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Lesson 1 VLSI Technology

L) and in fact one of the most

[s]

One of the key inventions in the history of electronics
important inventions over period"!, was the transistor. It was invented by Bell Laboratories
in 1947. 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.

1) were enormous. Compared to

The advantages of the transistor over the vacuum tube
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

t, which is a group of transistors manufactured from a single piece of material and

circui
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 1958 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 implement more
complicated functions. Miniaturization was the key to integrating 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
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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 (see Figure 1.1), introduced

Intel 4004 by Intel in 1971. All of today’s processors are (highly advanced!)

descendants of this original™! 4-bit CPU.

Figure 1.1

New Words & Expressions

invention [ 1mn'venfon | n. &% M

device [di'vais] n. a4

conduct [ kon'dakt ] vt. &5

variable [ 'veoriobl] adj. PJZE [y
amount [ o'maunt | n. (=

vacuum [ 'veekjuom ] n. H.2%

solid ['solid | adj. [E&)

advantage [od'vamtidz] n. fii %
enormous [ 1'noimas] adj. B KK
manufacture [ imeenju'feektfo | vr. fiL &4 7
reliable [ ri'latebl ] adj. P HEM
evolution [ieva'lufon] n. K& & ;AR
originally [ o'ridzonali] adv. #H]
individually [ iindi'vidzusli] adwv. 435 b
internally [m'tainali ]| adv. &R
composition [ (kpmpa'zifon | n. &
arrangement [ 9'retndzmont | n. fE%
directly [dar'rektli] adv. EL4EHL

layer ['lero | n. JZ

various [ 'veorios| adj. ZMAS[A] 1

manipulate [ mo'nipjulert | vz. ZbF
contain [ ken'ten] vr. H&

surface [ 'saifis] n. FEIH

tremendous [tro'mendos] adj. E KA
benefit [ 'benrftt | n. z5 Ak

miniaturize [ 'ministfoiraiz ] vr. LA 1k
integrate [ 'intigrert | vz. £
consumption [ ken'sampfon | n. HFE
requirement [ ri'kwatement | n. 52K
manageable [ 'meenidzobol ] adj. B 4bFH )
refer to ... JEFg e
previously [ 'prirvissli | adwv. M
multiple ['maltipl] adj. 241
progress [pro'gres| n. i
implement [ 'tmpliment | vz. SZ3E
incorporate [ mn'korporert | vr. & I
introduce [ intro'djuis | wvr. #EH
advanced [od'veenst] adj. Jeit iy
descendant [di'sendont | n. J51%
original [a'rid3enal | adj. H¥IHY



Technical Terms

electronics [ ilek'troniks | n. HL 1%

transistor [treen'sisto] n. fhiRK%E

electricity [ i1lek'trissti ] n. Hi,

digital ['didstal | adj. UF W

switch [swit[] n. R

power [ 'pave ] n. T

discrete [dis'kritt] adj. 43 3.1

circuit [ 'sakit | n. BB

chip [tfip] n. A

insulate [ 'insjulert | vz, 46%%

semiconductor [isemikon'dakto] n. 2 FiAK
silicon [ 'siliken | n. fif

miniaturization [ 'minietfsirat'zetfon] n. 45 Wik
component [ kom'pavnont | n. Jeaeft ; 4114 ; #B1:
logic ['lndzik] n. 2

microprocessor [malkrao'praosesaj n. WAL HEE
solid state [ 7%

power consumption HJFE

circuit board B R

IC abbr. integrated circuit £ il H §%

LSI abbr. large-scale integration AL AE i
VLSI abbr. very large-scale integration #8 KRR 4 A
CPU abbr. central processing unit 1 Yt 4bFE L3

Notes

1. electronics AJ FAE“HL T2 L FH RS T LB 7“1 T &7, fln. “#m2m 1 T

WA B Y (Cadmium is a toxic waste product of electronics industry) . J&%k-cs TN
“EERY L N“ 35247 (aesthetics) L “MBBR2A” (ethics) L “ 437 ” (economics) ,

. period AJ$8“— BN [A] 7, N“ZE DU R Z N (over a period of four days)“ AT N #7S
> H7”(The study will be carried out over a six-month period), 41i) over A] Z& 7 B [&]
g [a) ) 5, an b R R T ad 25 20 AESkR Y Bl X AR AL A9 1% 07 (This figure shows

how Y varied in relationship with X owver the last 20 years),

3. Bell Laboratories( X.F§ Bell Labs) & Nl /RS2 56 % (www. bell-labs.com) , B HR A T 35 E #r

PEVE N A9 2R B 1l (Murray Hill, New Jersey)., 1947 4 12 A 23 H,iZ L5 = ) Bill
Shockley,Walter Brattain fll John Bardee & B T fiK% .



4. The advantages of Y over X Z5HJ £ /R“Y #HXT T X YL, advantage % WWIETLH a
big/great/major advantage,the main advantage,have an advantage Fll the advantage of
sth.,

5. BeA) ks PS5 Ll what 2635 A58 8 3 5 (the transistor) .

6. M) Ry amJE 25 # , fd ] what 3218 M )38 )8 3218 (the invention of the integrated circuit) ,

7. Texas Instruments f& 8 &AL R A 7] (www. ti.com) » B HR AL T 5 [ A5 5 5% 307 M 19 35 L
Wi (Dallas, Texas), 1958 4F,i% /A Al #Y Jack Kilby & B T 55— F 42 UL #% .

