low based on determination that the risk of
developing dementia is low.

[0093] The RF analyzer 60 may include an interface unit,
a communication unit, a display unit, a memory, and a
processor, which are collectively configured to transmit an
RF signal or measure the S-parameter based on the RF
signal.

[0094] The interface unit may include at least one input
device, for example, a keyboard, a keypad, a dome switch,
a touch panel, a touch key, a mouse, and a menu button,
without being limited thereto.

[0095] The communication unit may communicate with
devices external to the RF analyzer 60 to receive data
therefrom. For example, the communication unit may com-
municate with external devices via 5th generation commu-
nication (5G), long term evolution-advanced (LTE-A), long
term evolution (LTE), or Wi-Fi networks.

[0096] The display unit may output display data associated
with operation of the RF analyzer, wherein the data may
include any data related to light intensity or wavelength,
such as a screen for data input, a screen for displaying the
progress of analysis, and a screen for displaying analysis
results, without limitation. The display unit may include a
liquid crystal display (LCD), a light emitting diode (LED)
display, an organic light emitting diode (OLED) display, a
micro-electromechanical system (MEMS) display, and an
electronic paper display.

[0097] The memory may include a non-volatile storage
that can store operating programs of the RF analyzer and can
retain data (information) regardless of whether power is
supplied thereto, and a volatile memory that is loaded with
data to be processed by the processor and cannot retain data
without power supplied thereto.

[0098] The processor may execute software, such as a
program, to control one or more other components (for
example, hardware or software components) of the RF
analyzer, and may perform various types of data processing
or computations.

[0099] As such, the RF biosensing system 200 according
to the present invention can determine the degree of aggre-
gation of amyloid-f as a biomarker for Alzheimer’s disease
through analysis of the S-parameter, which depends on the
ratio between monomeric amyloid-f} and oligomeric amy-
loid-p, using reduced graphene oxide as the interconnector
30 of the signal electrode 20. That is, the RF biosensing
system 200 according to the present invention allows
Alzheimer’s disease screening without any painful or
uncomfortable procedure through simple and rapid detection
of biomarkers for Alzheimer’s disease present in a patient’s
bodily fluids and is very helpful for early diagnosis and
prevention off dementia due to the ability to detect triggers
for dementia long before onset of symptoms using simple
and inexpensive equipment.
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[0100] 3. RF Biosensor Manufacturing Method

[0101] Next, an RF biosensor manufacturing method
according to one embodiment of the present invention will
be described with reference to FIG. 7 and FIG. 8.

[0102] In the following, in order to avoid redundancy,
description of the same technical features as those described
above relating to the RF biosensor 100 and the RF biosens-
ing system 200 will be omitted.

[0103] FIG. 7 is a schematic view illustrating introduction
of an interconnector onto a signal electrode in the RF
biosensor manufacturing method according to this embodi-
ment. FIG. 8 is a schematic view sequentially illustrating the
RF biosensor manufacturing method.

[0104] Referring to FIG. 7 and FIG. 8, the RF biosensor
manufacturing method according to the present invention is
a method of manufacturing the RF biosensor of the RF
biosensing system as described above, and includes: (a)
forming the signal electrode 20 on the silicon substrate 10;
and (b) forming the interconnector 30 detecting amyloid-f§
as a biomarker on the signal electrode 20.

[0105] Step (a) includes: forming a first interconnector
contact electrode 23a extending from one end of each of the
pair of central electrodes 23 in a parallel direction with
respect to the central electrode 23; and forming a pair of
second interconnector contact electrodes 235 extending
from the one end of the central electrode 23 and curved with
a predetermined curvature towards a distal end of the first
interconnector contact electrode 23a.

[0106] Specifically, step (a) includes forming a pair of
interconnector contact portions extending radially from dis-
tal ends of the pair of central electrodes 23 facing each other,
respectively.

[0107] More specifically, each of the pair of interconnec-
tor contact portions includes: a first interconnector contact
electrode 23a extending from one end of the central elec-
trode 23 in a parallel direction with respect to the central
electrode 23; and a pair of second interconnector contact
electrodes 235 each extending from the one end of the
central electrode 23 and curved with a predetermined cur-
vature toward a distal end of the first interconnector contact
electrode 23a.

[0108] That is, the first interconnector contact electrode
23a and the pair of second interconnector contact electrodes
23b formed at the distal end of each of the pair of central
electrodes 23 may collectively form a fork shape or a trident
shape, as shown on the left side of FIG. 8, without being
limited thereto.

