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Transistor and transistor circuit
D5 33y

Like the diode, a bipolar transistor is constructed from a semiconductor
material. However, unlike the diode, which has two oppositely doped regions
and one P-N junction, the transistor has three alternately doped
semiconductor regions and two P-N junctions. These three alternately doped
regions are arranged in one of two different ways, as shown in Figure 9-1.
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With the NPN transistor shown in Figure 9-1(a), a thin lightly doped
p-type region known as the base (symbolized B) is sandwiched between two
n-type regions called the emitter (symbolized E) and the collector (symbolized
C). Looking at the NPN transistor’s schematic symbol in Figure 9-1(b), you
can see that an arrow is used to indicate the emitter lead. As a memory aid
for the NPN transistor’s schematic symbol, you may want to remember that
when the emitter arrow is “Not Pointing iN” to the base, the transistor is an
“NPN.” An easier method is to think of the arrow as a diode, with the tip of
the arrow or cathode pointing to an »n terminal and the back of the arrow or
anode pointing to a p terminal, as seen in the inset in Figure 9-1(b).
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The PNP transistor can be seen in Figure 9-1(c). With this transistor
type, a thin, lightly doped n-type region (base) is placed between two p-type
regions (emitter and collector). Figure 9-1(d) illustrates the PNP transistor’s
schematic symbol. Once again, if you think of the emitter arrow as a diode, as
shown in the inset in Figure 9-1(d), the tip of the arrow or cathode is pointing
to an n terminal and the back of the arrow or anode is pointing to a p
terminal.
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Transistor Construction and Packaging
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Like the diode, the three layers of an NPN or PNP transistor are not formed
by joining three alternately doped regions. These three layers are formed by a
‘diffusion process’, which first melts the base region into the collector region,
and then melts the emitter region into the base region. For example, with the
NPN transistor shown in Figure 9-2(a), the construction process would begin
by diffusing or melting a p-type base region into the n-type collector region.
Once this p-type base region is formed, an n-type emitter region is diffused or
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melted into the newly diffused p-type base region to form an NPN transistor.
Keep in mind that manufacturers will generally construct thousands of these
transistors simultaneously on a thin semiconductor wafer or disc, as shown in
Figure 9-2(a). Once tested, these discs, which are about 3 inches in diameter,
are cut to separate the individual transistors. Each transistor is placed in a
package, as shown in Figure 9-2(b). The package will protect the transistor
from humidity and dust, provide a means for electrical connection among the
three semiconductor regions and the three transistor terminals, and serve as a
heat sink to conduct away any heat generated by the transistor.
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Figure 9-3 illustrates some of the typical low-power and high-power
transistor packages. Most low-power, small-signal transistors are hermetically
scaled in a metal, plastic, or epoxy package. Four of the low-power packages
shown in Figure 9-3(a) have their three leads protruding from the bottom of
the package, because these package types are usually inserted and soldered
into holes in printed circuit boards (PCBs). The surface mount technology
(SMT) low-power transistor package, on the other hand, has flat metal legs
that mount directly onto the surface of the PCB. These transistor packages
are generally used in high component density PCBs, because they use less
space than a ‘through-hole’ package. To explain this in more detail, a
through-hole transistor package needs a hole through the PCB and a
connecting pad around the hole to make a connection to the circuit. With an
SMT package, however, no holes are needed, only a small connecting pad.
Without the need for holes, pads on printed circuit boards can be smaller and
placed closer together, resulting in considerable space saving.
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