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Unit 1

Electronic Devices



Lesson 1 VLSI Technology

One of the key inventions in the history of electronics, and in fact one of the most
important inventions ever period, was the transistor. It was invented by Bell
Laboratories " in 1948. In short, a transistor is a device that conducts a variable
amount of electricity through it, depending on how much electricity is input to it. In
other words, it is a digital switch. However, unlike the vacuum tube "', it is solid
state. This means that it doesn’t change its physical form as it switches. There are no
moving parts in a transistor.

The advantages of the transistor over the vacuum tube were enormous. Compared
to the old technology, transistors were much smaller, faster, and cheaper to
manufacture. They were also far more reliable and used much less power. The
transistor is what started the evolution of the modern computer industry in motion ™.

The transistor was originally a single, discrete device, which you could place
individually into a circuit much like any other. Today, some special-purpose transistors
are still used that way. What allowed the creation of modern processors was the
invention of the integrated circuit, which is a group of transistors manufactured from a
single piece of material and connected together internally, without extra wiring .
Integrated circuits are also called ICs or chips.

A special material is used to make these integrated circuits. While most materials
either insulate from electrical flow (air, glass, wood) or conduct electricity readily
(metals, water), there are some that only conduct electricity a small amount, or only
under certain conditions. These are called semiconductors. The most commonly used
semiconductor is of course silicon.

By careful chemical composition and arrangement, it is possible to create a very
small transistor directly on a layer of silicon, using various technologies to manipulate
the material into the correct form. These transistors are small, fast and reliable, and
use relatively little power. The first integrated circuit was invented in 1959 by Texas
Instruments. It contained just six transistors on a single semiconductor surface.

After the invention of the integrated circuit, it took very little time to realize the
tremendous benefits of miniaturizing and integrating larger numbers of transistors into
the same integrated circuit. More transistors (switches) were required in order to
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1 was the key to integrating

implement more complicated functions. Miniaturization™
together large numbers of transistors while increasing hardware speed and keeping
power consumption and space requirements manageable.

Large-scale integration ("LSI") came to refer to the creation of integrated circuits
that had previously been made from multiple discrete components. These devices
typically contained hundreds of transistors. Early computers were made from many of
these smaller ICs connected together on circuit boards

As time progressed after the invention of LSI integrated circuits, the technology
improved and chips became smaller, faster and cheaper. Building on the success of
earlier integration efforts, engineers learned to pack more and more logic into a single
circuit. This effort became known as very large scale integration (VLSI). VLSI circuits
can contain millions of transistors.

Originally, the functions performed by a processor were implemented using several
different logic chips. Intel”™ was the first company to incorporate all of these logic
components into a single chip. This was the first microprocessor, the 4004, introduced

by Intel in 1971. All of today’s processors are (highly advanced ) descendants of this
original 4-bit CPU.,

Words and Expressions

transistor [treen'zisto | n. [ ]

device [di'vais] n. s , , ,
conduct [ 'kondakt, -dokt] w. , , s, .
solid state n. ( )

in motion , )

discrete [ dis'krit | adj. s

integrated [ intigreitid] adj. ,

insulate [ 'insjuleit ] wvt. )

semiconductor [ 'semikon'dakto] n. [ ]
silicon [ 'siliken | n. [ ]

manipulate [ moa'nipjuleit] vz. . s ,
implement [ 'implimont | wz. 3. .
miniaturization [ iministfarai'zefon ] n.
consumption [ kon'sampfon] n. ;

manageable [ 'meenidzobl] adj. , )



component [ kom'paunont] n. . sadj. .

large-scale integration ( )
very large-scale integration ( )
incorporate [ in'koporeit | wt. , s adj. ,
descendant [ di'send(o)nt | n. , s
Notes
1. Bell Laboratories . AT&.T Bell Laboratories, Inc., byname Bell

Labs, the longtime research and development arm of the American Telephone
and Telegraph Company (AT&.T). It now serves the same function in Lucent
Technologies Inc. , which was spun off from AT&T in 1996. Headquarters for
the laboratories are in Murray Hill, N. J.

