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PRACTICAL EXERCISE #25
“ZENER DIODES”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  Today we will investigate how a zener diode can be used to improve voltage regulation, especially in a circuit where the input voltage and load can vary as shown in Figure 1. 
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Figure 1: Simple Zener Diode Regulation Circuit

We analyzed this circuit in lecture and derived an expression for the zener diode current assuming that the device was in breakdown and the voltage across it constant. We then used this expression to establish the maximum zener current (where the load resistance and input voltage are their largest values):


[image: image2.wmf]max

,

max

,

max

,

Load

Z

S

Z

unreg

Z

R

V

R

V

V

I

-

-

=


By setting the voltage and load resistance to their minimum values, we also determined the minimum zener diode current:
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From the component standpoint, the maximum zener diode current is set by the rated power and breakdown voltage (with some margin) by
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      (0.74 is the safety margin we chose for this set-up)
The minimum current is dictated by the I-V characteristic and wanting to operate beyond the “knee.”  We can approximate this value (as we did in the notes) or we can create the characteristic and use that value in our analysis (which is what we will do here).  
Step 1:  Measure the Zener Diode I-V characteristic:
1. Ensure that CH1 of the bench-top DC Power Supply has its voltage control knob dialed down to zero.
2. Build the following circuit.  Use 
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 and the 1N753 zener diode (which has a breakdown voltage between 5.89V and 6.51V; average value of 6.2V). Connect to CH1 of the power supply.
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3. Energize the DC Power Supply and increase the voltage until the zener diode current
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.  Record the voltages and currents in the following table.

4. Continue increasing the power supply voltage to achieve the remaining values in the table.  You may use the DC power supply display to record VDC.
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5. Dial the DC Power Supply voltage back to zero.  De-energize the supply and disconnect it from the rest of the circuit.
Step 2:  Calculations:
1. Given that the zener diode is rated for 0.5W and its average zener voltage is 6.2V, use the equation in the background section (with the given safety margin) to determine the maximum allowable current.  Record it below.
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2. Given the zener diode I-V data that you collected, assign the minimum zener diode current as the value corresponding to 
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.  Determine 
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 for this zener current based on data collected in Step 1.
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3. If you assume 
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, determine the range of 
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 that the zener diode can successfully regulate if the load varies between 
[image: image19.wmf]W

£

£

W

1000

250

Load

R

.  Use 6.2V for 
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4. Connect the DC Power Supply CH1 to the DMM voltmeter set to VDC.  Energize it and adjust its value to 
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5. Have the instructor verify your values: _________________

6. De-energize the power supply.

Step 3: Verification:
1. Build the following circuit.  To implement the load, we will stack one to four 
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 resistors.  Begin with a single resistor.
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2. Energize the power supply (it should be set to
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).  Measure and record in the following table the current through 
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 and the voltage across the zener diode and load (
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3. Using Ohm’s Law, calculate the load current, then apply Kirchhoff’s Current Law to determine the zener diode current (record these values in the table).
4. De-energize the power supply.  Add another 
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 resistor to the load.  Re-energize the supply and collect the data for RLoad = 500.  Repeat to complete the table.

Table: Data for 
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Question: Does the zener diode current stay between 
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Question: Does the zener diode voltage remain above 
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 determined from Step 2, #2?
Question: What is the maximum power dissipated by the series resistor
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?  Are we exceeding its capability (answer by determining the resistor wattage with the following chart)?
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Resistor Size vs Wattage Figure

5. De-energize the power supply and disconnect it from the circuit.

6. Connect the DC power supply to the DMM voltmeter, energize it and set it to 
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.  De-energize it and reinsert it into the circuit.

7. Set the load resistance back to 
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.  Re-energize the DC power supply and record the DMM data in the following table.

8. Using Ohm’s Law, calculate the load current, then apply Kirchhoff’s Current Law to determine the zener diode current (record these values in the table).
9. De-energize the power supply.  Add another 
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 resistor to the load.  Re-energize the supply and collect the data.  Repeat to complete the table.

Table: Data for 
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Question: Does the zener diode current stay between 
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Question: Does the zener diode voltage remain above 
[image: image60.wmf]Z

V

 determined from Step 2, #2?
Question: What is the maximum power dissipated by the series resistor
[image: image61.wmf]S

R

? Are we exceeding its capability?

Step 4: Design Problem:  Suppose that you want to reduce the maximum power dissipation of 
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 to 0.25W.  This will necessitate changing its resistance value and adjusting the range of 
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.  Find the required resistor value (use a standard value) and the new range of the unregulated input voltage.
Hint: 
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.  You can then use the specified power to find the resistance, then substitute to find 
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· Resistors are only available in a discrete number of values (multiples of powers of ten of the following integers, thus for example we can commercially find 
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, etc.). Choose your value from one of these.
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