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Abstract
Wireless Sensor Networks (WSNs), as the name suggests consist 
of a network of wireless nodes that have the capability to sense 
a parameter of interest like temperature, humidity, vibration etc. 
The devices used are typically characterized by low cost, low 
power and are rugged in operation. They are commonly referred 
to as motes in the WSN domain. This paper describes the design 
and implementation of a mote, which we call as i-Mote. We have 
completed a prototype/schematic design that is based on the telos 
architecture that integrates an MSP430 microcontroller, CC2420 
radio, 8 MB flash and an on board temperature sensor. We had to 
test the operation of the microcontroller and the radio for transfer 
of data over a wireless channel in 2.4 Ghz spectrum (ISM band). 
However, due to lack of hardware and limited facilities in the 
college the testing and PCB fabrication had been incomplete. 
Result shows that the bill of material cost of i-Mote is less than 
one fourth of the selling cost of the Tmote. Also, the administrative 
overheads involved and large lead time for procurement of chips 
deterred the fabrication of i-Mote. However, the low cost of 
developed i-Mote makes it a viable option for fabricating such 
boards in India.
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I. Introduction
Wireless Sensor Network (WSN), is an emerging concept and 
technology that opens up new application fields. The advances in 
the hardware and wireless technologies have permitted inexpensive 
low power communication devices that can be deployed throughout 
a physical space that may provide dense sensing close to physical 
phenomena, processing and communicating this information, 
and coordinating actions with other nodes. Such a deployment is 
termed as a Wireless Sensor Network (WSN) if communicating 
links are wireless. To realize such a network, there are a new set of 
challenges. These devices which are being used have substantial 
processing capability in the aggregate, but not individually. These 
individual devices are named as motes in WSN. The usage of 
motes was originally intended for military applications but soon 
spread to other civilian applications like habitat monitoring, 
environment monitoring, volcano monitoring, wildlife tracking, 
industrial monitoring, structural monitoring etc. 

A. Motivation and Problem Statement
The usage of motes was conceived and implemented by the Smart 
Dust [22], project. There are a number of Commercial Off-The 
Shelf (COTS) motes available in the market today but none of 
them are readily and easily available in India. There has been a 
similar development at IIT Delhi [4], Rete, a mote called “Tmote” 
which operates at 433 MHz. However, these motes have their sales 
division in USA and are not readily available in India. Moreover, 
the COTS motes have to be imported and not all educational 
institutions in the country have administrative procedures in place 
that enable them to procure these devices easily as and when 
required.

Design of a low cost, low power hardware platform for use in 
sensor networks.

Build a simple working prototype that can be improved 1. 
upon.
The prototype though simple should be able to deliver all the 2. 
functionalities possible with commercially available state of 
the art motes.
The motes developed should be easily available for research 3. 
and educational institutions.
We have designed and implemented “i-Mote” which integrates 4. 
an MSP430 microcontroller, a CC2420 radio chip which 
operates in the Industrial, Scientific and Medical (ISM) band 
(2.4 GHz). 

The Section II, discusses the Embedded hardware ICs such as 
MSP430 microcontroller and CC2420 radio chip. Section IV,  
discusses the design considerations and implementation of 
i-Mote. Section V, discusses the testing methodology of i-Mote 
and forecasted results that may be obtained during the range and 
power consumption tests. Section VI,  finally summarize our work 
and discuss the future scope.

II. Embedded Hardware ICs

A. MSP430 Microcontroller
The information given below has been taken from the manufacture’s 
application notes and manuals. See reference no.s [7-11]. MSP430 
Microcontrollers (MCUs) from Texas Instruments (TI) are 16-bit, 
RISC-based, mixed-signal processors designed specifically for 
Ultra-Low-Power (ULP). MSP430 MCUs have the right mix of 
intelligent peripherals, ease of use, low cost and lowest power 
consumption for thousands of applications. "Including yours". TI 
offers robust design support for the MSP430 MCU platform along 
with technical documents, training, tools and software to help 
designers develop products and release them to market faster.

