Science and Technology English | Il
Introduction Meiji University

Sci-Tech-Intro.pptx 109 Slides  July 9-,2019

http://mikami.a.la9.jp/mdc/mdc1.htm

Renji Mikami

Renji_Mikami(at_mark)nifty.com [mikami(at_mark)meiji.ac.jp]



AAFR
« REETE
BIEA(14[E])$ T =3B 5m X D 5 iR
BEA(14E) AT KB R X DanfEEERR
- FEHEE
BT R EEm X E i - EFRTEHLIITT S
- FEETE A
BE, EEMETEHLFET
HE AT
HAREAER (30%) & E E RIRE(70%) CHASBIIZEE ML F£ 9
BAERTE0% L LZEIRELFET



SEEATVaA—)

%18 ~ % 3[8] INTRODUCTION

Z4[a]~ZE5[0] FATEREE D EME

Foell~F 120 KEKREHFE

5 13[a~ 5140 KEIEEEE SR TR iz

RRICIGCTERICHIELET D TETOEEAHYFT



=

=DEDHA

o IREAIF(LFERMA ZE X%
« BREZRFEXFZENEE RIERAE
« ElHTH5LD

=

, FRLAHE

« AMITEMLFET



2019/7/9




MP T R EEDIERE
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« TERMTERI(IBM Journal of Research and DevelopmentZi &)
 HFEF(US Patent)
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o BlER i ES (Science, Nature)
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(1) &RZE DIGITAL
"DIGITAL INTEGRATED CIRCUITS" INTEGRATED

JAN M. RABAEY CIRCLHTS

PRENTICE HALL(1996) A DESIGN PERSPECTIVE
(2)ISSCCE R/
(3)US Patent(KE4FEF)
(4)IEEEF filT 5 XX

Jan M. Rabaey
Donald O. Pederson Distinguished Professor
Director Gigascale Systems Research Center (GSRC) and
Scientific Co-director BWRC University of California, Berkeley
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* Institute of Electrical and Electronics Engineers, Inc.

* Www.ieee.org

* Founded in 1963, it has more than 360,000 individual members in more than 150
countries and is involved with setting standards for computers and
communications.
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- BT X FEIT(IEEE Journal)

- EfEFEEEM(ISSCC, IEDMZEE)
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(1)INTRODUCTION(Background)
(2)BODY(Algorithm Architecture Circuits)
(3)EXPERIMENTAL RESULTS
(4)DISCUSSION

(5)CONCLUSION




Bl TR B O LG #

« WGE, BB EIT—HRDEELRL
o i e MBAIR, XEEE (LB
- BB, Bl XEMGRERIEDGZL
- EF9HE(XWikipedialiEE SR
o MUGERIICIEREICRRT KYITRFRFEHLDE

o XEEMBLIEFEIZERT (BAZRAK R ERwhich, thatB EIX, Fhlk---, ELVSD
£ e)

« BTAEEIEAIDTTHLRLA(TILFALYRELE)




R EEWEBTFE

« 7V)—BEFBH[V1FAT 17 (Wikipedia)l
http://ja.wikipedia.org/wiki/
http://en.wikipedia.org/wiki/

e EE TIMES Encyclopedia

http://www.eetimes.com/encyclopedia/

« B##Tech-On ! FHEETEHL
http://techon.nikkeibp.co.jp/word/

4 b
wE
CMP

EETIMES

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 11



00/01
1947 First pointcontact transistor

John Bardeen, Walter H. Brattain, and William B. Shockley of Bell Labs discover the
transistor. Brattain and Bardeen build the first pointcontact transistor, made of
two gold foil contacts sitting on a germanium crystal. When electric current is
applied to one contact, the germanium boosts the strength of the current
flowing through the other contact. Shockley improves on the idea by building the
junction transistor—"sandwiches" of N- and P-type germanium. A weak voltage
applied to the middle layer modifies a current traveling across the entire
"sandwich." In November 1956 the three men are awarded the Nobel Prize in
physics.
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John Bardeen, Walter H. Brattain, and William B. Shockley of Bell Labs discover the transistor. Brattain
and Bardeen build the first pointcontact transistor, made of two gold foil contacts sitting on a
germanium crystal. When electric current is applied to one contact, the germanium boosts the
strength of the current flowing through the other contact. Shockley improves on the idea by building
the junction transistor—"sandwiches" of N- and P-type germanium.

A weak voltage applied to the middle layer modifies a current traveling across the entire "sandwich." In
November 1956 the three men are awarded the Nobel Prize in physics.

NIVRABEFRD Dy - IN—T 4=, DAIVE—HITIvEY, BEXUVV4UT L-BoayP)—FSU0OR2EHRLEFTS. T
FYRDEN—T A=V X ERBENERT ST IV LIKBED LICES2TELNI-HRA Dpointcontactt 5 D R 2 EHAIL TH
I BRNMDDEMIZMAFToNGEE, TIUIZ I LRI AFDEMICEISIBEDRNDESZLIFFEY. Vavy)—(F#E

BRIUORBEHB212EVNVIDEMILTEHCEIZEST, BRERRLET; NEP-RATF IRV LD "YU R yF"

POV DEBICEASNE-BVEEFIEARD"F R Y F ' OREISAIEHLIEREEELEY. 1956 F 1A, YEFT
J/—ANIVEZIANDBEICEZFT.



#—L.%1(5400M)

2019/7/9

© Renji Mikami — Mikami Consu

- ---|-i"'--' ot
English

ﬂ%ﬁm

1 i-_-ﬁ

@mﬁm

Veiliie—

4 —.L.%1(6500M)

Iting / Meiji University 2019

14



INTERNATIONAL JOKE(1)

s BDOFXYZEDODNTEELEERI0FFILDILEI T

o FYANIETHEZEBNERMICHY TR EREmLT-

« TAR)ANFEGFIFERFELTEDXIOZ/EYHLE
s BRANETZA)ADOLHEMEALTEDT) ZEYHLT:
s FEAXEDODRUVEXZEWNIToT:



- =

TA)HBEREE
« JATEFATRID?
* "For Hereor To Go ? "
e "Plastic or Paper? "
e "Cash or Charge ? "
e Subway Sandwich
s BBEFESF, LATIEIABRACHEANZLDT, BRARITEIIHNAERSNLL
* FRICCDXRIGRFETHELNTOND
s REZHEMALTLTE, ELLIGEFELLTSAFZ AL
« TAJAD—EADIER B GEI>FHL>ES
s BRDOHZEAN DR FHE, E<>F>EET
o FAJARKICAFIRANDNEEZDEE



21st. Century Innovations
https://www.nae.edu/

2019/7/9

1. Electrification2.Automobile3.Airplane

4 \Water Supply and Distribution5.Electronics

6.Radio and Television7.Agricultural Mechanization
8.Computers9.Telephonel0.Air Conditioning and Refrigeration

11.Highways12.Spacecraftl3.Internetl4.lmaging
15.Household Appliances16.HealthTechnologies
17.Petroleum and Petrochemical Technologies
18.Laser and Fiber Optics19.Nuclear Technologies
20.High-performance Materials
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Electronics 02E

* Barely stifled yawns greeted the electronics novelty _ N
that was introduced to the public " in mid-1948. HAS BT LD

