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Abstract:

These experiments are intended to illustrate the non linearity of the I-V characteristics of the diode and some applications of the diode which are based on these characteristics.

Intro:

This experiment is split into 2 smaller experiments. Firstly, the I-V curve of the pn junction Diode is measured and examined. Secondly, it is shown the applications of the diode in electronics particularly in rectifiers

Experiment No.:

Weeks 2 & 3 Michaelmas Term

Method:

(a) The pn Junction Diode

Set up circuit as in diagram 1. The diode we are using in this experiment is made up of silicon. The current and voltage are measured with digital multimeters. In many semiconductor devices the essential principle is the fact that the conductivity of the material is controlled by impurity concentrations, which can be varied within wide limits from one region of a device to another. An example is the pn Junction, at the boundary between one region of a semiconductor with p-type impurities and another region containing n-type impurities. When a p-n junction is connected to an external circuit and the voltage V across the junction is varied, the current I varies as shown in diagram 2. This is in direct contrast with the symmetric behaviour of resistors that obey Ohm’s Law and give a straight line on an I-V graph. A pn junction conducts much more readily in the direction from p to n than the reverse. 

	Resistor     (
	Current      
	Voltage    +/-   0.001

	6 M (
	0.6  ( A       +/- 0.1 ( A
	0.302 V

	680 k (
	5.7 ( A         +/- 0.1 ( A
	0.404 V

	68 k (
	56.8 ( A        +/- 0.1 ( A
	0.504 V

	6 k (
	0.574 m A       +/- 0.001 m A
	0.607 V

	680 (
	5.55 m A           +/- 0.01 m A
	0.720 V

	68 (
	53.6 m A            +/- 0.1 m A
	0.869 V
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When the diode was reversed the reverse current was found to be negligible. Connecting the battery with opposite polarity gives reverse bias, and the field tends to push electrons from p to n and holes from n to p.

But there are very few free electrons in the p region and very few holes in the n region. As a result, the current in the reverse direction is much smaller than that with the same potential difference in the forward direction.

(b) Rectifiers

1. Half-wave rectifier
Connect the circuit as shown in diagram 3 with R = 10,000 ( and with the oscilloscope input connected to the terminals X and E, connecting E to the earth terminal of the oscilloscope.

Arranged like this, the diode conducts for half of each cycle of the a.c. mains, the voltage across the load R following the sine wave variation of the mains quite closely as shown in diagram 4.

The peak voltage V0, was measured.

The R.M.S. voltage across the a.c. supply (FG) was measured with a multimeter.

Leaving the circuit as it was, a 4 (F capacitor was connected across the resistance box R. The diode now charged the capacitor to the peak voltage V0 in a small fraction of each cycle. Once this happens, the diode ceases to conduct, and for the rest of the cycle the capacitor is discharging through the resistance R.

Diagram 5 shows the variation of V across R and the current I through the diode.

The peak to peak variation of voltage ( V when the capacitor is in the circuit. Repeat this for different values of R and plot ( V / V0 against 1 / R. 

By using the d.c. input to the oscilloscope, it was confirmed that the maximum value of the voltage across

C remains at V0 for all values of R.

	( V   +/- 0.01 V
	Resistance  +/- 1 (
	 ( V / V 0   +/-  0.002


	1 / Resistance  +/- 10^-8

( ^-1

	2.80
	10 k (
	0.381
	10^-4

	1.81
	20 k (
	0.246
	2 x 10^-4

	1.20
	30 k (
	0.163
	3 x 10^-4

	0.71
	50 k (
	0.097
	5 x 10^-4

	0.56
	60 k (
	0.076
	6 x 10^-4

	0.49
	70 k (
	0.067
	7 x 10^-4

	0.45
	80 k (
	0.061
	8 x 10^-4

	0.40
	90 k (
	0.054
	9 x 10^-4
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The slope of the graph obtained was 59.8 +/- 0.994 so therefore the value of C used was 1.20 +/- 0.02 F.
4. Full Wave Rectifier

Before C was disconnected, the voltage across R was 3.4V. Once disconnected the voltage dropped to 0.64 V.
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