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ABSTRACT 

Design and analysis of a coarse tuned Feed Forward Digital Automatic Gain Control (FF-DAGC) with wider 

dynamic range and lesser attack time for Bluetooth Low Energy (BLE) Receiver is demonstrated in this work. 

DAGC controls the gain of Variable Gain Amplifier (VGA) through digital control signals. This ensures to 

prohibit the deviation of Analog signal through the Analog to Digital converter (ADC) from its efficient 

dynamic range. Hence, minimizing the saturation effects of the ADC at the receiver section. Feed forward 

architecture is designed to control the gain of 4 stages of VGA, each of 15dB gain factor. Therefore achieving 

marginal attack time and high stability at the output signal. This paper depicts the efficient work where an 

overall AGC gain of 60dB is achieved, comprising an attack time of 52.94ns. The novel AGC structure designed 

for Bluetooth receiver is simulated on MATLAB tool. The designed AGC algorithm controls the amplification 

factor for effective reception of data in high data rate BLE receivers. 

 

Keywords—Analog  to  Digital Converter(ADC),  Automatic  gain  control(AGC),  Dynamic  range,  Feed-Forward  

Digital  Automatic  Gain Control(FF-DAGC),Variable Gain Amplifier(VGA). 

 

I. INTRODUCTION 

Communication is the process of imparting purposeful information from one entity to another. The actively 

present elements of electronic communication systems are basically a communication medium, a transmitter, 

and the receiver. Wireless communication, is a methodology which incorporates all the mechanisms for 

exchanging intended information between two devices without the presence of any physical infrastructure. The 

prominent applications include GPS, wireless Bluetooth, Wi-Fi, cordless telephone etc., where air/vacuum acts 

as the transferring medium. Most of the wireless systems are being enhanced and analyzed over the digital 

communication, where the modulation and transmission of digital bits takes place through free space. 

Receivers are the fundamental component of communication system. In most of the wireless transceiver 

applications, the received signals rarely maintain the constancy as they deviate from the actual signal properties 

during the transmission process. Received signals, before being fed to ADC, are filtered, amplified and down-
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converted for the recovery of data. The analog input has a wider dynamic range and can lead to saturation of 

ADC at the receivers due to the over amplification of the received analog signal. AGC is one such integral block 

of wireless communication, which tunes the receiver gain adjusting the output level to achieve desired dynamic 

range of ADC’s. AGC is the principal function in wireless receivers, which maintains the output signal level of 

Variable Gain Amplifier (VGA) for varied input signal strengths [8]. VGA is used to amplify the incoming 

signals to maintain the gain linearity [15]. It is used to control the gain of analog front end operators such as 

Band Pass Filter (BPF), VGA and mixer to minimize ADC saturation effects. 

 

DAGC governs the gains of VGA through digital control signals, hence regulating the amplitude range [14]. 

DAGC could be administered both in feed-forward and feedback configuration. It yields the amplifying factor 

which is required to obtain the output in required range. Feed-forward configuration, whose input is being fed 

by the digital peak detector, is employed in this work. It controls the gain of front end operators, which 

maintains the coarse tuning of 4 stages of VGA in order to sustain marginal attack time and attain more stability. 

FF architecture shortens the settling time and minimizes the acquisition time [8]. In this depicted work, essential 

output is 1V reference. 

 

The aim of the work is to design and analyze DAGC with wider dynamic range and lesser settling time for 

Bluetooth receivers. Bluetooth, being the standard protocol in wireless communication operates at frequency 

2.4GHz and supports a short range communication of 700-800m. Bluetooth employs GFSK (Gaussian 

frequency shift key) modulation and has burst mode data transmission. The DAGC which is present at the 

receiver is used in feed-forward (FF) loop configuration which controls the gain of analog front-end 

amplification in Bluetooth receiver. Hence, this paper represents the design and analysis of digital AGC for 

maintaining controlled constant output regardless of the contrast in the input levels, as to intensify the 

efficiency. 

 

III. RELATED WORK 

Okjune Jeon et al., in [5] has designed a circuit that detects signal strength from repeated Orthogonal- 

Frequency Division Multiplexing (OFDM) short training symbols & uses an inverse gain feed technique. This 

paper focuses on analog AGC. Implementation of AGC in analog circuitry gives lower system power. It is 

implemented in a 0.18µm CMOS process. It achieves 40dB attenuation at 20 MHz and 54 dB at 40 MHz. It 

settles to within 1 dB in 0.6µs and attack time being 5.6µs. 