* A device called a transistor, which has several

applications in radio where a vacuum tube E HEEE ; .
ordinarily is employed, was demonstrated for the
first time yesterday at Bell Telephone Laboratories," BT -~

noted an obviously unimpressed New York Times

reporter on page 46 of the day's issue.
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1947 First pointcontact transistor 01EJ

e John Bardeen, Walter H. Brattain, and William B. Shockley of Bell Labs discover the
transistor. Brattain and Bardeen build the first pointcontact transistor, made of two gold R 258
foil contacts sitting on a germanium crystal. When electric current is applied to one contact,
the germanium boosts the strength of the current flowing through the other contact.
Shockley improves on the idea by building the junction transistor—"sandwiches" of N- and #&FZ2P R4
P-type germanium. A weak voltage applied to the middle layer modifies a current traveling

across the entire "sandwich." In November 1956 the three men are awarded the Nobel RIS
Prize in physics.
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1952 First commercial device to apply o

Shockley’s junction transistor
* Sonotone markets a $229.50 hearing aid that uses two TiEICHY R

vacuum tubes and one transistor—the first commercial =Ry
device to apply Shockley’s junction transistor. il
Replacement batteries for transistorized hearing aids =aum s MEMEEh

cost only $10, not the nearly S100 of batteries for earlier
vacuum tube models.
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1954 First transistor radio

* Texas Instruments introduces the first transistor radio, the Regency
TR1, with radios by Regency Electronics and transistors by Texas

Instruments. The transistor replaces De Forest’s triode, which was =lE
the electrical component that amplified audio signals—making AM #igd 3
(amplitude modulation) radio possible. The door is now open to the IRiE 25 2
transistorization of other mass production devices. K BEE S
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1954 First truly consistent mass-produced
transistor is demonstrated

e Gordon Teal, a physical chemist formerly with Bell Labs, shows MIBILFEE
colleagues at Texas Instruments that transistors can be made from B
pure silicon—demonstrating the first truly consistent mass-produced
transistor. By the late 1950s silicon begins to replace germanium as
the semiconductor material out of which almost all modern FEAMH
transistors are made.
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1958-1959 Integrated circuit invented ##me sszns:

Jack Kilby, an electrical engineer at Texas Instruments and Robert Noyce of Fairchild
Semiconductor independently invent the integrated circuit. In September 1958, Kilby {& A=
builds an integrated circuit that includes multiple components connected with gold %%t &
wires on a tiny silicon chip, creating a "solid circuit." (On February 6, 1959, a patentis E{ABI& 4F5F
issued to Tl for "miniaturized electronic circuits.") In January 1959, Noyce develops his
integrated circuit using the process of planar technology, developed by a colleague, TED
Jean Hoerni. Instead of connecting individual circuits with gold wires, Noyce uses
vapor-deposited metal connections, a method that allows for miniaturization and mass &% %EEH
production. Noyce files a detailed patent on July 30, 1959.

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 23
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1962 MOSFET is invented

* The metal oxide semiconductor field effect transistor (MOSFET) is B -8Bt —FEK
invented by engineers Steven Hofstein and Frederic Heiman at RCA's FRPBISL SRS
research laboratory in Princeton, New Jersey. Although slower than a
bipolar junction transistor, a MOSFET is smaller and cheaper and uses Tt EEFI D A4E
less power, allowing greater numbers of transistors to be crammed =0 AT
together before a heat problem arises. Most microprocessors are
made up of MOSFETs, which are also widely used in switching
applications.
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1967 First handheld calculator invented

* A Texas Instruments team, led by Jack Kilby, invents the first handheld
calculator in order to showcase the integrated circuit. Housed in a case & &%
made from a solid piece of aluminum, the battery-powered device fits EhEES)
in the palm of a hand and weighs 45 ounces. It accepts six-digit
numbers and performs addition, subtraction, multiplication, and

division, printing results up to 12 digits on a thermal printer. RE T4

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 26



1971 Intel introduces "computer on a chip” .

* Intel, founded in 1968 by Robert Noyce and Gordon Moore, introduces a "Computerona  gl3iL
chip," the 4004 four-bit microprocessor, design by Frederico Faggin, Ted Hoff, and Stan

Mazor. It can execute 60,000 operations per second and changes the face of modern

electronics by making it possible to include data processing hundreds of devices. A 4004
provides the computing power for NASA's Pioneer 10 spacecraft, launched the following  FHfia
year to survey Jupiter. AE

3M Corporation introduces the ceramic chip carrier, designed to protect integrated circuits
when they are attached or removed from circuit boards. The chip is bonded to a gold base
inside a cavity in the square ceramic carrier, and the package is then hermetically sealed.  ZE[R HZ HfIE

2019/7/9 27
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From Computer Desktop Bncyclopedia

Computer on a Chip
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Intel 40044207 O+tyH

* Intel 4004(MCS-4)(&, KEAMVTILHIZLKH>THFES
h-HATEIOD VT ILVFYITDOER<TAo07
OtyHTHS.

¢ 1971F([ZRRINF-AEVNDBEEREHEEDL,
500kHJ;75\6741kHz0)/7|:|\y’J'G.%IXEJJL,T:(’JEI‘y’JIﬂ
HAERET)

» P£REIL0.06 MIPS (B F)60000EIDEE)

e ImMm X Amm®D/NF D EI1Z2,300D 50 XA 452%
£7E 10um (0.01mm) EvFD7OLATHESN
=5 EFEFDICELTIFEAEML16EDIPT, 4
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Intel microprocessor(20064F)

¢ ,r > _7 )l/ ;o b : j A4I 7 X I\ IJ A From Computer Desktop Encyclopedia
‘/ —~ Reproduced with permission.

T 71232 (Dual Core)lF2001E/E)/ TR i
POmMTzNETEDS (F— ;

« 2006 FE A TIVELTUMNEI7EF
TR B TATILVATHE
BRCIRBIEENEEEL-RER
ltanium 2 T# 5 "Montecito(E2T
Uk EFEI—F)"
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1972 Home video game systems become available

* In September, Magnavox ships Odyssey 100 home game systems to
distributors. The system is test marketed in 25 cities, and 9,000 units are #HFEX%E
sold in Southern California Alone during the first month at a price of $99.95.
In November, Nolan Bushnell forms Atari and ships Pong, a coin-operated Hf@9 %
video arcade game, designed and built by Al Alcorn. The following year
Atari introduces its home version of the game, which soon outstrips

Odyssey 100.



. 11E
1974 Texas Instruments introduces the TMS 1000
Texas Instruments introduces the TMS 1000, destined to become the most

widely used computer on a chip. Over the next quarter-century, more than 35
different versions of the chip are produced for use in toys and games,

calculators, photcopying machines, appliances, burglar alarms, and jukeboxes. #EE#

(Although Tl engineers Michael Cochran and Gary Boone create the first ﬁﬁﬁiﬁ
microcomputer, a four-bit microprocessor, at about the same time Intel does EHTH

in 1971, Tl does not put its chip on the market immediately, usingitin a
calculator introduced in 1972.)