8. Intel JE48 U 55 /R 22 Al (www. intel. com) , Ho B A7 T 28 & in A 48 J& W 1Y 2& v B Hir
(Santa Clara, California), 1968 4 ,Robert Noyce #l Gordon Moore 6] %45 /K N\ ] .

9. original J& H origin (F ), B RN “Hw A B, W “ Bt R Coriginal plan) | “ G BF1E”
(original features) ¥[8 IR [ 2| FF 46 (1) 1% 1 ” (steer the discussion to the original

topic) ,

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
ferroelectric'! RAMs. Examples of optical memories are CD-ROMs, rewrittable CDs.
Electronic memory is used extensively in computer equipment since it is the fastest available.
All electronic memory today can be in separate IC format, module format, or can be part of an

IC as a macro-function or cell. Table 1.1 is an overview of some electronic memories.

Table 1.1 Overview of Common Electronic Memory Devices

Type Properties Writtable Non-volatile Speed Cost

One-bit register.
Flip-flop Yes No Ultra fast Very high
Used as basic building blocks in digital circuits.

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

Array of flip-flops that is addressable.
SRAM ) Yes No Very fast High
Used for temporary storage of data or cachel?.,

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

Used for main computing data storage.

Array of hard-wired cells that is addressable.
ROM ) ) ) No Yes Very fast Low
Programming done at time of chip manufacture.

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

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
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digital circuits and ICs. A flip-flop will lose its state when the supply voltage is removed.

Therefore, it is volatile.

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 1-bit, 4-bit, 8-bit, and etc. 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. CMOSH
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 emitter coupled logic (ECL)
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

1 if their corresponding RAM register holds the

comparators will then check simultaneously
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 disadvantage of the extra circuitry required for refreshing is easily offset by
the lower price per bit when using large memory sizes.
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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 aluminum line. This aluminum
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.

New Words & Expressions

mechanical [ mi'keentkal] adj. HLHE K simultaneously [ saimal'tenissli | adwv. [A]E}H
extensively [1k'stensivli | adv. KEHL ;T 7Z#  corresponding [ ikori'sppndil] adj. AR B
available [o'verlobl] adj. A] #4589 ; 7] FHH) respond [r1'sppnd] wi. M

format [ 'formeet ] n. #% =0 original [o'rid3enal | adj. H¥IHY

module [ 'mpd3ul] n. #EHL; ) FEH dynamic [dat'neemik ] adj. S
property [ 'propsti] n. ¥t indicate [ 'indikett ] wvz. FrHA

volatile [ 'volstail | adj. Z %) regularly [ 'regjololi] adv. EHIHb

array [ o'rel | n. [F5 whereas [ wea'sez | conj. SR1M

temporary [ 'temporori] adj. IHHfH ultimately [ 'altimotli | adv. H %

moderate [ 'modorat] adj. HEEHY minimize [ 'minimaiz ] vz. 3K & 5%
simplicity [sim'plisati] n. faj 5 P disadvantage [ idisad'veentids ] n. Bl 5 ; 45 #
parallel [ 'peerolel] adj. FHATHY offset [ 'ofiset | vt. $KIH ; YR Ab

static [ 'steetik | adj. B major [ 'metd3o] adj. EBEN; EEH



random [ 'reendom | adj. BEFLH technique [tek'ni:kk | n. Fi AR

access [ 'eekses | n. 0] approach [a'prouvt| ] n. 7k
configure [ kon'fige] vt. ¢ & presence [ 'prezons | n. fA1E; H
rangingfrom ... to ... Peeeeee AR F] eee e absence [ 'eebsons | n. NEFE; Gt =
hybrid [ 'haitbrid | adj. IRE 1 aluminium [ eelju:'minjom | n. 8
consist of ... Hfeeeee- 21 on a ... basis ..o F

Technical Terms

memory | 'memori | n. RG4S

magnetic [meeg'netik | adj. A #ETER)

optical [ 'pptikol | adj. Ya2#H)

ferroelectric [ ferout'lektrik | adj. &k HL
register [ 'red3isto ] n. o

cache [kee| | n. W E1F

erasable [1'reizobl | adj. A {EFEHY
programmable [ 'provgreemabl] adj. B] 4w FE K
microcontroller [ matkrokon'trovla | n. fH{= 4%
interface [ 'intoifers | n. 211

circuitry [ 'saikitri] n. B %

bipolar [ bat'povla | adj. B EK

density [ 'densoti | n. % E

drive [draiv ] n. W3 %5

comparator [ kom'peerato | n. LI %S

router [ 'rutto] n. HH A%

refresh [ri'tref ] vt. Rl

leakage [ 'litkid3] n. it

interval [ 'mntoval | n. [A] &K

capacitor [ ko'peesito ] n. HL &%

lithographic [ 1100 greefik | adj. W ED Rl 1Y
source [sos] n. {551

flip flop fih & #%

digital circuit Z{5 H#%

address pointer HBhkF8 £

lookup table #r$kF%

network router 4% 1% 2%

trench capacitor 438 2 HL & 4%

SRAM abbr. static random access memory i 2 Bl ML AE BUF fif 4
DRAM abbr. dynamic random access memory 2/ 25 BEHLAT BT fif 2%
CMOS abbr. complementary metal oxide semiconductor H #M4: )@ S b4 2k 51k



ECL abbr. emitter coupled logic HHeFE G2 45

CAM [keem | abbr. content addressable memory W% -l 7 if %+

EEPROM [ 'iiprom | abbr. electrically erasable Programmable ROM  Hi, 7] 8 5 A] 45 2 H
BEAE At A%

