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1. INTRODUCTION

Microwave imaging can be used in civil and industrial application such as indestructible test and
evaluation pipe leakage or crack in the wall. This technology also capable to detect buried objects in the
shallow subsurface and useful in military for demanding activities. Meanwhile, in medical application,
microwave imaging can be used for screening abnormal tissue or tumor inside the human body.
Microwave imaging allocated in ultra-wideband (UWB) frequency is needed in this application due to
the use of the Gaussian pulse in detecting of any abnormal tissue [1-4] especially for breast cancer. With a
few hundred picoseconds of Gaussian pulse, the frequency bandwidth could be in the gigahertz that covered
under UWB frequency application.

Figure 1 shows a simplified system for microwave imaging that uses at least eight antennas with RF
switches [5]. Monostatic radar approach is technology using one antenna act as both transmitter and receiver
and the signal is analyzed by interrogating reflecting signal [6]. Therefore, UWB switching is important to
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switch between antennas to ensure the power signal from the pulse generator reaching to the antenna with
minimum losses [4, 7]. Usually, switch antenna array used half wavelength to approximate actual effective
monostatic element position [8]. By controlling using voltage supply, only one antenna is selected at
the same time for transmitting and receiving of the pulse signal. The reflected signal will be captured at
receiver where an image will be formed by confocal algorithm.
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Figure 1. System for microwave imaging that uses at least eight antennas with RF switches [5]

In this paper, the performance analysis of four different RF switch topologies (Design 1, 2, 3 and 4)
using discrete PIN diode is presented. The design is based on a single pole double throw (SPDT) switch that
build up to be a single pole eight throw (SP8T) to connect with eight antennas. A low-cost discrete PIN diode
was chosen that packaged in a standard SC-79 package as depicted in Figure 2. It is a small footprint of
plastic packaged from Skyworks Solutions with a part number of SMP1320-079LF [9].

"’

Figure 2. SC-79 package with a dimension of 1.3 mm (max) x 0.9 mm (max) [9]

2. UWB RF SWITCH DESIGN

The proposed RF switch configuration for monostatic microwave imaging is depicted in Figure 3.
Seven SPDT switches (becomes SP8T) are required to connect from the transmitter (Tx) and receiver (Rx) to
the eight monostatic antennas. Therefore, seven different voltage controls (biasing) are required to control
the selection of the antennas. An example, if the signal is transmitted/received at antenna no. 8, then SPDT 1
will be connected to SPDT 3 and to SPDT 7, where it requires three cascaded SPDT switches.

Figure 4 is the detailed topology of SPDT switch. In order to get ultra-wideband insertion loss and
isolation, a series-shunt PIN diode is the most chosen configuration by researchers/designers [10-16].
Then, by adding more shunt diodes (Dna and Dnb), isolation can be increased by a maximum of 6 dB for
each additional PIN diode [13].

In the SPDT switch, two different biasing levels (5 V and -5 V) are required to select RF signal from
one port to another. In the biasing circuit, DC block is placed in shunt position to allow any unwanted signal
frequencies generated by the DC source to be grounded. Meanwhile, DC feed in the biasing circuit prevents
any RF frequency to pass through to biasing lines, thus eliminating any RF signal leakage in the SPDT
switch.

Performance analysis of ultra-wideband RF switch using discrete PIN diode in SC-79... (N. A. Shairi)
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Figure 3. The proposed RF switch configuration for monostatic microwave imaging

Figure 4. UWB SPDT switch topology [10-16]

Table 1 shows the SPDT switch operation during ON and OFF modes. In this example, during ON
mode operation (with VCC 1 = +5 V), RF signal passed through from Port 1 to Port 2. Then the operation of
the PIN diodes would be; D1b (series PIN diode) was turned ON and; D2b and Dnb (shunt PIN diodes) were
turned OFF. On the other path, during OFF mode operation (with VCC 2 = -5 V), RF signal would be
blocked from entering from Port 1 to Port 3. Then the operation of the PIN diodes would be; D1a (series PIN
diode) was turned OFF and; D2a and Dna (shunt PIN diodes) were turned ON.

Table 1. SPDT Switch Operation

ON Mode OFF Mode
Transmit/Receive between Port 1 and Port 2 Transmit/Receive between Port 1 and Port 3
VCC1 +5V NA
VCC 2 NA -5V
D1a (series) NA OFF state
D2a, Dna (Shunt) NA ON state
D1b (series) ON state NA
D2b, Dnb (Shunt) OFF state NA

For the analysis of the performance of the UWB SPDT switch for microwave imaging application,
four different topologies of SPDT switch were investigated in term of insertion loss, return loss and isolation.
The importance of isolation in RF switches was discussed in [17] and the importance of wideband or
broadband RF switches was discussed in [18]. As depicted in FigureS 5-8, Design 1 is single series and
single shunt PIN diodes, Design 2 is single series and double shunt PIN diodes, Design 3 is single series and
triple shunt PIN diodes and Design 4 is single series and quadruple shunt PIN diodes respectively.
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All these four SPDT switch designs were constructed in Advanced Design Software (ADS) by
importing the PIN diode model of SMP1320-079LF from Skyworks. Then the performances of insertion loss,
return loss and isolation were simulated by using an S-parameter simulator.
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Figure 6. Design 2 - single series and double shunt PIN diodes
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Figure 7. Design 3 - single series and triple shunt PIN diodes

lI-—DI—

Performance analysis of ultra-wideband RF switch using discrete PIN diode in SC-79... (N. A. Shairi)