[0109] Thus, this three-pronged shape allows the first
interconnector contact electrode 23a and the pair of second
interconnector contact electrodes 235 to softly contact the
interconnector 30 to ensure smooth application and mea-
surement of an RF field (alternating current that generates an
electromagnetic field for wireless broadcasting or commu-
nication by transmitting current through an antenna when
passing through the antenna) without frequency scattering,
thereby improving the concentration of the RF field and
ultimately improving the performance of the RF sensor.
[0110] In addition, the structural shape of the first and
second interconnector contact electrodes 23a, 235 is applied
equally to the RF biosensor 100 and RF biosensing system
200 described above.

[0111] Conventional diagnostic test equipment for
Alzheimer’s disease generally requires complex design and
manufacturing processes, which significantly limits mass
production and utilization in various industries. The RF
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biosensor manufacturing method according to present
invention enables mass production of an RF biosensor
capable of simple and rapid diagnosis for Alzheimer’s
disease through simple two steps (steps a and b) described
above, thereby significantly reducing social and economic
costs of Alzheimer’s disease.

[0112] To this end, in step (a), the signal electrode 20 is
formed on the silicon substrate 10.

[0113] Forming the signal electrode on the silicon sub-
strate may be performed by any conventional electrode
formation method known in the art, so long as the method
does not affect sensing accuracy.

[0114] In a preferred example, a photolithography process
may be used to form the signal electrode on the silicon
substrate. The photolithography process may include apply-
ing a photoresist to the silicon substrate, using a photomask
patterned with the signal electrode to remove the photoresist
according to the pattern, and forming the signal electrode
using electron beam deposition. The photolithography pro-
cess may be advantageous in terms of mass production and
uniform quality between different substrates.

[0115] The signal electrode may have a GSG electrode
type signal electrode and may be formed of any typical
known material consistent with the objectives of the present
invention. For example, the signal electrode may be formed
of titanium (T1), gold (Au), or chromium (Cr), preferably
gold (Au) in terms of electrical conductivity and sensitivity.
[0116] Prior to forming the signal electrode on the silicon
substrate, the silicon substrate may be subjected to a process
in which an upper layer thereof having a thickness of 100 pm
to 1,000 um and an area of 3 mm to 30 mm is thermally
oxidized into a silicon oxide (SiO,) layer. Here, the thermal
oxidation process may include any typical thermal oxidation
process consistent with the objectives of the present inven-
tion. For example, the upper layer of the silicon substrate
may be oxidized into a silicon oxide (Si02) layer by thermal
oxidation at 800° C. to 1,200° C. for about 10 to 50 minutes.
Advantageously, the silicon oxide substrate thus formed can
further reduce leakage current and maximize RF signals, as
compared with typical silicon substrates.

[0117] In step (b), the interconnector 30 detecting amy-
loid-p as a biomarker is formed on the signal electrode.
[0118] Referring to FIG. 8, step (b) includes (b1) forming
graphene oxide (GO) on the signal electrode while dropping
MXene thereon in a controlled ratio of graphene oxide (GO)
to MXene.

[0119] Step (b) further includes (b2) baking the silicon
substrate.
[0120] That is, since the RF biosensor according to the

present invention uses reduced graphene oxide as an inter-
connector measuring the degree of oligomerization of amy-
loid-p, as described above, step (b) may include (b1) form-
ing graphene oxide (GO) on the signal electrode while
dropping MXene thereon in a controlled ratio of the gra-
phene oxide (GO) to MXene and (b2) baking the silicon
substrate, such that the reduced graphene oxide is formed on
the signal electrode through thermal reduction of the gra-
phene oxide (GO) and MXene.

[0121] Forming graphene oxide on the signal electrode in
step (b1) may be performed by any typical graphene oxide
formation method known in the art. For example, referring
to FIG. 7, using a dropper, graphene oxide may be injected
as precisely as desired into a region between the pair of
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central electrodes of the GSG signal electrode to be brought
into contact with both the central electrodes.

[0122] In step (bl), the graphene oxide (GO) and MXene
as a TMD material are combined in a predetermined ratio.

[0123] If an excess of MXene is mixed with the graphene
oxide (GO), this can cause reduction in conductivity.
Accordingly, there is a need to adjust the ratio of the
graphene oxide (GO) to MXene within an appropriate range.

[0124] Mixing of the graphene oxide (GO) and MXene
can significantly increase the performance of the RF bio-
sensor since more bio-functional groups are generated when
the graphene oxide (GO) and MXene are combined.

