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Figure 2-18  Avalanche produces maty free clectrans and holes in depietion layer.
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2-11 Breakdown

Dicdes have maximum voltage ratings, There is a hmit to how much reverse volt-
age @ divde can withstand before it is destroyed. If you continue increasing the
Teverse voltage, you will eventually reach the breakdown voltage of the diode,
For many diodes, breakdown veltage is at least 50 V. The breakdown voltage is
shown on the data sheet for the diode. We will discuss data sheets in Chap. 3.

Once the breakdown voltage is reached, a large number of the minority
camriers suddenly appears in the depletion layer and the diode conducts heavily.

‘Where do the carmriers come from? They are produced by the avalanche
effect (see Fig. 2-18), which occurs at higher reverse voltages. Here is what hap-
pens. As usual, there is a small reverse minority-carier current. When the reverse -
voltage increases, it forces the minority carriers to move more quickly, These
minority carriers collide with the atoms of the crystal. When these minority carriers
have enough energy, they can knock valence electrons loose, producing free elec-
trons. These new minority carriers then join the existing minority carriers to
collide with other atoms. The process is geometric, becanse one free electron
liberates one valence electron to get two free electrons. These two free electrons
then free two more electrons to getfour free elecfrons. The process continues umtil
the reverse current becomes huge.

Figure 2-19 shows a magnified view of the depletion layer. The reverse

- bias forces the free electron to move to the right, As it moves, the electron gains

speéd. The larger the reverse bias, the faster the electron moves. If the high-speed
electron has enough energy, it can bump the vaience electron of the first atom into
a larger orbit. This results in two free electrons, Both of these then accelerate and
go'on to dislodge two more elecirons. In this way, the number of minority carriers
may become quite large and the diede can conduct heavily.

) The breakdown voltage of a diode depends on how heavily doped the
diode is. With rectifier diodes (the most commen type), the breakdown voliage is
usually greater than 50 V. Sunmary Table 2-1 illustrates the difference between a
forward- and reverse-biased diode. -

2-12 Energy Levels

To a good approximation, we can identify the total energy of an eléctron with the
size of it orbit. That is, we can.think of each radius of Fig. 2-20q as equivalent to
an energy level in Fig. 2-20b. Electrons in the smallest orbit are on the first energy
level; electrons inthe second orbit are on the second energy level; and so on.

Higher Energy i Larger Orbit

Since an electron is attracted by the nucleus, extra energy is needed to lift an elec-
tron into a larger orbit. When an electron is moved from the first to- the second
arhit, it gains potential energy with respeet to the nucleus. Some of the external
forces that can lift an electron to higher energylevels are heat, light, and voltage.
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