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ABSTRACT
The interactive whiteboard is following the tendency of the touch pads and it is expected to have presence in every classroom in a near future. There are very different technologies available of interactive whiteboards. Each of which have their advantages and disadvantages. In this work the inductive technology is analyzed, in which the electric field out of the board is used to determine the position on the board. Also, the effect of non-homogeneities of the resistive layer and the contact resistance of the electrodes are analyzed.
INTRODUCTION 
The inductive digital board works as follows: an electric voltage is applied and the out-of-plane electric field induces charges at the pen lead that works as an electrometer recording signal S. Four voltage states are applied cyclically in the following order: 1) maximum voltage on the whole board, giving Shigh; 2) a horizontal voltage drop, giving Sx; 3) minimum voltage the whole board, giving Slow; 4) vertical voltage drop, giving Sy. Figs. 1a to 1d illustrate the cycle. In these figures the red regions indicate high voltage and blue is low voltage. The (x,y) coordinates are derived from a linear relation between position and voltage as

,

,
where L and H are the length and height of the board. However, the relations above are, usually, not exact due to non-uniformities in the thickness of the resistive layer, non-uniformities in the conductivity of this layer, the contact resistance between electrodes, among many other reasons. In this work we study how the above mentioned phenomena alter the linearity of the board, determining what are the tolerances in the material non-uniformity that still allow software corrections. 
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Fig.1 Voltage cycle applied to the board. In (a) high (12V) on whole board; (b) horizontal drop; (c) low (0V) on whole board and (d) vertical drop.

SIMULATIONS
Fig.2 shows the corner of the board magnified, where the layer in bluish represents the resistive layer. This layer is mounted on a plywood for structural strength. The resistive layer charges when a voltage is applied implying in an out-of-plane electric field as shown in Fig. 3. The yellow frame beneath the board is a metallic strip to help shielding the atmospheric electric field. The systematic study on the shielding of the board was not carried out in this work, but it will be following short. The simulations are performed in Comsol® V4.3, a commercial simulator.

[image: ]
 Fig. 2: Detail of the board corner showing the resistive layer in blue and one of the electrodes contact.
[image: ]
Fig. 3. The field lines out of plane in the situation of Fig. 1b.
RESULTS
Non-uniformity of the resistive layer
The resistive layer can be non-uniform in the thickness or in the conductivity (). These two effects are equivalent. The fluctuation in the conductivity is equivalent to a fluctuation thickness with uniform conductivity. So, in this work we make the thickness uniform and simulated a conductivity variation. We noticed that even a severe fluctuation in the conductivity have little effect in the linearity of the voltage across the board. We made a sinusoidal variation of 900% of  in x and y directions. The voltage drop is made vertical, as in Fig. 1d, and the voltage is probed horizontally and vertically along several lines on the surface. Figs 4 and 5 show how the linearity is distorted. Note that along the horizontal lines there is the effect of the electrodes seen in the first and last lines. This oscillation effect happens only very close to the electrodes and it is not a major issue. The voltage is fairly linear considering the dramatic variation in the conductivity, showing that the electronic board is insensible to the variations in thickness and conductivity.

[image: ]
Fig.4: Electric voltage on the board sensed along several horizontal lines equidistant lines.

[image: ]
Fig.5. Potential sensed in the direction of the potential drop along several equidistant lines.

Fig. 6 shows the measurement of the sheet resistance of the layer using a concentric ring probe technique1.The fluctuation observed is roughly 100% between maximum and minimum, which is quite high, although not enough to cause unmanageable non-linearities in the board. 
[image: ]

Fig. 6. Measured sheet resistance distribution in the blackboard.

Inhomogeneous contact resistance. 
The contact resistance (Rc) is another effect that concerns due to its large uncertain in the system. We simulated a variation of 900% in Rc to see how sensible the system is to it. Figs. 7 and 8 show that the distortion in this case is more pronounced and the electrodes must be made with care.
[image: ]
Fig. 7. Effect of the Contact Resistance in the linearity of the voltage- horizontal probing.

[image: ]
Fig. 8. Distortion in the vertical direction due to the contact resistance. 

CONCLUSIONS
As shown, even high fluctuation in the conductivity or in the thickness do not sensibly affect the non-linearity of the potential drop on the conductive layer. The contact resistance, on the other hand, causes much larger fluctuations in the voltage drop.
NEXT STEPS
There are several other variables that cause the distortion in the linearity of the board and their effects will be analyzed. Some of them are the atmospheric field, the presence of conductors in the vicinity of the board, the shielding effect, new materials to improve contact resistance, etc.
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