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1994 /£ @ NTRS(National Technology Roadmap for Semiconductor) DR £ ilF D= Tl1L, ¥ 48
ENDHIFHER SR ZH T 2OOFHUVE RSB EMBEIE ~DO R Y OER BRI,
NTRS @ 1997 £E iR Tl Cu & o72F v 7 OB FEE AN ZE L - Tz, 1999 4 ik NTRS Tid,
MO TR —ZATIHEASHOOH D8 M B DRk fe 1 B 5 23 1E B Shd, SHIC, KR LEL TAEY
— T NAANE N T EEGOIT 7 /0 —RITANR—=TEHLLOD, Ty T HELTOVRT LAY
F o7 (SoC)DH BN KT HEMSET AL L — L O /IMEAEFEB T 5L TSNS, MOk
BE AR N T DN TWAED, CHBIZAEICE S LA BHE AL Z I B S AR B LT
Vo, RHIBIICHDE GERBED Ry =V IR B 38 TIIH LM aE ZR 20l 7o 72 <72 >
TW5, BIZEIX, et - EIEOWHHRHABE N bW EolBERMAL T 7L A ar, HHWIN
MR (REME o 72 T M EL R B i o iz b TH A,

BERDHOLNTTAYI T VAT LAOK BIETF v 7 LOSEIEOR KLV AT A, R R2EDF
BERELIEY, BHEDEMTAL G T2 THD, BIROR LMYy 7aty ¥ —3 6—
TIEOEEERMREEHAL TR, AR —1L3BE2MEHL T\, F# &Moo 5 1% 3 flEHOR#i
TITbnd(a—A R PR, 7 — SLE ), o — AR BN DIT, FEE IV T
EoiL, T 7T NOBIEE 7oy /(X TR rUy /X vy aA®)— TRLR TH —)Enie
TN TH —RED 1\7//15'7&%}1‘»?6@51‘%?3@5 2— A VE AR T & S0 —he g B
FL BRI TIERICT 2 B A O BRI 28k T 5, BB IEE WHUE 5 Lo 015 75 25
REZ7ByZN T 3—4mm @ﬁaﬁ’ﬁﬂﬁzé?& H%u92%, FHER T — D LERIVIASELSTETE
D, VR WIRTTOE I EE 5 OO DB LD, 70— VAR T RE 7y V[ o [F #1145 = &
DTG B EB 2D1EN, BB EEMOTA L ELTTF Yy TNOETOT Ry V5227, VT ra—
ZOVERHITELAR B0 1 HHDWNE 2 B HICHY, BEELTUT 4mm 28 2 TFy 7 H L E 0
TR DZELH D,

10—2 HMAER

B AR %35 L0 Y1 2250 ik 297572912, near term (1999-2005) , long term (2008-2014) TO
A A ZE SR B X OVEE P R B 4 28 MPU(micro—processor unit),DRAM(dynamic random access
memory),SoC(system on a chip)iZ43 AL TR T 5 (Table46 —Table48) , MPU (Zxf L Cix
BAE A<M ENTWOHEE R A = ZiEZiig &L TR, Ry F | TASI L ide—%
JVELBR e B R 7D~/\/Vﬁﬂn‘?TE%ULTTLTb\5 Cu BET Low—K # Bt D& A 1THE
W DR =V 72T REICL, BRI DB A ) D 12T 528 H 5 7%, Fig.27 ITfF
kD — 77V EL 7‘:’—/\/1/%/1‘?@@3/1’“?3551@?&@%7”@‘ = — 7 L BE R JE T oo B R IR AE (2 B
TR WERBYDR =V T KD BT D720, RC B IE~D R8T u»—/\/l/ﬁﬂn’?? iz
:I%SH%)%)@ﬁi BB CTERERELTCOMRM EO7DIiZiE, M B DAL 72T TIER IS TERW, Z'r
— VB AR COBLKR B IE AFE RN T 570XV — 4 ZH A THZENHE R THDHN, —F TIE—
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100

==l Gt Delay
|Faim ok )

e | oo
|Scadad]

T bl with Repaabers

i 5 bl W' Fhmpaaiers

Relative Delay

1
261 -1 130 Ty T il n

Process Technaology Mode (nm)

27T B—INFHEBLIONT a0 — S VEEOTF 4L AL T~ iE OB %

Long term Ti&, R F M TOMEREM L DR A ATV 2 5720 121F, Fo7oH LW G Fik
R Ey T AR, HHZM RF, i‘ﬁﬁa%ﬁf£8®%ﬁbu\¢§z%fé@f;ﬁ¢75%%9:%2@50 Fio. BE
AW BB @L< IRDEA T I T AT IR R BLVE IR > TLD, 2T AT I T4 TR R E
—NVRTDIODR G IREMRIE LT T RTA BB EENDIDBH NN, EHIC, BIREL DA
=0 7 (REBEA)ITHEN, TRXTOIay VR S T RICEITHI/aAN—r B3 K& E &7
- TL%, Near term TOfEELTIX, AZNVEFR OB ARIEZHELL, BERME OR BEE2EKLSTDHEND
FEBRELND, 2O EIF, Al EERICB W TUIE R IEE Z2# <522 TR B I LT X
IRBIRVA Al DI FLOK W Cu il T2 TIORHEEZ D TE5, 1997HERICHE L, 1999
R —R~y 7 Tl AR OR EORBALZEE 72 Low-k KOMKHFH B R(ICEST, Lkl
FAME R 20> SEARFAZZEBL TERSN TS, ZOERBIED Low—k LIk 328 sk OfE fn
F AT 7L —ar PR Lowk EOX vy — Bl ~DBH AR M T2 5 2252817
Do

MPU 6i§<®ﬁﬂ%’i)§iﬁ£%ﬁﬁb\é A EH T MEGRIE DR AR B~ e B XD, Fig.28
2R T RS — B 12 L BT IR SRR E v T LRAREIE & K &< T BB & 7 24T 9.
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PRI SE DL, I ICE BRI 2 LA S5, Z7a— " VER TOT AT T Al @

Hab Cu DL ALIRIERCREICRETHIND,

[E R e A e — R~ w7 1999 4ERK



TECHMAOC Y NODE

| G

18T nm

ZYAMT 2T

il 2L

MPL Va pitch

230 210 180

145 130

MPL gate length (nim)

140 120 100

a5 B0 T 65

Mumber of metal levels

6-T G- T

Mumber of optienal levels

ground planes'capacitors

0 0 0

limax (Ao —wire (at 105%0)

5.8E5 T.1ES 8.0ES

9.6ES 1.1E6 1.1E6 1.4E6

0.36 0.36 0.33

0.32 0.29 0zr 0.24

Lozl wiring

500 450 405

365 285 265

Loszal wiring A

21

2.1 2 - -

Liscal wiring A

1.4 1.4 1.5

1.5 1.6 1.6 1.7

dizhing (o, 5% = heigh

18 16 15

14 13 12 11

Intermediate wiring pitch (mm)

G410 575 520

455 420 AT5 340

[ntermediate wiring AR (AT

22 2.3 2.4

2.5

Inte I:::l\.'lli..ll\.' Wi

. | N
Lo Wre v ia)

g dual damascens AR

20021 21121 22121

2.22.1

2322 23522 24522

L intermediate dishing [nm),

15 micron wids w 1O = hetghi

64 60 57

51 46 43 41

osbon (nmy), intermediate

Dielectric e

wiring, WG areal dengity, 1S =

hzigh

64 60 57

51 46 43 41

Minimum global wiring pitch (mm)