2. The vacuum tube is an electron tube from which all or most of the gas has been
removed, permitting electrons to move with no or low interaction with any
remaining gas molecules. ( ,

o)

what y “the transistor” R

: The transistor started the evolution of the modern computer

industry in motion. , “start” . “start” ,
(to commence; begin), (to set into motion, operation, or
activity) , ; (to introduce; originate) , ; (to found; establish).
4, : H
( ) . what
, “the invention of the integrated circuit” .
5. Texas Instruments . Texas Instruments Incorporated (TI) is an

American manufacturer of calculators, microprocessors, and digital signal
processors with its headquarters in Dallas, Texas.
6. Miniaturization means the reduction in size of components and circuits for

increasing package density and reducing power dissipation and signal

propagation delays. ( ,
. . )
7. Intel . Intel Corporation is an American manufacturer of semicon-

ductor computer circuits. Besides microprocessors, the company makes micro-
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controllers (single-chip computers), memory chips, computer modules and
boards, network and conferencing products, and parallel supercomputers. The
company was founded in 1968 by Robert Noyce and Gordon Moore. Its head-

quarters are in Santa Clara, California.

Lesson 2 Memory Devices

Memories can be made in mechanical, magnetic, optical, biological and electronic
technologies. Examples of magnetic memories are tapes, floppy disks, hard drives and
ferroelectrict RAMs. Examples of optical memories are CD-ROMs, rewrittable CDs.
Electronic memory is used extensively in computer equipment since it is the fastest avail-
able. For applications where speed is less important, magnetic and optical technologies
are often used.

All electronic memory today can be in separate IC format, module format, or can be
part of an IC as a macrofunction or‘cell’. In the table below is an overview of some elec-

tronic memory.

Table 1.1

Type Properties Read/write |Non-volatile Speed Cost/bit

One-bit register. Usually used as a basic
Flip-flop Yes No Ultra fast | Very high
building block in digital circuits.

Set of flip-flops holding a byte, word or long
Register Yes No Ultra fast | Very high
word. Used in complex chips such as CPUs.

Array of flip-flops that is addressable. Used
SRAM Yes No Very fast High

for temporary storage of data or cache.

Array of storage cells which is addressable.
DRAM Yes No Fast Moderate

Used for main computing data storage.

Array of hard-wired cells that s
ROM addressable. Programming done at time of No Yes Very Fast Low

chip manufacture.

Electrically erasable programmable ROM.
EEPROM Yes Yes Low High
Number of write cycles is limited.

The flip-flop A flip-flop is basically a bi-state circuit in which either a 0 or 1 state



can resides. Because of its simplicity, the flip-flop is extremely fast. As a basic
element, the flip-flop is used in digital circuits and ICs. A flip-flop will lose its state
when the supply voltage is removed. Therefore, it is volatile.

The register A register is a set of flip-flops in parallel. Typically a register is 8,
16,32 or 64 bits wide. Often a register is used to hold data, address pointers, etc. A
register is volatile and very fast just like the flip-flop.

SRAM (Static Random Access Memory) An SRAM is an array of addressable flip-
flops. The array can be configured as such that the data comes out in single bit, 4-bit,
8bit, and etc. format. SRAM is simple, fast and volatile just like the flip-flop, its basic
memory cell. SRAM can be found on microcontroller boards(either on or off the CPU
chip), where the amount of memory required is small and it will not pay off to build the
extra interface circuitry for DRAMs. In addition, SRAM is often used as cache™
because of its high speed.

SRAM comes in many speed classes, ranging from several ns for cache applications
to 200ns for low power applications. SRAM exists in both bipolar and MOS technology.
CMOS™ technology boasts the highest density and the lowest power consumption. Fast
cache memory can be constructed in BICMOS technology, a hybrid technology that uses
bipolar transistors for extra drive. The fastest SRAM memories are available in ECL
(Emitter Coupled Logic) bipolar technology. Because of the high power consumption,
the memory size is limited in this technology.

