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Combining Microwave and Radio Frequency Current

Sho Suzuki

Graduate School of Engineering
Chiba University
Chiba, Japan
sho.exclab@gmail.com

Abstract—Various types of surgical devices using microwave
energy for the treatment of bleeding from the organs and blood
vessels are investigated and reported. For smooth progress of the
surgery, it is desirable that devices have functions of tissue coagu-
lation and tissue resection. Generally, microwave energy is used
for tissue coagulation and unsuitable for tissue resection because
of the mild heating effect. Here, devices using joule heating due to
radio frequency current are employed for tissue resections. In
this study, a coagulation and cutting device with the microwave
energy which has a good coagulation characteristic and radio
frequency current which has a good dissection characteristic is
proposed. In this paper, the heating characteristic of the designed
microwave heating antenna loaded with the coagulation and cut-
ting device was evaluated using finite-difference time-domain
method and bioheat transfer equation. As a result, the designed
antenna heats the grasped blood vessel more than 60 °C around
the heating antenna.
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I. INTRODUCTION

Recently, minimally invasive surgery has been widely per-
formed to lessen physical burden of the patient. One of the
minimally invasive surgery is laparoscopic surgery using the
laparoscope. Figure 1 shows the outline drawing of laparoscop-
ic surgery. In laparoscopic surgery, laparoscope and some sur-
gical instruments are inserted into the body through approxi-
mately 10 mm diameter holes. Therefore, surgical instruments
used in laparoscopic surgery are required to have multiple
functions such as tissue coagulating and cutting [1], [2]. The
representative energy device used in laparoscopic surgery is an
electric scalpel. The electric scalpel can realize both tissue co-
agulation and dissection by the Joule heating due to the radio
frequency (RF) current flowing between an active electrode
and a return electrode. However, when an electric scalpel co-
agulates the biological tissue, this device has some problems
such as overheat of tissue [3]. By the way, one of the tissue
coagulating method other than using RF current has the method
using microwave energy [4], [5]. This method, employs the
dielectric heating, can heat slowly and can prevent carboniza-
tion of the biological tissue due to the over heating. Moreover,
heating will stop if water in the biological tissue completely
evaporate.
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Fig. 1 Laparoscopic surgery.

In this study, we proposed a tissue coagulation and cutting
device using microwave energy and RF current. This device
has grasping mechanism like forceps. The biological tissue
grasped by this device is coagulated by the microwave and is
cut the coagulated tissue by the RF current. Furthermore, a
microwave heating antenna loaded with the coagulation and
cutting device is designed, and heating characteristic of the
designed antenna is evaluated by numerical calculation using
finite-difference time-domain (FDTD) method and bioheat
transfer equation.

II. CALCULATION MODEL

A. Proposed Device

Figure 2 shows the structure of the proposed device. In Fig.
2(a), designed device is composed of two parts: a fixed part
and a movable part. The fixed part has the heating antenna and
a copper plate assumed as the active electrode. The movable
part has the copper plate assumed as the return electrode in
order to cut the tissue. Each of element is covered with polytet-
rafluoroethylene (PTFE) in order to prevent adhesion of the
coagulated tissue. In Fig. 2(b), antenna elements are connected
to an inner conductor or an outer conductor of the coaxial cable.
The designed device has a height of 5.0 mm and a width of 8.1
mm and a length of the gripper part is 10 mm. This device
grasps the biological tissue between two parts, and coagulates
and cuts the biological tissue.

B. Calculation Model

Figure 3 shows the FDTD calculation model in the case of
grasping blood vessel using the designed device. A blood ves-
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sel has 1 mm in thickness and 6 mm in width. The designed
device grasps it in the air. Moreover, initial temperature of
blood vessel is set to 37 °C and temperature of the air is kept at
25 °C. Mur’s 1st order absorption boundary conditions are ap-
plied as the absorption boundary condition in numerical analy-
sis of electromagnetic field. The operating frequency, input
power to the device, and heating duration were set to 2.45 GHz,
8 W, and 5 s, respectively. Table 1 shows physical properties
of blood vessel. In this study, the region heated more than 60
°C is defined as coagulated region.

III. HEATING CHARACTERISTICS

A temperature distribution on x-y plane at the center of
grasped region is shown in Fig. 4. In Fig. 4, the parts of blood
vessel near the heating antenna elements are heated more than
60 °C. Moreover, the region near the copper plates assumed as
the active electrode in heated below 70 °C. This temperature
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Fig. 2 The proposed device model.
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Fig. 3 The calculation model.

TABLE. 1 THE ELECTRICAL PROPERTIES OF BIOLOGICAL TISSUE

Electrical Properties (@ 2.45 GHz)

Relative permittivity 42.5

Electrical conductivity [S/m] 1.44
Thermal Properties

Specific heat [J/kg- K] 3,306

Thermal conductivity [W/m- K] 0.46

Mass density [kg/m®] 1,102
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Fig. 4 The heating characteristic.

rise has little effect on cutting using RF current because the
impedance of tissue increase over 90 °C by drying of water in
the tissue. For these reasons, it is confirmed that the designed
antenna is useful as the heating antenna loaded with the pro-
posed device.

IV. CONCLUSION

In this study, the heating antenna for the coagulation and
cutting device using the microwave energy and the radio fre-
quency current was designed. Moreover, the heating character-
istic of the designed antenna was evaluated. As a result, the
blood vessel grasped with the proposed device could be heated
more than 60 °C. Therefore, we confirmed that the designed
heating antenna had the enough heating ability for coagulation
of the biological tissue.

As a further study, the proposed device using the micro-
wave energy and the RF current will be produced and its heat-
ing characteristic will be evaluated experimentally.
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