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1.1 EREBERAEFIVHREE

SRR, BIERFAREREE. TRUESEREMB RS, 233mIT%
. ARSAMEERERERLZF N, FERRER LI, BZLRAEMBT
THRE MBI B . EHITRWE R B BRIE R R E R B, BR—Bk gk
(BESUHLES) SR IER B RAERB K.

THAEEHERFHERBBEMEE, TUBAETRTAN—ITERBBRER,
BB “BR”. ERFEBEMET, TURRINSHANTLERAS. LW
KEMBEBHESRILIHTH . BHEMEEROEHINELETRITH,

EREBEHME, FOTEARERSEMEE TGN —ENE TFRENERST
BB, EERRBETFHREMESRETRNENL. EREBSGRUEFN, T
&, MERBMLAWBEMEDE, EETUASEMRENIR. EREBME
B, R FHEEATHBETENY, BEET¥REE L —KERX KK,

‘BB —mMREESFRFTHNAGRTRBRERK”. M, &
8. BFETFR. DATEN., FHURHBRET R, AR T 82 REK%
FElMER. H, FIN—FM=SNEEREE R —FM =R NNEHEE E—1
BES. EREBEART LR EH—— A BRENL CERBEEN T, £R
HLEE ™ M & BRI T — 37k,

FEMN SRR RMTERNOEY, LRSI TERBB T ZERNE
B, FRBEREBRNREZ - RERFERES.

ERERBENTER EMERIH, —INERT—BREHB - _HAMRY
5. EOBFENERGBRY, EFREBBRNERFRERE, 25 T/H
B O(SSD. A (MSD. K#B (LSD., B K HE (VLSD. # kH
(ULSD BB, BBEH#HAEXHMEERBE (GSD iR, 81 M 2EMEBENE
BRERFE 11,

£ ERENRE EERE T RBEER T8 /DFGE B R A kL
B .
MEERTHEPNEREERENEERRD . PO DL B B pfE %
HEEMR, WMATUEARS BERBBRWERELPE EAWEET, FRkes
B (BE8FrrEXERrP8608EE5 RE.



2 ERBBEEOHRSS

®1-1 EEEBEETERMBNAEE

C | BTRBDRE R LB R el B AR AR
MOS 745 i L B% XU B SR 1L O B .
ssI <102 <100 <30
MSI 102~103 100~500 30~100
LSI 103~10°% 500~2000 100~300
VLSI 105 ~107 >2000 >300
ULSI 107~10°
GSI >10°

. MOS B & B-FALW-¥ R (metal-oxide-semiconductor, MOS) $H3 M S EBEHR; N
R h SRR EHR.

BASFOEREEFEREN S —KER. 20 #HE 60 £/, 58— H
MERYHN Imm?, BT 90 £/, B—NMEFHEHESEE 100mm?, 20 #H42
K, HETERNY lemXlem B . R, do¥mEr BREESTRE R
ERERERABRL, BoeERREBREFHRRAETR, SEHEREFH L
Ft. MABEFHWER, FE—REF ETERANERES, BEJRX—RIEH
IMEZ—.

MLEHER “BERER” RMEREREBEHRRE. Fiil “BRER”, B
EREBREAFNERES=FRBUME NIWHERTHPIREEXD
(1/2)%5, 1965 4ELIK, EREMRBNTH LIERARFE “BRER” F#RHN
Ho. & 12 MR 13 FHNRRTIHBBULFME (DRAM) Fl i 4b 78 2%
(MPU) W KRERR,

F1-2 BEMUNFME (DRAM) HERER

BRER | FHAR | THB/A| BRER/em | RAER | FHER |THS/A| BERT/pm
1970 1Kb | 5.2x10° 8.0 1988 4Mb | 8.5X10¢ 0.8
1973 4Kb | 1.8x10¢ 5.0 1990 16Mb | 3.4X107 0.6
1975 16Kb | 3.6x10¢ 3.0 1994 64Mb | 1.4X 108 0. 35
1979 64Kb 1. 4X10° 2.0 1996 256Mb 5.6x10° 0.25
1982 256Kb | 5.4X10° 1.5 1999 1Gb | 2.2X10° 0.18
1985 IMb | 2.3x10° 1.0 2001 2Gb | 4.4X10° 0. 15

