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OBJECTIVE

The objective of the project is to develop a DEVS model for an Eletrophoretic Image Display (EPID) cell and simulate the model and characterize the power consumption behavior of the EPID Cell.  The objective is twofold.  Mainly, develop a DEVS model for MxN array of EPID cell and the electrical driver circuit to simulate the system and characterize the power consumption behavior.  Secondly, if time allows, devise a DEVS model of the pigment particle mobility to characterize the electrical property of a EPID Cell and couple this unit into the main DEVS model to characterize the power consumption with greater resolution and accuracy.

INTRRODUCTION 

An electrophoretic image display is an information display that forms visible images by rearranging charged pigment particles using an applied electric field.  In the simplest implementation of an electrophoretic display, titanium dioxide particles approximately one micrometer in diameter are dispersed in a hydrocarbon oil.  A dark-colored dye is added to the oil, along with surfactants and charging agents that cause the particles to take on an electric charge.  This mixture is placed between two parallel, conductive plates separated by a gap of 10 to 100 micrometers.  When a voltage is applied across the two plates, the particles will migrate electrophoretically to the plate bearing the opposite charge from that of the particles. When the particles are located at the front (viewing) side of the display, it appears white, because light is scattered back to the viewer by the high-index Titania particles. When the particles are located at the rear side of the display, it appears dark, because the incident light is absorbed by the colored dye. If the rear electrode is divided into a number of small picture elements (pixels), then an image can be formed by applying the appropriate voltage to each region of the display to create a pattern of reflecting and absorbing regions.

IMPORTANCE OF EPID POWER SIMULATION  

As mentioned earlier, an electrophoretic display is a non-emissive device that takes advantage of the electrophoresis of charged pigments suspended in dyed solvent.  EPID devices have the advantage of a wide viewing angle.  They also retain a picture when electricity is removed due to bi-stability.  EPIDs are thus considered to be the ideal device for e-paper.  However, research is going on to produce flexible low power EPIDs that are suitable for motion pictures.  As EPIDs remain predominantly experimental, simulation of basic models based on various EPID parameter (i.e. Physical / Device Specification) is very important and provides useful insight into EPID characteristics.  In addition, low power consumption is a primary concern for most applications of EPIDs in low power systems such as hand held e-paper devices, where an accurate power model simulation is of prime importance. This helps in characterizing power saving schemes/techniques even without the presence of real hardware device under development.  

EPID  CELL STRUCTURE 

EPID is a passive display concept based upon electrophoresis in a highly, stable colloidal suspension. The colloidal suspension consists of pigment particles dispersed in a dyed non aqueous suspending liquid of contrasting color. The pigment particles are sub micron in size and electrically charged to the same polarity. A simple EPID cell consists of[image: image1.png][ TRANSPARENT ELECTRODE
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 a thin layer (50 µm) of colloidal suspension sandwiched between the transparent electrode surfaces of two glass plates.  Fig. 1 shows a cross section of a simple cell in which the particles are assumed to be charged negatively. Information can be displayed on this cell by segmenting one of the transparent electrodes, using standard photo lithographic techniques. If one electrode segment is connected to a voltage source of positive polarity, and the other segment connected to a voltage source of negative polarity, the pigment will be driven to opposite sides of the cell, as shown in the figure.  In the region of the cell in which the pigment has been packed on the front electrode, the color of the pigment will be seen by the observer. In the region in which the pigment is on the rear electrode, the ambient room light is absorbed and scattered by the dyed liquid and the color of the dye is observed. By proper selection of the pigment and dye a variety of color combinations are possible, including black and white. Due to the passive nature of the display, the near Lambertian scattering of the pigment, and the strong absorption of the dyed liquid, EPID devices exhibit excellent contrast over a wide range of viewing angles and ambient light levels.  If the polarity of the applied voltages are reversed, the position of the pigment and hence The color tone will be reversed.  For a typical EPID device, the pigment can be transported across the cell in approximately 20 ms with 50 V applied to a cell that is 50 pm thick. The average current level during operation is less than 0.1 pA/cm2. In addition, when the applied voltage is removed, the pigment remains on the electrodes, giving this inherent bi-stable memory [4]. 

