ELEC321, LAB #4


LAB # 4

THE PHOTOCONDUCTIVITY OF SILICON AND THE LIFE-TIME OF excess MINORITY CARRIERS
THE OBJECTIVES:
1- To illustrate the photoconductive property of the silicon.

2- To measure the lifetime of the excess minority carriers in silicon.
THE THEORY: - 
A photoconductor is essentially a bar-like piece of semiconductor material with ohmic contacts at the two ends of the bar as shown in figure 1. 
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The semiconductors used in fabrication of photoconductors have typically low carrier concentrations under dark conditions.  The resistivity of the material is high (( ( 1/(,  and ( ( carrier-concentration, ( is the resistivity and ( is the conductivity of the semiconductor). When the semiconductor is illuminated with photons of sufficient energy, due to the generated additional carriers, the conductivity of the semiconductor increases (resistivity will decrease). The Photoconductive property of semiconductors can be used to determine the excess minority carriers lifetime. 

The experimental set up is schematically illustrated in figure 2.


The semiconductor sample is chosen to be a bar-shaped with a length of L and a cross-section of A. RS is the sample resistance, RL is a load resistance, VA is a dc voltage, ( is excess minority carriers lifetime, and VL is the load or output voltage. RS, and therefore I and VL are time dependent parameters. VL changes as the conductivity of the semiconductor varies.


The variation of VL with respect to changes in minority carrier concentrations inside the semiconductor can be derived as follows. In the following derivation it is assumed that:

1) The semiconductor is an n-type.

2) Uniform photogeneration throughout the semiconductor bulk.

3) Negligible surface recombination.

4) No end effects.

The excess hole concentration (p(t) inside the sample is described by the simplified minority-carrier diffusion equation
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(1)

Where GL is the generation rate of electron-hole pairs due to light. During the light pulse, (p(t) increases to a maximum value of (po = (p·GL. After the light pulse (t ( 0), GL = 0 and Eq.(1) with GL set to zero is readily solved to obtain the following:
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(2)

The conductivity ((t) of the semiconductor is defined as:
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Thus for time t ( 0 the conductivity likewise decays exponentially with a characteristic time constant equal to (p.


The next step is to relate VL(t) and (((t). From figure 2 one can see that


[image: image7.wmf](

)

ú

û

ù

ê

ë

é

+

×

=

×

=

)

(

)

(

)

(

t

R

R

R

V

R

t

I

t

V

S

L

L

A

L

L








 (7)

On the other hand


[image: image8.wmf](

)

A

L

R

o

SO

×

=

s


      (Sample with light-off condition or long after a light-pulse)
(8)

And from Eq (6 & 8) we get
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(During the light pulse)

(9)

Also we can see that   
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We can therefore write, using Eq. (7 & 10)
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Finally, it is standard practice to use an ac. coupling at the oscilloscope input, thereby displaying only the time-dependent portion of VL(t). The time-varying component of  VL(t) is shown to be
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Note that if we assume (((t) << (o, then the maximum output is obtained by setting RL= RSO. Also, using Eq(2 to 6) we can get the following expression:
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Where 
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 is a constant, and is given by:

For N-type sample:
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For P-type sample:
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The oscilloscope screen, shown in figure 2, will display a simple exponential decay from which one can find (. One can obtain the excess minority carriers lifetime ( is given as follows:

1- Take 5 different points (t, (vL(t)) from the displayed exponential decay curve on the oscilloscope screen.

2- Use this equation 
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 on the data that you have obtained in step 1 to procure at least 4 values of 
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3- The excess minority carrier lifetime ( will be the average value of these 4 values of 
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 obtained in step 2. Now we are prepared to perform the experiment.
THE PROCEDURE:
A- The Experimental Instruments:


In this experiment we will use the following five instruments:

1- Connection Box: this box will be used to establish the connections between the Si sample and the other measurement devices, and also it will be used to hold and connect the load resistance (RL) for the experiment. This is shown in figure 3.

2- Oscilloscope: It is Tektronix Digital Scope (TDS 2012) 2-channel and a 20-MHz bandwidth, which will be used to show the desired monitored-signal (VL(t), volts). 

3- D.C. Power Supply: is a simple dc power supply. It provides variable voltage supply. It also provides fixed 5 V power. You would use the terminals that give fixed 5 V supply.
4- Light Source: We use a Stroboscope that provides white light. The Stroboscope is a light source that gives light pulses with a certain frequency. Use a frequency greater than 100 Hz.
5-  DMM: digital multimeter, which will be used to measure RSO and RL. This is shown in figure 4. 

B- The Experimental Procedure: For each sample go through the following steps:
1. Secure the Si sample into the connection box. It is preferable to have the rough side of the Si sample on the top.
2. Connect the DMM terminals to the sample probes connection ports as shown in figure 5. Using the DMM, measure and record the value of RSO. It should be in tens of K( range. If RSO is larger than 100 K(, try another sample.

