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 Abstract -----The market of Wireless Sensor Network WSN has a 

great potential and development opportunities. Researchers are 

focusing on optimization in many fields like efficient deployment 

and routing protocols. In this article, we will concentrate on energy 

efficiency for WSN because WSN nodes are habitually deployed in 

severe No Man’s Land with batteries are not rechargeable, so 

reducing energy consumption represents an important challenge to 

extend the life of the network. We will present the design of new 

WSN mote based on ultra low power STM32L microcontrollers and 

the ZIGBEE transceiver CC2520. We will compare it to existent 

motes and we will conclude that our mote is promising in energy 

consumption. 
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I. INTRODUCTION 

 WSN is a network of many tiny low power devices, called 

motes or nodes. These motes are spatially distributed in areas 

to be supervised then it relay data to the sink node. The nodes 

are collaborating together in order to perform measurement of 

the sensed environment.   

 WSN is receiving significant attention due to their 

unlimited potential. However, many challenges exist like the 

deployment of nodes to cover the larger areas, security of 

data, fidelity and energy efficiency [1]. The power 

consumption challenge remains a major challenge.  

II. CAUSES OF ENERGY CONSUMPTION IN WSN 

The causes of energy consumption are multiple in WSN. In 

this paragraph, we will discuss the energy consumption in the 

level of the mote itself and among nodes when are employed. 

Errors in the communication among nodes can increase the 

energy consumption. We presented some errors like collision 

and overhead and solutions to resolve those problems. First, 

in the case where two packages are  transmitted at the same 

time, they become not exploitable and must be given up or 

when a node receives simultaneously two packages which 

were not necessarily emitted at the same time or which were 

emitted by two nodes out of reach one of the other, we speak 

about collisions in WSN.  
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Second, when a node source transmits data and that the node 

recipient is not ready to receive, we speak about Overmitting. 

It occurs when the radio is listening to the channel to receive 

possible data.   

Third, the reception and the listening of the packages of 

control consume energy thus reducing the effective flow.  We 

speak about the overhead of the possible packages of control.  

The energy cost of overhead, collision and overmitting is 

particularly high. Researchers tried to resolve these problems 

by efficient protocols of communication like TEEN routing 

protocol and different deployments of motes [2 ]_[ 3]_[4]. 

The data processing is also an important source of energy 

consumption. It depends primarily on sleep mode time of the 

microprocessor, its tension of operation and its technology of 

manufacture, the transceiver characteristics and functionalities 

to achieve and the operating mode because in different 

applications, motes operate frequently like in the bridge 

control to avoid any danger and in other applications motes 

operates seldom [5].   

III. RELATED WORKS: EXISTING  MOTES 

  In fact, microcontrollers perform the main task in the sensor 

nodes i.e. processing the data and controlling the functions of 

the other components. Most known motes are built by 

MSP430, STM32F and Atmel processors (Tab1).  
 

- Motes are based on ATMEL 8-bit microcontroller are 

MicaZ, Rene and Iris Motes… The ATmega128L’s 

main features are its six Sleep Modes: Idle, ADC Noise 

Reduction, Power-save, Power-down, Standby, and 

Extended Standby [6]. It has low power consumption in 

sleep mode (5 µA). 

- Motes are based on Texas Instruments MSP430 16-bit 

microcontroller like Eyes, TelosB, SenseNode, Zolertia 

Z1, Tinynode, Shimmer …etc. Indeed MSP 430 has an 

important EEPROM and low power consumption in run 

mode (5.1µA). 

- Researchers have exploited the STM32F processors in 

WSN. In [7], Yu-Jia and al designed a mote using an 

STM32F103RE, and in [8], Benjamin and al used 

STM32F4. STM32F series are rather advanced and 

powerful in sleep mode (10 µA). 

