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TRANSISTORS

w [ransistors

w Bipolar Junction Transistors (BJTs)

w Bipolar Junction Transistor (BJT) Configurations
w [ransistor Fault Isolation Techniques

w Other Transistor Types

Given various electronic devices, symbols, and diagrams, you will
be able to accomplish the following objectives:

- Describe basic transistor theory of operation.

v Define ampilification and gain.

4 Identify the type and function of various types of
transistors.

s 4 Identify transistor fault isolation techniques.

4 Identify transistor stabilization techniques.
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Transistors

w The word transistor comes from the words transfer and resistor. A
transistor is a device that has more impedance (resistance) at its
input than at its output, or the other way around, dependent upon its
use.

w The difference in impedance between the input and output gives the
transistor its ability to amplify.

w Transistors are made from N and P materials, similar to the PN
junction diode. Once transistors have been formed, they resemble
two diodes connected back to back.

Amplification and Gain

+ Amplification is the ability of a circuit to take a small change in input
(current and/or voltage) and produce a large change in output
(current and/or voltage).

w The gain of an amplifier is a ratio of the output voltage, current, or
power to the input voltage, current or power.
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w Although the amount of gain is usually expressed as a pure number,
gain is sometimes expressed in decibels.

+ Because of gain, we can expect the output signal to be greater than
the input signal. For example if the input signal is 2V and the output
signal is 20V, the gain is 10. We will discuss gain in more detail in
Chapter 5.
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Bipolar Junction Transistors (BJTs)

Transistors, ICs and Heat Sinks

Figure 4-1

+ One common form of the transistor is the Bipolar Junction Transistor (BJT).
Although BJTs may be used in various ways, such as switching, their
basic and most important function is to provide amplification. Some
of the common applications for BJT’s are seen in Figure 4-1.

w Bipolar refers to the fact that both holes and electrons will take part
in current flow through the transistor.
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- In a manner similar to the formation of the PN junction diode, three
sections of specially doped, semiconductor material are sandwiched
together to form the BJT. This structure is depicted in Figure 4-2.

N <+— (Collector
P <+— Base
N <— Emitter

Transistor Structure
Figure 4-2

w Through a recombination process, two junction barriers are formed.
The two junctions formed are called the emitter-base and the
collector-base junctions, respectively.

+ BJTs have three elements, the emitter, the base, and the collector.

w The emitter element gives off or “emits” current carriers (electrons or
holes). One hundred percent of the current carriers of a BJT flow
through the emitter element.

w The base element controls the flow of the current carriers (electrons or
holes) through the transistor.
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w The base is very thin and lightly doped. One to five percent of the
total current carriers of a BJT flow through the base region.

w The polarity of the base element and the polarity of the applied voltage
(VCC) to the BJT will always be the same.

w The collector “collects” the current carriers. The collector is the
largest element in the BJT in physical size. Ninety-five to ninety-nine
percent of the current of the BJT flows through the collector.
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Activity 1

Bipolar Junction Transistors (BJTs)
Determine whether each statement is true or false.

1. Amplification is a ratio of how much the input voltage, current, or
power is increased at the output.

2. Gain is the ability of a circuit to take a small change in input
(current and/or voltage) and produce a large change in output
(current and/or voltage).

3. The difference in impedance between the input and output of a
transistor gives it the ability to amplify.

4. Transistors resemble two diodes connected back to back.

5. The transistor has one junction just like the diode.

6. The most important function of a transistor is its use as a
switching device.

7. Bipolar refers to the fact that both holes and electrons will take
part in current flow through the transistor.

8. BJTs have three elements, the emitter, the base and the collector.
9. The base element is the largest in size of the three elements.

10. The collector element controls the flow of current carriers through
the transistor.
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Bipolar Junction Transistors (BJT) Configurations
The two basic BJT configurations are the NPN and the PNP.

The NPN Configuration

/W__N il B

Block Diagram

Schematic Symbol

Figure 4-3

w In the NPN configuration, the arrow contained on the emitter element
“Never Points iN.”(Memory aid) The arrow always points away from
the base in an NPN transistor.

w The emitter and the collector are constructed of N-type material, while
the base is constructed of P-type material.
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w Regardless of the configuration the arrow is always contained on the
emitter element and it always points to N-type material.

