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Fig. 5. Simulated input P1 dB of the T/R switch at 10 GHz, with and without
source/drain biasing and resistive body-floating techniques.

Fig. 6. Die photo of the T/R switch. The active chip area is 0.77× 0.95 mm2.

the line thickness would negligibly improve the loss after
4–5 skin depth (2.8–3.7 μm at X-band). Similarly, loss could
be further improved by stacking multiple layers to create a
ground plane.

The signal line is periodically loaded with capacitance using
grounded metal stripes that are orthogonal to the signal prop-
agation direction to reduce the phase velocity of the signal.
The ground plane is placed on the M3 layer to increase the
capacitance per length. The distance between the signal line
and the ground plane is 0.9 μm. Additionally, high inductance
per unit length is provided by the fact that the return current
in the signal direction can only flow far away from the signal
line since the metal stripes under the signal line are orthogonal
to the propagation direction. The width of the grounded metal
stripes is set to 10 μm and they are separated by slot widths
of 10 μm. The ground plane with metal slots also prevents
electric fields from penetrating into the lossy substrate and thus
reduces the attenuation of S-MSL. The EM simulations of the
S-MSL were performed in Sonnet. The electrical length of λ/4
is achieved with 1700-μm-long S-MSL with a simulated loss
of 0.25 dB/mm at 10 GHz (see Fig. 4). This correlates to a
50% reduction in wavelength at 10 GHz. The loss of a regular

Fig. 7. Measured insertion loss and isolation of the S-MSL-based T/R switch.

Fig. 8. Measured return losses of the S-MSL-based T/R switch.

Fig. 9. Measure input P1 dB of the T/R switch at 10 GHz.

microstrip line using TM1 and TM2 as the signal layer is
0.22 dB/mm. The increased loss in the slow-wave microstrip
can be attributed to the fact that the signal layer is not perfectly
shielded from the substrate and that it is experiencing the lossy
substrate through the slots on the ground plane. The total loss
of the quarter wavelength line (0.42 dB) is quite better than that
of a conventional microstrip (0.75 dB) due to the reduction in
wavelength.
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TABLE I
COMPARISON OF THE SWITCH WITH REPORTED WORKS AT X-BAND

In addition to the slow-wave concept, various techniques
were incorporated into the design to improve the power-
handling capability (input P1dB) [11]. First, drains and sources
of the transistors are biased with 2 V to improve IP1dB. Addi-
tionally, a resistive body-floating technique is used to further
improve the power-handling capability. The isolated NMOS
transistors are used to separate the body of each transistor from
the common p-substrate. The transistor bodies are tied to the
ground using 5-kΩ resistors to improve the power-handling
capability. The effect of these two techniques are simulated and
shown in Fig. 5. Without the source/drain biasing and resistive
body floating, the input P1dB is around 18 dBm. Fig. 5 shows
that each technique improves P1dB around 5 dB. A transistor
width of 300 μm was chosen for shunt transistors, considering
the tradeoff between the insertion loss and isolation. These
transistors exhibit ON-resistance Ron of 3.2 Ω, OFF-capacitance
Coff of 255 fF, and a source/drain breakdown voltage BVdss)
of 4.8 V. The OFF-state capacitance of the shunt transistors are
resonated out by 600-pH L1 inductor [12].

III. MEASUREMENT

The die photo of the T/R switch is shown in Fig. 6. The active
chip area, excluding pads, is 0.77 mm × 0.95 mm = 0.73 mm2.
L1 inductors lay out on the signal path and they are custom
designed using the thickest top metal layer in the process to
achieve higher quality factors.

The measurements of the switch were directly performed on
the die using Cascade Microtech 40-GHz GSG probes. Pad-
to-pad S-parameter measurements were performed using the
20-GHz Agilent 8720ES network analyzer under a bias of 2 V
with control voltages of 4.5 and 0 V. Fig. 7 shows the simulated
and measured insertion loss and isolation of the T/R switch.
The T/R switch resulted in a measured insertion loss of 2.3 dB
and isolation of 39 dB at 10 GHz. The insertion loss of the
switch is between 2.1 and 2.9 dB across the X-band frequen-
cies. The isolation of the T/R switch is between 39–42 dB at
X-band. The RF pads were simulated in the Sonnet EM solver
between the simulation and measurement results are 0.3–

0.7 dB for the insertion loss and ±2.5 dB for the isolation. The
return losses at the TX port vary from 7 to 14 dB at X-band
and the return loss at the ANT port changes from 9 to 22 dB
across the X-band frequencies (see Fig. 8). The isolation of the
T/R switch is between 39–42 dB at X-band. The RF pads were
simulated in the Sonnet EM solver and resulted in a loss of
∼0.1 dB at 10 GHz. The discrepancy between the simulation
and measurement results are 0.3–0.7 dB for the insertion loss
and ±2.5 dB for the isolation. The return losses at the TX port
vary from 7 to 14 dB at X-band and the return loss at the ANT
port changes from 9 to 22 dB across the X-band frequencies
(see Fig. 8).

Insertion loss and return losses are almost the same in both
transmit and receive modes due to the symmetry of the switch.
The power-handling capability of the switch is measured using
the Agilent E4417A power meter. Fig. 9 shows the input
referred P1dB of the T/R switch for a single-tone input signal
at 10 GHz. As shown, input P1dB is 27.6 dBm at 10 GHz.

Table I summarizes the performance of the reported switch
versus other state-of-the-art single-ended CMOS T/R switches.
This brief achieves an excellent isolation, a high power-
handling capability and competitive insertion loss simulta-
neously at X-band. This can be attributed to utilization of
slow-wave transmission lines, which is the first time in CMOS
T/R switch design, as well as combining various techniques,
such as body floating and source/drain biasing, in an effec-
tive way.

IV. CONCLUSION

This brief has presented a fully integrated X-band T/R switch
fabricated in 0.25-μm SiGe BiCMOS technology. The T/R
switch exhibit a measured insertion loss of 2.1–2.9 dB, isolation
of 39–42 dB and input P1dB of 27.6 dBm at X-band. Thus, it
can simultaneously satisfy all the stringent requirements (high
power-handling capability, high isolation, and low insertion
loss) for X-band T/R switches, which can pave the way for
implementing fully integrated T/R modules in SiGe technology.
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