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Low Loss High Power Air Suspended Stripline Power Divider
for High Power Division Sub-Systems Applications

Ahmed F. Elshafey and Mahmoud A. Abdalla®

Abstract—In this paper, a high power, air suspended stripline (SSL) T junction power divider at
L band microwave frequencies is introduced. The power divider operating frequency is centered at
1.3GHz. In this new configuration, the only dielectric used is air to have maximum power handling
capability. An excitation transition from coaxial cable to the SSL transmission line is explained. The
SSL. was fabricated using aluminum sheets to gain the advantage of low cost. The power divider
design was validated using circuit and 3D full wave simulations and confirmed using experimental
measurements with all agreements. It has been proved that the power divider attenuation has sharp
rejection characteristic at the designed frequency (—20dB at 1.3 GHz). The power divider can be used
as a feeder for devices used in high power applications.

1. INTRODUCTION

The increased need for high power microwave components has become essential in modern
communication, radars and satellite systems [1]. Power divider is one of the most basic high-
power components which are widely used in high power circuits and systems, such as antennas [2—4]
amplifiers [5, 6], six-port circuits [7], push-pull circuits [8].

The two power divider architectures are T-junction and the Wilkinson power divider. Wilkinson
power divider has the advantage of isolation between and matched at all ports [9-14]. However, using
lumped elements to isolate between the output ports makes it bulky. On the other hand, T-junction is
simpler and more compact than Wilkinson power divider which makes it suitable for L band microwave
applications. However, it is worth to comment that T junction has no isolation between the output
ports and is not matched at all ports which need carefulness in the design. T-junction can be formed
in the form of microstrip or stripline configuration [15-18].

High power applications suffer from increasing losses (ohmic loss and dielectric losses) that may exist
in planar transmission lines (as microstrip lines). One of the solutions of this problem is using suspended
stripline (SSL) [19]. In the (SSL) the center conductor is printed on a substrate which is suspended
between two parallel ground plates which reduce the losses compared to microstrip configuration [20].
SSL configuration is used to support the high power due to its low insertion loss and high-power handling
capability. However, SSL configuration still has losses due to multi-dielectrics losses in which the strip
conductor is printed [21-23].

In this paper, a new, SSL transmission line using an air substrate to handle high power is introduced.
The transition from coaxial cable to the SSL is investigated in Section 2. Based on the SSL, a three-way
low loss, low cost and high power (up to 15 KW) power divider is introduced. The presented results
are supported by 3D full wave simulations (employing the commercial software Computer Simulation
Technology (CST) and practical measurements as will be illustrated in Section 3.
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2. THE SUSPENDED STRIP LINE TRANSMISSION LINE STRUCTURE

The 3D geometry of SSL transmission line is shown in Fig. 1. As shown in the figure, the structure has
a middle SSL sandwiched between two air regions within which the electromagnetic waves propagate.
The walls of the SSL structure are fabricated using aluminum sheets which is suitable for low cost. The
used air dielectric can also handle electric field breakdown up to 3 x 10%v/m which has the advantages
of low losses and high-power handling capabilities.

One of the major problems facing the guiding structures is limited ability of the transition from
the coaxial lines. So, in this section we introduce the transition from coaxial cable to SSL TL over
the frequency band (0 GHz to 5 GHz). Typical (ideal) SSL TL is shown in Fig. 2(a) where the SSL
TL has two conductor sides. These two-sided walls were added to avoid the radiated losses. Ideal
exciting of the SSL TL can be done using an infinite waveguide whose aperture coincides with the SLL
TL ends. A depiction for this ideal excitation is shown in Fig. 2(b) employing waveport excitation
in commercial software ANSYS-Electronic Desktop. The simulated scattering parameter magnitudes
for this configuration are shown in Fig. 3. As shown in the figure, the excitation has a transmission
coefficient (S21) = 0dB and an average reflection coefficient (S11) — 70dB over the frequency band
1 GHz—5 GHz. These levels will be used as a reference target for practical transition.

The excitation for the SSL TL has been designed using coaxial cable transition as shown in Fig. 4.
The transition was designed as a hole inside the SSL TL end with probe coming from the inner conductor
of the coaxial cable taking into consideration that the upper and lower metal sheets are hidden to
illustrate the internal details of the structure. However, the ground connection of the transition is
clearer in Fig. 1. In practical measurement, this coaxial cable is used as N type with the following
specifications (1) The connector is 50€2. (2) The coaxial inner and outer conductors are made from
Nickel to support high power. (3) The inner conductor is plated with gold to decrease losses. The high-
power N connector has two walls of thickness = 8 mm to support the connector (of thickness = 4 mm).
The simulated electric field distribution over the transition at 2.5 GHz is shown in Fig. 5. It is obvious

\

Figure 1. Completely 3D geometry of SSL transmission line.