Biasing

w There are two important facts concerning the biasing of a transistor.
The emitter-base junction must be forward biased and the collector-
base junction must be reverse biased to allow proper conduction
through the transistor.

w A forward bias condition at the emitter-base junction makes the
resistance of the junction very low, similar to the low resistance of a
forward biased PN junction diode.

Base

Emitter Collector

Forward Reverse
Bias Bias

Figure 4-4
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w A reverse bias condition at the collector-base junction gives the
junction high resistance, similar to the high resistance of a reverse
bias PN junction diode.

w The emitter-base junction and its effect on the base current is the
controlling factor for the transistor. The effect of the relatively small
emitter-to-base voltage on base current (IB) controls the relatively
large collector current. This controlling effect is called Beta (B).
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Operation

+ When the BJT is properly biased, current will flow in one direction
only through the transistor. In addition, three types of current will be
generated.

w The emitter current (Ig) will equal 100% since the emitter generates
the current carriers.

w» Refer to Figure 4-5. Since the emitter is negative, the majority carrier
is the electron.

w The base current is 1-5%. The base element is positive, and the
majority carrier is the hole. Since the base is thin and lightly doped, a
small amount of electrons will recombine with the holes in the base
material and become base current.
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w The remainder of the current, 95-99% will flow from the emitter to the
collector. The positive potential of the voltage applied (Vcc) will enable
the majority carriers contained in the collector region to overcome the
reverse bias potential of the collector-base junction.

The PNP Configuration
=1 P N P =
Block Diagram
: \

Figure 4-6

Schematic Diagram

w In the PNP configuration, the arrow contained on the emitter element
“Points iN Permanently.” The arrow always points towards the base
in a PNP configuration.
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+ The emitter and the collector are constructed of P-type material, while
the base is constructed of N-type material.

w Regardless of the configuration, the arrow is always contained on the
emitter element and it always points to N-type material.

Biasing

-+ As with the NPN configuration, the emitter-base junction must be
forward biased and the collector-base junction must be reverse biased
to allow proper conduction through the transistor.

« The emitter-base junction has low resistance similar to the low
resistance of a forward bias PN junction diode.

-+ The collector-base junction has high resistance similar to the high
resistance of a reverse bias PN junction diode.
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w As with the NPN configuration, the emitter-base junction and its effect
on the base current is the controlling factor for the transistor. The
effect of the relatively small emitter-to-base voltage on base current
(IB) controls the relatively large collector current. This controlling
effect is called Beta (B).
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Operation

-+ When the BJT is properly biased, current will flow in one direction
only through the transistor. In addition, three types of current will be
generated.

w The emitter current (Ig) will equal 100% since the emitter generates
the current carriers.

w Refer to Figure 4-7. Since the emitter is positive, the majority carrier
is the hole.

w The base current is 1-5%. The base is negative and conduction is by
electron flow. Since the base is thin and lightly doped, a small
amount of holes will recombine with the electrons in the base material
and become base current.

w* The remainder of the current, 95-99% will flow from the emitter to the
collector. The negative potential of the voltage applied (Vec) will
enable the majority carriers contained in the collector region to
overcome the reverse bias potential of the collector-base region.
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Saturation

=+ The point at which a further increase in forward bias does not result
in an increase in collector current is called saturation.

w Current flow is very large while the resistance of the transistor is
minimum. The transistor behaves like a shorted component.

Cuto

w The point at which a further decrease in forward bias does not result
in a decrease in collector current is called cutoff.

w Current flow is minimum because the resistance of the transistor is
very great. There is no current flow through the transistor. The
transistor behaves acts like an open component.
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Temperature Stabilization

w Transistors are very sensitive to temperature variations. Reverse
current, junction resistances, and collector current vary greatly with
changes in temperature.

+ Just like the PN junction diode, transistors have a negative
temperature coefficient of resistance. This means that the
temperature of a transistor and its resistance are inversely
proportional. Without the addition of components, and equipment to
offset these adverse conditions, the transistor will become unstable.

w The process of minimizing undesired changes in a transistor caused
by heat is called temperature stabilization.

w External equipment such as heat sinks and fans are common
examples of heat stabilization methods used in electronic circuitry
today. (Refer to Figure 4-1)
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Activity 2

BJT Configurations
Determine whether each statement is true or false.

