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Abstract – The influence of electromagnetic waves on
living things has been of great concern in recent years.
Traditionally, electromagnetic radiation device for cell
experiments has a narrow frequency range and small ra-
diation space. In this paper, a DC to 5.2-GHz rectangular
transverse electromagnetic (TEM) device for cell exper-
iments is proposed. The novelty of this research lies in
the wide frequency range and sufficient radiation space
under the condition of ensuring the transmission perfor-
mance. The rectangular device is composed of a closed
rectangular coaxial transmission line, tapered transition
regions, inner plate structure, and dielectric supports.
After simulation, optimization, and measurement, both
the results of the simulated and measured studies indi-
cate that reflection coefficient S11 is below −10 dB and
transmission coefficient S21 is nearly 0 dB. It is demon-
strated that the device has a good transmission perfor-
mance from DC to 5.2 GHz, which meets the require-
ment for wideband cell radiation experiments. The pro-
posed rectangular device is a good candidate for cell ra-
diation experiment device.

Index Terms – Rectangular TEM, radiation space, wide-
band, cell experiments.

I. INTRODUCTION
With the development of digital devices and in-

tegrated circuits, electrical equipment and systems are
widely used in our daily life. And the electromagnetic
signals with high density and wide spectrum constitute
the extremely complicated electromagnetic environment
[1]. People pay more and more attention to the prob-
lem of electromagnetic pollution, the relationship be-
tween electromagnetic waves, and the biological effects
of biological systems, such as human, animal, and cell
samples, etc. Therefore, the research on the effect and
mechanism of electromagnetic field on human health has
been carried out. Bioelectromagnetic research requires a
complete and specific device for radiation experiment.
In the middle of the 1960s, people used the transverse
electromagnetic (TEM) wave chamber (Parallel Plates

TEM cell) as an experimental device. But because of
its open structure, electromagnetic energy radiated to the
surrounding area is susceptible to environmental and ex-
ternal interference; thus, the accuracy and reliability of
the test are not enough. Later, based on the principle
of rectangular coaxial line, a symmetrical TEM cell for
simulating electromagnetic wave propagation in closed
space was proposed [2–4]. It consists of a square outer
conductor, a main segment of the inner conductor of the
mounting plate, and a tapered transition section at both
ends, which can be respectively connected with the exci-
tation source and the matching load. The radiation de-
vice based on TEM cell provides radiation conditions
similar to that in free space and has the advantages of
convenient use, uniform electromagnetic field, and low
cost.

For the vitro studies of RF interaction with biologi-
cal cells, the TEM chamber is generally used as radiation
device. In [5], a vivo exposure system based on TEM cell
is designed at 2.45 GHz and its size is 1700 mm × 120
mm × 120 mm. The system can be used for small ani-
mals’ exposure experiments in 2.45 GHz. In [6], a new
technique for establishing standard, uniform, and elec-
tromagnetic fields in a shielded environment employs
TEM cells that operate as 50-Ω impedance-matched sys-
tems. An open TEM cell suitable for exposure frequen-
cies from DC to 1 GHz is shown in [7], and its size is 200
mm × 100 mm × 30 mm. In [8], a 1800-MHz TEM cell
is introduced for experiments investigating effects on bi-
ological samples, whose size is 198.8 mm × 78 mm ×
82 mm. In [9], a TEM cell used for experimental bio-
logical samples exposure to radiofrequency field in the
100 MHz to 1 GHz range is designed. In [10], an open
TEM cell is used as a pulse delivery system. Its size is
202 mm × 85 mm × 20 mm and its return loss is below
−10 dB up to 3 GHz. The main disadvantages of the
above TEM cells are their limited radiation space and
lower upper frequency range. When the size of the TEM
cell increases, the frequency will decrease accordingly.
Nowadays, due to the quick development of communica-
tion systems operating at frequency ranges up to 5 GHz,
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a new experimental radiation device should be planned.
In this paper, a rectangular TEM device with wide-

band and sufficient space is proposed for cell experi-
ments. The proposed rectangular device is capable of
producing a uniform planar electromagnetic wave with
wideband property in a limited enclosed space. In or-
der to not only obtain more accurate measured results
but also expand application range of the device in prac-
tical needs [11], the proposed rectangular TEM device is
aiming to overcome the restrictions on available testing
space. The rectangular TEM device proposed can op-
erate at the frequency range from DC up to 5.2 GHz.
And it forms a uniform TEM electromagnetic field in
the radiation space, which can be used to detect cell
electromagnetic properties in electromagnetic radiation
experiments.