1050 045 B50

TGS 600 G20 5

Clobal wiring AR (Al

22

2.3 7.4 - =

Clobal wiring

wiralvial

i 22124

ual damascens AR (Ce

2.312.6 2407

2.512.7

2.62.8 27028 27028

Cu global wiring dishing {nm)

15 inicran wide wire, V0% = height

116 108 102

Conductor effer

[ull-cm) Al wiring

33 33 3.3

1.1 1.3 e e

Conductor effective
[Ed-ciry) Cou Wit

22 22 212

232 s 2.2

Barrier(cladding thickness

|hor Lou weiring) [ ®="

17 16 14

13 12 1 10

[Interlevel metal imgulacer

3.5—4.0

2715

2715

2.2—=2.7

2.2—2.7 1.6—2.2

Solfurtons Exfsr I:I

Salutions Belng Porsued 1

Ny Koy Sedurfous

7% 46a MPU OBELARICB T8 TRk — &
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YA B 2 2084

TECHNOLOC Y NODE 7 nrr S0 rum 35 A
MPL) Ve pitch a0 55 40
MPL gare lengeh (i) 45 3z 22
Mumber of metal levels a 9-10 10
Mumber of aptional levels — ground planes’capacitors 4

Jomax (Adem’|—wire {ar 1055C)

Imax {mA}—wvia (ar 105°C)

Local wiring piveh {nm)

Laocal AR {for Cu)

Cu local dishing (nim). 5% = heiglh

Intermediate wiring pivch {nm}

Intermediate wiring dual damascens AR [{Cu wireivia)

Cuintermediate wiring dishing {nm}. 15 microm wide wire,

1M = height

Dielectric erosion (nm}, intermediate wiring

Mimimum global wiring piteh {nm)

Global wiring dual damascene AR {Cu wirefvia)

Cu global wiring dishing (nim), 15 micron wide wire,
1M = height

Conducter effective resistivity (pld-cm) Co wiring

Barriercladding thickness (mim)

Interlevel metal insulator

effecrive dielectric constant (&

Saofurions Exisr [ ]

Solutions Being Pursued [

2829
55

BRI s

0
1.5

¢ 46b MPU BRI RE 428 fif i B sk

180
28030 33
lg 29

<1.8
0 1]
<1.5 =1.5
I

N Kimowrn Sadudions

- KM

DRAM DFEHRHL 712, Table47 IR T I bolb LW B E YT bobbm a2 D7
AR ZE R L, Flobo b L~ IE I L KB 68 22k 375, £72. DRAM 2B\ ThH
RAMBUS @ X972 5 3 O AFY — 8L G X IS T 272912 130nm AR 2 BIE0E K D Si02 1I2E b DIk
HEEMRAE, 72 100nm AR5 IE Cu BEEMAERINDHZELIZRDTHAD, DRAM IZB W TIE~
— MBI A K EREOF DA WNTHY, Cu BMEAVWLZENMMikE EH SE22810hn
EZFOEANENDIZELHVZD, T7205, DRAM Tl fE kD Al Bl 0k B LILE NG| &

WE LD,

YEaR 1999 = 2 202 203 20 e

TECHNOLOCY NODE 180 mw 130 nim 1
DRAM ¥ pitch 180 165 150 130 120 110 100
Number of metal levels 3 3 3 3 4 4 4
Concact A/R—stacked capacitos 9.3 10.0 10.7 11.4 11.8 12.4 130
Loscal wir i, pitc h () nonconiacted 38D 330 00 260 240 210 2000
Specific contact resistance (£ -::|||'I| 3.0E-7 2.5E-T 2.0E-T 1.7E-7 1.6E-T 1IAE-T 1.0E-7
Specific via resistance (L2 cm’l TE-9 5E-9 3E-9 2E-9 2E-8 1E-8 1E-9
Conductor effective resistivicy 3.3 313 33 33 33 313 22
[pi}-cm)*
Interlevel metal insulator 4.1 4.1 4.1 3041 J.0-41 10441 2.5-3.0
effective dielectric constant [k}

* Assumes & corforrmal barriersnucleation faver

Sodurions Exisr [ 5

diitions Being Parsued —/1

N Known Salutions

# 47a DRAM OFELHR IR 328 I 0 2ok — %1
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YEAR B 201 2004

TECHMLOCY NODE 7 s At} nr 25
DEAM Y% pitch 70 50 35
Blumbser of meal levels 4 4 4
Contace A/R—stacked capacitor 14.1 16.1 231
Lacal wiring piteh {rim) non-centacted 140 100 TO
Specific contact resistance (-cm®) 5.0E-8 2.5E-8 1.5E-8
Specific via resistance ({3-con®) GE-10 JE-10 1.5E-10
Conductor elfective resistivity {uil-cmj* 2.2 2.2 2.2
Interlevel mwetal insulator—effective dielectric comstant (&) 2530 2.0-2.5

Assuiries a confoemal bareiorsneclearion layer

Sofurions Exisr [

Sodurions Befng Pursued /1

N Kmowr Sedurions

7 47b DRAM OFEARICEE 28R — EM

VAT b Gy F T TOHM B R T Tabled8 (28 X512, T|E 5 17 DA — L BL UMK

B RAIL MPU LIZIEREE TH D, SoC D

WEFTIX, VAT A uy I3 ME— OVERE 2 SR T 5 H

LI NDOTH T LM E R R Ay =D 7 L3 b, P, v v AU F 2 E 1T D
SoC & T DA M IC B L/ 5B M JE 0w B IR H# ST D, £72. DRAM B # <° SoC
D= DZ N FE A IZX LTRSS T v Af T 7L —varNERIND,

Sofurions Exisr [

YEAR 19 200 2 ANz 203 20 =

TECHMNNL.O0Y NODE 180 nm 1.3 1 s
WP Y pitch (num) 230 210 180 160 145 130 115
ASIC gate {nmj} 180 165 150 130 120 110 100
Number of metal levels & 3 7 T -8 B ]
Number of optienal levels—passive elements 1 1 2 2 4 4 4
Local wiring pitch (nim) 450 405 360 125 240 260 230
Local wiring AR (for Al) s 2 2.1 2.1 2.2 - -
Local wiring AR {for Cu) 1.4 1.4 1.5 1.5 1.6 1.6 1.7
Intermediate wiring pitch (nm) S50 505 450 405 360 325 285
Intermediate wiring AR (Al 2.2 23 2.4 2.5 26 - -
Intermediate via AR (Al 28 28 29 28 3.0 - -
[ntermediate wiring dual damascens AR 22 FRIrN| 2421 2221 2222 2322 2.412.2
[Cu wirehvia)
Glebal wiring pitch (mm) a00 810 T20 650 580 520 450
Gloebal wiring AR (Al) 2.2 23 2.4 2.5 2.6 - -
Glebal wiring dual damascens AJR 224 2326 2427 2.52.7 2628 2.7i2.8 2728
[Cu wireivia)
Interlevel metal insulator 3540 | 3540 | 2735 | 2735 | 2227 | 22-27
effective dielectric constant (k)

This techimalagy is mor expected fo extemnd

to Hiis pode,

Solurions Being Pursued ]

No Kmown Soldudions

# 48a SoC OEHRIZEI T MR — B
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YEag 208 2t 2004

TECHNOLOG Y MNODE Fil vt Sl rum 35 mm
MPL) ¥ pitch {nm) BD 55 0]
ASIC gate {min) T0 50 35
Mumber of metal levels ] a-10 10
Mumber of aptional levels—passive elements & ] &
Lacal wiring pitch {nm) 120 a5
Lacal wiring AR (for Cu) B 2.1 2.2
Intermediate wiring pitch {nim} 145 110

