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The Diode

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.
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The n region is called the cathode and is connected to a second conductive terminal.

Anode (A) Cathode (K)
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Forward Bias <%Y! LYl

Forward bias is the condition that allows current through the pn junction.
PN L e U 5 e e 3 o il s el SLasY)

Notice that the negative side of Vg, 45 is connected to the n region of the diode and the positive side is connected to the p
region.
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Vgias> must be greater than the barrier potential.
el sea e STV e 058 of e

What happens when a diode is forward-biased? ¢ <L¥) i) gy B 2giall ¢5< Lasie dnay 3ila

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.

S gl 8 gl e 1) 5 2] AAIS A8 i 08 s iSIY) B8 ()5S ¢ p Akl ) Jea sl g S J sea s 3 e
The positive side of the bias-voltage source atiracts 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.
el ol AT ) i e SN s S0 i

As the electrons flow out of the p region, they leave holes behind in the p region.
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The Effect of Forward Bias on the Depletion Region
Under the electrons flow into the depletion region, the number of positive ions is reduced.
Aoa ol Gl oY) 2 J4 ¢ G geatll Ahaia ) il g KI5 o

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

Reverse bias is the condition that essential prevents current through the diode.
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Notice that the positive side of Vg;,4¢ 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 when a diode is Reverse-biased? ~Sall jLai¥) s A Caaay 33l

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.

This results in a widening of the depletion region and a depletion of majority carriers.
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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,Vg;4s-

At this point, the transition current essentially stops.
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Reverse Current
There is an 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.
(01 ) 21 5 5 Al g3 Lgali) iy Al p g (ilaie (o Y1 U sy JEBY) L iy o day uSall ¥ Ala 3 3 s g BN jsa jltian g
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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 because they require no additional energy.
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Reverse Breakdown

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 — I Characteristic for Forward Bias

When a forward-bias voltage is applied across a diode, there is current.

This current is called the forward current.
Dhaa g caglll yie ale¥) il aga a4l Ledic
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Graphing the V — I Curve

The diode forward voltage (V) increases to the right along the horizontal axis, and the forward current ( Ir) increases
upward along the vertical axis.

(el sl Jsh e e (T7) (el bl ala s ¢ @Y1 sl Joha Ao cuad) (V) 202l ala¥) agadl ol 3
Point A corresponds to a zero-bias condition.

g dall il il Lyl ol A adaail)

Point B where the forward voltage is less than the barrier potential of 0.7 V.
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Point c where the forward voltage approximately equals the barrier potential.
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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

The resistance of the forward-biased diode is not constant over the entire curve.

It is called dynamic or ac resistance r.
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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 for Revere Bias

When a reverse-bias voltage is applied across a diode, there is only an extremely small reverse current (Ig) through the pn
junction.
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At 0 V across the diode, no reverse current.
Ko gl Y caglall e clQ xe
As you gradually increase Vg, there is a very small reverse current and the voltage across the diode increases.
sl e dgall ala g s e (e S da s ¢ Lag )i Vp Sl LS

When the applied bias voltage is increased to a value where (V) reaches the breakdown value (Vgg), the I begins to
increase rapidly.
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As you continue to increase the Vg, the current continues to increase very rapidly, but the voltage across the diode
increases very little above Vg
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Temperature Effects 5 ad il

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.
ool da pd (Baada p JU il e ¥ ey Salall sea (midy
For a reverse-biased diode, as temperature increases, the reverse current increases.
omSall Ll a0 3 e B ) jadl As 58l ) e ¢ (Sall ShaiVI Als 8 3 guall Al
Note: the reverse current below breaks down remains extremely small and can usually be neglected.
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