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Abstract: Bluetooth, as a popular wireless communication technology in recent years, 

has attracted the attention of many scientific research institutions and companies, but 

few of them are really engaged in the design and implementation of specific circuits, 

even if some are mainly focused on baseband digital circuits, while the radio frequency 

part is seldom involved. This paper describes the design of Bluetooth 5 Radio 

Frequency (RF) transceiver architecture. According to the direction of signal flow in the 

receiver and transmitter, the key functional modules of RF Front-end, LNA, Mixer, PLL, 

PA are introduced. 
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1. Introduction 

The Bluetooth Special Interest Group(BSIG) has released the latest protocol standard 

of Bluetooth 5. It has made great changes to the existing Bluetooth protocol standard. 

On the one hand, it doubles the communication speed of low power Bluetooth in short 

distance transmission, on the other hand, it increases channel coding and transmission 

power in long distance communication, which will further improve the communication 

distance and reliability. These new technologies will become some important directions 

for the subsequent upgrade and application of Bluetooth 5 chip. 

The Bluetooth SOC system consists of two parts: RF transceiver and digital baseband. 

The RF transceiver is responsible for receiving and transmitting data between the 

wireless terminal and the host. RF transceiver plays a key role in the performance of the 

whole Bluetooth system, which affects the data transmission rate, sensitivity and 

integration of the whole Bluetooth system. This makes the design of RF transceiver 

become the focus and difficulty of the wireless communication system. In this paper, in 

order to meet the new requirements of Bluetooth 5, the key technologies and 

functional modules of Bluetooth 5 low power RF transceiver applied to Bluetooth 5, 
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such as the structure of RF transceiver, low noise amplifier (LNA), RF Front-end circuit 

and so on, are emphatically studied. 

 

2. Transceiver Architecture 

The architecture of Bluetooth 5 RF transceiver includes low Intermediate Frequency (IF) 

receiver, Phase-Locked Loop (PLL), etc. PLL is used not only for LO generation, but also 

for frequency modulation and Power Amplifier (PA) of transmitter. 

In the receiver architecture, there are three main types: 

(1) Superheterodyne receiver. Superheterodyne receivers are widely used in various 

data receiving systems. This structure can use one or two stages of lower mixing. The 

main problem is how to filter the mirror interference component. One of the methods 

is to provide a very high Q value high RF Front-end filter, but it is very difficult and 

expensive to integrate such a filter. 

(2) Zero IF structure. In a receiver with direct frequency conversion or zero IF structure, 

the required signal is directly down-mixing to the baseband. Ideally, there is no mirror 

interference in the zero IF structure, so it is easier to integrate into the chip without the 

need for Out-of-chip high Q value bandpass filters to suppress the mirror interference 

signal. 

(3) Low IF structure. The structure combines the advantages of superheterodyne and 

direct frequency conversion. Two down-mixing paths are used in the receiver, and the 

mirror signal still exists at two intermediate frequencies. Therefore, the suppression of 

mirror signal shifts to the low frequency part. This eliminates the need to use very high 

Q value filters at the RF Front-end, and the IF filter becomes a very low Q value 

bandpass filter, which makes it easier to integrate on the chip. 

In view of the above theory and analysis, and because Bluetooth 5 uses GFSK 

modulation, the modulation signal limits the energy of most signals near DC. Receiver 

receives 2.4 GHz signal through low noise amplifier (LNA), the output of LNA is 

converted downward to 1 MHz IF signal through single sideband mixer. Following the 

mixer is a third-order filter, which is used for channel selection and image carrier 

suppression. After the above processing, IF signal is amplified by programmable gain 

amplifier (PGA), then digitized by ADC, so as to process in digital baseband, such as 

automatic gain control (AGC) and demodulation. In the transmitter, Bluetooth 5 

requires 20dBm output power, and its core is how to design PA integrated on the chip. 

 

3. RF Front-end Design 

RF Front-end is one of the key components of the whole RF transceiver. It consists of 

LNA with mixing function in receiver, PA in transmitter and impedance matching 

network. The function of the impedance matching network is to adjust the antenna 
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impedance to the values suitable for LNA and PA, respectively 

 

4. LNA Design 

In RF transceivers, the position of LNA usually follows the antenna and impedance 

matching network. From the point of view of circuit function, LNA is a voltage amplifier. 

The bigger the input impedance is, the better. From the point of view of power, the 

impedance matching between antenna and LNA is required. So the design of LNA 

should be based on impedance matching to amplify low noise signal. 

 

5. Mixer Design 

Mixer is essential in all RF receivers. The mixer completes frequency conversion and 

realizes frequency reduction in the receiver. The mixer has two different input signals. 

In the receiver, the input signals of the mixer are all radio frequency signals. The mixer 

is located after LNA and before the intermediate frequency circuit. 

 

6. PLL Design 

In the architecture of transceiver, PLL has two different functions. In receiver mode, it 

uses orthogonal phase to generate LO frequency. In transmitter mode, it directly 

modulates the transmitted signal to RF. The core of PLL is composed of phase 

frequency detector (PFD), charge pump (CP), low pass filter (LPF), voltage controlled 

oscillator (VCO), etc. 

 

7. Conclusion 

In this study, the structure and key technologies of Bluetooth 5 RF transceiver are 

studied, including the system and structure of the transceiver, key modules of the 

transceiver, RF Front-end, PLL and so on. Experiments show that the system meets the 

technical requirements  of Bluetooth 5. 
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