12E

1997 IBM deve/rlgj)ggéa copper-based chip technology

* IBM announces that it has developed a copper-based chip technology,

using copper wires rather than traditional aluminum to connect 2R
transistors in chips. Other chip manufacturers are not far behind, as s e
research into copper wires has been going on for about a decade. 104

Copper, the better conductor, offers faster performance, requires less &k  TH8E
electricity, and runs at lower temperatures, This breakthrough allows [E5 225
up to 200 million transistors to be placed on a single chip.
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1998 Plastic transistors developed

* A team of Bell Labs researchers—Howard Katz, V. Reddy Raju, Ananth
Dodabalapur, Andrew Lovinger, and chemist John Rogers—present their
latest findings on the first fully "printed" plastic transistor, which uses a &#®
process similar to silk screening. Potential uses for plastic transistors A2 —>HIRI$H i
include flexible computer screens and "smart" cards, full of vital statistics
and buying power, and virtually indestructible. IR



EVOLUTION OF COMPUTER
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From Computer Desktop BEncyclopedia
= 1992 The Computer Language Co. Inc

Microcomputer

1.5 inches
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PC-9801

* PC-98011&, 1982 10 ICHAXE
ShFERLIz16E YR/ YTy,
PC-98002 ) —X D HKETHS.
EHIE, ESRAMITICEHAFESN,
LB R ERAK640TH/NAL,
HARZBEONEENT—T 5740
RTEREZ WA TL V=

* CPUIZIE, HARERE16E VLY
(07 0ty uPD8086(80861
2 INFTJL)-5MHz, B RE RBH
FEOEGRLERALSITHDT S
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UPD7220% & &L TL VT =.
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« EEESISUURASICSLSISVISI(E M)
« 1946%4EENIAC 30> 500081/
« 19715 4bit MPU"i4004" (intel)
HARDEEA—HEDOHIBIEFIDE
« 19724 8bitMPU"i8008" (intel)
« 1972FF AT TV IEEGUIMEE(Xeroxtt/\B 7 JLNRZEFR)
« 19744E8bitMPU"i8080" (intel)
« 19784 16bitCPU"i8086" x86 7 —F T F ¥
« 19814 16bit Personal Computer 5150(IBM)
IBM-PCEE —5& CPUIXi8088(4. 77MHz)
* 19834FLisaF 5t (Appleft)GU!
19844 Macintosh128k ¥ 5
2006 BlueGene(IBM)280JKFLOPS
MPUD L NIV E 1 —42 % = EE{L
SREERFEMICLYarEa—213/NE1E, StEaeit, EMEE
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Benefits of Scaling
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Evolutiop of :Elec@roni:cs

1850 1875 1900 1925 1950 1975 2000 2025

o

0,°% % Y -

All cross-road technologies show _
1. Gain

2. Signal/Noise -
3. Scalability
CMOS......»> 27
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Vacuum Switches 14E

Vacuum tubes, being much faster than any mechanical switch, were soon EZ&
enlisted for the new computing machines. But because a computer, by its
nature, requires switches in very large numbers, certain shortcomings of R =R

the tubes were glaringly obvious. |

_ |
IRYIERIBERY
iy . JI‘ _.ir_ng'__.. _,r"l'

They were bulky and power hungry; they produced a lot of waste heat; ;E&E H
and they were prone to failure. The first big, all-electronic computer, a 42
calculating engine known as ENIAC that went to work in 1945, had 17,468
vacuum tubes, weighed 30 tons, consumed enough power to light 10

homes, and required constant maintenance to keep it running

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019
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Semiconductors

The first integrated circuit(1958)

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019
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Transistors 15E

Some investigators were convinced that semiconductors could be given the powers of a RA&EH REAEUTz ek
triode as well. In late 1947 that goal was met by John Bardeen and Walter Brattain at =I5 =
Bell Labs. Their invention (the little cylinder that provoked a shrug from the New York .

Times) essentially consisted of two "cat's whiskers" placed very close together on the RET<DD
surface of an electrically grounded chunk of germanium. A month later a colleague, WA

William Shockley, came up with a more practical design—a three-layer semiconductor

sandwich. The outer layers were doped with an impurity to supply extra electrons, and #1423 F&iH
the very thin inner layer received a different impurity to create holes. By means of = F
complex interactions at the junctions where the layers met, the middle portion of the 0 H 4k
sandwich functioned like the grid in a triode, with a very small voltage controlling a

sizable current flow between the outer layers. Bardeen, Brattain, and Shockley would

share a Nobel Prize in physics as inventors of the transistor

2019/7/9 47
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Silicon transistors 16E

Although Shockley's version was incorporated into a few products where small size and low

power consumption were critical—hearing aids, for example—the transistor didn't win HEEN
widespread acceptance by manufacturers until the mid-1950s, because Germanium transistors
suffered performance limitations. EREFR R

A turning point came in early 1954, when Morris Tanenbaum at Bell Labs and Gordon Teal at

Texas Instruments (TI), working independently, showed that a transistor could be made from

silicon—a component of ordinary sand. These transistors were made by selective inclusion of #L&X
impurities during silicon single crystal growth and TI manufactured Teal’s version primarily for %) BE{E &
military applications. In early 1955, Tanenbaum and Calvin Fuller at Bell Labs produced high EZ= ) A
performance silicon transistors by the high temperature diffusion of impurities into silicon

wafers sliced from a highly purified single crystal.
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integrated circuits—chips EHEE 17E)
The following year, Robert Noyce, then at Fairchild Semiconductor,
independently arrived at the idea of an integrated circuit and added a major
improvement. His approach involved overlaying the slice of silicon witha @& E4% , “
thin coating of silicon oxide, the semiconductor’s version of rust. From Bt U BT
seminal work done a few years earlier by John Moll and Carl Frosch at Bell
Labs, as well as by Fairchild colleague Jean Hoerni, Noyce knew the oxide
would protect transistor junctions because of its excellent insulating e
properties. =i

Delicate lines of metal could simply be printed on the coating; they would
reach down to the underlying components via small holes etched in the oxide.
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Jack Kilby 18E

Any electronic circuit is an assemblage of several types of components that work #H#&&EHE &
together as a unit. Previously, the various circuit elements had always been
made separately and then laboriously connected with wires. But in 1958, Jack {£#t39 % EfR
Kilby, an electrical engineer at Texas Instruments who had been asked to
design a transistorized adding machine, came up with a bold unifying strategy. B AR
By selective placement of impurities, he realized, a crystalline wafer of silicon  ;ZiRpytr HRO
could be endowed with all the elements necessary to function as a circuit. As Bt 59 %
he saw it, the elements would still have to be wired together, but they would
take up much less space. In his laboratory notebook, he wrote: "Extreme A
miniaturization of many electrical circuits could be achieved by making
resistors, capacitors and transistors & diodes on a single slice of silicon."