4672 0O ISSN: 2088-8708

R1 R2
R=50 Ohm R=50 Ohm

Port 1

Port 2 Port 3
D5a

D1b Dla
D5b I D4b ID3b ID2b D2a | D3a |D4a

Figure 8. Design 4 - single series and quadraple shunt PIN diodes

3. RESULTS AND ANALYSIS

Figure 9, 10 and 11 show the performance results of insertion loss S(1,2), return loss S(1,1) and
isolation S(1,3) respectively. All these four SPDT switch designs for the performance of insertion loss, return
loss and isolation are plotted on the same graph for analysis and comparison. It was simulated from 0.5 to 8
GHz in order to see its capability in the UWB application of microwave imaging. From Figure 9, it was
found that by adding a more shunt PIN diode, the insertion loss was reduced at higher frequencies.
An instance, at 6 GHz, the Design 1 has -0.7 dB insertion loss while Design 4 has -2.5 dB insertion loss.
This is due to additional losses due to the PIN diode in SC-79 package.

From Figure 10, it was found that by adding a more shunt PIN diode, the return loss was reduced
almost in the same amount across the frequency range. A significant reduction can be seen between Design 1
and 2 with 4 to 8 dB difference. It becomes lesser with Design 3 and 4 with 1 to 2 dB difference.
From Figure 11, it was found that by adding a more shunt PIN diode, the isolation was improved almost in
the same amount across the frequency range. It can be seen an additional 6 dB isolation between Design 1
and 2. Meanwhile, less than 6 dB isolation improvement was experienced between Design 2, 3 and 4.
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Figure 9. Simulated result of insertion loss Figure 10. Simulated result of return loss
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Figure 11. Simulated result of isolation
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Table 2 summarizes the performance comparison of Design 1, 2, 3 and 4. Significantly, it can be
observed that there is a trade-off between isolation and return loss. If higher isolation is required, a reduction
of return loss will be experienced and limiting the usable RF bandwidth for Gaussian pulse generator in
the monostatic based microwave imaging. However, since the transmit power for microwave imaging is very
low, for example 0 dBm (or 1 mW) [19], thus high isolation with minimum -20 dB isolation could be
sufficiently enough in eliminating unwanted port to port RF signal. Therefore, if considering a minimum
return loss of -10 dB in any RF circuit design, Design 2 is the best topology for a UWB SPDT switch.
However, by referring Figure 10 and 11, the usable bandwidth (a trade off between isolation and return loss)
was 4 GHz (from 0.5 to 4.5 GHz).

Table 2. Performance Comparison of SPDT Switches from 0 to 7 GHz

Insertion Loss (S12) (dB) Return Loss @ Port 1 (S11) (dB) Isolation (S13) (dB)
Design 1 -0.088 to -1.312 -35.232 to -10.088 -55.254 to -8.029
Design 2 -0.014 to -0.967 -28.665 to -7.661 -61.300 to -15.920
Design 3 -0.024 to -1.829 -24.974 t0 -4.844 -64.819 to -19.245
Design 4 -0.038 to -2.992 -22.400 to -3.141 -67.383 to -20.245

Then, a further performance analysis was carried out on the Design 2 for three cascaded SPDT
switches (SPDT 1 + SPDT 3 + SPDT 7) as depicted in Figure 3. The simulated results of insertion loss return
loss and isolation are shown in Figure 12. It was found that the insertion loss (less than -2 dB) and return loss
(more than -10 dB) were in an acceptable value from 0.5 to 6 GHz frequencies. Meanwhile, the isolation
bandwidth (at the minimum isolation of -20 dB) was from 0.5 to 3.7 GHz (with 3.2 GHz bandwidth).
Hence, the usable bandwidth of the cascaded SPDT switches was limited by the isolation performance.
The integration between UWB antennas [20, 21] and the proposed UWB switches need to be implemented
for the verification of medical application of microwave imaging.
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Figure 12. Simulated result for three cascaded SPDT switches of Design 2

4. CONCLUSION

In this paper the performance analysis of four RF switch topologies using discrete PIN diode was
reported. PIN diode (in SC-79 package) was used to control the switching operation. These four different
SPDT topologies were analyzed in terms of insertion loss, return loss and isolation. Therefore, the best
topology for the UWB RF switch in medical application is Design 2. Then, based on the three cascaded
SPDT switch of the design, the isolation bandwidth (at the minimum isolation of -20 dB) was from 0.5 to 3.7
GHz (with 3.2 GHz bandwidth). Thus, it could be used in the UWB frequency for medical application of
microwave imaging.
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