Intermediate wiring dual damascens AR [Cu winelvia) 27024 2.9/2.5
Glabal wiring piveh {nm) m 170

Glabal wiring dual damascene AR {Cu wirefvia) 2.973.0 30431

Interlevel meral insulator—eMective dielecoric constant (g . =15 < 1.5

Soluvions Exist [ | Solitions Being Pursued [ N Kimowrn Sadudions I

< 48b SoC DOELFICEH T2 ZE Rk — KW

AlE I D23 THEHLDO D, SOG EDH M EH, CMP 728 0 Va2 IR I - T
R HIIE ASNTE72, MPUICBIL TE 97225, 1998 4E Culd i (b D R M HE A S8, [
BRI Z A B DB A Z I 5272572, DRAMTIZERE MR ELTIZ AL, 77 271F W 73 100n
m®D/—RETHWONLETEIN, 2L, M TAXI a2 7 B OMIA T O% B E#R7
AT FTHIEILRDTHA A,

Fvv—r7ubRA7n— 3E T EICREUKAFE T 5, Fig. 29 (W <D0 B R B 72 & [ 5 1
WaERT, BETObN TS Cu X~ —rVEBR7aEATIE, PVD ZH 2 Ta SR DOARYTAZ L E
Cudv—REZEZHNWTNDEN, ERDAT =V T 2T IO T2 I B 18 B> — R g DI Bk
F LA 2002 - ETITHRE LR T T RO, Bricyy — 0 IAR — OB 125D 100nmif &
FTHCUL>ENMLEONDIELLE X HADD, WAL . i/ 7 A7 MBI LT, 8 727 /LA B ik o
PR NLEEEZOND, £z, RO EL 2L L H IERWEDITITIVE N AT T AL L
MEREIND, EBIT, Cu OoEDODY —RNEZEaL T+ —< VIR THZEITIVBRE DS
WIRZ 2 B T D, CVD HATICED Y —RIE O E ., U T &R oM 72 L i3 M W 722 g ©
HDHH, 2008 FETIZIINITEDOESAZBRIZT I ERDH D,

Near term TlI, B MEEBELL UIMERFEERILE. T 0TV T X XX B WL E
B, SHIZ FRAM XL CE B 0 B O KIS Z NI WO AR I I RS d, 2
SOOI DB B . BRI R IEII T oA T /L — v a i L TCEbD TRLWE
KETLHHELRD, /2. Long term &L TUL, #H% B O & J& Il COMZIE R E N EHE LR D TH A,
Flo BB EREREEZIER T 2O+ F LA TOMBM B RERINDIIELE 2D
o,
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df— Dielectric
diffusion barrier

5
R

s Etch stop layer

7

#— Dielectric
diffusion barrier

— Etch stop layer

K K K
Homogeneous ILD Embedded low & ILD Homegeneous ILD
without trench etch stop (>x) with trench etch stop

29 WA ILD 7 —% T 7 F v

CMP 2B W T, CMP H il B k& CMP # o & [a 1K I8 AL 52 17 Ok e 1) 722k B 25 near term (128
WTIEE SR &N 5, Long term TiE CMP LLAk O AL £ 4 DM e S A Al & 72 D TH A,

Cu® CMP IZBWTIX, Cu OEINRAF =V 7 &N, ma—2ar T vy TG ) /hELT 5
TEMBERIND, o, Low—k BT — MR IR 2 BE CRE AR TR B 2395 Wb ZALIS K I TED CMP
M OB N MBELRD, £ R DT ANAZADIE R MALIZK L THRAN CMP 2 —=2 7 # il D
BRIXIEE ThHDH, Flo, Ty T AN TREONITEEDEHWBI L EFF Oy F U7 H i, LY R
FRVBEH Y ARy F IV == TN OB BN H ThD, £7o, 77— MG B O # AL | 84
BtOE AN LT, 2y F U 7 RTF Ry ar 07 aw A TOX A=V &R BAL T 52030 HOH
i cdHd,

10—3 KFxL ¥

F 45 13, B (=100 nm) BEOE#IH (<100 nm) 72 5 DO EFERBEIZOWVWTEED LD T
HD, BAMCE T2E IR E T, FILOWM BT et 20 828 A BIUOZ0ER b, ~FiEH
R E OB /BRI EEE, BEOT ANARICEEEH W HOHNET NAA~D
N NSWELR T O ADOER ThHDH, Low-kD# E K. CVD (chemical vapor deposition. {k.%
EBE)VDER/NVT /=R LAY, BLY SoC OBMEF L, 7rEARLZOMREE L OHEH TR
REEELTELT, EFELSLOR BT L - BT AN I TA U H T 2 — A (H Y
BEME WAL EN, B/ ANTA—Z BB RENEME L EENR LD,

EFR B8R i — R <>~ 1999 4EhR



FIVE DNERICUL T CHALEENGES 2000 nm 2 THROUGH 2005 SUMMARY (% TSSLES

Mew materials Rapid introduction of materials/processes are necessary Lo
meet resistivity and lvw'high k targets and address SaC
needs.

Reliakility Mew materials create new chip reliabilivy {electrical,

thermal and mechanical) exposure. Detecting, testing,
mdeling and contral of failure mechanisms will be key.

Provess integracion Combinations of materials (Cu, Al low k, high
ferroelectrics, new barriersinueleation layvers} along with
multiple technolagies used in 500 applications spen new
integration challenges.

Dimensional contral BMulti-dimensional control of interconnect features is
necesaary for circuit performance and reliability.
Multiple levels, new materials, peduced Teature size and
pattern dependent processes create this challenge.

Interconmect process with lowino device impsce As Teature sizes shrink, interconnect processes must be
comnpatible with device roadmaps. Low plasma damage,
contamination and thermal budgets are key concerns,

FrE DRFERCUEL T AL ENGCES < IO nm < BEYOND 2005 SUMMARY (F TSSLES

Dimensional contral and metrology Bulti-dimensional contral and metrology of interconnect

features is necessary for circuit performance and
reliability.

Aapect ratios for fill and etch As features shrink, etching and filling high aspect ratis
atructures will be challenging, especially for DRARM.
Dual damescene metal structures are also expected to be
dilficult

Mew materials and size eTects Continued introductions of materialeprocessas are expected.
Microstructural and quantuim effects becsime important.

Salutiens bBeyvond copper and low K Material innovation with traditional scaling will no longer

satisfly performance requirements. Aocelerated design,

packaging and unconventional interconnect innovarion
will be meeded.

Process integration Combinations of materials along with multiple technalogies
used in 5ol applications are a continued challenge.
Plasma damage, contamination and thermal budgets are
key coneerms.