UV abbr. ultraviolet 484Mk

Notes

1. “BRHL” (ferroelectric) UG IE 4G 27 KL L bFBE it IR b 45 o 9 2 1) W 37 I8 30 ek gl
[E— 07 1) B B ok R A T ) HOBEOR 2 T X Rl AR S — B IR
IS

2. “F M GEAE” (cache) I T A7 it W B A T % B0 0146 1] ) 250 90 o DT 52 v K048 A B B2
1o B GEAT 53 P2 AL B b i R B AE (A G AT Rl AR I SRR 2 A7 (R B G A7)

3. CMOS 4 j A 1% f f H B— > N 8 MOSFET fil—A4~ P 8 MOSFET 3 BETfi . oK
N % MOSFET #1 P 8 MOSFET #f & #h %, Jir DL ffi 1 “ B #b” (compementary) 3K 13
HE,

4, AT HAFRAR T (CAMD T 52 B i 4 1 3% LA R 20 /T DRAM 8 SRAM.,

5. fEShIA I present BN JEAR"C 27, ML AN, present B LAY AEAE 975 1
ZIIE RN presence, absent J& present By il , i Z 1B 3 A absence,

6. simultaneously JH H B % ii] simultaneous, Pl-aneous &5 B W % A & Wl & F
spontaneous(“ H & #Y”) Ml instantaneous(“3ZBIY™) . a0, “X B Ak A K BAFE” (The
liquid spontaneously ignited)“>7. B2 W ” (an instantaneous response/reply/reaction),

7. whereas FHRE#EXT L m), AT 1A “ 10 <o - 7o B, TH Dy AR S 2% L T 7 B AR fR
(The old system was complicated, whereas the new system is very simple),

8. mask A PFAE“HERLHERD 7B MW7 . AR IR AR R S A

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 realsplash
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
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Pentium [l to the Pentium [l 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!
Table 1.2 shows the differences between the different processors that Intel has introduced over

the years.

Table 1.2 Intel x86 microprocessors

Name Date Transistors Microns®?/ Clock speed Data width] MIPSE?)
8080 1974 6,000 6 2 MHz 8 bit 0.64
8088 1979 29,000 3 5 MHz 16 bit/8-bit bus 0.33
80286 1982 134,000 1.5 6 MHz 16 bit 1
80386 1985 275,000 1.5 16 MHz 32 bit 5
80486 1989 1,200,000 1 25 MHz 32 bit 20
Pentium 1993 3,100,000 0.8 60 MHz 32 bit/64-bit bus 100
Pentium [ 1997 7,500,000 0.35 233 MHz 32 bit/64-bit bus ~300
Pentium [l 1999 9,500,000 0.25 450 MHz 32 bit/64-bit bus ~510
Pentium 4 2000 42,000,000 0.18 1.5 GHz 32 bit/64-bit bus ~1,700
Pentium 4 “Prescott” 2004 125,000,000 0.09 3.6 GHz 32 bit/64-bit bus ~7,000

From this table you can see that, in general, there is a relationship between clock speed
and MIPS.The maximum clock speed is a function’™ of the manufacturing process and delays
within the chip. There is also a relationship between the number of transistors and MIPS. For
example, the 8088 clocked at 5 MHz but only executed at 0.33 MIPS (about one instruction
per 15 clock cycles). Modern processors can often execute at a rate of two instructions per

clock cycle. That improvement is directly related to the number of transistors on the chip.

Inside a Microprocessor

A microprocessor executes a collection of machine instructions that tell the processor
what to do. Based on the instructions, a microprocessor does three basic things:

® Using its ALU (Arithmetic/Logic Unit), a microprocessor can perform mathematical

operations like addition, subtraction, multiplication and division. Modern
microprocessors contain complete floating point processors that can perform extremely
sophisticated operations on large floating point numbers.

® A microprocessor can move data from one memory location to another.

® A microprocessor can make decisions and jump to a new set of instructions based on

those decisions.

There may be very sophisticated things that a microprocessor does, but those are its three
basic activities.Figure 1.2 shows an extremely simple microprocessor capable of doing'™ those
three things. This microprocessor has an address bus that sends an address to memory, a data
bus that can send data to memory or receive data from memory, an RD (read) and WR

10



(write) line to tell the memory whether it wants to set or get the addressed location, a clock

line that lets a clock pulse sequence the processor and a reset’™ line that resets the program

counter to zero (or whatever) and restarts execution. And let’s assume that both the address

and data buses are 8 bits wide here.

=>
Register
C
1
K= Clock
Test
ALU S C:! Reset
=D Instruction
decoder
] L™ C |
Register Register
o s ’:u:[
Instruction
| I —l register
Program Address
Counter latch

|

ﬁ 3-state 3-state ﬁ

Address Bus Data Bus Write

Read
v

Figure 1.2 A simple microprocessor

Here are the components of this simple microprocessor:

Registers A, B and C are simply latches made out of flip-flops.

The address latch is just like registers A, B and C.

The program counter is a latch with the extra ability to increment by 1 when told to do
so, and also to reset to zero when told to do so.

The ALU could be as simple as an 8-bit adder, or it might be able to add, subtract,
multiply and divide 8-bit values. Let’s assume the latter here.

The test register is a special latch that can hold values from comparisons performed in
the ALU. An ALU can normally compare two numbers and determine if they are
equal, if one is greater than the other, etc. The test register can also normally hold a
carry bit from the last stage of the adder. It stores these values in flip-flops and then the
instruction decoder can use the values to make decisions.

