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Abstract: - In this paper, a 2.4GHz radio frequency (RF) CMOS receiver based on all active devices for 
Bluetooth applications is presented. In this receiver, it is integrated with a low noise amplifier (LNA), a mixer, 
and a voltage controlled oscillator (VCO). The LNA design is used a differential output configure and high-Q 
active inductors to obtain low noise figure (NF) and high enough power gain. In the mixer design, a high 
linearity topology and low power consumption are designed. The VCO circuit based on high-Q active inductors 
and cross-coupled architecture is applied. The integration of the LNA, the mixer, and the VCO construct all 
active devices Bluetooth receive. Using TSMC 0.18um process, the receiver can be operated in 2.4GHz 
frequency for Bluetooth applications. Simulation results show that the receiver have the conversion gain of 
16.2dB, the sensitivity of -101.5dBm, the noise figure of 2.5dB, the 1dB compression of -26.5dBm, and the IIP3 
of -19.7dBm, respectively. The power consumption of the proposed receiver is about 42mW at 1.8V power 
supply. 
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1   Introduction 
In the recent years, the increasing demand of wireless 
transceivers with low cost, low power and small size, 
some research has been concentrating on single-chip 
solution. The CMOS processing is the most 
promising technology as RF circuits and digital 
circuits can be embedded together on the same chip. 

Most of the previous reports in CMOS RF 
front-end circuits were implemented by using on-chip 
passive spiral inductors to achieve better matching, 
higher power gain, and lower power consumption 
[1-5]. However, the low quality-factors of an on-chip 
passive spiral inductor cause the degrading of the 
gain/bandwidth performance. Furthermore, obtaining 
high quality factor of a spiral inductor often requires 
additional processing steps to compensate the quality 
factor and these additional processing steps also 
require extra cost [6, 7]; moreover the inductance 
value is dependent on the size of the inductor [8]. The 
die area of an integrated passive inductor is usually 
larger than other components. 

An alternative method called active inductor uses 
the CMOS active devices as an inductor, where the 
equivalent inductive impedance can be implemented. 
The above disadvantages of passive spiral inductors 
can be overcome by using an active inductor. The 
quality-factor and the inductance value are high 
enough to overcome the value exhibited by 
conventional spiral inductors. Depending on the 
chosen topology, the loss of an active inductor caused 
by the active devices can be greatly reduced and the 

area of an active inductor is independent of the 
desired inductance values [9-12]. Most of the active 
inductor circuits were applied in LNA and VCO 
produced impressive results [13-17]. In this paper, we 
will demonstrate a CMOS RF receiver front-end based 
on a high-quality active inductor that employs the 
heterodyne architecture with a single intermediate 
frequency (IF) for 2.4GHz Bluetooth application. 
 
 
2   Bluetooth Receiver 
The proposed block diagram of the RF front-end for 
Bluetooth receiver is shown in Figure 1. A RF signal 
of 2.4GHz goes from the antenna to a high-gain and 
low noise amplifier to obtain high enough gain and 
low noise figure. It is then down converted by using a 
high linearity mixer and a voltage controlled 
oscillator, produced 2.41GHz to an IF of 10 MHz. 
Since a low IF is chosen to relax the requirement of IF 
filters and image rejection [18]. 

 

 
 

Fig.1 Block diagram of proposed receiver 
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According to the specification of Bluetooth 
system, the Bluetooth receiver must be met the 
regulations to satisfy the received quality. Thus, the 
sensitivity and the noise figure (NF) of the Bluetooth 
receiver must smaller than -70dBm and 8dB, 
respectively. The conversion gain, the 1dB 
compression, and the input third intercept point (IIP3) 
are great than 16dB, -26dBm, and -19dBm, 
respectively. The specifications of Bluetooth 
applications are summarized in Table 1. 
 

Table 1 Specifications of Bluetooth applications 
 

 Specifications 

RF frequency (GHz) 2.4 

LO frequency (GHz) 2.41 

Supply voltage 1.8 V 

Sensitivity (dBm) < -70 

Noise Figure (dB) < 8 

Conersion Gain dB >16 

1dB-Compression (dBm) > -26 

IIP3 (dBm) > -19 
 
 

3   High-Q Active Inductor Modeling 
In order to achieve required specifications in a 
single-chip solution for the front-end of Bluetooth 
receiver, the proposed receiver is used high-Q active 
inductors to meet the specifications and reduce chip 
area. 
 

