A CMOS RF front-end Switch Topology
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abstract - This paper describes a CMOS RF Single Pole Double
Through (SPDT) switch used in the front-end of a transceiver. Its
topology is based on the association of an active quasi-circulator and
an RF Single Pole Single Through (SPST) Switch.

I. INTRODUCTION

In various wireless communications systems the trans-
mission (TX) and reception (RX) of signals are not simul-
taneous, such as in the GSM and BLUETOOTH wireless
systems. In situation where a unique antenna is used, a RF
switch may alternately enable and disable the paths
between TX or RX and the antenna. For cellular applica-
tions, this switch is normally realized with GaAs MESFET
structures [1], providing a good isolation between the TX
and RX paths.

With the advent of the ‘Radio on Chip’, the ultimate
goal is the integration of a transceiver on a single CMOS-
die. However, the silicon substrate losses make difficult to
obtain a RF switch with a good TX/RX isolation in CMOS
standard technologies.

In this work, we report a RF front-end switch topology
composed of a quasi-circulator [2] and a SPST switch
(figure 1) with potential applications in silicon monolithic
CMOS.
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Figure 1: Block Diagram of the RF front-end Switch
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The operating principle of this circuit can be described
as such: during the transmission the SPST switch is
opened, providing a TX/RX isolation that is function of
quasi-circulator and SPST switch isolations. Taking into
account that during the reception operation mode of the
transceiver, the emitter is turned off [3], the SPST switch is
closed. Then the RX/TX isolation is obtained by the own
non-reciprocity of the quasi-circulator.

II. THEORETICAL CONSIDERATIONS

To show that the TX/RX isolation is the sum of the
quasi-circulator and switch isolation, let’s consider scatter-
ing matrix of the quasi-circulator [S9°] and the SPST
switch [SSV] where superscripts gc and sw are used on the

matrix elements. Then the scattering matrix of the pro-
posed RF front-end switch is given by (1).
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With the assumption that the port 3 of the quasi-circu-

lator is well matched S%; « 1, (1) becomes (2).
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Using the quasi-circulator architecture of Gasmi [4],
the forward and reverse transmission coefficients of the
port 1 to 3 are small and the isolation value of port 3 to 2 is

negligible. Then (2) becomes (3).
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Since the proposed switch topology has a SPST
switch, operating in ON-OFF states, we have two scatter-
ing matrix for the RF front-end switch, one for transmis-
sion and another one for the reception.

During the transmission mode of the transceiver, sig-
nal flow from port (1°) to port (2°), the SPST Switch is
kept opened. In this way, the reflection coefficients at port
I’ (Syy),, and port (2°) (Sy,), —are given by (4) and

(5), respectively.
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where subscript off indicates the current state of the SPST
switch.
The isolation between the transmission and reception

paths (S3./), , i.e., the signal flow from port (1°) to port
(37), is given by (6).
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Expressing (6) in dB, it becomes (7).
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where, 2010gS§1f represents the quasi-circulator isolation

and 20log %’;2?%0 " the SPST switch one.

Thus, the TX/RX isolation of the RF front-end switch
proposed here, can be the sum of the individual isolations
of the quasi-circulator and the SPST switch.

During the reception operation mode of the transceiver,
the SPST switch is closed. Under this condition, the reflec-
tion coefficients at port (2”) and (3”) are respectively given
by (8) and (9) .
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and the transmission coefficient from port (2°) to port (3°)
is given by (10).

(S3'2')rx - Sgg E(S‘;;V)Ol’l (10)

where subscript on indicates the current state of the SPST
switch.

The isolation from port (3”) to port (1°) is given by
(11).
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Port (2°) is connected to the antenna. Its reflection
coefficient must be small and depends on both reflections
coefficients of the SPST switch - corresponding to ON and
OFF states. According to (5) and (8), this small value of
the reflection coefficient can be achieved by doing

S35 =0, for the situation in which some gain %, > 1 in the
RX path is desired.

1. SPDT TOPOLOGY

The topology of the SPDT (figure 2) is based on the
association of a SPST switch and the quasi-circulator pro-
posed by Gasmi [4]. This last one has been realized on
GaAs substrate [2,4].
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Figure 2: Schematic of the RF front-end switch

The isolation between ports is obtained by the
non-reciprocity of the transistor and by connecting an in-
phase divider to an out-of-phase combiner and plus by the
SPST isolation. The divider is achieved by using a com-



mon source transistor T4, a input matching two-port Qi and
a junction constituted of 90° phase shifters. The combiner
consists of a transistor T,. The SPST switch may be real-
ized in series, shunt or series-shunt scheme. But here, it is
putted in shunt scheme, such as the matching condition at
port (3°) is achieved easily with an output matching two-
port Q°.

Modeling the transistor by its transconductance, the

scattering matrix of the SPDT front-end switch is given by
(12).
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where the superscripts ‘i " concerns to the parameters of the
input matching two-port, ‘o’ the output matching two-port
ones and gc to the quasi-circulator scattering parameters.

The quasi-circulator scattering parameters are given by
(13)-(16) equations.
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where, S 1 Tepresents the transmission of the divider tran-

sistor Ty and g,,. the transconductance of the combiner
transistor. Z is the reference impedance and Z the shunt
impedance (figure 3).

With respect to an ideal SPDT switch, the matrix (12)
shows that for obtaining a perfect isolation between ports

(1) and (3°), §3; should be zero. With Z_ = Z,, this con-

dition is achieved. Then, the matching condition at port
(2’) is given by:
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For achieving a perfect matching at port (2°), g,
should be zero, what it means there is no transmission
from port 2’ to port (3°).

Since this path represents the RX path, it is not
accepted and then it will be necessary to trade-off between
the gain in reception path and the matching at port (2°).
The figure 3 shows this interdependency.

It can be seen that bigger is the gain of RX path, more
bigger is the return loss of port (2°).
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Figure 3: g, versus S35 45
IV- CONCLUSION

In this paper, we proposed a SPDT front-end switch
topology formed by a quasi-circulator and a SPST switch.
As it is shown, the isolation of the TX/RX path is the sum
of the individual isolations of each block. Then this topol-
ogy has the potential applications in CMOS technology, in
which the substrate losses are important. In addition this
topology can provide the gain in the TX and RX paths. The
next step of this work will be the realization of the SPDT
switch in Integrated Circuit Technology. For this, we shall
realize the simulations (scattering parameters, harmonic
balance and noise figure) of the circuit with the actual
components of electrical models of a specific foundry.
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