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W R B O | I8 A IR AN T AZVB BRI B CTH D, [ R BT &L T im{m;ﬁfﬁ%ﬁ
LbERBLTBLERDD,
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L3, BmPEICTHAONDM BT BB XD TN —F AR E<EEERITEBUICT T TN D
BV, k=2.2~2.7T TlE7 At uah—Rr Rivaxh S0 nds, /2 Cu L
B Ik C&% Low-k M BB B bHEME T AL ERH S, 100nm /—RLLF TIEk<1.5 OFERBHY, K
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ks,
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AL AT IS ' CMP 3 FE 3 THY . REAR LT AN FE SEIEREEZED LML E N D
Do AZNE < CMP TlETFavy v/, mu—2ab ZRBTALERNHY, Ry R HERATY —
DI WAL DN EBEIRRA LMD,
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OHZENME FBIERREL CEHEEMEEZEL TS,
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YEAR 1999 2002 2005 2008 2011 2014
TECHNOLOGY NODE 180nm 130nm 100nm 70nm 50nm 35nm
MPU1/2 pitch 230 160 115 80 55 40
MPUgate length(nm) 140 85 65 45 32 22
Number of metal levels 6-7 7-8 8-9 9 9-10 10
Number of optional levels ground 0 2 2 3 4 4
planes/capacitors

Jmax (A/cm2)-wire(at 105°C) 5.8E5 9.6E5 . 2.1E6 3.7E6 | 4.6E6
Imax(mA)-via(at 105°C) 0.36 0.32 . . 0.16 ‘ 0.11
Local wiring pitch(nm) 500 365

Local wiring A/R(for Al) 2 2.1

Local wiring A/R(for Cu) 1.4 1.5

Intermediate wiring pitch(nm) 640 465

Intermediate wiring A/R(Al) 2.2 2.5

Intermediate wiring dual damascene 2.0/2.1 | 2.2/2.1

A/R(Cu wire/via)

Minimum global wiring pitch(nm) 1050 765

Global wiring A/R(Al) 2 2.3

Global wiring dual damascene A/R 2.2/2.4 | 2.5/2.7

(Cu wire/via)

Conductor effective resistivity (z Q —cm) 3.3 3.3

Al wiring

Conductor effective resistivity (z Q —cm) 2.2 2.2

Cu wiring*

Barrier/cladding thickness 17 13

(for Cu wiring) (nm)s*sksk

Interlevel metal insulator—effective 3.5-4.0 | 2.7-3.5

dielectric constant(k)

Specific contact resistance(Q-cm2) 3.0E-7 | 1.7E-7 | 1.0E-7 [NV N DR

Specific via resistance(Q—-cm?2) 7E-9 2E-9 1E-9 6E-10 3E-10
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Technology node 250nm 180nm  13Qnm 100pm 70nm  50nm 35nm

Standard Conductor Technology
(Z100nm)
Contact/Via
In-situ cleaning for low contact and/or
via resistance

nized P'JI::I |

Barrier deposition for high aspect ratio
contact W [TiN/TI]

High A/R CVD W-ill for contacts/ E E E |
low-k compatible W-fill for vias

Other high A/R contact fill

Al interconnect

TiN/Ti barrier deposition D ovD L P"H’D |
Thin nucleation deposition for Al fill : : D. CVD. lonized F"U'EI |
[TibNb Al : |
Low-k compatible Al fill i i

gh pressure reflow

Cu interconnect
Barrier deposition [TiN, TiSiN,Ta, TaN,
TaSiN WN WSiN]

Electroless barriers [CoP,CoWP]
Atomic layer deposirion etc

Mucleation{seed) deposition

oy Vo, q:mize;d PUD,C‘J;D, Elecimc;hemical dt;epo. : |

] Ideho..WD{huﬁréﬂow),Higﬁ pressure .refluw, C"u"tl |

High AR Cu-fill for dual-damascene
Structure [Cu,Cu-alloy]

Enhancement to Cu/low-k

Other conductors
Ag interconnect

Advanced interconnect
technology(<100nm)
Design and packaging solutions

Cooled conductor

Optical or RF interconnect

Other conductors including
high-temperature superconductors or
polymers

I Rescarch regired [ Development underway
[ ]aualification/Pre-production [ ]Continuous improvement
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250nm 180nm 130nm 100nm 70nm 50nm 35nm

m | | 7
- 1a0n| PVD BST |

» High k Dielectric

CVD doped Taz0s
Other y

Dielectric barrier /
N Etch stop / hard mask

L b

SiN

SiON, SiCg, other

Si0z (CVD)

SIOF (CVD)

Organic Material % |ntermediate dielectrics
-Polysiloxane (CWVD/SC)
-Poly{arylene)ether(SC)
-Benzocyclobutene(SC)

_1 -PEMEFB(CVDISC}I Parrow
-other : : Option

Inorganic Material
-HSQ (SC)

-other

Relative permittivity (k)

Organic Material
-Fluorocarbon (CVD)
Porous Material garﬁm""
-HSQ (SC -polysiloxane (SC puan .
-xemgfel {%C} ther (56 SC_: spin coat »
CVD: chemical vapor deposition
PWD: physical vapor deposition
Porous Material Air E‘Eap He"‘_:aps“'a“‘u“} MIM : metal insulator metal
{porosity control) -Void formation Narrow BST : barium strontium titanate
-Xerogel (SC) -Removing IMD
-other -other

Dption

Air Gap (*encapsulation) Porous Material
Void formation -7 Marmow
-Removing IMD Option
-other

Optical Dielectric (SC, CVD)