(b)

Figure 2. (a) The 3D geometry for the SSL transmission line with two side walls, (b) the waveguide
wave port excitation.
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Figure 3. The ideal simulated S-  Figure 4. Single coaxial cable to SSL transition, (a)
parameters magnitudes of the SSL transmis-  side view of the transition, (b) top view.
sion line (with waveguide waveport).
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Figure 5. (a) Coaxial to stripline transition at  Figure 6.  Simulated S-parameters of
2.5 GHz, (b) zooming at the input probe to indicate  the transition from coaxial line to SSL
the transition. transmission line.

that the maximum filed within the RF connector is transitioned with the same maximum distribution
inside the SSL TL.

In quantitative representation of the transition success, the simulated scattering parameters of the
transition are plotted in Fig. 6. As shown in the figure, the transmission coefficient (So1) is almost 0 dB
whereas the reflection coefficient (S11) is better than —20dB over the band from 0 to 3.9 GHz, and it
increases to —15dB from 3.9 GHz to 5 GHz. Comparing results in Fig. 3 and Fig. 6, it can be claimed
that the proposed transition is successful for power transfer with acceptable matching properties over
the frequency band of interest.
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From another point of view, to analyze the propagated mode inside the SSL TL, a plot for the
electric field and magnetic field distributions inside the SSL TL at 2.5 GHz is shown in Fig. 7. It is
obvious that the electric field is radial outside the inner strip whereas the magnetic field is circulating
in the direction of propagation. This means that the mode is the propagated mode as quasi TEM.

(b)

Figure 7. Field distribution inside the SSL at 2.5 GHz, (a) electric field distribution inside the
suspended stripline structure, (b) magnetic field intensity inside the suspended strip line structure.

3. THE SUSPENDED STRIP LINE POWER DIVIDER

3.1. Design of the SSL Power Divider
The SSL power divider specifications are tabulated in Table 1.

Table 1. Specifications of the high power (SSL) power divider.

Operating frequency 1.3 GHz
Bandwidth of operation 0 GHz-1.55 GHz
Reflection coefficient Up to —20dB
Transmission coefficient —3dB equally division
VSWR <2
Power Handling Capability | Up to 15 KW (continuous Wave (C.W))

The 3D geometry structure of the SSL power divider is shown in Fig. 8(a) whereas its 2D suspended
(center) divider layout is shown in Fig. 8(b). The power divider design is based on making the center
divider suspended between the two ground plates without the need of any dielectric to print the divider
on. Air is used as the dielectric to support the high power because of its high-power handling capability
due to its high breakdown voltage. The fabricated power divider prototype is shown in Fig. 9. The
power divider is fed by a 50 N type feeder that is soldiered to the suspended line.
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Figure 8. The suspended stripline power divider, (a) 3D geometry, (b) the 2D layout of suspended
stripline power divider.

Figure 9. The fabricated suspended stripline power divider prototype.

The divider consists of an input line which is 50 ) and is matched with the N type feeder. Then
the power is divided equally between the two output lines which are also 50 Q2. Two \/4 transformers
are 70.7 €2, and they are used to have a 502 output system T junction at output ports. To reduce the
losses resulting from the sharp edges, SSL discontinuities have been curved to avoid the accumulation
of the voltage at these sharp edges. The power divider is fabricated from aluminum sheets of different
thickness to become compatible with the available fabrication facilities and for achieving minimum loss
and maximum power handling along with low cost. The detailed dimensions are tabulated in Table 2.

3.2. Results of the SSL Power Divider

The designed SSL power divider was simulated with CST. It is worth to comment that the SSL power
divider layout discontinuities have been formed in curved shapes to avoid power losses at sharp edges.
The simulated and measured reflection coefficients at the feeding input (S11) and transmission coefficient
(S21) of the designed SSL power divider are shown in Fig. 10. Also, the reflection coefficient at output
ports (S22) with another transmission coefficient is shown in Fig. 11(a) whereas the isolation scattering
parameter (Ss32) between the output ports is shown in Fig. 11(b). As shown in the two figures, within the
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Table 2. Dimensions of the SSL power divider.

