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Table 1 Starting silicon material requirements for sub-quarter-micron IC

B BRI TR FE /pum
RS
0.25 0.18 0.13 0.1
HA& /mm 200 200 300 300
AW /om 3 [(10~16.5)£0.75]x 107 [(9.5~16.5)+0.75]x 107  [(9~16.5)£0.75]x10'7  [(9~16.5)+0.75]x 10"
Fe %)% /cm 3 3x 10" 1x10'° <1x10Y <1x10%
LR /om 2 <7 <4 <3 <2
R ¥ B /nm <250 <180 <130 <100
JRERE U
FBURL A/ /nm 125 90 65 t50
LLS %5 /4 wi ™! <172 <87 <98 <42
. ORI/ wl ! <41 <27 <38 <27
HAF s =300 =325 >325 =325
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Fig. 1 Electronic parameters and gate oxide
thickness trends vs. channel length for
CMOS technologies from 1~0.1pm
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BB RS R RE EFENEMAED ™ LR R X
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A SO A R4 R B R AN SERE . 8K BE & SOI 4§
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A R R BRIk, RERRES
m—HERITHHERE, HArtER L ERITE™
fAHEA 150 mm (6 #~F) M 200 mm (8 &)
R, =300 mm (12 3~F) B4 THER B
B, REC T 1997 FhrHl il E42 300 mm, FRK
FE 400 mm, SRR 81 kg MEEH &, EFREFHEM
B5E&thstie T BB 300 mm KRR R4
HR 4K HAZ 300 mm 5K F 300 mm i H LR
v 7% D G W O T A [ R . R AR Bl ) 2 B B A 3
M RN ABA L HEE 300 kg LA E A
ARG B, T R AL G 55 R B B b P XE
B UPL G RLAR KA, X R R 0 R B AL

BT AE, WALKIKE . Dupret 2 NBIF Seidl
SNVIRE TAK KER B B R s h s
B, WETHARRERKNSR, FRIBER S
HEAMBX, ERORKBEERSIAEN “K”
B “BE” WHMM A, Chandrasekhar & AP H1 Tu
% NIV4R 4 T LA 10 mm M 6 mm. 7 mm 48 Fi$
ARAERKER 300 mm B EREARBNTE, KM
Fr & T 4% B R MAE Yip-Wilox! MR, BgA%
A81#1 Watanabe % APMRE T cusp B35 1815 T
MEEREEEREU TSR BERRERK, I
AAEKE TR GE. TR ERKXT 300
mm EEGEBRRARLROAE, HAET 199 4
AL T R e R RBFR BT (R AR SSI), 477 5
4R, AEER 400 mm R SBHE. BAMT
FANEA K E=TA WA, BFREH/N 1340 12H
TGo SSIRFME Leybold 24 7 B # &4, 882 mm
(36 F~F) IR, 2K 550 kg, EH 1R 400 mm B EE
MR BE T R R FF 86, T SIA MR B R &HE
#2300 mm HEFES 450 mm LHEBESHE, AEX
FHEBEFANER, RITEAAETXMEENTA.
BZ, X—KHHRREFREEFEE L2 DR
584 RE1E, A4A HBYISE K 3R B B K
i 5o

3 SBBARAIMTAERBHITAL HK
A2K1Z

R PR B — R EENHRR
B, B7E 70 4R P, Rozgonyi" B H T
“wheel of misfortune” HIHEAx, 38 AW 2 W
AREEEMETRERAAREERENMEM. S5
EREBEHTZMNE S0 24, BE, EEERSE
PRERE M TR AR, RITAR T TR LMK
K. ENGZ—HOKTIZENKRBES, #HETZE
it 400 &, MR BARRER, HILESALREP S
BREMERARGBBEE, b aREHE M
BRI FHR, AR, WES5HH, BEM&
AEKTE SR EEAFA X, 1989 4F Hasebe! '
FAE KM EYERAB R ERN, RALREHEF
(OSF ) MEka g/ alh.oFHEEk. miEdt
FRAR2SRBILA K ABRK, W LSTD (laser
scattering tomography defect), FPD (flow pattern
defect) , SEPD (secco etch pit defect) , COP (crystal
originated pit) ¥ [ —Ff N H &% FHE R, X
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Fig. 2 Critical temperature ranges for
defect agglomeration and oxygen

precipitation during crystal growth
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Fig. 3 Getting in SOI materials by

ion-implantation defect engineering
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4 BBEMATAESMHA G FoFE

