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Unit1 Microelectronics and Electronic Circuits

1-1 Introduction to Microelectronics

The exploring of space and the development of earth satellites has increased the
importance of reducing the size and weight of electronic circuits. Also, even though
electricity flows quite rapidly in computers the time delay of the signal in the
interconnections between electronic components is an important consideration. If the
interconnections are reduced in size, a computer can perform operations at a faster
speed.

Microelectronics involves the miniaturization of regular electronic circuits. A
complete electronic circuit, an operational amplifier for example, which contains large
numbers of individual interconnected components, such as diodes resistors, transistors,
etc. may be formed on a very small single substrate. The complete miniaturized circuit is
then called an integrated circuit.

Integrated circuits are small, light, rugged, and reliable. They require less power and
lower voltages than equivalent macroscopic circuits; consequently they operate at lower
temperatures, and individual components may be close together without exceeding the
operating temperature limit. Relatively little stray capacitance and short time delays are
produced because of the short interconnections between the individual components in IC.
Maintenance is simplified because if a component of the IC fails the complete IC is
usually replaced. Mass production techniques of plane technology have reduced the cost
of many IC so that they are almost as inexpensive as a single transistor. Eventually most
conventional circuits will be replaced by IC.

There are two types of basic integrated circuit: monolithic integrated circuit and the
thin or thick film. Monolithic IC are constructed in a single substrate of single crystal
semiconductor, usually silicon. Thin or thick films IC are formed on the surface of an
insulating material such as glass or a ceramic. Hybrid IC contains more than single
substrate, the term hybrid is also applied to combinations of monolithic and thin or thick
film IC.

Integrated circuits are also classified according to their functions. Digital or logical IC
are used as switches, they are either on or off. In computers the on and off states
correspond to 0 or 1. Other IC is called linear or analog IC.[1] Integrated circuits can be
produced using either bipolar or unique polar transistors. FET(Field Effect Transistors)
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have advantages over bipolar transistors in many cases however. They are relatively
high-impedance devices, with a corresponding reduction in current and power dissipation,
and yet have high power gain. The reduction in power dissipation is particularly important
where a complex circuit is to be concentrated info a small space. The problem of
extracting the heat generated in the circuit may then be a difficult one.[2] The form of
construction of the FET, and particularly the MOSFET(Metal-Oxide-Semiconductor
Field-Effect-Transistor), also lends itself well to integrated circuit fabrication, and enables
resistors and capacitors to be included readily in the integrated circuit.

Most electronic circuits are composed of active devices, e.g. transistors and diodes,
together with resistors (for bias, collector load, impedance transformation, etc.) and
capacitors (e.g. for coupling ac signals while blocking dc supplies). Each of these
elements can be produced in a form suitable for integrated circuit inclusion within
limitations, e.g. capacitance values must not be too large. Some elements are difficult to
produce in a suitable form, e.g. inductive elements, or large capacitors. Usually some
alternative circuit form can be devised that dispenses with the requirement. Otherwise
they must be included as an external lumped element.

Words and Phrases

microelectronics G

amplifier BORES

bipolar XUAR

bias RE; WE
capacitor A

dissipation $AE

dispense SrHe

extractive i B
fabrication Wi, WS EWEHEE
hybrid HEY

integrate grEs s
impedance HZE7N

inductive FRL K

monolithic PNLH); SERGE—M
silicon fE

substrate I, R
transistor ez

FET (Field Effect Transistors) RN
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MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor)
SRBELD - FEGRY R E
lumped element fFERAH

Notes

[1] Integrated circuits are also classified according to their functions. Digital or logical
IC are used as switches, they are either on or off. In computers the on and off states
correspond to O or 1. Other IC is called linear or analog IC.

WETREE A F D REX SR R B AT K. MFREFEE ICEEREFRX, RrEdE
. 7EVEEALY, BEEROCHDIRA S AR 0 8 1. 53 —Fb 1C FR A LB IC.

[2] The reduction in power dissipation is particularly important where a complex
circuit is to be concentrated into a small space. The problem of extracting the heat
generated in the circuit may then be a difficult one.

R — AN ERIE FREBRERD —ANBUNERIN, B/AhEGFERIEYERR. R
THUER P EL B T A I 7 A X B S — X DA DR 9 1

Exercises

1. Please choose the best answer for the question.
(1) If the interconnections are reduced in ( ), a computer can perform operations
at a faster speed.