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 52



NSO R ZFEBARREE

EH5V0EDDOHEFEEIL, RIULL1957FEFND KFairchild Semiconductor 1M EFHE ©
A TdHD.Shockleyld, RITEEBFELTDREIC ﬂ((T"CL\T'T_(T"C(i&( ;
A& Z % [ 575\&)’37‘_ EBTOWHE —V’EML\’D%’C_%._?)}:

=Y, AHIJ‘C“BT’H’E’EL,%1@]?’6%#75\EI ZHERE (ST Jru tt;ﬁ
S %X LF=Shockley Semiconductor ﬁnﬁ‘f@S% DETHAEFRERRLT-."8
ADEYYH" (Shockleylifﬁb%:ri,i_@otol HATIRAL)IE, K
Falrchlld Camera and Instrumentit A —F—DHE T, NS B IRA—

— %R 9 B.1957F 1, WHSIc &OTE/J_TE_%EEL"77'77T%)E

T, BE EREHLUITL—F B ERT 2. EIRGSIC A -8
‘”SH%’EPN?ﬁAO){%n Hi&L’CH‘T&?"C?%T"0)75\=‘/7"'(Froschb(iﬁaﬂ:
%E?fﬁifﬁ%é@?ﬁ‘?t@f BRSNS T —FHEFOFRBEEIZL

& 1=)

ZMD1&, FairchildZRUVHBLI-"2z7FILRL " =53 #5651 D F EX
TEFBIRL T NL—BTEF %R 5 L TR < Fairchild ) Bl 2 (25
NOT="8S ADEYYZ"DIH5M2 N, Robert Noyce EGordon E.Mooreld,
10FERYRIC ﬁU\ﬁﬁHHLT et E R LT %?I’Lh\ NEVHREK
DFEFRA—H—IC E‘ZELT,*Inte/*i'C%é




Gordon E. Moore Chairman Emeritu Intel Corporation ZER 19E

The discovery of the electron in 1897 set the stage for electronics to develop over the ensuing #R & &IZ#E<
century. Most of the first half of the 20th century was devoted to controlling electrons in a
vacuum with electric and magnetic fields to make amplifiers, oscillators, and switches. These & py5=
gave us, among other things, radio, television, radar, and the first computers. R
The last half of the century saw the rise of solid-state electronics, beginning with the  El{& 5 iRs
invention of the transistor in 1947. | arrived on the scene in 1956 to join William Shockley,
one of the inventors of the transistor, who was establishing the Shockley Semiconductor

Laboratory to develop a commercial silicon transistor. By then the advantages of transistors  #| =

over vacuum tubes were apparent for many applications; it was only necessary to make It F
transistors reliable and cheap. E8EHE
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Gordon E. Moore 20EJ

But Shockley changed his original goal, turning his focus to another semiconductor device he
had invented while at Bell Labs—a four-layer diode possibly useful in telephone switches but
not much else. A group of us (the Fairchild 8) went off to found a new company, Fairchild
Semiconductor, to continue to pursue the silicon transistor.

Fortunately we at Fairchild were on the right track technologically when Jack Kilby of Texas
Instruments demonstrated a complete circuit made of semiconductor materials. My
colleague Bob Noyce saw how the Fairchild technology could be extended to make it
practical to manufacture a complete circuit, rather than just individual transistors. Shortly
after Bob's inventions he was promoted to general manager and | was left to oversee
development of the technology extensions that ultimately led to the computer chips we are
all familiar with today.



Gordon E. Moore
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Gordon E. Moore 21EJ

The new integrated devices did not find a ready market. Users were concerned because the individual
transistors, resistors, and other electronic circuit components could not be tested individually to
ensure their reliability. Also, early integrated circuits were expensive, and they impinged on the turf &z=+2
that traditionally belonged to the circuit designers at the customer's company.

Again, Bob Noyce made a seminal contribution. He offered to sell the complete circuits for less than

the customer could purchase individual components to build them. (It was also significantly less

than it was costing us to build them!) This step opened the market and helped develop the

manufacturing volumes necessary to reduce manufacturing costs to competitive levels. RE R

To this day the cost reductions resulting from economies of scale and newer high-density technology =Eim R
are passed on to the user—often before they are actually realized by the circuit manufacturer. BRROZEF

As a result, we all know that the high-performance electronic gadget of today will be replaced with
one of higher performance and lower cost tomorrow.



Gordon E. Moore
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Moore’s Law
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Moore‘s Law(L—7 M ;% HI) 20F

By 1965 integrated circuits—chips as they were called—embraced as many as 50 elements. a&35%
That year a physical chemist named Gordon Moore, cofounder of the Intel Corporation HRBILE
with Robert Noyce, wrote in a magazine article: "The future of integrated electronics is
the future of electronics itself." He predicted that the number of components on a chip FAELT-

would continue to double every year, an estimate that, in the amended form of a HETD BED
doubling every year and a half or so, would become known in the industry as Moore's
Law. While the forecast was regarded as wild-eyed in some quarters, it proved T8

remarkably accurate. The densest chips of 1970 held about 1,000 components. Chips of E®#4E B#EEL
the mid-1980s contained as many as several hundred thousand. By the mid-1990s some
chips the size of a baby's fingernail embraced 20 million components.
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CPU(Central Processing Unit)l&, 7R S LI > THRALGHIEST EOFHRNIE,
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SHWNEIHRREFLERELLEE HONS.

CPU (Intel 486DX2)
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. . 23E
CPU (Central Processing Unit)  au-arithmetic Logic Unit i e sammes

The computing part of the computer. Also called the “processor,” it is
made up of the control unit and ALU. Today, the CPUs of almost all
computers are contained on a single chip.

The CPU, clock and main memory make up a computer. A complete
computer system requires the addition of control units, input, output
and storage devices and an operating system.

CPUs Come in Different Sizes Depending on which end of the field you
are in, a CPU can mean the processor, memory and everything inside
the cabinet, or just the microprocessor itself.

onji
Ll
&l

it
Imf
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Microprocessor 248

A central processing unit (CPU) contained within a single chip. Today, all computer CPUs are
microprocessors. The term originated in the 1970s when CPUs up until that time were all
comprised of several chips.

Thus, when the entire CPU (processor) was miniaturized onto a single chip, the term “micro” w42 RE
processor was coined. Since the turn of the century, the semiconductor manufacturing EE
process has become so sophisticated that not only one, but two or more CPUs, are built on a st
single chip (see dual core and multicore).
Microprocessor is often abbreviated MPU for "microprocessor unit" or just MP, the latter &g+ 2
also spelled with the Greek p symbol for micro or the letter "u" as an alternate (1P or uP).
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Microprocessors

The first microprocessor was produced by Intel in 1971. Dubbed the 4004, it cost about
$1,000 and was as powerful as ENIAC, the vacuum tube monster of the 1940s.

Faster versions soon followed from Intel, and other companies came out with competing
microprocessors, with prices dropping rapidly toward $S100. The flexibility of the offerings &%
had enormous appeal. If, for instance, the maker of a washing machine or camera wanted

to put a chip in the product, it wasn't necessary to commission a special circuit design, FEHETS
await its development, and shoulder the expense of custom manufacturing. iR
An inexpensive, off-the-shelf microprocessor, guided in its work by appropriate software, HAS

would often suffice. These devices, popularly known as a computer on a chip, quickly
spread far and wide.
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Microprocessor 26E
They Started as 8-Bit

The first microprocessors were created by Texas Instruments, Intel and a Scottish electronics

company. Who was really first has been debated. First-generation 8-bit families were Intel‘s 8080,
Zilog’s Z80, Motorola‘s 6800.

Today’s Microprocessors Are 32 and 64-Bit

The 32-bit and 64-bit microprocessors found in most of today‘s workstations and servers are the

x86, PowerPC and SPARC lines. More than 200 million of these chips ship inside general-purpose

computers each year.

