7. INVESTIGATION OF pn JUNCTION CAPACITANCE 
7.1.  Objective of the test

Analysis of the nature of pn junction capacitance and dependence of the capacitance on the applied voltage; experimental investigation how the depletion capacitance depends on the reverse voltage.
7.2.  Theory and the main formulae

In the case of the reverse biasing an abrupt pn junction can be modelled as a parallel-plate capacitor. The thickness of depletion layer (the thickness of the dielectric) is given by
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(7.1)

where dn and dp – thickness of depletion layers on the n and p sides of the junction correspondingly, 
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– dielectric permittivity, q – hole’s charge, UB – built-in potential, UR – reverse voltage, NA and ND – doping concentrations on the p and n sides of the junction.

The depletion capacitance Cb is given by
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(7.2)

here S is cross-section area of the junction.


So the depletion capacitance is dependent on the junction area, reverse voltage, doping concentrations and parameters of the semi​conductor.

At forward bias, electrons are injected into p region, holes are injected into n region and space charges appear. These charges are dependent on the voltage applied to the junction and storage or diffusion capacitance of the junction exists.

The diffusion capacitance is given by
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(7.3)

here k is Boltzmann’s constant, T – temperature, ID – diffusion current,   – mean carrier life-time.


Thus, the diffusion capacitance is directly proportional to the forward junction current 
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 and carrier life-time
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The total capacitance of a pn junction is sum of 
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Under forward bias conditions the value of the depletion capacitance is small compared to 
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In the reverse biased pn junction the diffusion current is small. Then we have 
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7.3. Preparing for the test:

· Using lecture-notes and referenced literature [1, p. 113–135], examine the nature of the pn junction capacitance and factors that influence on it. Clarify on what and how the capacitance of the junction depends.
· Consider section “7.4. In laboratory” of this test.
· Familiarise with the capacitance measurement method given in Appendix (section 7.6).
· Prepare to answer the questions:

1. What is the nature of a double-space-charge at a pn junction in equilibrium?

2. Explain how the thickness of the double-space-charge layer depends on the reverse voltage.

3. Explain how the space charge depends on the external voltage.

4. Explain how the thickness of the double-space-charge layer depends on impurity concentrations.

5. Characterise charges causing depletion capacitance.

6. On what and how does the depletion capacitance of a pn junction depend? How can we reduce it?

7. Explain how and why the depletion capacitance depends on the reverse voltage.

8. Explain how and why the depletion capacitance depends on impu​rity concentrations.

9. Explain the nature of the diffusion capacitance.

10. Characterise charges causing diffusion capacitance.

11. On what and how does the diffusion capacitance depend?

12. Name the components of the total capacitance of a pn junction.

13. Explain the method used for the depletion capacitance measu​rement in this laboratory test.
7.4.  In laboratory:

1. Answer the test question.
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Familiarise with measurement devices and laboratory model.

Caution. Before any measurement the control knob of the potentiometer of the laboratory model must be turned counter-clockwise to the final position. During measurements the reverse voltage applied to the diodes must not exceed the highest allowed values. In the case of this laboratory test the maximum reverse voltage is Umax= 10 V.
3. Connect the circuit shown in Fig 7.1. Switch a dc power source and set the bias voltage (+20V) as it is shown in Fig 7.1. Switch on a harmonic waveform generator and set up 100 kHz frequency and output voltage of 200 mV. 

After the teacher has checked the circuit, connect the dc power source to the measurement circuit. 

After any change do not switch the power source on before the teacher has checked the connection! 
4. Create the gradation curve (see section “7.6. Appendix”).

To this end connect the capacitors of known capacitance Cg to the clamps Cx of the laboratory model. 

Note values of the output voltage Uo (ac voltage drop on the resistor R3) corresponding to each capacitor. 

During all these measurements the output voltage and frequency of a generator must be constant. Do not change the position of laboratory model and connecting cables during the measu​rements then the results of the measurements will be more accurate.
Fill Table 7.1.

Table 7.1. Measurement results of the gradation curve 

	Cg / pF
	Uo / mV

	2.5

4

10

15

20

30
	


4. Plot the gradation curve Uo(Cg) using the measurement results.

5. Measure the depletion capacitance of diodes D219A and D310 versus reverse voltage UR.

To this end before any measurement turn the control knob of the potentiometer R1 counter-clockwise to the final position. Connect the diode under investigation to the clamps Cx. 

Note values of the output voltage Uo while increasing the reverse voltage UR of the diode. 

Fill the cells Uo in Table 7.2.

Find values of the depletion capacitance Cd corresponding to Uo using the gradation curve. 

Table 7.2. Measurement and calculation results

	UR 
	The diode D219A
	The diode D310

	V
	Uo
mV
	Cd
pF
	Cd-2 

pF-2
	Cd-3 

pF-3
	Uo
mV
	Cd
pF
	Cd-2 

pF-2
	Cd-3 

pF-3

	0.5

0.7

1.5

2

3

5

7

10
	
	
	
	
	
	
	
	


6. Calculate values of Cd-2 and Cd-3. Fill the corresponding cells in Table 7.2.

7. Using the measurement and calculation results plot graphs Cd(UR), Cd-2(UR) and Cd-3(UR).

8. Using sketched curves calculate the built-in potential UB for each diode.
9. Examine the results.
10. Prepare the report.

7.5.  Contents of the report

1. Objectives.

2. Results of measurements (tables and graphs).

3. Values of the built-in potentials. 

4. Conclusions. In this section explain:
· Why are the values of the depletion capacitance of the diodes different?

· How and why does the depletion capacitance of a pn junction depend on the reverse voltage?

· Why are the built-in potentials of diodes different?

· How does the concentration of impurity atoms change across the pn junction in the investigated diode: linearly or abruptly?

7.6.  Appendix. Capacitance measurement method 

The depletion capacitance of a pn junction can be measured using a comparison method. The circuit shown in Fig. 7.2 can be used.

Capacitors having different known capacitance C are connected one after another to clamps Cx. The corresponding output voltages Uo are noted. The gradation curve Uo(C) is plotted using the results of the measurement.

[image: image15.png]~200 mV

I
100kHz ~ ]

|

+20V >

R1

\V4






After that a diode is connected to the clamps Cx. The output voltage Uo is noted. The depletion capacitance of the diode can be found using the gradation curve. 

Important: During these measurements the voltage Uin and frequency must be constant. 
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Fig 7.2. Capacitance measurement circuit
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Fig 7.1. Depletion capacitance measurement circuit
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