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Abstract—Different designs of vertical dual port coaxial
connectors are proposed and analyzed using full wave 3D
simulation tool up to 10 GHz. By inserting conducting grounds
around the pins, the signal integrity of the vertical dual port
coaxial cable connector is improved. The vertical dual port coaxial
connector cable assembly can be used to reduce the printed circuit
board space required for the connectors and reduce the total cost
of coaxial connectors required for automotive system.
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cable, singal integrity

I. INTRODUCTION
With the development of audio, video and navigation (AVN)
systems and various RF sensors in automotive industry, the
signal integrity of the connector and cable assembly for the
automotive system must be analyzed to prevent unexpected
system failures and to ensure the safety of the drivers and
passengers of the automobile. A single port coaxial connector
cable assembly has been widely used to deliver RF signal from
GPS, audio, infotainment, navigation, Bluetooth and RF sensor
units. However, due to increasing number of ports due to
increasing number of units included in the automobile, the size
of the printed circuit board (PCB) should be increased to make
space for more coaxial connectors. Since the connectors are
placed on the edge of the PCB, vertically stacking the coaxial
connectors can save the space required on the edge of PCB for
placing different coaxial connectors for a modern automotive
system with more advanced AVN systems and sensors [1] - [5].
In this paper, we propose different designs of vertical dual
port coaxial connectors. On top of the commonly used coaxial
connector for automotive system, additional coaxial connector
is introduced with different types of ground shielding. The two
proposed vertical structures of the connectors can both reduce
the required space in the PCB of the automotive system unit. The
proposed designs are analyzed using full wave simulation tool,
ANSYS HFSS, to evaluate the difference between the different
connector designs. Insertion loss (S21), return loss (S22) and
voltage standing wave ratio (VSWR) are used for evaluation of
the electrical performance of the proposed vertical coaxial
connectors.

Fig. 1. Design of the mated single port coaxial connector for automotive system.
The signal contact and ground (GND) contacts are indicated. The right half of
the mated connector will be connected to a PCB, and the left half of the mated
connector will be connected to the cable.

Fig. 2. The first design of the mated vertical dual port coaxial connector for
automotive system. The right half of the mated connector will be connected to
a PCB board, and the left half of the mated connector will be connected to the
cable.

Fig. 3. The second design of the mated vertical dual port coaxial connector for
automotive system. Additional ground shielding surrounds the 2P signal pin.

II. THE DESIGN OF VERTICAL DUAL PORT COAXIAL
CONNECTORS
The structure of the commonly used single port coaxial
connector is shown in Fig. 1. The signal is delivered through the
metal pin in the middle, and the signal pin is insulated using
dielectric material. The dielectric material is surrounded with
cylindrical ground metal. Two designs of vertical dual port
coaxial connectors are shown in Fig. 2 and Fig. 3. In Fig. 2 and
Fig. 3, 1P refers to the port 1 which has the same size and
dimension as the single port coaxial connector shown in Fig. 1,
and 2P refers to the additional coaxial connector port added
vertically on top of 1P. The structural difference between Fig. 2
and Fig. 3 is that additional conducting ground are inserted
between the two signal pins. The differences are highlighted
with a dotted rectangular box.

Fig. 4. The full wave 3D simulation setup of the first vertical dual port coaxial
connector design for automotive system.

III. SIMULATION SETUP AND RESULTS OF THE VERTICAL DUAL
PORT COAXIAL CONNECTOR CABLE ASSEMBLY DESIGNS
The simulation models for full wave 3D simulation (ANSYS
HFSS) are shown in Fig. 4 and Fig. 5. The material properties
were assigned to each structural components compromising the
mated coaxial connectors. The simulation results of the first
design and the second design of the vertical dual port coaxial
connector are compared in terms of insertion loss (S21), return
loss (S11) and VSWR, in Fig. 6, Fig. 7 and Fig. 8, accordingly.
When 1P simulation results of the first and second designs
are compared, the results are almost identical. This is simply
because the shielding structure surrounding the 1P signal path of
the two designs remain unchanged.
2P simulation results of the first and second designs are
notably different. As shown in Fig. 6, the simulation result of
insertion loss (S21) is reduced for 2P in the second design
compared to the first design. The increased ground shielding
around the second pin helped to reduce the insertion loss at high
frequency range. For example, the second design shows the
difference of approximately 3 dB insertion loss at 9 GHz range.
The additional ground shield helps to control the impedance of
the 2P signal pin. However, at certain frequency range between
5GHz to 6.5GHz, the first design shows approximately 0.5 dB
less insertion loss compared to the second design, resulting from
different resonance peak locations. Therefore, depending on the
frequency range of the application, the vertical two port coaxial
connectors can be chosen between the two designs to match
needs of the industry. Furthermore, the shielding structure can
be modified to further optimize the impedance mismatch
through the 2P signal pin.
Fig. 7 shows the simulation results of return loss (S11) for the
two designs. Maximum of approximately 10 dB decrease in the
return loss can be observed due to the additional ground shield
structure. Analogous to the insertion loss, similar trend can be
observed around 5 GHz to 6.5 GHz, where the first design shows
less return loss, and 1P signals are identical for the two designs.
Fig. 8 shows the VSWR simulation results of VSWR for the
two designs. Similar to the analysis given for Fig. 6 and 7, the
increased ground shielding around the second pin helped to
lower the VSWR at high frequency range. The maximum
VSWR value of 8 in the first design is reduced to 4 in between

Fig. 5. The full wave 3D simulation setup of the second vertical dual port
coaxial connector for automotive system.

Fig. 6. Insertion loss (S21) of the two different vertical dual port coaxial
connectors. Around 9 GHz, the 2P signal pin of the second design shows
enhanced electrical characteristic.

the frequency range of 10 GHz for 2P. However, at frequency
range between 5 GHz and 6.5 GHz, the first design shows
smaller VSWR value, as well.

comparable to each other. The first design shows much
degradation of electrical performance over 8 GHz range.
IV. CONCLUSION
In conclusion, the two different designs of the vertical dual
port coaxial connectors are proposed and analyzed using full
wave 3D simulation tool up to 10 GHz. By changing the ground
shielding structures near the 2P signal pin, the electrical
characteristics are improved at high frequency range. Due to
different resonance locations, at certain frequencies, the first
design may exhibit improved electrical characteristics. However,
in general, for future high frequency applications, the second
design is the suitable solution. Moreover, the proposed structure
of the dual port vertical coaxial connector design provides a
solution to reduce the PCB space and reduce total cost of the
connectors in automotive applications.
Fig. 7. Return loss (S11) of the two different vertical dual port coaxial
connectors. In most frequency range, the 2P signal pin of the second design
shows enhanced electrical characteristic.
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