A. weight B. size C. number of components D. attenuation
(2) Which of the followings is not the characteristic of IC? ( )
A. Small. B. Light. C. Rugged. D. Unreliable.

(3) Monolithic IC is constructed in a single substrate of single crystal semiconductor,
usually ( )

A. silicon B. glass C. ceramic D. plastic
(4) ( ) can be used as switches.

A. Linear IC B. Analog IC C. Digital or logical IC D. Nonlinear IC
(5) Which of the followings is not the application of resistors? ( )

A. Bias. B. Collector load.

C. Impedance transformation. D. Coupling ac signals while blocking dc supplies.

2. True or False?

(1) Because electricity flows quite rapidly in computers the time delay of the signal in
the interconnections between electronic components can be ignored.

(2) Integrated circuits require less power and lower voltages than equivalent
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macroscopic circuits; consequently they operate at lower temperatures, and individual
components may be close together without exceeding the operating temperature limit.
(3) Thin or thick films IC are constructed in a single substrate of single crystal
semiconductor, Monolithic IC are formed on the surface of an insulating material such as
glass or a ceramic.
(4) Because Digital or logical IC are either on or off, they can are used as switches.
(5) Capacitance values must not be too large in order to be suitable for integrated
circuit inclusion within limitations.
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1-2 How does a logic gate in a microchip work?

A gate seems like a device that must swing open and closed, yet microchips are
etched onto silicon wafers that have no moving parts. So how can the gate open and -
close?

Larry Wissel, ASIC Applications Engineer at IBM Microelectronics, replies:

“Those of us who design logic gates for computers seldom reminisce on how the
terms we use to describe technology came into use. The vision of a gate swinging back
and forth clearly does not literally represent the structures on a silicon chip. But the
reason for the usage of the term ‘gate’ for computer logic can be appreciated by
examining the basic function of a gate: to control a flow.”

“On a farm, gates may be used to control the ‘flow’ of sheep or goats between pens.
'In this case, the gate consists of a physical barrier whose position is controlled by"a
fanner. The farmer makes a decision about the flow of animals and then moves the
physical barrier to permit the desired flow.”

“In a computer, a gate controls the flow of electric current through a circuit. The gate
consists of transistors; the transistors are selected by the chip designer from two basic
types (PMOS and NMOS transistors) that are found in the ubiquitous CMOS
(Complementary Metal Oxide Semiconductor) technology.[1] The current that flows
through a gate establishes a voltage at a particular point in the circuit. This voltage
represents a single ‘bit’ of information. The voltage may either be high (representing the
value ‘1’) or low (representing the value ‘0’).”

“To establish a 1 on a circuit, the current flow is steered to the circuit (controlled) by
‘turning on’ a PMOS transistor connected between the circuit and the positive supply
voltage. The supply voltage is usually an industry-standard value such as 3.3 or 5.0 volts.
For the very brief interval that is required for a logic gate to switch (on the order of a
nanosecond, or a billionth of a second), current will flow through a PMOS transistor from
the positive power supply to the circuit.”

“The current flow that charges the circuit node to a 0 is steered away from the circuit
through a different kind of transistor (NMOS) connected between the circuit and the
negative supply voltage, or electrical ground. Again, current will flow through the NMOS
transistor for a very brief interval, but for the NMOS the current is between the circuit and
the negative supply. In either case, the current flow results in a change in the circuit
voltage that represents a bit of information. So, when a gate is controlling current flow, it
is actually controlling the flow of information.”
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“Returning to the analogy between the farm and the computer chip, it is obvious that
the flow is different (farm animals compared to information) and that the gate itself is
different (a physical barrier compared to a transistor in the CMOS technology). But the
most important difference is the means of controlling the flow. On the farm, the farmer
resets the gate location by making a decision and then moving a physical barrier. A flow
of animals through a complex maze of gates would require a farm hand at each gate.”

“But in a computer chip, the control mechanism is the voltage on the control terminal
of a transistor. This voltage turns on a transistor by changing its characteristics from that
of an open circuit (the ‘off * position) to one that can conduct a small current. This control
voltage, in turn, is already available within the chip as a voltage at a point on another
circuit. And, being a voltage on a circuit, this control mechanism represents a different bit
of information.”

“The overwhelming computing power of logic gates stems from the fact that the
output of any particular gate is a voltage, which can in turn be used to control another
gate.[2] A computer chip therefore can be designed to make complex decisions about the
information flow within itself. This ability enables sophisticated systems to be created by
interconnecting as many as a million gates within a single chip. All of this with no farm
hands and no moving parts.”

