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Introduction
This lab consisted of the building, implementation, and examination of various types of rectifiers circuit.  Three main types of full-wave rectifying circuits were examined: a Single-Capacitor circuit, a Pi-Type circuit, and a Zener circuit.  In all types the group varied parameters of load resistance and load capacitive to determine the general affect on output voltage.  From that, results were examined to determine the advantages and disadvantages of using the various types.
Theory

Rectifying circuits define a major set of all electronic devices: the conversion from AC (the standard household outlet) to DC (needed for a multitude of electronic devices). These voltage waveforms can be rectified in many different ways and in this lab three main types of circuits which do so are examined.  All these circuits are based off a basic diode rectifier.  In this creative setup, current travels in two different paths, both of which induce a positive current flow across the load.  These paths are illustrated in the following picture:
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The first circuit type examined was the single capacitor circuit (as pictured in the results section).  After the charging from the initial positive edge, the capacitor will have some built-up charge which can now discharge on the resistor.  In effect this produces a pseudo DC voltage, varying much less than the inputted sinusoid.  Ideally we wouldn’t see any variance at all but as the capacitor discharges, it can correct the waveform so much as the charge is dissipated.  Therefore, larger capacitor values will increase the time constant which will coincidently reduce the ripple voltage.  The ripple voltage can be defined as the remaining AC voltage from the filtered waveform. Application of a filter such as the single-capacitor circuit results in a waveform resembling the following illustration: 
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The second type of circuit reviewed was a pi-type circuit (as shown in the results section).  Essentially this circuit implements two phases of the single capacitor circuit.  The disadvantage of this is obviously the drop over the second resistor will reduce the DC equivalent voltage, which may be essential to the circuit design.

The last type of circuit defined was the zener circuit (as shown in the results section).  This circuit uses a special characteristic of a zener diode, which has a considerably high diode voltage.  When the voltage at the ‘top’ of the zener diode is above the designated zener voltage, it will begin to conduct, which will lower that potential.  In relation to these this filtering and rectifying situation, it will practically eliminate the surplus AC ripple voltage, as long as the input waveform remains at a higher voltage that the zener voltage.  Unfortunately this circuit will eliminate surplus DC voltage as well, so when the diode is chosen for such an application, it much be small enough to correct any ripple voltage, but high enough not to eliminate DC voltage.

Data & Results
* PLEASE NOTE THE FOLLOWING WERE GENERATED USING ELECTRONICS WORKBENCH DUE TO ERRANOUS RESULTS RECORDED DURING THE ACTUAL LAB.  ALSO NOTE THAT DUE TO LIMITATIONS IN THE SOFTWARE THE RIPPLE VOLTAGE WAS RECORDED AS AN RMS VOLTAGE *
Circuit One:
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	RL
	VRMS-LOAD [V]
	VRMS-SOURCE [V]

	1000
	6.22
	7.99

	250
	5.94
	7.99

	120
	5.79
	7.99

	60
	5.65
	7.99

	30
	5.50
	7.99


Circuit Two (Single Capacitor):
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	RL
	VRMS-LOAD [V]
	VRMS-RIPLE [mV]
	CL

	∞
	10.41
	7.85
	500

	1000
	9.67
	19.96
	500

	250
	9.34
	75.99
	500

	120
	9.13
	153.5
	500

	60
	8.84
	290.7
	500

	30
	8.41
	530.9
	500

	30
	8.65
	282.2
	1000

	∞
	10.45
	6.92
	1000

	30
	8.74
	147.83
	2000

	∞
	10.27
	4.924
	2000


Circuit 3 (Pi-Type Circuit):
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	RC [Ω]
	VRMS-LOAD [V]
	VRMS-RIPLE [mV]

	100
	2.113
	1.717

	1000
	.282
	.024


Circuit 4 (Zener Circuit):
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	RL [Ω]
	VRMS-LOAD [V]
	VRMS-RIPLE [mV]

	∞
	6.21
	.200

	1129.8
	6.20
	.251

	251.6
	6.18
	2.61

	121.4
	5.50
	23.5

	60.2
	3.47
	21.9


Capacitor Measurement:
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Post Lab Questions
1)
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2)
	RL
	VRMS-RIPLE [mV]

	∞
	7.85

	1000
	19.96

	250
	75.99

	120
	153.5

	60
	290.7

	30
	530.9


The ripple voltage increases and the load resistance decreases.  This makes sense because the resistances in other parts of the circuit will ‘steal away’ the voltage that should only be dropped across the load.
3)

	VRMS-RIPLE [mV]
	CL [uF]

	2078
	500

	781
	1000

	568
	2000


The ripple voltage increases and the load capacitance decreases.  This makes sense because a larger capacitor has a larger time constant and it is able to store more charge.  This extra charge helps keep the potential across the load constant, longer.
4)

Single Capacitor Circuit: Ripple voltage very dependant on load resistance.  Need a large capacitor to decrease the variance.  DC equivalent output load voltage is considerably high compared to the Pi-Type circuit, which is an advantage.
Pi-Type Circuit: Very ripple voltage but very small load voltage compared to other circuits tested.

Zener Circuit: Higher ripple voltage than Pi-Type, but more DC-equivalent output voltage.  One disadvantage is that the zener circuit appears very dependant on load resistance.  Another disadvantage of this would be the fact that all voltage is lowered to the zener voltage, so you must find a zener voltage close to your source voltage.
5)
The rectified waveform has all the previously negative voltage made positive. It appears to be the absolute value of a sinusoid, which will have repeated component twice as often since there’s no negative component to the wave.  Thus 2 x 60 = 120.

6) 

As the load resistance gets lower, other parts of the circuit will divide the voltage.  For instance, 30 ohms is not a very large resistance; just the wires in the circuit will most likely deter from the main voltage.
7) 


With the zener diode, any voltage below the zener voltage will cause the zener diode to be transparent (or non-conducting).  In that situation, the ripple voltage will not be resolved, so it will be at a maximum.  In the cases where it is conducting, the entire voltage output is lowered to zener voltage.  In our results, we can see that for high resistances (meaning the potential before the resistor is larger), the zener diode will act to lower this potential to 6.2 V.
Conclusion
Rectifying circuits are essential to electronic interfaces on a variety of platforms.   The formerly mentioned circuits where thoroughly tested and compared.  In the initial lab, incorrect DC equivalent voltages were obtained because of an experimenter.  The suspected ‘error’ made is measuring the DC equivalent values with the DMM’s AC measurement mode, which essentially just was returning the RMS of the ripple voltage.
It is evident that one must choose a certain type of circuit to convert AC to DC in each situation, as each circuit has disadvantages and advantages.  Cost, ‘quality of output’, and variances in load are just three examples of factors that might play a part.
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