Fig. 1: MSP430F1611

MSP430F1611 has some key features low Supply Voltage Range 
1.8 V to 3.6 V, ultralow-power consumption: active mode: 330 
μA at 1 MHz, 2.2 V, standby mode: 1.1 μA, Off Mode (RAM 
Retention): 0.2 μA, wake-up from standby mode in less than 
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6 μs, 16-Bit RISC architecture, 125-ns instruction cycle time, 
three-channel internal DMA, 12-Bit A/D converter with internal 
reference, sample-and-hold and autoscan feature, dual 12-Bit 
D/A converters with synchronization, 16-Bit timer_A with three 
capture/compare registers.

B. The Radio IC Selected- CC2420
The information given below has been taken from the manufacture’s 
application notes and manuals [2]. The CC2420 is a true single-
chip 2.4 GHz IEEE 802.15.4 compliant RF transceiver designed 
for low power and low voltage wireless applications. CC2420 
includes a digital direct sequence spread spectrum baseband modem 
providing an effective data rate of 250 kbps and works in the 2.4 
GHz unlicensed ISM band. The CC2420 provides the following 
features reduce the load on the host controller and allow CC2420 to 
interface low-cost microcontrollers – extensive hardware support 
for packet handling, data buffering, burst transmissions, data 
encryption, data authentication, clear channel assessment, link 
quality indication and packet timing information. CC2420 uses 
0.18 μm CMOS technology.

III. Hardware Design
We discuss the hardware chosen for i-Mote and mention the 
modifications and enhancements carried out on an existing 
embedded platform design. We chose to stick to the hardware 
used in telosb [12,20] as the advantages offered are dual:

The microcontroller (MSP430) and radio (CC2420) used in • 
that design are readily and easily available.
The embedded operating system TinyOS has inbuilt support • 
for these chips. 

Table 1. Comparison of CC2420 and XE 1205 Radio
Property CC2420 XE 1205
Frequency of 
Operation 2.4 GHz 868-870 MHz

Transmit 
Power 0 dBm 0 to +12 dBm

Receiver 
Sensitivity -95 dBm -121 dBm @ 1.2 Kbps

-101 dBm @ 152.3 Kbps
Max Data 
Rate 250 Kbps 152.3 Kbps

Max Range upto 
150m

200m @ 76.8 Kbps

Current 
Consumption

21mA @ 
0dBm

25mA @0dBm
62mA @ +12 dBm

For the radio chip, there are alternatives like the XE1205 [19] 
and CC2430 [3], radio chip in place of CC2420 but comparison 
of one of the radio is shown in Table 1.
The modifications mentioned below are provision of serial interface 
in lieu of USB, provision of external power supply adapter, on-
board temperature sensor, LCD panel interface, increase in unused 
GPIO pins and the form factor of the proposed i-Mote increased 
as compared to that of Tmote.

A. Architecture of  i-Mote
The architecture includes the selected chips for the telos 
configuration.

Fig. 2: Architecture of i-Mote

The functionality of the mote is built around the core part- the 
microcontroller. Radio, the other building block of the mote, is 
interfaced to it using the SPI bus for interfacing was decided as 
full-duplex capability of this bus makes it simple and efficient 
for an application that has single master and one/two slaves. In 
addition to the SPI bus, the radio needs an interface for Digital 
I/O, Clear Channel Assessment (CCA), Start Frame Delimiter 
(SFD) pins. For these I/O pins of microcontroller are used for 
the purpose. In order to radiate electromagnetic energy, the mote 
needs an Inverted F Antenna (IFA) for this. This antenna is also 
recommended by M/S Chipcon [1] for CC2420. The IFA  antenna 
has an omni directional radiation pattern and is therefore useful in 
typical applications where motes are used in mesh or any adhoc 
configuration. To achieve higher ranges, a provision for connecting 
external antenna is often required by providing a Sub-Miniature 
Version A (SMA) connector which can be connected to a 50Ω  
antenna. For data logging and storage, the microcontroller is 
interfaced to a flash STM25P80. which has a memory of 8 Mb 
and operates at voltages of 2.7 to 3.6 volts and has an SPI interface 
also [13]. It was selected being for low operating voltages and 
good storage capacity. As well as, this flash interfaced through SPI 
bus on shared communications lines with the radio.  An embedded 
temperature sensor with the ADC pins of the microcontroller has 
been proposed i-Mote and a JTAG interface to enable testing and 
debugging of the platform is also included. A mote should have 
ability to interface peripherals. Universal Asynchronous Receiver/
Transmitter (UART), Inter-Integrated Circuit (IIC) bus and General 
Purpose Input Output (GPIO) pins of the microcontroller are used 
for this purpose of interface peripherals via expansion connectors. 
LCDs are useful displays and enable to printout some debugging 
messages and can also be used for instructional purposes. This 
panel is interfaced with GPIO pins.