FE R R R o U R 2 R LA R e A L
P, RLARELE p-n G5 A Si/SI0, R EAME BA E L
UE, SRR RE MR, HAET, Cu.
Fe B R TP REERKMHIEBITE.
Xt TR R RS AR AR B A, — B SR R T Y
Fe, Cu, Ni, Zn fl Cr B®F T & &/ F 10"
em %, HATKZEESN) A AT R EiRE R,
FHARHELE 30 X 30 mm? KIHH A2 RS X SR HE
¥ (TXRF) $dE. HAZ 200 mm iEH REL RS
BRI B A5 2 i R R BR . REW
BEME T 10" e 2 B9 10 B 5 R 32 B3R M 4
(VPD)., KT, ICP fiii%5 TXRF %, At
JRAT 5 (U L R 55 4k DRAM H B& B0 AR M RE, 2D
FHRMmEMNEBR SR Y., DFHEmllEZ
ENRFCERGARUS R, EHEEEIIRMMTIR
PR B B B AR B, AR R Fe, Ni il Cu

75 B R I ZE 1010~ 10" em 2MVE R, REP
DRI T A7 iy BT AR 2 o A B B A
AR ARG, PRHRE F 2D F A5 A T I R B AT
MBI, Ak, REDEHEEDE (SPV)!BIH
RO FRMBS TR, IEL THIES
ST FHAERME MR, Shimura? % AEBIR T
Na, Ni, Cu, W, Au, Cr, Co. Al, Fe XffEH />
FHRMIEW . o, FEPREIPE Fe 5 FeB E A4
Xof R TH A B RN B A A R B KA A
i FL 3 A A e 2 R E 5 R A R TR
BigS%N IR T TES S p B H Pk
BERH RN R R TR DT 8K
BEREN . R 2 BT p U5 n BIEEH R EISITHHE
g5, Hp, Vs RREH, Q H SO, PEEH
i, Q ARMHES, S 4 SIO,/Si F i E & &
B, S ARG RENREESHE, SHRAES
HEE,  WREDTFHAM,  WERDFHE.
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Table 2 Surface potentials, carriers, combination velocities and lifetimes for p type and n type silicon wafers

iVR= Vs/mv (Q+Q) /em™2 S, /cmes ! S,/cmes ! S/cmes”! /s /s
n w2 -1.6E9 1.9 8.4 10.3 3180 1047
p 10 +4.4E9 19 119 138 244 133
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HHESLBEARTFRRING, 51 T 4 me B v o > el PN T

BB K SHR . ARFTRIAH, 7EIEDY 5 2 — oK 8 U
HEE RS, WA/ T 0.18 pm B, &
HEFLMIERA AT RERK FITH B IER, Y% RC=
2060t (AL2/P2+12/T2%), H.
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49 A IBM B34 400MHz Power PC™ 740/
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Fig. 4 Comparison of the different

interconnect materials and processes
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Dy (Cu) = 3% 10 “exp (—2090/T)
eff 1+2.584 %10 Pexp (4900/T) (Na/T)