[0125] Reducing the graphene oxide formed on the signal
electrode in step (b2) may be performed by any typical
graphene oxide reduction method consistent with the objec-
tives of the present invention. For example, referring to FIG.
8, the graphene oxide may be thermally reduced into the
reduced graphene oxide by baking the entirety of the silicon
substrate including the graphene oxide at about 100° C. to
300° C. for 1 to 10 minutes.

[0126] Next, the present invention will be described in
more detail with reference to examples. However, it should
be noted that these examples are provided for illustration
only and should not be construed in any way as limiting the
invention.

Example 1

[0127] A silicon substrate with a thickness of about 675
pum and an area of 9*9 mm was subjected to thermal
oxidation at about 1,000° C., thereby fabricating a silicon
oxide (Si02) substrate.

[0128] Thereafter, PMMA 950 k A6 was applied to the
silicon oxide substrate by spin coating at 3,000 rpm for 30
seconds using a spin coater. Thereafter, the silicon oxide
substrate was irradiated with electron beams according to
the shape of'a GSG electrode using a field emission scanning
electron microscope (FE-SEM). Here, irradiation with elec-
tron beams served to modify PMMA to be removable by a
developer. Thereafter, the substrate was dipped in a devel-
oper, such that the entire surface of the substrate was
covered with a PMMA layer, excluding a region irradiated
with electron beams (that is, a GSG electrode-shaped
region).

[0129] Thereafter, a 5 nm thick chromium layer and a 50
nm thick gold layer were sequentially deposited on the
substrate to form a signal electrode. Here, the chromium
layer served as an adhesion layer facilitating deposition of
the gold layer on the silicon oxide substrate. Through this
process, a developed region had metals deposited directly on
the silicon substrate and an undeveloped region had metals
deposited on the PMMA layer. Thereafter, the substrate was
dipped in acetone to remove the PMMA layer, such that the
metals deposited on the PMMA layer were also removed and
the metals deposited on the silicon substrate remained
unremoved.

[0130] Thereafter, 10 ul of graphene oxide was dropped
onto the signal electrode using a dropper, followed by
baking at 200° C. for 3 minutes to form reduced graphene
oxide, thereby obtaining the RF biosensor according to the
present invention.
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Experimental Example 1: Measurement of
Reflection Coeflicient S11 and Transmission
Coeflicient S21 Under Varying Concentrations of
Monomeric Amyloid-f3

[0131] Using the RF biosensor manufactured in Example
1 in conjunction with a CPX-VF chamber and probe station
(Lakeshore Cryotronics) and an E8364B PNA network
analyzer (Keysight/Agilent Technologies), the reflection
coefficient S11 and the transmission coefficient S21 were
measured under varying concentrations of monomeric amy-
loid-p (25 pg/ml, 50 pg/ml, 100 pg/ml (see FIG. 4)).
[0132] Referring to FIG. 4, the reflection coeflicient graph
(on the left) indicates that the reflection coeflicient increases
with increasing concentration of monomeric amyloid-f. In
addition, the transmission coefficient graph (on the right)
indicates that the transmission coefficient increases with
increasing concentration of monomeric amyloid-f3. In sum-
mary, both the reflection coefficient and the transmission
coeflicient increase with increasing concentration of mono-
meric amyloid-f.

Experimental Example 2: Measurement of
Reflection Coeflicient S11 and Transmission
Coeflicient S21 Under Varying Concentrations of
Oligomeric Amyloid-f3

[0133] Using the RF biosensor manufactured in Example
1 in conjunction with a CPX-VF chamber and probe station
(Lakeshore Cryotronics) and an E8364B PNA network
analyzer (Keysight/Agilent Technologies), the reflection
coefficient S11 and the transmission coefficient S21 were
measured under varying concentrations of oligomeric amy-
loid-p (PBS solution, 50 pg/ml, 100 pg/ml (see FIG. 6)).
[0134] Referring to FIG. 5, the reflection coeflicient graph
(on the left) indicates that the reflection coeflicient increases
with increasing concentration of oligomeric amyloid-f3. In
addition, the transmission coefficient graph (on the right)
indicates that the transmission coefficient increases with
increasing concentration of oligomeric amyloid-f. In sum-
mary, both the reflection coefficient and the transmission
coeflicient increase with increasing concentration of oligo-
meric amyloid-f.