B. PCB Design Issues
The design challenges encountered and consequent decisions are 
enumerated in following paragraphs—

1. Provision of a Serial Interface in Lieu of USB 
This interface is primarily for programming the mote from a PC/
Laptop and also for transfer of data from a mote to PC. Provision 
of a serial interface is in accordance with our goal of reducing 
circuit complexity of the PCB. 

Fig. 3: Serial Interface for i-Mote
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The microcontroller has UART interface that supports RS 232 
protocol. We have used MAX3380 [6] which has two trans-
receivers and converts voltages from TTL (used by MSP430) to RS 
232 (used by Serial Port). In addition to the connections shown in 
the figure between the chips and serial connector, MSP 430 needs 
a signal to reset the device before it is put into programming mode 
of operation. It is desirable to put the processor in programming 
mode in somewhat an automated manner from the PC. This can 
be achieved with the use of modem control signals on RS232. 

2. Provision of External Power Supply Adapter
The MCP1700-3302 [18], voltage regulator chip used for this 
purpose. The chip gives a regulated power supply of 3.3 volts for 
an input power supply of upto 6 volts.

3. On-board temperature sensor
The Analog Devices TMP36FSZ sensor has an operating range 
of -40 to +125oC [14], has been selected. The sensor operates at 
Vcc = 2.7V and this supply was provided from microcontroller 
itself using a GPIO pin.

4. LCD Panel Interface
A GPIO based 2x16 character LCD panel interface has been 
provided to aid programmers in debugging the applications on 
the mote. MSP430 F1611 does not provide any LCD controller 
and so we chose an LCD panel with an integrated controller. 

5. Increase in Unused GPIO Pins
As discussed in (3) above, the number of unused GPIO pins in 
i-Mote have been increased. This would allow a larger number of 
GPIO based peripherals to be interfaced with i-Mote. 

C. Design of PCB in Protel DXP 2004
The schematics and PCB of i-Mote are planned to be designed in 
Protel DXP 2004. Although the available documentation of Protel 
DXP is exhaustive, it is poorly organised. 
A major challenge is the decision on the track thickness for 
connecting the output of Radio to the onboard antenna. The width 
of the track determines the characteristic impedance, Z0 of the 
transmission line connecting the power output from radio to the 
feed of the antenna. The footprint of the antenna was taken from 
the Chipcon Application Note [5]. Although there exists detailed 
formulae to compute the track width, we chose a width of 0.4 mm. 
However, manufacturer cannot fabricate a PCB below certain 
minimum dimensions. A minimum dimension of 6 mils for track 
width and 20 mils for vias diameter selected and designed the 
board accordingly. The clearance width selected  to be 0.4 mm 
between tracks and vias to prevent any accidental short circuiting 
of the tracks while soldering the components.
The final PCB shall be a 4 layered one with dimensions of 2 inch 
by 3 inches.

D. Fabrication and Assembly of PCB
The PCB material specifications are the following:
4 Layer PCB 1.0 mm FR4. The total thickness of the board is 1.0 
mm and the material is Flame Retardant woven glass reinforced 
epoxy resin.
Layer Spacing:
1-2: 0.25 mm
2-3: 0.4 mm
3-4: 0.25 mm
1 oz copper pour, solder plated finish 

E. Integration of i-Mote with TinyOS
TinyOS [16], is an open source OS developed for embedded systems 
at U.C.Berkeley and supports both MSP430 and CC2420. Another 
major factor for choice of TinyOS as the operating system is the 
fact that we were experienced in its usage and quite comfortable 
with its structure and design.
The steps involved in integration are fairly simple and 
straightforward. TinyOS supports multiple platforms (e.g. MicaZ, 
Mica, Tmote and TinyNode [15] etc) and it reuses as much code 
as possible between platforms. We made use of this platform 
independence offered by TinyOS to integrate i-Mote with it.

