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Abstract: Most of the cancers are curable if they are detected at early stages. The early stage detection of cancers 
can significantly improve the patient treatment outcomes and thus helps to decrease the. To achieve the early 
detection of specific cancer, the biochip is incorporated with an innovative sensing mechanism and surface treated 
microchannels. The sensing mechanism employed in the Point of Care (POC) biochip is designed to be highly 
specific and sensitive. The surface treated microchannel helps to control the self-driven flow of the blood sample. 
Cancer antibodies with enhanced specificity and affinity are immobilized on the surface of the nano circuit in the 
microchannel. When the blood sample flows in the microchannel over the cancer antibodies, the corresponding 
cancer antigens from the blood form the antigen-antibody complex. These antigen-antibody interactions are 
captured with the variation in the electrical properties of the gold nano circuit using the sensing mechanism in the 
biochip. The point of care (POC) micro biochip is designed as an in-situ standalone device to diagnose ovarian 
cancer at the early stages by sensing the cancer antigens in the blood sample drawn from a finger prick. The POC 
biochip can help to diagnose, the existence of cancer and also its severity using the qualitative and the quantitative 
results of the sensing mechanism in the biochip. 
 
Keywords: Point-of-care (POC), Early stage ovarian cancer, Self-driven flow, Cancer diagnosis, Nano circuit 
with capacitive sensing. 
 
 
 
1. Introduction 

 

The American Cancer Society stated that a total of 
1,688,780 new cancer cases and 600,920 deaths from 
cancer are projected to occur in the United States of 
America in 2017 (as per the Cancer Facts and Figures, 
2017). Cancer still remains the second most common 
cause of death in the United States, which is about 1 in 
every 4 deaths [1]. Ovarian cancer ranks as the fifth 
most common cancer in women Though there are a 
high number of cases being reported for Uterine 
Cancer among all the gynecological cancers, Ovarian 
cancer has the highest mortality rate among all the 
gynecologic malignancies (as shown in Fig. 1).  

In 2017, there are an estimated 22,440 new ovarian 
cancer cases to be reported and 14,080 ovarian cancer 
deaths are expected to occur (in the USA). Ovarian 
cancer deaths are 5 % among all the cancer deaths of 
woman [2]. 

The current available technologies can only detect 
only 15 % of ovarian cancer cases at early stages (i.e., 
stage 1A & stage 1B), with the survival rate of 93 %, 
while the remaining 85 % of ovarian cancer cases are 
detected at the advanced stages, with the survival rate 
being just 31 % (as shown in Fig. 2) [3]. The 
significant rise in the survival rate of these cancer 
cases emphasizes the need for early stage diagnosis. 
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Fig. 1. Plot of Gynecologic Cancers effecting woman 
population (USA) in 2017. 

 
 

 
 

Fig. 2. Plot of 5- year survival rate of the ovarian 
cancer patients at each stage. 

 
 

Enabling the cancer diagnosis as an easy and 
simple process can increase the number of diagnoses 
and thus have an increased chances of early stage 
diagnosis. National Cancer Institute (NCI) stated that 
there have been no effective screening tests exists for 
early detection of many cancers [4]. Cancer 
diagnostics is still a frontier that has not been 
completely explored by biochip researchers.  

In this research, the POC micro biochip is 
primarily intended to diagnose the ovarian cancer at 
the early stage with a blood sample from a finger prick. 
The POC micro biochip is an immuno assay which can 
detect the cancer antigens in the blood at very low 
concentration. The change in the capacitance 
measurement of the nano circuit of the biochip 
indicated the formation of antigen/antibody complex.  

2. Early Stage Ovarian Cancer 
Biomarkers 
 
The best technologies currently available for early 

detection of the ovarian cancers are the combination 
of screenings of elevated CA-125 and transvaginal 
ultrasound – TVS (when elevated levels of CA-125 are 
detected) [5]. However, these technologies do not 
meet the criteria for cost effectiveness espoused by 
United States Preventive Services Task Force [6]. 
Therefore there has been no screening recommended 
by any professional group for ovarian cancer in 
general public [7-8].  

The elevated levels of CA-125 are not present in 
the 20 % of the ovarian cancer patients and also the 
elevated levels of CA-125 are shown in benign 
conditions such as liver cirrhosis, endometriosis, and 
peritonitis. CA-125 levels also fluctuate with due to 
pregnancy and menstrual cycles [9]. However,  
CA-125 has been effectively used in conjugation with 
other biomarkers such as Human Epididymis Protein 
4 (HE-4), Alpha-fetoprotein Receptor (RECAF), 
Prostasin, Apolipoprotein A-1 (Apo-A1) and 
Transthyretin (TTR) to increase its sensitivity and 
specificity as the early detection biomarkers (as shown 
in Table 1).  

