
 

 

 
Abstract— The rapid advancement of CMOS technology, in the 

recent years, has led the scientists to fabricate wireless transceivers 
fully on-chip which results in smaller size and lower cost wireless 
communication devices with acceptable performance characteristics. 
Moreover, the performance of the wireless transceivers rigorously 
depends on the performance of its first block T/R switch. This article 
proposes a design of a high performance T/R switch for 2.4 GHz RF 
wireless transceivers in 0.13 µm CMOS technology. The switch 
exhibits 1- dB insertion loss, 37.2-dB isolation in transmit mode and 
1.4-dB insertion loss, 25.6-dB isolation in receive mode. The switch 
has a power handling capacity (P1dB) of 30.9-dBm. Besides, by 
avoiding bulky inductors and capacitors, the size of the switch is 
drastically reduced and it occupies only (0.00296) mm2 which is the 
lowest ever reported in this frequency band. Therefore, simplicity and 
low chip area of the circuit will trim down the cost of fabrication as 
well as the whole transceiver. 
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I. INTRODUCTION 

HE rapid advancement of CMOS technology, in the 
recent years, has led the scientists to fabricate wireless 

transceivers fully on-chip which results in smaller size and 
lower cost wireless communication devices with acceptable 
performance characteristics [1-3]. Therefore, the current trend 
is to design low power compact devices by eliminating bulky 
board level off-chip components [4-5]. Utilizing the advantages 
of unlicensed 2.4 GHz band, demand of wireless devices such 
as RFID, Bluetooth, Zigbee and Wi-Fi devices, non-contacting 
medical instruments, sensors etc. are increasing day by day. The 
sizes and performances of such devices mainly depend on the 
sizes and performances of their transceivers. Therefore 
performance enhancement of such wireless transceivers is a 
crying need of time [6-8].  

An efficient T/R switch is an essential component of every 
concurrent wireless transceiver. It helps the transceiver to share 
a single antenna for both transmission and reception modes 
providing adequate isolation between themselves [9], [10]. In 
the receive mode, the T/R switch ties the antenna to the receiver 
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offering high impedance path to the transmitter; whereas, in the 
transmit mode, the switch ties the antenna to the transmitter and 
imposes large impedance to the receiver as shown in figure 1. 

 

Fig. 1. SPDT T/R switch and matching network at the transceiver 
front end. 

The architecture of a T/R switch should be such that it 
exhibits less insertion loss, high isolation, large power handling 
capacity, low offset, and tiny switching time along with 
adequate reliability [11-12]. But In practical design, the trade-
off among themselves cannot be overlooked at a given 
frequency band [13]. For silicon CMOS switches this trade-off 
becomes prominent especially in 2.4 GHz ISM band [14]. 
Several series-shunt T/R switch in this band have been reported 
in literatures and most of the works emphasized on a single 
performance parameter. 

Figure 2 shows the basic circuit diagram of series-shunt T/R 
switch architecture. Addition of two shunt arms to the series-
type T/R switch leads to the shunt/series-type T/R switch. A 
complement control signal, Vc and Vc´, is applied at the gate of 
the transistors, M1 and M2, to alternate the ON/OFF states in 
the same way as in the series type switch. The series transistors, 
M1 and M2, execute the main switching task while the shunt 
transistors, M3 and M4, provides low-impedance paths for the 
unwanted signals to the RF ground. Therefore, the two shunt 
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arms make the T/R switch have relatively better isolation 
between transmitter and receiver port compared to previous 
type switch. Although the isolation is improved in series-shunt 
switch but insertion loss of the switch is also found to become 
deteriorated at higher frequencies [15]. 

   

Fig. 2. Typical Series-shunt T/R switch topology. 

Yamamoto et al. (2001) demonstrated the basic consideration 
for improvement of performance of typical series-shunt type 
T/R switch by only optimizing the gate width of the transistors 
[16]. Therefore that design exhibited low isolation and low 
power handling capacity. Besides, due to the usage of large 
transistors, the size of the chip was large. To improve the 
performance, Huang (2001) adopted DC biasing technique 
along with optimization of transistor gate width in his design 
which resulted in low insertion loss along with moderate 
isolation and power handling capacity [17]. The size of the chip 
was also reduced to a half which is still large compared to 
present circuits. 