3. Then connect the DMM terminals to the RL connection ports as shown in figure 6. Using the variable resistor knobs obtain a value of RL that matches closely to RSO.  Then record that value.


4. Using Eq.(12), with VA = 5 volts, (((t=0)/(o = 0.1, calculate the maximum allowable (vL(t=0) = (vLo.

5. Now disconnect the DMM and connect the devices according to the setup shown in figure 7. Output from the connection box goes to channel 1 (CH1) through a BNC cable. Turn on the oscilloscope.

p
6.    Press  CH1/MENU  button and then use the 5 buttons on the right side of the display screen to get the following setting.

· Coupling – AC
· BW limit – ON
· Volts/div – COARSE; Here at the bottom of the data screen, you can see the values for VOLTS/DIV and SEC/DIV. Rotate the knob for VOLTS/DIV to get 100 mV and SEC/DIV to get 100 (s.
· Probe – 1X
· Invert – OFF
Now a yellow line should appear on the screen. Bring this line to the center of the screen using the POSITION knob located above CH1/MENU. This is your reference position.
7.
Now, turn the stroboscope ON and hold it above the silicon sample. You should see an exponentially decaying curve as shown in Fig. 2. If this curve is not stationary, it is due to improper triggering. Now press TRIG/MENU  button. You will see 5 options at the right side of the screen. Select the following options.

· Type – Edge
· Source – CH1
· Slope – Rising
· Mode – Auto
· Coupling – AC
8.  This curve overlaps a background noise. Adjust the height of the Stroboscope so that you get an acceptable (vLo value on the oscilloscope (calculated in step 4). If the curve is not stationary, rotate the TRIGGER LEVEL knob suitably to get a stationary curve. If the size of the curve isn’t suitable for measurement, change X-Y scales (VOLTS/DIV, SEC/DIV) and move the reference voltage towards the bottom of this screen by using the POSITION knob. Once you have an exponentially decaying waveform, you can save it for the measurement as follows: Press SAVE/RECALL button at the top. A new menu will appear at the right side of the screen. Do the following adjustment.
· Setups – Waveform
· Source – CH1
· Ref – A
· Save – Now press the button corresponding to this option to save your curve.

· Ref A – ON
Now you can turn off the stroboscope. You can still see the curve you have saved. This curve is in white color indicating that it is a saved curve. If you are not happy with this curve, turn the stroboscope on and save again. 

9.  To do the measurement of this curve (voltage vs. time) use the cursors. Basically you need to take five readings of five different points from the exponential curve appearing on the oscilloscope. These points will be used to calculate the average lifetime constant of the sample. Press the cursor button at the top. Cursor menu will appear on the right side of the data screen. Do the following adjustments.
· Type – Press the corresponding button to set it to VOLTAGE.
· Source – REF A
You can see 2 green horizontal lines which correspond to cursors 1 and 2. The third entry on the display at the right is Delta which gives the difference between cursor 1 and 2. Fourth entry is the position of cursor 1 with respect to the reference voltage. Similarly the 5th entry on the screen gives you the position of cursor 2 with respect with the reference voltage. You can move cursor 1 and 2 lines using the POSITION knobs for channel 1 and 2 respectively. Align cursor 1 with reference voltage so that the 4th entry on the menu shows 0. Move cursor 2 to five selected points to measure the voltage. For these points you also need the time. So press the button corresponding to Type option to get TIME cursors. These are vertical lines. The menu on the right side of the data screen gives Delta and the positions of 1st and 2nd cursor with respect to the time when the signal is triggered. Move the POSITION knob of channel 1 to make cursor 1 reading 0. Bring cursor 2 to the previously chosen points and take down Delta for these points. 
   To hide cursors, press the button corresponding to Type option so that it is OFF. To hide the saved curve from the screen, press SAVE/RECALL button and then press the 5th button at the bottom to make Ref A, OFF.
10. Repeat the steps 1 to 9 for two more silicon samples. Now you can use the expression for ( given on page 3 to calculate (.
Answer the following questions in you lab report:

A. What is the physical significance of the fact that the voltage curve is exponentially decaying?
B. Why is channel 1 menu set to AC coupling?
C. If you use a constant light source instead of stroboscope which turns on and off, what do you expect to see on the oscilloscope screen?

D. If the light energy was smaller than the bandgap of silicon, will you observe the decay curve?

DATA SHEET:
Sample #1:
(vL(t=0) = (vLo=

Amp/Div =



Time/Div =

	Point #
	Time t
	Voltage (vL(t)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


Sample #2:
(vL(t=0) = (vLo=

Amp/Div =



Time/Div =

	Point #
	Time t
	Voltage (vL(t)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


Sample #3:
(vL(t=0) = (vLo=

Amp/Div =



Time/Div =

	Point #
	Time t
	Voltage (vL(t)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
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