#£1-3 Ha4mEFE (MPU) HEBESE

EHENR | B 5 [ REER/A|RERT/em| RHFER | B 5 | BRESHE/A BRERT/pm
1971 4004 2250 8.0 1989 80486 1200000 1.0
1972 8008 3000 8.0 1993 Pentium 3100000 0.8
1974 8080 4500 6.0 1995  |Pentium Pro| 5500000 0.6
1976 8085 7000 4.0 1997  |Pentium [ | 7500000 0.35
1978 8086 29000 4.0 1999 |Pentium [ | 24000000 0.25
1982 80286 134000 1.5 2000  |Pentium IV | 42000000 0.18
1985 80386 275000 1.5 2002 |Pentium IV | 55000000 0.13




g8 Py 3

HA 2L HE, HEWERALEEMRE, 5 Internet E/H. AIEZ)
B . M. BEEAlN. PHEENTIHEERENFZEEEREBERNEE
Wahlr, HEN. BRAERRE TSN — LB RERBERBNEERS)
H1. F1-4 AREEFERDSSHHTR L 2001 4637 2016 it FERBBER
MWEBEBRE.
14 HRAERBEEIRNEESR
3 #

B &
2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2010 | 2013 | 2016
DRAM ¥ /nm 130 | 115 | 100 | 90 | 80 | 70 | 65 | 45 | 32 | 22
MPU #+4 /nm 150 | 130 | 107 [ 90 | 8 | 70 | 65 | 45 | 32 | 22
4 i ICCASIO) ## /nm 150 | 130 | 107 | 90 80 70 65 45 32 22
FHEBBIAMB= S A R/Gb 2 2 4 4 8 8 16 | 32 | 64 | 64

EBERETSAR/Gb 0.512[0.512| 1 1 2 2 4 8 32 64
AR RSB A B BL K E B/ mm? 390 | 308 | 364 | 287 | 454 | 359 | 568 | 563 | 373 | 186

FEMB A Y B B B/ mm? 127 | 100 | 118 [ 93 | 147 | 116 | 183 | 181 | 239 | 238
AR MPU 4 ™ By Bt K 28 45

276 | 348 | 439 | 553 | 697 | 878 | 1106 | 2212 | 4424 | 8848

/(100 75 GEEE /B R
P
RHERR MPU 27 B BUE H 310 | 310 | 310 [ 310 | 310 [ 310 | 310 | 310 | 310 | 310
i B/ mm?
ASIC A 7= Br Bt (A 3 #i B ) 0] 88
8 1 8
(/100 T BB /5 1 9 | 112 | 142 | 178 | 225 | 283 | 357 | 714 | 1427 | 2854

ASIC A =B Br B At H Hi B/ mm? | 800 | 800 | 572 | 572 | 572 | 572 | 572 | 572 | 572 | 572

TFRBSIAB B BT R0
#r/10~83% 5%

FRBETENBRHBEE RN L
#/10-83%5¢

1.2 BREBHENBOCTIBREXBILHEA

REBEERHOHESES, ERTEEE LA TESE, HERIE
. R, TREMBAM P-N % _RE, SRILNAESIMEEE, L
ENBERRESNHXRTZEARANARAE, LABKOCHBETERN. HER
HESAMELBEFTHEOSBAXB T I HEARAB— M ERN TR, SHEER
TRBEEBEFHENTILIER, B+HHEEN.

KREBEAWMEEFETEARTENNET. —AREERTHELEHHR
WEERBALH; “RERAENSHZRANNRLE, FEEREES AR
B A /B ERRNH &, SRS EERROD HEE.