 
 

Fig. 2 Proposed high-Q active inductor 
 

Figure 2 shows the proposed high-Q active 
inductor and input equivalent impedance that is 
applied throughout the design. The Q-value and the 
inductance of the active inductor are improved with 

feedback resistor (Rf). The characteristics of the 
improved active inductor are higher than that of the 
one without Rf. The comparisons between improved 
active inductor and original active inductor are shown 
in Table 2. 

 
Table 2 Comparisons between improved active 

inductor and original active inductor 
 

 Original Improved

Q-Value 1.4 1E8 

Loss (Ω) 8 1.2E-8 

Inductance (nH) 2 5.8 

Power Consumption (mW) 3 2.5 
 
 

4   Proposed Bluetooth Receiver 
The proposed Bluetooth RF front-end receiver, as 
shown in Fig. 1, includes a LNA, a mixer, and a VCO. 
The LNA based on high-Q active inductors and 
differential configuration is designed to obtain lower 
noise and higher power gain, respectively. The VCO 
is proposed with high-Q active inductors and 
cross-coupled configuration to achieve low phase 
noise. The mixer is used high linearity structure to 
obtain higher enough linearity. A description of each 
functional unit is provided as follows.  
 
 
4.1   Low Noise Amplifier 
An active inductor, shown in Fig. 2, is applied in the 
LNA to obtain low constant power consumption and 
low noise figure. In the Fig. 3, the LNA circuit 
consists of the differential amplifier, single input and 
differential output. Large gain and low noise figure 
can be obtained. In this LNA, the left-handed side is a 
common gate, a common source, an active inductor, 
and a buffer. The right-handed side has a common 
source, an active inductor, and a buffer. In the 
common-gate configuration, transistors M1 and M2 
are employed as the input stage for input impedance 
matching. The input impedance (Zin) of this amplifier 
can be approximated as Eq. (1).Where gmi, gdsi, and 
Cgsi are the transconductance, the output conductance, 
the gate-drain capacitance, and the gate-source 
capacitance of correspondence transistors, 
respectively. Hence, the input matching of the 
amplifier can be easily achieved by setting 1/gm2. The 
high-Q active inductors act as loads and 
common-source configuration to achieve high gain 
and inverse phase. Then inverse waveform is 
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obtained from differential output port. M6 ~ M9 are 
the transistors of the buffer for output match. 
 

1 2 2 1

1 1
( )in

ds m gs gd m

Z
2g g j C j C gω ω

≈
+ + +

≈
          

 

 
 

Fig. 3 Proposed low noise amplifier 
 

A large gain of differential output is obtained 
from Vout+ and Vout- because of the phase difference is 
180 o in the differential output. But the noise of the 
differential outputs is in phase. If the noise of 
differential outputs is closer, the noise will be very 
small. The characteristics of proposed amplifier are 
shown in Table 3. 
 

Table 3 Characteristics of proposed LNA 
 

 Proposed LNA
Technology 0.18-um CMOS

RF Frequency GHz 2.4 
Supply Voltage 1.8V 

S11 (dB) -17.7 
S22 (dB) -13.2 

Noise Figure (dB) 0.77 
Gain (dB) 21.6 

1dB-Compression (dBm) -19.1 
IIP3 (dBm) -12.2 

Power Consumption (mW) 11.2 
 
 

4.2   Down Conversion Mixer 
In a mixer design, the Gilbert-cell mixer commonly 
used for frequency conversion in most wireless 
communication systems. The Gilbert-cell topology 
has the linearity problems due to the number of 
stacked transistors. In order to solve the linearity 
problem, using parallel transistor in transconductance 
stage and the common-gate configuration to increase 
the linearity. In additional, a simple buffer is applied 
in the IF output to increase conversion gain. The 
down-conversion mixer is also obtained low noise 

figure and enough conversion gain. 
The proposed low power direct conversion mixer 

shown in Fig. 4. To validate the characteristics of the 
mixer are summarized in Table 4. (1)

