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Abstract — In this paper, a W-band T-junction power
divider based on rectangular microcoaxial structure is
proposed. Rectangular microcoaxial line is a three-
dimensional (3D) structure with the merits of wide op-
eration bandwidth, low loss, and high integration, which
is suitable for the design of radio frequency (RF) de-
vices. A two-way power divider is designed based
on the rectangular microcoaxial structure. And the
two-way power divider is expanded into a four-way
power divider to further illustrate the design method.
Moreover, a back-to-back configuration including two
identical two-way power dividers is fabricated and mea-
sured. The insertion loss of the back-to-back configu-
ration is about 0.11-1.18 dB in W band, which agrees
with the simulation one reasonably and shows good
performance.

Index Terms — power divider, rectangular microcoaxial
structure, W band.

L. INTRODUCTION

W-band communication system has the advantages
of broadband and high resolution, which makes it a re-
search hotspot. As the frequency increases, the ampli-
fication capability of a single solid state power device
decreases significantly. However, high-output power can
improve the transmission distance and anti-interference
ability of the system. Power divider/combiner is the
component that can combine multiple power chips to in-
crease the output power [1H35].

In W band, some rectangular waveguide power
dividers based on computer numerical control (CNC)
milling have been proposed [6-10]. The forms include
rat-race hybrid, magic-T junction, E-plane or H-plane
T-junction, and radial type. The rectangular waveg-
uide components have the merits of low loss and high-
power capacity over the planar circuits. However, the
drawback is large volume, which is not conductive to
the integration of the system. In [L1], a substrate in-
tegrated waveguide (SIW) power divider based on the
printed circuit board process is demonstrated. It has
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small lateral size, while the insertion loss is high because
of the fabrication tolerance. With the development of
micro-electromechanical systems (MEMS) technology,
many RF circuits are designed based on this technology
[12H14]. These circuits have the advantages of fine struc-
ture and good electromagnetic characteristics.

In this paper, we introduce a W-band T-junction
power divider based on rectangular microcoaxial struc-
ture. It can be fabricated by the surface micro-machining
process which is one of the MEMS technologies. First,
the characteristic of the rectangular microcoaxial line is
analyzed. Then, based on the above analysis, a two-way
T-junction power divider is designed. And it can be ex-
panded into a four-way power divider. Finally, a back-
to-back configuration including two identical two-way
power dividers is achieved and measured, which can op-
erate in the frequency band of 75-110 GHz. The total
insertion loss is less than 1.18 dB, and the simulated and
measured results are in close agreement. All simulations
are based on the CST simulation software with frequency
domain solver.

II. CHARACTERISTIC OF THE
RECTANGULAR MICROCOAXIAL LINE

The rectangular microcoaxial transmission line con-
sists of a center conductor and metal walls surrounding
it, as shown in Since air is the medium
between the center conductor and the metal wall, the di-
electric loss of the transmission line is almost negligi-
ble. The transmission line is one of the coaxial lines and
transmits the TEM waves so that it has a wide application
frequency band (dc to over 200 GHz) [15]].

presents the electric field distribution.
The crucial problem that needs to be solved to realize the
rectangular microcoaxial transmission line is how to sus-
pend the center conductor in the metal wall. The devel-
opment of surface micromachining technology enables
the transmission line to be well realized and the form is
depicted in The center conductor is sup-
ported by periodically distributed dielectric strips, and
release holes are added to the metal wall.
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Fig. 1. Rectangular transmission line. (a) Basic model.
(b) Electric filed distribution. (c) Fabricated model.

The fabricated process of a section of rectangular
microcoaxial transmission line based on surface micro-
machining technology is shown in [Figure 2| as the fol-
lowing steps. The whole structure is built up layer by
layer. Generally, the thickness of each layer is 50-100
um. First, the photoresist is coated on the silicon sub-
strate as a sacrificial layer and lithographically formed
into the desired shape of the structure. Then, the cop-
per is electroplated to the gaps of the sacrificial layer to
form the structural part, and the structural part is flat-
tened by polishing. Next, dielectric strips are added to
a certain layer and repeat ©®® steps. Finally, an etching
solution is used to remove the sacrificial layer to form
the final rectangular microcoaxial structure. In particu-
lar, the position of the dielectric strip can be at the bot-
tom, lower middle, or middle of the center conductor.
When the dielectric strip is located in the lower middle
or middle of the center conductor, the fabrication of the
center conductor needs to be divided into more layers.
Moreover, in order to remove the sacrificial layer cleanly,
the outer wall of the transmission line is added to re-
lease holes. In the design of the T-junction power divider,
the rectangular microcoaxial structure can be roughly di-
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Fig. 2. Surface micromachining process.
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Fig. 3. Simulated S-parameters of two transmission line
model.

vided into five layers, and the thickness of each layer is
100 um.