In the year 2004, Huang (2004) and Hove et al. (2004), 
introduced impedance transformation and parasitic MOSFET 
model, respectively, to improve the isolation and insertion loss 
of the switch [18] [19]. But both of them could not reduce the 
size of the switch. Yeh et al. (2006) utilized the resistive body 
floating technique to improve the overall performance of the 
switch but the P1dB and isolation of the switch was not 
adequate for high power transceivers. But they reduced the size 
drastically [20]. 
In this article, a series-shunt type T/R switch in 0.13 µm CMOS 
technology is demonstrated for 2.4 GHz ISM band applications 
especially for IEEE 802.11b/g/n transceivers. In this design, 
proper optimization of transistor width - length and resistive 
body floating technique is utilized to enhance the overall 
performance of the switch keeping the circuit architecture 
simple. Utilizing such high performance T/R switch, efficient 
and reliable transceivers can be manufactured for different low-
cost wireless appliances and therefore, industry as well as 
individuals will be highly benefited.  

II. METHODOLOGY 

The schematic circuit of the proposed series-shunt T/R 
switch topology is illustrated in Figure 3. Complement control 
signals, Vc and Vc´, are applied at the gate terminals of the 
transistors (M1, M2, M3, M4, M5 and M6) to alternate their 
ON/OFF states. An inverter, consists of (M7 and M8), does the 
job of inverting the control voltage. The control voltages are 
applied through gate resistances (RG1-RG6) to minimize the 
consequence of capacitive coupling around the gates of the OFF 
transistors [21]. The series transistors (M1 and M2) execute the 
original switching task while the shunt transistors (M3 M4, M5 
and M6) provides low-impedance paths for the unwanted 
signals to the RF ground. Therefore, the shunt arms make the 
T/R switch obtaining relatively better isolation between the 
transmitter and the receiver port but at the cost of insertion loss. 

   

Fig. 3. Schematic circuit of proposed series-shunt SPDT T/R switch. 

During the transmit mode, a high control voltage Vc (1.8 V) 
is applied at the gate of transistors (M1, M4 and M6) while 
control voltage Vc´ at the gates of (M2, M3 and M5) is kept low 
(0 V). As a result, the signal from the transmitter (power 
amplifier) is sent to the antenna and any signal leaking through 
M2 toward the receiver (Low noise amplifier) is shunted by the 
transistors M4 and M6. The vice-versa is true for receive mode.  

  

Fig. 4. Abridged equivalent circuit of the proposed T/R switch at 
receive mode. 

Figure 4 shows the equivalent circuit of the proposed T/R 
switch, in the receive mode. To understand the effect of 
resistances and capacitances on the circuit, insertion loss 
property of the T/R switch has been analysed numerically for 
receive mode. For this analysis, the transistor M2 is considered 
to be biased within the linear region whereas the transistors M4 
and M6 are kept in cut-off mode. 



 

 

Insertion loss of an RF switch evaluates its small signal 
power loss during the ON state of the switch. The insertion loss 
of a switch is inversely proportional to the S21 parameter of the 
core of the switch.   

Body floating technique is essential for improving power 
handling of the switch. This technique reduces the signal loss 
through the junction diodes between source/drain and body of 
the transistor [24-25]. Usually, the body of a transistor is tied to 
its source and its equivalent circuit. As long as the input power 
to the transistor remains small, the transistor becomes 
nonconducting and it turns off. However, as the input power is 
made to increase, the drain to source voltage becomes negative 
and forward biases the diode between the drain terminal and the 
body. As a result, the input impedance of the NMOS becomes 
lower. But if the body floating technique is adopted, the body 
of the MOS is tied with the ground with a high resistance. 
Therefore, it retains high input impedance of the transistor to 
maintain better power performance of the switch [20]. The gate 
resistances are used to provide DC bias isolation at the gates. 
These resistances are used to mitigate the voltage fluctuations 
around the gate terminal which can affect the channel resistance 
as well as can cause breakdown at the gate terminal. Moreover, 
in order to keep the switching speed of the transistor, choosing 
suitable gate bias resistor is very important. So, we used 5 KΩ 
resistors for body floating (RB1-RB6) and 5 Ω for gate biasing 
(RG1-RG6). The circuit elements utilized in this architecture 
and their values are given in Table I. 

