ELEC321, LAB#5


LAB # 5

THE PHOTODIODE AND THE SOLAR CELL

THE OBJECTIVES:
1. To investigate the characteristics of the Silicon PN-junction in diodes and solar cells.

THE THEORY:

The PN-junction is formed when a P-type and an N-type semiconductor are brought together in an intimate contact. PN-junction formation for an abrupt junction is shown in figure (1-a).


When the P-type and the N-type semiconductors brought together, diffusion of the majority carriers of each type (electrons diffuse from the N-type to the P-type and holes diffuse from the P-type to the N-type) will start due to the large differences in carrier concentrations. The majority carriers in the vicinity of the junction edge will be the first to migrate (diffuse), this is shown in figure (1-b). Each one of those diffusing majority carriers will leave behind one uncompensated ionized impurity atom, diffusing electrons will leave behind positively charged (e.g. Phosphorous) ions and holes will leave negatively charged (e.g. Boron) ions creating a region called “depletion region” or “space charged region” Figure (1-d). The diffusing majority carriers reach the opposite region (electrons reaching the P-type and holes reaching the N-type) become minority carriers and start to recombine with the majority carriers of that region as illustrated in figure (1-c). The uncompensated ions induce an electric field and a potential difference (called built-in potential) between the two regions, which reduce the diffusion of the majority carriers and increase the drift of minorities from one side to the other.  This process continues until equilibrium reaches between the diffusion of majority and the drift of minority carriers. 


Under equilibrium condition (no external forces) the net current through the junction due to each carrier is zero.  The built-in potential can be calculated as follow: 
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Setting the electrons current equal to zero yields 
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Note that the drift current must be equal and opposite to the diffusion current. Solving for the electric filed yields:
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The last form of Eq (4) makes use of the Einstein relationship. Then built-in potential can be found from:
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Integrating, we obtain  
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Since, far from the junction on the P-side, 
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And far from the junction on the N side, 
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We can write 
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We can also write 
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Where:
VT = kT/q = 0.02586 volts @ Room Tem (T = 25.0 (C = 298 K)



Now, when we apply an output voltage (VD), a non-zero current will be induced across the junction, which can be calculated from the following equation.
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Where:
VD: is the Voltage applied to the Diode terminals (volts) and Isat  is the reverse saturation current (Amps)
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Where:
q: is the electron charge(C). A: is the effective cross-section area of the diode (cm2).ni: is the intrinsic carrier concentration (cm-3). Dp,Dn: are the diffusion constant of holes and electrons minority carriers respectively (cm2/sec). (p,(n: are the life time of holes and electron minority carriers respectively (sec).

The Photodiode:
A Photodiode is a PN-junction diode that has been specifically fabricated and encapsulated to permit light penetration into the vicinity of the metallurgical junction. When we apply a reverse bias voltage (VR) to the terminals of the PN-junction Diode, as shown in figure 2-a, the depletion region width will increase as illustrated in figure 2-b. 




As a result, the diffusion current decreases while the drift current remains almost constant. The drift current will constitute a reverse current across the junction.  Ideally, for VR ( 5 VT (VR (0.13volts @ 25.0(C), the diode current will be constant (ID = -Isat).


 Now, if we apply light over the diode and let the system reach steady state conditions, then an optical generation (gL, EHP/sec(cm3) of Electron Hole Pairs (EHP) will uniformly occur all over the volume of the diode. For EHP’s generating within the depletion region, the electrical filed of the depletion region will sweep the electrons towards the N-type region and holes towards the P-type region of the diode. This in fact will add as a new current component with a magnitude of (q(A(W(gL), where W is the width of the depletion region at that certain bias voltage. The other current component will come from minority carriers optically generated within a diffusion length (Lp,Ln) from the edge of the depletion region.  The magnitude of this current component is q(A((Lp+Ln)(gL. The two additional current components will constituted the Optical current of the diode Iop (amps). For VR ( 5 VT  the Diode current will be
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Figure 3 shows the effect of illumination on the diode’s Current Vs Voltage response.


The Solar Cell:


A Solar Cell is a combination of several semiconductor PN-junction diodes, which is used to transform Optical Energy into electrical power. In other words, the solar cell will transfer light into voltage and current. And since it’s an energy transformer, then the solar cell must be designed of course to minimize energy losses. Hence, solar cell must maintain relatively high efficiency. In this experiment we will be testing a solar cell which has 12 polysilicon diodes connected in series.

In figure 3 and in particular the Fourth Quadrant of the Diode characteristics, we see that under illumination the diode will give electrical power. This is because, in the Fourth Quadrant, VD is positive and ID is negative. To get more insight of the Fourth Quadrant we expanded it in figure 4.


There are four characterizing parameters for the solar cell, and they are as follows:


Voc: the Open-Circuit voltage.


Isc  : the Short-Circuit current.


Vm, Im : the operating point voltage and current yielding the maximum power 



output.

Where:
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Obviously, Voc is the maximum voltage that can be supplied by the cell for the given photo-input, Isc is the maximum current that can be derived from the cell, and Pmax = Im(Vm < Isc(Voc. 

The procedure by which we can calculate Im and Vm is as follows:

1- Taking decent number of points (x = Volts, y = Amps) on the curve of the Fourth Quadrant of the Diode characteristics.

2- Tabulating these points in a table then multiplying the potential (V) of each point by the current (I) observed at that point, produce the power at each point.

3- Compare the products and find the largest pair of voltage and current (Im and Vm).


Using these four parameters (Im, Vm, Isc, and Voc), we will obtain the fill-factor.
The FILL-FACTOR is given by;
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THE PROCEDURE:
A- The Experiment Instruments:


In this experiment we will utilize the following instruments:

1- The Connection Box: this box is the same one that we used in experiment four except this time we connected to it a light source. The light source is equipped with a variable-setting power supply, which will permit us to obtain three different light-intensity. This is shown in figure 5.


