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A No-Holds-Barred
Seafood Gumbo

Well, my little avocado pears, festooned with slivers of spring onions and
deluged with lashings of spicy Italian dressing . . . Having absorbed the myriad
juicy snippets of information that are strewn so lavishly throughout Bebop to the
Boolean Boogie, you are now uniquely qualified to regale an assembled throng
with a discourse on almost any subject under the sun. So, this would be the
perfect time to rest our weary brains and turn our attention to other facets of
life’s rich tapestry. For example, as soon as I've finished penning these last few
words, | must return to practicing my down-hill mud-wrestling skills as, I have
no doubt, so do you.

But first we need to recline, relax, lay back, unwind, and take the time to
recharge our batteries—and what could be more appropriate than a steaming
bowl of no-holds-barred seafood gumbo? So, here’s the recipe for a fulsomely-
flavored Epicurean taste-fest sensation sufficient to cause the most sophisticated
of gastronomes to start salivating surreptitiously and to make a grown man
break down and cry. This pert little beauty will pulsate promiscuously across
your pallet and pummel it with a passion, titillate your taste buds and have
them tap-dancing the tango on your tongue, reverberate and resonate resound-

ingly throughout your nervous system,
and warm the cockles of your heart. Beware! If you are under 21, male,
or a politician, don’t attempt to
do anything on the culinary front
without your mother’s permission
and supervision, because kitchens
contain sharp things, hot things,
delight, and leave you groveling on and a wide variety of other poten-
your knees, gnashing your teeth, and tially dangerous things.

gasping for more.

In short, this frisky little number will
grab you by the short-and-curlies,
swing you sybaritically around the
room in a syncopated symphony of
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The following ingredients are for the main body of the gumbo—you’ll have

to sort out any rice, bread, and side dishes for yourself:

2 cups of diced onions

1% cups of diced green bell peppers
1 cup of diced celery

2 cups of halved button mushrooms
3 large cloves of finely diced garlic

1 finely diced scotch bonnet or
habafiero pepper

10 thick-cut slices of bacon

2 bay leaves

V5 teaspoon dried thyme
leaves

V4 teaspoon dried oregano

145 teaspoons of salt

1Y% teaspoons of white pepper
V4 teaspoon of black pepper

V4 teaspoon of cayenne pepper

2t f Gumbo Filé
1 pound of Cajun-style sausage SEROORMRE IR0 RS

1 pound of peeled, medium-sized
shrimp

55 cups of chicken stock

Lots of butter (more below)

V2 pound of scallops % cup flour

% pound white fish cut into slices

1 small tin of anchovies

If you can’t get Cajun-style sausage, then Polish sausage will do nicely. Note
that the teaspoon quantities in the list of ingredients do not refer to level
measures, nor should you to attempt to set a new world record for the amount
you can balance on one spoon—just try to aim for roughly the same sensuously
rounded profile you get when you’re casually spooning sugar into a cup of
coffee. So, without further ado, let’s gird up our loins and proceed to the fray:

1. First of all there’s an art to cooking, and it starts by doing the washing
up you've been putting off all day and putting all of the pots away.

3. Girill (broil) the bacon until it’s crispy and crunchy; then put it on a
plate to cool and set it to one side.

4. Prepare all of the vegetables, mushrooms, gatlic, and scotch bonnet or
habafiero pepper (be careful with the latter—it’s best to wear gloves here—
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because these are ferociously hot and if you get the juice on your finger and
then touch anywhere near your eyes you're going to be a very unhappy
camper). Put them all in separate bowls, except for the scotch bonnet and
garlic, which can go together.

5. Chop the Cajun-style sausage into %-inch pieces (cut at about a 45
degree angle because this looks nicer); put them in a bowl and set it to one side.

6. Mix the salt, thyme, oregano, Gumbo Filé, and the white, black, and
cayenne peppers together in a cup and set it to one side (you'll need your hands
free later).

7. Wash up all the knives, chopping boards, and everything else you've
used and put them all away, and then wipe down all of your working surfaces.
Trust me—you’ll feel better when everything is clean and tidy (have I ever lied
to you before?). Take a five-minute break and quaff! a glass of wine—after all,
who deserves it more than you?

8. Put the chicken stock into a large chili pan and bring it to the boil.
Then reduce the heat to a low, slow simmer and leave it on the back burner.

9. Using a medium to medium-high heat, melt 3% of a cup of butter in a
large, heavy skillet until it starts to bubble. Gradually add the flour using a
whisk and stir constantly until the resulting roux is a dark-ish, red-ish brown
(the darker the better—try to be brave here and leave it longer than you
expect). Remove the skillet from the heat, but keep on stirring until it’s cooled
down enough so that the mixture won’t stick to it and burn.

10. Maintain the stock at a low simmer and add the mixture that you've just
made, stirring it in one spoonful at a time, and waiting for each spoonful to
dissolve before adding the next.

11. Clean the skillet, put it on a medium-high to high heat, and melt a
chunk of butter. Stirring all the time, sauté the celery for one minute, add the
bell peppers and sauté for 1% minutes, add the onions and sauté for 1% minutes,
then add the scotch bonnets and garlic along with the mixture of herbs, salt,
and pepper and sauté for one more minute. Finally, chuck the whole lot into
the chili pan with the stock.

1 Quaffing is like drinking, except that you tend to spill more down your chest.
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12. Break the bacon into ¥-inch pieces and toss them into the stock. Flake
the anchovies with a fork and cast them into the stock. Hurl in the Cajun-style
sausage and the bay leaves. Also, if you happen to have any lying around, add a
couple of teaspoons of English Worcestershire sauce. Cover the chili pan and
leave on a low simmer.

13. Return the skillet to a medium-high to high heat and melt another
chunk of butter. Sauté the mushrooms until they’re golden brown and squeal-
ing for more, then use them to swell the contents of the chili pan.

14. Simmer the whole mixture (stirring often) for at least one hour, which,
by some strange quirk of fate, will give you all the time you need to wash the
skillet and the dishes you used and put them away again. If you're ravenous
you can proceed immediately to the next step. However, if you're wise, you'll
remove the heat and leave your cunningly captivating creation to stand over-
night (chilies, stews, curries, and gumbos always taste better if the ingredients
have the time to formally introduce themselves). When you’re ready to chow
down, heat it back up again and proceed to the next step.

15. Add the shrimp, scallops, and fish. Bring to the boil then return to a
simmer. Maintain the simmer until the seafood is cooked (I personally opt for
around 15 minutes just to make sure) and you’re ready to rock and roll.

This little beauty will put hairs on your chest, make them curl, and then
take them off again. Seriously, this gumbo really is seductively, scintillatingly,
scorchingly tasty—your friends will be singing your praises and dancing in the
streets.

You can serve your gorgeous gourmet gumbo over steamed or boiled rice, with
crusty French bread, or with whatever else your heart desires. The quantities
given above will serve eight to ten manly-man sized portions with a little
something left over for the following day. Of course, no meal would be complete
without some wine—and the perfect complement to your scrumptious repast
is . . . to be found in a very large bottle. Enjoy!



Abbreviations and Acronyms

Electronic engineers and computer buffs simply love abbreviations and acronyms.
They are really happy if they can use one abbreviation to represent multiple things
or different abbreviations to represent the same things, and they become close to
ecstatic if they can generate a plethora of abbreviations from permutations of the
same three or four letters. The situation is further confused, because the meanings
behind abbreviations and acronyms may evolve over time. The list below contains
the abbreviations and acronyms used in this book. For further reading, one could do a

lot worse than The Computer Glossary by Alan Freedman.

2-D or 2D | Two Dimensional COB | Chip-On-Board
3-D or 3D | Three Dimensional COC | Chip-On-Chip

A/D | Analog-to-Digital COF | Chip-On-Flex

ASIC | Application-Specific Integrated COT | Customer-Owned Tooling
Circuit CPLD | Complex PLD

ASSP | Application-Specific Standard CPU | Central Processing Unit
ar CRC | CyelisRadniluney el

il e CSIC | Customer-Specific Integrated

BEDO | Burst EDO Ciicinit
BGA | Ball Grid Array CSP | Chip Scale Package
BiCMOS | Bipolar-CMOS CVD | Chemical Vapor Deposition
BiNMOS | Bipolar-NMOS CVI | Chemical Vapor Infiltration
BIST | Built-In Self-Test D/A | Digital-to-Analog
BJT | Bipolar Junction Transistor DDR | Double Data Rate

CAD | Computer-Aided Design DFT | Design-for-Test

CAE | Computer-Aided Engineering DIL | Dual-In-Line

CGA | Column Grid Array DRAM | Dynamic RAM

CGH | Computer-Generated Hologram DSM | Deep-Submicron

CMOS | Complementary Metal-Oxide BSP | -Diital Signal Frocessor

Semiconductor DTL | Diode-Transistor Logic

CMP | Chemical Mechanical Polishing DIMM | Dual In-line Memory Module

CNFET | Carbon Nanotube FET DWB | Discrete Wired Board
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E2PROM

EBE
ECC
ECL
EDA
EDIF

EDO
EDSAC

EDVAC

EEPROM

ENIAC

EPROM

ESD
EUV
EUVL
FET
FIFO
FPC
FPD
FPGA
FPIC

FPID

FPM
FSM

Electrically-Erasable Program-

mable Read-Only Memory
Electron Beam Epitaxy
Error-Correcting Code
Emitter-Coupled Logic
Electronic Design Automation

Electronic Design Interchange
Format

Extended Data Out

Electronic Delay Storage
Automatic Calculator

Electronic Discrete Variable
Automatic Computer

Electrically-Erasable Program-
mable Read-Only Memory

Electronic Numerical Integrator
and Calculator

Erasable Programmable Read-
Only Memory

Electrostatic Discharge

Extreme Ultraviolet

Extreme Ultraviolet Lithography
Field-Effect Transistor

First-In First-Out

Flexible Printed Circuit
Field-Programmable Device
Field-Programmable Gate Array

Field-Programmable Inter-
connect Chip!

Field-Programmable Inter-
connect Device

Fast Page Mode

Finite State Machine

1 FPIC is a trademark of Aptix Corporation.

GAL
GIGO
HDL
HTCC

ic
ICR
IDM
1/0

IR
ISP
JEDEC

LED
LFSR
LIFO

LSB

LSB

LSl
LTCC

LTH
MBE
MCM
MCM-C

MCM-D

MCM-L

MCM-S

Generic Array Logic?
Garbage-In Garbage-Out
Hardware Description Language

High-Temperature Cofired
Ceramic

Integrated Circuit

In-Circuit Reconfigurable
Integrated Device Manufacturer
Input/Output

Intellectual Property

Infrared

In-System Programmable

Joint Electronic Device
Engineering Council

Light-Emitting Diode

Linear Feedback Shift Register
Last-In-First-Out

Least Significant Bit

Least Significant Byte
Large-Scale Integration

Low-Temperature Cofired
Ceramic

Lead Through-Hole
Molecular Beam Epitaxy
Multichip Module

Multichip Module — Ceramic

substrate

Multichip Module — Dielectric-
covered substrate

Multichip Module — Laminate
substrate

Multichip Module —
Semiconductor substrate

2 GAL is a registered trademark of Lattice Semiconductor Corporation.



MEMS

MOS
MOSFET

MRAM

MSB
MSB
MSI
MT)
NMOS
NPN
NRE
nvRAM
OMEMS
oTP
PAL
PCB
PGA
PGA
PHB
PISO
PLA
PLD
PMOS
PNP
PROM

PTH
PWB
QDR
QFP

MicroElectroMechanical
Systems

Metal-Oxide Semiconductor

Metal-Oxide Semiconductor
Field-Effect Transistor

Magnetic Random Access
Memory

Most Significant Bit

Most Significant Byte
Medium-Scale Integration
Magnetic Tunnel Junction
N-channel MOS

N-type — P-type — N-type
Non-Recurring Engineering
Non-Volatile RAM
Optical MEMS

One Time Programmable
Programmable Array Logic?
Printed Circuit Board

Pad Grid Array

Pin Grid Array
Photochemical Hole Burning
Parallel-In Serial-Out
Programmable Logic Array

Programmable Logic Device

P-channel MOS

P-type — N-type — P-type

Programmable Read-Only
Memory

Plated Through-Hole
Printed Wire Board
Quad Data Rate
Quad Flat Pack
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RAM
RDRAM
RIMM
ROM
RTL
RTL
RWM
SDRAM
SIMM
SIPO
SISO
SMD
SMOBC
SMT
SoC
sopP
SPLD
SRAM
Ssi
TAB

TTL
uc
UDSM
ULA
uLsl

UNIVAC
uP
uv

VHDL

VHSIC

VLSI

3 PAL is a registered trademark of Monolithic Memories Inc.

Random Access Memory
Rambus DRAM

See the Glossary for more details
Read-Only Memory

Register Transfer Level
Resistor-Transistor Logic
Read-Write Memory
Synchronous DRAM

Single In-line Memory Module
Serial-In Parallel-Out
Serial-In Serial-Out

Surface Mount Device

Solder Mask Over Bare Copper
Sutface Mount Technology
System-on-Chip

Small Outline Package

Simple PLD

Static RAM

Small-Scale Integration

Tape Automated Bonding

Transistor-Transistor Logic
Microcontroller

Ultra-Deep-Submicron
Uncommitted Logic Array
Ultra-Large-Scale Integration

Universal Automatic Computer
Microprocessor

Ultraviolet

VHSIC HDL

Very High Speed Integrated
Circuit

Very-Large-Scale Integration
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Absolute Scale of Temperature - A scale of
temperature that was invented by the Brit-
ish mathematician and physicist William
Thomas, first Baron of Kelvin. Under the
absolute, or Kelvin, scale of temperature, 0K
(corresponding to —273°C) is the coldest
possible temperature and is known as ab-
solute zero.

Absolute Zero - see Absolute Scale of
Temperature.

Active-High - Once again, beware, here be
dragons. In this book an active-high signal
is defined as a signal whose active state is
considered to be a logic 1. This definition,
which is used by the engineers in the
trenches, allows all forms of logic,
including assertion-level logic, to be
represented without any confusion,
regardless of whether positive- or negative-
logic implementations are employed.
Unfortunately, some academics (and even
textbooks) define an active-high signal
as being one whose asserted (TRUE or
logic 1) state is at a higher voltage level
than its unasserted (FALSE or logic 0)
state. However, this definition serves
only to cause confusion when combined
with negative-logic implementations.
Thus, when using the term active-high
in discussions with other people, you are
strongly advised to make sure that you're
all talking about the same thing before
you start.

Active-Low - Beware, here be dragons. In
this book an active-low signal is defined as
a signal whose active state is considered
to be a logic 0. This definition, which is
used by the engineers in the trenches,
allows all forms of logic, including
assertion-level logic, to be represented
without any confusion, regardless of
whether positive- or negative-logic imple-
mentations are employed.

Unfortunately, some academics (and even
textbooks) define an active-low signal
as being one whose asserted (TRUE or
logic 1) state is at a lower voltage level
than its unasserted (FALSE or logic O)
state. However, this definition serves
only to cause confusion when combined
with negative-logic implementations.
Thus, when using the term active-low in
discussions with other people, you are
strongly advised to make sure that you're
all talking about the same thing before
you start.

Active Substrate - A hybrid or multichip
module substrate formed from a semi-
conductor. Termed active because compo-
nents such as transistors can be fabricated
directly into the substrate.

Active Trimming - The process of trim-
ming components such as resistors while
the circuit is under power. Such compo-
nents are fabricated directly onto the
substrate of a hybrid or multichip mod-
ule, and the trimming is usually per-
formed using a laser beam.

Actuator - A transducer that converts an
electronic signal into a physical equiva-
lent. For example, a loudspeaker is an
actuator that converts electronic signals
into corresponding sounds.

Adaptive Hardware - Refers to devices
that allow new design variations to be
“compiled” in real-time, which may be
thought of as dynamically creating
subroutines in hardware See also Virtual
Hardware and Cache Logic.

Additive Process - A process in which
conducting material is added to specific
areas of a substrate. Groups of tracks,
individual tracks, or portions of tracks
can be built up to precise thicknesses by
iterating the process multiple times with
selective masking.



Address Bus - A unidirectional set of
signals used by a computer to point to
memory locations in which it is inter-
ested.

A/D (Analog-to-Digital) - The process of
converting an analog value into its digital
equivalent.

Analog - A continuous value that most
closely resembles the real world and can
be as precise as the measuring technique
allows.

Analog Circuit - A collection of compo-
nents used to process or generate analog
signals.

Analog-to-Digital - see A/D.

Analogue - The way they spell “analog” in
England.

Anisotropic Adhesives - Special adhesives
that contain minute particles of conduc-
tive material. These adhesives find
particular application with the flipped-
chip techniques used to mount bare die
on the substrates of hybrids, multichip
modules, or circuit boards. The conduct-
ing particles are only brought in contact
with each other at the sites where the
raised pads on the die are pressed down
over their corresponding pads on the
substrate, thereby forming good electrical
connections between the pads.

Anti-Fuse Technology - A programmable
logic device technology in which con-
ducting paths (anti-fuses) are “grown” by
applying signals of relatively high voltage
and current to the device’s inputs.

Anti-Pad - The area of copper etched away
around a via or a plated through-hole
on a power or ground plane, thereby
preventing an electrical connection
being made to that plane.
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Application-Specific Integrated Circuit -
see ASIC.

Application-Specific Standard Part - see
ASSP.

ASIC (Application-Specific Integrated
Circuit) - A device whose function is
determined by a designer for a particular
application or group of applications.

ASIC Cell - A logic function in the cell
library defined by the manufacturer of
an application-specific integrated circuit.

Assertion-Level Logic - A technique used
to more precisely represent the function
of logic gates with active-low inputs.

Associative Rules - Algebraic rules that
state that the order in which pairs of
variables are associated together will
not affect the result of an operation: for
example,! (a&b)&c=2a& (b&c).

ASSP (Application-Specific Standard Part)
- Refers to complex integrated circuits
created by a device manufacturer using
ASIC technologies, where these compo-
nents are to be sold as standard parts to
anybody who wants to buy them.

Asynchronous - A signal whose data is
acknowledged or acted upon immedi-
ately, regardless of any clock signal.

Alto - Unit qualifier (symbol = a) repre-
senting one millionth of one millionth
of one millionth, or 10-18. For example,
3 as stands for 3 x 1018 seconds.

Backplane - The medium used to inter-
connect a number of circuit boards.
Typically refers to a special, heavy-duty
printed or discrete wired circuit board.

Ball Grid Array - sece BGA.

Bare Die - An unpackaged integrated
circuit.

I Note that the symbol = indicates “is equivalent to” or “is the same as.”
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Barrier Layer - see Overglassing.

Base - Refers to the number of digits in
a numbering system. For example, the
decimal numbering system is said to be
base-10. (May also be referred to as the
“radix.”)