1. Bipolar junction transistors are manufactured in two varieties:
NPN and PNP.

2. The emitter collects the current carriers.

3. The collector current controls the emitter current and the base
current.

4. The schematic symbol for the PNP transistor shows the emitter
lead arrow pointing in permanently.

5. The base current is much greater than the collector and emitter
currents.

6. The emitters of NPN transistors produce holes as the majority
current carriers.

7. Conduction in the PNP transistors is by holes.

Complete the following statements.

8. What are the three connections of a bipolar transistor?
Emitter, base, and collector
Emitter, gate, and collector

Gate, source, and drain
Base, collector, and drain

poop

9. What percentage of current flows from the emitter to the collector
in a bipolar transistor?

a. 1-5%
b. 1-10%
c. 95-99%
d. 95-100%

10. The point at which a further increase in forward bias does not
result in an increase in collector current is called

11. The point at which a further decrease in forward bias does not
result in a decrease in collector current is called
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12. In order for a transistor to conduct properly, the emitter-base
must be and the collector-base must be
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Bipolar Junction Transistor Fault Isolation
Techniques

w The transistor is an extremely reliable component, and most
malfunctions are traced to either high heat or high voltage.

w The three most common malfunctions found in transistors are opens,
shorts and leaks. A leaky transistor is a rare occurrence and is
covered under resistance checks.

Opens

+ The output voltage of an open BJT will equal that of the DC supply
voltage (VCC). However, the transistor could also be in the cutoff
state and operating normally.

Shorts

w The output voltage on a shorted BJT will be close to or equal to zero
volts. Another possibility is that the transistor is saturated and
operating normally.
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Testing

Visual Inspection

w Inspect the transistor and surrounding components for signs of
physical damage such as discoloration due to overheating.

w» Make a note of any problems discovered during the visual inspection.
This will assist you in determining the fault.

w» Voltage and resistance checks will still be necessary unless you
uncover obvious problems such as broken leads or tripped circuit
breakers.

Analyze possible causes

w Construct a list of possible malfunctions. Compare your present
readings against the normal readings, and trace the path for current.

w Limit the possibilities
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In Circuit testing

-+ Transistor testers, voltmeters, oscilloscopes, and signal generators
(signal injectors) are some of the tools used to detect faulty
transistors.

Out of Circuit Testing (Resistance Checks)

LOW

FORWARD
RESISTANCE

REVERSE
RESISTANCE

Figure 4-8
w Check Each Junction As A Diode

w+ When a forward bias is applied the junction should produce a low
ohmic reading '

Basic Electronics Handbook
1/25/02 4-22 Transistors



-+ When a reverse bias is applied the junction should produce a high
ohmic reading

FORWARD
RESISTANCE

REVERSE
RESISTANCE

Figure 4-9

w When a transistor is shorted, a low ohmic resistance (or zero ohms)
for both the forward bias and reverse bias condition is rendered.

w An open transistor has a high ohmic resistance (or infinite ohms) in
both the forward bias and reverse bias condition.

+ A medium resistance reading in the reverse bias condition indicates
that a transistor is leaky (Less than 10:1 ratio)
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Activity 3

BJT Fault Isolation Techniques
Determine whether each statement is true or false.

A transistor is faulty when its output voltage is equal to zero volts.
Transistor testing with a voltmeter is limited to in-circuit checks.
Transistor junctions can be checked with an oscilloscope.

When the applied voltage is developed across a transistor, it is
definitely faulty.

When a transistor measures low resistance across a junction in
one direction, and high resistance in the other direction it is
shorted.

e

o

Complete the following statements.

6. When a transistor measures high resistance across either junction
in both directions, it is

good.
open.

leaky.
shorted.

poow

e

A shorted transistor generally develops voltage at its
output.

a. zero
b. supply voltage

8. An open transistor generally develops voltage at its
output.

a. zero
b. supply voltage
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Other Transistor Types

Field Effect Transistors (FETs)

w The FET is a voltage-controlled, unipolar device with high input
impedance, as compared with the low input impedance of the BJT.

w» FETs operate on voltage fields, and have an advantage over BJTs
because they draw extremely small currents during operation and
have much higher input impedance.

w Because the FET is lightweight, rugged, and small in size it is used in
many consumer devices.

w FETs are primarily used as voltage switches and high input
impedance amplifiers.
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w The FET has three terminals similar to the BJT. They are the gate,
the drain, and the source.

w There are two classifications of FETs: the junction FET (JFET) and the
metal oxide semiconductor FET (MOSFET).
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Junction Field Effect Transistor (JFET)

b-CPIUUET REL

20NBCE

CV1E

N-Channel FET

N-CPInUET EEL

20NHCE

CV1E

P-Channel FET

JFET Schematic Diagram
Figure 4-10

w The JFET is a bar of doped semiconductor material called a channel
that behaves like a resistor. The doping may be either N-type or P-
type, creating either an N-Channel or a P-Channel JFET. There is a
terminal at each end of the channel; one is called the source and the
other is called the drain.

w The source supplies the current and can be compared to the emitter
element of the BJT.
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w The gate terminal controls the current flow much like the base
element of the BJT.

w Like the collector element of the BJT, the drain element collects the
current carriers of the JFET.