II. THEORY ANALYSIS OF THE PROPOSED
DEVICE

The proposed structure is a coaxial cavity structure.
The outer conductor is composed of a rectangular cavity
in the middle and a square cone cavity on both sides,
and the inner conductor is composed of a rectangular
conductor plate in the middle and two trapezoidal con-
ductor plates on both sides, as shown in Figure 1(a).
The coaxial structure is a dual conductor guiding sys-
tem, which consists of internal and external systems. It
mainly transmits TEM wave. When there is discontinu-
ity or high-frequency operation, it will excite TE mode or
TM mode. The device has two coaxial ports at the ends
of the cell. The external dimension of the proposed rect-
angular square cone coaxial cavity is 1176 mm × 220
mm × 220 mm, with coaxial connectors at both ends.
The middle section of the inner conductor is a rectan-
gular conductor plate with thickness of 8 mm and width
of 131 mm, and the inner conductors on both sides are
trapezoidal conductor plates with thickness of 8 mm and
width from 131 mm gradually changing to 8 mm, as
shown in Figures 1(b) and (c). When a certain frequency
and power signal is added to the excitation port, the elec-
tromagnetic wave inside the device is excited in the form
of TEM. In order to achieve uniform field distribution,
the device adopts a symmetrical structure. The inner and
outer conductors of the device are made of aluminum,
the wall thickness of the outer conductor is 10 mm, and
the dielectric supports are composed of two 10-mm-thick
PTFE materials. The cell dish is placed in the middle of
the radiation space.

One port of rectangular square cone coaxial cavity
is connected with RF signal generator, and the other port
is connected with 50-Ω load to ensure good impedance
matching. The calculation model of middle section of
radiation device is illustrated in Figure 2. The cross-
sectional size for the middle part of the inner conductor

of the rectangular square cone coaxial cavity is obtained
by the following formula [12]:

Z0 =
188.31

2 C
ε0
+ w

h + t
g

, (1)

w
h
+

b
g
= 3.7662−2

C
ε0
, (2)

where C is the unit capacitance between inner and
outer conductors, ε0 is the dielectric constant of me-
dia between inner and outer conductors, w is the cross-
sectional width of inner conductor plate, t is the thickness
of inner conductor, g is the distance from the inner con-
ductor to the outer conductors on sides, and h is the dis-
tance from the inner conductor to the top or bottom outer
conductors. At first, the values are calculated based on
formulae (1) and (2). It is then further optimized in CST
software.

The transition section design is mainly to make a
good match between the input end of the cell and the
power supply. The traditional transition section of TEM
cell adopts stepped transition structure, which is gener-
ally circular coaxial and circular coaxial transition. Be-
cause of the step discontinuity of the structure, the transi-
tion structure will have a great reflection, which will af-
fect the transmission and other performance of the TEM
cell. In order to solve this problem, a new type of gradual
transition structure is proposed, which is circular coaxial
rectangular coaxial tapered structure. This structure has
low reflection loss and can be used in cell electromag-
netic radiation structure to improve transmission perfor-
mance.

The input port of the transition section of the de-
vice is connected with the N-type coaxial RF connec-
tor, and the output port is connected with the rectangular
coaxial cavity of the device. In order to make the work-
ing frequency of the device reach 5.2 GHz, the design
of the transition section should ensure to meet the 50-
Ω characteristic impedance matching. It is also neces-
sary to make sure that the cut-off frequency of the transi-
tion section should be greater than the working frequency
and suppress the high-order noise when working in the
high-frequency section [17–20]. A slow gradual struc-
ture is adopted to minimize the discontinuity caused by
the gradual transition [13–16].