Basic Cell - A predefined group of uncon-
nected components that is replicated
across the surface of a gate array.

BDD (Binary Decision Diagram) - A
method of representing Boolean
equations as decision trees.

Bebop - A form of music characterized by
fast tempos and agitated rhythms that
became highly popular in the decade

following World War I1.

BEDO (Burst EDO) - An asynchronous
form of DRAM-based computer memory
that was popular for a while in the latter
half of the 1990s. Along with other
asynchronous memory techniques,
BEDO was eventually superceded by
SDRAM technologies See also FPM,
EDO, and SDRAM.

BGA (Ball Grid Array) - A packaging
technology similar to a pad grid array
(PGA), in which a device’s external
connections are arranged as an array
of conducting pads on the base of the
package. However, in the case of a ball
grid array, small balls of solder are
attached to the conducting pads.

BiCMOS (Bipolar-CMOS) - A technology in
which the function of each logic gate is
implemented using low-power CMOS,
while the output stage is implemented
using high-drive bipolar transistors.

Binary - Base-2 numbering system (the
type of numbers that computers use
internally).

Binary Decision Diagram - see BDD.

Binary Digit - A numeral in the binary
scale of notation. A binary digit (typi-

cally abbreviated to “bit”) can adopt one
of two values: O or 1.

Binary Encoding - A form of state assign-
ment for state machines that requires the
minimum number of state variables.

Binary Logic - Digital logic gates based on
two distinct voltage levels. The two
voltages are used to represent the binary
values 0 and 1, and their logical equiva-
lents FALSE and TRUE.

BiNMOS (Bipolar-NMOS) - A relatively new
low-voltage integrated circuit technology
in which complex combinations of
bipolar and NMOS transistors are used
for sophisticated output stages providing
both high speed and low static power
dissipation.

Bipolar Junction Transistor - see BJT.

Bi-quinary - A system that utilizes two
bases, base-2 and base-5, to represent
decimal numbers. Each decimal digit is
represented by the sum of two parts, one
of which has the value of decimal zero or
five, and the other the values of zero
through four. The abacus is one practical
example of the use of a bi-quinary system.

BIST (Built-in Self-test) - A test strategy in
which additional logic is built into a
component, thereby allowing it to test
itself.

Bit - Abbreviation of binary digit. A binary
digit can adopt one of two values: O or 1.

BJTs (Bipolar Junction Transistors) - A
family of transistors.

Blind Via - A via that is only visible from
one side of the substrate.

Bobble - A small circle used on the inputs
to a logic gate symbol to indicate an
active low input or control, or on the
outputs to indicate a negation (inversion)
or complementary signal. Some engineers

“ ”
prefer to use the term “bubble.



Boolean Algebra - A mathematical way of
representing logical expressions.

Bootstrapping — A sequence of initializa-
tion operations performed by a computer
when it is first powered up.

Bounce Pad - A special pattern etched
onto the power or ground plane of a
microwire circuit board. The bounce pad
is used in conjunction with a laser beam
to create blind vias. The laser beam
evaporates the epoxy forming the outer
layers of the board and continues down
to the bounce pad which reflects, or
bounces, it back up, thereby terminating
the via.

Braze - To unite or fuse two pieces of metal
by heating them in conjunction with a
hard solder with a high melting point.

Buckyballs - Prior to the mid-1980s, the
only major forms of pure carbon known
to us were graphite and diamond. In
1985, howevet, a third form consisting
of spheres formed from 60 carbon atoms
(Cgo) was discovered. Officially known
as Buckministerfullerine?—named after
the American architect R. Buckminister
Fuller who designed geodesic domes with
the same fundamental symmetry—these
spheres are more commonly known as
“buckyballs.” In 2000, scientists with the
U.S. Department of Energy’s Lawrence
Berkeley National Laboratory (Berkeley
Lab) and the University of California at
Berkeley reported that they had managed
to fashion a transistor from a single

buckyball.
Built-In Self-Test - see BIST.

Bulk Storage - Refers to some form of
media, typically magnetic, such as tape or
a disk drive, which can be used to store
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large quantities of information relatively
inexpensively.

Buried Via - A via used to link conducting
layers internal to a substrate. Such a via
is not visible from either side of the
substrate.

Burst EDO - see BEDQO.

Bus - A set of signals performing a com-
mon function and carrying similar data.
Typically represented using vector
notation: for example, data[7:0].

Bundle - A set of signals related in some
way that makes it appropriate to group
them together for ease of representation
or manipulation. May contain both scalar
and vector elements: for example,
{ab.c.A[5:0Th

Byte - A group of eight binary digits, or
bits.

Cache Logic?® - A proprietary name
intended to reflect designs realized in
virtual hardware. Derived from its
similarity to the concept of Cache
Memory.

Cache Memory - A small, high-speed,
memory (usually SRAM) used to buffer
the central processing unit from any
slower, lower cost memory devices such
as DRAM. The high-speed cache memory
is used to store active instructions and
data,* while the bulk of the instructions
and data reside in the slower memory.

Canonical Form - In a mathematical
context this term is taken to mean a
generic or basic representation. Canoni-
cal forms provide the means to compare
two expressions without falling into the
trap of trying to compare “apples” with
“oranges.”

2 Science magazine voted Buckministerfullerine the “Molecule of the Year” in 1991.

3 Cache Logic is a trademark of Atmel Corporation.

4 In this context, “active” refers to data or instructions that a program is currently using, or which the
operating system believes that the program will want to use in the immediate future.
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Capacitance - A measure of the ability of
two adjacent conductors separated by an
insulator to hold a charge when a voltage
differential is applied between them.
Capacitance is measured in units of
Farads.

Carbon Nanotube FET - see CNFET.

Catalyst - A substance that initiates a
chemical reaction under different condi-
tions (such as lower temperatures) than
would otherwise be possible. The catalyst
itself remains unchanged at the end of
the reaction.

Cell - see ASIC Cell, Basic Cell, Cell
Library, and Memory Cell.

Cell Library - The collective name for
the set of logic functions defined by the
manufacturer of an application-specific
integrated circuit. The designer decides
which types of cells should be realized
and connected together to make the
device perform its desired function.

Central Processing Unit - see CPU.

Ceramic - An inorganic, nonmetallic
material, such as alumina, beryllia,
steatite, or forsterite, which is fired at
a high temperature and is often used in
electronics as a substrate or to create
component packages.

CGA (Column Grid Array) - A packaging
technology similar to a pad grid array
(PGA), in which a device's external
connections are arranged as an array
of conducting pads on the base of the
package. However, in the case of a
column grid array, small columns of
solder are attached to the conducting
pads.

CGH (Computer-Generated Hologram) -
In the context of this book, this refers to
a slice of quartz or similar material into
which three-dimensional patterns are cut
using a laser. The angles of the patterns
cut into the quartz are precisely calculated

for use in the optical communication
strategy known as holographic intercon-
nect. All of these calculations are per-
formed by a computer, and the laser used
to cut the three-dimensional patterns
into the quartz is also controlled by a
computer. Thus, the slice of quartz is
referred to as a computer-generated holo-
gram.

Channel - (1) The area between two arrays
of basic cells in a channeled gate array.
(2) The gap between the source and drain
regions in a MOS transistor.

Channeled Gate Array - An application-
specific integrated circuit (ASIC) organized
as arrays of basic cells. The areas between
the arrays are known as channels.

Channel-Less Gate Array - An application-
specific integrated circuit (ASIC) organized
as a single large array of basic cells. May
also be referred to as a “sea of cells” or a
“sea of gates” device.

Checksum - The final cyclic-redundancy
check value stored in a linear feedback
shift register (or software equivalent).
Also known as a “signature” in the
guided-probe variant of a functional test.

Chemically-Amplified Resist - In the case
of a chemically-amplified resist, the
application of a relatively small quantity
of ultraviolet light stimulates the forma-
tion of chemicals in the resist, where
these chemicals accelerate the degrading
process. This reduces the amount of
ultraviolet light required to degrade the
resist and allows the creation of finer
features with improved accuracy.

Chemical Mechanical Polishing - see
CMP.

Chemical Vapor Deposition - sce CVD.,
Chemical Vapor Infiltration - see CVI.

Chip - Popular name for an integrated
circuit.



Chip-on-Board - see COB.
Chip-on-Chip - see COC.
Chip-on-Flex - see COF.

Chip Scale Package - see CSP.

Circuit Board - The generic name for a
wide variety of interconnection tech-
niques, which include rigid, flexible, and
rigid-flex boards in single-sided, double-
sided, multilayer, and discrete wired
configurations.

CMOS (Complementary Metal Oxide
Semiconductor) - Logic gates constructed

using both NMOS and PMOS transistors

connected in a complementary manner.

CMP (Chemical Mechanical Polishing) -
A process used to re-planarize a wafer—
smoothing the surface by polishing out
the “bumps” caused by adding a
metalization (tracking) layer.

CNFET (Carbon Nanotube FET) - A new
type of transistor announced by IBM in
the summer of 2002. This device is based
on a field-effect transistor featuring a
carbon nanotube measuring 1.4 nano-
meters in diameter as the channel (the
rest of the transistor is formed using
conventional silicon and metal process-
ing technologies). It will be a number of
years before these devices become
commercially available, but they are
anticipated to significantly outperform
their silicon-only counterparts.

Coaxial Cable - A conductor in the form
of a central wire surrounded first by a
dielectric (insulating) layer, and then
by a conducting tube which serves to
shield the central wire from external
interference.
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COB (Chip-on-Board) — A process in which
unpackaged integrated circuits are
physically and electrically attached to a
circuit board, and are then encapsulated
with a “glob” of protective material such
as epoxy.

COC (Chip-on-Chip) - A process in which
unpackaged integrated circuits are
mounted on top of each other. Each die
is very thin and it is possible to have
over a hundred die forming a 3D cube.

Coefficient of Thermal Expansion -
Defines the amount that a material
expands and contracts due to changes in
temperature. If materials with different
coefficients of thermal expansion are
bonded together, changes in temperature
will cause shear forces at the interface
between them.

COF (Chip-on-Flex) - Similar to chip-on-
board, except that the unpackaged
integrated circuits are attached to a
flexible printed circuit.

Cofired Ceramic - A substrate formed
from multiple layers of “green” ceramic
that are bonded together and fired at the
same time,

Column Grid Array - see CGA.
Combinatorial - sce Combinational.

Combinational - A digital function whose
output value is directly related to the
current combination of values on its
inputs.

Commutative Rules - Algebraic rules that
state that the order in which variables are
specified will not affect the result of an
operation: f le’a&b=b&

peration: for example,” a a.

5 Note that the symbol = indicates “is equivalent to” or “is the same as.”
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Comparator (digital) - A logic function
that compares two binary values and
outputs the results in terms of binary
signals representing less-than and/or
equal-to and/or greater than.

Compiled Cell Technology - A technique
used to create portions of a standard cell
application-specific integrated circuit (ASIC).
The masks used to create components
and interconnections are directly gener-
ated from Boolean representations using
a program called a silicon compiler. May
also be used to create data-path and
memory functions.

Complementary Output - Refers to a
function with two outputs carrying
complementary logical values. One
output is referred to as the true output and
the other as the complementary output.

Complementary Rules - Rules in Boolean
Algebra derived from the combination of
a single variable with the inverse of itself.

Complex Programmable Logic Device -

see CPLD.

Computer-Generated Hologram - see

CGH.

Computer Virus - There are many different

types of computer viruses but, for the
purposes of this book, a computer virus
may be defined as a self-replicating
program released into a computer system
for a number of purposes. These purposes
range from the simply mischievous, such
as displaying humorous or annoying
messages, to the downright nefarious,
such as corrupting data or destroying

(or subverting) the operating system.

Conditioning - see Signal Conditioning.

Conductive Ink Technology - A technique
in which tracks are screen-printed
directly onto the surface of a circuit
board using conductive ink.

Conjunction - Propositions combined with
an AND operator: for example, “You

have a parrot on your head AND you have
a fish in your ear.” The result of a con-
junction is true if all the propositions
comprising that conjunction are true.

Configurable Hardware - A product whose
function may be customized once or a very
few times. See also Adaptive Computing,
Reconfigurable Hardware, Remotely
Reconfigurable Hardware, Dynamically
Reconfigurable Hardware, and Virtual
Hardware.

CPLD (Complex PLD) - A device that
contains a number of PLA or PAL
functions sharing a common program-
mable interconnection matrix.

CPU (Central Processing Unit) - The
“brain” of a computer where all of the
decision-making and number crunching
is performed.

CRC (Cyclic Redundancy Check) - A
calculation used to detect errors in data
communications, typically performed
using a linear feedback shift register.
Similar calculations may be used for a
variety of other purposes such as data
compression.

Crossover - Used in discrete wire technol-
ogy to designate the intersection of two
or more insulated wires.

CSIC (Customer-Specific Integrated
Circuit) - An alternative and possibly
more accurate name for an ASIC, but
this term is rarely used in the industry
and shows little indication of finding
favor with the masses.

CSP (Chip Scale Package) - An integrated
circuit packaging technique in which the
package is only fractionally larger than
the silicon die.

Cure - To harden a material using heat,
ultraviolet light, or some other process.

Cured - Refers to a material that has been
hardened using heat, ultraviolet light or
some other process.



Customer-Specific Integrated Circuit -

see CSIC.

CVD (Chemical Vapor Deposition) -
A process for growing thin films on a
substrate, in which a gas containing the
required molecules is converted into
plasma by heating it to extremely high
temperatures using microwaves. T he
plasma carries atoms to the surface of the
substrate where they are attracted to the
crystalline structure of the substrate. This
underlying structure acts as a template.
The new atoms continue to develop the
structure to build up a layer on the
substrate’s surface.

CVI (Chemical Vapor Infiltration) - A
process similar to chemical vapor deposition
(CVD) but, in this case, the process
commences by placing a crystalline
powder of the required substance in a
mold. Additionally, thin posts, or
columns, can be preformed in the mold,
and the powder can be deposited around
them. When exposed to the same plasma
as used in the CVD technique, the
powder coalesces into a polycrystalline
mass. After the CVI process has been
performed, the posts can be dissolved,
leaving holes through the crystal for use
in creating vias. CVI processes can
produce layers twice the thickness of
those obtained using CVD techniques
at a fraction of the cost.

Cyclic Redundancy Check - see CRC.

D/A (Digital-to-Analog) - The process of
converting a digital value into its analog
equivalent.

Data Bus - A bi-directional set of signals
used by a computer to convey informa-
tion from a memory location to the
central processing unit and vice versa.
More generally, a set of signals used to
convey data between digital functions.

Data-Path Function - A well-defined
function such as an adder, counter, or
multiplier used to process digital data.
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Daughter Board - If a backplane contains
active components such as integrated
circuits, then it is usually referred to as a
motherboard. In this case, the boards
plugged into it are referred to as daughter
boards.

DDR (Double Data Rate) - A modern form
of SDRAM-based memory. The original
SDRAM specification was based on using
one of the clock edges only (say the rising
edge) to read/write data out-of/into the
memory. DDR refers to memory designed
in such a way that data can be read/
written on both edges of the clock. This
effectively doubles the amount of data
that can be pushed through the system
without increasing the clock frequency
(like many things this sounds simple if
you say it fast, but making this work is
trickier than it may at first appear).

See also QDR and SDRAM.
Decimal - Base-10 numbering system.

Decoder (digital) - A logic function that
uses a binaty value, or address, to select
between a number of outputs and to
assert the selected output by placing it
in its active state.

Deep Sub-Micron - see DSM.

Delamination - Occurs when a composite
material formed from a number of layers
is stressed, thermally or otherwise, such
that the layers begin to separate.

DeMorgan Transformation - The transfor-
mation of a Boolean expression into an
alternate, and often more convenient,
form.

Die - (1) An unpackaged integrated circuit.
In this case, the plural of die is also die
(in much the same way that “a shoal of
herring” is the plural of “herring”). (2) A
piece of metal with a design engraved or
embossed on it for stamping onto another
material, upon which the design appears
in relief.
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Dielectric Layer - (1) An insulating layer
used to separate two signal layers.
(2) An insulating layer used to modify
the electrical characteristics of an
MCM-D substrate.

Die Separation - The process of separating
individual die from the wafer by marking
the wafer with a diamond scribe and
fracturing it along the scribed lines.

Die Stacking - A technique used in special-
ist applications in which several bare die
are stacked on top of each other to form a
sandwich. The die are connected together
and then packaged as a single entity.

Diffusion Layer - The surface layer of a
piece of semiconductor into which
impurities are diffused to form P-type and
N-type material. In addition to forming
components, the diffusion layer may also
be used to create embedded traces.

Digital - A value represented as being in
one of a finite number of discrete states
called quanta. The accuracy of a digital
value is dependent on the number of
quanta used to represent it.

Digital Circuit - A collection of logic gates
used to process or generate digital signals.

Digital Signal Processor - see DSP.
Digital-to-Analog - see D/A.

DIMM (Dual In-line Memory Module) - A
single memory integrated circuit can only
contain a limited amount of data, so a
number are gathered together onto a
small circuit board called a memory
module. Each memory module has a line
of gold-plated pads on both sides of one
edge of the board. These pads plug into
a corresponding connector on the main
computer board. In the case of a dual in-
line memory module (DIMM), the pads on
opposite sides of the board are electrically

isolated from each other and form two
separate contacts. See also SIMM and
RIMM.

Diode - A two-terminal device that
conducts electricity in only one direction;
in the other direction it behaves like an
open switch. These days the term diode
is almost invariably taken to refer to a
semiconductor device, although alterna-
tive implementations such as vacuum
tubes are available.

Diode-Transistor Logic - see DTL.

Discrete Device - Typically taken to refer
to an electronic component such as a
resistor, capacitor, diode, or transistor that
is presented in an individual package.
More rarely, the term may be used in
connection with a simple integrated
circuit containing a small number of
primitive gates.

Discrete Wire Board - see DWB.

Discrete Wire Technology - The technol-
ogy used to fabricate discrete wire boards.

Disjunction - Propositions combined with
an OR operator; for example, “You have a
parrot on your head OR you have a fish in
your ear.” The result of a disjunction is
true if at least one of the propositions
comprising that disjunction is true.

Distributive Rules - Two very important
rules in Boolean Algebra. The first states
that the AND operator distributes over
the OR operator: for example,® 2 & (b | ¢)
=(a&b) | (a &c). The second states that
the OR operator distributes over the
AND operator: for example, a | (b&¢) =
(alb)&(alc).

Doping - The process of inserting selected
impurities into a semiconductor to create
P-type or N-type material.

Double Data Rate - see DDR.

6 Note that the symbol = indicates “is equivalent to” or “is the same as.”



Double-Sided - A printed circuit board
with tracks on both sides.