* 45 MR oM

BAEBIOF RO OF AR ICB DN TRERB-ELRD01L, SHEOHIE THDH, £t %72

"“ﬁv¢/‘/1‘%iﬁfzi\/\°5’~‘/ Ty F | BLOEHAGZRE ZHI 72BN 0B e D, ik K/ 7
F = AL R THOITIE, B IE S u\TRcwt%jt%im<7n74~/w> IR/ R
T5Z t;‘rf%m\o_0>ot9f£¢/£ﬁﬁﬂ1ﬁﬂ%;—zfﬁm“ét TIE, TAXRIR O R EREEZR E T 5
A= OB AL BN R E AR oD, F B EESKMEA T4 TE=
B DD DOF LW E LB LD, RERTz—~EZMEH LD TAR T = — O % IR
THIEE, TOHIZB T LT m e AGI N E A OB A EZ LR TL2ER LD, BIIEORE THD
SPIEHIEIE, ZHE O Low-kFEERS CVD &BZIILODETHHME N, o FD/hEL A/R
(TAXINE)BREN—TaF LR rm—rb L~V TE A SN X IEEHIC KR
X7 ET 2D, 50 nm /—RCiX, M L-HEICEEE (B ORI ILHE2E) ICE> TH KM
HWRT DD 28RN AL EITRDHIELZ 2D, CuX Al TS &t ko oF
DT ~OEHABPERINALEOLEE DNAN, Za— S UE R IZOWTIE, RE HA VB & 5 F)
LB =R R AL EICRY, ZFRICEsTEMRZD v R BT AE B IV TH
TeIRREN R AETHZENTHEIND,
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IMTHEDH /N B EM A~ oG Rnanb, v - Fy 7RO ESLRIED DO
EFBRELBELT D, TANTME PG ICKREWVTZRREDD THEW AU IR LTI, K/
STEORENLE LR D, LT2Bi> TR OF v 7 OSIBITHE HERBL B L~ I0h IS TE LM E
FEREZERTIIENLETHL, MEICEHTLIZDIENORBELLTT, @WEEE TOEI L
R AN MR E ORI E R E TN,

10—4 fRPFRERM
10—4—1 FERICETIBEEHES

FHERICE T AR FE A (X 30) TliX. 1 2255100 ETOMR LW B RO E KA B 24
LIV Va—arimliz, 22T Ln k OEIZ A VZICK A T B GEICELCEYLE
LD THD, FFROMROEMICHA T, FERICEH TS 3 >OFEREEZTH T 5,

1. A[REZRBRVEFEE R (k) DKW BRI B OB B BLOK &
2. AEVRL SoC ADARERIRVFBEROE VFBEROBR B BLOK A
3. Cu/Low k BCRR LT 2B 2270 D F 7= 7235 AR EL

INEDREDIH D 2 SDOMEIFFFELIERSN, Ya—TarPRRESNTNHEIAT
HDHI. 3 OODOMBIZOWTIIH R B IO MEAL DB ICH D,

BB RS K> T B LD BB OT Wy TV 7 a2 F D7 O i ik B 3R (High k)
MEHE, 130 nm /—RIZBWT SoC BLUORYyIDT T Iy —varilBE AShdbD LB bid,
B 2B SELEBRIT FERPERBICELINRNZE, V=R DRnZe T a2l
AR AN, BROEBME LOR G ThHDH, B REREEL T, BBk# %/ dD CVD (chemical
vapor deposition, (L&) OB BED LN TVWHEN, L T AI=y L% ALK G MIM
(metal-insulator-metal, & & /#fiizik /&R )2 Ty 1 DO EFEMELTEITONS, &
o B R A2 A 95 BST (barium strontium titanite, /SY7 A« Ahpr F 7 L FZ 5 —h) 20 %+
BIDIZE, EBITHFENLE THD, BB EMEDOAEY =L A MME., PZT (lead zirconium titanite.
o a=yheFHX X —h)R SBT (strontium, bismuth, and tantalum, AhBF AL ERAVA X
YEANDALEW) RE BRI mERCE S LIRSV ERE DB E A TOMF B R B 2y L
T %,

Cufd#R12L2 k 3.0 BN DKM OE A, 130 nm /—RIZBWTThrEEbNE, 2D/ —F
TOB AN U7 B AR BEM BHEIBAE | LBy s A L CH0, CVD IZXD R FUIEEL 715 .
AR~ —  BIOEM K FZ S LEXR A (inorganic hydrogen silsequioxanes) 72 E 035, Hil
FE.HBICBNWTL, 2o F U7 2T % OT v TR AXTAE—ary, TP E—va
EWST M ORISR T o AL A ICE S NRY THN TS, Cu/Low  HiEoxzLrhon~A7 1L
—IarEoNNy =T 7O A MR, FEEESNTIWRY, Tet 20K a AN G
HIZEY, BHEOFERBIOT AR E A INLIZEIChdbOEEbhD, FEEE 2.5 R E
THFF50I T FEREM B OEELZ T T2 E X, ILE2HITTEELZ T T2 0, HH0IZ
TR (TR RI~—)EBIMTHIENLELRD, BFOIZEAEDXAT D Low k 4t i i & I
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PR B ClX, 2L ZFRE 27200 R ED LTS, AWML JLIRIX, YA XDHi -7
NS AL (FLO R ESM THE) O E Ry NI — 7 THER S D, £ LR THE L7013 B
TRE ThD, FHARRNO, MR BRRIRE ., “fracture toughness” &V o7z F BRFME 1T, B FE 1T %f
LCEARICELTHLRE TLOEIL LAV, k2.0 BRBEMEIOHK A 2 HEICTH720IC
PO TH F M A M BMLE IR EE b5, %ﬁA*%if@%/J\ﬁiﬁ%%%%%@%@%f:
DIZIFE,FEEONITHLNEITA T —DBRE LD, ZHd, Cu AT =yF -Aby 7 N—R-
~YAZ T TV —ardOl @ Si3N4A 1D Lowk NUTH OB R A HEME T LR &2 D,
Low k i BRI Bt DOV 2—2a OB IZELTUL, 2K, =7 - Fro 7HEE . HD0 20
5 AR I ANDLERDD,

RRERINTWDIHIZRE AR T NDIH | FEERICK TORMEDEmLOVOITEMHE THD, Si/Si02
BT =T HAROMELELCTEH 9258 413, CMOS 12 & LR E TORESC A\ F—= 7%
TR lcn 22+ R Z oNDE97 a2 BN NLE LS, R~ — - 2T A TIE, #hif
R (AR E>0.5) Z/NESLTHEDIC, AL hFARND R XM B AL E L5,
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First Year of IC Froduction 1608 2002 2005 2008 2044 2014
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k=25 — 6
EVD Ta L0, | | } High « dielectric
MNaw matenals tor metal-

Insulator-metal capaciors

k=25

CVD doped Ta,0, | |
0 k-a-5
PECYD SIC | |

S

. T Diglectric barrier /
Dopad 510 , for barrler | | atch atop ! hardmask
application

k=34

Fluorinated slicate glass | \

k=30-32

Hydrogen slseequlosxans :l
bype

k=25-3.0
Spin-on arganic polymer | |

Spin=on Inorganic dielecine | |

CVD carbon doped S0, | |

k—=18-2.13 ntermediate dielectrics

Relative Permittivity ()

Heroge
Surfactanticopolyrner
ternplated Si0

Fluropolymer [Tpa— :l
2 Parous Si0 , | polymer Oiptisss
codmpoaite
Porouws CWD carbon-dopad
S0 .
k=15
Porous dislectrics and air gap J

OPTICAL DIELECTRIC
Spin-onfCVD (higher loes)

FERROELECTRICS
FWLHCWD FLT (=l plicm 2 |

CVD 58T [ ~20 ptom =)

I:I Dt s bn prissevl 1 v vy I:I Ou sl alionPre-Productisn
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10—4—2 BKIZE TR IREHM

FARLAR T, TARIE & OEBRICES> TT =< ARHIREN TV MPU 28T, 220 nm
DA /=R THASHIZ, WICH ZHE M 32/ ELTELSoC BEXLNDN, ZTNH N T H—~v
ANE D E L7259, DRAM Th | fieh i O AEY THE Cu MU FE LD THAIN, D AR
E7 BB ADRAE LAANMNIL > TIRESNLII NV TR=a =20z f g LATITKIRELT
PVD (physical vapor deposition, # B 7% 2% ) 7213 iPVD (ionized physical vapor deposition, 4
VW BRIRAE) TSIV TWDN, 8 O K TE 5 TiX ECD (electrochemical deposition, & 41k
FRT RPN DI R TOHELNTIETHD, O =R VT I TA4T A 2T
Y TRRE = TR ARE I SITWDR, TR T IV A =0 <R i 7~ D P
WO EEODHI LD, ¥ 31 B,