There are six boxes marked “3-State” in the diagram. These are tri-state buffers’. A
tri-state buffer can pass a 1, a 0 or it can essentially disconnect its output. A tri-state
buffer allows multiple outputs to connect to a wire, but only one of them to actually
drive a 1 or a 0 onto the line.

The instruction register and instruction decoder are responsible for controlling all of the

other components.

Although they are not shown in this diagram, there would be control lines from the
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instruction decoder that would:
1. Tell the A register to latch the value currently on the data bus
. Tell the B register to latch the value currently on the data bus
. Tell the C register to latch the value currently on the data bus

. Tell the program counter register to latch the value currently on the data bus

2
3
4
5. Tell the address register to latch the value currently on the data bus
6. Tell the instruction register to latch the value currently on the data bus
7. Tell the program counter to increment

8. Tell the program counter to reset to zero

9. Activate any of the six tri-state buffers (six separate lines)

10. Tell the ALU what operation to perform

11. Tell the test register to latch the ALU’s test bits

12. Activate the RD line

13. Activate the WR line

Coming into the instruction decoder are the bits from the test register and the clock line,

as well as the bits from the instruction register.

RAM and ROM

The address and data buses, as well as the RD and WR lines connect either to RAM or
ROM — generally both. In our sample microprocessor, we have an address bus 8 bits wide
and a data bus 8 bits wide. That means that the microprocessor can address (2°) 256 bytes of
memory, and it can read or write 8 bits of the memory at a time. Let’s assume that this simple
microprocessor has 128 bytes of ROM starting at address 0 and 128 bytes of RAM starting at
address 128.

ROM stands for read-only memory. A ROM chip is programmed with apermanent
collection of pre-set bytes. The address bus tells the ROM chip which byte to get and place on
the data bus. When the RD line changes state, the ROM chip presents the selected byte onto
the data bus.

RAM stands for random-access memory. RAM contains bytes of information, and the
microprocessor can read or write to those bytes depending on whether the RD or WR line
issignaled. One problem with today’s RAM chips is that they forget everything once the power
goes off. That is why the computer needs ROM.

By the way, nearly all computers contain some amount of ROM (it is possible to create a
simple computer that contains no RAM — many microcontrollers do this by placing a handful
of RAM bytes on the processor chip itself — but generally impossible to create one that
contains no ROM). On a PC, the ROM is called the BIOS (basic input/output system). When
the microprocessor starts, it begins executing instructions it finds in the BIOS. The BIOS
instructions do things like test the hardware in the machine, and then it goes to the hard disk
to fetch the boot sector. This boot sector is another small program, and the BIOS stores it in

12



RAM after reading it off the disk. The microprocessor then begins executing the boot sector’s
instructions from RAM. The boot sector program will tell the microprocessor to fetch
something else from the hard disk into RAM, which the microprocessor then executes, and so

on. This is how the microprocessor loads and executes the entire operating system.

Microprocessor Instructions
Even the incredibly simple microprocessor shown here will have a fairly large set of
instructions that it can perform. The collection of instructions is implemented as bit patterns,
each one of which has a different meaning when loaded into the instruction register. Humans
are not particularly good at remembering bit patterns, so a set of short words are defined to
represent the different bit patterns. This collection of words is called the assembly language of
the processor. An assembler can translate the words into their bit patterns very easily, and
then the output of the assembler is placed in memory for the microprocessor to execute. If you
use C language programming, a C compiler will translates the C code into assembly language.
So now the question is, “How do all of these instructions look in ROM?” Each of these
assembly language instructions must be represented by a binary number. These numbers are
known as opcodes. The instruction decoder needs to turn each of the opcodes into a set of
signals that drive the different components inside the microprocessor. Let’s take the ADD
instruction as an example and look at what it needs to do:
1. During the first clock cycle, we need to actually load the instruction. Therefore the
instruction decoder needs to:
1) activate the tri-state buffer for the program counter
2) activate the RD line
3) activate the data-in tri-state buffer
4) latch the instruction into the instruction register
2. During the second clock cycle, the ADD instruction is decoded. It needs to do very
little:
1) set the operation of the ALU to addition
2) latch the output of the ALU into the C register
3. During the third clock cycle, the program counter is incremented (in theory this could
be overlapped into the second clock cycle).
Every instruction can be broken down as a set of sequenced operations like these that
manipulate the components of the microprocessor in the proper order. Some instructions, like
this ADD instruction, might take two or three clock cycles. Others might take five or six clock

cycles.

Microprocessor Performance

The number of transistors available has a huge effect on the performance of a processor.
As seen earlier, a typical instruction in a processor like an 8088 took 15 clock cycles to
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execute. Because of the design of the multiplier, it took approximately 80 cycles just to do one
16-bit multiplication on the 8088. With more transistors, much more powerful multipliers
capable of single-cycle speeds become possible.

More transistors also allow for a technology called pipelining. In a pipelined architecture,
instruction execution overlaps. So even though it might take five clock cycles to execute each
instruction, there can be five instructions in various stages of execution simultaneously. That
way it looks like one instruction completes every clock cycle.

Many modern processors have multiple instruction decoders, each with its own pipeline.
This allows for multiple instruction streams, which means that more than one instruction can
complete during each clock cycle. This technique can be quite complex to implement, so it
takes lots of transistors.