DREEBBBHETZ N6, EREFHEREBCHE. - NBNIEE
REE B ERRHBRE; EEERNBERNBREREEHROBLK;

21 [14.8|10.5| 7.4 | 5.3 | 3.7 | 2.6 [0.93]|0.33]0.12

7.7 1 5.4 13827 (1.9 141]0.96]0.34/0.120.042




4 ERBBBOHGBRH

HHELERE EERL SN AR L ARRBEESFETANERER
BE&EREEY; EELZELRAGLN, AEEHRBEELTERRES.

HTERBFARVEEXEHTEESEBR, BFRANAES. PRAKXA N
BRXE, HELOLERA:

O EHMFEEOERKR-B_E 4R, —S4BERTRVPERAFET,
EREZZEN, ERXRERRENBRNEME, HEBRETFHEARRT;

QO FAXZBEAR, EESAFEEN _S4ABELHE ‘G907, ‘G907 B
K/ANFTE R BT R/EB X

Q@ FAZAMEAR, 28 “GT0” AW _Hibrk, MAEREE, BEH “H
17 AR EERE

@ ALY BBREALBFEABREAR, B BAEFHA_EALBERE
TR, WM ER, LHREEEBK.

RATHEBESH ETEREEESGFE T ANERAELRSBERE, K&l
HBA .

O LRI EK -_EILHALEE;

@ FRAXRIEAR, EREMN _EABELHEEMIL “6T0” SEH “8
a7, “ein” XFRCF A R E A8 il fLSGE 7L 5

Q@ MMz AR, Ld “GT0” BWAEH TN _E/LrE, BBE “@T0”
At R TH 5

@ PAALESHEBRER, EEAFXEAER—ESBE;

® FAXZER, BESREXRN “BE” (pattern);

® FMAZMER, ZHEBELATENSS, MRETHENERAE
B, ARBEEERLTSRENEEMNE GEILAE), LESBSSIEIAS
TR&REE.

A5, EHENER LEBRLG&EM, HBELOEB58RERMNBLEBM
o, RAMAERBRERNELZRER, AMNEOREZRER.

ERBBEEAHESBPEELZRBEBAE0. BRAFOSEAR O,
ZRHAECRAZEEMERBENEEY; FESKHETHBEHE. B2, %%
R FRAE; RIEUTEEZREILEEE. REABIRBEETHE, ML
BB ERAMM BT, ARERLAERERBBEEFNEHELES.

THRTEREBBSHHESBFHEOCESE, RBEESHAE, ERBBEHH
MESBFELANTHXRTZERAESTTRY

O MEHERAR, AFERELERER. VERBAER. BFEABLRKE
A, YESHERER (AL, ETERNS) . L¥ESHERBERMINER
RE%;

@ RAFEBREAR;

@ KAEAR;



B B8 S

@ RMEAR
®© HEVBAET AR .

1.3 £REBIZLEEwL Fh¥E

MEEGBE AR EYESEBAFAREREROERNER R, LKL
HEPHATILEMERABERRNAERN ., EXEERE, 7655 KERHE %
ETWF, HETFRENETTFERR BRI ALES.

AR, RRBBCET ENATERESFHEFSSE, MAMNBITHER
EWEEYMR. ADE. BNEHRSE, BIRE. MANBRTER, TEAM
AR BRY. Fw. b, T, HEOBASEERAERBE. TS, £
REBEZRRELTLERFEARGZORS, RAREGERBNEELA,
THMHB, KEERAES VA NEERRERBBHBHEAR. HEHER, &
BREAMBWER, RERBERGHMOMALAR, FAMNGLHRE “HiE”.
BRI BB R B E AR,

BHEINY, RRABEERATIRMMYEEROIR. R, AEED
B BB E R ER R, - RAENSR, XRELBELILT
TARMYRAFETR, MA—-RIIARRLERE., $SEBEOEHRNR
B, ERABE LKEAMBALEROETNRR, £RE BN ST 2 5@k
FomMT R LT, BERMAEA TR BRIRMR 5. MR R
Ao REFRE 200 EMHREESHAESATESREANMIIZZH, A
BRI RAERHTN “BTFhER”,