 

 
 

Fig. 4 Proposed Mixer 
 

Table 4 Characteristics of the mixer 
 

 Proposed Mixer
Technology 0.18-um CMOS

RF Frequency (GHz) 2.4 
Supply Voltage 1.8V 

Conversion Gain (dB) 9.9 
1dB-Compression (dBm) -16 

IIP3 (dBm) -5.2 
Power Consumption (mW) 6.4 

 
 

4.3   Voltage Controlled Oscillator 
The main consideration of the VCO is expected to 
obtain low constant power consumption, wide 
tuning-range and low phase noise. The proposed 
VCO design uses a cross-coupled connection, which 
the cross-coupled connection generates a positive 
feedback loop for providing negative resistance, 
called a negative impedance converter (NIC), shown 
in Fig. 5. The NIC configuration compensates the 
loss of the active inductor in the LC tank to produce 
lossless LC tank. 
 

 
 

Fig. 5 Proposed voltage controlled oscillator 
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          Table 5 Performance of proposed VCO 
 

 
Two active inductors are acting as the equivalent 

inductance in the oscillator. Without varactors are 
employed in this oscillator. The oscillator frequency 
modulation function can be achieved by using the 
resistors of the active inductor. To provide adjustable 
frequency range, the feedback resistance Rf is added 
to tune the desired oscillator frequency. The 
performances of proposed VCO are summarized in 
Table 5. 

 
 

5   Simulation Results of the Receiver 
After careful design and simulation, the RF front-end 
receiver is designed by using TSMC 0.18-um 
technology to develop the Bluetooth receiver. The 
proposed receiver has a fairly good performance as 
compared to the conventional ones. In Fig. 6 shows 
the conversion gain, which is under 16.2dB in 
2.4GHz. Fig. 7 displays the 1dB-compression of 
-26.5dB. By the Eq. (2) and the Eq. (3), the noise 
figure of the receiver can be calculated, which about 
2.5dB. The sensitivity of the receiver is derived by 
the Eq. (4); the value is around -101.5dBm. The input 
third intercept (IIP3) can be obtained by the Fig. 8 
and the Eq. (5). The value of the IIP3 is about 
-19.7dBm. From the simulation results of the receiver, 
the characteristics of the proposed receiver are 
satisfied the specifications for Bluetooth applications. 
The comparisons with other literatures are shown in 
Table 6, which the performance is better than other 
works. 
 

 
 

Input power (dBm) 
 

Fig. 6 Conversion gain of proposed receiver 
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Fig. 7 1dB-compression of proposed receiver 
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Fig. 8 Harmonic of proposed receiver 
 

Table 6 Comparisons with other literatures 
 

 Chiu 
[19] 

Shen 
[20] 

This 
work 

RF frequency (GHz) 2.4 2.4 2.4 

Technology 0.18-μm 
CMOS 

0.18-μm 
CMOS 

0.18-μm 
CMOS

Supply Voltage (V) 1.8  1.8  1.8  
Sensitivity (dBm) -70 --- -101.5 
Noise Figure (dB) 8 4.8  2.5 

Gain (dB) 16 28.4  16.2 
1dB-Compression 

(dBm) -26.5 -35 -26.5 

IIP3 (dBm) -19 -22.7 -19.7 
Power Consumption 

(mW) --- 55.3 42 

 
 

 
 
 
 
 
 
 
 
 
 

 Proposed VCO
Technology 0.18um CMOS

RF Frequency (GHz) 2.4 
Supply Voltage 1.8V 

Output Power (dB) -6.6 
Phase Noise@1MHz (dBc/Hz) -81 

Power Consumption (mW) 24.4 
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6   Conclusions 
The proposed Bluetooth receiver based on all active 
devices not only can obtain required characteristics; it 
can also reduce the chip-area using active inductors. 
The receiver have the conversion gain of 16.2dB, the 
sensitivity of -101.5dBm, the noise figure of 2.5dB, 
the 1dB compression of -26.5dBm, and the IIP3 of 
-19.7dBm, respectively. The power consumption of 
the proposed receiver is about 42mW at 1.8V power 
supply. 
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