N-Channel JFET

-« Conduction is by electron flow.

w The arrow of the schematic symbol for the JFET is always contained
on the gate element, and the arrow will always points to N-type
material.

- Refer to Figure 4-10. The schematic symbol for an N-Channel JFET
will show the arrow pointing iN towards the channel.
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P-Channel JFET

-+ Conduction is by hole flow.

w Refer to Figure 4-10. The arrow of the schematic symbol for the JFET
is always contained on the gate element.

+ The arrow will always points to N-type material. Therefore, the
schematic symbol for a P-Channel JFET will show the arrow pointing
out towards away from the channel.
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JFET Operation
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Figure 4-11

w Biasing. To properly conduct, the PN junction between the gate and
channel must be reverse biased. If the gate to source is ever forward
biased, the FET will be destroyed.

w There are two modes of operation for FETs: depletion, and
enhancement. The JFET is only operated in the depletion mode.

«+ Conduction Through The JFET. There are two ways to control
current flow through the JFET: Controlling the voltage from source to
gate, and controlling the drain to source voltage (VDS).
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Source to Gate Voltage

- When the PN junction between the gate and the source is reverse
biased, a depletion region, or electrostatic field surrounds the PN
junction

« With a more negative potential applied, the reverse bias increases.
The depletion region will expand into the channel until the depletion
region fills the area below the gate. This causes a nearly infinite
resistance between the source and drain.

w With an infinite resistance between the source and drain, the “cutoff’
or “pinch-off” voltage has been reached. In effect, the current flow in
the channel has been “cutoff.” This process is similar to the cutoff
state of a BJT.

+ With a more positive potential applied, the reverse bias decreases.
The depletion region will be decreased in size and conduction in the
channel will increase.
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~ This process is continued until the current flow is the channel is
maximum. This process is similar to the saturation state of a BJT.

Drain to Source Voltage

w The current flow through the channel can also be controlled by
increasing and decreasing the drain to source voltage (VDS). When
VDS is increased, the current flow from the source through the
channel to the drain is also increased.

w At some point, the further increase in VDS will not result in a further
increase in channel current. The JFET has now reached the cutoff or
pinch-off voltage.
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Metal Oxide Semiconductor Field Effect Transistor (MOSFET)

w+ The MOSFET is used extensively to make microprocessors. MOSFETs
can also be used as amplifiers or as switches

DAAIN DRAIN
SUBSTRATE (BULK) SUBSTRATE (BULK)
GATE SOURCE GATE SOURCE
N - CHANNEL, DEPLETION MOSFET P - CHANNEL, DEPLETION MOSFET
A B
DRAIN DRAIN
SUBSTRATE (BULK) SUBSTRATE (BULK)
GATE SOURCE QATE SOURCE
N - CHANNEL, ENHANCHMENT MOSFET P - CHANNEL, ENHANCEMENT MOSFET
c D

MOSFET Schematic Symbols
Figure 4-12

w Figure 4-12 depicts the drain, source, and gate elements of the
MOSFET, similar to the JFET. The source, drain, and gate terminals
function the same for the MOSFET as compared to the JFET.

Basic Electronics Handbook
1/25/02 4-33 Transistors



«+ The gate material is made of good conducting material, such as
aluminum, and is separated by an oxide layer.

w The channel can be constructed of either N-type or P-type material.
The channel is chemically joined with N-type or P-type material to
form the bulk or substrate.

=+ MOSFET possesses very high input impedance. They also have a very
low interelement capacitance. This makes them excellent as RF
amplifiers, low-noise wide band amplifiers, and as general-purpose
amplifiers.

+ MOSFETSs are highly susceptible to electrostatic discharge (ESD). For
this reason, proper handling and installation precautions must be
enforced.
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N-Channel MOSFET
Figure 4-13

+ MOSFETSs are operated in both the depletion or enhancement mode.

