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Abstract: We have developed a simple, low-cost electronic interface suitable for use 
with piezoresistive microcantilever-based sensors. This interface uses the USB bus of any 
computer or laptop to communicate with the sensor via SPI commands. The primary user 
interface is LabView. We have used this system with several “embedded” piezoresistive 
microcantilever sensing applications, including both liquid-phase and gas-phase sensing. 
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1. Introduction 
 
Embedded piezoresistive microcantilever (EPM) sensors provide a simple, low-cost 
platform for the sensing of a wide variety of analytes [1, 2]. In the basic EPM design, a 
tiny piezoresistive microcantilever [3] (approximately 100 – 200 microns in length) is 
embedded or partially embedded in a “sensing material” [2]. This material is chosen to 
react volumetrically when exposed to the chosen analyte. The reaction of the analyte 
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molecules with the sensing material may be a chemical reaction, mechanical (partitioning 
or diffusion) reaction, absorption, or adsorption, or other reaction as long as some sort of 
movement of sensing layer takes place. The volumetric change in the sensing layer 
subsequently results in a strain in the piezoresistive microcantilever, which is measured 
as a resistance change by the sensor electronics. 
 
Cantilever strains of only a few angstroms are measurable in the best cases, and only 
simple support electronics capable of resistance measurement are required. Also, since 
the microcantilevers are partially embedded in the sensing material, the tiny sensor 
elements themselves are highly resistant to movement or shock, making them suitable for 
many types of field deployments. We have previously tested EPM sensors on a variety of 
analytes, including volatile organic compounds (VOC’s) [4, 5], single-strand DNA [6], 
viruses [7, 8], human hydration [9], and proteins. 
 
In the present article we discuss a simple, low-cost electronic interface for EPM and other 
similar types of sensors. This interface is based on LabView [10], and utilizes two 
primary integrated circuits (IC’s). The first IC is used to translate commands from 
LabView through the computer’s USB port into SPI commands, while the second IC 
serves as a 24-bit A-D converter and precision current supply for the EPM sensors. Here, 
we will discuss both the interface hardware, and the LabView software functionality. 
 
 
2. Sensor Hardware 
 
The primary connection to the EPM sensors themselves is a single 24-bit A-D converter 
(AD7793). This interface can be seen in Fig. 1, on the left where the two components of 
the EPM sensor are connected. 
 

 
 
Fig. 1. Schematic diagram of basic EPM sensor interface to computer. The two EPM components 

(PMC and Thermistor) can be seen on the left of the figure. 
 
 
The two EPM components connected to the AD7793 are the piezoresistive 
microcantilever (PMC), and an integrated thermistor. The PMC (with thermistor) dies are 
supplied by Cantimer Inc., Menlo Park, CA, USA. The AD7793 provides two 
programmable current sources (IOUT1 and IOUT2), which are set at 100 µA to excite the 
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two resistive elements (PMC and thermistor) in each EPM. Then, the voltage drop across 
each of the two elements is measured (AIN1+, AIN1-, and AIN2+, AIN2- respectively) 
and digitized with 24-bit accuracy. The remainder of the interface hardware is to facilitate 
communication with the host computer. 
 
Commands to the AD7793, and USB communication with the host computer are 
facilitated by a single U421 IC, available from USBmicro [11]. All digital 
communication to/from the U421 and the AD7793 is via SPI commands. These 
commands, DIN, DOUT, SCLK, and CS are used to set the measurement parameters for 
the AD7793 such as current magnitude, sample frequency, conversion parameters, and 
data in/out protocols. Some of these settings will be discussed in the software (LabView) 
section. Communication between the U421 and the host computer is via the computer 
USB port (5 wires). The USB 5-volt supply from the host computer is also used to supply 
power to both the AD7793 and the U421. A photograph of the two chips mounted on 
small circuit boards is shown in Fig. 2. 
 
 
 

 
 

 
Fig. 2. Photo of U421 board (top) and AD7793 (bottom). A AA battery is shown  

for size reference. 
 

 
3. Sensor Software 
 
The software communication with the sensor, user interface, and data display is 
accomplished using LabView. The user interface screen is shown below in Fig. 3. 
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Fig. 3. Primary LabView user interface to EPM sensors. 
 
 

The raw sensor voltages (PMC and thermistor) are displayed in both decimal and 
graphical views on the user screen. A function to clear the charts between measurements 
is also provided. The LabView block diagram for the main screen is shown in Fig. 4 
below. 
 

 
 

Fig. 4. Block diagram for main LabView interface. 
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This primary LabView VI consists of three sub-VI’s.  These sub-VI’s are used for 
initializing, reading, and stopping communication with the U421. For example, the block 
diagram for the “Start U421” VI is shown below in Fig. 5. 
 

 
 

Fig. 5. Block diagram of “Start U421” sub-VI. 
 
 

The sub-VI’s within Start U421, etc. are available freely from the USBmicro website, and 
were produced by Amadeo Verges (Zuhlke Engineering AG). Here, the InitPorts VI 
identifies the USB port used. The Direction VI sets pins as either input or output (later, 
we will use these pins as chip select (CS) and on/off for the chip). The first WritePortA 
VI sets CS high, turning off (deselecting) the AD7793 chip. The InitSPI VI is used to set 
up the SPI communication parameters, followed by another WritePortA command to set 
CS low (select the AD7793). The SPIMaster VI then sends a command to the ADS7793 
to turn on the precision current supplies. Finally, the last WritePortA VI sets CS back to 
high. 
 
In Fig. 6, we show the block diagram of the Read U421 VI. Here, the first WritePortA 
sub-VI sets CS low to select the AD7793. This is followed by an SPIMaster command 
which selects channel 0 on the AD7793 as the active channel. After a small delay, 
another SPIMaster command is sent to read 4 bytes (only 24 bits actually used), the 
voltage from channel 0 of the AD7793. The next two VI’s repeat the process, selecting 
channel 1 on the AD7793, and reading the 24-bit voltage from that channel. Finally, the 
CS is set again to high, deselecting the AD7793. Not shown is the StopU421 VI, which 
turns off the current supplies from the AD7793 and terminates communication to the 
chip. After a data acquisition session is complete, the data is automatically saved to a file 
that may be imported to a spreadsheet program such as Microsoft Excel. 
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As an example of data acquisition using the AD7793 with LabView, we fabricated an 
EPM sensor to be used in the detection of hydrogen fluoride (HF) vapor (Fig. 7). The 
sensing material used for this experiment was a composite material consisting of keratin 
and thiolated gold nanoparticles. 
 
 

 
 

Fig. 6. Block diagram of LabView “Start U421” sub-VI. 
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Fig. 7. EPM sensor response to HF vapor exposure (arrow). 
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The material was deposited onto a Si substrate while in the liquid phase. The 
piezoresistive microcantilever was then brought into contact with the material and 
allowed to dry. The HF exposure took place in a sealed chamber of approximately 1.2 cu. 
ft. volume. At the time indicated by the arrow in Fig. 7, one ml of concentrated HF was 
injected into the chamber. The sensor response was immediate, and continued for 
approximately three minutes after exposure. A more detailed description of EPM sensor 
responses to HF and other acid vapors will be presented in a forthcoming paper. Here, we 
note that the electronics package worked well in this application. 
 
 
4. Conclusion 
 
We have developed a simple, low-cost electronics package suitable for use with 
embedded piezoresistive microcantilever sensors. The small, package allows for 
individual sensor units to be deployed via a USB connection to any computer running 
LabView software. 
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