ECE 222L 

Lab 1 – Half-wave rectifier with RC filter
We will be talking a lot this term about ac (sinusoidal) signals.  Anything that plugs into the wall uses ac power.  However, for many applications it is convenient to take this convenient ac power source and convert it to dc.  For example, anything with transistors generally needs dc power.  The simplest circuit to convert ac to dc is the half-wave rectifier shown in Figure 1(a) below.
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Figure 1.  Half-wave rectifier (a) unfiltered and (b) filtered.

You will learn about diodes in ECE 321, but for now we can simply think of them as a one-directional switch.  For an ideal diode, if VD > 0, the “switch” is closed and the diode conducts like a short circuit.  For VD < 0, the switch is open and the diode does not conduct, just like an open circuit.  In a more practical model of the diode, we say that the diode is a short circuit for VD > VON and the diode is an open circuit for VD < VON.  Typically, VON ( .7 V.


The addition of a capacitor in Figure 1(b) has a smoothing effect on the output. Say Vin = Vmcos(t).  Assuming an ideal diode, initially Vout charges up to Vm.  When Vin falls below Vm, the diode is open, the RC network is isolated, and Vout = Vme-t/RC, as seen in section 7.2 in Nilsson.  The exponential decay continues until Vout < Vin, at which time the diode will start conducting again.


How much Vout decays depends on the time constant RC compared to the period (T) of Vin.  If we assume that the diode is open for almost the entire period, we can approximate the minimum Vout as Vout_min ( Vme-T/RC.  The “ripple voltage” is defined as Vr = Vm – Vout_min.  If RC >> T, expanding the exponential gives Vr ( VmT/RC.  Note that if we use the practical diode model, we can simply replace Vm with Vm – VON.

1.  If Vin = 10cos(t) in Figure 1(a), sketch on the same graph Vin(t), Vout(t) for an ideal diode and Vout(t) for a practical diode.  The horizontal axis is time in arbitrary units.

2.  If Vin = 10cos(t) in Figure 1 (b), sketch on the same graph Vin(t) and Vout(t) for (i) RC ( T and (ii) RC >> T.   

3.  A more efficient rectifier is the full-wave rectifier using a center-tapped transformer as shown in Figure 2.  Sketch on the same graph Vin(t) and Vout(t)  for this circuit.
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Figure 2.  Full-wave rectifier using center-tapped transformer.

4.  Design, simulate in LTSpice and build in the lab a half-wave rectifier with Vm = 10 V, f = 60 Hz (remember  = 2f = 2/T), R = 1 k and Vr ( 2% of Vm.  

5.  In both LTSpice and in the lab, adjust the RC time constant to be approximately 10x larger and then approximately 10x smaller.  Comment on the effect on the ripple voltage that you observe.

6.  Build a full-wave rectifier to the same specifications as in step 4, except change the frequency to 1 kHz (the transformers we use in this lab do not work very well at 60 Hz.)  


Your report should include (i) the sketches for questions 1 - 3, (ii) a discussion of your designs and any relevant calculations, (iii) your LTSpice schematics and output plots, (iv) screen shots of your circuit outputs and (v) a discussion of the comparison between your design calculations, simulations and test results.  Make sure your simulation and test outputs are scaled to clearly show the ripple voltage.



