Tak Ning of the IBM T.J. Watson Research Center adds some complementary
details:

“A logic gate in a microchip is made up of a specific arrangement of transistors. For
modem microchips, the transistors are of the kind called MOSFET, and the
semiconductor used is silicon. A MOSFET has three components or regions: a source
region, a drain region and a channel region having a gate over it. The three regions are
arranged horizontally adjacent to one another, with the channel region in the middle.”

“In a logic gate arrangement, each of the MOSFET works like a switch. The switch is
closed, or the MOSFET is turned on, if electric current can flow readily from the source to
the drain. The switch is open, or the MOSFET is turned off, if electric current cannot flow
from the source to the drain.”[3]

“The source and drain regions of a MOSFET are fabricated to be full of electrons
which are ready to carry current. The channel region, on the other hand, is designed to
be empty of electrons under normal condition, blocking the movement of current. Hence,
under normal condition, the MOSFET is ‘off ' (or ‘open’) and no current can flow from the
source to the drain.” '

“If a positive voltage is applied to the gate (which sits on top of the channel region),
then electrons, which are negative charges, will be attracted toward the gate. These
electrons are collected in the channel region of the MOSFET. The larger the gate voltage,
the larger is the concentration of electrons in the channel region. The substantial
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concentration of electrons in the channel provides a path by which the electrons can
move easily from the source to the drain. When that happens, the MOSFET is ‘on’ (or
‘closed’) and current can flow from the source to the drain freely.”

“In summary, a MOSFET in a microchip is turned on by applying a voltage to the
gate to attract electrons to the channel region, and turned off by applying a voltage to the
gate to repel electrons away from the channel region. There is movement of charges in
the silicon, but there are no mechanical moving parts involved.”[4]

What's a MOSFET?

MOSFET is a kind of transistor that clips gradually when overdriven, as most tubes do.

Both tubes and transistors amplify signals by passing current from one side of the
device to the other, sculpting it along the way to the same shape as a much weaker input
signal. It's like a movie or slide projector — a source of energy (the bulb) is shaped by the
film, and projected on the screen, where we see a much bigger version of the image on
the film (even though the actual light we see comes from the bulb, not the film).

There are basically three kinds of transistor that are used to amplify audio: the most
common is a.bipolar transistor. It is a sandwich of three layers of silicon, with the outer ones
negatively charged and the middle one positively charged (NPN), on the other way around
(PNP). A small signal on the middle layer controls a much bigger current passing between
the two outer layers. ‘

A later development was the FET. Here the current doesn’t have to pass through the
middle layer of the sandwich. It passes near it, and is controlled by the field effect exerted
on it. This was more efficient in a number of ways. It also happens to ciip more softly than
a bi-polar transistor.

The third type is an FET where the element doing the controlling doesn’t even
contact the channel carrying the large current. It's insulated with a thin layer of silicon
dioxide - a kind of glass. This is the MOSFET, and it clips very softly.

The clipping characteristics of individual vacuum tube or solid-state semiconductors
are by no means the whole story in the behavior of a circuit. You've probably noticed by
now that a circuit with a tube in it can produce a sound that’s buzzer and harsher than
another that's made up of bi-polar transistors. And the sound that formed the original
criterion for what is desirable in overdrive, the sound of a cranked non-master-volume
tube amp, has got to do with a lot things besides the tubes. There are transformers,
speakers and the interaction of these with the tubes, to say nothing of the acoustic and
psycho-acoustic byproducts of playing loud. Anyone interested in getting a repeatable
sound that isn’t dependant on playing at a certain sound pressure level would better off
discarding the dogma surrounding tubes and transistors, and employing the only devices
that can be trusted—the ears.
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Words and Phrases

reminisce A EHE, 1510

steer i, B, B

ubiquitous T ARTER

wafers A, BEA

Involved BRm, ZEHM

COMS (Complementary Metal Oxide Semiconductor)
g BEMY L T4

Notes

[1] The gate consists of transistors; the transistors are selected by the chip designer
from two basic types (PMOS and NMOS transistors) that are found in the ubiquitous
CMOS (Complementary Metal Oxide Semiconductor) technology.

IR B B AR AL AR, TR SRR B A R HE WA I CMOS (B A&
BEMTESHE) FART HILNHREARREE ST (PMOS BAE R NMOS R4E)
LR E R o

[2] The overwhelming computing power of logic gates stems from the fact that the
output of any particular gate is a voltage, which can in turm be used to control another
gate.