TABLE I 
T/R SWITCH ELEMENTS AND ITS VALUES 

ELEMENTS VALUE 

M1 – M8 100/0.13 (µm/µm) 
RG1 – RG6 5 Ω 
RB1 – RB6 5 Ω 

III. RESULTS AND DISCUSSION 

The proposed T/R switch is designed and simulated in 0.13-
μm CMOS process by using a transient analysis within Mentor 
Graphics design architect IC (DA-IC). Figure 5 shows the 
isolation and insertion loss of the switch for 802.11b/g/n band 
and it is clear that the values of the isolation and insertion loss 
for this band remain constant which are 37.2 dB and 1 dB 
respectively. 

Figure 6 and Figure 7 show the insertion loss and isolation of 
the switch for both transmit and receive mode in perspective of 
input power (Pin). The insertion loss of the switch in both 
modes is found to increase exponentially with input power. The 
isolation is found to decrease steadily in both cases. At P1dB 
point the values of the insertion loss and isolation are 1.0 dB 
(Tx mode) and 1.4 dB (Rx mode) and 37.2 dB (Tx mode) and 
25.6 dB (Rx mode), respectively. 

Reliability is a big performance issue for every circuit. It is 
very important for a circuit to determine how long it can 
maintain its performance to an acceptable limit if the process 
variables, e.g. temperature, are changed. Figure 8 illustrate that 
with an increase in temperature both the insertion loss and 
isolation of the proposed switch increase. For a 125°C 

temperature variation the variations in insertion loss and 
isolation are 0.16 dB and 2 dB respectively.  

 

Fig. 5. Insertion loss and Isolation of the switch. 

 

Fig. 6. Insertion loss of the switch at Tx and Rx mode. 

  

Fig. 7. Isolation of the switch at Tx and Rx mode. 

The proposed switch can handle large amount of power 
during transmission mode with a very small insertion loss and 
better isolation of receiver circuit. This characteristic is very 
essential because the higher the isolation the more reduced 
amount of power loss from the transmitter to the receiver which 
is directly related to transmitter efficiency. Besides as the 
receiver circuit handle very small amount of power, therefore, 
higher isolation protects the receiver from being got damaged 
by high transmitted power. The low insertion loss makes the 
switch suitable for high performance transceiver front end and 
therefore, enhances transmitter efficiency. Furthermore, the 
high power handling capacity of the switch makes it reliable for 



 

 

larger signal transmission with adequate linearity. On the other 
hand, low insertion loss and high isolation is vital for reception 
mode because the receiver handles very low amount of power. 
The high insertion loss degrades the receiver output whereas 
low isolation demeans the noise figure of the receiver. 
Moreover, low switching time is crucial issue especially for 
high frequency applications for both transmission and reception 
stage.  

 

Fig. 8. Insertion loss and isolation of the switch with temperature 
variation at 2.4 GHz band. 

 

Fig. 9. Layout design of the proposed switch (0.0526x0.0564) mm2. 

Therefore 1- dB insertion loss, 37.2-dB isolation and 30.9-
dBm power handling capacity in transmit mode and 1.4-dB 
insertion loss, 25.6-dB isolation in receive mode with extremely 
low power dissipation and low switching time makes the switch 
appropriate for related application. For the entire 2.4 GHz band 
these values remain constant with constant temperature, but 
varies by a little amount with the temperature and thus it is 
reliable too. Moreover the switch occupies only 0.00296 mm2 
of IC space, as illustrated in Figure 9, which is lowest ever 

reported in this frequency band. A comparison of this work to 
the recently reported performances of 2.4 GHz CMOS switches 
is given in Table II. 

IV. CONCLUSION 

Fully integrated T/R switches have several advantages over 
the discrete switches or the switches those use off-chip 
components. The design of a fully on-chip 2.4 GHz T/R switch 
in 0.13µm CMOS technology has been reported. The results 
exhibit 1- dB insertion loss, 37.2-dB isolation and 30.9-dBm 
power handling capacity in transmit mode whereas 1.4-dB 
insertion loss, 25.6-dB isolation in receive mode with extremely 
low power dissipation. Body-floating technique and proper 
transistor optimization help the proposed switch attaining low 
insertion loss, high isolation, faster switching speed, good 
power performance and linearity simultaneously. Besides the 
chip area of the switch is reduced drastically by avoiding bulky 
inductors and capacitors in the circuit. 