DRAM (Dynamic RAM) - A memory device
in which each cell is formed from a
transistor-capacitor pair. Called dynamic
because the capacitor loses its charge
over time, and each cell must be periodi-
cally recharged if it is to retain its data.

DSM (Deep Submicron) - Typically taken
to refer to integrated circuits containing
structures that are smaller than 0.5 microns
(one half of one millionth of a meter).

DSP (Digital Signal Processor) - A special
form of microprocessor that has been
designed to perform a specific processing
task on a specific type of digital data
much faster and more efficiently than
can be achieved using a general-purpose
microprocessor.

DTL (Diode-Transistor Logic) - Logic gates
implemented using particular configura-
tions of diodes and bipolar junction
transistors. For the majority of today’s
designers, diode-transistor logic is of
historical interest only.

Dual In-line Memory Module - see DIMM.
Duo-decimal - Base-12 numbering system.

DWB (Discrete Wire Board) - A form of
circuit board in which a special computer-
controlled wiring machine ultrasonically
bonds extremely fine insulated wires
into the surface layer of the board. This
discipline has enjoyed only limited
recognition, but some believe that it is
poised to emerge as the technology-of-
choice for high-speed designers.

Dynamic Flex - A type of flexible printed
circuit which is used in applications that
are required to undergo constant flexing
such as ribbon cables in printers.

Dynamically Reconfigurable Hardware -
A product whose function may be
customized on-the-fly while remaining
resident in the system. See also Configur-
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able Hardware, Reconfigurable Hardware,
Remotely Reconfigurable Hardware, and
Virtual Hardware.

Dynamic RAM - see DRAM.

EBE (Electron Beam Epitaxy) - A technique
for creating thin films on substrates in
precise patterns. The substrate is first
coated with a layer of dopant material
before being placed in a high vacuum.

A guided beam of electrons is fired at the
substrate, causing the dopant to be driven
into it, effectively allowing molecular-
thin layers to be “painted” onto the
substrate where required.

ECC (Error-Correcting Code) - Computer
systems are very complicated and there’s
always the chance that an error will
occur when reading or writing to the
memory (a stray pulse of “noise” may flip
a logic O to a logic 1 while your back is
turned). Thus, serious computers use
ECC memory, which includes extra
bits and special circuitry that tests the
accuracy of data as it passes in and out of
memory and corrects any (simple) errors.

ECL (Emitter-Coupled Logic) - Logic gates
implemented using particular configura-
tions of bipolar junction transistors.

Edge-Sensitive - An input that only affects
a function when it transitions from one
logic value to another.

EDO (Extended Data Out) - An asynchro-
nous form of DRAM-based computer
memory that was popular for a while in
the latter half of the 1990s. Along with
other asynchronous memory techniques,
EDQO was eventually superceded by
SDRAM technologies. See also FPM,
BEDO, and SDRAM.

EEPROM or E2PROM (Electrically-Erasable
Programmable Read-Only Memory) - A
memory device whose contents can be
electrically programmed by the designer.
Additionally, the contents can be
electrically erased, allowing the device
to be reprogrammed.
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Electrically-Erasable Programmable Read-
Only Memory - see EEPROM.

Electromigration — (1) A process in which
structures on an integrated circuit’s
substrate (particularly structures in deep
sub-micron technologies) are eroded by
the flow of electrons in much the same
way as a river erodes land. (2) The
process of forming transistor-like regions
in a semiconductor using an intense
magnetic field.

Electron Beam Epitaxy - see EBE.

Electron Beam Lithography - An integrated
circuit fabrication process in which fine
beams of electrons are used to draw
extremely high-resolution patterns directly
into the resist without the use of a mask.

Electrostatic Discharge - see ESD.
Emitter-Coupled Logic - see ECL.

Enzyme - One of numerous complex
proteins that are produced by living cells
and catalyze biochemical reactions at
body temperatures.

EPROM (Erasable Programmable Read-
Only Memory) - A memory device whose
contents can be electrically programmed
by the designer. Additionally, the con-
tents can be erased by exposing the die to
ultraviolet light through a quartz window
mounted in the top of the component’s
package.

Equivalent Gate - A concept in which
each type of logic function is assigned an
equivalent gate value for the purposes of
comparing functions and devices. However,
the definition of an equivalent gate varies
depending on whom you’re talking to.

Equivalent Integrated Circuit - A concept
used to compare the component density
supported by diverse interconnection
technologies such as circuit boards,
hybrids, and multichip modules.

Erasable Programmable Read-Only

Memory - sece EPROM.

Error-Correcting Code - see ECC.

ESD (Electro-Static Discharge) — This
refers to a charged person, or object,
discharging static electricity, which can
be generated in the process of moving
around. Although the current associated
with such a static charge is extremely
low, the electric potential can be in the
millions of volts and can severely damage
electronic components. CMOS devices
are particularly prone to damage from
static electricity.

Etching - The process of selectively remov-
ing any material not protected by a resist
using an appropriate solvent or acid. In
some cases the unwanted material is
removed using an electrolytic process.

Eutectic Bond - A bond formed when two
pieces of metal, or metal-coated materials,
are pressed together and vibrated at
ultrasonic frequencies.

Extended Data Out - see EDO.,

Face-Surface Mirror - A mirror in which
the reflective coating is located on the
face of the mirror, and not behind it as
would be the case in the mirror you look
into when you shave or apply your
makeup (or both depending on how
liberated you are).

Falling-Edge - see Negative-Edge.
Fan-In Via - see Fan-Out Via.

Fan-Out Via - In the case of surface mount
devices, each component pad is usually
connected by a short length of track to
a via which forms a link to other con-
ducting layers, and this via is known as
a fan-out via. Some engineers attempt
to differentiate vias that fall inside the
device’s footprint (under the body of the
device) from vias that fall outside the
device’s footprint by referring to the
former as fan-in vias, but this is not a
widely used term.

Fast Page Mode - see FPM.



Femto - Unit qualifier (symbol = f) repre-
senting one thousandth of one millionth
of one millionth, or 10-1%. For example,
3 fs stands for 3 x 10°1° seconds.

FET - A transistor whose control, or gate,
signal creates an electro-magnetic field,
which turns the transistor ON or OFF.

Field-Effect Transistor - see FET.
Field-Programmable Device - see FPD.

Field-Programmable Gate Array - see

FPGA.

Field-Programmable Interconnect Chip -

see FPICT.

Field-Programmable Interconnect Device -

see FPID.

FIFO (First-In First-Out) - A memory
device in which data is read out in the
same order that it was written in.

Finite State Machine - see FSM.

Firmware - Refers to programs, or
sequences of instructions, that are hard-
coded into non-volatile memory devices.

First-In First Out - see FIFO.
Flash - see Gold Flash.

FLASH Memory - An evolutionary tech-
nology that combines the best features of
the EPROM and E?PROM technologies.
The name FLASH is derived from the
technology’s fast reprogramming time
compared to EPROM,

Flex - see FPC.
Flexible Printed Circuit - see FPC.

Flipped-Chip - A generic name for pro-
cesses in which unpackaged integrated
circuits are “flipped over” and mounted
directly onto a substrate with their
component sides facing the substrate.

TFPIC is a trademark of Aptix Corporation.
8 FPIC is a trademark of Aptix Corporation.
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Flipped-TAB - A combination of flipped-
chip and tape-automated bonding (TAB).

Footprint - The area occupied by a device
mounted on a substrate.

FPC (Flexible Printed Circuit) - A specialist
circuit board technology, often abbrevi-
ated to “flex,” in which tracks are printed
onto flexible materials. There are a
number of flavors of flex, including static

flex, dynamic flex, and rigid flex.

FPD (Field Programmable Device) - A
generic name that encompasses SPLDs,

CPLDs, and FPGAs.

FPGA (Field-Programmable Gate Array) -
A programmable logic device which is
more versatile than traditional program-
mable devices such as PALs and PLAs,
but less versatile than an application-
specific integrated circuit (ASIC). Some

ield-programmable gate arrays use anti-
fuses such as those found in program-
mable logic devices, while others are

based on SRAM equivalents.

FPIC (Field-Programmable Interconnect
Chip)® - An alternate, proprietary name
for a field-programmable interconnect device

(FPID).

FPID (Field-Programmable Interconnect
Device) - A device used to connect logic
devices together, and which can be
dynamically reconfigured in the same
way as standard SRAM-based FPGAs.
Because each FPID may have around
1,000 pins, only a few such devices are
typically required on a circuit board.

FPM (Fast Page Mode) - An asynchronous
form of DRAM-based computer memory,
which was popular for a while in the
latter half of the 1990s. Along with other
asynchronous memory techniques, FPM
was eventually superceded by SDRAM
technologies. See also EDO, BEDO, and
SDRAM.
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FR4 - The most commonly used insulating
base material for circuit boards. FR4 is
made from woven glass fibers that are
bonded together with an epoxy. The
board is cured using a combination of
temperature and pressure, which causes
the glass fibers to melt and bond together,
thereby giving the board strength and
rigidity. The first two characters stand for
“Flame Retardant” and you can count the
number of people who know what the “4”
stands for on the fingers of one hand. FR4
is technically a form of fiberglass, and
some people do refer to these composites
as fiberglass boards or fiberglass substrates,

but not often.

Free-Space Optical Interconnect - A form
of optical interconnect in which laser
diode transmitters communicate directly
with phototransistor receivers without
employing optical fibers or optical
waveguides.

FSM (Finite State Machine) - The actual
implementation (in hardware or software)
of a function that can be considered to
consist of a finite set of states through
which it sequences.

Full Custom - An application-specific
integrated circuit in which the design
engineers have complete control over
every mask layer used to fabricate the
device. The ASIC vendor does not
provide a cell library or prefabricate any
components on the substrate.

Functional Latency - Refers to the fact that,
at any given time, only a portion of the
logic functions in a device or system are
typically active (doing anything useful).

Functional Test - A test strategy in which
signals are applied to a circuit’s inputs,
and the resulting signals—which are
observed on the circuit’s outputs—are
compared to known good values.

Fuse - see Fusible-Link Technology.

Fusible Link Technology - A program-
mable logic device technology that
employs links called fuses. Individual
fuses can be removed by applying pulses
of relatively high voltage and current to
the device’s inputs.

Fuzz-Button - A small ball of fibrous gold
used in one technique for attaching
components such as multichip modules to
circuit boards. Fuzz-buttons are inserted
between the pads on the base of the
package and their corresponding pads on
the board. When the package is forced
against the board, the fuzz-buttons
compress to form good electrical connec-
tions. One of the main advantages of the
fuzz-button approach is that it allows
broken devices to be quickly removed
and replaced. Even though fuzz-button
technology would appear to be inherently
unreliable, it is used in such devices as
missiles, so one can only assume that it is
fairly robust.

GaAs (Gallium Arsenide) - A 3:5 valence
high-speed semiconductor formed from a
mixture of gallium and arsenic. GaAs
transistors can switch approximately
eight times faster than their silicon
equivalents. However, GaAs is hard to
work with, which results in GaAs transis-
tors being more expensive than their
silicon cousins.

GAL (Generic Array Logic) - A variation
on a PAL device from a company called
Lattice Semiconductor Corporation.”

Gallium Arsenide - see GaAs.
Garbage-In Garbage-Out - sce GIGO.

Gate Array - An application-specific
integrated circuit in which the manufac-
turer prefabricates devices containing
arrays of unconnected components

2 GAL is a registered trademark of Lattice Semiconductor Corporation.



(transistors and resistors) organized in
groups called basic cells. The designer
specifies the function of the device in
terms of cells from the cell library and
the connections between them, and the
manufacturer then generates the masks
used to create the metalization layers.

Generic array logic - see GAL.

Geometry - Refers to the size of structures
created on an integrated circuit. The
structures typically referenced are the
width of the tracks and the length of the
transistor’s channels; the dimensions of
other features are derived as ratios of
these structures.

Giga - Unit qualifier (symbol = G) repre-
senting one thousand million, or 10°. For
example, 3 GHz stands for 3 x 10° hertz.

GIGO (Garbage-In Garbage-Out) - An
electronic engineer’s joke, also familiar
to the writers of computer programs.

Glue Logic - Simple logic gates used to
interface more complex functions.

Gold Flash - An extremely thin layer of
gold with a thickness measured on the
molecular level, which is either electro-
plated or chemically plated® onto a
surface.

Gray Code - A sequence of binary values
in which each pair of adjacent values
differs by only a single bit: for example,
00, 01, 11, 10.

Green Ceramic - Unfired, malleable ceramic.

Ground Plane - A conducting layer in, or
on, a substrate providing a grounding, or
reference, point for components. There
may be several ground planes separated
by insulating layers.

Guard Condition - A Boolean expression
associated with a state transition in a

10 That is, using an electroless plating process.
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state diagram or state table. The expres-
sion must be satisfied for that state
transition to be executed.

Guided Probe - A form of functional test
in which the operator is guided in the
probing of a circuit to isolate a faulty
component or track.

Guided Wave - A form of optical inter-
connect, in which optical waveguides are
fabricated directly on the substrate of a
multichip module. These waveguides can
be created using variations on standard
opto-lithographic thin-film processes.

Hard Macro (Macro Cell) - A logic function
defined by the manufacturer of an
application-specific integrated circuit
(ASIC). The function is described in
terms of the simple functions provided in
the cell library and the connections
between them. The manufacturer also
defines how the cells forming the macro
will be assigned to basic cells and the
routing of tracks between the basic cells.

Hardware - Generally understood to
refer to any of the physical portions
constituting an electronic system,
including components, circuit boards,
power supplies, cabinets, and monitors.

Hardware Description Language - see

HDL.

HDL (Hardware Description Language) -
Today’s digital integrated circuits can
end up containing millions of logic gates,
and it simply isn’t possible to capture and
manage designs of this complexity at the
schematic (circuit diagram) level. Thus,
as opposed to using schematics, the
functionality of a high-end integrated
circuit is now captured in textual form
using a (HDL). The two most popular
HDLs are Verilog and VHDL.

Hertz - see Hz.
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Heterojunction - The interface between
two regions of dissimilar semiconductor
materials. The interface of a hetero-
junction has naturally occurring electric
fields that can be used to accelerate
electrons, and transistors created using
heterojunctions can switch much faster
than their homojunction counterparts of
the same size.

Hexadecimal - Base-16 numbering system.
Each hexadecimal digit can be directly
mapped onto four binary digits, or bits.

High Impedance State - The state of a
signal that is not currently being driven
by anything. A high-impedance state is
indicated by the ‘Z’ character.

Hologram - A three-dimensional image
(from the Greek holos, meaning “whole”
and gram, meaning “message”).

Holographic Interconnect - A form of
optical interconnect based on a thin slice
of quartz, into which three-dimensional
images are cut using a laser beam. Thus,
the quartz is referred to as a computer-
generated hologram, and this interconnec-
tion strategy is referred to as holographic.

Holography - The art of creating three-
dimensional images known as holograms.

Homojunction - An interface between two
regions of semiconductor having the
same basic composition but opposing
types of doping. Homojunctions domi-
nate current processes because they are
easier to fabricate than their
heterojunction cousins.

Hybrid - An electronic sub-system in
which a number of integrated circuits
(packaged and/or unpackaged) and
discrete components are attached directly
to a common substrate. Connections
between the components are formed on
the surface of the substrate, and some
components such as resistors and induc-
tors may also be fabricated directly onto
the substrate.

Hydrogen Bond - The electrons in a water
molecule are not distributed equally,
because the oxygen atom is a bigger,
more robust fellow which grabs more
than its fair share. The end result is that
the oxygen atom has an overall negative
charge, while the two hydrogen atoms
are left feeling somewhat on the positive
side. This unequal distribution of charge
means that the hydrogen atoms are
attracted to anything with a negative
bias: for example, the oxygen atom of
another water molecule. The resulting
bond is known as a hydrogen bond.

Hz (hertz) - Unit of frequency. One hertz
equals one cycle—or one oscillation—per
second.

IC (Integrated Circuit) - A device in which
components such as resistors, diodes, and
transistors are formed on the surface of a
single piece of semiconductor.

ICR (In-Circuit Reconfigurable)- An
SRAM-based or similar component
that can be dynamically reprogrammed
on-the-fly while remaining resident in
the system.

Idempotent Rules - Rules derived from the
combination of a single Boolean variable
with itself.

IDM (Integrated Device Manufacturer) -
A company that focuses on designing
and manufacturing integrated circuits as
opposed to complete electronic systems.

Impedance - The resistance to the flow of
current caused by resistive, capacitive, or
inductive devices (or undesired parasitic
elements) in a circuit.

In-Circuit Reconfigurable - see [CR.
Inclusion - A defect in a crystalline structure.

Inductance - A property of a conductor
that allows it to store energy in a mag-
netic field which is induced by a current
flowing through it. The base unit of
inductance is the Henry.



Inert Gas - see Noble Gas.
In-System Programmable - see [SP.
Integrated Circuit - see IC.

Integrated Device Manufacturer - see

IDM.
Intellectual Property - see [P.
Invar - An alloy similar to bronze.

Involution Rule - A rule that states that
an even number of Boolean inversions
cancel each other out.

lon - A particle formed when an electron
is added to, or subtracted from, a neutral
atom or group of atoms.

lon Implantation - A process in which
beams of ions are directed at a semicon-
ductor to alter its type and conductivity
in certain regions.

IP (Intellectual Property) - When a team
of electronics engineers is tasked with
designing a complex integrated circuit,
rather than “reinvent the wheel,” they

may decide to purchase the plans for one

or more functional blocks that have
already been created by someone else.
The plans for these functional blocks
are known as intellectual property (IP).

[P blocks can range all the way up to
sophisticated communications functions
and microprocessors. The more complex

functions—like microprocessors—may be

referred to as “cores.”

ISP (In-System Programmable) - An EZ-
based, FLASH-based, or similar compo-
nent that can be reprogrammed while
remaining resident on the circuit board.

JEDEC (Joint Electronic Device Engineer-
ing Council) - A council that creates,
approves, arbitrates, and oversees indus-
try standards for electronic devices. In

11 Particularly tasty as a breakfast dish.
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programmable logic, the term JEDEC
refers to a textual file containing infor-
mation used to program a device. The file
format is a JEDEC-approved standard and
is commonly referred to as a JEDEC file.

Jelly Bean Device - An integrated circuit
containing a small number of simple logic
functions.

Joint Electronic Device Engineering

Council - see JEDEC.

Jumper - A small piece of wire used to link
two tracks on a circuit board.

Karnaugh Map - A graphical technique for
representing a logical function, Karnaugh
maps are often useful for the purposes of
minimization.

Kelvin Scale of Temperature - A scale of
temperature that was invented by the
British mathematician and physicist
William Thomas, first Baron of Kelvin.
Under the Kelvin, or absolute, scale of
temperature, OK (corresponding to
-273°C) is the coldest possible tempera-
ture and is known as absolute zero.