BASIC EPID CELL DRIVER CIRCUIT OPERATION
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Figure 2 shows a pixel (a single EPID cell) circuit of an EPID.  Each pixel possesses a switching transistor, a large storage capacitor and an EPD element. The EPID element forms a capacitor, which is parallel to the storage capacitor connected to a source region of the switching transistor. When the switching transistor is switched on during line-at-a-time scanning, the data signal is introduced into the EPD element and the storage capacitor through the switching transistor.  Since the electrophretic response time is much larger than the pixel selection period, electrophoresis is not completed during the pixel selection period but during a frame period. Therefore, the storage capacitor must keep the data signals during the frame period.  The inevitable leakage currents through the switching transistor and the EPD element is compensated by the storage capacitor (>34 pf).  In order to lengthen the pixel selection period as much as possible, a line-at-a-time driving method is used. The binary data are transferred on a data-shift-register and kept on a latch circuit during one horizontal scan period. Simultaneously the previous data are introduced into the pixels selected by a scan-shift-register. The data and scan shift registers work with a low voltage between 3.3 V and 5 V, but electrophresis needs a high voltage of between 8 V and 15 V (note: +/-18 V is typical). After one frame is completed to make a picture, the power supplied to the display can be shut down as long as the displayed image remains static [7].

POWER MODEL FOR EPID


In [6], a method is presented for calculating power consumption in multiplexed LCD displays.  The line addressing used in this method corresponds to a Thin Film Transistor (TFT) LCD, commonly used today for driving EPID devices.  The equations presented for calculating power consumption at each row of the display based on the number of columns, rows, refresh rate, and the state of the pixels addressed can be applied to a power model for LCD power consumption and hence for the EPID power consumption.  Since no well defined power model exists, the following equations presented in [1,6] may  be applied for our EPID model:
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In [1], power modeling of a single TFT pixel is given by:
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which may be used for EPID power characterization. The coefficients are device dependent, and were calculated by taking power measurements on an LG Phillips, LCD, and using curve fitting.  For EPID power modeling, in [4], individual EPID cells are modeled as resistors and capacitors in parallel, and a graph showing a linear relationship between applied voltage and DC current is given. EPD power parameters will be extracted from this relationship.

EPID PARTICLE MOBILITY MODEL

One aspect we are further interested in pursuing (given time to implement) is the mobility characterization of the EPID ink particles to come up with a more accurate power estimation of each pixel. The motion of a charged particle under electrical field is also dependent on thermal diffusion and the feedback of the charged particle on the electrical field itself. As in [8], the change of ion concentration in one dimension is approximated by the following equations

dni / dt = +/- µi d(ni.Ez)/dz +  Di .d2 ni/d2 z 

here the Ez distribution follows a Poisson model. Based on the model specified in [8], we are interested

in formulating a combined DEVS & DESS model to characterize the mobility of the particle. This information can help us improve the accuracy of the EPID power model.  

SIMULATION INPUT/OUTPUT

The input to the system will be as follows :

· Data stream (static/motion video data bits) in frames.

· Power parameters as given in Table1.

· Particle mobility parameters.

 The output of the system will be as follows :

· Power consumed by each/combined pixels.

· Statistical information on power consumption behavior.
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Figure 1: A schematic of EPID cell
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Figure 2: A pixel circuit for EPID cell
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Figure 3: Typical EPID Driver circuit.





� EMBED MathType 5.0 Equation ��


�Table 1: Power parameters





� EMBED MathType 5.0 Equation ��


�Equation 1: Per pixel power estimation








_89664752.unknown

_108322348.unknown