N-Channel Depletion Mode

w+ Conduction in an N-channel depletion mode MOSFET is by electron
flow.

w In the depletion mode, the channels of the MOSFETs are more heavily
doped. This allows for more current flow with a small drain voltage
applied.
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w Refer to Figure 4-12. The arrow of the schematic symbol for the
MOSFET always points to N-type material. Therefore, the schematic
symbol for an N-Channel MOSFET will show the arrow pointing iN
towards the channel.

P-Channel Depletion Mode MOSFET

w Conduction is by hole flow.

w The arrow of the schematic symbol for the JFET is always contained
on the gate element. The arrow will always points to N-type material.
Therefore, the schematic symbol for a P-Channel JFET will show the
arrow pointing out away from the channel.
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MOSFET Operation

w+ Biasing. As with the JFET, the source and gate must be reverse
biased.

Depletion Mode Operation

VDS Applied &
Neeative Gate Voltave

Figure 4-14

w The heavily doped channel of the depletion mode MOSFET makes the
width of the depletion region very small and the channel current very
large.
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+ When a voltage is applied between the source and drain, a large
amount current will flow in the channel from source to drain.

w Once voltage is applied between the gate and the source, the reverse
bias between the channel and the substrate is increased. This causes
the width of the depletion region to increase, which decreases the
amount of drain current in the channel.

w The depletion mode MOSFET is said to be “normally on” until biased.
A bias between the source and the gate turns it off. Depletion mode
MOSFETs are manufactured in both the N-channel or P-channel
configuration.
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Enhancement Mode

0

Vps Applied &
Positive Gate Voltage

Figure 4-15

w The channel for the Enhancement mode MOSFETs are lightly doped
channels. This produces a small channel and a small drain current.

w When voltage is applied to the source and drain, a small amount of
drain current flows.
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w Once a voltage is applied between the gate and source, the reverse
bias between the source and gate is reduced. The junction region
surrounding the source and the gate is also reduced. This allows a
larger drain current to flow.

w The enhancement MOSFET is said to be “normally off” until it is
turned on with a source to gate bias voltage.

w+ Enhancement mode MOSFETs are manufactured in both the N-
channel or P-channel configuration.
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Unijunction Transistor (UJT)

w The Unijunction transistor (UJT) is basically a voltage controlled
electronic switch. Unlike the transistors we have discussed
previously, the UJT does not amplify.

w Like a switch, the UJT can go from a high resistance (switch open) to
a low resistance (switch closed) instantaneously. The UJT is also
used as a trigger source because it is capable of generating trigger
pulses.

BASE 2 BASE 2
EMITTER EMITTER
BASE 1 BASE 1
N TYPE P TYPE

UJT Schematic Symbols
Figure 4-16
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UJT Block Diagram
Figure 4-17

w# The UJT is constructed of a thin silicon bar on which a single PN
junction is formed.

w There are three terminals. They are the emitter, base 1, and base 2
terminals. The bar can be N-type or P-type material.

w The UJT is a member of the “negative resistance” family. There is a
point in a UJT where a further increase in forward bias voltage
between the emitter and the base causes a dramatic decrease in
current flow. This is opposite of Ohms Law. According to Ohms Law
voltage and current are directly proportional. Since current flow is
decreased as voltage is increased, the UJT is said to have negative
resistance.

b

Basic Electronics Handbook
1725/02 4-42 Transistors



- Refer to Figure 4-16. The arrow identifies the emitter element. The
arrow also points to the N-type material.

Operation

+ During cutoff, the only current path is from base to base.

<« During conduction current flow is from base to base and base to
emitter or emitter to base depending on the type. (N-type or P-type)

BASE 2
EMITTER
f _
BASE 1
Conduction Path for an N-Type UJT

Figure 4-18
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BASE 2
EMITTER

- " -—

BASE 1

Conduction Path for a P-Type UJT
Figure 4-19

w In order for the UJT to conduct, the emitter voltage must become
approximately .7V higher than B1, for a N-Type UJT, and .7V higher
than B2, for a P-Type UJT.
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Activity 4

Other Transistor Types

Determine whether each statement is true or false.

1.
2.

3.

i

[00]

The JFET is a bipolar device.

A depletion-mode transistor uses gate voltage in order to increase
the number of carriers in the channel.