F. Power Consumption Measurements
To measure the power consumption, connect an ammeter in series 
with the power source and measure the current drawn. The results 
obtained and a comparison of these values with those of Tmote 
(as per its datasheet [17]) are as shown in the Table 2. The values 
measured are similar to those of Tmote.

Table 2: Power Consumption of i-Mote

Measured Parameter I-Mote Tmote

Current Consumption: 
MCU on, Radio TX 19.3 mA 19.5 mA (Nominal)

21 mA (Max)

Current Consumption: 
MCU on, Radio RX 21.1 mA 21.8 mA (Nominal)

23 mA (Max)
Current Consumption: 
MCU on, Radio Off 1.5 mA 1.8 mA (Nominal)

2.4 mA (Max)
Current Consumption: 
MCU standby 6.7 μ A 5.1 μ A (Nominal)

21 μ A (Max)

G. Cost Analysis of i-Mote
The initial cost for art work of PCB during its fabrication is 
about Rs 7000/- (165 USD) and may be ignored as a one time 
investment. 

Table 3. Bill of Material Cost of i-Mote
Description Cost
Cost of Manufacturing a PCB Rs 100/- (2.40 USD)
Cost of Components
Microcontroller (MSP430) Rs 372/- (8.65 USD)
Radio (CC2420) Rs 210/- (4.86 USD)
Voltage Regulator(MCP3302) Rs 13/- (0.3 USD)
Flash (STM25P80) Rs 155/- (3.62USD)
Serial ID Generator (DS2411) Rs 23/- (0.54 USD)
RS232 Trans-receiver 
(MAX3380) Rs 120/- (2.78 USD)

Temperature Sensor 
(TMP36FSZ) Rs 17/- (0.4 USD)

16 Mhz Crystal (for Radio) Rs 185/- (4.3 USD)
Other Passive SMD 
Components Rs 430/- (10 USD)

Total Rs 1625/- (37.85 
USD)
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The comparison of costs between the three platforms is shown 
1. Tmote: Rs 5590/- (130.00 USD  (without sensors))
  Rs 7740/- (180 USD (with sensors))
2. Tiny Node: Rs 7740/- (180.00 USD)
3. i-Mote: Rs 1625/- (37.85 USD) (BOM cost only)
There is also an option of purchasing a bulk set of 10 or Tmotes 
at a discounted price Tmotes at an offer price of Rs. 4300 (100 
USD, with sensors) is available. From the Table 3 it is very evident 
that development of such a i-mote in India does have huge cost 
benefits. Not all educational and research institutes in India have 
administrative procedures in place to import these motes. Further, 
there is a large lead time in procurement and it takes about 10 
weeks for delivery.

IV. Conclusion and Future Scope
In this paper, we presented a low cost consumption implementation 
for wireless sensor networks node using MSP430 & CC2420. The 
i-Mote has been tested and provides communication ranges of 
about 150m which is nearly double the range [21], of Tmote, the 
most popular commercially available state-of-art sensor device. 
The device is powered by two AA size batteries and consumes 
about 20 mA during transmission. I-Mote is a prototype and one 
would expect the cost of such prototype to be higher than that of 
the commercially available motes. The BOM cost of i-Mote is Rs 
1625. The total cost of the mote as per industry standards can be 
computed to be around Rs 5000 which is 3 times the BOM cost. 
This cost is lower than the cost of a Tmote. Hence it becomes a 
viable option to fabricate these boards in India for the advantages 
offered by such a development. However, the physical size of 
design prototype is slightly more.
The lists of future to-do’s are:

Modification of bootstrap loader program to incorporate the 1. 
serial port interface for programming the mote.
Integration of LCD panel on mote itself.2. 
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