Eight-Bit Lives On

For embedded systems, newer versions of 8- and 16-bit, first-generation microprocessor families #zazms 254
are widely used and exceed the desktop computer and server market in volume. Each year, milliongi&3 %

of microprocessors and billions of microcontrollers are built into toys, appliances and vehicles. A
microcontroller contains a microprocessor, memory, clock and I/O control on a single chip .
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The Speed Limit

Megahertz and gigahertz are analogous to a highway speed limit. The 10° ,109 Al
higher the speed, the faster the traffic moves. In a CPU, the higher the 318

clock rate, the quicker data gets processed. MEXINS
The 8-, 16- and 32 bit designation is the CPU's word size and can be FEFR

thought of as the number of lanes on the highway. The more lanes, the
more traffic. The combination of speed and number of paths determines
the total processing speed or channel bandwidth. AN
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CPU cooler

A device that draws heat away from a CPU chip and other hot-
running chips such as a graphics processor (GPU). The simplest
type of cooler is a heat sink, which is a metal cover glued to the
chip that provides a larger surface area for heat dissipation.

Even more effective is a CPU fan because it forces the hot air
away from the chip. It is often used in conjunction with a heat
sink. Water-cooled systems and heat pipe coolers provide more
esoteric solutions. Refrigeration systems have also been built to
cool down the CPU.
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From Computer Desktop Encyelopedia
= 1992 The Computer Language Co. Inc.

A

M
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29E

Pentium D

One of Intel's first dual-core 64-bit Pentium CPUs. Introduced in 2005 along
with the Pentium Processor Extreme Edition 840, they both share the
EM64T 64-bit technology, but the Pentium D does not include Hyper-
Threading. The Pentium D's two execution cores provide two completely R EAT
parallel processing streams.
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Microprocessors

The creation of today's chips is a prodigious challenge. The design stage alone, mapping out the
pathways for a forest of interconnected switches, may take months or even years and can be
accomplished only with the help of powerful computers. Manufacturing is done in multibillion
dollar plants of unearthly cleanliness, because a single particle of dust, boulderlike in the
microworld of transistors, would ruin the circuitry. The tiny electronic creations wrought by all
this engineering effort are now everywhere, operating behind the scenes in every household
device and every mode of communication, transportation, recreation, and commerce. Most
extraordinary of all, the rate of advance shows no signs of slackening. Engineers and scientists
are exploring three-dimensional architectures for circuits, seeking organic molecules that may

30EJ

BEX7%
FAEECHR

ARE BHR
Y

BIE EIE

‘DD

FRTDH 3R HEHTF

be able to spontaneously assemble themselves into transistors and, on the misty edge of &%#ic ##ITs
possibility, experimenting with mysterious quantum effects that might be harnessed for EFHRE FATS

computation. Whether we are ready or not, computing power will continue its incredible
expansion and change our future in ways yet unimagined.
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© Renji Mikami — Mikami Consulting / Meiji University 2019

72



vAo07 0ty

SHOFUVTDRMEXEXRGHE TH S HRETERIEZITTY, HERKEINEX
AIFDFEDINEDHBREY 128y Ao HERMNNY, BAOLGEEROBIT
[CEoTOHERIND.
HEFCOHDLDEFIBRODNGVERFLEHHEFILOIH TSNS, B
BoIdIM—RTHINSVORANIIOGHRTIEIERD KD THY EFREHIE
I 5. CORMIGE A TEON/INSHEFHILGRIEYIXECIZTLHY, &
LCWAREBILE M, BIE, WX R BXOSAOEATEELTLS.

Lo ELBIRS LT ER DI G NEO RIEMNEWNVENIETHS.

RiTEERFEIEBOIRTT —XTIFveHEERL, BENICIFSUOORE
ZHAILTAHLIGEREHD FEHRUREYD, BRARELI-AIREMED KInSB TIXE R
HBICEZASMELNGEWHBHEE FNRDOERN LGN TS
BARERFTSTOEIANFEND, S REEDBEAIIELonLGW T ENRERE
Wt BRI TELQVWHETREKERZADSTHASS.



74



Playstation(*) =—) PS3

CELL7 Oty 'U'O)'Iﬁilikﬁa_r_ (258GFLOPS) IR —/Na YV Ea—A2iADME

RETY (FLOPS = FEN/NARER/#)

CELLZAa+t v &Ly
S5 ERANIEE IR TF v
THRA-TWET

2019/7/9

EZ300mmaD Y aryIT/Nn—

4

© Renji Mikami — Mikami Consulting / Meiji University 2019

75



77

“Cel |, BIEREIREAGHZAB TR /80 Vit
KIBM/ Y =—/BREHEAFE Z—{—aVE1—4 Dt
 PPE | SPE SPE SPE SPE

| EE B BeS >3 2 4 "TOP500” )
i s | 2008FE6 AR FER I NT-.
SEIDIFEIERORAT T E
AEIAEFRICHMASH
1= 1BM® “Roadrunner”. #J]
T IP(Peta) FLOP/s% 8
2= (10525 /#).

H &H{fﬂé Roadrunnerlx, Ce// 70O
- 7w HPEX86T 1 7L
By 7 - 78+ vyHYD0pteron
| comparion EHHADEENAT
T )y R,

1/0

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 76



200911 A25HH
*EFE X—/\—abEai—45—%
YEAT=HI1ZPS3#22008 % ¥

THAYAEEX, HAEAODRA—/A—aVFEFa1—4—%H
59 BEMIT, 2200681 DPSIKKZEEANT S Z &ENHER
YN S Y
Za—3—VICNETAHAEFEOHMEMERIZIE, BEIZ336 D B G
BOPSSAGEMA U E1—4— 524 —& LTRE | SRS
SNTWD. SEFH=ICE MT 522008 DPS3E D ;ﬁm S
VATLO—EELTEMENS. e aE

K ZEF(FPS3Cel | Broadband EngineDZETZEHIZLEERNEEAHD Y

ThDx7%#HEPT, BHERLEL—F—DA A —2, SELIBEGENIE

HEBEBEFHIORTL, KMEVIalb— 950 E2—3—LEND

FRAA—FFEO>TTRIINTWWDEWNSZETHS.

http://gs. inside—games. jp/news/210/21059. html

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019

77



PLAYSTATION 3

* CPUI%Cell 3.2GHz, 1PPE+8SPE

* GPUIERSX Reality Synthesizer 550MHz
e CELLIZ258GFLOPS/Chip(40000F)

- BAFE(X2000{8 M /20045 ~ 20065
o #EBRS T2 L —AR(F64GFLOPS/E X500 il 51| =40TFLOPS (50012 )
* 90nm SOI-CMOS & & 3 i

« "65nME DM EEIZET, I0nmERIZEEART, CellDFyTEFEEZFI40%
MEINTES.INIZKYIARM DUMNA[EEIZES.ZL T, 65nm DI 525
HETLTULVS(45nm)"

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 78



Cell(®/)L)7 Oty

200552 8, RR T Ot yH"Cell"|[ZDWVT KR E THME SN FzISSCC(E FEE A
HZFRRES)THEL AR, RERAMEEINT-.

Cell(E)L)[FY=—Y=—aVE1—FITUATAU AV IBM-BREITKEOTH
%‘c‘iﬁ’w"V'fﬁlﬂ? Oty Y THS.YV_—aAVELA—RFIATAUAV DAY

vA—RT—LETHOITVARAT—2a 3% 00, EmiiLTLE $RA—/{—2
UEA— AR ER AR S CEET A ENEESATINS. EXZ FRZCell
Broadband Engine CT&%H 5.