Bipolar transistors are current amplifiers while unipolar
transistors are voltage amplifiers.

The UJT makes a good amplifier.

The enhancement mode means that carriers are being pushed out
of the channel by the gate voltage.

It is impossible to operate a MOSFET in the depletion mode.

The UJT is a negative-resistance device.

. It is impossible to turn off an N-channel JFET with negative gate

voltage.

Complete the following questions.

0.

For the JFET to conduct, current must flow from the

10 The gate of an N-Channel JFET is (N, P) material.

11.

MOSFETs designed to operate in the enhancement mode are
doped in the channel than depletion mode devices.
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The purpose of this chapter is to provide a general understanding of the
subject areas addressed. For more information on the topics covered in
this unit, refer to the reference books and other study materials listed in
the Study Guide for the Basic Electronics Test.
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SUMMARY

Gain is the basic function of any amplifier.

Gain can be calculated using voltage, current, or power.

The term voltage amplifier often describes a small-signal amplifier.
Large-signal amplifiers are normally classified power amplifiers.

The two polarities of bipolar junction transistors are the NPN and PNP.
The arrowhead of the bipolar junction transistor always points to the
N-type material. It also denotes the emitter lead.

The emitter emits the current carriers, the base controls current, and
the collector collect the current carriers.

8. The base element of a bipolar junction transistor is thin and lightly
doped.

9. Current through a bipolar junction transistor is divided as follows:
100% of current flows through the emitter; 1-5% flows through the
base, and 95-99% flows through the collector.

10. Emitters of PNP transistors produce holes and the emitters of NPN
transistors produce electrons.

11. Bipolar junction transistors are normally off devices. They are
turned on with base current.

12. Transistors can be tested with ohmmeters, curve tracers, dynamic
testers, and various in-circuit checks.

13. Most transistors fail suddenly and completely. One or both PN
junctions may short or open.

14. JFETs and MOSFETs are unipolar devices.

15. A JFET is a normally on device. It is turned off with gate voltage.
This is called the depletion mode.

16. A MOSFET uses an insulated gate structure. Manufacturers make
both depletion-type and enhancement-type.

17. An enhancement-mode MOSFET is a normally off device. It is
turned only by gate voltage.

18. A depletion-mode MOSFET is a normally on device. It is heavily
doped and is turned off by gate voltage.

19. Unijunction transistors have one junction. They are not used as
amplifiers.

20. Unijunction transistors are negative resistance devices. They are

useful in timing and control applications.

Ok LN

N
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Chapter 4SS

Answer the following questions.

1. What is gain?

The loss of a signal

The change in the type of a signal
How much a signal has increased
The addition of circuit stages

no o

2. The three types of gain in an amplifier are

, and gain.
3. Small-signal amplifiers are usually called amplifiers.
4. The two polarities of bipolar transistors are and

5. The two junctions of a transistor are

a. Emitter-collector and base-collector.
b. Emitter-base and emitter-collector.
c. Collector-base and emitter-base.

6. The arrowhead is used for two purposes. It identifies the
of transistor and the element.

type; emitter
collector; base
type, collector
collector; emitter

aoop

7. Which transistor is labeled correctly? (Circle One)

a. BASE b. EMITTER

o .
S -

COLLECTOR COLLECTOR

EMITTER /

Figure 20
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8. Which transistor symbol is labeled correctly?

a b.
BASE BASE EMITTER
(=
J\'\-’L
EMITTER COLLECTOR COLLECTOR

Figure 4-21

Normal operation of a bipolar transistor requires that the emitter-
base junction be and the collector-base junction
be

10. The majority current carrier in PNP transistors is the

11.

12,

. In NPN transistors, the majority current carrier is

the

hole; hole

hole; electron
electron; hole
electron; electron

pogp

Emitter current is equal to percent of the total transistor

a. 2
b. 5
c. 95
d. 98
e. 100

Base current is minimized in a transistor by constructing the base
region very and doping it.

thick; lightly
thick; heavily
thin; lightly
thin; heavily

&R oP
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13. In the space below, list the four in-circuit transistor tests used to
check transistors.

a.

b.

c.

d.

14. A good transistor will show resistance across the
emitter-base junction and resistance across the
collector-base junction.

15. Gate voltage in a JFET can remove carriers from the channel.
This is known as the mode.

16. What are the three amplifier configurations of the JFET?

a.

b.

s

17. Complete the schematic symbols shown below for the specified

JFET.