i1 & R TTIETEA o M TER), 2 PRBER AL
B, S UTIE AT A IE B AR A e £ R 28

80 AEARH I, BERETE B EE FIEA K
T, 76 1.54 pm AWEER] T R, x5
TR A W) 1Z 248, KA B T2 B¢ Kimerling
It 5 R = SERF®] 7K 1.54 pm 1)
BHEELOCTRE, HFREITRBM L 2R R
Her T2 07 A SEREBE ST, A 5 PURBHR
BRI LN, ESECK [31].
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. k. A, AREPHRBEEZHUFMIESR
TCR. KT, WA, %R R
R, BRI R, —RAOERABEE T ER M
BASRAE (1~1. 4) x10% em ® (ASTM IH
) MEERIR. S, AU —EHES ABEM
PR, KESLEERW, 76 1000C LA # %
HE T2, EUEHEESHBEERES 1/6 £
LB RITHIK TR o XK B AR R U e 5 3 45 )
FE+10% LAY, T B 46 H) RO B R 22 A RE K T +
2.5x10% em 3, Wik, B THEHEEALES
MR — R, S AT ERR, & ZKE
FRRE (SIMS) Bl S0 A AT 48 5. RESL S
SRHR B [/ 3C S T AL P A 1R B e A R
WMOE, HZIEMEE. BRPHEZRE
GBI XY HO) LUK B H 8 R R R 5
SRRER LT 2 LR T AL REVE ARERE (AR
B R T SR R VR RE . MR A S R A (A
BRM AT EEERE,

5 ) ELHLAE v i 1) AR 1) S0 2 B S 0 2%
KL, ANFEAGRERSEHRA THH, ¥
Frk R E 5K EREE ER % (VMCZ Al HM-
CZ), f# PGS B S S R SRR 7
Bhek, SCUUER, RS AT A RO IR i R B e
R Wk 200 mm DA E K AR SR
SIMERA SERR R, Bl R 8 cusp fE 3 I #E
HEME 5 FiR .
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Fig. 5 The CMF configuration
IR A B R . H T H Y TR R TE A Bk
/N, VR B R R ) FOAR 1 B SRR R AR, T
G AER TE P B E HEE, 4§57 200 mm
IR AT LI E] £ (7.5~10) X 10" em *HY4E
b, BRIVEE<5%. X FHAR 300 mm HEEH 5,
JRAEHEFER KR BUR AR &, (BT REIAS] +£7.5 %
10" em 3EERATERR
FE AR A AR AR A 5 A A PR R BB
MER SRR E B W, £ KRBT
EME AL ERR, BIFRA 4 RN Y, s
PLF=A KR 18, 5 R I B 4 A RS
184, Bae % N33R K BRUBRIG ROBI SRA2 U0 T -
/m§m»§ |
mV + nO—’VmOn\

- EUE
RN, BTV HI 35 B G Bl R 4 R A b
AR N SIS 0L - R A, HEHshd. Rk
P R, AUBRBE R IR KL S B A Ui 55 Y
AEARO) P 6 4 T A R R Y AR AL AT AR
H &R BRPGFE R O B . [FIET, e &3 T
REWETE (AOP) BMAEEREMZ. B TH
BHhAE R SR EREE R,

REHREMAT R, FAllRA S0 BRBE A% R )
HitERHMIRCAREKMW L, HREH T
SMART-CUT (¥ SOI #4 %+ 5 Fl A fl 22 & 5 T A4
AR “EHEERT MR aAL, HEARE R AR
BTN S EA S RE BRBE BT A LA S R B 3h
JIZEARE . 8. B NPT R B R B S
FRMEBFE IMV i s A E IR ZE 650C sk



12 i E TR

B2

Cv C~

/'

N1

]

ZW  OSFH LB fr#EF
o
o ' O

e mERMAREMTMMMEEE
REEREFHOLE

Fig. 6 Variations of the point defect

concentrations
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Fig. 7 The longitudinal profile of the

defects in CZ Si bulk crystals

BT, EBFEARER PRBREHT T FEACLN
B, BELTHDPEAUS FREXT B KA,
Stavola ®* W HEFH AT SHFLRGHER, HES
FERBREERAPHEBREZENAR, EAETE
MERZERREREAE (B 8), mHLREE
BEFIE R Fo Weber S AT MR HAE LT
RE, Hbh—MERBEATZHEDF, AUEREE
BhFE, HRSG#ERER, FAFESESHEM
L & TR .

