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4.0 Wireless Sensor Node Hardware 
 
4.1 MICA2 overview 

 

 
Figure 4.1 – A MPR4x0 aka MICA2 mote from Crossbow Technologies 

In 2000 Seth Hollar, a researcher at UCB developed the COTS Dust [30] motes as a 
low cost alternative to the spec motes used on the smart dust project [29]. The COTS 
Dust motes became an instant hit around the world due to it’s low cost and relative 
ease in sourcing and building and the hardware. What is revolutionary about the 
COTS Dust range of motes is that it combines common off the shelf hardware, such 
as 8-bit microcontrollers, short range radio transceivers and MEMS (Micro-Electro-
Mechanical Systems) based sensors to build a hardware platform that is simply more 
that the sum of it’s parts – a wireless sensor node. 

The MICA2 [31] is a second generation COTS Dust mote that was designed at UCB 
but is now being marketed by Crossbow Technologies [5] (a market leader in MEMS 
inertial systems and WSN) in collaboration with Intel research. Two variants of the 
MICA2 are marketed by Crossbow. One is the standard MICA2 also referred to as 
MPR4x0 by Crossbow (Figure 4.1) that utilizes two AA sized batteries. The other 
variant MICA2dot also referred to as MPR5x0 by Crossbow is a coin sized mote that 
is powered by a 3V coin-cell battery. 

 
Figure 4.2 – A block diagram of a MICA2 
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Simply put, a MICA2 is an Atmel ATMega128 microcontroller connected to a 
Chipcon CC1000 FSK short range radio transceiver. The MICA2 as shown in Figure 
4.2 also houses; 

• A flash memory IC - used to store data as well an executable image during 
firmware update 

• Three LEDS (red, green and yellow) used for debugging 
• A Serial ID chip 
• A 51-pin expansion connector used to connect to sensor boards. 

 
Standard sensor boards for the MICA range of motes is given in Table 4.1. In addition 
to the standard sensor boards a researcher can build his/her own sensor board and 
attach it to a MICA2 by complying with the 51 pin connector standard stipulated in 
TinyOS literature. For example, references to sensor boards with GPS devices can be 
found in TinyOS literature [32]. 

Table 4.1 – Standard sensor boards 
Sensor board Sensors 

Basic sensor board Photo Sensor, Temperature Sensor 
Mica sensor board Photo Sensor, Temperature Sensor, 

Accelerometer, Magnetometer, Microphone 
Mica weather board Photo Sensor, Temperature Sensor,  

Humidity Sensor, Pressure Sensor 
Accelerometer, Magnetometer, Microphone 

 
4.2 Hardware employed for the research  
Several versions of the MICA2 were employed during the research; 

• Crossbow MICA2 (MPR400) – a mote development kit was purchased to gain 
insight into the operation of MICA2 and TinyOS 

• MICA2 Clone – TinyOS is an open source project. Going one step further, the 
TinyOS website [1] also publishes schematics to reference target platforms. 
Therefore TinyOS users have the option of either purchasing the hardware, or 
building it. Additionally, Chipcon provides a reference design for a plug and 
play radio module, along with schematics and PCB design. The finished radio 
module is shown in Figure 4.3. 

 
Figure 4.3 – The CC1000 plug and play radio module 

The author was thus able to design and develop a clone of the MICA2, with 
the bare necessities, which included the microcontroller board and plug and 
play radio module. 
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Figure 4.4 – The MICA2 V1 board with the plug and play radio module attached  

It should be noted that sourcing components for the radio became an issue. In 
some instances the exact matching parts could not be found, and replacements 
had to be used. Figure 4.4 shows a MICA2 clone that was built. Refer 
Appendix A for schematics of the design. 

 
• MICA2 V2 – Another variant of the MICA2 clone was built, with the express 

intention of being used in future research in to WSN.  

 
Figure 4.5 – A block diagram of a MICA2 V2 
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• As depicted in Figure 4.5 this unit consists of the following parts  
o The microcontroller board – unlike in earlier versions, this unit has an 

on board SRAM 
o Expansion port for a MMC/SD card holder 
o Expansion port for a GPRS modem or GPS module 
o The plug and play radio module 

Figure 4.5 shows a MICA2 clone that was built. Refer Appendix – B for 
schematics of the design 

 

 
 

Figure 4.5 – The MICA2 V2 board with expansion modules attached  
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4.3 Hardware issues 
During sourcing components for the MICA2 clones, the author was unable to find 
some critical components including some required for the plug and play radio module. 
This included the oscillator as well, and was replaced by a crystal with poor tolerance 
values and incorrect parallel capacitance values. 

Although the effect of the incorrect capacitance value would be a permanent 
frequency error, this would not be an issue since all the transceivers would show the 
same frequency error. The effect of the poor tolerance values would be detrimental as 
the frequency drifts between transmitter and receiver stations would be random and 
unpredictable, ultimately resulting in packet loss. The effects of this are discussed in 
section 6.7.1. 

The author is of the opinion, that by replacing the incorrect components with exact 
matching components, this deficiency can be avoided. 


