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Lab 5 Diodes

1. V-l Characteristics — signal diode

Measure the voltage-current characteristics of a standard signal diode, the 1N914, using the
circuit shown in Figure 1 below. The purpose of the back-to-back power supplies is to facilitate
measurements near zero supply voltage. (a) Plot the V-I characteristics to show the rapid rise in
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Figure 1: Diode Measurement Circuit

forward current when the forward voltage approaches 0.7 volts. It should look something like
the right half of the curve in Figure 2.

Notice that the current in milliamps is given by the voltage across a 1 kQ resistor as
measured in volts. Therefore, you can measure I vs. V by connecting a digital voltmeter
alternately across the resistor and the diode. [3 p]
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Figure 2: Diode Characteristic I-V Curve. The reverse breakdown voltage of
the 1N914 is about 100 volts. Expect a reverse current of about 0.2 pA.

(b) Attempt to measure the current for reversed voltage. Describe your results. [2 p]
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2. Temperature effect

Reverse bias the diode with -18 V to observe the reverse current using the mV scale on the
DVM. Touch a hot soldering iron to the metal lead close to the diode and measure the reverse
current. There is a big effect because the minority carriers that transport the reverse current are
thermally generated. Now bias the diode in a forward direction to get a forward current of about
0.2 mA. Repeat the heat treatment and observe the change in current. Record your results for
both bias directions. [4 p]

3. V-l characteristics of diodes using LabView

(a) Repeat the measurement of I vs. V for a standard signal diode using the LabView
program, NEW I vs V, employing a 1 kQ resistor for the standard within the measurements. To
find instructions on connecting the LabView board to your circuit, make selections within the
program: File = VI Properties = Documentation (if the Documentation is empty, obtain a
hardcopy from your instructor). Make sure that the wire connections between the LabView
circuit board and your protoboard are correct, including polarities. The LabView board not only
facilitates readout, but also provides a voltage source for your measurements. The measurements
are activated by selecting the right-pointing-arrow button. [PRINT 1] Make a printout of the
generated curve and insert into your lab notebook. [3 p]

(b) Use LabView to measure the V-I characteristics for a Zener diode, the 1N4734, which
has a Zener voltage of 5.6 V. (Note: In the forward condition, current flows out of the terminal
labeled with the band, marking the cathode.) Plot the V-I characteristics using the LabView
program and note the dramatic increase in reverse current when the reverse voltage reaches 5.6
volts. A Zener diode, biased at this breakdown condition, is a stable voltage reference because
the voltage does not change much even though the current may change. [PRINT 2] Make a
printout of the curve and insert it into your lab notebook. [3 p]

4. The Half-Wave Rectifier
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Figure 3: Half-wave Rectifier. Figure 4: Via (solid) and Vout (dashed)

The basic half-wave rectifier with resistive load looks like the circuit in Figure 3. The
Input and Output waveforms are shown Figure 4. Adding a capacitor leads to Fig. 5.
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Build the circuit shown in Figure 6 by adding the capacitor. If the capacitor is electrolytic, you
must obey the polarity markings when you connect this capacitor in the circuit. For an
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Figure 5: Input (solid) & output (dashed) Figure 6: Half-wave rectifier with
waveforms capacitor.

electrolytic capacitor, an incorrect connection will lead to a malfunction and quite possibly to its
destruction, if the error is not corrected quickly.

Use a 5-V peak-to-peak 60-Hz signal from a generator as the source.

(a) Begin with the capacitor disconnected. Observe the half-wave rectified pattern on the
oscilloscope and compare with the generator voltage. Explain the difference in peak heights.
Verify that the frequency of the pattern is 60 Hz. [2 p]

(b) Add the 10-uF capacitor, getting the polarity right, but remove the load resistor. Observe
how the capacitor integrates the rectified power to make a smooth DC source. We might
imagine using such a source to power some electronics that need a stable source. Compare
peak generator voltage with output capacitor voltage. [1 p]

(c) Add the resistive load back into the circuit and see how the load causes the output of the
power supply to “ripple”. With the ‘scope DC coupled, align the zeros of the two traces and
print the screen. [PRINT 3] (should look like Fig. 5). Then AC-couple the scope and increase
the gain in order to see the ripple well. Use the “Cursor” utilities of the scope to determine
the peak-to-peak ripple voltage and to determine the duration of the AC input signal over
which the capacitor charges. [5 p]

5. The Full-Wave Rectifier

The full-wave rectifier, with filter capacitor and resistive load, is shown in Figure 7, with
different output waveforms in Figure 8.
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Figure 8: Vout loaded and unloaded Figure 7: Full Wave Rectifier.

Build the circuit above. Use a 10-V peak-to-peak 60-Hz signal as the source.

(a) Begin with the capacitor disconnected. Observe the full-wave rectified pattern on the
oscilloscope. Verify that the frequency of the pattern is 120 Hz. [Note: Because the two
channels of your oscilloscope have a common ground, it is not possible to view both the

input and the output of the rectifier at once.] [2 p]

(b) Add the 10-pF capacitor, getting the polarity right, but remove the load resistor. Observe
how the capacitor integrates the rectified power to make a smooth DC source. [2 p]

(c) Add the resistive load back into the circuit and see how the load causes the output of the
power supply to “ripple” [PRINT 4]. Measure the ripple voltage. Once again you may need
to AC-couple and to increase the magnification of the DPO. [2 p]

(d) Decrease the resistive load by making the resistor 47 kQ instead of 10 kQ2. Again measure

the ripple voltage and compare with (c) above. [2 p]

(e) Explain the advantage of the full-wave over the half-wave rectifier in making a stable power
supply. In fact, neither supply is very good. Both are unregulated. Regulated power

supplies will be studied in a later lab. [3 p]

6. The PIN Diode

The PIN diode has intrinsic (i.e. not doped) material
(D) in the junction between P and N type material. It makes a
fast photo diode wherein minority carriers are generated by
photons. Because the photoeffect depends upon minority
carriers, the diode is biased in the reversed condition for
normal operation as a light-sensitive device.
(a) Use the PN323D PIN diode in the circuit of Fig. 9 to
measure the large increase in diode current when a bright
lamp is brought close to the diode. [2 p]
(b) Assess the effect of an elevated temperature on the
reverse current. [2 p]
(c) Reverse the diode to attempt to find the effect of light on
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Figure 9: PIN Diode Circuit.

the diode current in the forward-biased condition at V'p =0.7 V. [2 p]
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7. The Seven-Segment Display
The seven- segment display uses 8 light-emitting diodes, including one for the decimal

point. The LN516RK (alternatlvely LA601VL) is a common cathode device, as shown in Fig.

11. The connections for the pins (view from above) of LN516RK are shown in Fig. 10.
(a) Use the circuit in Fig. 12 to turn on segments of the display and verify validity of the

diagram in Fig. 10. Ask your instructor to sign off on the proper operation of your

circuit testing this display. [2 p]
(b) Describe the bad effects observed on lighting an increasing number of segments.

Recommend a solution to this problem. [3 p]
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Figure 11: Common Cathode
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Figure 12: Measurement Circuit