RERPITABLSIRT —HHREHNG, A
A LA RUOR 32 5 5E - A HUAR 5% BE M T Dl /) b 28 5
B, FAABAHRRTHFEREESHKEK
H5RMXWFHE. WARFRERSE, BPRER
A T 0 45 A = AR E AT R

o%a

Wuﬂ 1[111]

ZE-EEEK (a) MEE - AEAE (b)
H8 S5PEEX, HEKHMESHK
Fig. 8 Hydrogen forms complexes with both

acceptor (a) and donor (b)

6 AEAMAAFREE

6.1 FESNEME

A% . CMOS Hl BICMOS #8 & #1145 AR i 3%
XA EEAF KT SR A TE W, S EE R AR AR B OR
W, SRR, FHFERE RBK T X MBE
S X, — B SN E R G Y SO B8 A
HREFAEFEBROMEHR, 2P &8E&/
F2x107°, HAKBREHAE (50~150) x107°Z
6] o W 4F R A AP RE B & B AR I T 2 FF & AR IR Ah
IE ., HHME . FBEF CVD, BE CVD fgk 4 IE
F. MR GERERN, WIKEEEIERSIT
AREAF], G0tk E] B S A 2 1 S #ORT DARE
IR 6 T LR A5 46, (8 2% 1 DR 45 MR 2 R
HAEl B 200 mm MEESMNE R BARMEWME, HE
WMWK ERE BN AP HREE - ENESEES,
XFEERE THER MBI MEERLD, B9
U, REEMEERE. WA EE s
¥t HAT 200 mm FESME 2 AT F >0.125 pm
REBR/ANF S04; REEBIGYER 100~
10" em ™%, F T HOBRE B AT 4422 0.1 nm,
6.2 SEEME

SEE (SiGe) MRHBERT 5304 M8 K LA 4R B
MR TZH#RE, NEBELH “BFITE", X
K Tl FENREEM B, Paul AT
WA SR BN S, FIEET SiGe M Z
FA#, tn HBT. Y&, AES. BFHESE,
BARTHITAMRRIR. RFFAA, SiEGeZ
B 4.2% KRR, BT SiGe B Sk W B
A A Vegard Eft, HMTE SiHE LAEK SiGe
MR IR FETE R K B R AR SR L o 4 T L 48 A0 Pl B 1
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B4 . Tk SR S AR b A SRk B A 3% T A BF 5T 13

FHH SiGe 1 ¥ — B2 fE 2 AT BHBE 5T H B AT DR,
SiGe M RHE K H AR K BOA B R 4> FRAME (B IR
MBE), KR4 FRAE (GSMBE) il /i H =
FESMUIE (UHVCVD) =/, —f&iAN, E
BMBE AJMvViAWEERKRSH, EHAKTREK
BN H, A HATAEABHE A SiGe # ¥,
UHVCVD fl GSMBE'® #% 5 F #t & 4 ™ i £
A, BRENFRES W¥SB+4ER. Bk, U
UHCVD HERB T —BHEMEBR RO,
# F SiGe #1 ¥ %1 % HBT, MODFET 3t % & —
®E (RTD) Mt FaAFFEHERETKER
]‘&E[M‘\“S]o
6.3 SOI ##

FERKH “BUHERE A, FTEXKEMRS
Fe . fRTh#E B 3 4 BB B, Btk SOI #4 %} AT LA i
HEGRREMBAN T, REERWIEM. EILE,
SOIM K ERMEAMR T, CEET 1989 £
1991 4EHI M 64k F1 256k B A FEHLAEME RS, 1998
#£8 A, IBMAREMTE SOl # K LoAHH T &
P B B AL B0 38 45 40T, SOT b1k} 76 42 75 v B 48