A special case of SRAM memory is Content Addressable Memory (CAM)™ . In
this technology, the memory consists of an array of flip-flops, in which each row is
connected to a data comparator. The memory is addressed by presenting data to it (not
an address ). All comparators will then check simultaneously if their corresponding
RAM register holds the same data. The CAM will respond with the address of the row
(register) corresponding to the original data. The main application for this technology is
fast lookup tables. These are often used in network routers.

DRAM (Dynamic Random Access Memory) The word“dynamic”indicates that the
data is not held in a flip-flop but rather in a storage cell. The data in a storage cell must
be refreshed (read out and re-written) regularly because of leakage. The refresh time
interval is usually 4 to 64 ms. The storage cell only requires one capacitor and one
transistor, whereas™ a flip-flop connected in an array requires 6 transistors. In trench
capacitor memory technology., which is used in all modern DRAMs, the transistor is
constructed above the capacitor so that the space on chip is ultimately minimized. For
this reason, DRAM technology has a lower cost per bit than SRAM technology. The
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disadvantage of the extra circuitry required for refreshing is easily offset by the lower
price per bit when using large memory sizes.

DRAM memory is, just like SRAM memory constructed as an array of memory
cells. A major difference between SRAM and DRAM, however, lies in the addressing
technique. With an SRAM, an address needs to be presented and the chip will respond
with presenting the data of the memory cell at the output, or accepting the data at the
input and write it into the addressed cell. With DRAM technology,this simple approach
is impossible since addressing a row of data without rewriting it will destruct all data in
the row because of the dynamic nature.

ROM (Read Only Memory) ROMs are also called mask"/-ROMs or mask
programmed ROMs. This is because a ROM needs to be programmed by setting its cells
to either 0 or 1 at the time of manufacture. Usually the 0 or 1 is formed by the presence
or absence of an aluminium line. This aluminium pattern is defined by a lithographic
mask used in one of the last steps of manufacture. Therefore these devices are often
called mask-ROMs.

The advantage of ROM is that it can be manufactured at the lowest price in high
volumes. Another advantage in some applications is that it is impossible to alter the data
once the chips are made, and that no further programming and testing are required. On
the other hand, if the data or code must be changed this can be a small disaster. The
rest of the chips will end in the dustbin and new chips will have to be made.

EEPROM (Electrically Erasable Programmable ROM) This means that the chip
can be programmed like an EPROM, but can be erased electrically. As a result, no UV
source is required. EEPROMs can be erased on a byte-by-byte basis.

Words and Expressions

memory [ 'memori] n. , ; ; C D,
mechanical [ mi'keenikl] adj. ) ,
magnetic [ meeg'netik | adj. > ,

optical [ 'optikal | adj. , )

floppy disk n.

ferroelectric [ feroui'lektrik | n. [ ] s adj.
macrofunction

format [ 'formeet,-ma:t | n. , ;

vt.  ceeeee ( )9 I: :I ( )



flip flop ; ) ¢ : J-K flip flop J-K )
volatile [ 'voletail | adj. ; ;

register [ 'redzisto ] n. R , , 5 0. , , ,

address pointer (a word that gives the address of a core storage location)
array [a'rei] n. s

in parallel L 1, L ]

static [ 'steetik | adj. s

configure [ kon'fige] wi. , s vt. ,

pay off (to effect profit); ( )

interface circuitry

cache [kee[] n. , ) ;L. ,

ns abbr. Nanosecond , ( 1 10 )

bipolar [ bai'paule] adj. ,

MOS  abbr. (Metal-Oxide Semiconductor)

CMOS  abbr. (Complementary Metal-Oxide-Semiconductor)
boast [ boust | w. ~  eeeees , ( )n.

hybrid [ 'haibrid] adj. s, , ;

drive n. ) , ,

Emitter Coupled Logic ( )

comparator [ 'komporeito] n.