Cell £ )LFAFCPUT, 1 DDCPUDF(Z9(FD T 01437+ HEAD R
AT Otyares, sED Y ITNETOy a7 M A EhERAT
O =7 AT J)LFO7F (Heterogeneous, IEXFR, BiERES)NAITOtwyHa7
[X"PowerPC Processor Element (PPE)"&EIEIE A, 81@0)37(i5ynerg/st/c
Processing Element (SPE)EREIEND. A NL—T 4T O AT Ls OS)liLmuxE&
FHR—F95.F-, RETVUTE#ENBEHRINTS U*’Ey&d)ﬁ*ﬁ‘\’yz
FTEBDOSEELEBEMNTES.




CELL7 Aty HillE

* PowerPC—+ 8SPE

o BEHT(F90nm SOI-CMOS

o FSUDREE=2{8340075 1A

- EN{EREIIE#=4.6GHz

s FYTEIE=221mm2(12mmx18mm)

- EREE=1.2V

- BAFEAM] 120045 ~ 20064

 BAF A B (X400 (SONY+IBM~+TOSHIBA)



PPE&SPE

PPEESPEIXZF A ELEETFDCPULYEL U T ILEREE EE > TULVA . PowerPC G540
Pentium4, Athlon6dEEBRELT I AT A —5F —ETHERE O I F B H k8
ZHEDCPULEERLY, iR ZHUBAYTAIILERLRTO1—) T
BEEH LGN ETa7E/NMSKL, 57a971eZFEREL TS ZD1=80, &
MUEHD IR OBBEERENIIHZED /NI HCPUIZEEREBHH, 58
TEEICHIbSh-BEEREEZTHA, MEEFOIIaL—3Y, BF,
BEMEBLGEIZEVNTIE, E0oa72H5ZEESELHEIZELEHLT, Celld
EREE RIESE L ENTES.



PPE

PPE [X64bit POWER 7—F 720 F+THY, dimtyklIPowerPCGSHEIRTIEH S
M, BEFEDPowerPCH CPU LR HNERHE & (Xbox 360D PowerPCA 7 (2L TLY
BVt DERETDAT THA 2L VR F#[ARFIZETTT HEMRIEET, ALY
DYV Z HRINEN D, OSOERENG EXZ(THD.PPEDFE/ NS EE M
BEIXIBMD KL= 22— 3> DHITIE, PPE( 2.4GHz)H Pentium4 (3.2GHz)
D20%FEED/INTA—I AL TELT, FEN/NAEREIXFETIEALD
EEA, BEIISPELEAD)Y—RIRL—I A REITD.



SPE

SPE [ SIMDZR D7 —X T F+( 32bit 8way SIMD)T, FHig/ZE FE/)$HEFE %
AR OYNEIEEZNEES BT EMTESD. 128EVMRE128ED L O R A2EEHL, VD
FOITTINAT A= T ENBOREIRERGEE T 5. F 256K/ Y1 ~D O—
BHILR T (LS) LFE(Z A B EFRAMZEESTHRY, £II2TAT S LET—R2%1E
ML TEITIT S.IBMODRLI-MEREEI S aL—2 a3 L) T DHITIE,
3.2GHzMPentium4&2.1GHzMDSPELE TL1.5/E, 8{EAT12{E N EREEZECFRLT-.
SPEIIMFCERE(IN A FIfHI L=y ZEHDDMAIL FO—Z% D .XDR DRAM
AEYELSEIDEREZTITLY, CNICKYSPEIFZEN T —4E5EERIZANETSE X

F—AL R REET B.

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019 83



CELL(ChipBE

(R SRR B

-
e
-
-
-
-
|

TR ET

2019/7/9

© Renji Mikami — Mikami Consulting / Meiji University 2019

84



CELLZ Oty DR

* Power Processor Element (PPE)

e Powera 7 [XOSKR U FHIHEF IR I%IE
e 2-wayVJLFRLYEF

E
]
| v

| seu || seu || seu ] seu | seu | spu
) e
lv | v [ v [v [v |V

 Synergistic Processor Element (SPE)

EIB (up to 96B/cycle)

« 8DMSPE N E MR ERE T IRH
Dual issue DRISCZ —FTIF+
128bit MDSIMDE! (16-way)

128 x 128bit General Registers

256KB Local Store

B FADMA engines

2019/7/9 © Renji Mikami — Mikami Consulting / Meiji University 2019

16B/cycle

16B/cycle

16B/cycle (2x)

85




Big Challenge #1: Small Physics

Challenges
in performance,
in manufacturing,
in predictability,
in cost...
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Approach Atomic Scale = Challenges
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Hint
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BiZsEZxSEHEREY LMD,



YIRIS—OIRE
« EXKRHE

HOEDMHIEALSICAG T HE, ERERICKYFERPICEFIEARAFKE
LET.INBN/ A XEGH>THRRGAEGHRZESISEILET.

TREHRALF LB D AN CTRAET HIRRIE =T/ 17N F5)E(Single Event Effect)
ENFEINET. HICHIHEDBHETRE T HLD%F F—F/LF—XZ)E(Total
Dose Effect) e FAINFET .

« BRIEAHD=X LA

CNET, BEHRERD /A XBRIE, MASOBHRERI I TRELEBRE
;L@ﬁ‘ FUTRRUHIREIC KT/ —FICIESNS(BRIINE)ELTEZALONTSE

LALT —FEDEGH>TLEE(BEo65nmELR), MEHRDBHMAERAICI>TH
FLEEFEAXNNA—REREGOTHENAR=SLITUDRETASEDH
EIZRY, V=R FULAVRITERDANSEVIMR(NNATR—R) N EBRTE
BIEDTETWSEEZEZLONTET.



EFRF = (F 875

* ISSCC(Internatiomal Solid State Circuits Conference) E54[0]
(200752 A )LSI[E] R E%E

» DAC(Design Automation Conference) $44[B](200746 A )LSIZ%ETH
fiT

. IEDM(Internatio\na\I Electron Devices Meeting) E51[A]
(2006512 BA) T /\(RETAER

5
43
41 e

L1sstC }f International Solid State Circuits Conference §E
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Web 2.0: Principles and Best Practices

e 2004 _/EE’ Web @ﬁﬁﬁf%ﬁblj\ﬂ# E.J;ﬁ-?’é “Tikipedia tﬁ’}“’jé Encarta
RIZZBALI=EL TDale . ot mreear e e e e vt e s or BN
Dougherty EKHY"Web2.0"&8 D :

[+, O’Reilly Media and MedialLive
Intje_rnational MENZHIZERS
B7-

* Web 2.0 D EZRY BHELH
ELT, AUSM BERIEHRICZD
LVT, Web 1.0 B9Encarta @ F| A
HIIBERITERMERIZHHADIZ " SQip

xfL, Web 2.0 2 X&T D e sy T 5 e P
Wikipedia &, 200553 B ZAH R R R B R e e

SRRICH AR ZEPLEITT
AV



The 386 Microprocessor 3 1~

No technology is more incredible than the microprocessor. Every
second, trillions of switch openings and closings occur all within a
thousandth of an inch below the surface. The older 386 chip is
shown here because it contains a mere 275,000 transistors, and
you can see some slight detail. Contemporary chips contain
hundreds of millions of transistors, which at this magnification
would show up only as a sea of gray. (Image courtesy of Intel ] o
Corporation.) - e
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"Cell, BNMERBIEEAGHZEB TR /N i, KIBM/Y ——/H&