BB . iz AT 3 BE NG AR ST AR 7 DA B s/ IR F R O T
B FARREFSNER B, HPRBRBERNE
SIMOX. BESOI #1 SMARI-CUT =% # ¥ (&
9), BAIK SOl MKMW EREHEEZEEN 0.1um
~2um, MR _EWKEEER 0.2 pm (CMOS H,
B&) 1.0 pm (BRI EK) ., BESOI #4 KL 5 i ik
WS, BEEMASRER, (HAEEMTZR
MEEERBA MR, HILT S, SIMOX #
BHREEEER R, B2 8 nN LR 2 RTs 3
P e, {H R AR TR R R R TR 4
B, SHTERBEETZICERT. &FHE,
SMART-CUT # BB R BB K I B . R 38
RAAH BFEA, EEFPERSHEE, 25
A—XERREE, #TRERMME, FESEAMN
SHWELRTF, BELuFIEittE, BREK
B SOI # %, B E SOITEC 22 w] 7 #it & 12
fit5. 6. 8 F~F ) SMART-CUT o £3AWMT
1998 4F SOI #1 khit Rl X B R 5. HAET, R
A< & SOl #1 ¥ FE 43} Hiro

snme A a1 [ ]
Si BEFEAN
e 7 e
WrE, @A
Sio,E T — L
e ESiO, S
E 14 5 5 B CMPHLt;
(@ () (c)
B9 SOI#HEEITEZRERE
(a) —SIMOX; (b) —BESOI; (¢) —SMART-CUT

Fig. 9 SOI manufacture technologies description

R 3 1998 £ SOI ##ITRIE BB ARIEFR
Table 3 The technical specifications for SOI (1998)

B &R R /pm 0.2
HAR WAFER
A H#&Z /mm 200
2% E /nm 50

W25 % /nm 5

2 E Y BB /nm 400~,800
2R YW 5 /nm 4
L BB /om ™2 <100
R EBOHRE B /nm 0.2
&RI5H/cm 2 <5x10"

7T REHRERE R E IS
AR, SR B 3 R 4, &

—f{ DRAM WX ZILK R4 /NFRE R 1.46, HH
KRR FEELERANER. B, JLEREA
B, REWEEER TIR 5N K62 R K
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F2%

12 8% 173, TR E SFQR A 5%
LRI Y . HATRIE RIS R 0.25 pm
B T LR . TIRAMEERBE (GLSI)
MEZIET 30 )k, B, W R R
JESE R 0 B A BT AR /N RIZR FE, R X A R
RLZEHIRPRIR . —MIARy, X FARFRER
DOF 4 0.45 pm B NZIEEMLTZ, #EHHREE
SEREBER R 0.1 pmo BESM, 90 FERVINLFIAT
KRS OMES, RIGRER REPORBR R RN
1k, B GOI FI I FHOK 5 1 L 3 1 B R
ERE. KERE M. Lk, RabmE
T AR AR B F R, ik, FARA
REE R HRETF ) BME (AFM) 7ELR0 & &
F R EORLRE BE Hﬁﬂﬂ%?ﬁﬁ%ﬁﬁ&ﬁ%
SRR R R

B R EBORLTS JeATh R T B A0 4 Bt PRI
M EEIRE, Pl 28 7s YT W B80T AR AN
R TAE: MR RARE R AR 5 7B BR I8 4R ;
FERS PR HIE T A2 Hp W s JORL TS B LAV A 3 R BA
XA F BB B K /N— B B B R B R FE I 173 3