2- Oscilloscope: is the same Tektronix Digital Scope (TDS 2012) with 2-channel and a 20MHz bandwidth, which we used in experiment four.
3- Function Generator (FG): is WAVETEK pulse/function generator. It produces several shapes (sine, square etc) at various frequency and amplitude. This generator, which is shown in figure 6, will give us the needed sinusoid signal to obtain the diode characteristic.


4- DMM: digital multimeter, which will be used to measure RL.

B- The Experimental Procedure:

1- Using the multimeter measure RL (See Fig. 5). Set RL to a value between 50 and 200(. This can be done by setting 100 K( resistor to 0. To do this, use tweezers to rotate clockwise the 100 K( and 1 K( variable resistors. Then turn 100 ( variable resistor either way to a fixed value. Note down RL because you will need this value for calculations.


2- Turn on the function generator (FG) and select the sinusoidal waveform. Adjust the frequency to about 100 Hz. The output from FG is available through the point MAIN OUT (50(). Connect one end of the BNC cable to FG and other end to CH1 of the oscilloscope. Press CH1/MENU button and do the following adjustments. 
· Coupling – DC
· BW Limit – ON
· Volts/Div – COARSE; Rotate VOLTS/DIV knob of CH1 to get 5 V and SEC/DIV knob to get 2.5 ms.

· Probe – 1X
· Invert – OFF
      Increase the amplitude of the input signal to its maximum (about 20V peak-to-peak) by rotating the AMPLITUDE knob of FG. At this point you should see a stationary sinusoidal curve on the oscilloscope screen. If the curve is not stationary that means the triggering is improper.

In this case, press TRIG/MENU button and do the following adjustments to the 5 options given on the right side of the screen.

· Type – EDGE
· Source – CH1
· Slope – Rising
· Mode – Auto
· Coupling – AC   
3-
Make sure your reference voltage is aligned to the X-axis. To do this go to CH1/MENU and set 

· Coupling – Ground

You will see a horizontal line. Move this line to align with the X-axis and then change the Coupling to DC. That is,

· Coupling – DC

Usually the output from FG is a mixture of AC and DC voltage. If the DC part is non-zero, you will notice that the sinusoidal wave on the screen is non-symmetrical with respect to X-axis. In this case, adjust DC OFFSET button of FG to make it symmetrical. In other words, the DC OFFSET should be zero. Now disconnect the oscilloscope and press CH2/MENU button. Do the following adjustments.
· Coupling – DC
· BW Limit – ON
· Volts/Div – COARSE 

· Probe – 1X
· Invert – OFF
4-
Press DISPLAY button and set the 5 options as follows.
· Type – Vector
· Persist – OFF
· Format – XY
· Contrast Increase – Don’t touch it.

· Contrast Decrease – Don’t touch it.


Now you will see a green dot on the screen. Using the POSITION knobs of CH1 and CH2, bring the dot to the origin. Using VOLTS/DIV knobs set CH1 to 2 V and CH2 to 0.5 V. Connect the solar cell to the probes kept on top of the connection box and do the wiring as shown in Fig. 7. Make sure the cell is aligned with the hole in the box. Now you will see a dark diode curve (Fig. 3) where Y-axis shows the diode current and the X-axis shows the diode voltage. If the curve is inverted, interchange the contacts on the cell. Note: - At this time CH1 has the sinusoidal voltage across the cell and RL together. CH2 has the voltage across RL. You may vary RL to get a better I-V curve. In this case you will need to re-measure RL at the end of your experiment.















5-
Now switch on the light source. Set the light intensity to the minimum that is G1. You would notice that the I-V curve has shifted downward as shown in Fig. 3. You should note 4-5 points from the fourth quadrant. Be prepared to change the setting of CH 2 (VOLTS/DIV) to get a good downward deflection. Note that the CURSOR option doesn’t work here. CH2 gives I=V/RL and CH1 gives the input voltage V. Make sure that the values of ISC and VOC are included in those set of points.
6-
Repeat step 5 for the light intensity G2 and G3. Fill in the data sheet below and calculate the Fill-Factor (F).
QuestionS:
1- Tabulate the values of the FF for the optical generation conditions used in this experiment?
2- In reference to the Theory section of this lab and in particular the part about the Photodiode, we mentioned we have to let the system go to steady state. What is meant by steady state?, in other words, how long dose it take for our system to reach steady state?[hint: use your results of Lab Experiment #4 to help in the answer.]
********************(Optional question, extra credits)********************

3- An IC chip needs 30 mW of DC power and an operating DC voltage of 5 volts. Is it possible to design an array of solar cells that can supply this IC chip, using one or more of the solar cells that we have tested in our experiment? If yes, describe your array design (number of solar cells used, in what way they are connected, what is the DC operating point (VD,ID)of each solar cell).
DATA SHEET:
Light = G1:
RL=

Ch A: (V/div) =




Ch B: (V/div) =

	Point #
	Ch A: Voltage
	Ch B: Voltage/RL

	1
	0.0
	ISC =

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	VOC =
	0.0


Light = G2:
RL=

Ch A: (V/div) =




Ch B: (V/div) =

	Point #
	Ch A: Voltage
	Ch B: Voltage/RL

	1
	0.0
	ISC =

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	VOC =
	0.0


Light = G3:
RL=

Ch A: (V/div) =




Ch B: (V/div) =
	Point #
	Ch A: Voltage
	Ch B: Voltage/RL

	1
	0.0
	ISC =

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	VOC =
	0.0
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Figure 1, PN-junction formation process
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Figure 2
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