REFERENCES   
[1] Ismail, M. and Gonzalez, D. R. D. L., Radio Design in Nanometer 

Technologies, Springer-Verlag, Netherlands, 2006, pp. 10-15. 
[2] Sallah, S.S.B.M.; Mohamed, H.; Amin, M.S. CMOS Downsizing: 

Present, Past And Future, J. Appl. Sci. Res., 2012, 8, 4138-4146. 
[3] Wang, Z.; Li, P.; Xu, R.; Lin, W. A Compact X-Band Receiver Front-End 

Module Based nn Low Temperature Co-Fired Ceramic Technology. 
Progress In Electromagnetics Research, 2009, 92, 167-180. 

[4] Romli, N.B.; Bhuiyan, M.A.S.; Husain, H. Design of a low power 
dissipation and low input voltage range level shifter in CEDEC 0.18-µm 
CMOS process. World Appl. Sci. J. 2012, 19, 1140-1148. 

[5] Wang, H.C.; Juang, J.C.; Lu, C.L. A K-Band Transmitter Front-End 
Based on Differential Switches in 0.13-µm CMOS Technology. Progress 
in Electromagnetics Research C, 2011, 19, 61-72. 

[6] Uddin, M.J.; Ibrahimy, M.I.; Nordin, A.N. Design and application of radio 
frequency identification systems, European Journal of Scientific Research 
2009, 33, 438-453. 

[7] Dinc, T.; Kalyoncu, I.; Kaynak, M.; Gurbuz, Y. Building Blocks for an 
X-Band SiGe BiCMOS T/R Module, In: proceedings of the IEEE Topical 
Conference on Wireless Sensors and Sensor Networks (WiSNet), Austin, 
Texas, Jan. 20-23, 2013, 97-99. 

[8] Curran, K.; Norrby, S. RFID-enabled location determination within 
indoor environments. International Journal of Ambient Computing and 
Intelligence 2009, 1, 63-86, 

[9] Han, Y.; Carter, K.; Larson, L.E.; Behzad, A. A low insertion loss, high 
linearity, T/R switch in 65 nm bulk CMOS for WLAN 802.11g 
applications. In: proceedings of the IEEE Radio Frequency Integrated 
Circuits Symposium, Atlanta, Georgia, jun. 17, 2008, 681 – 684. 

[10] Chen, L.; Zhang, R.; Shi, C.; Ruan, Y.; Su, J.; Zhang, S.; Lai, Z. A novel 
high-isolation RF-SOI switch for 2.4 GHz multi-standard applications. 
Analog Integrated Circuits and Signal Processing, 2011, 67, 143-148. 

[11] Mekanand, P.; Puttadilok, D.; Eungdamrong, D. Double pole four throw 
CMOS switch in a transceiver of MIMO systems, In: proceedings of the 
11th International Conference on Advanced Communication Technology,  
Dublin, Ireland, Feb. 15-18, 2009, 472-474. 

[12] Liu, M.; Jin, R.; Geng, J.; Liang, X. Low-Insertion Loss Pin Diode 
Switches Using Impedance-Transformation Networks. Progress in 
Electromagnetics Research C, 2013, 34, 195-202. 

[13] Li, X.J.; Zhang, Y.P. Flipping the CMOS switch. IEEE Microwave 
Magazine, 2010, 11, 86-96. 

[14] Lerdsitsomboon, W.; Kenneth, K. Technique for integration of a wireless 
switch in a 2.4 GHz single chip radio. IEEE Journal of Solid-State 
Circuits, 2011, 46, 368-377. 

[15] Huang, F.J.; O, K. A 0.5-µm CMOS T/R switch for 900-MHz wireless 
applications, IEEE J. Solid-St. Circ., 2001, 36, 486–492. 

[16] Yamamoto, K.; Heima, K.; Furukawa, A.; Ono, M.; Hashizume, Y.; 
Komurasaki, H.; Maeda, S.; Sato, H.; Kato, N. A 2.4-GHz-band 1.8-V 
operation single-chip Si-CMOS T/R-MMIC front-end with a low 



 

 

insertion loss switch. IEEE Journal of Solid-State Circuits, 2001, 36, 
1186-1197. 