The trend in processor design has been toward full 32-bit ALUs with fast floating point
processors built in and pipelined execution with multiple instruction streams. There has also
been a tendency toward special instructions that make certain operations particularly efficient.
There has also been the addition of hardware virtual memory support and L1 caching on the
processor chip. All of these trends push up the transistor count, leading to the multi-million
transistor powerhouses available today. These processors can execute about one billion
instructions per second!

The newest thing in processor design is 64-bit ALUs. Sixty-four-bit processors have been
with us since 1992, and in the 21 century they have started to become mainstream. Both Intel
and AMD have introduced 64-bit chips. Sixty-four-bit processors have 64-bit ALUs, 64-bit

registers, 64-bit buses and so on.

New Words & Expressions

computation [ ikpmpjo'terfon | n. 5 stand for ... fRFE----e

fabricate [ 'feebrikert | vz, 143k permanent [ 'parmenent ] adj. 7K A K

at a time —iK implement [ 'tmplimont] vt. SR ; SCi
improvement [ 1m'pruivment | n. B define [di'fain] vz. % X

in general KK I represent [irepri'zent | vt. fCF s TN
relationship [ri'letfonfip] n. JKH ;KR overlap [ iouvo'leep | vt. S

maximum ['meekstmom | adj. K manipulate [ ma'nipjoilert | vr. ¥ ; {# FH
at a rate of... Lheeeees YR in the proper order % & IE #f )l /5
related to ... Heeeeor A& has a huge effect on ... Xfeeeeee EAEYN-A |
a collection of ... —Hfteeeee performance [ po'fomens n. g

Based on...,... AK#E----- gureeee As seen earlier, ... JHREGHT L, o eee
sophisticated [so'fistikertid | adj. ZA255 W) approximately [ o'proksimatli | adv. K%
assume [o'sjurm | vt. B allow for ... FHZJEH|---e-

increment [ 'Mkrimont | n. ¥4 & ;30 architecture ['atkutektfo] n. R R 451
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comparison | kem'peerison | n. HH; X Fb
normally [ 'normali] adv. ¥
diagram [ 'dategreem] n. 7~ 7= Kl
essentially [1'senfali] adv. FEAK |-
responsible for ... A TTeeeee

currently[ 'karentli | adv. 24§ ;T

simultaneously [ isarmel'temnissli | adw. [F]HHb
trend [trend ] n. B ;A

tendency[ 'tendonsi | n. #iH) ;I I
efficient [1'fifont | adj. & ALHY

virtual [ 'vaitfuel | adj. MEHLI

. ‘y A1 ‘VK
mainstream [ 'memnistriim | n. FE i

Technical Terms

microprocessor [ maikrau'provsese | n. f# AL R 4%

execute [ 'eksukjuit] ve. AT
micron [ 'matkrpn] n. fK;107° 2K
instruction [1n'strakfon | n. 84
addition [o'difon] n. f{E

subtraction [sob'traek[on] n. 8%
multiplication [ imaltepli'keifon | n. s
division [di'vizen] n. &

pulse [pals] n. Pk

sequence [ 'sikkwons ]| n. J#5

counter [ 'kaonta | n. i1 #%

decoder [dir'kovda] n. IS EE

buffer [ 'bafo] n. FiE4%

activate [ 'eektivert | vt. #I%
assembler [9'semblo] n. 1L 4% ¢n
compiler [ kom'paile] n. Ji i 4
multiplier ['maltuplae] n. 3k
pipelining [ 'patpilami] n. KA
discrete component 4337 JGH:
machine instruction HLEFHE 4
floating point processor V¥ & Ab H &3
memory location fEff# 7 B
program counter F&/F IS
address latch Mk BiF7E %%

test register R A FF 4%

carry bit NI

instruction decoder Mk IFHD A%
boot sector 5| F X

operating system IE{ERS

bit pattern  HRRAE 5 (75 5K
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assembly language LWIEH

binary number  — 3EH| %

clock cycle 4 JiE 1)

virtual memory HE L N

MIPS [ mips] abbr. million instructions per second HFEH JT 4554
ALU abbr. arithmetic/logic unit B AR Z I BT

ROM [rom | abbr. read-only memory HiZfE1if s

RAM [reem ] abbr. random access memory FANLLE BT fif &5

BIOS [ 'bamos | abbr. basic input/output system A% A /fiH RS
opcode [ 'ppkoud ] abbr. operation code FR{EHD

Notes

BRI R AN AT AR E SC. 1R SUE SOR T g8 B A TR SUA HROR T 9 44 BRI R A

FRAE . 1EF0E X n A R A2 AL . (1D “4 B ” (A resistor is a device that is com posed

of a highly resistive material designed to have a definite amount of resistance.) ;

(2)“ZE L #” (A resistor is a device that absorbs electric energy wery much like a

damping device used in door opener to absorb mechanical energy or in cars for shock

absorption )3 (3)“XFHEL” (A resistor is a device used for dissipating energy , unlike

a capacitor that is used for storing electric energy.); (4) “TIHEM” (A resistor is a
device used in circuits to limit and create op position to current flow or provide voltage
drop.) . BR*IERGE L7800 A AR IERE 7 (FE4E 5 DL S0 B K 48 iR
T Y I SO 3R] A e A SO A e s SO (FE IE XE R SRl B4 5 JLBCA QI s &
JO7 FH 45008 2 BT A | PR A 3 L R A D B S 001 o s mOR T bE ISR S A A ) o TR R
ARTFALTT B 2 SO B R TR W 247 IE e U7 s Y e L7