J.P.Alegre, et al., in [8] has implemented a 0.35µm standard CMOS technology in this system. The system 

consumes 1.6mW power with supply voltage of 1.8V at frequency response of 100MHz. The attack time of the 

system is 0.02µs and decay time is 0.25µs. Gain of the system ranges from 0 to 21dB. The cos t of the chip is 

reduced. Large integration is attained by the development in CMOS technology. To avoid undesired feedback 

the requirement of resistor banks is more. 
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J.P.Alegre et al., in [13] has effectively proposed a double loop AGC circuit which depicts the applications 

concerned with the combination of feed forward loop and feedback loop. This design has been constructed with 

respect to standard 0.35µm CMOS technology with 1.8V as the supply voltage and current consumption is 

below 1.22mA. Settling time of the AGC is below 0.8µs and attack time is 0.7µs with dynamic gain adjustment 

of 12dB. This work proposes low cost model which provides constant bandwidth. 

 

III. PROPOSED WORK 3.1. Block Diagram 

 

The proposed AGC architecture with extensive dynamic range and minimal attack time is procure d from the 

Fig1 shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.General block diagram for Bluet ooth low energy receiver 

 

The receiver consists of active channel filter, VGA, mixer, Voltage controlled Oscillator (VCO), digital peak 

detector and DAGC block as depicted in the Fig1. To reduce the saturation effects of ADC, AGC is employed at 

the receiver which controls the gain of analog front end operators. The VCO provides the optimum frequency 

range required by the Bluetooth receiver to operate i.e., 2.4GHz. Digital peak detector finds the peak of the 

received analog signal and provides it to the DAGC block. The 4 stages of VGA are controlled by DAGC. 

 

AGC, also known as automatic volume co ntrol is used to accommodate input strength variat ions providing 

regulated signal amplitude at the output. VGA, also known as voltage controlled amplifier is designed having 
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gaiin of 15dB each and amplifying factor of about 31.62V. When all the 4 amplifiers are turned ON, we get 

maximum gain about 60dB. Each amplifier is controlled by digital control bits which are obtained from DAGC 

block. 

 

The undertaken evaluation is based on the previous journals which illustrates the benefits and drawbacks of the 

existing AGC techniques. This detailed evaluation is to prrocure convenient parameters such as gain controlled 

signal amplitude at the output side, to maintain stringent settling time and dynamic range. In addition to this, to 

have regulated control on factors such as gain tuning range, data rate, power dissipation, c ircuit linearity, 

bandwidth efficiency etc., this menti oned work has been carried out and revised elaborately. 

3.2. Result 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.Simulation results 

 

The above estimated and evaluated result portrays the optimized outcome determining the efficiency of the 

work undertaken. It shows that irrespective of the changes in the input strengths, the output is maintained to the 

optimum controlled level. The output is maintained with respect to the requisite level, which being 1V reference 

voltage in this respective work. 

 

The DAGC simulation is carried out on MATLAB tool. The proposed algorithm will be validated on digital 

signal processor platform. The simulation and measurement results have varied advantages in aspects of 

constancy and astringency. The procured result illustrates an estimation of overall gain of 60dB; attack time 

range being 52.94µsec. This journal depicts the work done to design and analyze the enhanced AGC features, 

which forms an essential layout in numerous applications. 
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IV.CONCLUSION 

The efficiency of the received signals does not maintain the persistency due to varied external and inherited 

reasons in Wireless systems. Employed traditional techniques which were administered to invalidate the 

limitations could not tackle the wider dynamic range. Numerous works have been endeavored to counteract the 

drawbacks of wireless communication but could not achieve the desired output. Hence, this paper represents the 

design and analysis of digital AGC for maintaining controlled constant output regardless of the contrast in the 

input levels, as to intensify the efficiency. 

 

This work summarizes the salient features of evaluated digital AGC. The main ideology of the paper is to design 

and analyze DAGC for Bluetooth low energy receivers. AGC layout, in feed-forward gain control technique is 

accomplished for achieving fast settling time, of 52.94ns and evaluates wider dynamic range, attaining 

maximum up to 60dB. The simulation and estimated results have diverse benefits in aspects of constancy and 

astringency, predominantly in wireless receivers. 
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