Parameters and Dimensions (mm)
Parameter | Lgyp | Wewp | L1 | Lo | Wy
Dimension | 214.2 | 180 | 80 | 108 | 40
Parameter | Wy h t s Ry
Dimension | 15.9 30 3 |114] 5
Parameter Ry Rs | Ry | Ry | W3
Dimension 10 3 5 3 40
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Figure 10. The simulated and measured scattering parameters magntiudes of the suspended stripline

power divider.
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Figure 11. The other scatering parameters (a) the simulated and measured Sa2 and S3; of the simulated

and measured isolation parameter Sss of the suspended stripline power divider.
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desired bandwidth, the output power is equally divided at the two output ports (S2; and S5 = —3dB),
and the input port is well matched (S1; is less than —10dB). It is also clear that there is a resonance in
S11 curve at 1.3 GHz (design frequency) at which its values is less than —30dB in simulation and close
to —20dB in measurements. On the other hand, the isolation between the two output ports is at its
typical value of the T Junction (S32 = —6dB). This is also achieved for a typical value for the matching
at output port (Sy2 = —6dB) at the designed frequency. In general, the measurement provides good
agreement with the simulation results.

To examine the matching properties from another sensitive results demonstration, the proposed
SSL power divider VSWR at input port for simulated and measured results are plotted in Fig. 12. As
shown in the figure, the maximum VSWR is less than 2 within the frequency band of interest. It goes
to almost 1 at design frequency (1.3 GHz).

Finally, the simulated electric field profiles through the SLL power divider structure animation of
SSL power divider at 1.3 GHz is shown in Fig. 13. This figure demonstrates the in-phase equal power
division at the output ports of the SSL junction at the two output ports.

To judge the SSL power divider power handling, it was tested by field test measurements. The
measurements confirm that it can withstand up to 15 KW with continuous wave (C.W) input.

The power handling capability of SSL power divider can be calculated as in Eq. (1) [24-26]

1 ‘/6211'13,)( (1)
2 7y

where V, max is the maximum voltage between the line and ground, and Z; is the SSL line characteristic
impedance = 50 2. According to [24-26], it is found that the stripline power divider supports up to a

few KW which is compatible with SSL power divider power measurements (15 KW). So, the SSL power
divider can be used in high power application.
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Figure 12. The VSWR at the input port of the SSL power divider.

Figure 13. The electric field propagation through SSL power divider at 1.3 GHz.
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Finally, to demonstrate the advantage of the proposed SSL power divider, a comparison with
conventional T junction wave-guide (H plane) has been done. A standard conventional T junction
waveguide (WR-650 (165.1 mm x 82.55mm)) has been chosen to cover the L band which includes the
operating frequency of interest. The waveguide T junction is illustrated in Fig. 14(a), and the simulated
full wave scattering parameters are plotted in Fig. 14(b). As shown in the figure, it is clear that there is
an equal power division between the output ports within the desired band (S21 = S31 = —4.3dB) with
reasonably good matching (S7; is below —10dB) within the frequency band (1.2 GHz—-1.6 GHz).

Also, the theoretical power handling capability of an air filled WR-650 waveguide has been
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Figure 14. (a) 3D geometry of the conventional T junction waveguide power divider at L band, (b)
the simulated scatering parameters magnitudes of the conventional waveguide power divider.

Table 3. A comparsion with the proposed SSL power divider and the T junction waveguide power
divider.

Conventional T junction (WR-650)

waveguide power divider (H section)

Property SSL Power Divider

Size

Simpler than the T junction
waveguide power divider

More complex than
the SSL power divider

Transmission coefficient

—3dB equally division

—4.3dB equally division

Reflection coefficient

Up to —20dB

Less than —10dB, Up to —13dB

Power Handling Capability

Few KW (theoretical),
Up to 15 KW (C.W) measured

Up to 81 MW (theoretical)

Bandwidth of operation

0 GHz-1.55 GHz

1.2 GHz-1.6 GHz

Fabrication Easy to fabricate Difficult in fabrication
VSWR <2 > 2
Mode of propagation TEM TE19
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calculated as in Eq. (2) [27]
1 E2 .ab

P = ~ max 2
ax 4 770 ( )
where, Fiax is the air breakdown field = 3 Mv/m; a and b are the inside dimensions of the WR-650
waveguide; 7 is the air intrinsic impedance = 377 2. Hence it has been calculated to be Py, = 81 MW.
Finally, a comparison between the proposed SSL power divider and a conventional T junction

waveguide power divider (H plane) is shown in Table 3.

4. CONCLUSION

A low loss, high power air suspended equally stripline power divider used for high power array antenna
system at 1.3 GHz is presented. Air was used as dielectric without the need of other dielectrics to
support high power because of its high breakdown voltage. The transition between the coaxial cable
and the SSL transmission line is presented. The presented SSL power divider can support approximately
up to 15 KW (C.W) and be matched at the input port (VSWR = 1). So, this configuration can be
applied in designing high-power components and devices. The presented results are addressed in full
wave simulation and fabricated prototypes.
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