Figure 3| shows the simulated S-parameters of two
transmission line models (basic model and fabricated
model). With the addition of release holes and dielectric
strips, S11 deteriorates slightly at low frequency, while it
becomes better at high frequency. The S»; is basically
unchanged. The surface current of a rectangular coax-
ial transmission line is presented in the [Figure 4] Since
the electric field intensity at the position of the release
hole is relatively small, the size of the release hole does
not have a significant influence on the transmission loss.
However, as the width of the dielectric strip increases,
the deterioration of S;; is obvious, which is depicted in
the Therefore, in the design, the total volume
occupied by the dielectric strips should be as small as
possible.

The characteristic impedance of the rectangular
coaxial line is related to the size of the air cavity and
the center conductor. In order to simplify the design, we
generally fix the dimension of the air cavity, and real-
ize different characteristic impedances by changing the
size of the inner conductor. The value of the height a; is
100 um, which is determined by the processing technol-
ogy. Therefore, the characteristic impedance of rectan-
gular microcoaxial line is only related to the width by of
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Fig. 5. Characteristic impedance versus b1.

the center conductor. And, the characteristic impedance
decreases as b; increases, which is presented in the
Impedance transformation is the basis of RF
circuit design.

In order to facilitate the test of the rectangular mi-
crocoaxial structure and the interconnection with the
microwave monolithic integrated circuits, a rectangu-
lar coaxial line to coplanar waveguide (CPW) transition
structure is designed. demonstrates a back-to-
back transition. The design of the transition structure is
as follows, the width of the center conductor gradually
decreases, and the upper half of the outer metal wall is
shaved off. The final width of the center conductor is 60
um, and its distance from the metal wall is 45 um. This
design is based on the distance between the test probes.

The structure shown in the is fabricated to
verify the performance of the transition structure. We use
a W-band vector network analyzer with ground-signal-
ground (GSG) probe to test the fabricated back-to-back
transition structure, which is depicted in
The vector network analyzer is first connected to the fre-
quency expansion module through cables, and then the
expansion module is connected to the GSG probes. In
the process of testing, the signal probe is connected to
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Transition Structure

Fig. 6. The back-to-back transition of rectangular coaxial
line to CPW.

the center conductor, and the two ground probes are con-
nected to the outer metal wall. The measurement is car-
ried out using a standard SOLT calibration process. As
shown in[Figure 7 (b)] compared with the simulation, the
measured Sp; is slightly worse, however, it still remains
below —23 dB. In addition, the measured insertion loss
is about 0.38 dB at high frequencies, which is 0.2 dB
lager than the simulated result. Moreover, we analyze
the influence on the insertion loss induced by the sur-
face roughness. And, these analyses are based on the
CST simulator, where the parameter r represents the root
mean square roughness. When r is 0.6 um, the fitting re-
sult is the best, which implies that the roughness of the
processing technology can be within 0.6 um.

II1. DESIGN OF T-JUNCTION POWER DIVI
DER

T-junction power divider is a traditional structure,
and it can be realized by many forms, such as mi-
crostrips, waveguides, and SIWs.

The ideal power divider has the following character-
istics. First, the amplitudes and phases of the two output
ports are equal. Second, the output power ratio of port 2
and port 3 can meet any given value. presents
the basic circuit, and we can get the equation about the
value of relevant impedance based on A/4 transmission
line impedance transformation theory [[16]], as the follow-

ing equations (I, ).

Zo» = Zo\/ K(1+K?), (1)

(1+K2)/K3, 2)

where K? is the ratio of the output power of port 2 and
port 3, expressed as P3 = K>P,. When the amplitudes
of the output signals of port 2 and port 3 are the same,
K?is 1. We take Zj as 50 Q, then Zg, and Z3 are both
70.7 Q. Combined with the analysis of the characteristic
impedance of the rectangular coaxial transmission line,
we can get the initial widths of the corresponding branch
lines. The medium between the center conductor and the
outer metal wall of the rectangular microcoaxial line is

Zoz =7y
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Fig. 7. Measurement of a back-to-back transition. (a)
Test process. (b) Measured and simulated results.
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Fig. 8. Basic circuit of T-junction power divider.