First Year of |C Production 1009 2002 2005 2008 2011 2014

TiN FOR HIGH A/R CVD W
Long throw PVD, ionized PVD, CVD | |

TiNFOR ENHANCED Al FILL

Long throw PVD, ionized PYDO, CVD |

BARRIERS FOR Cu

CVD Ta, Tal, TaSiM, TiM, TiSiM, W
WSiN

Long throw or ionized PO Ta, TaM
TaSiM, TiM, TiSiM, W, WSl

Elaciraless barmisrs {CoP, CoWF)

I gitu diglectric formation modification
Metal dopant surface segregation
Zero thickness barmisr

BARRIERS FOR ALTERMNATE
CONDUCTORS

Barriers compatible with cocled
conductors

Barriers for RF

Barriers compatible with optical
transmission

Barriere compatible with conduscting

polyrnens
I cccorch Requined [ oo veicpment Underway [ auasficaticnPre-Production
This kegerd indicabes the lime during which research, development, and qual Boation'pre- prodeciion should be laking place for Bhe solulion
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B 32 [ZR T I ANVT | ma—s VA var BROMEAR O R B 1T, LR SN -8Ry
FRIZH LT 2004 FETHH T&E5, ZRLEOHAVICEAL T, 7AXRIMNED IV E WEF T2
T AN E DAL EZHE D D — 7T, Cu OEBIEPLZHE R MR L TO<SEWI TR A 72 L
TWKTeOIZIE, L Tar 74 —~< A2 U T TE A0, il O Cu A B il D BF 58 LB 78 23 0 B L72 D,
FERMBBEORNT, RO T 7Ly T RAMNV EyF a2 T5D1% DRAM Tho, D 7e<Ed 100
nm OFEM ) —RFETIE FL T AT U ETAI=ZTAS S RENME R INAZE12725, 130 nm AL T
bR M IR B R TH BN, B B 22 5% ) D 720 Ik R R 7o K B 5 E ORI E TH B, A
By e F X R ZENEMHE LT DRAM Oy 27 T AT L, v — R~y 7 ORI TRLT 7V
v T THY, FERNTIE T L T B ERNH D, SoC 1L, Fo I AR Tear T oY A4 %
D D B & 1 %L T 272D MPU XD 2 <DE B L VA H 3528127259,

First ¥ear of IC Production 1988 2002 2005 2008 2011 2014

HMUCLEATION LAYERS FOR Al FILL

{Enhanced FVD - long throw PWD
onized FYD) TITIM, CVD Al for Al fi

MUCLEATION LAYERS FOR
CONTACT FILL

{Enhanced PYD, CWD) TiW for high
AR CVD W contact fill for DRAM | |

Other nucleation layar for high AR
contact fill for DRAM

MUCLEATION LAYERS FOR Cu

CVD Cu Seed for ECOD
Electroless Cu Seed for ECD
Seedless ECD

Enhanced PYD Cu seed for ECD
Enhanced FYD Cu for PAYD Cu f

CVD Cu for PYD Cu fill

Alternate weiting layers for PAYD
Cu il
‘Watting leyers for high pressure
Cu il

I F:scarch Requied [ bovelopmant Undarway [ Qualification®ro-Produe Son

da s tha | during wiazh ms L ard qualfcaton'pns-produ 1 b laRing ploos for e SolSo

32 —a— U A a2 B AR P 5 A
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10—4—3 HEKR|\ZEATHERKREH (=100 nm)

a2 OBRERHT2527 707 —2arOldlliX, low-k FEKRDOM 2IDEVNE LS 554
VI AT (W) BRI OB N ME LD, AF I hF ¥/ % DRAM @ 100 nm /—F TlE, =
YEIRNDT AN RNENE 13:1 127200 DL TR IID, ZO LD 7 A B3R 2 7o 3 T 58 45 i 138
B S CIIFEEET, SBICE ER CVD W X at Z20MF 28 B % 2320 3 Th 5, Long throw PVD, A
F 4t PVD, BL O CVD {[ZLD Ti ° TiN &, :@i5f£%71&7FttﬁﬁE0) CVD W 7atADa
VHEINBIONUT OB AR E L TR B HE DS TV D, [X] 33 13, R IZBE 32 M 5K 6 4l
ZRLIEHLDTHD,

BUfE, 727 V- &~ DRAM BL#R O 72 O AR O fif Pk 3R g i &L T & BE e ALKE A 295 D B
B MR DH BTV D, PVD Dtk # (long throw PVD, A4t PVD, BLUZED > PVD) BLD
CVD IZLD Ti ® TIN N7 BIP=a—dV o vab - LAVIE, VT4 7 LAY ELTD CVD
Al LEBIZ, ZNHDOEER Al LA T B EREZ A REE T HHE K LD, ZNOOE I BN AE R IZH 2
B RAF M COEIL, KD RIE TSNS W F'F7 /Al Bl & O E DI, & a AR
RT B ADOBEHESEZ B LR PO L TR T uiE 7267220, MPU X2 SoC LA EIZ DRAM Tl
BE MR aA NV a—a 28 A 35280, gl & EHEsns2Lic2 b)),

Cu IR D=0 —#d ECD itk #ix, AR BN EDSNL TS, IVEWT X
NI DT 2T N F v M OMAZRRBIZT 272010, 28 | B ETE . Ay XK OB E»
BEESNTnD, 70 —XR =7 DAYF IR F R AT AT LML T, Ay FREZHIH L TY = —
T ATEE LT DIENRFE TEDMBEI N/, 180 nm /—R Tl Long-throw PVD KLU
At PVD 1L Ta, TaN, TIN(BLOZNHOM AH ) IZLD Cu HOANY TR, FEERIZAEE

SN TWD, TOMD Z R BLO=0ROE &K (PVD XU CVD (ZX% WN, TiSiN,
TaSiN, WSIN) & | < Tar 7+ —~< /b EWHINUT ~DE R &l 72 TR K ThoH, NI T DO
= — VoA ar L AVIZHE LT CVD RO E A H I X, 2 7+ —~ VT 45 TX
L2, CuTaT L~ U7 O PVD Ok #EEICKHLLE 2 M THD, £/2. ECD O —
RebA¥YDar73—<I74DRELLETHD, PVD Dk #ESL CVD, HEEM AT M IZ, VW
NEZDOTD DR KEMEL TR B BE DL TV D,

B AR O ECD L DH A T, M 727V T 4 72 P IRITA W T, 85725 @ 7 AT hOFL A
BETHEDICHF I ED SN TS, ECD Culx, CVD, CVD/PVDMLIA, BXOE E7u—Lo
T a7 X< HOMO CufliA il LH A L Tnd, £72, CuLLdh Ot D& (R4 1 28 0 %k 52
ERRDMBEI RN, 100 nm /=R TIE, ZNOORRFEOKVIA L EZK ZT2OL | BEE ¥
(qualification) BB A I DT EIC72D, CVD HMTICKDE K., HHWE low—k OFEMEZ in-situ
TWHELTIEM L. Cu OFF B AT DR DX RIZIRDIEAD, CVD H Iz kb Vwar 74—
~ VIR JE U T UL, Cu Fm 0% i~ D& B IR MY OJEH EHT 12X > Tin situ TR R ILDHN
U7 EmmEa T5THA), ALD (atomic layer deposition, EF+L A ¥ - TAHRY M bEWay 73—~
NI Z T R T 2B R B THLEFRFIC, BRI D aF SEROHECHEELAVYEFHT5
MBt =P =TV T~ I F v A T 56D Th D, @/ /U7 (CoP, CoWP, ZDfth)
DEPRIE LS F D/ Ny X—=2 g L TR AR THDOIZENEITESNDNB A 720, 100 nm /
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—RD=a—JVz A ar L AYDORPFREMELTE, CVD Cu, BEMREAYX Cu, NUTRMOY
=T AT LAY EICEER R T5Y — LR ECD R Fbhb,