. prior T /B[R] SR A7 e/ BB BT, A AN (prior notice) 4G

GHE” (prior arrangement) \“FH A 14 A " (prior written consent) %, %15 prior to
sth. RIRTE RSB 4] Z 57 80 AR 3L F R 2 /. A AR A8 4004 3 B2 A, TF2 I
B — 40 B — A3 S AR AL

- UBOK” Cmieron) JH T BE RS IR /N TE . HLAEBU/ DN 8 R Y R R 2
BRI (data width) S X HUR S ALU P, — B &AM B B 2R 9 F1 ALU

B se AR . (EJE  AFE B AME DL . #1]U1,8088 ALU A 16 bit, HANE A6 B4 N
8 bit, M A, Pentium ALU 3} 32 bit., HANBEE 284 64 bit,

LR A T ARAR B (MIPS) 2 RAIE UL BEAS TERE MR b 2 — . 45 T AU AL H % ) i

RYZ L4 5 MIPS $5 4R AE S ok 19 45 22 HLIS 9

. TERCFE T, function R “RREL”, WY = ff1 BE X (trigonometric function) 5, Y is a

function of X AJ3F/E“Y & X M RE” 76X Al R /E“Y BT X7,

. be capable of (doing)sth TR A MGl &P B BE J7, 4n* + XU BE 9% B B = T CA

force ten wind is capable of blowing the roofs off houses.), Til be able to do sth. R



TR AHIRE ST, a0 il 58 I X 30T T AE 1S 27 (Will she be able to cope with the work?),
B4k . be capable of (doing) sth. iR A] LIRAR“AIBEME” , (the) capability to do sth U ZR 7R

oo HIRE S
8. “H i (resct) 451 3 B0 A4 T 4 5 OB B 117
0. “ = ASGEAE A (trivstate buffer) Kl 1 44 26 60 th 155 . 4B o 6047 200 B A1 5

i3 = A GEAE A ) 2 5 2 R L T RN = A A A i i 5 B s BEDIR 28 Ge AR
7 BIAS [ 8 A AT AT (5

Exercises

1. Fill in the blanks with proper words, phrases or clauses.

(1) The microprocessor is the central G4 of the PC. IR ) 4358
YE)on your computer is performed directly or by the processor. Obviously, it is one
of the most important components of the PC, (N A ) the most important. It is
also, scientifically, not only one of the most (% AR B9) parts of the PC, but one
of the most amazing (#%1F)in the world of technology.

The processor (P 1 B E A A {0 in the following important (J7 T of
your computer system.

Performance: The processor is probably the most important single g Py A
%) of system performance in the PC. other components also play a key role in
determining performance, the processor’s capabilities (2 ) the maximum
performance of a system. The other devices only allow the processor to GREER 4
FRIEAED.

Software Support: Newer, faster processors the use of the latest software.

addition, new processors the Pentium with MMX Technology, enable the

use of specialized software not usable on earlier machines.
Reliability and Stability: The quality of the processor is one factor that determines
(RGIBFTH T §EPE). While most processors are very (A]5ERY) . some are
not. This also depends (FEHREFHEE ) on the age of the processor and how much
energy it GHAE).

Energy Consumption and Cooling: Originally processors consumed relatively little power
compared other system devices. Newer processors can consume (KEMD
power. Power consumption has an impact everything from cooling method selection
to overall system reliability.

Motherboard Support: The processor you decide to use in your system will be a
(E#EHB)  determining factor in what sort of chipset you must use, and hence what
motherboard you buy. The motherboard ()2 13 2k ) dictates many facets of your
system’s capabilities and performance.

(2)Flash memory is a (& Z& 1Y) storage device — everything is (H T
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i) . Flash memory provides a (S KBy, reliable, low power, low cost,

(13 % &) storage device for programmable AR5 g ) it extremely useful
in the (#x A 20) marketplace. The most noticeable attribute the flash part is
its to retain data without the need for power or battery &,

(NTF % # W) f F B ), it may be important to store data it can be
retrieved at a later time, so they use flash memory. (However, flash memory isn’t the only
method to accomplish the (B4 1) storage of data.)

The disadvantage of flash memory is it is very difficult to program. Care must
be when reading and writing, there are special procedures which need to be
performed in order to get the data on the part. (K A1) the characteristics of the part,

it is impossible to write and then immediately overwrite data. In order to write new data to

flash existing data must be first. The erase process must be done using large blocks
of memory. just erasing a portion of the part, you must erase entire sections. This
cumbersome process of read/erase/write can get very complicated when there are (&

& ) write operations being performed.

Another aspect of flash memory (b2 B 2% B 1) is its life expectancy:
Continuous erasing can (hifeeeees FEAE R IRPE RS2 a flash part. G — 4%
EMINATE), there is a limit the total number of erase operations that may be
performed on a particular erase sector before it becomes unreliable damaged.

Despite the complications, there are many advantages to flash memory, so why don’t we
just use flash memory for everything? The cost per megabyte for a hard disk is cheaper, and
the capacity is much greater.

2. Translate the following passages into Chinese or English.

(1) Many of the products and services in modern society are based upon the work of
electrical engineers and computer scientists. The tremendous reduction over the last decade in
the cost of digital electronic devices has led to an explosive growth in the use of computers and
computation. At the same time, our increased understanding of computer science has made
possible the development of new software systems of increased power, sophistication, and
flexibility.

(2) In November 1971, Intel introduced the world’s first commercial microprocessor, the
4004, invented by three Intel engineers. Primitive by today’s standards, it contained a mere
2,300 transistors and performed about 60, 000 calculations in a second. Today. the
microprocessor is the most complex mass-produced product ever, with millions of transistors
performing hundreds of millions of calculations each second.