[17] Huang, F.J. A 2.4-GHz single-pole double-throw T/R switch with 0.8-dB 
insertion loss implemented in a CMOS process. In: proceedings of the 
27th European Solid-State Circuits Conference (ESSCIRC), Villach, 
Austria, Sep. 18-20, 2001, 417-420. 

[18] Huang, F.J. Single-pole double-throw CMOS switches for 900-MHz and 
2.4-GHz applications on p-silicon substrates. IEEE Journal of Solid-State 
Circuits, 2004, 39, 35-41. 

[19] Hove, C.; Faaborg, J.L.; Jenner, M.B.; Lindfors, S. 0.35µm CMOS T/R 
switch for 2.4 GHz short range wireless applications. Analog Integr. Circ. 
S., 2004, 38, 35–42. 

[20] Yeh, M.C.; Tsai, Z.M.; Liu, R.C.; Lin, K.Y.; Chang, Y.T.; Wang, H. 
Design and analysis for a miniature CMOS SPDT switch using body-
floating technique to improve power performance. IEEE T. Microw. 
Theory. 2006, 54, 31-39. 

[21] Tinella, C.; Fournier, J.M.; Belot, D.; Knopik, V. A high-performance 
CMOS-SOI antenna switch for the 2.5-5-GHz band. IEEE Journal of 
Solid-State Circuits, 2003, 38, 1279-1283. 

[22] Dinc, T.; Zihir, S.D.; Tasdemir, F.; Gurbuz, Y. A high power handling 
capability CMOS T/R switch for x-band phased array antenna systems. 
In: Proceedings of the 41st Euro. Micro. Integr. Circ. Conf.; Manchester, 
UK, Oct 10-13, 2011, pp. 566 - 568.  

[23] Yang, X.F.; Li, K.; Hao, Y.; Xie, Y.B. A high isolation and low insertion 
loss T/R Switch design. In: Proceedings of the 10th IEEE International 
Conference on Solid-State and Integrated Circuit Technology (ICSICT), 
Shanghai, Chain, Nov. 1-4, 2010, 749-751. 

[24] Zhang, Y.P.; Li, Q.; Fan, W.; Ang, C.H.; Li, H. A differential CMOS T/R 
switch for multistandard applications. IEEE Trans. Circ. Syst. II: Express 
Briefs. 2006, 53, 782–786. 

[25] Lin, Y.H.; Chu, C.H.; Chang, D.C.; Gong, J.; Juang, Y.Z. A 900-MHz 30-
dBm bulk CMOS transmit/receive switch using stacking architecture, 
high substrate isolation and RF floated body, Prog. Electromagn Res. C., 
2009, 11, 91-107. 

[26] Mekanand, P.; Prawatrungruang, P.; Eungdamrong, D. 0.5μ CMOS 2.4 
GHz RF-switch for wireless communications. In: Proceedings of the 10th 
Inter. Conf. Adv. Comm. Technology, Gangwon-Do, Korea, Feb 17-20, 
2008, pp. 447 - 450. 

  

 

TABLE II 
UNITS FOR MAGNETIC PROPERTIES 

Ref. Year CMOS 
Process 

Vc/Vc´ 
(volts) 

Isolation 
(dB) 

P1dB 
(dBm) 

IL (dB) Area 
(mm2) 

Comments 

[16] 2001 0.18-µm 1.8/0 24 11 1.5 0.45 * Optimizing gate 
width 

[17] 2001 0.18-µm 
 

6.0/2.0 24.4 17 0.8 0.28 Optimizing 
transistor widths 
and dc biasing 

[19] 2004 0.35µm 3.6/0 42 16 1.3 0.026 Parasitic 
MOSFET model 

[18] 2004 0.18 µm 6.0/2.0 20.6 20.6 1.1 0.28  Impedance 
transformation 

[25] 2006 0.18-µm 1.8/0 35 21.3 0.7 0.03 Body-floating 
[26] 2008 0.5µm 1.2/0 - 25.33 1.085 (Tx) 

1.102 (Rx) 
- DC biasing  

This 
work 

2014 0.13 µm 1.8/0 37.2 (Tx) 
25.6 (Rx) 

30.9 1.0 (Tx) 
1.4 (Rx) 

0.00296 Optimizing gate 
width and body 
floating 

 


