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MOS,/CMOS

Metal oxide semiconductor (MOS) and comple-
mentary MOS (CMOS) refer to the technology
used in the fabrication of certain integrated circuits.
MOS and CMOS transistors are not built out of indi-
vidual components—they are etched on a silicon plate
by carving the different components out of a metallic
and silicon oxide substrate. A silicon plate 1s used
because its oxide 1s a good insulator.

Transistors are basic electronic elements that can be
used to amplify signals, as digital switches, or to pro-
vide a given resistance. There are two basic types of
MOS transistors: n-doped and p-doped. The first type 1s
negatively doped at the source and drain, the second
positively—hence the n and p prefixes.

A bipolar transistor is built on top of a silicon wafer
by sandwiching a p-type layer between two n-type
regions, or vice versa. Silicon 1s a crystal with a regular
atomic structure. YWhen some elements are added to the
material (using diffusion, for example), electrons can
be set free (n-doping) or /oles arise, that is, positions in
the atomic bindings that are more stable when an elec-
tron 1s captured (p-doping). Adding arsenic, for exam-
ple, creates n-doped silicon and adding boron produces
p-doped silicon. Figure 1 1s a diagram of an n-MOS
transistor. The metallic gate 1s not in contact with a p-
doped layer. A layer of silicon dioxide isolates the metal
from the p-doped semiconductor.

The purpose of the n-MOS transistor is to imple-

ment a digital switch with two states, open or closed. If
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Figure 1 n-MOS transistor.

the voltage at the gate is low, electrons cannot flow from
the drain to the source, because the p-doped material
acts as a barrier, and therefore the switch is open. But if
the gate 1s set to a higher voltage (higher than a certain
threshold), electrons are attracted to the gate, forming
a conducting channel that allows electricity to flow
from the n-doped drain to the n-doped source. The
switch 1s now closed. A p-MOS transistor has a similar
structure, but the n-doped and p-doped regions are
interchanged, and the gate voltage must be inverted.
The design with an insulated gate is called a field-effect
transistor (FET).

When an n-MOS or p-MOS transistor is closed, there
1s a flow of electricity between source and drain. MOS
transistors are fast but consume too much energy in
their 1 state. CMOS components provide a solution. A
CMOS switch 1s built out of two MOS transistors, an n-
MOS and a p-MOS transistor, placed side by side.
CMOS design is now the dominant technoelogy for the
implementation of microprocessors, memories, and
other chips, because of its lower power dissipation.
CMOS circuits consume energy only when they switch
state, not 11 their static modes.

The operation of a CMOS element can be illus-
trated by considering a CMOS inverter. Figure 2
shows a schematic design of such a circuit. The p-
type transistor has been drawn connected to the 5-V
line and with a gate that receives the inverted input
(the small circle means tnversion). The n-type tran-
sistor 1s connected to ground. Note that there 1s no
direct connection between the 5-V line and ground.
When the mput i1s negative, the p-type transistor
closes, the n-type transistor is open, and the output

line is connected to 5 V. When the input is positive (a
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Figure 2 CMOS design.
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L in the input), the n-type transistor closes, the p-
type transistor opens and the output line 1s therefore

connected to ground. The circuit thus transforms a 0
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into a 1 and a 1 into a 0. Many other logical opera-

tions, such as OR and AND, can be implemented
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When comparing this circuit with a simple n-
MOS or p-MOS transistor, the important point to
notice is that the only time when there 1s a flow of
electricity between the 5-V line and ground is when
the state of the transistors is switched. This 1s the
only moment in which energy is consumed. When
the output has been set and the circuit has stabilized,
there 1s no energy consumption except for charge
leaks at the gate. In this design the gate is like a
small capacitor that has to be replenished or depleted
at each change of state.

In 1963, Frank Wanlass and C. T. Sah, engineers
at Fairchild, applied for a patent on CMOS technol-
ogy. Although CMOS electronic elements are slower
than bipolar transistors, they consume 10 times less
power, and many more transistors can be integrated
on a chip when the power requirements are reduced.
The introduction of CMOS technology therefore
paved the way for VLSI (very large scale integra-
tion) chips. In 1991, Frank Wanlass received the
Solid-States Circuits Award from the Institute of
Electrical and Electronics Engineers for “pio-
neering contribution to high-speed dynamic mem-

ory design and cell technology.”
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Motherboard

n a personal computer (PC), the motherboard 1s
Ithe base onto which the main electronic compo-
nents, such as the processor and memory, are soldered.
Expansion boards are connected to the motherboard
by mserting them into expansion slots. Motherboards
for IBM PC—compatible computers are domuinant in
the microcomputer industry.

The figure shows an example of a commercial

motherboard. The processor (a Pentium TII) is

inserted in a special slot. Having a slot for the proces-
sor 1s very convenient, since 1t can be replaced when
a better model becomes available. In this way the rest
of the hardware vestment can be preserved. The
DIMM sockets are used to plug-in memory chips in
DIMM (dual-in-line memory module) packages. In
this example there are also some connectors for flop-
pies, hard drives, and parallel and serial ports.

The BIOS (basic input output software) is stored
in a ROM (read-only memory) chip that contains the
basic code to control the computer. The battery in the
figure 1s used to keep the computer clock running.
Lxpansion slots are quite prominent in this mother-
board: three ISA (industry standard architecture)
and three PCI (peripheral component interconnect)
slots are present. The AGP (accelerated graphics
port) chipset is used to speed up the display of com-
puter graphics on the screen, especially three-dimen-
sional images.

The USB (universal serial bus) is a new kind of
“plug and play” interface that makes it possible to
connect peripherals without having to add an expan-
sion card to the motherboard. USB 1s a standard
developed by several companies, which have made it
available to other computer manufacturers free of
charge. The power connector takes a set of different
voltage levels from the power source and delivers
them to all components using metallic lines etched
on the motherboard, possibly in several layers. Other
types of boards include the daughter card (those that
connect to a motherboard), controller cards (used to
intexface a peripheral to the motherboard), a net-
worl interface card (NIC, used to connect the com-
puter to a local area network), and video cards
(used to control the screen).

There are many parameters that differentiate
motherboards, such as the number of processors that
can be plugged in, the clock speed, the maximum
data transfer rate of the local bus, the BIOS used, and
the amount of maximum memory that can be added
to the system. Although, m theory, upgrading a com-
puter by buying a new motherboard should be easy,
in practice it can be very difficult because there are so
many available options, and very detailed knowledge

of all the hardware is needed.