B BRI T IR A E: AR T BRBRNR LSRN RE
55, XAHEXAT DR RIS ST TR

[3] In a logic gate arrangement, each of the MOSFET works like a switch. The switch
is closed, or the MOSFET is turned on, if electric current can flow readily from the source
to the drain. The switch is open, or the MOSFET is turned off, if electric current cannot
flow from the source to the drain.

FEB TR INHS S, B— BN SEEERG — IR TE. WRARTL
AGMMNERMARE, WITXLTHARE, RGBERKEELTHFERE. MRBR
A BEMBEAR I AR, WFFb TR FPRAS, SRS HE L T R ARES.

[4] In summary, a MOSFET in a microchip is turned on by applying a voltage to the
gate to attract electrons to the channel region, and turned off by applying a voltage to the
gate to repel electrons away from the channel region. There is movement of charges in
the silicon, but there are no mechanical moving parts involved.

Bz, $H BN G A B 4R U AR N e R A AR S BB X, A
TIAE RN AR A T T R R AR — A KB A, [EZm@AEX
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Exercises

1. According to Prof. Larry Wissel's replies, answer the following questions.

(1) In the 3rd paragraph, “a single ‘bit’ of information” means ( ).
A. a voltage at a particular point in the circuit
B. two basic types (PMOS and NMOS) of transistors
C. one kind of the two basic types (PMOS and NMOS) of transistors
D. high (representing the value ‘1) or low (representing the value ‘0’ ) voltage

which can be used as a signal in a computer

(2) According to the passage, the control mechanism in a computer chip is ( ).
A. the voltage on the control terminal of a transistor
B. the decision to move the physical barrier
C. the voltage at a particular point in the circuit
D. the means of controlling the flow

(3) Studying of the analogy between the farm and the computer chip, it is obvious

that ( ).

A. the flow is different B. the gate itself is different
C. the means of controlling the flow is different D. all of above

(4) The overwhelming computing power of logic gates stems from the fact that the
output of any particular gate is ( ).
A. a voltage which can in turn be used to control another gate
B. an open circuit that can conduct a small current
C. a transistor in the CMOS technology
D. an industry-standard value such as 3.3 or 5.0 volis
(5) A computer, can make complex decision because ( ).
A. any gate can in turn be used to control another gate
B. a transistor in the CMOS technology consumes less power
C. a PMOS transistor connects to power supply
D. a NMOS transistor connects to negative supply voltage
2. According to Prof. Tak Ning’s complementary details, answer the following
questions. :
(1) A MOSFET has three components, or regions: ( )-
A. a source region, a drain region and a channel region having three gates over it
B. a source region, a drain region and a channel region having a gate over it
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C. a transmit region, a drain region and a base region having a gate over it
D. a source region, a transmit region and a channel region having three gates
over it
(2) The three regions are arranged horizontally adjacent to one another, with ( )
in the middle.
A. the transmit region B. the source region
C. the channel region D. the drain region
(3) ( ) is designed to be empty of electrons under normal condition, blocking the
movement of current.
A. The transmit region B. The source region
C. The channel region D. The drain region
(4) Under normal condition, the MOSFET is ( ) from the source to the drain.
A. “off” (or “close” ) and the current can flow
B. “off’ (or “open” ) and no current can flow
C. “on” (or “open” ) and the current can flow
D. “on” (or “close” ) and no current can flow
(5) The substantial concentration of electrons in the channel provides a path by
which the electrons can move easily from ( ).
A. the source to the drain B. the channel to the drain
C. the source to the channel D. the channel to the other side of the channel
3. According to passage “What's a MOSFET?", answer the following questions.
(1) MOSFET is a kind of )-
A. tube B. PNP
C. transistor D. NPN
(2) There are basically three kinds of transistor-that are used to amplify audio: the
most common is ( )-
A. a bipolar transistor B. a PNP type transistor
C. a NPN type transistor D. a tripolar transistor
(3) To amplify signal by a MOSFET means ( ).
A. a big signal on the middle layer controls a much smaller current passing
between the two outer layers
B. a small signal on the middle layer controls a much bigger current passing
between the two outer layers
C. a small signal between the two outer layers controls a much bigger current
passing the middle layer
D. a big signal between the two outer layers controls a much smaller current
passing the middle layer
(4) A later development was the FET, here the current ( ).