Experimental Example 3: Measurement of
Reflection Coeflicient S11 and Transmission
Coeflicient S21 Under Varying Ratios of
Monomeric Amyloid-f to Oligomeric Amyloid-f3

[0135] Using the RF biosensor manufactured in Example
1 in conjunction with a CPX-VF chamber and probe station
(Lakeshore Cryotronics) and an E8364B PNA network
analyzer (Keysight/Agilent Technologies), the reflection
coefficient S11 and the transmission coefficient S21 were
measured under varying ratios of monomeric amyloid-f} to
oligomeric amyloid-f (1:4, 1:1, 4:1 (see FIG. 6)) for a given
total amount of monomeric amyloid-f§ and oligomeric amy-
loid-p.

[0136] Referring to FIG. 6, the reflection coeflicient graph
(on the left) shows a peak around 7.42 GHz, which indicates
that the reflection coefficient decreases with increasing pro-
portion of monomeric amyloid-f. In addition, the transmis-
sion coeflicient graph (on the right) shows peaks at 3.05
GHz, 3.12 GHz, and 3.2 GHz, which indicates that the
transmission coefficient increases with increasing proportion
of monomeric amyloid-f3. In summary, with increasing ratio
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of monomeric amyloid-pf to oligomeric amyloid-f3, the
reflectance coeflicient decreases, whereas the transmission
coeflicient increases.

[0137] 4. RF Biosensing System Control Method

[0138] Next, an RF biosensing system control method
according to one embodiment of the present invention will
be described with reference to FIG. 1, FIG. 2, and FIG. 9.
[0139] FIG. 9 is a flowchart of an RF biosensing system
control method according to one embodiment of the present
invention.

[0140] Referring to FIG. 9, the RF biosensing system
control method according to this embodiment includes (a)
introducing amyloid-f onto to the RF biosensor 100, (b)
transmitting, by the RF analyzer 60, an RF signal to the RF
biosensor 100, (c) measuring, by the RF analyzer 60, an
S-parameter based on an RF biosignal received upon pas-
sage of the RF signal through the amyloid-p, and (d)
obtaining, by the Al module, a diagnosis for Alzheimer’s
disease through a diagnosis model trained based on the
S-parameter measured by the RF analyzer 60.

[0141] In step (a), amyloid-p may be introduced onto the
interconnector 30 of the RF biosensor 100 using an appro-
priate device (not shown).

[0142] In step (b), the RF analyzer 60 generates an RF
signal and transmits the generated RF signal to the input
probe 40 electrically connected thereto.

[0143] Step (c) includes (cl) receiving, by the signal
electrode 20, the RF signal transmitted from the input probe
40, (c2) allowing, by the signal electrode 20, the RF signal
to pass through the amyloid-f, (c3) transmitting, by the
signal electrode 20, an RF biosignal received upon passage
of the RF signal through the amyloid-f§ to the output probe
50, and (c4) measuring, by the RF analyzer 60, the S-pa-
rameter based on the RF biosignal transmitted from the
output probe 50.

[0144] In step (d), an S-parameter signal related to the
S-parameter includes a reflection signal and a transmitted
signal.

[0145] Specifically, step (d) includes (d1) receiving, by the
Al module, an S-parameter signal related to the S-parameter,
(d2), building, by Al module, a diagnosis model through
training based on the S-parameter measured by the RF
analyzer 60, and (d3) applying, by the Al module, a newly
measured S-parameter signal to the diagnosis module to
obtain a diagnosis for Alzheimer’s disease.

[0146] As described above, the RF biosensing system
according to the present invention allows Alzheimer’s dis-
ease screening without any painful or uncomfortable proce-
dure through rapid detection of biomarkers for Alzheimer’s
disease present in a patient’s bodily fluids. In addition, the
RF biosensing system according to the present invention is
very helpful for preventing Alzheimer’s disease due to the
ability to detect triggers for Alzheimer’s disease long before
onset of symptoms and easily monitor the progression of
Alzheimer’s disease using simple and inexpensive equip-
ment.

[0147] Although some embodiments have been described
herein, it should be understood that these embodiments are
provided for illustration only and are not to be construed in
any way as limiting the present invention, and that various
modifications, changes, alterations, and equivalent embodi-
ments can be made by those skilled in the art without
departing from the spirit and scope of the invention. For
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example, components described as implemented separately
may also be implemented in combined form, and vice versa.
[0148] The scope of the present invention is indicated by
the following claims and all changes or modifications
derived from the meaning and scope of the claims and
equivalents thereto should be construed as being within the
scope of the present invention.

