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ABSTRACT 

 

Designed to be powered by a small battery for months, Bluetooth Low Energy (BLE) or 

Bluetooth 4.0 standard is introduced to allow short-range communication between devices. 

BLE employs Gaussian Frequency Shift Keying (GFSK) modulation with 0.5 modulation 

index and data rate of 1Mbit/s for efficient radio bandwidth usage at 2.4GHz radio band. 

Since transmission and receiving do not happen concurrently, hardware sharing of GFSK 

modulator and demodulator (modem) could be reuse to save die area. Optimizing area is 

crucial for easy integration of BLE system as a System-on-Chip (SoC), a necessary move to 

realize small and low power Bluetooth devices. Hence, this paper presents a low power, 

compact digital GFSK modem by reusing Coordinate Rotation Digital Computer 

(CORDIC) hardware. During GFSK modulation, CORDIC act as a direct digital frequency 

synthesizer (DDFS) to generate digital baseband I/Q samples for mixer based modulation. 

During GFSK demodulation, CORDIC is used to calculate arctan from received I/Q 

samples from Radio Frequency (RF) frontend of Zero Intermediate-Frequency (IF) 

receiver. The GFSK modem is implemented using 0.18um CMOS technology. Post-layout 

simulation of GFSK modem is simulated in Synopsys VCS and its output is validated 

using MATLAB. The complete modulator and demodulator uses 210uA and occupies 

0.06mm2 while achieving BER of 0.1% with input signal of SNR of 13dB. 
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INTRODUCTION 

Moving towards the Internet-of-Things trend, a wireless standard to exchange data over 

short distance for energy constrained device is required. Bluetooth Low Energy (BLE) or 

Bluetooth 4.0 is designed to allow devices exchange small amounts of data periodically 

that can last for months with a small battery. BLE uses Gaussian Frequency Shift Keying 

(GFSK) modulation with a modulation index of 0.5 using 2.4GHz ISM radio band with a 

1Mbit/s data rate [1]. In order to achieve smaller device size and lower power 

consumption, more function block of a Bluetooth system is integrated on a single die as a 
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System-on-Chip. Hence, it is crucial to design a compact and low power GFSK modulator 

and demodulator. Since modulation and demodulation do not occur concurrently in BLE, 

resources can be reused in transmitter and receiver. Figure 1 shows sharing of CORDIC in 

GFSK modulator and demodulator.  
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Figure 1: Hardware sharing in GFSK modulator and demodulator. 

During GFSK modulation, single bit data is used to increase or decrease phase accumulator 

based on a pre-calculated Gaussian filter. The phase accumulator value is used by CORDIC 

to generate sinusoidal I/Q baseband samples which will be converted to analog signal by 

Digital-to-Analog Converter (DAC). The analog I/Q baseband signal is then passed to 

mixer for RF up-conversion. During GFSK demodulation, down-converted analog I/Q 

baseband signal is passed to Analog-to-Digital Converter (ADC) to obtain I/Q baseband 

sample. The I/Q baseband sample is passed to 8-point Moving Average (MA) filter to 

smoothen noise which is subsequently used by CORDIC to calculate phase information. 

The phase information is used to decide the received bit value and synchronization.  

 

 

MAIN RESULTS 

 

Figure 2: MATLAB is used to manipulate ideal I/Q signal from modulator output 

(“Overlay1”) to noisy I/Q signal (“Overlay2”) with SNR of 14. "demod_out" is the 

demodulated output and "demod_bit_ready" create a pulse as an indication of new 

demodulated bit availability. 
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1000 random bit is generated in MATLAB and is used as input test vector for GFSK 

modulator’s post-layout simulation in Synopsys VCS. The output from GFSK 

modulator is added with Additive White Gaussian Noise (AWGN) in MATLAB to 

simulate noise channel during transmission and is subsequently used as input vector of 

GFSK demodulator’s post-layout simulation. Demodulated output is compared with 

original input source to determine the Bit Error Rate (BER). 

TABLE I.  COMPARISON OF PERFORMANCE WITH STATE-OF-THE-ART DEMODULATOR. 

Work Tech  

[nm] 

Area  

[mm2] 

Mod.  

Index 

IF 

[MHz] 

SNR 

[dB] 

Current 

[uA] 

[2] 130 0.14 0.5 0 14.8 190 

[3] 180 0.08 0.32 3 16.5 510 

[4] 130 0.05 0.5 1 14.4 170 

This work 180 0.06 0.5 0 13 210 

 

From Table 1, this work is able to achieve BER of 0.1% with input signal of 13dB SNR 

which is the lowest among related work due to 8-point MA filter smoothen out most of the 

noise. The ability to demodulate under low SNR input signal giving more noise budget to 

RF and analog front end. The combined area of GFSK modulator and demodulator is only 

0.06mm2 and consumes 210uA. Due to the technology node in this work is 1.38 times 

larger than [4] and [14], the area is 1.2 times larger than [4] but this work can do both 

modulation and demodulation while [4] can only demodulates GFSK signal. In terms of 

current consumption, this work is 1.23 and 1.11 times higher than [6] and [14] 

respectively. This work could be smaller in area and lower power consumption if compared 

to normalized area with respective to technology node. 

 

CONCLUSION 

By reusing CORDIC during modulation and demodulation, a low power and compact 

GFSK modem is achieved. Due to usage of larger technology node compared to other 

work, this work require slightly higher power and area compared to state-of-the-art GFSK 

demodulator. However, it i sable to achieve BER of 0.1% with input of 13dB SNR, lowest 

among other comparison due to smoothening of noisy signal using moving average filter 

before demodulation.  
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