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The Diode - 8loybg LI (|

Diode is made from a small piece of semiconductor material, usually silicon, in which half
is doped as a p region and half is doped as an n region with a pn junction and depletion
region in between.
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The p region is called the anode and is connected to a conductive terminal. The n region is
called the cathode and is connected to a second conductive terminal.
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Forward Bias - woloVl ju=iVl (T

Forward bias is the condition that allows current through the pn junction.
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Notice that the negative side of VBIAS is connected to the n region of the diode and the
positive side is connected to the p region.
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VBIAS must be greater than the barrier potential.
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What Happens in Forward Bias — (Jlidl 3 Jax I3l

The bias-voltage source imparts sufficient energy to the free electrons to overcome the barrier
potential of the depletion region and move on through into the p region.
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Once in the p region, these conduction electrons have lost enough energy to immediately
combine with holes in the valence band.
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The positive side of the bias-voltage source attracts the valence electrons toward the left end
of the p region.
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The valence electrons move from one hole to the next toward the left.

As the electrons flow out of the p region, they leave holes behind in the p region.
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Effect on the Depletion Region - ljiilw)l dabiog ‘___mlo‘lll Ju=i VI (P

As the electrons flow into the depletion region, the number of positive ions is reduced.
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As more holes effectively flow into the depletion region, the number of negative ions is
reduced.
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This reduction in positive and negative ions during forward bias causes the depletion region to
narrow.
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Reverse Bias - qwSsJl ju=iVl (¢

Reverse bias is the condition that essentially prevents current through the diode.
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Notice that the positive side of VBIAS is connected to the n region of the diode and the
negative side is connected to the p region.
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Note that the depletion region is shown much wider than in forward bias or equilibrium.
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What Happens in Reverse Bias — (Jlidl J3b Jax I3l

In the n region, as the electrons flow toward the positive side of the voltage source, additional

positive ions are created. This results in a widening of the depletion region and a depletion of

majority carriers.
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In the p region, electrons from the negative side of the voltage source move from hole to hole
toward the depletion region where they create additional negative ions.
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As more of the n and p regions become depleted of majority carriers, the electric field
between the positive and negative ions increases in strength until the potential across the
depletion region equals the bias voltage, VBIAS.
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At this point, the transition current essentially stops.
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Reverse Current and Breakdown - jlgiVlg (wusSsJl )Ll (0

Reverse Current - (uwSsJl )Ll

The extremely small current that exists in reverse bias after the transition current dies out is
caused by the minority carriers in the n and p regions that are produced by thermally
generated electron-hole pairs.
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The conduction band in the p region is at a higher energy level than the conduction band in
the n region. Therefore, the minority electrons easily pass through the depletion region
because they require no additional energy.
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Reverse Breakdown - uSsJl jLgiVl

If the external reverse-bias voltage is increased to a value called the breakdown voltage, the
reverse current will drastically increase.
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The high reverse-bias voltage imparts energy to the free minority electrons so that as they
speed through the p region, they collide with atoms with enough energy to knock valence
electrons out of orbit and into the conduction band.
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The newly created conduction electrons are also high in energy and repeat the process.
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The multiplication of conduction electrons is known as the avalanche effect.
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V-l Characteristic in Forward Bias - liol.ol Hidlg ag2ll (izie (1

When a forward-bias voltage is applied across a diode, there is current. This current is called
the forward current (IF).
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Small forward-bias voltage (VF < 0.7 V), very small forward current.
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Forward voltage reaches and remains nearly constant at approximately 0.7 V. Forward current
continues to increase as the bias voltage is increased.
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Graphing the V-1 Curve — (ixioll 3¢<ly$

The diode forward voltage (VF) increases to the right along the horizontal axis, and the
forward current (IF) increases upward along the vertical axis.
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As the external bias voltage and forward current continue to increase above the knee, the
forward voltage will increase slightly above 0.7 V.
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Dynamic Resistance - diSuoliyJl doglioell (V

The resistance of the forward-biased diode is not constant over the entire curve. It is
called dynamic or ac resistance.

:duSuo iyl dogliall gils
r'd = AVF/ AlF

Below the knee of the curve the resistance is greatest because the current increases very little
for a given change in voltage.
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The resistance begins to decrease in the region of the knee of the curve and becomes smallest
above the knee where there is a large change in current for a given change in voltage.
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V-l Characteristic in Reverse Bias - QuwSc Uil Jg=)l (nizio (A

When a reverse-bias voltage is applied across a diode, there is only an extremely small reverse
current (IR) through the pn junction.
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At 0 V across the diode, no reverse current.
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As you gradually increase VR, there is a very small reverse current and the voltage across the
diode increases.
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When the applied bias voltage is increased to a value where VR reaches the breakdown value
(VBR), the IR begins to increase rapidly.
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As you continue to increase VR, the current continues to increase very rapidly, but the voltage
across the diode increases very little above VBR.
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Complete Curve and Temperature - b)l)=| )Jl_g Jo Ul (niziodl (9
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Temperature Effects - &), )i

For a forward-biased diode, as temperature is increased, the forward current increases. Also,

the forward voltage decreases.
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The barrier potential decreases by 2 mV for each degree increase in temperature.
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For a reverse-biased diode, as temperature is increased, the reverse current increases.
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Note: the reverse current below breakdown remains extremely small and can usually be

neglected.
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Review Questions - ds>lyall dliwl (1
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3. Discuss the significance of the knee of the
characteristic curve in forward bias.

4. On what part of the curve is a forward-

o8 Lo ol dssolill doglaall Cuz as)ll Gos biased diode normally operated?
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6. What happens to the barrier potential
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