1710, 2 4 Bt T4 ik A A2 T RURLBE F 350
SRR BEE SR B AE R TN, AR K
AR R A R fE RS B . A KR
KRB, S8 PR LA K AR R
VERTERE R BB B R E B R, HEX
(SN N2 1Y) QUD€ B3 78: R Wale :0E U AL
ik R AL A HLER S — T . AU A L
KA, REMERFES/NT 0.2 pm 5508 R 4
HARTI, MELAKA . 4R st i A Re 2 1Y
W, MBEEOLHEE A (LLS) BESKK#E fF
fH. LLS &R L HMEE, EamRm
HIBERE . F ok (NAYERIT), RELFREY.
RIMPORL, REEGHIERE, A AT RE RS/ 5
FESRHE o SR — 8 bRl i 5 X 7 DA B & BRI,
RN FARRB ARG (FFAER T <0.1 pm) £
SR BER UL, LLS K HURL 9 K /N5 8 BE ) 48 A AT
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Table 4 Si wafer surface particle requirements in The International
Technology Roadmap for Semiconductors (1998)
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Fig. 10 In-situ Raman spectra for Si wafer
surface immused in NH; OH/H,0O and H,0,/H,O
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Behavior of Impurities, Defects and Surface
Morphology for Silicon and Silicon Based
Semiconducting Materials

Tu Hailing
(General Research Institute for Nonferrous Metals, Beijing 100088, China)

[Abstract]  The market demands to continuously reduce the feature size and increase the integrated circuits
density towards the new century. For the economical and technical considerations, the major wafer sizes are
shifting to 150mm and 200mm, and the mass production of 300mm diameter wafers is expected to begin in 2001
or 2002. Consequently, on one hand, the growth and manufacturing of large diameter crystals and wafers bring

about a number of technological problems and on the other hand, impurities behavior, defects and surface mor-
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phology have been the advanced research topics. The present paper has reviewed concentrations and distributions
of point defects and the extended defects, and their relations with crystal growth technology. New finding of
metallic impurities such as copper and iron has been particularly described. The behavior of oxygen, carbon, hy-
drogen and nitrogen that impact material performance in multiple ways havs been also discussed. Interaction be-
tween points defects and oxygen precipitates has been treated to be of prime importance. Microroughness, hy-
drophilic surface state and surface chemical bonds have been investigated in current paper by novel and improved
characterization techniques. Since silicon based materials as the alternative material systems have received strong
growing interest, the manufacturing technologies and applications of SiGe, silicon-on-insulator (SOI) have been
introduced and emphasized. Finally, the author outlooks the future scientific and engineering challenges and op-
portunities for silicon and silicon based materials envisioned for the sub quarter-micro and nanometer integrated
circuits as we approach 21st century.

[Key words|  silicon wafers; epitaxial silicon wafers; SiGe; silicon-on-insulator (SOI); impurities behavior;

defects control; surface quality

BRERAMIKEARERALEE
B3 'R EMITE

RAER M TEARRAMALOLR ¥, BF . 51068 B 8K 00 & 68 8 % B X AR R {4 34T
TR THEAR, REREM THEARAESLREEOFEEGA TRARE, PEMZ T SARSHAN
THHRMARMERAESLRE, FEESRAITHERAMN T TZHEARMMN TR MR TE,
B 1995 4 11 ARWLIR, LRFETRIF, RBBRMNAZERSGER, IRSHSESSEERE,
ERBESHUEHE S, CEREFRRPHEERIFWER, FBRIGKDEENRFRE.

20001 A 19~21 H, "EARMHRELEETFALCHMERATHEHHEEALRELHIF
R X R BRI THARE A LREHT TS, TXRFMADFHEEESER L% 9 LnamERERM
EHERAR, BDESMEHMEFEAR LT VHAAKDEARAEAK, TRFMHATRTESLREE
EREMARAWGRILR, FET AR EBNERBEAITREAREN, HFHFETTELHER, &
e MG AR AR : BERAN TEARE SR EHA T mHE, FETHORMIESESR
FREMPFRT -3, HEBHEMRBESHUSTHO TZEAE TEREREMER; KRBT —
HEAKEHRR, BEALRERNAABRENERKER, BUFENR, BERT -HEKFEHAL; &
BEREXNIIFRMFERLR TAERR, HERFNOLS; TRZETRERT, FHFEXRHDA, &
SRETHAE, ¥ARZRGEAR; EALRFERARAE, AFEHERE. TRFC RN K EHE
RRMTHERNEER TR — WA — B RE T L=

(i &8)
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