The threshold value is the concentration of the 
biomarker in serum that indicates the existence of 
ovarian cancer. It is the concentration of the biomarker 
that differentiates the ovarian cancer patients (OVC) 
from the normal population. The limit of detection is 
acquired by the standard assays. The concentration of 
biomarker HE-4 naturally increases with age. Older 
women will have a higher concentration of HE-4 that 
younger woman. Apo-A1 and TTR, when used with 
CA-125 yield highest sensitivity and specificity. 
However, Apo-A1 and TTR are under-expressed in 
OVC patients. OVC patients will have a lower 
concentration of Apo-A1 and TTR compared to 
healthy people. The POC biochip uses the conjugation 
of biomarkers that are listed above in order to detect 
ovarian cancer at the early stages. 
 
 

3. Point-of-Care (POC) Micro Biochip 
Design  

 
The POC micro biochip is incorporated with 

surface treated microchannels to control the self driven 
flow of blood sample without any external flow 
control devices and a capacitance sensing mechanism 
to detect the biological interactions such as antigen 
(Ag)-antibody (Ab) complex formation (as shown Fig. 
3). The biochip is designed with multichannel 
distribution from a single inlet of the blood sample, to 
improve the feasibility of detecting multiple antigens 
using multiple antibodies coated in different channels. 
Detecting the multiple cancer antigens from the same 
sample can enhance the sensitivity of the biochip. In 
POC biochip the multiple gold nano Interdigitated 
Electrodes (IDE) are incorporated in different sections 
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of the microchannel to sense the biological 
interactions with the enhanced signal and thus also 
increase the sensitivity. The gold nano IDEs are 
connected to individual contact pads, to monitor the 
signal from each IDE separately. Attaching each IDE 
with a unique cancer antibody helps to sense the signal 
of the corresponding antigen/antibody complex 
formation individually and thus the individual 

concentrations of the specific antigens in the blood 
sample can be detected. The existence of ovarian 
cancer can be determined from the blood sample, by 
detecting the corresponding ovarian cancer antigens. 
Thus the POC biochip can detect ovarian cancer 
existence and its severity, by detecting the cancer 
antigens existence and its composition in the blood 
sample. 

 
 

Table 1. Specificity and sensitivity of early detection ovarian cancer biomarkers from various studies. 
 

Ovarian Cancer 
(OVC) Biomarkers 

Threshold Limit of Detection Sensitivity Specificity 

CA-125 36 U/mL [10] 0.1 U/mL [17] 
15 % (at stage 1) 

50 % (at all stages) 
[12] 

95 % [12] 

HE-4 

44 pmol/L 
(premenopausal) 

62 pmol/L 
(postmenopausal) 

[11] 

0.06 pmol/mL [18] 
40 % (at stage 1) 

76 % (at all stages) 
[12]* 

95 % [12]* 

RECAF 7500 U/mL [10] 1.7 pg/mL [16] 
75 % (at stage 1-2) 
83 % (at all stages) 

[12]* 
100 % [10]* 

Prostasin 
 

7.5 ug/mL [13] - 
92 % (at all stages) 

[13]* 
94 % [13]* 

Apo A-1 

0.8 mg/mL (Anything 
below this limit is 

considered as OVC) 
[14] 

2.04 ug/L [19] 
93.9 % (at stage 1-2) 
91.6 % (at stage 3-4) 

[15]** 
95 % [15]** 

TTR 

150 ug/mL 
(Anything below this 
limit is considered as 

OVC) [14] 

0.1 ng/L [20] 
93.9 % (at stage 1-2) 
91.6 % (at stage 3-4) 

[13]** 
95 % [16]** 

*Biomarker used in conjunction with CA-125 for specificity and sensitivity measurements 
**Biomarker used in conjunction with CA-125 and Apo A-1 and TTR for specificity and sensitivity measurements 

 
 

 
 

Fig. 3. Schematic model of the POC micro biochip incorporated with microchannels and nano circuit. 
 