We present in (TABLE I) the proprieties of these 

microprocessors. 
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TABLE I 

PROPERTIES MICROPROCESSORS SPECIFICATIONS (*LPMC: 
LOWEST POWER MODE CURRENT,*RMC: RUN MODE CURRENT) 

 

The ST Microelectronics has designed new STM32 Ultra-

Low-Power MCU with record breaking performances, 

STM32L. This microcontroller has very low power 

consumption in sleep mode compared to MSP430. 

 In addition, WSN motes spend the often times in sleep mode 

which would extend the lifetime of motes based on STM32L 

MCU. In run mode, STM32L has an important consumption 

compared to MSP430, but it consumes less than Atmel and 

STM32F. The STM32L supports dynamic voltage scaling to 

optimize its power consumption in run mode when it 

consumes the important current. 

 Standby modes are even used to achieve the lowest power 

consumption. STM32L has an important memory with up 

128KB Flash, 16KB SRAM , 4KB and its frequency range is 

from 32 kHz up to 32 MHz max with 8 peripheral interface 

and 10 timers  [9]. We will present in the next paragraph, the 

performance of the new WSN mote design based on the 

STM32L MCU and we will compare it with the mote 

ZOLERTIA Z1.   

 

IV. PROPOSED ARCHITECTURE OF THE NEW MOTE 

The new mote is composed essentially of a microcontroller 

STM32L [9] with a CC2520 transceiver [10], IEEE 802.15.4 

wireless system-on-chip, EEPROM, battery and sensors with 

low power consumptions components (fig1).  

The sensors have the role to convert analogical signals 

(temperature, humidity …) to digital signals readable by the 

microcontroller. Our mote contains temperature, humidity, 

pressure and accelerometer sensors. The HTS221 of ST 

Microelectronics is the most powerful (TABLE II) in power 

consumption and in precision.  

 
TABLE II 

TEMPERATURE AND HUMIDITY SENSORS SPECIFICATIONS 

 SHT21 HTS221 TMP102 SILICON 

ADC (bits) 12 16 12 12/14 

 Sleep mode supply 

current(μA) 

0.15 0.5 0.5 60nA 

measuring supply 

current  (μA) 

300 2 15 150 

Manufacturer sensirion ST  TI Silicon 

The interfaces (UART, SPI, I2C and USB) give the 

possibilities to connect the mote to another host like PC, other 

sensors or other machines. Buttons and LEDs give us an idea 

about the state of the mote. 

The battery is the power supply for the mote.  We improved 

the control of the power supply by a regulator of voltage 

because there are different voltages to supply the different 

components. 

 

The Flash memory is a region for non-volatile program and 

data. M25P16 has the largest memory (16MB) and the lowest 

energy consumption. We will adapt it in our new design for 

low power consumption (TABLE III). 

 
TABLE III 

FLASH MEMORY SPECIFICATIONS 

Flash IC M48Z35 M25P16 bq2204A 

Memory 256 Kb 16 Mb 256 Kb 

Manufacturer ST nuumonyx TI 

Max voltage (V) 5.5 3.6 5.5 

supply current 

(mA) 

20 15 3  

Power-down 

mode 

xx 1 μA xx 

The Transceiver CC2520 is a new series of ZIGBEE 

transceiver. The CC2520 provides extensive hardware support 

for frame handling, data buffering, burst transmissions, data 

encryption, data authentication, clear channel assessment, 

Link quality indication and frame timing information, and it 

supports the energy detection / RSSI and Link Quality 

Indication (LQI).  

The radio transceiver has 250 kbps data rate with a 

configurable frequency from to 16 MHZ. 

CC2520 is typically controlled by STM32L connected to the 

SPI. Two principal power modes are supported by the 

transceiver (sleep and active mode) to optimize power 

consumption [10]. 

The AtmelRF230 transceiver [11] consumes lower power 

than CC2520 transceiver but it has not hardware encryption 

support, neither packet sniffing. 

