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Laboratory # 12 – DC Power Supplies
EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Illustrate an important application of diodes, the basic operation of DC power supplies.
2. Investigate two ways to improve the quality of the DC voltage.

3. Illustrate the use of transformers in changing the magnitude of AC voltages.

Grading:

Activity #1


 / 20

Activity #2


 / 25

Activity #3


 / 25

Activity #4


 / 20
Activity #5


 / 10
Important Concepts
1. An ideal DC power supply has a voltage that is constant with time, no change in voltage. The current supplied can be any value.
2. A realistic DC power supply has a voltage that is not exactly constant and the current is limited by the circuit. The variation in voltage is called ripple.
3. The power supplied by the power company is an ac voltage, which is a sinusoid of frequency 60 Hz and magnitude of 170 V = 120 Vrms.
4. The function of a DC power supply is to convert the sinusoidal voltage in the wall socket to a constant DC voltage.
Resources 

1. 4 LEDs of different colors
2. 2 1N4004 PN diodes

3. 2.7 k resistor
4. 100 F capacitor

5. Transformer

6. LM 7805
Activity #1 – Full Wave Rectification with Diode Bridge
1. Choose 4 light emitting diodes (LEDs) of different colors (if available). Test and record the forward turn-on voltage for each diode.

	Diode color
	Turn-on voltage

	
	

	
	

	
	

	
	


2. Construct a full wave bridge rectifier using the light emitting diodes, as shown in the schematic below, with the function generator delivering 7 Vrms at 1 kHz.  All the LEDs should appear to be on since the frequency of 1 kHz is faster than your eyes can detect them turning on and off.
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3. Reduce the frequency to about 1 Hz. You should be able to see the diodes turning on and off. Two diodes will be on at the same time for about 0.5 seconds, then the other pair will be on. Record which color diodes are on at the same time (circle in the table below). Note that VS is positive for half the cycle and negative for the other half. Display Vs on the oscilloscope with a slow time scale and determine whether VS is positive or negative when each pair of diodes is on and circle the correct one in the second column of the table. 

4. Note that when VS is positive, current comes out of the top terminal of the ac source, flows through the diode pointing down, then through the 2700 ohm resistor and then through another diode pointing down before it returns to the bottom terminal of the source.  When VS is negative, current flows from the bottom terminal through the diode pointing up and through the 2700 ohm resistor in the same direction as when VS was positive, so that the resistor voltage is as shown in the second diagram.

	Red   Green   Yellow   Orange  are on       
	when VS   positive or negative

	Red   Green   Yellow   Orange  are on
	when VS   positive or negative


5. Increase the frequency back to about 1 kHz. Using the DMM, measure and record in the table below, the DC portion of the output voltage, the ACRMS portion, and the True RMS values (by pressing both Voltage buttons on the DMM at the same time). You can be sure you are measuring the right voltage, by checking the units displayed.  They should be DC, AC or AC DC respectively.  You can also  calculate the True RMS with this formula:

True RMS =  (DC2  + (ACRMS)2 ) .5

6. Add a 100 μF capacitor in parallel with the 2700 ohm resistor. Be sure to connect the negative lead of the capacitor to the junction of the green and orange LEDs.  Using the DMM, measure and record in the second row, the DC portion, the ACRMS portion and the True RMS of the output voltage, Vo.  Recalculate the True RMS. 
	
	DC - measured
	ACRMS - measured
	TRUE RMS - measured
	TRUE RMS - calculated

	Without Capacitor
	
	
	
	

	With Capacitor
	
	
	
	


7. Comment on the quality of this DC power supply if the ideal is a constant voltage with no AC component that does not change with time.  Also compare the DC values in each case.
Activity #2 – Filtered Full Wave Rectification with Transformer
Now we will look at another way to build a DC power supply using a transformer. A transformer is two coupled inductors. The primary inductor is connected to the wall power, which is 120 Vrms. The secondary inductor is wound with the primary inductor so that energy is coupled from the primary to the secondary. Since there are fewer windings in the secondary inductor, the voltage is reduced. 
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The secondary winding also has a tap in the middle for ground (the G connection, yellow). The ends of the secondary are labeled D (black) and A (red).
This means than VDG is a reduced version of the 120 Vrms voltage in the primary. Similarly, VAG is the same size as VDG but inverted.
1. Obtain a transformer, a 2.7 k resistor, 2 1N4004 diodes and a 100 F capacitor from the supply cabinet. Notice the transformer has 3 terminals labeled A, D and G.  Measure and record the values below before assembling the circuit.  Use the RLC meter to measure the capacitance.
	Resistance
	Capacitance
	Diode #1 Turn-On Voltage
	Diode #2 Turn-On Voltage

	
	
	
	


2. Connect the DC power supply circuit as shown below. The input is 120 Vrms from the wall socket and the DC output voltage is across the 2.7 KΩ resistor, Vo. Be sure to observe the capacitor and diode polarities.
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3. Connect the oscilloscope A probe to the point marked A in the diagram and the ground clip to the point marked G.  In this position, the sine wave on the transformer secondary will be displayed.  This signal will also serve to synchronize (keep steady on the display) the rectified output voltage.  Turn on the scope and the transformer power and observe the sine wave.

4. Using the DMM, measure and record the DC portion and the ACRMS portion of the output voltage, Vo, between B and G.  These are designated as no-load readings and will be needed in the next activity.