Drain

P-Channel

Gate
Source
Drgin
Gate

N-Channel

Source
Figure 4-22

Basic Electronics Handbook
1/25/02 4-50 Transistors



18. An enhancement-mode MOSFET is a normally device. It
is turned by gate voltage.

a. on, off
b. off, on

19. A depletion-mode MOSFET is a normally device. It is
turned by gate voltage.

a. on, off
b. off, on

20. MOSFETSs designed to operate in the depletion mode are more
heavily doped in the channel than enhancement mode devices.

a. True
b. False

21. In terms of amplification, how does the UJT compare to an

ordinary transistor?

22. What is the major function of a UJT in electronic circuits?

23. How much emitter current flows in an UJT during cutoff?

24. How will current flow in a P-type UJT during conduction?

25. How will current flow in a N-type UJT during conduction?
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Chapter 4

Activity 1

False
False
False
True

False
False
True

True

False
False

SERNo PR

[—

Activity 2
1. True
2. False
3. False
4. True
5. False
6. False
7. True
8. a
9. ¢

10. saturation

11. cutoff

12. forward biased, reverse biased

Activity 3
False
True
True
False
False
b

a.

b.

bl hoilad l g
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Activity 4

False

False

True

False

True

False

True

False
Source to drain
P

more lightly

HERREEHD GOSN

U Y
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Answer the following questions.

1. What is gain?

The loss of a signal

The change in the type of a signal
How much a signal has increased
The addition of circuit stages

o

2. The three types of gain in an amplifier are _current
voltage, and power gain.

3. Small-signal amplifiers are usually called voltage amplifiers.
4. The two polarities of bipolar transistors are NPN and PNP.

5. The two junctions of a transistor are

a. Emitter-collector and base-collector.
b. Emitter-base and emitter-collector.
e. Collector-base and emitter-base.

6. The arrowhead is used for two purposes. It identifies the
of transistor and the element.

type; emitter
collector; base
type, collector
collector; emitter

po o

7. Which transistor is labeled correctly?

a. BASE
)
EMITTER Atﬁ
]

COLLECTOR

EMITTER

COLLECTOR

Figure 4-20

8. Which transistor symbol is labeled correctly?
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BASE EMITTER

COLLECTOR

Figure 4-21

9. Normal operation of a bipolar transistor requires that the emitter-
base junction be forward-biased and the collector-base junction be
reverse-biased.

10. The majority current carrier in PNP transistors is the
. In NPN transistors, the majority current carrier is

the

hole; hole

hole; electron
electron; hole
electron; electron

peep

11. Emitter current is equal to percent of the total transistor

a. 2
b. &
c. 95
d. 98
e. 100

12. Base current is minimized in a transistor by constructing the base
region very and doping it.

a. thick; lightly

b. thick; heavily
c. thin; lightly
d. thin; heavily
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13. In the space below, list the four in-circuit transistor tests used to
check transistors.

a. In-circuit transistor tester

b. Voltmeter

c. Oscilloscope

d. Signal generator

14. A good transistor will show low resistance across the emitter-base
junction and high resistance across the collector-base junction.

15. Gate voltage in a JFET can remove carriers from the channel. This
is known as the depletion mode.

16. What are the three amplifier configurations of the JFET?

a. comimoin source

b. common gate

c. common drain

17. Complete the schematic symbols shown below for the specified

JEE 1

Drain

P-Channel

Gate
Source
Dragin
Gate

N-Channel

Source
Figure 4-22
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18.

19.

20.

21.

22

23,

24,

25,

An enhancement-mode MOSFET is a normally device. It
is turned by gate voltage.

a. on, off

b. off, on

A depletion-mode MOSFET is a normally device. It is
turned by gate voltage.

a. on, off

b. off, on

MOSFETSs designed to operate in the depletion mode are more

heavily doped in the channel than enhancement mode devices.

a. True
b. False

In terms of amplification, how does the UJT compare to an
ordinary transistor?

It does not amplify

What is the major function of a UJT in electronic circuits?

Electronic Switch

How much emitter current flows in an UJT during cutoff?

None. Current only flows from base to base.

How will current flow in a P-type UJT during conduction?

From emitter to base 1 and from base 2 to base 1.

How will current flow in a N-type UJT during conduction?

From base 1 to emitter and base 1 to base 2.
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