Kilo - Unit qualifier (symbol = K) represent-
ing one thousand, or 103. For example,
3 KHz stands for 3 x 103 hertz.

Kipper - A fish cured by smoking and
salting.!!

Latch-Up Condition - A condition in
which a circuit draws uncontrolled
amounts of current, and certain voltages
are forced, or “latched-up,” to some level.
Particularly relevant in the case of

CMOS devices, which can latch-up if

their operating conditions are violated.

Laminate - A material constructed from
thin layers or sheets. Often used in the
context of circuit boards.

Large-Scale Integration - see LS.
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Laser Diode - A special semiconductor
diode that emits a beam of coherent light.

Last-In First-Out - see LIFO.

Lateral Thermal Conductivity - Good
lateral thermal conductivity means
that the heat generated by components
mounted on a substrate can be conducted
horizontally across the substrate and out
through its leads.

Lead - (1) A metallic element (chemical
symbol Pb). (2) A metal conductor used to
provide a connection from the inside of a
device package to the outside world for
soldering or other mounting techniques.
Leads are also commonly called pins.

Lead Frame - A metallic frame containing
leads (pins) and a base to which an
unpackaged integrated circuit is attached.
Following encapsulation, the outer part
of the frame is cut away and the leads are
bent into the required shapes.

Lead Through-Hole - see LTH.
Least-Significant Bit - see LSB.
Least-Significant Byte - see LSB.

LED (Light-Emitting Diode) - A semicon-
ductor diode that behaves in a similar
manner to a normal diode except that,
when turned on, it emits light in the
visible or infrared (IR) regions of the
electromagnetic spectrum.

Level-Sensitive - An input whose effect on
a function depends only on its current
logic value or level, and is not directly
related to it transitioning from one logic
value to another.

LFSR (Linear Feedback Shift Register) -
A shift register whose data input is
generated as an XOR or XNOR of two

or more elements in the register chain

LIFO (Last-in First-Out) - A memory device
in which data is read out in the reverse
order to which it was written in.

Light-Emitting Diode - see LED.

Line - Used to refer to the width of a track:
for example, “This circuit board track has
a line-width of 5 mils (five thousandths of

an inch)."”

Linear Feedback Shift Register - see
LESR.

Literal - A variable (either true or in-
verted) in a Boolean equation.

Low-Fired Cofired - Similar in principle
to standard cofired ceramic substrate
techniques. However, low-fired cofired
uses modern ceramic materials with
compositions that allow them to be fired
at temperatures as low as 850°C. Firing
at these temperatures in an inert
atmosphere such as nitrogen allows
non-refractory metals such as copper to
be used to create tracks.

Logic Function - A mathematical function
that performs a digital operation on
digital data and returns a digital value.

Logic Gate - The physical implementation
of a logic function.

Logic Synthesis - A process in which a
program is used to automatically convert
a high-level textual representation of a
design (specified using a hardware descrip-
tion language (HDL) at the register transfer
level (RTL) of abstraction) into equivalent
Boolean Equations (like the ones intro-
duced in Chapter 9). The synthesis tool
automatically performs simplifications
and minimizations, and eventually
outputs a gate-level netlist.

LSB - (1) (Least Significant Bit) The
binary digit, or bit, in a binary number
that represents the least significant value
(typically the right-hand bit). (2) (Least
Significant Byte) - The byte in a multi-
byte word that represents the least

significant values (typically the right-
hand byte).



LSI (Large Scale Integration) - Refers to
the number of logic gates in a device. By
one convention, large-scale integration
represents a device containing 100 to 999
gates.

LTH (Lead Through-Hole) - A technique
for populating circuit boards in which
component leads are inserted into plated
through-holes. Often abbreviated to
“through-hole” or “thru-hole.” When all
of the components have been inserted,
they are soldered to the board, usually
using a wave soldering technique.

Macro Cell - see Hard Macro.
Macro Function - see Soft Macro.

Magnetic Random Access Memory - se¢
MRAM.

Magnetic Tunnel Junction - see MT].
Mask - see Optical Mask.

Mask Programmable - A device such as a
read-only memory, which is programmed
during its construction using a unique set
of masks.

Maximal Displacement - A linear feedback
shift register whose taps are selected such
that changing a single bit in the input
data stream will cause the maximum
possible disruption to the register’s
contents.

Maximal Length - A linear feedback shift
register that sequences through (27— 1)
states before returning to its original
value.

Max’s Algorithm - A never-before-seen-
in-public, soon-to-be-famous, mind
bogglingly convoluted algorithm for
automatically extracting Reed-Miiller
expressions.

Maxterm - The logical OR of the inverted
variables associated with an input combi-
nation to a logical function.
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MBE (Molecular Beam Epitaxy) - A tech-
nique for creating thin films on substrates
in precise patterns, in which the substrate
is placed in a high vacuum, and a guided
beam of ionized molecules is fired at it,
effectively allowing molecular-thin layers
to be “painted” onto the substrate where
required.

MCM (Multichip Module) - A generic name
for a group of advanced interconnection
and packaging technologies featuring
unpackaged integrated circuits mounted
directly onto a common substrate.

Medium-Scale Integration - see MSI.

Mega - Unit qualifier (symbol = M)
representing one million, or 10°. For
example, 3 MHz stands for 3 x 10 hertz.

Memory Cell - A unit of memory used to
store a single binary digit, or bit, of data.

Memory Word - A number of memory cells
logically and physically grouped together.
All the cells in a word are typically written
to, or read from, at the same time.

Metalization Layer - A layer of conducting
material on an integrated circuit that is
selectively deposited or etched to form
connections between logic gates. There
may be several metalization layets
separated by dielectric (insulating) layers.

Metal-Oxide Semiconductor - see MOS.

Meta-Stable - A condition where the
outputs of a logic function are oscillating
uncontrollably between undefined values.

Micro - Unit qualifier (symbol =p1) repre-
senting one millionth, or 10°6. For
example, 3 pS stands for 3 x 1079 seconds.

Microcontroller (LLC) - A microprocessor
augmented with special-purpose inputs,
outputs, and control logic like counter-
timers.

Microprocessor (LLP) - A general-purpose
computer implemented on a single
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integrated circuit (or sometimes on a
group of related chips called a chipset).

Microwire!? - A trade name for one
incarnation of discrete wire technology.
Microwire augments the main attributes
of multiwire with laser-drilled blind vias,
allowing these boards to support the
maximum number of tracks and
components.

Milli - Unit qualifier (symbol = m) represent-
ing one thousandth, or 10-3. For example,
3 ms stands for 3 x 10~ seconds.

Minimization - The process of reducing the
complexity of a Boolean expression.

Minterm - The logical AND of the variables
associated with an input combination to
a logical function.

Mixed-signal - Typically refers to an
integrated circuit that contains both
analog and digital elements.

Mod - see Modulus.

Modulus - Refers to the number of states
that a function such as a counter will pass
through before returning to its original
value. For example, a function that counts
from 0000, to 1111, (O to 15 in decimal)
has a moclulus of 162 and would be called

a modulo-16 or mod-16 counter.
Modulo - see Modulus.
Molecular Beam Epitaxy - see MBE.

Moore’s Law - In 1965, Gordon Moore
(who was to co-found Intel Corporation
in 1968) noted that new generations of
memory devices were released approxi-
mately every 18 months, and that each
new generation of devices contained
roughly twice the capacity of its prede-
cessor. This observation subsequently
became known as Moore’s Law, and it

has been applied to a wide variety of
electronics trends.

MOS (Metal-Oxide Semiconductor) - A
family of transistors.

Most-Significant Bit - see MSB.
Most-Significant Byte - see MSB.

Motherboard - A backplane containing
active components such as integrated
circuits.

MRAM (Magnetic RAM) - A form of
memory expected to come online circa
2003 to 2004 that has the potential to
combine the high speed of SRAM, the
storage capacity of DRAM, and the non-
volatility of FLASH, while consuming
very little power.

MSB - (1) (Most Significant Bit) The binary
digit, or bit, in a binary number that
represents the most significant value
(typically the left-hand bit). (2) (Most
Significant Byte) The byte in a multi-byte
word that represents the most significant
values (typically the left-hand byte).

MSI Medium Scale Integration) - Refers to
the number of logic gates in a device.
By one convention, medium-scale
integration represents a device contain-
ing 13 to 99 gates.

MT]J (Magnetic Tunnel Junction) -
A sandwich of two ferromagnetic layers
separated by a thin insulating layer. An
MRAM memory cell is created by the
intersection of two wires (say a “row”
line and a “column” line) with an MJT
sandwiched between them.

Multichip Module - sece MCM,

Multilayer - A printed circuit board
constructed from a number of very thin
single-sided and/or double-sided boards,

12 Microwave is a registered trademark of Advanced Interconnection Technology (AIT), Islip, New

York, USA.



which are bonded together using a
combination of temperature and pressure.

Multiplexer (digital) - A logic function
that uses a binary value, or address, to
select between a number of inputs and
conveys the data from the selected input
to the output.

Multiwire'? - A trade name for the primary
incarnation of discrete wire technology.

Nano - Unit qualifier (symbol = n) repre-
senting one thousandth of one millionth,
or 10%. For example, 3 ns stands for
3 x 10"? seconds.

Nanobot - A molecular-sized robot. See also
Nanotechnology.

Nanophase Materials - A form of matter
that was only (relatively) recently
discovered, in which small clusters of
atoms form the building blocks of a larger
structure. These structures differ from
those of naturally occurring crystals, in
which individual atoms arrange them-
selves into a lattice.

Nanotechnology - This is an elusive term
that is used by different research-and-
development teams to refer to whatever
it is that they’re working on at the time.
However, regardless of their area of
interest, nanotechnology always refets to
something extremely small. Perhaps the
“purest” form of nanotechnology is that
of molecular-sized units that assemble
themselves into larger products.

Nanotubes - A structure that may be
visualized as taking a thin sheet of carbon
and rolling it into a tube. Nanotubes can
be formed with walls that are only one
atom thick. The resulting tube has a
diameter of 1 nano (one thousandth of
one millionth of a meter). Nanotubes are
an almost ideal material: they are stronger
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than steel, have excellent thermal
stability, and they are also tremendous
conductors of heat and electricity. In
addition to acting as wires, nanotubes
can be persuaded to act as transistors—
this means that we now have the poten-
tial to replace silicon transistots with
molecular-sized equivalents at a level
where standard semiconductors cease to
function.

Negative-Edge - Beware, here be dragons!
In this book a negative-edge is defined as a
transition from a logic 1 to a logic 0. This
definition is therefore consistent with the
other definitions used throughout the
book, namely those for active-high, active-
low, assertion-level logic, positive-logic, and
negative-logic. It should be noted, however,
that some would define a negative-edge as
“a transition from a higher to a lower voltage
level, passing through a threshold voltage
level.” However, this definition serves
only to cause confusion when combined
with negative-logic implementations.

Negative lon - An atom or group of atoms
with an extra electron.

Negative Logic - A convention dictating
the relationship between logical values
and the physical voltages used to repre-
sent them. Under this convention, the
more negative potential is considered to
represent TRUE and the more positive
potential is considered to represent
FALSE.

Negative Resist - A process in which
ultraviolet radiation passing through
the transparent areas of a mask causes
the resist to be cured. The uncured areas
are then removed using an appropriate
solvent.

Negative-True - see Negative Logic.
Nibble - sece Nybble.

13 Multiwire is a registered trademark of Advanced Interconnection Technology (AIT), Islip, New

York, USA
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NMOS (N-channel MOS) - Refers to the
order in which the semiconductor is
doped in a MOS device. That is, which
structures are constructed as N-type
versus P-type material.

Noble Gas - Gases whose outermost
electron shells are completely filled with
electrons. Such gases are extremely stable
and it is difficult to coerce them to form
compounds with other elements. There
are six noble gasses: helium,'# neon,
argon, krypton, xenon, and radon. This
group of elements was originally known
as the inert gasses, but in the early 1960s
it was found to be possible to combine
krypton, xenon, and radon with fluorine
to create compounds. Although helium,
neon, and argon continue to resist, there
is an increasing trend to refer to this
group of gasses as noble rather than inert.

Noble Metal - Metals such as gold, silver,
and platinum that are extremely inactive
and are unaffected by air,'® heat, moisture,
and most solvents.

Noise - The miscellaneous rubbish that
gets added to a signal on its journey
through a circuit. Noise can be caused by
capacitive or inductive coupling, or from
externally generated electromagnetic
interference.

Non-recurring Engineering - see NRE.

Non-Volatile - A memory device that does
not lose its data when power is removed
from the system.

Non-Volatile RAM - A device which is
generally formed from an SRAM die
mounted in a package with a very small

battery, or as a mixture of SRAM and
EZPROM cells fabricated on the same die.

NPN (N-type - P-type - N-type) - Refers to
the order in which the semiconductor is
doped in a bipolar junction transistor.

NRE (Non-Recurring Engineering) - This
typically refers to the costs associated
with developing an ASIC or ASSP. The
NRE depends on a number of factors,
including the complexity of the design,
the style of packaging, and who does
what in the design flow (that is, how the
various tasks are divided between the
system design house and the ASIC
vendor).

N-type — A piece of semiconductor doped
with impurities that make it amenable to
donating electrons.

Nybble - A group of four binary digits, or
bits.

Octal - Base-8 numbering system. Each
octal digit can be directly mapped onto
three binary digits, or bits.

Ohm - Unit of resistance. The Greek letter
omega, Q, is often used to represent
ohms; for example, 1 MQ indicates one
million ohms.

One-Hot Encoding - A form of state
assignment for state machines in which
each state is represented by an individual
state variable.

One-Time Programmable - A device such
as a PAL, PLA, or PROM that can be
programmed a single time and whose
contents cannot be subsequently erased.

Operating System - The collective name
for the set of master programs that
control the core operation and the
base-level user-interface of a computer.

14 The second most common element in the universe (after hydrogen).

15 Before you start penning letters of protest, silver can be attacked by sulfur and sulfides, which occur
naturally in the atmosphere. Thus, the tarnishing seen on your mother’s silver candlesticks is

actually silver sulfide and not silver oxide.



Optical Interconnect - The generic
name for interconnection strategies based
on opto-electronic systems, including
fiber-optics, free-space, guided-wave, and
holographic techniques.

Optical Lithography - A process in which
radiation at optical wavelengths (usually
in the ultraviolet (UV) and extreme ultra-
violet (EUV) ranges) is passed through a
mask, and the resulting patterns are
projected onto a layer of resist coating
the substrate material.

Optical Mask - A sheet of material carrying
patterns that are either transparent or
opaque to the wavelengths used in an
optical-lithographic process. Such a mask
can carry millions of fine lines and
geometric shapes.

Opto-Electronic - Refers to a system which
combines optical and electronic compo-
nents.

Organic Resist - A material that is used to
coat a substrate and is then selectively
cured to form an impervious layer. These
materials are called organic because they
are based on carbon compounds as are
living creatures.

Organic Solvent - A solvent for organic
materials such as those used to form
organic resists.

Organic Substrate - Substrate materials
such as FR4, in which woven glass fibers
are bonded together with an epoxy.
These materials are called organic because
epoxies are based on carbon compounds
as are living creatures.

Overglassing - One of the final stages in
the integrated circuit fabrication process
in which the entire surface of the wafer is
coated with a layer of silicon dioxide or
silicon nitride. This layer may also be
referred to as the barrier layer or the
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passivation layer. An additional litho-
graphic step is required to pattern holes
in this layer to allow connections to be
made to the pads.

Padcap - A special flavor of circuit board
used for high-reliability military applica-
tions, also known as pads-only-outer-layers.
Distinguished by the fact that the outer
surfaces of the board have pads but no
tracks. Signal layers are only created on
the inner planes, and tracks are con-
nected to the surface pads by vias.

Pad - An area of metalization on a sub-
strate used for probing or to connect to a
via, plated through-hole, or an external
interconnect.

Pad Grid Array - see PGA.

Pad Stack - Refers to any pads, anti-pads,
and thermal relief pads associated with a
via or a plated through-hole as it passes
through the layers forming the substrate.

PAL (Programmable Array Logic)16 -A
programmable logic device in which the
AND array is programmable but the OR
array is predefined. See also PLA, PLD,
and PROM.

Parallel-In Serial-Out - see PISO.

Parasitic Effects - The effects caused by
undesired resistive, capacitive, or induc-
tive elements inherent in the material or
topology of a track or component.

Passivation Layer - see Ouerglassing.

Passive Trimming - A process in which a
laser beam is used to trim components
such as thick-film and thin-film resistors
on an otherwise unpopulated and
unpowered hybrid or multichip module
substrate. Probes are placed at each end
of a component to monitor its value while
the laser cuts away (evaporates) some of
the material forming the component.

16 PAL is a registered trademark of Monolithic Memories, Inc.
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Pass-Transistor Logic - A technique for
connecting MOS transistors such that
data signals pass between their source
and drain terminals. Pass-transistor logic
minimizes the number of transistors
required to implement a function, and is
typically employed by designers of cell
libraries or full-custom integrated circuits.

PC100 - A popular form of SDRAM-based
computer memory that runs at 100 MHz
(the data bus is 64-bits wide, although
128-bit wide versions (using dual 64-bit
cards in parallel) have been used in high-
end machines).

PC133 - A popular form of SDRAM-based
computer memory that runs at 133 MHz
(the data bus is 64-bits wide, although
128-bit wide versions (using dual 64-bit
cards in parallel) have been used in high-
end machines).

PCB (Printed Circuit Board) - A type of
circuit board that has conducting tracks
superimposed, or “printed,” on one or
both sides, and may also contain internal
signal layers and power and ground
planes. An alternative name, printed wire
board (PWB), is commonly used in

America.

Peta - Unit qualifier (symbol = P) repre-
senting one thousand million million,

or 10'°. For example, 3 PHz stands for
3 x 10" hertz.

PGA (1) (Pad Grid Array) - A packaging
technology in which a device's external
connections are arranged as an array of
conducting pads on the base of the
package. (2) (Pin Grid Array) - A
packaging technology in which a device’s
external connections are arranged as an
array of conducting leads, or pins, on the
base of the package.

PHB (Photochemical Hole Burning) - An
optical memory technique, in which a
laser in the visible waveband is directed
at a microscopic point on the surface of a

slice of glass that has been doped with
organic dyes or rare-earth elements. The
laser excites electrons in the glass such
that they change the absorption charac-
teristics of that area of the glass and leave
a band, or hole, in the absorption spectrum.

Photochemical Hole Burning - see PHB.

Phototransistor - A special transistor that
converts an optical input in the form of
light into an equivalent electronic signal
in the form of a voltage or current.

Pico - Unit qualifier (symbol = p) repre-
senting one millionth of one millionth,
or 10-12. For example, 3 ps stands for
3 x 1012 seconds.

Pin - see Lead.
Pin Grid Array - see PGA.

PISO (Parallel-In Serial Out) - Refers to a
shift register in which the data is loaded
in parallel and read out serially.