(3) Microprocessors are the brains of your personal computer. Here on this tiny silicon

chip are millions of switches and pathways that help your computer make important decisions

and perform helpful tasks. And microprocessors don’t just think for computers you might
find a processor in many other everyday items like your telephone or car.
(4) Memory is the component of a computer (and an embedded system) that is used to
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store and retain information. There is always a need to store information in an embedded
application, so there will always be some type of memory in the design. Many types of
memory are available, thus there are many choices for embedded customers.

(5) Memory can be split into two main categories: volatile and non-volatile. Volatile
memory loses its content when the system is powered off. Most types of RAM fall into this
category. Non-volatile memory does not lose its data when the system or device is turned off.

(6) BACH T RGBT AR BOR B, AR W &, ERBA B RS AR,
XRELREREHN, IRBTRERE R T, HOHEERGR BB R it 27,
TFEAALRL 2 AL 7 RGBT A5 SR A A 3 SR MIVE SN — D AW e iy TR, AR
T RGBT W E AT R AL BT,

(D) W R —/NR A T SR B SRR, 0 A BB RO 15 3esh, A
e & LA T R, SR RAER  fln, CPU SR A& —A S B A B IT s 10 A7 Af
FAL S A AR T,

(8) AL PEAR 2 — R A CPU MRk R . DXl BE g8 Y AR RRAE A =4 $8 245, " 98
GILDECE Y

(9) “MHEFHINAE . AJHBEE B A LA . INAFRY B BESE PR, B e s | S e, R
BN WAFETERT SR

(A0 FEIFEHRG T, e AR B IT BT . 8IS 3 . BEALAE U 45 0 R
LT FAEfE S . fEfEas T AR IOE T T BIF N RN LS —~RisfTT 2P, £
A fifh & BT A AR RO . — BLRPIT AL, Bt 2k T . BT T N Rk . Sh ARGl
fir s Jo A B AR A A A, R A B S TR D R . B2 AR AT DAL AR T 32
75 A B A 5L 4 R w] BR A AE A A7
3. Writing tasks

Summary: Write an abstract for Lesson 1 VLSI Technology within 150~200 words.

Composition: Write an essay about some kind of electronic devices which you are familiar

with.
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Reading Materials

Passage 1 The Digital Age

The Birth of Digital Age

During the middle of the 20™ century, mathematicians and engineers discovered a process
for converting most physical quantities found in the world (such as sound waves, light
intensity, forces, voltage, current, or charge) to numbers or digits. This discovery should not
be surprising, since scientists had been using mathematics to describe the physical world for
centuries. This remarkable, yet simple, discovery was the mathematical foundation that gave
birth to the digital age. There are many advantages to “digitizing” analog quantities. For
example:

1. Numbers are much less sensitive to physical problems caused by the physical nature of

the device used to store or manipulate them.
2. Numbers are easier to store than an equivalent physical “amount” of something.

3. Numbers can be moved through space, using electronic, optical, or acoustic means.

Still a Long Way to Go

Unfortunately, there was a major problem in building new digital devices when they were
first conceived. Engineers just didn’t have the right parts to build new digital systems. Not to
be deterred, engineers working during the first half of the 20th century tried the smart and
reasonable thing: They attempted to use readily available vacuum tubes as basic digital
building blocks. Following this approach, in 1945, engineers successfully produced the first
digital computer, called the ENIAC (see Figure 1.3). It was built out of more than 17,000
vacuum tubes, weighed 30 tons, and filled a 30-by-50-foot room. Just think of the heat
produced by 17,000 light-bulbs all burning in the
same room !

While primitive by today’s standards, the
ENIAC was a major advance in engineering and
technology. Never before in human history could we
do math so fast and so accurately. While the ENIAC

opened up new digital horizons for society, these

first computers were so large and so expensive that Fgyre 1.3 The first digital computer — ENIAC
only governments and the largest of companies

could ever hope to own or even use one.

The Transistor Replaced the Vacuum Tube
What the digital age needed was a truly digital component that could replace the vacuum

tube. It would have to run fast, use much less power than the vacuum tube, and, most
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importantly, be small and inexpensive. Fortunately, in 1947 engincers at AT&T’s Bell
Laboratories developed that component, called the transistor. Its creation changed the world
for ever. Bill Shockley, Walter Brattain, and John Bardeen won the Nobel Prize in 1956 for
their joint discovery and development of the transistor, which, within a few decades, had
completely replaced the vacuum tube in nearly every piece of technology.

Now, engineers could unleash their imaginations to create smaller, portable devices that
could run on the relatively small amounts of energy contained in batteries and were rugged in
normal use. For this reason, many people believe that the transistor is the most important
invention of the 20™ century. Just look around you today to see the nearly infinite array of

small gadgets and pieces of technology built from transistors.

The Integrated Circuit (IC)

As engineers designed devices for more complex tasks, such as in robotics or medicine,
the resulting systems required ever more transistors. This push for more transistors made the
devices large and hard to wire together. The next critical step forward into the digital age was
the ability to put many transistors onto a single small part that could be used for these
increasingly complex tasks. Jack Kilby accomplished this remarkable feat in 1958 at Texas
Instruments when he invented the integrated circuit, or IC, as shown in Figure 1.4(a). For
this discovery, Kilby was awarded the 2000 Nobel Prize in physics. This groundbreaking

&

invention was coined the “integrated circuit” because it cleverly integrated many parts.

typically transistors, into a single small package like that shown in Figure 1.4(b).