10—4—4 HEKR|TBEY I 22 K A (<100 nm)

Cu B #R 1%, low— k OFBERELILIZ 100 nm LL FOMARDOENR /7 —RIZHWT, 5l & Hsh
X9, L R DR T =<  AF R ZW 2T 72DI2iE, 2o Bl TV a—a i T
IR+ THD, FROBARICE THMBE O OIDIZiX, HEHyr—Y 7 TOSENH
DB R T ER DD,

ANUT/Cu BIRDOFMETHD 2.2 p Q-cm EWVIERDOENIRTL ARy V2K T D ENNE T
HD, WHEHE TEIE T D70 O R ER M L T, Cu OIEEBS 1D H KT low—k # EBED
WETHZETED, CuNUTEHIBR T A5 ENDD, HDHFED low— k 7% EMIT. TAVHE K238 1Z %t
LCH 2N UT R R T 72D E AR EBREWIANIT ~ OEREZWIZTHDERD5, 1EKD Cu fid
PO ZSIHIZ KRB IR T 2120T, Ty 7 OMEREZ T IFHZLICE-oTRITELN, I
$0E H FTRE R B R E R O HEZ B M ICH R LIC DR B0 H LR\, & DIED O iR R R
B EL T, 3D T ARAAARA v T /A7 F 7 ORE, BLOKEMRBZETHNDL, 2 b0
DR RBEROA N ET 20/ OO R ETHD,
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First Year of IC Production 1685 2002 2008 2008 2011 2014

W CONDUCTOR
Lowr temperature W conduwcior |

CONTACT FILL
High AR CWD W contact fill for DRAM | |

S

Al CONDUCTOR
Enhanced PVDICYD Al fill | |

Cu CONDUCTOR
Sacond generation Cu ECD | |

Third generation Cu ECD
CVD Cu

CVOVPWYD Cu f

High prassure Cu fil

i

ALTERNATE CONDUCTORS
Cooled conduciors
Superconduchors
H:

Optical
Other conductors including
polymers

ELECTRODE CONDUCTORS
Materials for metakinsulaior-meta | |
capacitors

I Fioscarch Required [ Dewolopment Undenaay [ cwsalificationPro-Froduction

furing which ressarch, dese lopment, and qual Hoad onipre-production should be lmkdng place for the solulion

33 EARIZBE I DM TR SR e Al

10—4—5 YHALIZE 2R K ERM

B 34 R T IC AL B T S E R BB RO E AR O HALE IO E i LD,
CMP (chemical mechanical planarization, Z73IH /L A =H)L - FF V¥ — 3 )i%, TAI=U A
FOWRDERBER) Y7 HDOVET L AZVE M FEIE DRy 7 OELLIZHEEILIT
bfEHIhL2bDEE b, ANy T LAY ZDOM O A EWITK LTI AR « B OEERY Y
TP LIRS, DRAM D7 T9 2 a2y T O XD RME R F v /32 2 — W& O RIS ROIR L7
B DAL 1L, EICH RS DICRDZERTRIND, 7TV - ar T U OJR ZITHL R 1T
T 17uETTHLR, FFROMR TIIEZLBIR 2 WD TL2DLE DN, TAI=T L Z
TAT iSJ:U\fEIEJ@ﬁ"?‘/‘/O)/‘kJ‘y‘/‘/ﬂ F AR DT BB A THEFZE S 528127259,
MR k FEAROH VAT REALSEY —RWHE FEAM OB FE I AT TV D,
¥y F 7L CMP &@{ﬁ)ﬂ WBAR DHAHVEZ 1L, CEP (chemically enhanced planarization. {1k
FHICHb SN T T T IR —var) LEFKSND, CEP 1E, COO K& & K M AR I 12kt 3 2 ff L7
LA DR DD, TLI7hay =2 7 Eo T 2B MR E 255 EIEL, ZOPLH CEP Ofi
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BEICA D, FrH#EM O Z M RWVE AN $572DI121E, Ty 7R 8 o7 v A # 8 i 2 #
THIENMELIRD, NE— R AFPE IR, KB@%@E@Q@@%J}: EEBITIK KRB E M E Th D,
TPETJ:/\C’?“—‘/O)?%‘)VV?\ BLOEE XY —HOza—rarid, RC DIELOXE24A LI EHT

CENRICI Z DM E RS D, FRINDT Ay Tlma—Var 0¥ —7 v NiE 46a EFE 46b
IR LIZEBY TH D, 2005 FIZIToo—TarOF BENErELoTNDHENIZEE(?)  REFEKIC
OWTESMICHIETILENDLIEEZRL TV, (2O | OB T7IT)TlE, BEKFEShL T
DR TFEIXEEAETFE LR,

FNEFNDAZAND T FTFIE =gy — L (a—F)— F—bEXL HEH.HB(E. BIOZED
) IZIE, WL EFEEFTBHY, TONRTUREEZTENENOEMN 24 T2 081 H D,
BT 1 2DFA7 D CMP TTRTOF —RAITH LT 55512 F 500, FiLlbE 2« D4y —2R|C
JGUTER A — L Z2FE R THE0CT 00O TIL, WERE RO — 134280 TV euy, |/
SOOI B S OBEE 2K 2 - FHALY — VIZ T T RSN TEIWDIL DD, KEH DLk
WA 7 a0 T, :le\fU‘yMﬁ/?éﬂT%)J%T%V%&“V~~‘/a‘/ﬁ§5f§‘ INDHZEITAD,
FRRIC, 7o A%d B EH 4 5729120F in situ OB E FESLTURKR A M, CMP % & I2HR Y A
NDLENH D,

CMP O AEM 1T, Bl WXV OO T avANLDOE R ZH 2L TP ML E R’ H D, Trn—Ta,

TAYY T AT T T :Jﬁsottﬁ/\%ffww%‘f# ES 3 T NI (i3 s A DMV b g = AN S A AV T
INHO=—X %l 72OI2iE, LIZB<DHNEY — b Ny R AZVZ[ERFICH #EL ThIZEN
VE LD, ‘(é%ﬂﬂ“@nxb%ﬁ BT HZEbMETHD, xR v AL LTIV —2ar OEH T
CMPHRHWHNDEIZRDD T, ENOITIE UTo Ak 2 28 IR 2 x 7 AT VIR T 07 B m £
STWD, AZV /L% WE O R 2B DWW T BT 20 BE Sy RIiL, BEEY 2R DT O T
DT T/, Tt A E THBE R A Y Nl 2 72 72 51k Th b,