air, and the guided wavelength of the rectangular coaxial
line is the same as the wavelength in the medium. Ac-
cording to the center frequency of the component, the
initial lengths of the branch lines are obtained. After op-
timization by CST simulator, the structure of the two-
way power divider is shown in[Figure 9] The branch line
1 and the branch line 2 are connected by a square match-

ing structure. The dimensions are labeled in[Figure 9 (b)}
as follows (units: mm): /; = 0.67, w; =0.176, [, = 0.14,
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Fig. 9. The structure of the two-way power divider. (a)
External structure. (b) Internal structure.

wy =0.25,13=1.03, w3 =0.06, [4 =0.31, wq =0.176, and
Is = 0.5. [Figure T0]illustrates the simulated results of the
two-way power divider. The return loss of input port is
above 17 dB and the insertion losses of two output ports
are close to 3 dB from 75 to 110 GHz. The amplitude
imbalance is kept within 0.03 dB. In addition, the isola-
tion between the two output ports is about —6 dB. Since
there is no isolation structure between the output ports,
the isolation of this kind of power divider is generally
not high. Moreover, due to the symmetric structure, the
signals of the two output ports maintain nearly identical
phase with a phase fluctuating between —0.015° and 0.1°.

Based on the analysis of two-way rectangular mi-
crocoaxial power divider, a four-way power divider is

designed and presented in[Figure T1] After optimization,
the simulated results are shown in The re-

turn loss of port 1 is higher than 17 dB, and the insertion
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Fig. 10. Simulated results of two-way power divider. (a)
S-parameter response. (b) Phase difference.
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Fig. 11. The structure of four-way power divider.

losses of output ports fluctuate between 6.05 dB and 6.4
dB. It can be seen from Figure 12 (b) that the phases of
port 2, 3, 4, and 5 are in phase, and the phase imbalance
is between —0.42° and 0.52°.
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Fig. 12. Simulated results of four-way power divider. (a)
S-parameter response. (b) Phase difference.

IV. EXPERIMENT AND DISCUSSION

In order to verify the effectiveness of the design,
a prototype including two identical two-way rectangu-
lar microcoaxial power dividers arranged in a back-to-
back configuration is fabricated based on the surface
micromachining technology, as shown in[Figure T3] And
its overall size is 4.18 mm x 1.89 mm x 0.5 mm.
The test method is the same as that of the back-to-back
transition.

The simulated and measured results of the fabricated
prototype are presented in The measured in-
sertion loss fluctuates between 0.11 dB and 1.18 dB,
which implies to a certain extent that the insertion loss
of the proposed two-way power divider is from 0.055 dB
to 0.59 dB over the W band. The tested S;; curve is basi-
cally consistent with the simulation, which illustrates the
effectiveness of the design. Moreover, the measured S1;
is less than -10 dB at 75-110 GHz and less than -20 dB
at 75-93.3 GHz.
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Table 1: Comparison of some previous power dividers
(back-to-back configuration)
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Fig. 14. Simulated and measured results of the fabricated
prototype.

It can be found that the measured S;; response is
quite different from the simulated one. The main rea-
sons for the differences between the simulated results
and the measured results include the fabrication errors
and the measurement errors. Fabrication errors mainly
include the surface roughness, unclean removal of pho-
toresist and the inconsistency of the dimensions between
the fabricated structure and the design model. The
influence of surface roughness on insertion loss is ana-
lyzed. When r is 0.5 um, the fitting result of transmis-
sion loss is the best. The measurement errors mainly
include the calibration of the measurement equipment
and the contact position of the probe and the com-
ponent. The contact position of the GSG probe and
CPW affects the matching characteristic of the port.

Reference BW IL RL |Channel Size
(GHz) (dB) |(dB) (mm?)
11 90.5-94.5| 3.8-6 |>10 4 not given
7 90-96 2 >20| 14 80 x 80 x 54
17 75-110 | 0.8-2.6 |>14 4 75 x 50 x 19.1
This work| 75-110 [0.11-1.18|>10 2 4.18 x 1.89 x 0.5

BW: bandwidth, IL: insertion loss, RL: return loss.

During testing, it is difficult to find the most suitable
position.

[Table T|presents a comparison between the proposed
power divider and some previous works. It can be found
that the presented study has a small insertion loss while
maintaining a compact structure.

V. CONCLUSION

In this paper, a two-way T-junction rectangular
microcoaxial power divider is designed for W-band ap-
plication, and the fabrication is based on surface micro-
machining technology. Meanwhile, the power divider
can be expanded to more channels as requirement. The
measured maximum insertion loss of the two-way power
divider is about 0.59 dB over the entire W band, cor-
responding to a power-combining/splitting efficiency of
87.3%. The power divider is conductive to the W-band
communication system with the compact structure and
good performance.
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