Figure 1.4(a) The first integrated circuit Figure 1.4(b) A modern integrated circuit

With the invention of the IC, engineers were able to undertake more complicated designs,
because they now had modern digital parts that could do significantly more complicated math
on the newly digitized version of the real analog world. Interestingly, the integrated circuit has
become so pervasive in devices from computers to anti-lock brakes that it is difficult to find
individual transistors in modern technology today — they are now all part of integrated
circuits.

Questions:

1. What advantages does the digital technology have?

2. Which are the building blocks of ENIAC, vacuum tubes or transistors?

3. What does the term gadget mean in this article?
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4. Why is the transistor regarded as the 20™ century’s most important invention?

5. What does the acronym IC stand for in electronics?

Passage 2 Flash Memory

Electronic memory comes in a variety of forms to serve a variety of purposes. Flash
memory is used for easy and fast information storage in such devices asdigital cameras and
home video game consoles. It is used more as a hard drive than as RAM. In fact, flash
memory is considered a solid state storage device. Solid state means that there are no moving
parts—everything is electronic instead of mechanical. Flash memory is a type of EEPROM
chip. It has a grid of columns and rows with a cell that has two transistors at each intersection.
The two transistors are separated from each other by a thin oxide layer. One of the transistors
is known as a floating gate, and the other one is the control gate. The floating gate’s only link
to the row, or wordline, is through the control gate. As long as this link is in place, the cell
has a value of 1. To change the value to a 0 requires a curious process called Fowler-Nordheim
tunneling.

Tunneling is used toalter the placement of electrons in the floating gate. An electrical
charge, usually 10 to 13 volts, is applied to the floating gate. The charge comes from the
column, or bitline, enters the floating gate and drains to a ground.

This charge causes the floating-gate transistor to act like an electron gun. The excited
electrons are pushed through and trapped on other side of the thin oxide layer, giving it a
negative charge. These negatively charged electrons act as a barrier between the control gate
and the floating gate. A special device called a cell sensor monitors the level of the charge
passing through the floating gate. If the flow through the gate is greater than 50 percent of the
charge, it has a value of 1. When the charge passing through drops below the 50-percent
threshold, the value changes to 0. A blank EEPROM has all of the gates fully open, giving
each cell a value of 1.

The electrons in the cells of a Flash-memory chip can be returned tonormal (“1”) by the
application of an electric field, a higher-voltage charge. Flash memory uses in-circuit wiring to
apply the electric field either to the entire chip or to predetermined sections known as blocks.
This erases the targeted area of the chip, which can then be rewritten. Flash memory works
much faster than traditional EEPROMSs because instead of erasing one byte at a time, it erases
a block or the entire chip, and then rewrites it.

Although standards are flourishing, there are many Flash-memory products that are
completely proprietary in nature. But it is good to know that as electronic components become
increasingly interchangeable and learn to communicate with each other, standardized
removable memory will allow you to keep your world close at hand.

Questions ;

1. What does the author mean by saying It is used more as a hard drive than as RAM?
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2. What does the term solid state device refer to?

3. Which is the normal state in a Flash-memory chip, “1” or “0”7?

4. How does flash memory manage to work faster than traditional EEPROMs?
5. What’s the difference between a flash memory and a flash RAM?

Passage 3 Microcontrollers

Microcontrollers are special purpose computers, which do one thing well. If a computer
matches a majority of these characteristics, then you can call it a microcontroller:

® Microcontrollers are “embedded” inside some other device (often a consumer product)

so that they can control the features or actions of the product.

® Microcontrollers are dedicated to one task and run one specific program. The program is

stored in ROM and generally does not change.

® Microcontrollers are often low-power devices. A desktop computer is almost always

plugged into a wall socket and might consume 50 watts of electricity. A battery-
operated microcontroller might consume 50 milliwatts.

® A microcontroller has a dedicated input device and often (but not always) has a small

LED or LCD display for output. For example, the microcontroller inside a TV takes
input from the remote control and displays output on the TV screen. The controller
controls the channel selector, the speaker system and certain adjustments on the
picture tube electronics such as tint and brightness.

® A microcontroller is often small and low cost. The components are chosen to minimize

size and to be as inexpensive as possible,

® A microcontroller is often, but not always,ruggedized in some way.

The microcontroller controlling a car’s engine, for example, has to work in temperature
extremes that a normal computer generally cannot handle. A car’s microcontroller in Alaska
has to work fine in -30 degree F (- 34°C) weather, while the same microcontroller in Nevada
might be operating at 120 degrees F (49°C).

The actual processor used to implement a microcontroller can vary widely. In many products,
such as microwave ovens, the demand on the CPU is fairly low and price is an important
consideration. In these cases, manufacturers turn to dedicated microcontroller chips-chips that were
originally designed to be low-cost, small, low-power, embedded CPUs. The Motorola 6811 and Intel
8051 are both good examples of such chips. There is also a line of popular controllers called “PIC
microcontrollers” created by a company called Microchip. By today’s standards, these CPUs are
incredibly minimalistic; but they are extremely inexpensive when purchased in large quantities and
can often meet the needs of a device’s designer with just one chip.

Questions;

. How is a microcontroller defined?
. What functions does the microcontroller inside a TV perform?
. Why does a microcontroller often require being ruggedized in some way?

. What kinds of products are dedicated microcontroller chips often applied to?

[ O N

. What does the acronym LED mean in this article?
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