 
3.1. Surface Treated Microchannels 

 
The microchannels are designed with the with 

specific aspect ratios (width of 200 um – 500 um and 

depth of 107 um) to amplify the self-driven capillary 
flow and self-separation of plasma from blood. A Si 
wafer of 4-inch diameter is cleaned and spin-coated 
with a positive photoresist (SPRTM 955), which is 
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then exposed to UV rays using the UV mask aligner 
for 14 seconds. The wafer is then treated with CD-26 
and DI water to let the photoresist remain only at the 
microchannel structures. The Si wafer is then etched 
using Deep Reactive Ion Etching (DRIE) to 107 um, 
which elevate the microchannel structures and remove 
the material from rest of the areas. 
Polydimethylsiloxane (PDMS) is mixed with 
appropriate composition (1:10) and then poured on top 
of etched Si-wafer with microchannel structures after 
degassing at vacuum chamber. The PDMS along with 
the Si-wafer is baked at 60-degree centigrade for an 
hour. Then the PDMS layer is carefully peeled and 
made holes for the inlet and outlet to the microchannel 
as shown in the Fig. 4. The PDMS mold is then aligned 
with Si-wafer with nano circuit.  

PDMS is highly inert and hydrophobic in its 
nature. To convert the PDMS to hydrophilic, the 
PDMS surface is exposed to oxygen plasma for 
various durations. In this research, the hydrophilicity 
of PDMS controlled by the variation in duration of the 
plasma treatment. The plasma treatments are 
performed on the ‘Plasma Cleaner- PDC-32G’ with 
oxygen flow rate of 20 sccm and 98.8 bar pressure. 
The radio frequency (RF power supply-150 W) of 
13.56 MHz frequency is used for plasma excitation. 

 
 

 
 

Fig. 4. PDMS mold with serpentine microchannel 
of 200 um width and 107 um height with U.S quarter 

coin for size [21]. 
 
 

3.2. Gold Nano Interdigitated Circuit 
 
To fabricate the gold nano circuit on the Si wafer, 

it is initially cleaned with isopropanol and coated with 
a positive photoresist (PMMA-A6). Considering the 
required height of the PMMA, the spin coater is set to 
an appropriate speed and later it is dried before it 
follows the lithography steps at the Electron Beam 
Lithography (EBL) tool. The desired nano circuit 
pattern is formed on the Si wafer after it is washed with 
MIBK:IPAf for 60 seconds. To improve the adhesion 
between gold and silicon, a layer of Titanium (app 
10 nm) is deposited. 90 nm of gold is deposited on the 
nano circuit patterned Si wafer, using the Physical 
Vapor Deposition (PVD) process using Kurt J Lesker 
PVD-75 Evaporator. The lift-off process is 
implemented to remove the photoresist by cleaning 
with Acetone ultrasonic bath and later dried with 
nitrogen gas. Thus the gold nano interdigitated 
electrodes are formed as shown in Fig. 5. 

 

 
 

Fig. 5. The Atomic Force Microscopic (AFM) image 
of the gold interdigitated electrodes. 

 
 

The gold nano electrodes are insulated with the 
Self-assembled monolayer (SAM) and then coated 
with cancer antibodies. To form the SAM layer, the 
electrodes are immersed in a 50 mM Thiourea solution 
for 12 hours. Then the surface of the electrodes is 
rinsed with ethanol and Millipore deionized water and 
dried using Nitrogen gas. Glutaraldehyde is used to 
promote surface activation on the SAM layer. The 
ovarian cancer specific antibodies are aliquotted with 
a concentration of 10 ng/ml and then placed on top of 
the surface activated SAM layer at 4 °C for 12 hours 
to immobilize the antibodies. To block the unwanted 
sites or the bare spots on electrode surface a 10 mM of 
1-dodecanthiol in ethanolic solution was added on top. 
Thus the cancer specific antibodies are immobilized 
on gold nano interdigitated electrodes as shown  
in Fig. 6.  

 

 
 

Fig. 6. Schematic representation of CA-125 Cancer 
antibody immobilization on nano gold interdigitated 

electrodes. 
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The PDMS mold with microchannels is properly 
aligned with the nano patterned interdigitated circuit 
to facilitate the blood sample to flow on the cancer 
antibodies that are immobilized on the nano circuit in 
order to form antigen/antibody complex as shown in 
Fig. 3. 

 
 

4. Results and Discussion 
 

4.1. Controlled Self-driven Flow of Blood 
in Microchannel 

 
The contact angle of the blood drop on the solid 

(PDMS) surface is defined by the mechanical 
equilibrium of the drop, with the influence of the 
interfacial tensions. The three interfacial tensions 
identified when a blood drop is placed on a solid 
(PDMS) surface are γblood,air, γsoild,air & γblood,solid, where 
γsoild,air is the interfacial tension between the PDMS 
surface and air, γblood,air is the interfacial tension 
between the blood and air and γblood,solid is the 
interfacial tension between blood and PDMS surface 
as shown in Fig. 7. 