PLA (Programmable Logic Array) - The
most user-configurable of the traditional
programmable logic devices, because
both the AND and OR arrays are pro-
grammable. See also PAL, PLD, and
PROM.

Place Value - Refers to a numbering system
in which the value of a particular digit
depends both on the digit itself and its
position in the number.

Plasma - A gaseous state in which the
atoms or molecules are dissociated to
form ions.

Plated Through-Hole - se¢ PTH.

PLD (Programmable Logic Device) - The
generic name for a device constructed in
such a way that the designer can config-
ure, or “program” it to perform a specific

function. See also PAL, PLA, and PROM.

PMOS (P-channel MOS) - Refers to the
order in which the semiconductor is



doped in a MOS device. That is, which
structures are constructed as P-type
versus N-type material.

PNP (P-type - N-type - P-type) - Refers to
the order in which the semiconductor is
doped in a bipolar junction transistor.

Polysilicon Layer - An internal layer in an
integrated circuit used to create the gate
electrodes of MOS transistors. In addition
to forming gate electrodes, the polysilicon
layer can also be used to interconnect
components. There may be several
polysilicon layers separated by dielectric
(insulating) layers.

Populating - The act of attaching compo-
nents to a substrate.

Positive-Edge - Beware, here be dragons!
In this book a positive-edge is defined as a
transition from a logic O to a logic 1. This
definition is therefore consistent with the
other definitions used throughout the
book, namely those for active-high, active-
low, assertion-level logic, positive-logic, and
negative-logic. It should be noted, however,
that some would define a positive-edge as
“a transition from a lower to a higher voltage
level, passing through a threshold voltage
level.” However, this definition serves
only to cause confusion when combined
with negative-logic implementations.

Positive lon - An atom or group of atoms
lacking an electron.

Positive Logic - A convention that
dictates the relationship between logical
values and the physical voltages used to
represent them. Under this convention,
the more positive potential is considered
to represent TRUE and the more negative
potential is considered to represent
FALSE.

Positive Resist - A process in which
radiation passing through the transparent
areas of a mask causes previously cured
resist to be degraded. The degraded areas
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are then removed using an appropriate
solvent.

Positive-True - see Positive Logic.

Power Plane - A conducting layer in or
on the substrate providing power to the
components. There may be several power
planes separated by insulating layers.

Precedence of Operators - Determines the
order in which operations are performed.
For example, in standard arithmetic the
multiplication operator has a higher
precedence than the addition operator.
Thus, in the equation 6 + 2 x 3, the
multiplication is performed before the
addition and the result is 12. Similarly,
in Boolean Algebra, the AND operator
has a higher precedence than the OR
operator.

Prepreg - Non-conducting semi-cured
layers of FR4 used to separate conducting
layers in a multilayer circuit board.

Primitives - Simple logic functions such as
BUF, NOT, AND, NAND, OR, NOR,
XOR, and XNOR. These may also be
referred to as primitive logic gates.

Printed Circuit Board - see PCB.
Printed Wire Board - see PWB.

Product-of-Sums - A Boolean equation in
which all of the maxterms corresponding
to the lines in the truth table for which
the output is a logic O are combined
using AND operators.

Product Term - A set of literals linked by
an AND operator.

Programmable Array Logic - see PAL.
Programmable Logic Array - see PLA.
Programmable Logic Device - see PLD.

Programmable Read-Only Memory - s¢¢
PROM.
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PROM (Programmable Read-Only Memory)

- A programmable logic device in which
the OR array is programmable but the
AND array is predefined. Usually con-
sidered to be a memory device whose
contents can be electrically programmed
(once) by the designer. See also PAL,
PLA, and PLD.

Proposition - A statement that is either
true or false with no ambiguity. For
example, the proposition “I just tipped a
bucket of burning oil into your lap” is either
true or false, but there’s no ambiguity
about it.

Protein - A complex organic molecule
formed from chains of amino acids,
which are themselves formed from
combinations of certain atoms, namely:
carbon, hydrogen, nitrogen, oxygen,
usually sulfur, and occasionally phospho-
rous or iron. Additionally, the chain of
amino acids “folds in on itself,” thereby
forming an extremely complex three-
dimensional shape. Organic molecules
have a number of useful properties, not
the least of which is that their structures
are intrinsically “self healing” and reject
contamination. Also, in addition to
being extremely small, many organic
molecules have excellent electronic
properties. Unlike metallic conductors,
they transfer energy by moving electron
excitations from place to place rather
than relocating entire electrons. This
can result in switching speeds that are
orders of magnitude faster than their
semiconductor equivalents.

Protein Memory - A form of memory based
on organic proteins. See also Protein.

Protein Switch - A form of switch based on

is used to accommodate a through-hole
component lead and is plated with
copper. (2) An alternative name for the
lead through-hole (LTH) technique for
populating circuit boatrds in which
component leads are inserted into plated
through-holes.

P-type - A piece of semiconductor doped
with impurities that make it amenable to
accepting electrons.

PWB (Printed Wire Board) - A type of
circuit board that has conducting tracks
superimposed, or “printed,” on one or
both sides, and may also contain internal
signal layers and power and ground
planes. An alternative name, printed
circuit board (PCB), is predominantly
used in Europe and Asia.

QDR (Quad Data Rate) - A modern form of

SDRAM-based memory. The original
SDRAM specification was based on using
one of the clock edges only (say the rising
edge) to read/write data out-offinto the
memory. QDR refers to memory that has
separate data in and data out busses both
designed in such a way that data can be
read/written on both edges of the clock.
This effectively quadruples the amount of
data that can be pushed through the
system without increasing the clock
frequency (like many things this sounds
simple if you say it fast, but making this
work is trickier than it may at first

appear). See also DDR and SDRAM.

QFP (Quad Flat Pack) - The most com-

monly used package in surface mount
technology to achieve a high lead count
in a small area. Leads are presented on all
four sides of a thin square package.

Quad Date Rate - see QDR.
Quad Flat Pack - see QFP.

organic proteins. See also Protein.

Pseudo-Random - An artificial sequence of
values that give the appearance of being
random, but which are also repeatable.

PTH (Plated Through-Hole) - (1) A hole
in a double-sided or multilayer board that

Quantization - Part of the process by
which an analog signal is converted into
a series of digital values. First of all the
analog signal is sampled at specific times.



For each sample, the complete range of
values that the analog signal can assume
is divided into a set of discrete bands or
quanta. Quantization refers to the process
of determining which band the current
sample falls into. See also Sampling.

Quinary - Base-5 numbering system.

Radix - Refers to the number of digits in a
numbering system. For example, the
decimal numbering system is said to be
radix-10. May also be referred to as the
“base.”

RAM (Random Access Memory) - A data-
storage device from which data can be
read out and new data can be written in.
Unless otherwise indicated, the term
RAM is typically taken to refer to a
semiconductor device in the form of an
integrated circuit.

Rambus!? - An alternative computer
memory concept that began to gain
attention toward the end of the 1990s
(this is based on core DRAM concepts
presented in a cunning manner). By
around 2000, personal computers
equipped with memory modules formed
from Rambus DRAM (RDRAM) devices
were available. These memory modules
were 16-bits (2-bytes) wide, and were
accessed on both edges of a 400 MHz
clock, thereby providing a peak data
throughput of 2 x 2 x 400 = 1,600
megabytes per second (these are officially
quoted as 800 MHz devices, but that’s
just marketing spin trying to make
clocking on both edges of a 400 MHz
clock sound more impressive).

In the summer of 2002, a new flavor of
Rambus was announced with a 32-bit
wide bus using both edges of a 533 MH:z
clock (the official announcements quote
“1,066 MHz Rambus DRAM,” but this is
the same marketing spin as noted above).
Whatever, this will provide a peak

17 Rambus is a trademark of Rambus Inc.
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bandwidth of 4,200 megabytes per
second.

Random-Access Memory - sece RAM.

RDRAM (Rambus DRAM) - A form of
DRAM computer memory based on
Rambus technology. See also Rambus.

Read-Only Memory - see ROM.
Read-Write Memory - see RWM.

Real Estate - Refers to the amount of area
available on a substrate.

Reconfigurable Hardware - A product
whose function may be customized many
times. See also Configurable Hardware,
Remotely Reconfigurable Hardware,
Dynamically Reconfigurable Hardware,
and Virtual Hardware.

Reed-Miiller Logic - Logic functions
implemented using only XOR and

XNOR gates.

Reflow Oven - An oven employing infra-
red (IR) radiation or hot air.

Reflow Soldering - A surface mount
technology process in which the substrate
and attached components are passed
through a reflow oven to melt the solder
paste.

Refractory Metal - Metals such as tungsten,
titanium, and molybdenum (try saying this
last one quickly), which are capable of
withstanding extremely high, or refrac-
tory, temperatures.

Register Transfer Level - see RTL.

Remotely Reconfigurable Hardware - A
product whose function may be custom-
ized remotely, by telephone or radio,
while remaining resident in the system.
See also Configurable Hardware, Reconfigur-
able Hardware, Dynamically Reconfigurable
Hardware, and Virtual Hardware.
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Resist - A material that is used to coat a
substrate and is then selectively cured
to form an impervious layer.

Resistor-Transistor Logic - se¢ RTL.

Rigid Flex - Hybrid constructions which
combine standard rigid circuit boards
with flexible printed circuits (flex),
thereby reducing the component count,
weight, and susceptibility to vibration of
the circuit, and greatly increasing its
reliability.

RIMM - This really doesn’t stand for
anything per se, but it is the trademarked
name for a Rambus memory module.
RIMMs are similar in concept to DIMMs,
but have a different pin count and

configuration. See also DIMM and SIMM.
Rising-Edge - see Positive-Edge.

ROM (Read-Only Memory) - A data storage
device from which data can be read out,
but new data cannot be written in.
Unless otherwise indicated, the term
ROM is typically taken to refer to a
semiconductor device in the form of an
integrated circuit.

RTL - (1) (Register Transfer Level) - A
relatively high level of abstraction at
which design engineers capture the
functionality of digital integrated circuit
designs described using a hardware
description language (HDL). (2) (Resistor-
Transistor Logic) - Logic gates imple-
mented using particular configurations of
resistors and bipolar junction transistors.
For the majority of today’s designers,
resistor-transistor logic is of historical
interest only.

RWM (Read-Write Memory) - Alternative

(and possibly more appropriate) name
for a random access memory (RAM).

Sampling - Part of the process by which
an analog signal is converted into a series
of digital values. Sampling refers to
observing the value of the analog signal
at specific times. See also Quantization.

Scalar Notation - A notation in which
each signal is assigned a unique name;
for example, 23, a2, al, and a0. See also
Vector Notation.

Scaling - A technique for making transis-
tors switch faster by reducing their size.
This strategy is known as scaling, because
all of the transistor’s features are typically
reduced by the same proportion.

Schematic - Common name for a circuit
diagram.

Scrubbing - The process of vibrating two
pieces of metal (or metal-coated materials)
at ultrasonic frequencies to create a
friction weld.

SDRAM (Synchronous DRAM) - Unctil the
latter half of the 1990s, DRAM-based
computer memories were asynchronous,
which means they weren’t synchronized
to the system clock. Over time, the
industry migrated to synchronous DRAM
(SDRAM), which is synchronized to the
system clock and makes everyone’s lives
much easier. Note that SDRAM is based
on core DRAM concepts - it’s all in the
way you tweak the chips and connect
them together.

Sea-of-Cells - Popular name for a channel-
less gate array.

Sea-of-Gates - Popular name for a channel-
less gate array.

Seed Value - An initial value loaded into a
linear feedback shift register or random
number generator.

Semiconductor - A special class of material
that can exhibit both conducting and
insulating properties.

Sensor - A transducer that detects a
physical quantity and converts it into a
form suitable for processing. For example,
a microphone is a sensor that detects
sound and converts it into a correspond-
ing voltage or current.



Sequential - A function whose output
value depends not only on its current
input values, but also on previous input
values. That is, the output value depends
on a sequence of input values.

Serial-In Parallel-Out - see SIPO.
Serial-In Serial-Out - see SISO.
Sexagesimal - Base-60 numbering system.

Side-Emitting Laser Diode - A laser diode
constricted at the edge of an integrated
circuit’s substrate such that, when power
is applied, the resulting laser beam is
emitted horizontally: that is, parallel to
the surface of the substrate.

Signal Conditioning - Amplifying, filter-
ing, or otherwise processing a (typically
analog) signal.

Signal Layer — A layer carrying tracks in a
circuit board, hybrid, or multichip
module. See also Wiring Layer.

Signature - Refers to the checksum value
from a cyclic-redundancy-check (CRC)
when used in the guided-probe form of
functional test.

Signature Analysis - A guided-probe
functional-test technique based on
signatures.

Sign Bit - The most significant binary digit,
or bit, of a signed binary number (if set
to a logic 1, this bit represents a negative
quantity).

Signed Binary Number - A binary number
in which the most-significant bit is used
to represent a negative quantity. Thus, a
signed binary number can be used to
represent both positive and negative
values.

Sign-Magnitude - Negative numbers
in standard arithmetic are typically
represented in sign-magnitude form by
prefixing the value with a minus sign:
for example, —27. For reasons of effi-
ciency, computers rarely employ the
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sign-magnitude form. Instead, they use
signed binary numbers to represent
negative values.

Silicon Bumping - The process of deposit-

ing additional metalization on a die’s
pads to raise them fractionally above
the level of the barrier layer.

Silicon Chip - Although a variety of

semiconductor materials are available,
the most commonly used is silicon, and
integrated circuits are popularly known
as silicon chips, or simply chips.

Silicon Compiler - The program used in

compiled cell technology to generate the
masks used to create components and
interconnections. May also be used to
create datapath functions and memory
functions.

SIMM (Single In-line Memory Module) - A

single memory integrated circuit can only
contain a limited amount of data, so a
number are gathered together onto a
small circuit board called a memory
module. Each memory module has a line
of gold-plated pads on both sides of one
edge of the board. These pads plug into a
corresponding connector on the main
computer board. A single in-line memory
module (SIMM) has the same electrical
signal on corresponding pads on the front
and back of the board (that is, the pads
on opposite sides of the board are “tied

together”). See also DIMM and RIMM.

Simple PLD - see SPLD.
Single In-line Memory Module - see SIMM.
Single-Sided - A printed circuit board with

tracks on one side only.

Sintering - A process in which ultra-fine

metal powders weld together at tempera-
tures much lower than those required for
larger pieces of the same materials.

SIPO (Serial-In Parallel-Out) - Refers to a

shift register in which the data is loaded
in serially and read out in parallel.
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SISO (Serial-In Serial-Out) - Refers to a
shift register in which the data is both
loaded in and read out serially.

Skin Effect - In the case of high frequency
signals, electrons are only conducted on
the outer surface, or skin, of a conductor.
This phenomenon is known as the skin

effect.

Small-Scale Integration - see SSI.

SMD (Surface Mount Device) - A compo-
nent whose packaging is designed for use
with surface mount technology.

SMT (Surface Mount Technology) - A
technique for populating hybrids, multi-
chip modules, and circuit boards, in
which packaged components are mounted
directly onto the surface of the substrate.
A layer of solder paste is screen-printed
onto the pads, and the components are
attached by pushing their leads into the
paste. When all of the components have
been attached, the solder paste is melted
using either reflow soldering or vapor-phase
soldering.

SMOBC (Solder Mask Over Bare Copper) -
A technique in which the solder mask is
applied in advance of the tin-lead plating.
This prevents solder from leaking under
the mask when the tin-lead alloy melts
during the process of attaching compo-
nents to the board.

SoC (System-on-Chip) - In the past, an
electronic system was typically composed
of a number of integrated circuits, each
with its own particular function (say a
microprocessor, a communications
function, some memory devices, etc.).
For many of today’s high-end applica-
tions, however, electronics engineers
are combining all of these functions on
a single device, which may be referred to

as a system-on-chip (SoC).

Soft Macro (Macro Function) - A logic
function defined by the manufacturer of

an application-specific integrated circuit
(ASIC) or by a third-party IP provider.
The function is described in terms of the
simple functions provided in the cell
library and connections between them.
The assignment of cells to basic cells and
the routing of the tracks is determined at
the same time, and using the same tools,
as for the other cells specified by the
designer.

Software - Refers to intangible programs,
or sequences of instructions, that are
executed by hardware.

Solder - An alloy of tin and lead with a
comparatively low melting point used to
join less fusible metals. Typical solder
contains 60% tin and 40% lead; increas-
ing the proportion of lead results in a
softer solder with a lower melting point,
while decreasing the proportion of lead
results in a harder solder with a higher
melting point. Note that the solder used
in a brazing process is of a different type,
being a hard solder with a comparatively
high melting point composed of an alloy
of copper and zinc (brass).

Solder Bump Bonding - A flip-chip
technique (also known as Solder Bump-
ing) for attaching a die to a package
substrate. A minute ball of solder is
attached to each pad on the die, and the
die is flipped over and attached to the
package substrate. Each pad on the die
has a corresponding pad on the package
substrate, and the package-die combo is
heated so as to melt the solder balls and
form good electrical connections between
the die and the substrate. See also Solder
Bumping.

Solder Bumping - A flipped chip tech-
nique (also known as Solder Bump
Bonding) in which spheres of solder are
formed on the die’s pads. The die is
flipped and the solder bumps are brought
into contact with corresponding pads on
the substrate. When all the chips have



been mounted on the substrate, the
solder bumps are melted using reflow
soldering or vapor-phase soldering.
See also Solder Bump Bonding.

Solder Mask - A layer applied to the
surface of a printed circuit board that
prevents solder from sticking to any
metalization except where holes are
patterned into the mask.

Solder Mask Over Bare Copper - see
SMOBC.

Space - Used to refer to the width of the
gap between adjacent tracks.

SPLD (Simple PLD) - Originally all PLDs
contained a modest number of equivalent
logic gates and were fairly simple. As
more complex PLDs (CPLDs) arrived on
the scene, however, it became common
to refer to their simpler cousins as simple

PLDs (SPLDs).

SRAM (Static RAM) - A memory device in
which each cell is formed from four or six
transistors configured as a latch or a flip-
flop. The term static is used because, once
a value has been loaded into an SRAM
cell, it will remain unchanged until it is
explicitly altered or until power is
removed from the device.

SSI (Small Scale Integration) - Refers to
the number of logic gates in a device.
By one convention, small-scale inte-
gration represents a device containing
1 to 12 gates.

Standard Cell - A form of application-
specific integrated circuit (ASIC), which,
unlike a gate array, does not use the
concept of a basic cell and does not have
any prefabricated components. The
ASIC vendor creates custom masks for
every stage of the device’s fabrication,
allowing each logic function to be
created using the minimum number
of transistors.
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State Assignment - The process by which
the states in a state machine are assigned
to the binary patterns that are to be
stored in the state variables.