20 HE4D 70 ARARRAR, AL ZORIAk 3 TR T 0 BF 58 70 % 57 BU A0 oy T AL 2%
PR, AT T KRBT, RETF R TEMTNOLES AR LR, FE4E
RUESBLFUENERT, MATFHELEL. BOTHEFREK. 85 T ERAK
R, RE—RRDEER, LI5S 8 s A T4 50 T U R e L2
KRRIGTWEER L, SCRME T LU/NE 0. 1pm BUF. KRR, 7= 5 F0 655 5
ARBAFBETFHERGMEAR,

i, KAREREEBTEARAER LS, SHNEAER, B,
RHSE . REREHEGREAESEMN. REBFBTZHRBHET KHEE
PEIEMHNERE. £ ENBREST, AA2FZROBBAIELS S,
BRERE, BRMAEIERENRE,

X, REEEHESRPHEERAMBEER, LESHER (CVD) #
ARRKFEEN—F%. SRAESHRBEESBRR USSR SRR
AWBELFERAS . BUARSE, ANOEERBHANNOENIRE, BILT
EFMCVD RA#, KIMERMRES THRERZWOEME, FELFMNBLE
EHATEENBRSER.



6 EROBEOHHRES

B, SRk sdRPERFAEmRER, EREFENRE E, R
HERJLERKRER SIO; B, REME—BREESH CERIB), BY#TR
% GHITRERERD, ARRREFEERSEHFLEmE, B2 05N
BAY 8B B GuBs. M%), ARFNELE, SREESREE, T
DERZESE. XS EHNEREEH. 58, LEAMmBEMRLER,
BB TRAND - LM — 2B B RLES. RARERERS
5, ESEW, SPER. i, BETERBERIE, SETEBRK. %5
EREE. BESMCRIR . MFRE. % X HEK%.

BR T ) A B A B A R T BB S B LA SN, B R A BT B ol
BRTEEESAGTHES, FERSNMEMNEH, TEERARNESN
B, sk, Mok RERERS, RERGEHETAER, A FThEH
Rk MABLAN, EERBE, HARSEAT ppb &, WA HZHZ
JUo 8T T A5 P B 0+ A 2 A O 0 B SR 5K 99. 9999 % A |, R B R4k
s, EEHEAWKE. SEELS. NELKRSARRAREENSEK,

Bo, BTFERAEFHRERN, FENLLME RS T2 0 H N
MERRFASEEN, EFBRRAE—R2N. REYE, “FEAE” Wb FIL2s
BT EHEE, ERRENE, “FEAR” NETEROET, XEURF
AT BB FESERR BN TR MEANEYERK . R, TELT
% S e R R BN TS B e s I ShBE . RAALE . SRR RELER, 3
HR R B ATl B R A R, B HAEER.

21 MR FH AR M BRI 3G BHCERT & B F 3T BHL, BNFEREER
Gb RB% Tb, EREBFHBAWEEH GHz RBH THz, RIELHERH
Gbps K& F| Tbps, KA FHRFER THMNETMKBEEADNNKESR. B
BBl 8T N EMBREA £, RYBELSMA, 12 % TR RAL
FE, Bl2015 EEATBEHEAEAERRSB N NHEER. Y, FREE
EMWBHE (NLSEBGHRTES., BERR . BASHS) MEBER
FE (EEERDESEAR. MEBEARS WEREE, MEGHFaNTTY
BER GnARER, EEHEARS) AHHNRLERERNREHE, BaE0E,
FREAESUTHELREAROFRTFE TS E 5T,

ESHIE, AEBEXRLGRHMEN ESBRFTENBE, R, RYLE
WG REERBBEE TEPHE FUERERNBERRRS, X
BHBERETAVBH. BTN TS, SR 5 2 00 0 B T
BT B T T L R R R TR S B2t . . AR,
BREERE. FIRE, BF¥QTRITRE KA POl MBHEA R 5%
TRESEMTIIZNMER, UETFRIEE T2 50 0%k RISk
K.