As per Young’s law, 
 

  solid,air blood,solid blood,airγ = γ + γ  cosθ (1) 

 
From Eq. (1), the contact angle θ can be calculated, 

as shown Eq. (2), 
 

  solid,air blood,solid

blood,air

γ -γ
Cosθ =

γ

 
  
   

(2) 

 

The surface tension is the primary cause of the 
capillary pressure difference across the interface 
between two fluids (liquid and air). The schematic of 
the microchannel (Fig. 8), of circular cross section 
with radius r, that is filled with two immiscible fluids 
(blood and air) with surface tension σ, the meniscus is 
approximated as a portion of a sphere with radius R, 
and the pressure difference across the meniscus as in 
Eq. (3):  
 

2σ
ΔP = -

R  
(3) 

 

The radius R of the meniscus depends only on the 
contact angle θ and the radius of the channel r as in  
Eq. (4):  
 

2σCosθ
ΔP = -

R  
 

 

The contact angle of the blood drop is measured at 
the various durations of the plasma treatment to 
understand the hydrophilicity of the PDMS surface 
and to understand the flow rate of blood in the 
microchannel. The contact angle measured with no 

plasma treatment to PDMS is 109.14°. The contact 
angles measured at 25 seconds, 50 seconds, 
75 seconds and 100 seconds duration of the plasma 
treatment are 86.13°, 79.54°, 61.25°and 46.15° 
respectively (as shown in Fig. 9). 

 
 

 
 

Fig. 7. Schematic of the blood drop on a PDMS surface 
with the interfacial tensions and the contact angle (θ). 

 
 

 
 

Fig. 8. Schematic of the biofluid flowing in the capillary 
channel due to surface tension. 

 
 

 
 

Fig. 9. Blood Drop Images (4.2 ul volume) 
on PDMS surface treated with oxygen plasma for various 

durations [21]. 
 
 

The surface treatment on the PDMS surface helps 
in controlling the contact angle from a range of 
109.14° to 46.15° (Fig. 9). Increasing the duration of 
oxygen plasma treatment to PDMS surface has 
decreased the contact angle of the blood drop on the 
PDMS surface. This explains that the PDMS surface 
is converted from hydrophobic to hydrophilic nature 
with the duration of surface treatment.  

By varying the contact angle of the fluid with the 
necessary surface treatments to the surface of 
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microchannel helps in controlling the self-driven flow, 
when driven by the surface tension. The blood flow 
rate in microchannel has increased from 0.03 ul/sec to 
0.47 ul/sec when the surface of the microchannel is 
treated from 0seconds to 100 seconds as shown in  
Fig. 10. Therefore the flow rate of capillary driven 
blood flow in the microchannel can be controlled by 
the duration of the plasma treatment in the 
microchannel. 

 
 

 
 

Fig. 10. Plot of the flow rate variation with the surface 
treatment duration [21]. 

 
 

4.2. Sensing Cancer Antigen from the 
Biofluid Sample 

 
In POC micro biochip, an electrical methodology 

(measuring change in capacitance) is implemented for 
the sensing antigen-antibody interaction as shown in 
Fig. 11. The electrical biosensor in the biochip detects 
the biomolecular reactions and interactions with the 

changes in electrical properties like voltage, current, 
impedance, capacitance etc., [22-25]. The approach of 
measuring the capacitance has advantages like high 
sensitivity, even for small changes (femto scale), 
freedom of sensor size variation and low power 
consumption requirement [26]. 

When the biofluid sample with ovarian cancer 
antigens flow in the microchannel, over the ovarian 
cancer antibodies that are immobilized on the nano 
circuit, the antigens from the sample interact with the 
corresponding antibodies and form the 
antigen/antibody complex. As the antigen/antibody 
complex is unique, only the ovarian cancer specific 
antigen will from antigen/antibody complex  
(Ag/Ab complex) with the ovarian cancer specific 
antibody. The antigen/antibody complex results in the 
change of the dielectric properties of the medium and 
thus causes the change in the capacitance of the nano 
circuit. With the change in the capacitance 
measurement of the nano circuit the existence of the 
antigens in the biofluid sample can be detected as 
shown in Fig. 11. 

Fig. 12 explains the simplified schematic of the 
capacitance model of the sensing mechanism in the 
biochip. The primary layers of sensing mechanism that 
influence the capacitance measurements are bare 

electrodes Bare EL(C ) , surface-activated SAM layer

SAM*(C ) , ovarian cancer Antibody Ab(C )  and 

ovarian cancer Antigen/Antibody complex

Ag/Ab
Complex

C
 
 
 

 as shown in Fig. 12. 