III. SIMULATION AND ANALYSIS
A. Simulation and optimization

The electromagnetic simulation for the rectangular
square cone coaxial cavity is carried out with CST Mi-
crowave Studio Suite TM 2013. The impedance match-
ing of the structure is mainly affected by the width w of
the middle section of the inner conductor plate and the
length H1 of the transition section; thus, the optimiza-
tion and parameter scanning analysis of w and H1 is car-
ried out. Figure 3 shows the structure diagram of iden-
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Fig. 1. (a) 3D structure diagram of the device. (b) Side view dimensions of the device (mm). (c) Top view 

dimensions of the device (mm). 
 

 

One port of rectangular square cone coaxial cavity is 

connected with RF signal generator, and the other port 

is connected with 50-Ω load to ensure good impedance 

matching. The calculation model of middle section of 

radiation device is illustrated in Figure 2. The cross-

sectional size for the middle part of the inner conductor 

of the rectangular square cone coaxial cavity is obtained 

by the following formula [12]: 

Fig. 1. (a) 3D structure diagram of the device. (b) Side view dimensions of the device (mm). (c) Top view dimensions
of the device (mm).

tification H1. Figure 4 shows the S11 for different H1
and w. When other structural parameters of rectangular
square cone coaxial cavity are fixed and H1 is changed,
the curve of S11 is shown in Figure 4(a). It can be seen

that the best H1 value is 36.5 cm, which makes S11 below
−10 dB in the range of DC to 5.2 GHz. In the frequency
range of 5.2−6 GHz, S11 is slightly higher than −10dB,
which is caused by higher order modes. When w changes
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Fig. 2. Calculation model of middle section of radiation
device.

and other structural parameters are fixed, the curve of S11
is shown in Figure 4(b). It can be seen that the optimal
w value is 13.1 cm, which makes S11 lower than −10dB
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Fig. 4. Simulated S11 versus frequency with (a) the length of the tapered transition H1 and (b) the width of the inner 

plate structure. 

 

B. Experimental results and discussions 

According to the optimization results, the 

rectangular square cone coaxial cavity is fabricated, and 

the experimental prototype is shown in Figure 5. It is 

tested with vector network analyzer AV3629B. 
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Fig. 5. Photograph of the rectangular device. 
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Fig. 4. Simulated S11 versus frequency with (a) the length of the tapered transition H1 and (b) the width of the inner
plate structure.

Fig. 3. Structure diagram of identification H1.

in the DC to 5.2 GHz range. In the frequency range of
5.2−6 GHz, S11 is also slightly higher than −10dB. Due
to the large size and wide frequency range of the struc-
ture, high-order modes will appear in the high-frequency
band, and the influences of dielectric supports, which
will have a certain impact on the transmission of electro-
magnetic waves, and the results of S11 will also fluctuate
accordingly.

B. Experimental results and discussions
According to the optimization results, the rectangu-

lar square cone coaxial cavity is fabricated, and the ex-
perimental prototype is shown in Figure 5. It is tested
with vector network analyzer AV3629B.
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Fig. 5. Photograph of the rectangular device.

The simulated and measured results of the device
are depicted in Figure 6. The reflection coefficient S11 is
depicted in Figure 6(a) and the transmission coefficient
S21 is depicted in Figure 6(b). It depicts that the S11 is
better than −10 dB in the frequency range of DC to 5.2
GHz, S21 is nearly 0 dB in the frequency range of DC
to 2 GHz, and S21 is between 0 and 1 in the frequency
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Fig. 6. (a) The simulated and measured results of reflection coefficient S11 from DC to 6 GHz. (b) The simulated 

and measured results of transmission coefficient S21 from DC to 6 GHz. (c) E-field distribution at Z = 0.  
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TABLE 1: Comparison between the proposed rectangular device and previously 

reported designs 

Ref. Structure Frequency 

range 

(GHz) 

Size 

(λ0 × λ0 × λ0) 

(mm3) 

S11 

(dB) 

[2] Open TEM 

cell 

0.5 to 3 200 × 85 × 20 Below 

−7.5 

[5] TEM cell 2.5 1700 × 120 × 

120 

 