CMP % OV HE A Ik 327 BIXH I 327255, Ry v T LIy = — b AT D5 1 05k
BLTWAH AR ETHRIC, BRSNS =V OB EZA U TUIRLRW, BUE, #A4 7 DR DH N
ONDWEE IO BEREDLNTND, TRODOWEEETITWTNE T I AT — #BF K
HORLOMAEDLETHD, T RO IE, &R A4 OFL —ar ki OREZHMEL
TIMT 2LV FZ M E O Rbk L TITHOM ER DD, OO E 121X, via/trench
Wi C—RAIEA SO oHL8B AR E ENd, BT, ZEAT L TR MR s 8
BIOLERDD, £, BED OWRNEFIE 525 ECH Y 2B 55 b5 Skt #EL T
PLZENRAIRTHD, WHIFARELWDIT, \BEICAEREEY (LIT Cu REDERE) DAL
& BRI 255 CMP 7k A% % it 52 ThHoD,
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First Year of IC Production 1999 2002 2005 2008 2011 2014

PLANARIZATION TECHNOLOGIES
Chemical Mechanical Polishing [CMP)

Chemically Enhanced Plananzation
[CEF)

Other
PLANARIZATION TOOLS

Raotary : |
Oirbital |
|
|

Ellipsoidal

Limear

PLANARIZATION TOOL
CONFIGURATION

Stand-alones planarization and clean

Integrated planarization and clean | |

CONSUMAEBLES ENHANCEMENTS
Controlled selectivily slumies | |

Slurry-fres procesa/abracive pads | |

Low defect deneity pade and slurries | |
for Cu
Oither

CLEANING TECHMNIQUES

Brush

Spray | |

Imimersion withfwithout megasonic

Supercriical Z0; other fluids

Menw chemical agenis

I Fcscarch Fequired [ oevetopment Underway C cualifcationPre-Product ion
This l\:‘?:ndmm:m-; 1hiz 1hmz durng'nmch ressanch, devolopment, and qualfcatonpro-prodection should be |ﬂkﬂg placar For tha Solul kom.

34 AR RE 3 D ME O R A

10—4—6 =yFICB AP B

B 35 1ZR 59, MR E O RIZ T T A~ = F 2 71X ITRS O T A8 H] ] 238 U Tl B AR Af
RTHAHIANTHEIZEDTeo TZ— VR OREEREIFEL THE S TEA BT 2ERETD
BAT DAy F 1T, D 7Kt 100 nm £TIX DRAM T i Shab 0L Bbins, £7-8Ed#t
EERALEeYy 78 TH, HOREMEHEINDGIIENE 2515, DRAM @ 100 nm BL W 70 nm
Bl —Ricxt 28 T AXIMNET AI=U LRI O RIE =y F X, b THREICRDZEN T
I Y = A= T KD I 2R BH R B I B LT AH, HHWHI T ADHL L T Contact/via
TyFIE, 50 nm ICETIRTLIEDN TFRIND, ¥~ v BEORT a7 A v B R, # 8L
THEHIbOEEbNnD,
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TP ORI, TAXZ DB K a7 40— L Ol E N>R I+ BEIL. =
F MR EREEERITTENTHREINS, RIE IX, 130 nm HHVF 100 nm H7-ViZ2Z D ik
FRHTEEDNIN, TNUBIZLVE LRy F o 7B 2T DIl @m B E T IR~
(HDP) Y — )V WL B2 HH, Z DR 8 11 7B D0% ., 1E fe 72 ~F 5 Hl S LA BOM T Rk o sl =
Fo7 BEXOTAXINAR A A S /DRI A Ty F U7 H il Tho, ZILE M BHEIEICE
IR 7272, =y F U T HAMT OB B ICEL QIR IR oG N gL s, =y F -7t R L, B
K AL FEH BEUOWBEZ A=V L TIRLRN, 2078 70 nm /—RTlid, HEE—LL
VCIHIIRFLNWT B ARG LR D — DL D, X~V U BERT 2T A v UM E . BLOE
AT EL T AEND Low-kB X High-kOF M 2O T, HrLWZy F - T a2 0 85 L7
Do LIEBoT, 2Oy F U TRRITOBERBIL, o— R~y SR RS ERMEEBEOF BRI
REFEH 2B DOE TTOLERDH D, Ty T 7O HE ER L EFIHAF| L LM R R
ATV T o I 5 2B Tnd,

ZwrDFIEIE RO T ARV AR AN B T BIOEDE OB O Sk BEHE 2D
TLXY), A Low kiZ EROZyF U TN —R - vRIMEER W BBEEEATE T T A
T FTHE P T av X I ETO myF U LRI, FRFIC7 A N VCARNER ETH2E
MDAREIC/ D, (RLRIAMBR DA TIX, TAXIMNEDO R EWA— A EIZB W T Low-kif B K<
MBI EDONIT %242 T2 BRIE SR T2 ORSZENF I TERWIENRE 2O, UV
vMLE  ITHEBERAROEHZEDZOMDOTFERENTHY, M BEIZRDRIALDBDHD, %
LEBRALIECENICEEL: Low-kM BHZR L Tix, (R FBRELTOKEE T TAZHE A LIZLY
ARBRED L EIZRDHIEE TSNS,
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First Year of IC Production 1909 2002 2005 2008 2011 2014

METAL ETCH
Enhancad RIEMHDR for high AR Al

RIE/HDR for Cu |

Elecirode matenals for high ® | |

DIELECTRIC ETCH—CONTACT!
VIAITRENCH
High & materiale |
Flucrinated silicate glass — RIEHDOP
H5Q - RIEMHDR

Organic — RIE/MHDP
Carbon-doped — RIEHDR

Parous crganice — HOP
Paorous SiCy — HOP

Parous carbon-doped — HOP
Paorous PTFE — HOP

Porpus k< 1.5 - HOP
Porous k< 1.5 — reducead
damage'distortion

RESIST STRIP

Chemical downstream
RIE

HOF
Mon-conventional

POST-ETCH RESIDUE CLEAN

et

apor phase

Diry

Suparcritical fluids

I foccarch Required [ oevatapment Underway [ oualificationiPre-Preduction
This kngerd indicales the lms during which reseanch, devedopmanl, and qualficaficonpre-production should be taking place for e solution

35 ZoFICE T A LRV a—Tay

FkOooF U THMOBRRICEELZRITTEOMDERLEL TiX, ESH (Environment, safety
and health, 25 . M BIOERE) ORmPLOE R BIREO=—X B HNOLDE R DU
TNELHE TEAIIRF Iy TF U T HAOEBENF TS,

10—4—7 1M

H<  EETIE ZDORR T BEATO I AP ANR EREDR OB O T ENE DDA
MERSHD, BHEBEICHOONLIAHRIERFERME Oy T TICN— R~ R BB FE 2 AW
RIATyF T TR EITHIE, N F AV Z I BT RED Ty F U T ERRFICT + VAN fR
BT DHZENTREICR D, RIARETNT T, TAXT R DR EWEL 45 O 55 & 2R BE 080 il
MM BB X ONUTHMEHCHEE A5 27 BRESS =T ANV ERORLIZDIZIER+ 40 Thd, £
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LEBRAL IS DK EE B R B N8 A TEIE, SIS R DM FE LE A LR E T nr
M TEOWMEELDLD,

SRECAR B AN 13, BE AR OF B2 M NI E LM EEED08, 20— K TH I B, 7atxo
WACEEMECHETOH S ESERMEE R EIED, ST VarCmib ¥ o 25 5 12k
BT oD IR — IR T DAZ O RS ETeDIC& B (Ta X TaN 228) DV ITHE
&Y (SIN R SiC 728) OILH ANV T CTHE TIHOMLERH D, iz, CuDILEIX, T AAMAREET S
@%QC%D/E:\/)?:@E%%FHﬁ’EE%)EEﬁ WL THREURESINDTZD, TAAADE YA 75 k%
PRAET DI DITITIE BNV T NERE THLZEN AR A R L7022, /NI T OJE B34 %0 H BT 20
BIELH-D ﬁﬂ#ﬁfﬁm@‘ﬂﬁd\ CONHELST DIV ERNDHT-O OPLE L I IXSBIC KR ERFRE &
D, wAEBIIZTE BB )2 EBL 35720 O 72728 O A B (b £ 1 &> 5V 1380 o 5 8Os 3 A it
PE & A 2 T2 MR A B 3L B L7025,