 
 

 
 

Fig. 11. Schematic of POC micro biochip functionality during the blood sample flow in microchannels. 
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Fig. 12. Simplified schematic model of capacitance 
nano interdigitated circuit. 

 
 

All the capacitive measurements were carried out 
in the frequency range of 10 Hz to 100 Hz with an 
increment of 10 Hz at a time using the Agilent 4284A 
Electrical Analyzer. The capacitance at the bare 

electrodes Bare EL(C )  is measured by connecting the 

probes of the electrical analyzer, to the contact pads of 
the gold nano interdigitated electrodes. Similarly, the 
capacitance at different layers is measured by 
connecting the probes to the contact pads of the  
gold nano interdigitated electrodes with different 
layers on them. 

At stage-1, the capacitance at the ‘Baseline’ 

Baseline
(Before Ag/Ab complex)

C
 
 
 

 is measured after the 

immobilization of the ovarian cancer specific 
antibodies (before the ovarian cancer antigen/antibody 
complex formation) as in Eq. (5). 

 
-1

Baseline
(Before Ag/Ab complex) Bare EL SAM* Ab

1 1 1
C = + +

C C C

 
 
 

 

(5) 
 

where Bare ELC , SAM*C
 and AbC

 are the capacitance 

due to bare electrodes, surface-activated SAM layer, 
and antibodies layer. 

At stage-2, the capacitance at the ‘Total’ 

Total
(After Ag/Ab complex)

C
 
 
 

 is measured after the ovarian 

cancer antigen/antibody complex formation  
(as in Eq. (6), when the biofluid sample (with ovarian 
cancer antigens) flow in the microchannel under the 
controlled self-driven flow condition, over the 
immobilized ovarian cancer antibodies on the surface-
activated SAM layer of the Gold nano interdigitated 
electrodes. 

 
-1

Total
(After Ag/Ab conjugation) Bare EL SAM* Ag/Ab Conjugation

1 1 1
C = + +

C C C

 
 
  

,

 
(6) 

 

where Bare ELC , SAM*C
 and Ag/Ab ConjugationC

 are the 

capacitance due to Bare electrodes, Surface-activated 
SAM layer and Antigen/Antibody Conjugation layer.  

The ‘Total’ capacitance after ovarian cancer 
antigen/antibody complex formation is 270.09 pF at 
10 kHz, which reduced to 95.92 pF at 100 kHz as 
shown in Fig. 13. As per Eq. (7), the change in 
capacitance (ΔC) between the stage-1 & stage-2 (from 
Eq. (5) & (6), provides the information of the 
capacitance change due to formation of ovarian cancer 
antigen/antibody complex, which indicated the 
ovarian cancer antigens in the biofluid sample.  

 

Total Baseline
(After Ag/Ab complex) (Before Ag/Ab complex)

ΔC = C - C (7) 

 
 

 
 

Fig. 13. Plot of Capacitance measurements of Total  
(After Ag/Ab complex) and Baseline (Before Ag/Ab 

complex) and with frequency. 
 
 

The capacitance measurements of Total (After 
Ag/Ab complex) are decreasing from 270.09 pF to 
95.92 pF, with the increase in the frequency from 
10 kHz to 100 kHz, since as the frequency increases, 
the net polarization in all the layers on the 
interdigitated electrode will decrease, that directly 
influence the dielectric properties. The decrement in 
the dielectric value reduces the capacitance with the 
increment of the frequency values. With the same 
reason, the capacitance measurements of Baseline 
(Before Ag/Ab Complex) are also decreasing from 
18.7 pF to 11.29 pF, with the increase in the frequency 
from 10 kHz to 100 kHz, but the change in capacitance 
is not properly evident in the plot (Fig. 13), due to  
its scale. 

 
 

5. Conclusions 
 

The self-driven flow in the microchannel is 
controlled by the surface treatments on the 
microchannel surface. The controlled flow rate in 
microchannels provides necessary conditions for 
biological reactions like antigen - antibody complex 
formation. Controlling the flow rate without any 
external devices helps to minimize the contamination 
of the sample. The change in the capacitance due to 
the ovarian cancer antigens in the blood sample helps 
to determine the existence of cancer. The biochip 
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research is currently progressing to detect the early 
stage ovarian cancer antigens in Pico and Femto level 
concentrations with the enhanced sensing mechanism. 
The information of the existence of early stage ovarian 
cancer antigens in the blood sample, enables the 
physicians to schedule the patient for next level of the 
cancer diagnosis. This research work promotes in 
developing new standalone POC devices to detect 
ovarian cancer at early stages and save thousands of 
woman. 
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