[7] Open TEM 

cell 

DC to 1 200 × 100 × 30  

[8] TEM cell 1.8 198.8 × 78 × 82  

Fig. 6. (a) The simulated and measured results of reflection coefficient S11 from DC to 6 GHz. (b) The simulated
and measured results of transmission coefficient S21 from DC to 6 GHz. (c) E-field distribution at Z = 0.

range of 2−5.2 GHz. As can be seen from Figure 6(a),
the matching bandwidth of a radiation system is typically
defined by the frequency bandwidth where the reflection
coefficient is lower than −10 dB. Note that some of the
S11 values for the radiation device within its bandwidth
are slightly greater than −10 dB. This is probably be-
cause there is little reflection at the junction of the trans-
mission section and the joint of the rectangular device.
And higher order modes occur at some high frequency,
which will influence the transmission performance in re-
ality. As can be seen from Figure 6(b), good consistency
has been obtained between the simulations and measure-
ments. Due to the machining error, measured results are
slightly biased at individual frequencies. Both the sim-
ulated and measured results show that the device has a
good transmission performance and impedance match-
ing from DC to 5.2 GHz.

The distribution of E-fields at Z = 0 in the device is
depicted in Figure 6(c). It can be seen that distribution of
the electromagnetic field is mostly green, and the electric
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Table 1: Comparison between the proposed rectangular
device and previously reported designs
Ref. Structure Frequency

range
(GHz)

Size (λ 0 ×
λ 0 × λ 0)

(mm3)

S11(dB)

[2] Open TEM
cell

0.5 to 3 200 × 85 ×
20

Below
−7.5

[5] TEM cell 2.5 1700 × 120
× 120

[7] Open TEM
cell

DC to 1 200 × 100
× 30

[8] TEM cell 1.8 198.8 × 78
× 82

[9] TEM cell DC to 1 410 × 260
× 150

Below
−9

[10] Open TEM
cell

DC to 3 202 × 85 ×
20

Below
−10

[11] Twin TEM
cells

1 300 × 300
× 200

[13] Cylindrical
TEM cell

DC to 1 1021.2 ×
150 × 150

Below
−13

[14] Two-port
rectangular
TEM cell

0.5−3 444 × 364
× 360

[16] TEM cell DC to 3 280 × 150
× 90

Below
−15

This
work

Closed
rectangular

device

DC to 5.2 1176 × 220
× 220

Below
−10

field distributions are formed uniformly along the trans-
verse plate. And we can conclude that there is a relatively
uniform electromagnetic field inside the cavity. A uni-
form electromagnetic field is generated inside the outer
conductor, and the outer conductor shell does not pro-
duce electromagnetic field. The uniform electric field
distribution is essential for the radiation space and cell
experiments.

Compared with the traditional TEM cells, simulated
and measured results of this device show a good perfor-
mance in the frequency range. And the device has ad-
vantages in sufficient radiation space and wide frequency
band.

IV. COMPARISON OF THE TRADITIONAL
TEM DEVICES

Table 1 summarizes the performance comparison
between the proposed rectangular device and previously
reported designs for radiation experiments.

The proposed rectangular device shows the widest
frequency range compared with other designs [5, 8, 11]
for the radiation frequency range. In the item of
structure, the proposed rectangular device is a closed

Pdevice, which can eliminate electromagnetic leakage
and play a shielding role compared with [2]. Compared
with [9, 13, 15], the proposed rectangular device not only
broadens the frequency range but also increases the radi-
ation space. In general, the proposed rectangular device
has obvious advantages in the sufficient radiation space
and broadband aspect.

V. CONCLUSION
In this paper, a rectangular TEM device for cell ex-

periments is proposed, which uses a rectangular coax-
ial structure as the radiation section. Its configuration
is given, and the related key parameters are discussed.
The measurements show that S11 is better than −10 dB
in the frequency range of DC to 5.2 GHz, and S21 is
nearly 0 dB which shows the proposed device can be
used for the broadband cell radiation experiments. Com-
pared with other designs, the overall performance of the
proposed device is better. The proposed device success-
fully upgrades the frequency to a wideband range and
expands the space for cell experiments. The proposed
prototype is expected to have a very broad prospect
in cell radiation experiments of the wide frequency
range.
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