 

 

 

Figure 1.  Block diagram of the proposed new mote (fig1) 

The CC2520 transceiver offers an interrupt and address 

filtering system. It also should be more robust against 

Part Number FLA

SH 
(KB)  

EEPR

OM 
(KB)   

RAM(

KB) 

LPMC ( 

µA) 

RMC ( µA) 

Atmel  128  4  64  5 17 000 

MSP430  48  1MB 10  1800 5.1 

STM32F 256  196 64 10  1640  

STM32L1 128  4 16 0.3  177 
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wideband interference and coexisting systems because it has a 

much tighter band-pass filter, as indicated by the channel 

rejection data. The CC2420 transceiver, predecessor of the 

CC2520, has less power consumption compared to the 

CC2520 but it is not recommended for future designs.  

TABLE IV 

 SPECIFICATIONS OF TRANCSEIVES 

 

In the following figure we presented the schematic of CC2520 

IC linked to the microprocessor. In reality, the CC2520 is the 

responsible for communication between motes. It receives 

signals via the RF inputs (FR-P and RF-N). The RF core 

(DAC, mixers, amplifiers of signals) supports and control the 

analog radio modules. 

 

 

Figure 2.  CC2520 electronic scematic (fig 2) 

Signals are detected by the antenna. The external 50/100 Balun 

as an RF component provides an unbalanced to differential 50-

to-100 Ohms conversion to present the STM32L with its 

optimal load. A single inductor makes up the matching 

network and optimizes RF performance. 

V. PERFORMANCE AND EVALUATION OF OUR NEW MOTE 

The energy consumption is challenging and divergent field 

of research in WSN. In this paper, we are interested to 

minimize the mote’s power consumption. We presented in the 

table below a comparison between the mote ZOLERTIA Z1 

and our mote. 

Our mote has an important RAM, Flash and EEPROM 

memory.  

The current consumption of the microcontroller of our mote 

is close to the Z1 microcontroller current consumption but 

there is a big difference in current consumption in TX mode. 

 
TABLE V 

 COMPARISON BETWEEN ZOLERTIA AND OUR MOTE 

  ZOLERTIA Z1 Our mote CM5000 

EEPROM (Kb) 2048 4096 xx 

Flash   16 Mb 128 Kb 1024 Kb  

RAM (Kb) 8 32 xx 

Supply Voltage (min) (V) 1.65 1.65 1.65 

Supply Voltage (max) (V) 3.6 3.6 3.6 

Supply Current (Lowest 
power mode) (µA) 

0.25 0.3 0.2 

Supply Current (Run 

mode per MHz) (µA) 

87 177 330 

TX current  consumption 

(mA at 0dbm) 

17.4 25.8 17.4 

RX current  consumption 
(mA) 

18.8 18.5 18.8 

 

 In fact, in TX mode, there is greedy power consumption; it 

causes a life challenge for the motes in WSN. But in our 

mote, the TX mode has a low power consumption compared 

to the Z1 which extends our mote’s life. 

VI. DESCRIPTION OF THE SOFTWARE OF THE SMART NODE 

In this paragraph we present a description of the algorithms 

of the mote (fig3 and fig4). 

After powering-up the mote, the entire devices would be 

initialized. The initialization includes the initialization of 

clocks, I/Os, serial interfaces and the transceiver C2520, it is 

an   initialization of the hardware, it also includes scheduling, 

and memory management. 

 Activating sensors: the host system (MCU) sends 

commands to the sensors to be activated. The sensors in the 

WSN mote may be an accelerometer sensor, a pressure and 

temperature senor, selected in order to be low power 

consumption, correct, stable and can be used in different 

environmental application. The host system (MCU) initializes 

the sensor hardware and performs the measurements in the 

sensor in order to measure real parameters then it waits for the 

digital data. 

Processing data: it includes the interrupt handling, 

read/write to memory, read …etc. others algorithms could 

take place in the level of the microprocessor for example 

choice of the best neighbor via Link Quality Indicator LQI 

calculation, determining the average of controlled parameters 

like temperature, humidity or pressure by processing data 

locally and minimize the number of communication via the 

transceiver and the encryption algorithm for the WSN 

security.    