Vo-DC (no load) = 



ACRMS = 



5. Connect probe B to the point marked B on the diagram and the ground clip to the point marked G. Display both channels.   Be sure to do the following:



a.  Use DC coupling on the oscilloscope



b.  Place both ground traces at the same level


c.  Place both channels on the same voltage scale 

6. Select only channel B (the output voltage) on the oscilloscope and change to AC coupling.  With this coupling the DC component is blocked and you should change the voltage scale to see the AC ripple better.  Plot the AC ripple shown on the scope display.  The capacitor holds the voltage up between peaks of the full wave rectified waveform, both decreasing the ripple and increasing the DC value.
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7. The 2.7 k resistor, RB, is sometimes called a “bleeder” resistor.  It serves the purpose of “bleeding off” the charge on the capacitor when the power is turned off, and provides a small load when no additional current is being drawn from the supply. Without the bleeder resistor, a capacitor on a high voltage circuit (e.g., in a TV chassis) could hold a dangerous charge and possibly cause damage to someone working on the circuit, even though the circuit is not plugged in.  Calculate and record the average power being absorbed by the bleeder resistor using 

                        P  = (Vo-DC)2

                                   RB                                                   P = 



8. Comment on the quality of this DC power supply if the ideal is a constant voltage that does not change with time with no AC ripple.

Activity #3 - Load Regulation

We are interested in the value of the DC output voltage of our circuit when the load is changed. Ideally, the voltage should not change as the load device draws more current from the DC power supply. An example is how a car’s headlights dim when the car is started. This is because the starter draws a large current from the battery and the voltage drops due to poor load regulation.

The load regulation is can be calculated as follows. A smaller percent is better regulation.


 (Vo-DC (no load) - Vo-DC (loaded))  (  100%


         %
Load Regulation    =                           Vo-DC (no load)  

1. Obtain a decade resistance box from the supply cabinet. The decade resistance box will simulate the load. You will connect the decade resistance box in parallel with RB and see the effect of different load resistance on the DC output voltage. You can change the dials to select a wide range of resistance.

2. Before making any connections, measure and record the resistance of the four load resistances (RLOAD) of 50 (, 350 (, 650 ( and 950 ( of the decade resistance box in the table below.  Enter the no load Vo-DC  value you measured in the last activity in each blank in the 6th column.

	RLOAD, 
	Measured RLOAD, 
	Calculated Parallel Equivalent, 
	Vo-DC (loaded), V
	ACRMS, Vrms
	Vo-DC (no load), V
	ILOAD, mA
	% Load Regulation

	50
	
	
	
	
	
	
	

	350
	
	
	
	
	
	
	

	650
	
	
	
	
	
	
	

	950
	
	
	
	
	
	
	


3. Now connect the decade resistance box in parallel with RB. Measure and record the DC and ACRMS voltage across the parallel combination of RB and RLOAD for each of the 4 load resistance values.

4. Calculate the parallel equivalent resistance of RB and RLOAD  and then calculate ILOAD , the total DC current through RB and RLOAD, by dividing the DC voltage by each parallel equivalent resistance. 
5. In the last column, calculate and record the % Load Regulation.
6. Plot Vo-DC vs ILOAD.  This shows how the output voltage drops as more load current is demanded.
7. Plot Vo-DC vs % Load Regulation.  This shows how load regulation goes up as output voltage drops.
Vo-DC                                                                                                                                       Vo-DC
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                                 ILOAD                                                                                                              % Load Regulation
[image: image7.emf]Transformer Box

D

black

A

red

G

yellow

Activity #4 - IC Voltage Regulator
To further improve the quality of the DC power supply, you can add a voltage regulator circuit, a special integrated circuit that regulates the output voltage to a precise value. These circuits are widely used in DC power supplies in consumer electronic products.  We will use the LM7805 voltage regulator. This IC outputs a nearly constant voltage of 5 V as long as the input is above 5 volts.  

1. Obtain a LM 7805 voltage regulator from the supply cabinet. Notice there are 3 leads called input, output and ground. See the figure for the lead names. 
2. Add the LM 7805 to your circuit as shown. NOTE: although not explicitly shown, the ground terminal of the LM 7805 must be connected to the G terminal of the transformer box. The output of the DC power supply is now between the Output and Ground terminals of the LM 7805.

3. Measure and record the no load ACRMS and DC voltage on the output of the voltage regulator with respect to ground. 

                Vo-DC = 



ACRMS =__________________________
4. Attach the decade resistance box from the output of the voltage regulator to ground.  Examine the voltage at point B on one scope channel and the output voltage, Vo, on the other.  Make sure both channels are DC coupled, have the same ground trace, and have the same voltage scale.  Reduce the resistance until a small dip is visible in the output voltage trace. Record the resistance value and the DC and ACRMS values of the output voltage using the DMM. Notice the substantial reduction in ripple and great improvement in load regulation through the miracle of microelectronics, as long as the input stays above 5 V.

RLOAD = 


Vo-DC = 



ACRMS =_______________
Activity # 5 – Question
1. Give at least four specific examples of devices that include a simple rectifier type power supply you may have come in contact with.  (Hint:  Often portable electronic equipment will run on batteries or can be powered from the wall. A battery provides DC voltage and the wall socket provides AC voltage. Something must be happening to make this possible).
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