State Diagram - A graphical representation
of the operation of a state machine.

State Machine - see FSM.

Statement - A sentence that asserts or
denies an attribute about an object or
group of objects. For example, “Your face
resembles a cabbage.”

State Table - A tabular representation of
the operation of a state machine. Similar
to a truth table, but also includes the
current state as an input and the next state
as an output.

State Transition - An arc connecting two
states in a state diagram.

State Variable - One of a set of registers
whose values represent the current state
occupied by a state machine.

Static Flex - A type of flexible printed circuit
that can be manipulated into permanent
three-dimensional shapes for applications
such as calculators and high-tech cameras,
which require efficient use of volume and
not just area.

Static RAM - see SRAM.

Steady State - A condition in which
nothing is changing or happening.

Subatomic Erosion - see Electromigration.

Substrate - Generic name for the base
layer of an integrated circuit, hybrid,
multichip module, or circuit board.
Substrates may be formed from a wide
variety of materials, including semi-
conductors, ceramics, FR4 (fiberglass),
glass, sapphire, or diamond depending
on the application. Note that the term
“substrate” has traditionally not been
widely used in the circuit board world, at
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least not by the people who manufacture
the boards. However, there is an increas-
ing tendency to refer to a circuit board as
a substrate by the people who populate
the boards. The main reason for this is
that circuit boards are often used as
substrates in hybrids and multichip
modules, and there is a trend towards a
standard terminology across all forms of
interconnection technology.

Subtractive Process - A process in which a

substrate is first covered with conducting
material, and then any unwanted material
is subsequently removed, or subtracted.

Sum-of-Products - A Boolean equation in
which all of the minterms corresponding
to the lines in the truth table for which
the output is a logic 1 are combined using
OR operators.

Superconductor - A material with zero
resistance to the flow of electric current.

Surface-Emitting Laser Diode - A laser
diode constricted on an integrated
circuit’s substrate such that, when power
is applied, the resulting laser beam is
emitted directly away from the surface
of the substrate.

Surface Mount Device - see SMD.
Surface Mount Technology - see SMT.

Symbolic Logic - A mathematical form in
which propositions and their relationships
may be represented symbolically using
Boolean equations, truth tables, Karnaugh
Maps, or similar techniques.

Synchronous - (1) A signal whose data is
not acknowledged or acted upon until
the next active edge of a clock signal.

(2) A system whose operation is synchro-
nized by a clock signal.

Synchronous DRAM - see SDRAM.

System-on-Chip - see SoC.

TAB (Tape-Automated Bonding) - A
process in which transparent flexible tape
has tracks created on its surface. The pads
on unpackaged integrated circuits are
attached to corresponding pads on the
tape, which is then stored in a reel.
Silver-loaded epoxy is screen printed on
the substrate at the site where the device
is to be located and onto the pads to
which the device’s leads are to be con-
nected. The reel of TAB tape is fed
through an automatic machine, which
pushes the device and the TAB leads
into the epoxy. When the silver-loaded
epoxy is cured using reflow soldering or
vapor-phase soldering, it forms electrical
connections between the TAB leads and
the pads on the substrate.

Tap - A register output which is used to
generate the next data input to a linear
feedback shift register.

Tape Automated Bonding - see TAB.

Tera - Unit qualifier (symbol = T) repre-
senting one million million, or 102, For
example, 3 THz stands for 3 x 1012 hertz.

Tertiary - Base-3 numbering system.

Tertiary Digit - A numeral in the tertiary
scale of notation. A tertiary digit can
adopt one of three states: 0, 1, or 2. Often
abbreviated to “trit.”

Tertiary Logic - An experimental technol-
ogy in which logic gates are based on
three distinct voltage levels. The three
voltages are used to represent the tertiary
digits O, 1, and 2, and their logical equiva-
lents FALSE, TRUE, and MAYBE.

Thermal Relief Pad - A special pattern
etched around a via or a plated through-
hole to connect it into a power or ground
plane. A thermal relief pad is necessary to
prevent too much heat being absorbed
into the power or ground plane when the
board is being soldered.



Thermal Tracking - Typically used to refer
to the problems associated with optical
interconnection systems whose align-
ment may be disturbed by changes in
tempetature.

Thick-Film Process - A process used in the
manufacture of hybrids and multichip
modules in which signal and dielectric
(insulating) layers are screen-printed
onto the substrate.

Thin-Film Process — A process used in the
manufacture of hybrids and multichip
modules in which signal layers and
dielectric (insulating) layers are created
using opto-lithographic techniques.

Through-Hole - see Lead Through-Hole,
Plated Through-Hole, and Through-Hole
Via.

Through-Hole Via - A via that passes all
the way through the substrate.

Thru-Hole - A commonly used abbrevia-
tion of “through-hole.”

Time-of-Flight - The time taken for a
signal to propagate from one logic gate,
integrated circuit output, or opto-
electronic component to another.

Tin-Lead Plating - An electroless plating
process in which exposed areas of copper
on a circuit board are coated with a layer
of tin-lead alloy. The alloy is used to
prevent the copper from oxidizing and
provides protection against contamina-
tion.

Tinning - see Tin-Lead Plating.

Toggle - Refers to the contents or outputs
of a logic function switching to the
inverse of their previous logic values.

Trace - see Track.

Track - A conducting connection between
electronic components. May also be
called a trace or a signal. In the case of
integrated circuits, such interconnections
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are often referred to collectively as
metalization.

Transducer - A device that converts input
energy of one form into output energy of
another.

Transistor - A three-terminal semiconduc-
tor device that, in the digital world, can
be considered to operate like a switch.

Tri-State Function - A function whose
output can adopt three states: 0, 1, and Z
(high-impedance). The function does
not drive any value in the Z state and, in
many respects, may be considered to be
disconnected from the rest of the circuit.

Trit - Abbreviation of tertiary digit. A
tertiary digit can adopt one of three
values: O, 1, or 2.

Truth Table - A convenient way to
represent the operation of a digital circuit
as columns of input values and their
corresponding output responses.

TTL (Transistor-Transistor Logic) -
Logic gates implemented using particular
configurations of bipolar junction
transistors.

Transistor-Transistor Logic - see TTL.
UC - see Microcontroller.
WP - see Microprocessor.

ULA (Uncommitted Logic Array) - One of
the original names used to refer to gate
array devices. This term has largely fallen
into disuse.

Ultra-Large-Scale Integration - see ULSI.

ULSI (Ultra-Large-Scale Integration) -
Refers to the number of logic gates in a
device. By one convention, ultra-large-
scale integration represents a device
containing a million or more gates.

Uncommitted Logic Array - see ULA.
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Unsigned Binary Number - A binary
number in which all the bits are used to
represent positive quantities. Thus, an
unsigned binary number can only be used
to represent positive values.

Vapor-Phase Soldering - A surface mount
process in which a substrate carrying
components attached by solder paste is
lowered into the vapor-cloud of a tank
containing boiling hydrocarbons. This
melts the solder paste thereby forming
good electrical connections. However,
vapor-phase soldering is becoming
increasingly less popular due to environ-
mental concerns.

Vaporware - Refers to either hardware or
software that exists only in the minds of

the people who are trying to sell it to you.

Vector Notation - A notation in which a
single name is used to reference a group
of signals, and individual signals within
the group are referenced by means of an
index: for example, a[3], a[2], a[1], and
a[0]. This concept of a vector is com-
monly used in the context of electronics
tools such as schematic capture packages,
logic simulators, and graphical waveform
displays.

Some people prefer to use the phrase binary
group notation, but the phrase vector
notation is commonly used by practicing
electronic engineers. (Note that this type
of vector notation is in no way related to
the algebraic concept of vector notation
for Cartesian 2-space or 3-space.)

Very-Large-Scale Integration - see VLSI.

VHDL - A hardware description language
(HDL), which came out of the American
Department of Defense (DoD), and
which has evolved into an open standard.
VHDL is an acronym for VHSIC HDL
(where VHSIC is itself an acronym for
very high speed integrated circuit).

Via - A hole filled or lined with a conduct-
ing material, which is used to link two or

more conducting layers in a substrate.

Virtual Hardware - An extension of

dynamically configurable hardware based
on a new generation of FPGAs that were
introduced around the beginning of 1994,
In addition to supporting the dynamic
reconfiguration of selected portions of
the internal logic, these devices also
feature the following: no disruption to
the device's inputs and outputs; no
disruption to the system-level clocking;
the continued operation of any portions
of the device that are not undergoing
reconfiguration; and no disruption to the
contents of internal registers during
reconfiguration, even in the area being
reconfigured. See also Configurable
Hardware, Reconfigurable Hardware,
Remotely Reconfigurable Hardware, and
Dynamically Reconfigurable Hardware.

Virtual Memory - A trick used by a

computer’s operating system to pretend
that it has access to more memory than
is actually available. For example, a
program running on the computer may
require 500 megabytes to store its data,
but the computer may have only 128
megabytes of memory available. To get
around this problem, whenever the
program attempts to access a memory
location that does not physically exist,
the operating system performs a slight-
of-hand and exchanges some of the
contents in the memory with data on

the hard disk.

Virus - see Computer Virus.

VLSI (Very Large Scale Integration) -

Refers to the number of logic gates in a
device. By one convention, very-large-
scale integration represents a device
containing 1,000 to 999,999 gates.

Volatile - Refers to a memory device that

loses any data it contains when power is
removed from the system: for example,
random-access memory in the form of

SRAM or DRAM.



Wafer - A paper-thin slice cut from a
cylindrical crystal of pure semiconductor.

Wafer Probing - The process of testing
individual integrated circuits while they
still form part of a wafer. An automated
tester places probes on the device’s pads,
applies power to the power pads, injects a
series of signals into the input pads, and
monitors the corresponding signals
returned from the output pads.

Waveguide - A transparent path bounded
by non-transparent, reflective areas,
which is fabricated directly onto the
surface of a substrate. Used in the optical
interconnection strategy known as
guided-wave.

Wave Soldering - A process used to solder
circuit boards populated with through-
hole components. A machine creates a
wave!8 of hot, liquid solder which travels
across the surface of the tank. The
populated circuit boards are passed over
the wave-soldering machine on a con-
veyer belt. The velocity of the conveyer
belt is carefully controlled and synchro-
nized such that the solder wave brushes

across the bottom of the board only once.

Wire Bonding - The process of connecting
the pads on an unpackaged integrated
circuit to corresponding pads on a
substrate using wires that are finer than
a human hair. Wire bonding may also
be used to connect the pads on an
unpackaged integrated circuit, hybrid,
or multichip module to the leads of the
component package.

18 A large ripple, actually.
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Wiring Layer - A layer carrying wires in a

discrete wired board. See also Signal Layer.

Word - A group of signals or logic functions

performing a common task and carrying
or storing similar data: for example, a
value on a computer’s data bus could be
referred to as a “data word” or “ a word
of data.”

X Architecture - An initiative proposed by

a group of companies in 2001 to use
diagonal tracks to connect functions on
silicon chips (as opposed to traditional
North-South and East-West tracking
layers). Initial evaluations apparently
show that this diagonal interconnect
strategy can increase chip performance by
10% and reduce power consumption by
20%. However, it may take some time for
design tools and processes (and popular
acceptance) to catch up and start using
this technique.

X-Ray Lithography - Similar in principle to

optical lithography, but capable of
constructing much finer features due to
the shorter wavelengths involved.
However, X-ray lithography requires an
intense source of X-rays, is more difficult
to use, and is considerably more expen-
sive than optical lithography.

Yield - The number of devices that work as

planned, specified as a percentage of the
total number actually fabricated.
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Berry

BBt o S 221

B o cp 57
BGAs (ball grid arrays)................. 154, 285
BICMOE . coovsssmsresmmsansussszaomssmsnssnsensnnsss 157
Big

BIUE oot co 76f

B 414 1V o USSR CD 54
DAZIT vt 60
Bill Gates ..ccoovverririssasinssunerescnessssnanas cp 72
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Napier’s Bones.......cccoeeervernecrnennen cp 12
With NOtChES ..ovicveeireeriirieieenrieannes cp2

wolf’s jawbone .......ccceceeverrererreree. €D 2
BOOL logic synthesis .......cccceereereenie 137F

f = footnote, s = sidebar, p = pronunciation, €D = CD-ROM



450 WM Boolean - capacitance

Boolean Algebra ......ccccvinmiviisinnaan 80, cp 20
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circuit boards (continued)
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light-emitting ..o 34

semiconductor ....o.occveeveveeeerennnn. 28

Vacuum tube ......cocoeveveiiiviainenns 25
T T 20
2 ] v O 14
transistors
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IC packsge (DIL)..cmsossssssms 153

memory module (DIMM) ............. 1775
Ducas, Charles .......ccooeeeveeevoeeveeeereeraanns 221
duck’s back, water off ....cuevvevrevierinnne. 331
Dummer, G.W.A. .coccooviiiiiiiiiiciiiinns CcD 68
duo-decimal (base-12) ...cccocvvevvinnnnn 54,cp 6
DWBS/DWT ..coeiiiiiieiriecieiiieiniens 243, 307
dynamic

lEX 1revereierrieirreeeereereerrr e errasenasenenes 256

RAMSs (DRAMS) ..o 165
dynamically reconfigurable

Hardware ......cccovvevennene.. 291, 292, 293

Interconnect vsmimsmn s s 297

L T T 1

L B . 194
E2PROMS ..o, 175, 175%p, 193
i et . ccvmmaumcamna s 26
ECC (error-correcting code) ............... 176%
Eckert, Presper ........cccoeerveercersrevesenss cp 60

ECL (emitter-coupled logic) ........ 156, 277
EDA (electronic design

AUEOMALION) wevvviiiireriieiecroeeeens 212,212
CHIE-SEHSIEIVE. cnvmmmcmmssmsiscio 120
BB csisnsmmomsamssis s s s 217
Edison

BRI cnsmesmsmmam oo 25, ¢cp 27, cp 38

Thomas Alva

375 110 ¢ (RO—— 25,221, cp 25, cp 38
EDO (extended data out) ....cccoeiviinnn. 1735
Edouard Branly cucsavaasasess CD 36
BRI AL mnsanirammsmsns s cp 64
BEW A inmmaiansisrissavn s cp 62
Edward

George Bulwer-Lytton ......ccccccveeunuinn 1

SERBEEE s cp 19

533315 510 7, £ A——— 175, 175%», 193

EOVHtiang . vassasamsmissssassss 55, CD 6
PYEAMIA +overieiiveneneienseinresessesesneneese 147
Water ClOCK .oveveeercereerererisenseaessennens 56%

electric
EEUE . 1o ornop ot A R SRS A S 19
Trveton; et s snie v 17f
DOTERBIRL s vausvssammsisvsos o 14
telegraphs

American (Morse) .....ccceveeee. cp 30
English (Wheatstone) .......... cp 29

electrically erasable programmable
read-only memories (EEPROMs or

E2PROMS ) ssiciivsissssionsinis 175, 175fP, 193
Electrical World magazine...................... 33
electromagnetic
Belile s R 19
transistor fabrication .......cc.cceeiennn. 320
electromechanical
COMPULETS <..ovvverreneresvsensrennees 29, CD 42
Complex Number
Calculator ... CD 43
Differential Analyzer ............ cb 42
Haivaid Matke1 «.cousse cD 48
Madel K ....onmismasosiaie cp 43
Product Intergraph ......c........ cp 42

72 and 73 (Konrad Zuse) ..... cb 46
Y cammmannsmmavsns B, CD 34

electromigration «-:«a maniammmaen: 159
BlEBEERH v nmmamssmmmm s 7
beam lithography .......cccccoevvrvrennnne. 160
AiSCOVEEY Of oscssvsvessominssivssonssninsan cp 27
Shells ..eerieee e 8
herds of c.oovvveeiieienrinecesesresenenns 11, 24
electronic
computers
P 5 N S cD 57
Colossus ........ cD 58
[5 o  RS—— | D 64



electronic (continued)
computers (continued)
EDVAC ...ccoeivvreiscvinsveesnenss €D 62

1 L2 o SR co 60
9].11 L7V P ———— o 64
74 (Konrad Zuse) ...... cb 47, cp 64
design automation (EDA) ............. 212
B v s RE 11
ElBetiophistoils o CD 23
BISH Giy cusswsmussnssansisusasriatsas cp 34
emitter
-coupled logic (ECL) ............. 156, 277
transistor terminal ..o 30
enhancement-type MOSFET ................ 30f
Emory Uhiversiby o 340
encapsulation
chip-on-board (COB) ......ceceevrveene. 255
integrated circuit packages............. 152
encryption (LESR applications) ........... 391
engineers versus designers ..........cceeen. 212
ENIAC ...cooovoeiecinieraeennnnnn. 26, 875, €D 60
ENIGMA code ..coveurereeevieneerrerevenens cp 59
5 101 = U— 334, 334F
EPLDDS ...cveveneceerenenesensssensesessnnesaesennenens 194
L ——— 255
silver-loaded epoxy ....ccoveerens 268, 270
EPROMS «.cvovcevvcnnnnnnneenens 173, 17479, 191
equality comparators.......cccueviseusmsness 106
equivalent
) S SR S 157
integrated Circuits ...oiasamsmssiisosnos 287
erasable programmable read-only
memories (EPROMs) ........ 173, 174fe, 191
Ernest Nagy de Nagybaczon ................. 321
erosion, SUbATOMLIC .vvvvrviviiinreriiiirreisinns 159
error-correcting code (ECC) ............... 1763

Eskimos (Inuit) ...ocvevveeeeveeennnne... 57, €0 10

electronic - Felix B 457

SSOtEHiC SUBBEEALER wusvummssssmsssussnesinisn 288
etching

cirestit boardsnmanauinis 224

integrated CIrcuits ..o.ococeeverevervrnene. 147
Euler, Leonhard ........ccoccviviviineincnnes cp 50
eutectic

bondy s 269

SOLACE: s eeeneernrosmsisnsemnsssmmassnasnassassrans, 2D
EUV (extreme ultraviolet) .......ccoovveneee. 160
exclusive versus inclusive OR ................ 40
ERPONEHE s nsERERRREe ARSI 0
exponential characteristic ........coccveuenene 17
extended data out (EDO).................... 1735
extreme ultraviolet (EUV) ......ccccoveeeee. 160
gy of anicedle s 8

