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Abstract

A switch is one of the most useful circuits for controlling the path of signal transmission. It can be added to digital circuits to create a kind of

gate-level device and it can also save information into memory. In RE subsystems, a switch is used in a different way than its general role in

digital circuits. The most important characteristic to consider when designing an RE switch is keeping the isolation as high as possible while also

keeping insertion loss as low as possible. For high isolation, we propose leakage signal cancellation and inductive switching for designing a single-
pole double-throw (SPDT) RF switch. By using the proposed method, an isolation level of more than 23 dB can be achieved. Furthermore, the
heterojunction bipolar transistor (HBT) process is used in the RF switch design to keep the insertion loss low. It is demonstrated that the
proposed RF switch has an insertion loss of less than 2 dB. The RF switch operates from 1 to 8 GHz based on the 0.18-pm SiGe HBT process,

taking up an area of 0.3 mm?’.

Key Words: Complementary Metal Oxide Semiconductor (CMOS), Double-Throw, Heterojunction Bipolar Transistor, RF Switch, Single-

Pole, Single Pole Single Throw (SPST).

[. INTRODUCTION

In radar systems demanding high resolution, a single-pole
double-throw (SPDT) RF switch is indispensable because radar
systems generally use a single antenna to transmit and receive
signals for a transceiver module. The SPDT RF switch deter-
mines the performance of the radar and demands a high isola-
tion level and low insertion loss.

It is very difficult to suppress the signal leakage that is ge-
nerated when the RF switch is turned on. Therefore, the RF
switch requires high isolation and low insertion loss differently
from the general switches used in digital systems or high power
systems. Signal leakage is a critical cause for the degrading
isolation and insertion loss [1]. Generally, a switch is produced
using metal oxide semiconductor field effect transistors (MO-

SFET) because the insertion loss can be at a very low level
(around 0 dB). However, at high frequencies (over 1 GHz), as
the insertion loss is degraded, isolation also decreases, leading to
difficulties in designing SPDT. Therefore, in this paper, a high-
isolation RF SPDT switch that maintains a low insertion loss is
presented. A leakage signal cancellation method with inductive
switching is proposed for obtaining high isolation using an
0.18-pm SiGe HBT process.

II. THE PROPOSED SPDT RF SWITCH

Fig. 1 shows the configuration of the proposed SPDT RF
switch, where the switches from (a) to (e) were designed using
MOSFETs and the switches from (f) and (g) were designed
using HBT. The RF signal is transmitted from port 1 to port 2
or vice versa, while port 3 is isolated. Meanwhile, the signal is
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transmitted from port 1 to port 3 instead, and the switches from
(a) to (g) operate in opposite to the aforementioned condition.

The switches of (a) and (c) are prepared to control the path of
the signal from port 1 to port 2 or port 3. When the signal is
transferred from port 1 to port 2, (a) should be closed and (c)
should be open. Because switch (b) is used for trapping signal
leakage, it should stay off. The leakage signal entering from
switch (b) goes through the inverter located between switches (b)
and (g). The inverter is connected to switches (f) and (g), which
are used to cancel the signal from the isolated port.

Fig. 2 illustrates the MOSFET switch used for (a) to (e) as
shown in Fig. 1, which can be composed of general switches [2,
3]. They are turned on and off by toggling the voltage of the
SWin Fig. 2.

Fig. 3 shows the HBT switch used for (f) and (g) in Fig. 1.
Since in bipolar junction transistors, the current flows from the
collector to the emitter, the switch composed of HBT can use
the configuration as devised in Fig. 3 to flow current in both
directions. Because the switch using HBT has a high insertion
loss, it is not widely used. However, since it shows high isolation,
the HBT switch can be used only for obtaining a high isolation
level [4, 5], whereas the MOSFET switch can be utilized for
low loss application as described in Fig. 1.

When designing the RF switches, it is difficult to increase the
isolation while sustaining low insertion loss because of the
parasitic capacitances among the gate, drain, and source. As the
frequency and width of the MOSFETs increase, isolation

Port 1

(e)
Fig. 1. Configuration of the proposed RF switch.
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ik

Fig. 2. Switch for (a) to (e) in Fig. 1.
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Fig, 3. Switch for (f) and (g) used in Fig. 1.

becomes aggravated. However, if the width of the MOSFETs
shrinks to increase isolation, insertion loss increases. Therefore,
the proposed RF switch uses a leakage cancellation method to
increase isolation.

