Figure 2-10
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The free electrons shown in Fig. 2-9 ﬁow 1o the left end of the crystal :

. where they enter the wn-e and fiow on to the positive terminal of the battery.

p-Type Semiconducter

" Silicon that has been doped with.a trivalent impurity is called a p-type semicon- _

ductor, where the p stands for positive. Figure 2-1( shows a p-type semiconduc-

" tor. Since holes outnumber free electrons, the holes are referred to as the majority

carriers and the free electrons are known a§ the minority carriers,
» Because of the applied voltage, the free electrons move.to.the left and the
holes move to the right. In Fig. 2-10, the holes arriving at the right end of the crys- -

" tal will recombifie with free electrons from the external tircuit.

There is also a flow of minerity carriers in Fig. 2-10. The free electrons
inside the semiconductor flow from ri ight to left. Because there are so few minor-
ity camers, they have almost no effect in ﬂus circuit,

2-8 The Unbiased Diode

By itself, a piece of n-type semiconductor is about as useful as a carbon resistor;

"the same can be said for a p-type semiconductor. But when a manufacturer dopes
- acrystal so that one-half of it is p- type and the other half is n-type, something new

comes into existenee.

The border between p-type and n-type is called the pr junction. The pn
junction has led to all kinds of inventions including diodes, transistors, and inte-
grated circuits, Undetstandmg the pn junction enables youto understand all kinds

Of senuconductor devices.

The Unblased D:ode

As discussed in the preceding section, each mvalent atom in a doped silicon crys—
tal produces one hole. For this reason, we can visnalize a piece of p-type semi-
conductor as shown on the left side of Fig, 2-11. Each circled minus sign is the

Arivalent atorn, and each plus sign is the hole in its valence orbit.

Similarly, we can visualize the pentavalent atoms and free electrons of -
an r-type semiconductor as shown on the right side of Fig. 2-11. Each circled plus
sign represents a pentavalent atom; and each minus sign is the free electron it con-
tributes to the semiconductor. Notice that each piece of semiconductor material is

" electrically neutral because the number of pluses and miinuses is equal.

- A manufacturer can produce a single crystal with p-type material on one
side and n-type on the other side, as shown in Fig. 2-12. The junction is the bor-
der where the p-type and the n-type regions meet, and junction diode is another
name for a pn crysta] The word dmde isa contracuon of two electrodes, where dl

stands for “two

Figure 2-11  Two types of semiconductor.
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. Figure 2-12  The pn junction.
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The Depleﬁon Layer

Because of their repulsion for each other, the free electrons on the n side of Fig; 2-12
“tend to diffuse (spread) in all directions. Some of the free electrons diffuse-across
\the junction. When a free electron enters the | pregion, it becomes a minority car-

rier. With .50 many holes around it, this minerity carrier has a short lifetime. Soon
after entering the p region, the free electron recombines with a hole. When this
happens, the hole disappears and the free electron becomes a valence electron.

Each time an electron diffuses across a junction, it creates a pair-of ions.
When an electron leaves the n side, it leaves behind a pentavalent atom that is
short one negative charge; this pentavalent atom becomes a positive ion. After the
migrating electron falls into a hole on the p side, it makes a negative jon out of the
trivalent atom that captures it.

Figare 2-13a shows these.ions on each side of the junction. The circled
plus signs are the positive ions, and the circled minus signs are the negative ions,
The ions are fixed in the crystal structure because of covalent bondmg, and they
cannot move around like free electrons and holes.

Each pair of positive and negative ions at the junction is called a dipoie.
The creation of a dipole means that one free electron and one hole have been taken
out of circulation, As the number of dipoles builds up, the region ngar the junction
is. emptied of carriers. We call this charge-empty reglon the depletion layer
(see Flg 2-135).

Barner Potential

fore, if additional free electons ons enter the dgplet;on Tayer, the ejecmc ﬁcld tncs o

push these” elecirons taa_@ggtn the n region The strength of the electric field in-
creases with each ‘crossing electron tntil equlhbnum is reached. To a first approx-
imation, this means that the e[ecmc ﬁeld evcntually stops the diffusion of

electrons across the junction.

. Figure 2-13
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In Fig. 2-13a, the electric field between the ions is equivalent io a differ-
ence of potential called the barrier potential. At 25°C, the bartier potential
equals approximately 0.3 V for germanium diodes and 0.7 V for silicon diodes,

2-9 _Forward Blas

Flgure 2-14 shows a dc source across a diode. The negative source terminal is
connected to the rn-type material, and the posjtive ténminal is connected to the

p-type veetermi=Tis connection produces what is calledforward bias.

Flow of Free Electrons

In Fig. 2-14, the battery pushesholes and free electrons toward the junction If the
battery voltage is less than the barrier potential, the free electrons do not have
enotg i energy to get thropgh the depletion layer. When they enter the depletion
sus o1, the ions will push thern back into the n region. Because of this, there is no
current through the diode.

When the dc voltage source i$ greater than Lhe barrier potentlal the bat-
tery again pushes holes and free electrons toward the junction. This time, the free
- electrons$ have enough energy to pass through the depletion layer and recombine

- with the holes. If you visualize all the holes in the p region moving to the right and

all the free electrons moving to the left, yon will have the basic idea. Somewhere
in‘the vicinity of the junction, these opposite charges recombine. Since free elec-
trons continuously enter the right end of the diode and holes are being continu-
ously created at the left end, there is a continuous cutrent through the diode.

The Fiow of One Electron

" Let us follow a single electron through the entire circuit, After the free electron

leaves the negative terminat of the baftery, it enters the right end of the diode. It
travels through the # region until it reaches the junction. When the battery voltage
is greater than 0.7 V, the free electron has encugh energy to get across the deple-
tion layer. Soon after the free electron fiasientered the p region, it recombines with
a hole.

In other words, the free electron becomes a valence electron. As a
valence eleciron; it continues to'travel to the Ieft, passing from one hole to the next
until it reaches the left end of the diode. When it leaves the left end of the dicde,

~ anew hole appears and the process begins again. Since there are billions of eliec-

trons taking the same journey, we get a continuous current through the diode. A
series resistor is used to limit the amount of forward current.

HIBBf8Sim  Figire 2-14  Forward bias,
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