simultaneously [simal'teinissly | adw.

corresponding [ koris'pondin] adj. )

dynamic [ dai'neemik] adj. R )

leakage [ 'lizkidz] n. , ,

refresh [ri'fre[] w. R , ;C ) ,C )
capacitor [ ko'peesito | n. (= capacitator)

whereas [ (h)weor'aez] conj. , s , )

trench capacitor

offset [ 'oifset | w. , . , , s
approach [o'proutf] n. , ) ) ;ut. )
mask [ mask ] 7. ; ;

aluminium [ zelju'minjom] n. [ ]

pattern [ 'peeten | n. )

lithographic [ 1ifa'greefik | adj. )
alter [ 'orlto] .



erasable [i'reizebl | adj. s
programmable [ 'prougreemsbl] adj.

ultraviolet (UV) ['altro'vaislit | n. sadj.

Notes

1. Ferroelectric is pertaining to a phenomenon exhibited by certain materials in
which the material is polarized in one direction or the other, or reversed in
direction by the application of a positive or negative electric field of magnitude
greater than a certain amount. The material retains the electric polarization

unless it is disturbed. ( o

b o

) )

2. The cache is a temporary storage area for frequently-accessed or recently-
accessed data. Having certain data stored in a cache speeds up the operation of
the computer. There are two kinds of cache: internal (or memory cache) and
external (or disk cache). Internal cache is built into the processor, and external
cache is on the motherboard. When an item is called for, the computer first

checks the internal cache, then the external cache, and finally the slower main

storage.

3. CMOS o n MOSFEF
( ) p MOSFET o n
p MOSFET , “ ? o

4. Content Addressable Memory is also known as “associative storage”. It is a
memory chip in which each bit position can be compared. In regular DRAM and
SRAM chips, the contents are addressed by bit location and then transferred to
the arithmetic logic unit (ALU) in the CPU for comparison. In CAM chips, the
content is compared in each bit cell, allowing for very fast table lookups. Since
the entire chip is compared, the data content can often be randomly stored
without regard to an addressing scheme which would otherwise be required.
However, CAM chips are considerably smaller in storage capacity than regular
memory chips.

5. Whereas . » Whereas :
(While on the contrary) , (While at the same time), (It being the fact

that ; in as much as) ., o



6. o s
. Masks are used in the chip making process. When used
with the UV light, masks create the various circuit patterns on each layer of the

microprocessor,

Lesson 3 Microprocessors

A microprocessor is a complete computation engine that is fabricated on a single
chip. The first microprocessor was the Intel 4004, introduced in 1971. The 4004 was
not very powerful - all it could do was add and subtract, and it could only do that 4 bits
at a time. But it was amazing that everything was on one chip. Prior to the 4004,
engineers built computers either from collections of chips or from discrete components.
The 4004 powered one of the first portable electronic calculators.

The first microprocessor to make it into a home computer was the Intel 8080, a
complete 8-bit computer on one chip, introduced in 1974. The first microprocessor to
make a real splash in the market was the Intel 8088, introduced in 1979 and incorporated
into the IBM PC. The PC market moved from the 8088 to the 80286 to the 80386 to the
80486 to the Pentium to the Pentium II to the Pentium III to the Pentium 4. All of these
microprocessors are made by Intel and all of them are improvements on the basic design
of the 8088. The Pentium 4 can execute any piece of code that ran on the original 8088,
but it does it about 5,000 times faster

The following table shows the differences between the different processors that

Intel has introduced over the years.

Table 1.2
Name Date Transistors | Micronst') | Clock speed |[Data width2!| MIPS3]
8080 1974 6,000 6 2 MHz 8 bits 0. 64
16 bits
8088 1979 29,000 3 5 MHz 0.33
8-bit bus
80286 1982 134,000 1.5 6 MHz 16 bits 1
80386 1985 275,000 1.5 16 MHz 32 bits 5
80486 1989 1.200,000 1 25 MHz 32 bits 20
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