For example, when port 1 and port 2 are connected together
through switches, (b) and (c) in Fig. 1 are open. However, some
amount of the signal sneaks into port 3, which is called leakage,
because of the capacitance between the drain and the source.
Signal leaking through switch (b) enters the inverter and passes
through switch (g), finally coming out of port 3. This signal is
eventually cancelled with the leaking through switch (c) and
passing through switch (e) since both signals leaking through (b)
and (c) are 180° out of phase. The cancellation of the two
signals transferred by the capacitor at port 3 is demonstrated in
Fig. 4 in more detail.

In addition to leakage signal cancellation, the inductive swit-
ching method is used for switches (d) and (e). For the switches
in Fig. 1 to work properly, port 1 and port 2 must be matched
to 50 Q using series inductors and capacitors. Otherwise, by
closing switch (e), impedance matching would no longer be ma-
intained. In addition, as explained in Fig. 5, the path from port
1 to port 2 becomes composed of the Cy of switch (c) and the
capacitor ahead of port 3, while switch (e) is turned on when

Fig. 4. Signal leaked through (b) (upper left side), signal leaked through
(c) (lower left side), and the finally cancelled signal (right).
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Fig. 5. Capacitance change for the leaking path and through path.

port 1 and port 2 are connected through. Henceforth, the total
capacitance from port 1 to port 3 is lowered and the signal is
leaked less.

While leakage signals through (b) and (c) are cancelled at
port 3, the insertion loss from port 1 to port 2 increases because
of switch (f), the parasitic capacitances, and the inverter. Th-
rough this mechanism, the signal through switch (a) is a little
degraded. Because the HBT switch shows high isolation cha-
racteristic, the signal passing from port 1 to port 2 is not very
affected by switch (f) and the leakage signal from port 1 to port
3 can be effectively suppressed. Therefore, the insertion loss is
maintained up to approximately 1 dB.

III. SIMULATION AND MEASUREMENT RESULTS

As shown in Fig. 6, the insertion loss obtained is 2 dB or less
over the entire frequency range of 1 to 8 GHz for both the
simulation and measurement. On the other hand, the measured
isolation level is considerably high (approximately 23 to 40 dB)
in the frequency range of interest after the leakage signal can-
cellation and inductive switching are applied. By using inductive
switching and leakage signal cancelling, isolation is enhanced by
2 to 11 dB in the frequency range of interest in the simulation.
In addition, 11 is also maintained under -10 dB from 1 GHz to
8 GHz. Fig. 7 illustrates the measured P1dB of the proposed
RF switch, which is 8 dBm at 4 GHz, thereby providing com-
parably high linearity. A chip photograph is shown in Fig. 8
where the whole area is 0.3 mm? including the pads. The per-
formance of RF switch is summarized and compared with pre-
vious work in Table 1. As previously stated, this RF switch
demonstrates a low insertion loss and high isolation in a wide-
band working range.

S parameter(dB)

Frequency(GHz)

—©—measured S11

—+—measured Insertion Loss

—&—measured Isolation

—&—simulated 511

—#—simulated Insertion Loss

—%—simulated Isolation

—0— simulated Isolation without balun and inductive switching

Fig. 6. Measured results of Su, insertion loss, and isolation of the
proposed switch.

Pout(dBm)

-3I0 -20 -1I0 0 1I0 20
Pin(dBm)

Fig. 7. Measured result of the P1dB of the proposed switch at 4 GHz.

500um

Fig. 8. Microphotograph of the proposed RE switch.
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Table 1. Performance summary and comparison with previous work
This Rascher Yeh Madan Shairi
etal. etal. etal.

study tal [5
I I B
Year 2014 2012 2005 2010 2011
Process 180 nm 65 nm 180nm 350 nm 130 nm
HBT CMOS CMOS HBT CMOS
Type SPDT SPST  SPDT  SPST SPST
BW 5.2—

(GHz) 1-8 1.8-3 2.4-5.8 109 1.8-3
Insertion <2 <1 <11 <2 <2
loss (dB)

Isolation
(dB) >23 22 >27 >20 >24

P1dB

(dBm) 8 30 20 20 -

Area 03 0009 003  0.00001 -

(mm?)

IV. CONCLUSION

In conventional RF switches using MOSFETS, insertion loss
increases as isolation increases. However, the proposed RE swit-
ch employs a leakage cancellation method to improve isolation
and decrease insertion loss, thereby maintaining a wideband
working range. Insertion loss is maintained at less than 2 dB in
the 1 to 8 GHz range, while the isolation obtained is consi-
derably high.
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