N RS W SN RS . |

fabless semiconductor company ........... 212
face-surface MIrror .ooverivierererssenss 2. F12f
Faggin, Frederico .......ccossiarssisisoncsens cp 70
Fairchild Semiconductor ........... 201, cp 69
S 120
FaRIAR FiHS v mmmaemms s 236F

fan-OUE VIas wansmnnunssessiasens 230

Farnsworth, Philo .ccoevvevoeiiieiieiennne. cD 40
el SRR omomcmmasmasosss 216
fame (how to achieve it) ....coccvvvivviinn. 277
fans, electfit unnmsnanansrssnise 19
Faraday, Michael ..........coceeeuenn.e. 17f cp 24
FATAAS .eveiviereiiereireie et 17
FTAR BaEE s 43f

fast page mode (FPM) .....cccoiiicniiinninns 1738
fax machines (circa 1842) ................. €D 31
feedback ....ccvveevinsirmnresserssnssrsesesnssenenes 113
I RG] LS <. cp 40

f = footnote, s = sidebar, p = pronunciation, €D = CD-ROM



458 M fermented - FLASH

fermented COCONULES .....cvevissmsnsiasnsianionns o1s
FETs (field-effect transistors) ...... 30, €D 68
AEPlEUBRETPR +sravsmmssssssmssamisrnens 307
enhancement-type ...........occeeevennere 307
BtARNE] s 30
peehidiigl consasnaransransnas 30
Feyiman; Bichard «aoasninnnimimn 334
fbeEOpIIES s 300
field
-effect transistors (FETSs) ....... 30, cp 68
depletion-type......cccocvieeiviiusuins 30f
enhancement-type ......oeeuseins 30f
floating gate ......cccceveeerecrannnnns 191
n-channel ....cccccvvviininviceinennne. 30
peohammel oininsassiig 30
-programmable
gate arrays (FPGASs) ....ccoivnee 196
interconnect
chips (FPIC) ........... 297, 297F

devices (FPIDs) .......

fields

———,

American football fields..........ccccoeeenes 7
electromagnetic fields ..........ccccccceeee. 19
FIFO (first-in first-out) cooeececniiniinaninnss 386
Figura Universalis .....ccouamni cb 51
11 1 Ty . L |
351 T <. » )
eipht per and «uvnsamommani D5
fivve Per Bafid cissmssnsmsnasmssisss cp 4
seven per hand .......cccceoevveevrcreneee. co 5f
six per hand ...cocooveeevieiinninviininnen cp 5
finite state machines (FSMs) ....... 134, 188
Mealy machines .....c..coveenrveriesaerenns 135
Moore machines.........cccoveeercrunuenens 135
state
assignment
binary encoding ................ 136
one-hot encoding............... 138

finite state machines (FSMs) (continued)

state (continued)
ER I s osonsmassemsasmansmesans L%

D s oo SRS 134
WAl s 134
BB .ovovissnimssencmsainsisssssimssass 291s
first
ABIC.. cacnmmumismasvavasmmsa 201
BALLELies c.cverereererinarerarrennn. 14, €D 24
CHEE DO s 221
color televisions ......coeciviiciiinns cp 41
computer bug......... SRS CD 65
Draft (by von Neumann) ............ cD 62
dlectiic Motk causvswmnnnnanag 17f
electromechanical computers ..... CD 42
electronic
COMPULETS evveverrvervarnerennee 20, €D 57
televisions ...veveereerereeeeineanns cp 40
-in first-out (FIFO)...c.eveererrcverienes 386
integrated circuits ............... 155, €D 68
mechanical
calculators .....ieiieniiesiennnns cp 12
COTPUENE cwomsaomamesmmynparmss CALL
TICEODEOCEEOE orssonssonssssumransenssme cp 69
personal computers (PCs) ....c.c.... cp 72
place-value number system ..... 55, cp 8
SPEECORIUEEOE wsssvssrvsssssssaansamsssnia 332
(5 421010 1161 o o R CD 67
R (0T CD 67

vacin fubet a2

fish

Hefting -.coennommanmnamnms 151F

smoked and salted .........ccoceivinnnns 289F
FLASH

memory devices wisissssisisisisissisios 170

PLb s 194



Fleming, John Ambrose.............. 25, cp 38
HIBIE covcnmvssimsmmn s 256
flexible printed circuits (FPCs) ............ 256
Y fes o anannanumsuaa 256
THEH TR sssuassamsscasssisnmsssmsssdmi s 257
SEAHE 88 v csanarswemsmannasen 256
flip-flops
EEGI06 aussssnvssssmas s 120
e s 123
T (togale) rpe sasuannnnims 123
flipped
<Chip veveeererriereneriesnennnnes 271, 286, 310
Tl s aonmm s s 272
floating gate .......ccccoeevvecrecnreeesnsiceanennns. 191
flow, direction of current.................. 15, 16
fly @ KQte ©ovvevererercrierererssrereesessevesesesaesesens 13f
fool, fun-loving ......ccocecveveverereneererirriennnens 2
football fields, American ......cccoeviviervurinne 7

ST T OO—— ]
Forest, Lee de cvuvvvvvcvniiciiiieeinannn. 26, cD 38
o R N

formal Verification .......c..ccrrcenessrsenes 216

four-valence semiconductor ........c..c....... 33

[T L R 212

Fowler-Nordheim tunneling ................ 194

FPCs (flexible printed circuits) ......c..... 256
Ay B Hes asammimasaiasa 250
FRI RS csssanasesmmes 257
static flex cismanansmsvnmsnies 256

FPGA:s (field-programmable

GALE ATTAYS) wsveressessorases DR | |

FPICs (field- programrnable

interconnect chips) ....oooeeeeeeecncecueunns 196

FPIDs (field-programmable

interconnect devices) .....ccooveiiirieiriennns 196

FPM (fast page mode) ....cccccevvicucucnnnas 102 o

Fleming - gate B 459

Franklin, Benjamin. e cp 23
Franle BPRigus «aaanavansisensssiiy 221
Frederics Fagpin .ccamnsmsmnins cp 70
Fredric Heimin c.onwsavasanmssiis cp 68
free-space optical interconnect ............ 309
frequency, resonant ... 21
frisbee, rocket‘poweted .............. 863, cp 20
frogs.... SR D
Fruit of the Loom ................................... 91s

FSMs (see finite state machines)

Fuller, Buckminister .......cccccoovvreivnvenenne 324

functional tester.......overeoreererinreeraenens 393

functions (see also logic functions)
incompletely specified..........cccereeee. 102

VEISUS ZALES 1ovvevvereerernrresrersersersersessne 43
fun-loving fool ....coveverernincinireirinnnns 2
DHSRIEL . oot R AR 179
fusible lnks .....eovvriineriemmome 179
L R ——— 286
G (giga) (size of memory)............ 167, 167F
GRS s 33, 157,320
GAL (generic array logic) ................ 184
gallium arsenide .......ccccoceuneene 33, 157, 320
Game Theory ....ccooovevermvieieeeerecierennenns cp 62
garden peas, JagR o wmmmmsrerssisiis 7
parnet substrates’ s 288
gate

ATTAYS +renverrsesnrerssarssenssnssnsnsssssessnens 202

channeled arrays .......cccocueueeen.. 203
channel-less arrays.........c.c....... 203
design flow ..coooeevevcernerennnnen. 204
seapbeellglBnres. ..o 203
level netlists .oovivveveivrienans 211,217

on integrated Circuit....coocerveruerenn. 148

transistor terminal c...eveeeeivviecveneeennnns 30

f = footnote, s = sidebar, p = pronunciation, €D = CD-ROM



460 W gates - hardware

gates
Bill Gates «nirnnivmmseassians cp 72
equivalent gates......c.civcerrcniriiiivunis 157
farmyiatd HEeS «munmnmnmnnn 43T
HOREINE Gal6 e wwaaassammms 191
logic gates wuusmnmmansvanssos 43
primiifive gates aamanimiaiiani 43
versus fUnctionswaamusssswsmis 43
gas, inert of noble wsasssa 10f
Sl o R R T 60f
] B T 218, 218fp
GEC-Marconi Research Center .......... 320f
Geissler, Heinrich ....coccoeeeeeieececirnennns cp 25

generic array logic (GAL) ....cccoune.... 1847
geometries (integrated circuit) ............. 158

Georg
Bednorz ..ooeeeeeeeeceecereeeeeereeens 333
SCheUtz viveicrisrseisrsnsssessmsessaseseses cp 18
George
Pttt it cosmmomssmsesomsmse cp 19
BOOLe covviiiiiiriiiiinicnniiis s 80, cp 20
ROBErt SIS coucsessersosmsmsmnes cp 43
Simon Ohm ..coovevveinieiiniinns 14f, cp 24
ISR sosasmisassmmmscsmi 16
Georgia Institute of Technology .......... 340
germanium
AEOMS sanaamsraaaERss. B
SEHHEBNAUCHOE o conmum s 26
SR Ao} e 322
Gettysburg Address........ccccoevviriiiannes €D 11
pitl’s best friend v 328

glass
hybrid substrates......ceeecsseessreeress 259
optical memories .....cocsvwssssisssssnnss 315
GIOEK -..oecrmsmsormsmmmsmmsssrssormserssmsysssmasanses 258f
glue 1ogic ..coovueriiiiiecciiecnnne 206f, 219

BORES, FaEts OF wowmsmssssosisssnnos 9
(11 11 SR 11, 261, 265, 282
HEBH s 269
Rolex ... 292
GO CRIDE s 258f
Gotdon WIeoie vuwamwasssmssmimnani 161

Gottfried von Leibniz .............cD 16, cb 52
Grace Hopper ......c.ceiieevinenen. €D 65, €D 65°

Grant, George Barnard.........cccevevneneen cp 19
gray

& 98, 358

Elisha Gray ......cocevuecemircenrenvenns CD 34
Great Wall of China ......coceevvveureeneen 130
green CEramic tape ....cceeeveveserevsnsscenssees 219
Greenland Eskimos........cc.c......... 57, €D 10
GTOSS +evveureessenssnssnsnssussssossssssenssunessssssosns 57
ground and power planes .............cco..... 239
Guglielmo Marconi ......ceceveeveviesienenn. €D 37
guided

SPIODE ATIBIVEIS . covmsesssrsnsimmensansanossse 393

-wave optical interconnect ............ 310
(@51 F o I L T —— cp 52
gumbo, 5eafood .....coeeerieiieriieeieeians 405
GW AL DEBSTRE <. cmmssmssnssmrsvsssensins cD 68

hair, humah oo

W— N

hallway, switches in i 43
Hammer, William...................cp 27, cp 38
hamsters, liquidizing ....ccoseicoisimiiiin 316
Hangehi Alber vovesmnisnsamasenans 221
hatd-mactos wawaiais s 205
RatAWare s 290
adaptive hardware ........ccciainnisanins 299
configurable hardware ........c.cocveunn 292
description language (HDL) .......... 215

3] O 215fp

V2R S L) |



hardware (continued)
description language (continued)

VD oo 2148, 215, 215fp
dynamically reconfigurable

HatdWalie casssssossensis 291, 292, 293

INEEPEORIIOOE s snmmnammmass 297
reconfigurable hardware. 291, 292, 293
virtual hardware ........ccocvinens 298, 299

Harvard Mark-1 ......c.cooeeeeveeeeenenenn. €D 48
HDI (high density interconnect) ......... 241

HDL (see hardware description
WREIEE ) wsenususanmupnimms 215, 215fp

heat-dependent resiStors ......ocevecerreruenns 14f
hedpEhiaes wummnasamasmmanssa CDO3
Heike Kamerlingh Onnes.......occovvvevenne 332
Heiman, Fredric ....coovvcviiiiiviiiiecinnn.. €D 68

helium
AR o s e e 7
Heinrich
Geissler.....ccceveeruecrrseersessrarnssensanes CD 25
Rudolf Hertz ..eveeveemecnnieernnanes cp 36
Helmholtz, Hermann von ................. cp 33
HIBHE ocoscmmsnvmmss s mvnsv i 21
125705 0.5 T L R —————— cp 26f

Joseph Hetit . wansumunsanssm: 21
herds of

ClEBITONS uasamsonsisnsisiins 11, 24

HHRTE s A c9
Herman Hollerith .......ccccooevveeveeneneee. cp 21
Hermann von Helmholtz .........c.c...... cp 33
hermetically sealed hybrid packages..... 274
hietFitg: shoal 6 sowsammonmnmmais 151F
Blerts (B cnvmimmsinanniaimig 160f

Heinrich Rudolf Hertz ................ cp 36
R ST v suemsanmsssssmncsmassmsssnssisnss 321
heterojunction transistors............. 320, 321

hardware - hybrids B 461

hexadecimal (base-16) ......ccccccvvvivivirnienn. 61

to binary mapping ........cccceveeviviricnn. 63
hidden dangers (of tally sticks) ........... €D 3

high
density interconnect «.....cccceveuevenean 241
-impedance (Z) value......c.ccoiiiincaa 110

-temperature cofired
ceramics (HTCC) ..ocouveveeereevann... 282

Hindus cooveveeviiiininsisieessosniessnnns 52, cp 4
RipPPOPOLAMI weveverecerieererirreiereresreieeeanes CD 5
H.J. Round .....cooevveiirueiiiciecriiiecieinenns a3
HOBE; JE8 sammassrmmmmmonasiisris cp 68
HoH, Ted camsmmnsosvosismussasssas cp 70
Hofstein, Steven aranamnmasmis CD 68

hold and setup times ....ivoisesssessssivnessoes 128
negative values.......ccoiiicniicivannnnes 129

holes Versus vias ......cccceeererceivasseraneranes 235
Hollerith, Herman ......ccoocoovissesrsrssins cp 21
holobackplanes ........ccccceccevevicecninucucnnn. 314
hOlOrams .....c.eceverererirenseenieeresssienenens 312
holographic optical interconnect......... 312
BORTEGREERING consumsarsmmansysmssomms 321
homojunction transistors ..........cceevveeniee 321
Hoppet, Gfate v €D 65, €D 655
hot electron injection ... 192

House of Commons ........cccecveeverinnennes. €D 4
Houses of Parliament ......c..ccccccicvvveeere.. CD 4

Howard Bileeruisimeanmnmnsvmmain CD 48
how to become famous ..........ccoeevevrenns 377
HTCC (high-temperature cofired
T e —— 282
B B i smismusmsssas 152, 152f
ByBias s 258
ACEIVE CAMMAINE mmssssassasivas 263
assembly process .....c.c.uiiiiiiiiiaiiinins 268
Wit BERMING, s sussassasssussensas 269
capacitors (thick-film) ........ccoeeeee 264

f = footnote, s = sidebar, p = pronunciation, €D = CD-ROM



462 W hybrids - integrated
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integrated circuits (continued)
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linear feedback shift

registers (continued)
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primitive logic gates/functions (continued)
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Pass-transistor VErsion ............ 402
switch implementation.............. 36
symbol, table, waveform ............ 39
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reprogrammable PLD devices (continued)
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silicon (continued)
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sOfwER G s s SRR
-defined radio (SDR) .....ccccoveeenneenes 301
PARCEDS 1ornvessrmnssansssssnssasnsssnsassansanass 206f
OEIEIE D EEIR. .o e s mitontsssbbssmeiznss 60
SOFE X-TAYS 1eevveeennenieieeieeeeieeaceesecneenasnens 160

230, 230F
bump bonding .....cocevvrverivrvsvirsrvene 153

2101 31 RO

solder (continued)
BRI xoness e 271
CHtEEE SBldeT asnmnianiinss 285
i AP ssmsnmsmmsnsascss DB
IR s 227
over bare copper (SMOBC) ... 229
soldering
vapor-phase soldering
citcnit boards «uussnnammsns 231
o 1 T 271
wave-soldering .....ccocoevinienvininanas 230
SOLItON WAVES wveevreeeereereeneeeeeeeeanesaaaeas 308s
solvent, organic
circuit board ..............

I 1 1. W 7 I

integrated CIrCUIt ..ovveerersivercriceriares 146

SOP (small outline package) ......ccveue.. 153
source (transistor terminal) ......c.ccoevennees 30

on integrated CIrCUIt. e wemiinrines 148
T, o T — 397
B B oot o s e 224

Spanish APIIAAA «ocessesmsssmsssnsrosesusees CD 29

spatial and temporal
segmentation (SATS) .....ccvvnivivniienn. 302

et WIS o snmnsmmsaneassas 54
special PLD Dotation s 181
speed of

T 305f

siopalic s 13f
Sohereall oavsaavnvimasg co 75
BEILE . conmummmasssmossme svesssuses 211, 211f0
T R — 221
spiral inductors (hybrids) ......ccoccvevenen. 264
SPILDs (simple PLDS) winsasnanamn: 178f
Sprague, Frank ......cccvvviininineiviinnennn 221
square spiral inductors (hybrids) .......... 264
SRAM (static RAM) ....cccuvvune. 166, 166 P

Dbased PLDS .cooansamnmanss 194



BB s s 158
standard cell devices ......ccccovienrienirucnans 206

dESIEH AIOW cauasusssassmmnssss 207
Stanhope

Charles Stanhope ....c.ccconiinnniianac CD 55

DEfoRstiaior o uwsmammnasa cp 55
Stati Masol icasumsanssvniisivn CDT0
Star Trek-style products .......coon.e. 160, 160f
state

assignment

binary encoding . 136
one-hot encoding ........ccocereevene 138

IABIAINS 1eoemnensnrsonsarasamsssssnnsovaspunsrons 132

machines (see finite state machines)

ABLES .ottt 134

Variables ..ooooeriiere e ans 134
SEALEIMEIIE 1vvvreenereraeeeesneeeeseseensesesseensnsensns 80
static

0 L L st O cp 23

FLEX it 256

RAMSs (SRAMS) ...oovvvvevnruerecvnruenns 166
Steel die oveviiiiiieieiciiiieee i 279, 279f
LS 2 Ve | EO RSSO 144f
Step

-and-repeat Process ......ccuweemerieens 145

ReGkoHEE commuanmamavmmmssain cp 16
Steve

Jobiiccunnnnnssannnmsmsnas co 75

Wortiak wsmnanannninsmamis €D 75
Steven HofStein .......c.cciveesesiarssissirnens. CD 68
STF (subtractive thick-film) ......ccc.c..... 265
Stibitz, George Robert .......cviiuemsiviine cD 43
strange (quatle) cusssmmanmsns 7f
stretch-resistant SOCks ..c.voceevvervencrienrnens 291
Strowger; Almon ... cp 35
subatomic €roSiON .......ccvvreueeveseeeensens 159
SUDSCEIPES w.eveveveviniiescinsiiescissisasseseieneees 58

SSI - switches WM 479

substrates
cardboard substrates .......c.ocoviiiinenns 259
ceramic substrates .......... 258, 276, 279
circuit board substrates................... 222
diamond substrates ...........c.ccveverne. 325
gaArnEt SUbSEPAtEs inimiaisiiie 288
hybrid substrates ..o 258
integrated circuit substrates ........... 145
laminated substrates ....... 259, 275, 276
multichip module substrates .. 275, 276
OTZATIC SUBSLIALES wuvsversiussissssnsssnsinns 222

QUATtZ SUDSLTALES w.oivviieriinrsivesionesonss 288
sapphire substrates............c.cco..v... 288F
semiconductor substrates ........c..... 276