A B SN LRT L BRH1E T LA NBGANT, REFEA THEES L




Bog By 7

IXBEPHBETFIELRPGEE. HEREANWE, AUELINEENZLEEERN
R, BRTHEAZSFEFAN LD CEEIBIEAE) . LCo CERBIKE) R
BIEHE . NRSHEN, ERERET BTV TAM “SHERE". Hl,
FHERZSTEEYRNETRE, REOARBEEF IENPRILERL5TES
HJH (Occupational Safety and Health Administration, OSHA) i 3 #i f5 B 3=
EbidE; RBEETPABYWERBL L LS DAEBFA (National Institute for
Occupational Safety and Health, NIOSH), £EHHEF LW PA % FH L& 2
(American Conference of Governmental Industrial Hygienists, ACGIH) LI K 3%
EEFEEL5 D4E®HR (Marine Safety and Health Administration, MSHA)
R R ARV B RE, X588 2 ERE NSRBI S iR
B, RETBEREM., XET DA “SERE” HRBEERE1-5,

F1-5 —BTWIE “SEHRMAE" 2550

%5 ® X 2 X W 9

TLV [threshold limit values RIRME, T AZZRHE P THETRZERGENT R
Yy i B O B .

STEL |[short- term exposure limit 55 B ) Ak T4 BB (— K UK, 45 K 15min, ¥[8 i
FIRIRA AT 60min), R Z¥FGEN T LY HERH
WE.

IDLH |immediately dangerous to life or health Bi B m RN &4 T, 30min Py MRS T 46 3R 58 i %
REBRGENSRYOR K.

TWA |time-weighted average Bt A 1 .

W X TLV, STEL X IDLH — 8N EH 4% (ppm), lppm~4 F#/24. 46 (mg/m?),

ABUHLRFEMT TEZHHRABTMEBEEHT THRER IR, XM
BRU “BTER” HPORIFH, MARL “BF%” HhofiReg, 9
M T T Z RAu 07 H M IR B I B T R L@ EeA, £aT
HFERMERBRHE T L AEBEEEN “HR”.
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2.1 MEAMEKEA

1960 4F, ffF- 1 UG5 K &% (K 8 B 22 BH O 48 AR B o 8 B R il T SRR P Y
HE. FPALZHELORBEERRAAERK S A (SO0 B, BAK
SiO; RER BRI ERER IKEE, MARARFVULFRBEEMBEZE, &
BHR T “8” MR FE. AREFEC LR, BRMEER SRS REBR
BRIWEERE, SEEMHEREESEIRELTZERERBREERN. B
ARAER B FRFEN SO, B, P ETZHPHAREMLERER, #l& SO,
2, FfE MOS 84 P HMEALRE . SHFRRPEURBEEBRRE. A%H
BAEERGNRRE. SO, BUATUXNFEERFRIBERIEMR, —BREE
“EARPHYBABESHERPHNT BARALENS L, RELERY
SiO: BEBTEAMY BBRFTALUEIERBROHEHE.

2.1.1 REHLERKFARER

Xt R B A AT AL, K SO B, RERBBHETHNEETLES
B, AREERERT &M SO ZHEREY, RARENEEHEMILERE
v, HYBEERMAEERESZBENPSRLHBENEW. H5, RAEK
SiOz AT AR 7 b 42 ) 5 1 s B0 [0S WL AT, X MLOS 544 0 LAt 2548 A ) 45 0K
RA#AL.

REERBAREESEIUKRFEMANERTE T RL¥ RN AER SiO; .
BESEARNZEKERMEREANEEK, FREANRESR SO B, WAR
KEREBEANNEESHRIMAR SiO:, SO ARERNIERERETLER
REER, HEREER (REFH) —EBER SO Eot, EAMRLHUT
BT X233 Si-Si0, R, BERERMAR SO, Hik, B#H SiO: B Y
b, ARKEREZEE TR, ERBEORDE G EANED SO BHT 8ER
RIE .

REMERK SIO; PHEXRRETHXE, PEBRERFRENEAE —ERH
oo BAERK lum W _AHEE, KAERMHER 0. 4um MENKER. HME
RN ES, RRACBABNREANES. REATES S-S0, REHL
e, FARPRRYUEE SIO; RS ERE.