1. An RF biosensing system for measuring degrees of
production of amyloid-f and aggregation of monomeric
amyloid-f into oligomeric amyloid-f using a radio fre-
quency (RF) signal, the RF biosensing system comprising:

an RF biosensor comprising a silicon substrate, a signal
electrode disposed on the silicon substrate, and an
interconnector electrically connected to the signal elec-
trode to detect amyloid-p as a biomarker; and

an RF analyzer electrically connected to the RF biosensor
and measuring a quantitative ratio of monomeric amy-
loid-p to oligomeric amyloid-p using an RF signal.

2. The RF biosensing system according to claim 1,

wherein the interconnector is reduced graphene oxide.

3. The RF biosensing system according to claim 1,
wherein the signal electrode includes a ground-signal-
ground (GSG) electrode.

4. The RF biosensing system according to claim 1, further
comprising:

an input probe; and an output probe,

wherein the RF analyzer is configured to receive an RF
biosignal through measurement of voltage at the input
probe and the output probe and measure an S-parameter
based on the RF biosignal.

5. The RF biosensing system according to claim 4, further

comprising:

an artificial intelligence (Al) module configured to build
a diagnosis model through training based on the S-pa-
rameter measured by the RF analyzer,

wherein the S-parameter is a ratio of reflected/transmitted
voltage measured at the output probe to reflected/
transmitted voltage measured at the input probe and
comprises a reflection coefficient calculated using a
signal reflected from the input probe and a transmission
coeflicient calculated using a signal transmitted from
the output probe, and

the diagnosis model obtains a diagnosis for Alzheimer’s
disease based on correlation between the reflection
coeflicient and the transmission coefficient.

6. The RF biosensing system according to claim 1,
wherein the reflection coefficient and the transmission coef-
ficient increase with increasing concentration of monomeric
amyloid-p and oligomeric amyloid-f3.

7. The RF biosensing system according to claim 1,
wherein the reflection coefficient decreases and the trans-
mission coefficient increases with increasing ratio of mono-
meric amyloid-f to oligomeric amyloid-f.

8. The RF biosensing system according to claim 1,
wherein the signal electrode comprises:

a pair of central electrodes formed on an upper surface of
the silicon substrate with a space therebetween and
extending across the upper surface of the silicon sub-
strate;
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a one-side electrode connected to both the central elec-
trodes and extending along a periphery of the upper
surface of the silicon substrate; and

an opposite-side electrode connected to both the central
electrodes and extending along the periphery of the
upper surface of the silicon substrate to be symmetrical
to the one-side electrode with respect to the pair of
central electrodes.

9. The RF biosensing system according to claim 8,

wherein the signal electrode further comprises:

a pair of interconnector contact portions extending radi-
ally from distal ends of the pair of central electrodes
facing each other, respectively, each of the pair of
interconnector contact portions comprising:

a first interconnector contact electrode extending from
one end of a central electrode in a parallel direction
with respect to the central electrode; and

a pair of second interconnector contact electrodes
extending from the one end of the central electrode
and curved with a predetermined curvature towards
a distal end of the first interconnector contact elec-
trode.

10. A method of controlling an RF biosensing system,
comprising:

(a) introducing amyloid-f onto an RF biosensor;

(b) transmitting, by an RF analyzer, an RF signal to the RF

biosensor;

(c) measuring, by the RF analyzer, an S-parameter based
on an RF biosignal received upon passage of the RF
signal through the amyloid-f§; and

(d) obtaining, by an artificial intelligence (Al) module, a
diagnosis for Alzheimer’s disease through a diagnosis
model trained based on the S-parameter measured by
the RF analyzer.

11. A method of manufacturing the RF biosensor of the
RF biosensing system according to claim 8, the method
comprising:

(a) forming the signal electrode on the silicon substrate;

and

(b) forming the interconnector detecting amyloid-f as a
biomarker on the signal electrode.

12. The method according to claim 11, wherein the step

(a) comprises:

forming a first interconnector contact electrode extending
from one end of each of the pair of central electrodes
in a parallel direction with respect to the central elec-
trode; and

forming a pair of second interconnector contact electrodes
extending from the one end of the central electrode and
curved with a predetermined curvature towards a distal
end of the first interconnector contact electrode.

13. The method according to claim 11, wherein the step
(b) comprises (bl) forming graphene oxide (GO) on the
signal electrode while dropping MXene thereon in a con-
trolled ratio of the graphene oxide (GO) to MXene.

14. The method according to claim 13, wherein the step
(b) further comprises (b2) baking the silicon substrate.
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