SUbEHEACHON I BINAEY «cossscsnssmsssssssins 70
subtractive
processes (circuit boards) .......ccoene 222
diiekefilin (STF) s 265
shbFahefid ccmamnmsnnuaismssasas 70;.71
S oo oo s e A A 87
NI consanisicnsmsscnmsaniusssssisss 94
SUMEHIATIS icmssmmsmmaiimsomessss 54, cp 8%
SUPRECORAUEEON wnnasnsmmmasiis 331
Ul OGO s 333
supply voltages (integrated circuit) ...... 157
surface

-emitting laser diodes ........cccceeeneee 310

mount
devices (SMDs) ...vovernivenrensinnes 231
PAAS v s 231

technology (SMT)....ccccoevueeen. 231
Swan, Joseph Wilson ........c.cecvveveno. €D 25

SWAPPINE +evverrnrursaseesmesssssessosussasessnesnosans 299
Swift, Jonathan ........cccvecereeieiienrenen. CcD 52
SWitching Matrices «...oovvveereriruerererrerenns 196
switches
in hallWay .....coovvernnveneesesessersossesuones 43
111 SETIES cuvereiarierresnecvnesnnessassassunssneneas 36
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480 WM symbolic - time

gEnbilie TOPEE cusissumasavsmmnssamss 81
synchronous
DRAMs (SDRAMS) ...coccovrvevierianne 173%
HAPHES e s 122
SHhESIE s s 215
BOOL logic synthesis........c.cccceuee. 137f
Synichetic metalsic e 333
system

houses s rnnanasunsmssmssis Bl
sopeehip (800) sisvssemansaass 199

TAB (tape-automated bonding) .......... 270

tablets of damp clay ...coceeveeeveerersecrenenenns 65
AAPOLES ..vveveeeireeicicie sttt cp 8
tally
i A cp 3
S G s R S cp3

T ARANAS s T s SaRs. T
tank of water
CAPACHANGE ;i 16

voltage, current, resistance .............. 13
tape-automated bonding (TAB) .......... 270

taps (in LFSR chains) ....cccoceeeeervrcannene 381
tayble .o ssannens 60T
TAYSTE 1uvvierierrecereeosearsrerssaesserssmsssenssssssesses 60f
Ted HOHE ....ocmnsenssmmsmmmmmmsssrnsssnsnpsssnss cp 70
telephone
direct dialing to Europe.............. €0 35F
EREBERER ..commommnimommmasnwrssisssss cp 35
HEVERTIORIOL «ecsercsorsisrmsemevsonevness cp 33
L] —— LAl |
G R — cp 39
color televisions ..., €D 41
itEEE (HISE) «ocussssumsinimmioniins cD 67

electronic televisions ........cccoveee. €D 40
mechanical televisions................ €D 40
Fipkow dishks s cb 32

TS COMPIBIERE uconumsmussissosansssns 70
T WU o cossssonsairasssmmnsssvarsssns 310f
S ) U SRR 66
HRREPEd  cnmmmssssr s cp 4
Theloiiis Motk ouwsansmsusssais cp 64
thermal
expansion, coefficient of ........c....... 258
selief pads s 240, 249
] e T 14f
thicle-filoy hybrids oo 260
CRPACIEOTS wissmisursimssivsvmmn 264
double-sided ......cocererreeireereeeienens 265
INAUCTOTS vvevverrerereessessessesenesssrasssans 264
TESISTOTS wvveerreeenrrersneecereesseeessnsnesneees 202
subtractive thick-film (STF).......... 265
ETACKS wevrenvrrrrernersrinessessensssnssssessassnen 260
thin-film hybrids ......ccccooverevererireirninnnn. 265
TESISEOTS 1vvivrerarresssnsssssrsssssnsrsssss 266, 267
ETACKS 1oveervieieiieiee it 266
Thomas

Alva Edison........25, 221, cp 25, cp 38

WAtSON vvcvveeeveersisrassnsnnnenss €D 33, €D 34

William Thomas ..cc.cccvevverieereenenne. 332f
Thompson

George Thompson ....cc.ccceveerevereennne 16

Joseph John Thompson ... cp 27
Three

-dimensional molded

INTETCONMECE iiosisirisssiisisssiisssinssssrins 303

Kingdoms period (Korea)............ cD 78

letter acronyms (TLAS) ...coceevenene. 183f
through-hole ......ccoceeriviereiennnnne. 227,229

TS somsmmmmrosasmsmismmr s 227

VIS weveeereeernrinssereeersssneesssseessssssanses 238
TRIOWINIZ SPEATS 1evverrvereranrerersensesasenessenees 54
tilde characters (use of) .oveeveveereenenens 3425
Time Domain ..cocceeeevieerecreenenienineens 160f



TN sscamsscsnonmassesaravs Rasascs SRS 227
DA usnvrsisamsimmrmensva s cp 38
TLAs (three letter acronyms) ........... 183fp
T T RC S OUPOTITOt! ol o 1)
toggle-type flip-flops ....ccevniviiciniiicnins 123
Tomahawk cruise missile ........c..ccoeune 297
(7218 O |11 = Tf
Tracker Max s 91s
tracks

hybrid tracks

thick-film hybrids .......ccooeveinee 260
thin-film hybrids........cccoverveneen 266

integrated circuit tracks .....cooceeuerens 148

multichip module tracks ................ 280
transatlantic undersea cables............. cp 30
CLANSAUCET +evvererrvairsarrassessarsnssessssssseseess 140

ACEUATOT +evverrerresesescsasssnesnsesneessasnsasns 142

SEIISOT 1uvvossessnssnassnssassnsssnsssasnansnssnssnss 140
Transformations, DeMorgan .........ccc.c.... 92
transistors

BJTS covervrnernssennsenennennens 29, 29FP, €D 67
bipolar junction transistors ... 29, €p 67

electromagnetic fabrication ........... 320
BB cccuscmmeosmransasancs 30, cp 68
field-effect transistors............. 30, cp 68
hetrojunction transistors ... 320
homojunction transistors ............... 320
NMOS transistors .......ccecveneee 31, 31fp
LG ) E 2 R —— 30, 30fp
plastic transistors iwesvi s 161
PMOS transistors ......ccceeeouneee. 31, 31fe
transistor-transistor logic (TTL) .......... 156
Trée of Porphivry cawsvnnnmming cop 49
Triangle; Obois wnsmmasanniaanis 15
T cp 38
tri-state
BUffer .oeoueeeeeeeeeeece e 110

tinning - universal B 481

tri-state (continued)

gAteS/UNCEIONS vocveivivvesiecasrensas 110, 167

Z (high-impedance) ......ccccocuivnninnae 110
tri-stateable PLD outputs........cccccouevnne. 186
i (RrEary HBit) uawsmsamsasine 66f
TRE B sumnanuamauymismsmnis CD'TD
eEth Atk b cusumannnnaisssisi 7F
TEOP BackA0e - v Ssws 242
TTL (transistor-transistor logic) .......... 156
Ttype thip o cuuwmnmnuansas 123
bminglotk ccnnansaneasasaanee 21
Turing

Alan TUNE «.eereerseersnsasnnensronsnases cD 58

Machines .....eeeeveeevneeeeeeeereeeeevaennes CcD 59
TV dinner (first) coceeeeeeeeeeeeeeeereeeeenanne cp 67
twelve-hour day .o.ecveeecciiecnnccenierenn. 54
Twilight Zone ..c.ocecevvevecrircrneienreniennns 290
tWOS COMPLEMENLES 1vevvvriririvinrsiirersnancane 71

ShOTECUL «vviveivieirecieecrieee s 73
U
UDL/I 215fp
UDSM (ultra-deep-submicron)............ 158
ULAs (uncommitted logic arrays) ...... 202f
11511 S S 158
160 00535 T L 0o 1 OO 333
ultra-deep-submicron (UDSM) ............ 158
ultrasonic friction weld.......c.cc..... 269, 270
ultraviolet (UV)

erasing EPROMS .....covivivirinnes 174, 192

making

circuit boards iy 223
integrated circuits............ 144, 159

uncommitted logic arrays (ULAS) ...... 202fF
wndeyele s 865, cp 20
undtigualifiers .o 22
(0] 1| 0 Ccp 64
universal translator ........cccccveevevieceennens 160
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University of

ABSrdEen vicinsasisiisssssivavsis 16
California in Berkeley .......ccccciunees 211
Cambridge .. cp 27, cp 36
NHBSE ssnmmmmmmarmenimmas 340
Leydoh s co 23f
Paris ..CD 36
Pennsylvania s 20
unlicky Thivteed cimismnamsiags 66%
unsigned binary numbers..........ccccccruene. 67
unused states:innnmmnsairinaie 138
UP (QUATKS) cevevierrerrereeeseaseevesaeraeseesesasnenne 7f
UV (ultraviolet)
erasing EPROMs ............c....... 174,192
making ICs .ooovvveerevreiencrinnen 144, 159
VACUUITL TUDE evveeiveceiie e et 25
18 (0T (< RO RS 25, cp 38
EFIOAES 1vvvvie v e cirerereressecrnresneerans cp 39
valence bonds ....cccoeeeveeiivceenienreeeeens 9
[ | N “R—— — 211
T T ———— 25f
LT a1 L — cD 42
vapor-phase soldering
SHEHE DO oo mnonaisavamusisas 231
hybrids
VAROIWEEE wcmmnuimmnsmscsvman DALY
vatiable resistors ... 14f
g L L . 14f
VDRs 14f
VectOr DOtALION v simmansmsse 105
vetsus sealafnnsmmmnmmrasg 105

Venemela wsonmassnasasasamsas 30

Venn
i T e e T cp 50
John Venn.......ccccoveveveecreecrecrneennns cp 50
Verilog «.ooveeeeereereeeeeereenennissessnnnns 2145, 215

7 = | | S ————— 2145, 215, 2150
74 5 L 2145
vias

blind and buried vias
circuit boards ......cococeiviiiiniinnin. 238

multichip modules ...........c...... 279f
circuit boards
blind vias ..o, 238

buried vias....cccoeeeveevnereciiennnen. 238
FAN-IN VIAS veverererererererssenerennnes 2367
ol 0 o IOy B T o

through-hole vias..........coeuininnn 238
versus holes ...y 235
515/ 575 T [ O 259
multichip modules ................ 279, 279F
VI SCTEECIY vvverrverrverserssesssessrressressrossasrsnens 280
Victoria, Queen ................ 24, cp 30, cp 31
Vidal Basson swmvaimssnssinmmmmsin 91%
vigesimal (base-20).......c.cccceeeeeee. 57, €D 10
Vitich; Lepnatdaidi s cp 14
virtual
hardware .....co.ccovevieviereienneenne. 298, 299
IEMNOTY ..evvevaerrenerensransneasnessnresseese 299
Visicale suwammnuannanmsmyims cp 76
VBBl ccnuemsanaansmsssmasasss 158
VOB oo 164
Volta, Count Alessandro.............. 87, cp 23
VOLEAZE ..cuvevieninernrnacsenaeneseressonssnsesssuensanes 14
-dependent resistors .........coeveeeeene. 14f
Vol vrvmnassismnrsannmmnsn 14
Efer ..................................................... 143

o | o AU . 1 |
wagon wheel pattern ........c..oocovervennen. 240F
Walter Brattain .......cocceevvivveresierenenen. €D 67
warrior chieftains (.iussmassiioses cp 11
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MOlecule voviviiieiiriiiiisiiiniisineesns 9, 334

off a duck’s back .....cccoecircricinninns 331
tank representations

CAPACTERIERE wsmsamumaivesso 16

voltage, current, resistance......... 13

Watson, Thomas ...........c........CD 33, cD 34

THRBTDETR covnomssmmssmramvem s e 2.3
WAVESHIdEHIE cusuanmmsaansiig 230
WS, SOMEOR wsnsssssisisissrinbsisvias 308s
weight (in number system) .........ccccceueee 52
well-dressed man-about-town............... 131
wells (in multichip modules) ........ccovn. 283
B e 291%
Wiersis Bantbeusunsasisiammmsiss 240
Wheatstone, Chatrles .............. cp 29, cp 33
Wilder, John Tukey .....cccouecvruerrernrsuerernnas 60
Wilhelm
Conmad csasasmsansiv cp 27, cp 28
Behickatd cinanananunnmnan cp 14
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CroOKes ueccsmieanmissmsssesmassansassnsssaes co 27
Fothergill Cooke .....cccorvevererinenne. o 29
Hammer .......ccceevernirennnen. €0 27, €D 38
s CcDp 55
of Oekhails vmmmmmsiniie cp 20
Chighitied cmmmasasanascarCD 13
1T [ S——— ¢ 67
Thomas .ccccecvviiiiniiiriiiiricircciiees 332f
Winston Churchill ....ooveveveeeereieeciienenes 340
wire bonding
ball bondsueanmnnnmammans 270
chip-on-board (COB) «.ccccvvnvivivaaiae 255
55T S 269
integrated circuit packages............. 152
wireless

PhONE ..cvoovrrevrrerenerecnsrsrirenesnssessenenes J02
teleormpbycnncnnrassnanaaes cp 36

water - Zuse B 483

WHRE R s 243
Wb s amasmmmssmmssssssssass 00
world-famous explorer .......ccccccceviiuininan. 918
Woziiak, Seve . covvmnumusimms cp 75
wristwatches, digital .. 293
X |

X (don't know) s 103, 117
K-atchitecturecaummmaimaimamsig 149f
R csnnnnmmmanananss: 199% 198
XNOR gate/function .........cceevereene 40, 40P

Pass-transistor Version .........c.eveeeen. 402
symbol, table, waveform................... 41
transistor implementation................ 49
XNOR versus XOR LFESRs.......cccceeeeee. 383
XOR gate/function .......cccecververenen 39, 40
Pass-transistor VEISion .o.vevevrevsevesess 402
symbol, table, waveform..........c.cco0e.. 39
transistor implementation................. 50

XOR versus XNOR LFSRs .......ccooevvee.. 383

b TR T [ S — 160
X-rays
HSCOVELY Of vosismvmmusasninsans cp 27,cp 28
S RIS s usuoncosians mansanssana R RS 160

Vil cossamnman e 10

Young
Man-about-town v 290
Terry YOung «uannussariaissin 310f

Z (high-impedance value) .........cccoeereee. 110
Z1 (Konrad Zuse) ....ccoiivissiieisiniies CD 44

Z2 and Z3 (Konrad Zuse) .................. CD 46
74 (Konrad Zuse) .....c.cccevvene. CcD 47, cD 64
TPy a o .
ZET0, OTIZIN Of 11evvvererererereenreeresansas 56,¢cp 9
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Zuse, Konrad .oovvevevevereeeeeecieeerenesenes cpD 44
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LIMITED WARRANTY AND DISCLAIMER OF LIABILITY

[[NEWNES.]] AND ANYONE ELSE WHO HAS BEEN INVOLVED IN THE CREATION OR
PRODUCTION OF THE ACCOMPANYING CODE (“THE PRODUCT”) CANNOT AND DO
NOT WARRANT THE PERFORMANCE OR RESULTS THAT MAY BE OBTAINED BY USING
THE PRODUCT. THE PRODUCT IS SOLD “AS IS” WITHOUT WARRANTY OF ANY KIND
(EXCEPT AS HEREAFTER DESCRIBED), EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT
NOT LIMITED TO, ANY WARRANTY OF PERFORMANCE OR ANY IMPLIED WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. [[NEWNES.]]
WARRANTS ONLY THAT THE MAGNETIC CD-ROM(S) ON WHICH THE CODE IS RE-
CORDED IS FREE FROM DEFECTS IN MATERIAL AND FAULTY WORKMANSHIP UNDER
THE NORMAL USE AND SERVICE FOR A PERIOD OF NINETY (90) DAYS FROM THE DATE
THE PRODUCT IS DELIVERED. THE PURCHASER'S SOLE AND EXCLUSIVE REMEDY IN
THE EVENT OF A DEFECT IS EXPRESSLY LIMITED TO EITHER REPLACEMENT OF THE
CD-ROM(S) OR REFUND OF THE PURCHASE PRICE, AT [[NEWNES.]]'S SOLE DISCRETION.

IN NO EVENT, WHETHER AS A RESULT OF BREACH OF CONTRACT, WARRANTY OR
TORT (INCLUDING NEGLIGENCE), WILL [[NEWNES.]] OR ANYONE WHO HAS BEEN
INVOLVED IN THE CREATION OR PRODUCTION OF THE PRODUCT BE LIABLE TO
PURCHASER FOR ANY DAMAGES, INCLUDING ANY LOST PROFITS, LOST SAVINGS OR
OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR
INABILITY TO USE THE PRODUCT OR ANY MODIFICATIONS THEREOF, OR DUE TO THE
CONTENTS OF THE CODE, EVEN IF [[NEWNES.]] HAS BEEN ADVISED OF THE POSSIBIL-
ITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY.

ANY REQUEST FOR REPLACEMENT OF A DEFECTIVE CD-ROM MUST BE POSTAGE
PREPAID AND MUST BE ACCOMPANIED BY THE ORIGINAL DEFECTIVE CD-ROM, YOUR
MAILING ADDRESS AND TELEPHONE NUMBER, AND PROOF OF DATE OF PURCHASE
AND PURCHASE PRICE. SEND SUCH REQUESTS, STATING THE NATURE OF THE PROB-
LEM, TO ELSEVIER SCIENCE CUSTOMER SERVICE, 6277 SEA HARBOR DRIVE, ORLANDO,
FL 32887, 1-800-321-5068. [[NEWNES.]] SHALL HAVE NO OBLIGATION TO REFUND THE
PURCHASE PRICE OR TO REPLACE A CD-ROM BASED ON CLAIMS OF DEFECTS IN THE
NATURE OR OPERATION OF THE PRODUCT.

SOME STATES DO NOT ALLOW LIMITATION ON HOW LONG AN IMPLIED WARRANTY
LASTS, NOR EXCLUSIONS OR LIMITATIONS OF INCIDENTAL OR CONSEQUENTIAL
DAMAGE, SO THE ABOVE LIMITATIONS AND EXCLUSIONS MAY NOT [[NEWNES.]]
APPLY TO YOU, THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY
ALSO HAVE OTHER RIGHTS THAT VARY FROM JURISDICTION TO JURISDICTION.

THE RE-EXPORT OF UNITED STATES ORIGIN SOFTWARE IS SUBJECT TO THE UNITED
STATES LAWS UNDER THE EXPORT ADMINISTRATION ACT OF 1969 AS AMENDED. ANY
FURTHER SALE OF THE PRODUCT SHALL BE IN COMPLIANCE WITH THE UNITED
STATES DEPARTMENT OF COMMERCE ADMINISTRATION REGULATIONS. COMPLI-
ANCE WITH SUCH REGULATIONS IS YOUR RESPONSIBILITY AND NOT THE
RESPONSIBILITY OF [[NEWNES.]].