HNET N I=T LT R RO RE ISR B EE DT RSNV, LIeR->T, REILE AL /b~
ATV —arBlRORERERIRDIENTRINDLO, FmMMEHEMEICREREEL RITT
eI D, EEARR DD O OYE L ARSIk 3570z, EICE T R SRR 2 OB DR E L To
M 04 B N T ORI TR B R ONE R ERMERF T AZEL R AT R &7 AD, CVD BV
FLTZE DAY T BEON —RE X, AL IZIE R IS TED—HF TAU T 7 —vailBn e
IR E N E T DA EEME R D D0 B X OFL 1A L CVD/ECD Ol A4 ¥ T ik L8
HWEOWE 2T L ER DD,

T XA AN RE D[] _F AT B 7 T 7K AR AR T AR O N B R B (SR> TIE A

D07 RO T AR R DR T R RN OB BLm M DR R B
[RERDIE T Vo EHMEES ﬂ:éﬁééiéifﬁnﬁ%%?&t%@‘ ﬁaﬁa}$ﬁﬂ@ fis Y 70 BA
BRI VO TEIBRACIEA B D 3 53D 1 RiGLARL @E S OBRRIELED LA B
L= rha~Ar L —var KRB ORK LD, %f&\1&$%$$E*4@$%L®%ﬁiﬁﬁﬁﬁf%ﬁ&b\
N B A R ELT D7D, Fiicp oy =Y 7 HEMRIC 2 fEH 5V I3MA R L /1K E
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Key AREAS SLMMARY OF NEEDS POTENTIAL SOLUTIONS
Mew materials Measurement of dielectric constant Extend current capability ta
at high freqguency =40 MHz and develop test
structures suitable for <100 nm
nodas
Fleasurement of pore size and Acoustic, ellipsomerric and positron
valume on low K insulators annihilation spectiosonpy
Contamination monitoring Rapid TEXRF and VPR DSETXRF
Verify hydrephobicity of porous Infrared measurement of waler
lowe K materials content
Dimenslonal control Contral of planarization processes I sit sensors and profilometry are
for reduced dishing and erosion poiential measurement
salutions
Contral lew k thickness and Spectroscopic ellipsometry
uniformity
Mspect raties Tor fill and eich O contral of dual damascens Develop modeal based CD
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IXRF—total X-ray (luorescence speciroscopyy WPD DSEMTXREF—vapor phase deposition droplet scanning etch

549 B OB E J7EICEE A B SR L P 5 i Al

10—5—3 K& DK

B A 85 P OB AR B B DB Iz e b e, B DR B A MEER T D70 T R A LR R 5
fir D RBME LD, HRUEL TR H#H 21T > T, L TORGS DR NZHER 57201
X UVTNAAALTORMGOBRE ., R oETERIND, BT ALK~ 1 i I Af
BE 32K Malx, SZ—2 I TENT=% 8O Low— k #a i I o < 23 R 8 L7205, 5 Sk o fic i
WA AR T HIOIIE, R UK MR T2 F L7200 ¢ Rz, 58 328
LW S B L7 27255 (TR Ma DRI ) DE S ),

10—5—4 WE. T2, &F

B AR E AR ICBI LTI, BRBE . 224 BIOMERE (ESH) O T B OFEE A EL2) (£ 50 B,
U, MEREE e D F v S TER SN D H M B (Low— k Mok L, High— k #t ik, Cu 20741 B
7RE)RL, TR (BEACFENREEE, CVD ICkD8 B /MO, Cu//RY 70 CMP, Low-
k /high- k DTy F/TEHERE) ZREHRN—ATHALIIET 28 613, ESH (T T3 F8 R
B 25 822NN EITRD, CMP DRZYRH O & KA 5 0 72 iR A O JL B LU A 7 v Ty
%, kRIS L TOKB E R DD, FIA L BV vy b at A3 hb sl Shi s A shsZ
CNZI2 AW, WY 720 Te B THI L T E RS D, F LA M i A 8 08 A S ESH B
HINOLOFEIZMDD, vy b7 a ATk 28 R KM E LTI, 3 D close-loop il fifll &
WRNEZSND, IFRD Low—k #EfEBE L CVD ICXDAZINL /N T DR E T L7258 LW
B, FU =Y BIOToBRZHOWTH, B ORWEE T ESH OfEZEZELTA&ICAZY

[E R e A e — R~ w7 1999 4ERK



—=U T T HNENDD, ESH
AR CORFYE M REE R E
DR ETHIENMLE THD, Tz, ERL T oADK H
U TR SNDILF W E B FEY (DAY XK, CMP DAY

DM E NS,

IR o e ET DD

fe. R Bl o E
W /v 7

KEY AREAS

SLMMARY OF NEEDS

FPOTENTIAL SOLUTIONS

Advanced metallization
and dielectric
materials

Utilize lowest ESH impact deposition
Priscessos
Increased chemical utilization efficiency

Use lowest ESH impact selvents for spin-on processes
Develop “sero waste” deposition methads

Identify ESH issues with CVD preciirsors

Develop safe precursar delivery systems

Develop emissions models for vapor phase systeims
Urilize lowest ESH impact process chemistries for CVD

Impraove chemical utilization efficiency through endpaine
detection and rescor design

Planarization

Lowest velume of chemicals and water
used and disposad in CMP and post
CMP cleans processes

Lrilize lowest ESH impact chemistries
for CMP and post-CMP cleans
Processas

Low-energy and low-chemical
cansumption methads for removal of
Cu from wastewater

Water reclaim and reuse

Decrease amount of slurey required for CMP

Develop slurry recyeling methods

Develop alternatives to slurry-based CMP processes

Develop non-chemical consuming planarization methods

Reduce water consumption

Develop more efficient techniques for post-CMP rinsing

Develop water recycling systems to reuse CMP and pose-ChMP
wastewater

Develop lowest ESH impact CMP and post CMP cleans
chemistries
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KEY AREAR

SUNMMARY OF NEEDS

POTENTIAL SOLUTIONS

Electrachemical
depasition of Cu

Reduce generation and handling of
hazardous waste

Lawest ESH impact pracess chemistrices
Reduce employes exposure to chemicals

Extend Cu plating bath life uwsing monitoring and
replemnis himent

I:l|~"..'|-|-:|-|:| 1|-::|::|Il|-!4|.||-ﬁ for bath |'|!'|!':u-l."||~

Minimize quantity of rinse water

Develap and wtilize lowest ESH impact plating chemistries
Develap “zera waste” copper depasition processes

Design process tools which minimize exposure ta chemicals

Plasma procaesses

Lawest ESH impact pracess chemistrices
Reduce power consumption

Optimize chamber clean and etch processes to increassa
utilization efficiency of PFCs
Develap low Col abatement and recycle systems for PECs

Develap lowest ESH impact alternative eich chemistries and
chamber cleaning processes that do not emit high global
warining potential by-produces (PFCs)

Develap predictive plasma emissions madels

Manitor and optimize tosl systems (energy-efficient pumgps, idle
energy usage, recycle waste heat)

Reduce RF plasma energy consumption and develop alternate
low-energy plasma generating systems

Develap new heat transfer methodologies in vacuum systems
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