Part Number CC2420   CC2520   AtmelRF230 

Supply Voltage (V) 3.6 3.6 3.6 

Supply Current 
(Lowest power 

mode) (µA) 

.25 .3 0.02 

Supply Current 
(Run mode per 

MHz) (µA) 

87 177 15500 

TX current  
consumption (mA 

at 0dbm) 

17.4 25.8 16.5 (at 3 
dbm) 

RX current  
consumption (mA) 

18.8 18.5 15.5 

Packet sniffing NO YES NO 

Encryption support  AES-128 AES-128 NO 

Receive sensivity 

(dbm) 

-95 -98 -101 
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The MCU turns the RF field ON and transmitting the first 

protocol command of transmission and reception through the 

FIFO buffer and all protocol data processing (fig4).  

The AtmelRF230 transceiver [11] consumes lower power 

than CC2520 transceiver but it has not hardware encryption 

support, neither packet sniffing. The CC2520 transceiver 

offers an interrupt and address filtering system. It also should 

be more robust against wideband interference and coexisting 

systems because it has a much tighter band-pass filter, as 

indicated by the channel rejection data. The CC2420 

transceiver, predecessor of the CC2520, has less power 

consumption compared to the CC2520 but it is not 

recommended for future designs.  

The transceiver filters if the frame filtering bit is enabled 

(which is the default setting). The CC2520 will only accept 

frames that fulfill all of the requirements (length byte, 

destination and frame type) for more details please see [10].  

The reception of frames starts with start of frame (SFD) 

detection, followed by the byte length to let the transceiver 

when the reception is achieved. Then an automatic FCS 

checking of frames takes place and it is indicated by the 

CRC_OK bit if the FCS is correct.  

After successful frame reception, an automatic 

acknowledgment (ACK) transmission with the correct values 

(like timing based on the results from source address 

matching and FCS checking) is sent to the sender via the 

CC2520 hardware for acknowledgment transmission. 

 

Figure 3.  The program flowchart of the microcontroller (fig 3) 

We can resume these algorithms and its relations with 

different layers of ZIGBEE software like Contiki or TinyOS. 

In the figure below (fig5), we included, hardware layer, where 

we found microprocessors, sensors and the transceiver. 

 

Figure 4.  The program flowchart of the CC2520 (fig4) 

Then the hardware management composed of APIs and 

drivers which take on a special role in the Linux kernel. 

Rubini and Corben call drivers the “black boxes” that make a 

particular piece of hardware respond to a well-defined internal 

programming interface [15]. It includes sensor driver, 

memory driver…etc. 

 

Application Layer (aggregation and 
visualization of data) 

Transport Layer 
Protocol layer (routing) : Host 

middleware 
Data link Layer : Hardware 

management 
Hardware Layer (microprocessor, 

sensor and transceiver) 
 

Figure 5.  The layers of ZIGBEE software (fig5) 

The middleware management includes algorithms of 

encryption engine, multiplexing, MAC, system timers and 

radio transmission process to provide services like collection 

environment data and packaging of the data by the 

microprocessor and then transmitting them by the transceiver 

and virtual machine. 

The protocol layer and transport layer are to provide routing 

and collision avoidance. The application layer is responsible 

for the data management. 

VII. CONCLUSION AND PERSPECTIVES 

In this paper, we discussed the new architecture of WSN mote 

in order to enhance the mote’s performance and lifetime. The 

new design is based on low power consumption 

microcontroller STM32L and the ZIGBEE transceiver 

CC2520 and low power consumption sensors and memory. 
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We presented a comparison between the components of mote, 

microprocessors, transceiver memory and sensors. We were 

concentrating on low power consumption components in 

order to let our mote to have good performance compared 

with other motes.  
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