KIBM, B2, Y=——, Y=—-aAVE1—B IURTA AU MSCEND, £ Hﬁﬁ%btb\é«kﬁﬁ:/t:L—’;‘t/—r/GUI/%-QHH?»f’?l:l?"l:lt*f"Cell"(Faﬁ%:l h%)@ﬁ:ﬁ?&&’é X
ﬁ@%@_ﬂgﬁf%%%éﬁ%@gjﬁﬁgl%ﬁmal 8 & (1= 471, 200582 B6~10B (A THIL=F M H—I50L RATHES W ZEREREFERS $#(55c0)T, ELLETTEHRE
4+ . aff

CelllZ, 1IBM#ED64E vhPower7 Ot Y - a7 EA—R LT HHE TOY . IBMEL, B2, YZ—H2001FE(CBHEHEERERL, TX Y RAIMNA—RF IR LI-HRHER THEL/
BARAEDH TS I7EERNEL, FBH/INBAEEOMERENASELS.

MM EREZEMET 2EF1UTA/N\—FIIT7 - VAT LERR

F—rEANMD IS S ZBSOIFEHM TR AL Z R T, ®RYADHE, HLLILSIMOXY T—NEES. DS ASitk i "Dual Stress Liner" EFER T O+ REEAD VI AEFI AT 5.05LD
SEHHI=BIL T(X20044E12 A (ZBAA #11-"2004 International Electron Devices Meeting(IEDM)" G L1-.

HF—brElXa6nm, F—MERIRIZIZSIONZEE>TEHY, SO EEE(Z1.05nm. AV EBTIXZ 2O LEVEEZMHELG T2 ERISBFEE(low-k)EELTCVDTHERT S
SIOCEF>-8BCulR iR TH 5.

BENEZFERT L=, EREICEERREZHIET 8558

BM#tIE, B7O0tYORBREEEZ = 1—T—IMA—RAL T4 v 215 )L D300mm™I T—/\xf i P B A RLE T 18 T2005E 71 F 125 fa'cfé BE7OtEY - R—X DR DIBMIE BT
Dt#%#ﬁ#é%(b&h\w%nnl& 200612V Z— XA T O+EY TH — Lt PlayStation" D R R Z 2L, %W%Iiiiﬂ’ﬁ"éﬁ VEREZ 200555 B ISART HELVS.KIBM,
HZ J=— Y=—aEa1—4 IUATA VAV NSCENM R T Ot OBk R RS IXaGH Ll E T, "B/ NS B E DR E IR —/ S—a E 1—43"(4%1)E1)5.256GFLOPS

FuTHAX(F221F Amm, E8HI7ELeE, 283400 5 @D O RAEZERBL - BMERKRMIIERS C4GHZBZ, "BRFO/\VAVATOEYIZHER, ZLOFARTIOES
HLENEM TTEE" (41L).

%ﬁéi{?os( ZHELTEY, LnudEEREILTDOSDIEH, ¥—LEEORERITDUTILEALLOSEFIATESAREYL VREEEEL TS RLosEEIESEIE, BHOSDR
EITHATRE.

%%)Jﬁgz)oosﬁqﬂlh Y= G IN—THNRIGTIHECTEEERDDMIERATOEYE" TOAIL - TFLESR—LH—/3—, R—/A—O FE1—4F T, SESFHARICERTE"E
\

ZOEMDERIE, 200652, V=2—HNTA—RN\UR-OUTFUYAR—L-H—N\—LEFEMTLE (HDTV) O RT L%, REMNHDTVAELZFIARREL T H(IBMILDFHKREH.
Ff=KRambuslEE H, Cell7AtEH A Rambustt D AE!)—+ A2 BT — X BT "Rambus XDR" &7 N R # i "Flex10" (BAFEa—F 4 1L "Redwood" ) F R AL F=C EZBAL ML T=.

Rambus XDRI&3.2G ~8.0GHz D &5 14 3% & % 52 35 Al AR/ B i Flex O D ER% R E (X /R K6.4GHzp Y, MITOREEE LT Ot B/ SRICTH 4L EDFEIEAH D EWNS. AT
&Y, cellZ7OtH DI/0FEIRIL#I100G/ N1 F/FZE 57" (Rambustt).Cell HA 2Tz — A D MAIF2 H9RIZISSCCTHERT .

SECell Ty OBERIREIF4.66Hz, REEEIT256FHFLOPS, REAE—H A Z(F2.5M/ A hELNS.




Gordon E. Moore

The integrated circuit completely changed the economics of electronics. Initially we looked
forward to the time when an individual transistor might sell for a dollar. Today that dollar can
buy tens of millions of transistors as part of a complex circuit. This cost reduction has made
the technology ubiquitous—nearly any application that processes information today can be
done most economically electronically.

No other technology that | can identify has undergone such a dramatic decrease in cost, let
alone the improved performance that comes from making things smaller and smaller. The
technology has advanced so fast that | am amazed we can design and manufacture the
products in common use today.

It is a classic case of lifting ourselves up by our bootstraps—only with today's increasingly
powerful computers can we design tomorrow's chips.
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From Computer Desktop Encyclopedia
= 2007 The Computer Language Co. Inc.

Intel 4004

2,300 Transistors

Intel 8008

3,500 Transistors

Intel 8080

4,000 Transistors

Zilog Z80

6,000 Transistors

Motorola 6800

8,500 Transistors

MOS Technologies 6502

9,000 Transistors

Intel 8086
29,000 Transistors

Intel 8088

29,000 Transistors

Motorola 68000

68,000 Transistors

Intel 286
134,000 Transistors

Intel 386

275,000 Transistors

MIPS R2000
185,000 Transistors

Sun SPARC
50,000 Transistors

Intel 486

1,200,000 Transistors

IBM/Motorola PowerPC 601

2,800,000 Transistors

Intel Pentium
3,100,000 Transistors

Intel Pentium Pro
5,500,000 Transistors

microprocessor

* Twenty Five Years of Evolution

* In 25 years, the number of
transistors on a microprocessor
chip grew from a couple of
thousand to more than five
million.
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Intel®Pentium microprocessor

© 19935F AT ILEL InteIRVTA T LZEFFE AT IV DRI DR T 47 L(PENTIUM) DB FE
ch, 310 AEDRS U RIZEEELT, 7O99EEOMHzE6MHZMHY FE L T=.

* 19945 AT LA InteRRD R T AT L BAFE 2RDRUT 47 Li(Pentium) AAFHFES N, 320
ZCE%IEI%DLEC;ZQ’E%#EUC SOy EETSMHZAND, 4505 B DRSS R A5 H233MHE

« 19978 4 TIVEL Intel XD T AT LIZEFFE (Pentium )D BTSN, ENIEX750FEDRS D
REEEBELT, V0V E233MHzANG450MHzETHHYFEL =

e 19994 AT )LEL IntelN T4 T LNZERAF (Pentium INABEAFEIN, FNIFS0FDNT D
ZREEFELT, FO0v5EES00MHzN D, 20004E12(32800 A D RS R 4% ERELF-40y
HEEIGHDEDETHABHYZELTF.

« 20004 12T ILEL Intel R T4 7 LaZRRFE (Pentium A)DRRFEE, FhIF4200B DS
DRAREEELT, yOvIEELAGHz b HY FELT=



Microprocessors SO

Price dropped with size. In the early 1950s a transistor about as big as an eraser cost several dollars. By LT A
the mid-1970s, when transistors were approaching the size of a bacterium, they cost mere hundredths
of a cent apiece. By the late 1990s the price of a single transistor was less than a hundred-thousandth  1/100 >~
of a cent - sometimes far less, mere billionths of a cent, depending on the type of chip. 1/1000

Today's transistors come in a variety of designs and materials and are arrayed in circuits of many
degrees of complexity. Some chips provide electronic memory, storing and retrieving binary data. & =3 myHL
Others are designed to execute particular tasks with maximum efficiency—manipulating audio signals &9 %
or graphic images, for instance. Still others are general-purpose devices called microprocessors. N
Instead of being tailored for one job, they do whatever computational work is assigned to them by =z z
software instructions.



Pentium

e Pentium MMX(DSPIEL TR ILF AT 47 ALIE)

e Pentium 1l 2XF v 1Al

* Pentium Il AR)—I2 4 SIMDIEE

e Pentium 4 AR ETO—RTH57AVRIVREGRSETTH/\VIIURES
MLTRAS—ETObEy Y DORAZHHEELT-

o INAITUKI364bit

« Y JLFCPUIEA Core Duo>437->8027

SEgeEMLIi5E, KEEEAAN



Cell Broadband Engine

o« Cell I&, ERMTIINFAT - 7—FTI0F v THAUERAL, 8t 9ENTO
Ty A7 ERAWEIYILTF IR/ T ILEA LABIOEREZ EML T, BRIZR
ERRRGRBET INRBEITHARERTO—FN\FERIZE TS, F—T
INMATY.

* Super Companion Chip |&, Cell DG4 EEZ &R ARIRIZSIEHL, TDILAZ,

Audio & Visual (AV), Network [Z %F’H”CL‘(T_&')O) 2R A AT —R (%t
i L= Bridge Chip T3

* Cell [CEBEE=mRNE Ea.ﬁ/ TAIL, /
MCM (Multi Chip Module) &, ﬁ*irx_
PWM (Pulse Width Modulation) 3> kA

/

'7 RFENENT—DICERLE-
ERELVSERER RARBD
*ﬁJﬂZéh’CL\iﬁ‘

I +fm



Cell DTV —FTIFv%

* RNTFAT T =X TIF - THAUERALTLET.
* BEDATA7EEDY SPEL, 1EDAAIY PPEZEREEHLTLET.
* PPE [X, Power PC 7—FTUFvHEHD 64bit TALYHTY.

e &% SPE L, SIMD BREEMIEA =, 128D 128 EVYRL U AAT7AIL, B
KU 256KB DAO—HJILARL—FFHLTULVET.

« AT TEEIZGRULSPE Z# 8 A EH THET, BLVATA7EESEENERL
*9.

o HMFFTDAL AT XDR &lE, XIOZNLTEHZELTULVET.
e DI ERF VT EIL, 10 Interface (FlexIO) 9T L TEEREL TULNET .

* PPE, 8 A SPE, AV AEY, BLUMMDSERF VT DEER T —3E5E (2L,
HBEET—42E51%/\X : Element Interconnect Bus (EIB) AAFALVGN TLVET.




Graphics Processing Unit

» GPU(Graphics Processing Unit) X [ZVPU(Visual Processing Unit)&(&, A AR
ITOOVIREDN—FRIITICLBEERRNERBA TSI 37499 RTA1Y
BZEIET.

* GPUIE, NVIDIA Corporation (nVIDIA) , VPUIE ATI Technologies Inc. I2&k2>T%
nETninaIns-.

« VA AR (Geometriengine) &I, 3DCG IZHITHEZE A ERIC
TOVINIT T RIIN—FHTT7DNDETHB.

M{AZ3IDCGTRIET HME, EREELEDT—RERICAVE 1 —FRIZTES
NE=REMNLGZRITOZEBAEYHINSDD, REBIZITZRI)—2(FZ=4)
~AHETIVLENHY, FORY)—2IXEE(ZRIT)THA=80, =056
ZRITLANDFIEZLY T AN e T OBENSHH. OV ST=FRIIE X
BN EDEENVELA, CPUZHAERIAIND. FONIEEZHEAIZIT
SYTRI T RII/N—FHT7THB.
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H5 7oy iFEERERE VEC

FIZER. T/ OB N &/ T, Ei R VR 2R
70ty RS, 8. 100GOPS, 1.7W, Y7MLET
BRER. LIYALS4600TIIFY1t—T7F(ACiRR.

VITV259at=0F4 AT 4] R
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“IMAPCAR®" [ERNEEVE
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E{REBHE S X T LLSI"IMAPCAR"

« "IMAPCAR®" D X 4FRIL, (1)1281D;F#& 2= vFTHi H|NIBEITSIZEIZEK
Y, IREMIG THRFESIN TULNSEHRERFHLSIZ LR THSE S 4 REL
100GOPS(1GOPS [(F#Z#10(E[E]D;EF 5 #E77)&RIRTE, BR, EL£1TE, H17
BIRHREDEBEITILIALIZERETEAILE, QEEREMEEDETEY IR
DI7TCERBLEZEIZKY, BEEDEMOEREZRZIZITADIE, (3)EEH M
[T TIEEIHEE50.133700 (UMD EETOEREFERAL-C&IZLY, HE;
FiEIZELI279MW) L TDIEBEEE HEEREHLI-CEGETHYET.

« ZMD"IMAPCAR®"ZRILNSE, BER, FKATE, HITEGEZIT IV AL LTRET
HEMAREELY, HEIEA—D—IX, BEEEHEZIIETIVATLEEFH
TEVATLEZBRZIZEEHETEARIIGYET.




E{REBHE S X T LLSI"IMAPCAR"

BHHAVATLISIO KBS THAHERIEF D X T LLSI"IMAPCAR" D #iEF
RESHIZITLWELE.CNILEEL Y X LS460D" T - OS5y a-2—D0 T 4"
EEENSRZEEITHEEIZEEHINET.ZDR, FMREIEFEEAIVETEZ
%L%L,, FH-ID—ILR-EDRR B TIA G EDTLEFRIZERY EIFon
NECENECTL A=A EAFKLI="IMAPCAR"AY, F4l|IE/IKYEFRKE L
ZEL-. SEIZEL"IMAPCAR" (X, &M IFEEZEHBBILS Ty Y T,
20068 H25EML Y U7 ILEmERIBL TN B, £1TE, S1TELEE

7 ILAA LTERBET HEMNTIgEERY, Q@E}—jj_(;i’ FZEE A T IE
T2 RTLEEFHRELAT LERS CRE TE5E5(215.




Memo

JA40—7vJURL
http://mikami.a.la9.jp/meiji/MEIJI.HTM

18 L EERMm

ZERB(HADHFNAL)
Renji_Mikami(at_mark)nifty.com
mikami(at_mark)meiji.ac.jp (Alternative)
http://mikami.a.la9.jp/ edu.htm
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