I Research required [ |Development Underway [ |Qualification / Pre-production
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2—4—1 HR. . n—F~y7OE&E. HEFT8 R

1994 ERFERT 7 /ny —n—R~y 7 T, % @ Bl AR 0% B8R &5 AR D BT IZ DV Tl
DTEDRENRINT, 1999 FEEEr—F~> 7 (ITRS99) TiX. Al D22V " — 2 TE A
THIEIERMBHCHE S 25 TT, M0 ICHM b D T DRAM(dynamic random access
memory) £ fif £ Z kb T2~ A 7n 7 vty —I1ZxE THHER A I A K VIAAL TS, ZOFR N
= 2D FHM B AT ~ O R ITBUR OB A IS T D, BRI A DT, Mo 72
TOFF TIET ASARE R ZW 723 221X LY, JE=° RF(radio frequency) | FH OB # £ i &
SHIZEECA TV —var SRR M A E TR V) 2 —a b ThAD,

Bl O ENIE T oray /OB E - B G Ths, BIEOREF YT TIE 67 J80mEm%E &
FLR2ME D, AEY —Thi e Ty 7 T3 BEREBRPEDONDICE>TND, BHREORSHH
WSECTlum BL FOr— VRN Fy 7 RMEEET, AWEFHIZO ML TND, VAT LT
F v 7 (SOC)DH Tl SEZERMERR LR OB 7 my 7 & Bl # A B L2 TR b0, EH1T
T E 5 A SR B SNDBLRRAE 1 Tl 7TASIRE S 10 2 228 ECERINDIHITRY, £
DEWRITERL 2D, NOMER UL, Fy 72 ERICEDDIE RO A FE LI RE O B 3 S
IFHE RO —@RELED, ZZOEEME R E LT HIIW R RICBELLIEL TS, 20X
IRBLR OB T, SEIERFEIROAEBENZ 26, T 2R T L ERHY, & 1 2B i 7
HIXNEH b D Thole, aAN, THBREZ ETHEEBI G T8I — N~y 3B 200 H MR
b, ATREMEOHLIHEMICONTEFEHRF YL o VELTCREBLEZDT, A% IIZNLEEHR LN
HEANIERL TWKKERHDLTH A,

2—4—2 FRFT#iPAEH A

ZOFETHANLEMLM e — N~y 7 ORFTFEH LT =T r A TRONa L Z 7N LMDy
FBE O LRETTHDL, Au—R=y 7 TlEx 4 &35 % MPU(micro-processor unit),
DRAM, SOC tLT\W5, & - MITZENENEF O=—X &k > TWDHI O Bl £l 0 B A7 18 (¥
— oM ERGRETECHE L, AT LR BT 7 /rY— /7 —FK 180nm (1999 4)
7235 35nm (2014 4E)ETTH D,

MPU. SOC OfL#iEr—A /A F#R . PR, 7o — LB EME B BN TE5,
NS ERINDAEMEL CTEMELMRTEDE MR T AT BT T AR NI 2 h—% L
BoHRE 2, B ey T Bl FF A B B BRI RO FE SR (k) 2 Z2h
e TE oM RE ORI L, DRAM (B L CHRBEOHEB 22\ TRk Lz,

HOEE 2 2 R T 5720 ICHF ISR B2 B ICBI LTk, 727 /8Y— /7 —FK 100nm £ CTOR L
100nm LB OIS L, ZNZh 5 DO EKARE B IO Ttk Lz,

MR AR R T D0 OB BT . BARICEI BT 5720 DO 5 LU TAXVE T 40 B | i 5 £ 9l
5y B S HAR IR 5 B B RRAE A M B AT 0 BR S B U CRE SR 7, AR T 7o i R T D ESH,
KB BRI, BRI BRI . BT &Y Iab—var Nuhr— VU IR E A S IO IRk
NI DHT- 6D Z T TIEBL AR BT IC 8 A O E 1 A B 5 BF ~ DR F LV IH B TRtk L7z, FEP &t
BEAM CHDORTA =y F 7B, Wi H i . & /585 B AR H 1L FEP O &EICEED, AL, &



HEEENLT Ay TV TR EM B ELTE SN D70 & I il o T IZFE R L7z, CMP $#iv
X STI(shallow trench isolation)fiffi % & O FHALE I OE B IZEEH T, IWHFEFFICEH S
TWNDT =LY CSP(Fy T I ARy — DN LTI Ny 7 — iy O BB L7258 i 23
HD, FBLAR BT . ST AZVE R EHITHE K O BL AR BR £ AT O FE K TR E AR A A RE TH D AL
NoA ElOr—R~vy 7 TIIHE H Z2W D 758 Ml 250 il 134T - T 72Ru,

2—4—3 =—X_ F|EL~L

ME2-4—-106KE2-4—-6CT77/uY— ) —RZTLICEBR M ICERIND1ERE B EMHE
ARLTND, BEARICK T2 RZLVE IR 2T 272012, Near Term (1999 4-2005 1),
Long Term (2008 #45-2014 4) TOH i Bk B L OV L g2 MPU,DRAM,SOC ® 3 >D &L §,
2o L TR 70 B 2 78 LT D BLIR O i L ~L T 98 B 76 Bt B b D13 4 | B e 70 iR
DR OMSTRWEDIIREA TR RINTND,

MPU 12/ L COERMIZ, HAELSHAVWON TWEH B A =) 7 EE R A 452 &R &
LTHEY, BMREyTF | TAXIMNEZe— I E R P RIE B, 7 e — L ERRICX AL TR &2
—4—1 LHE2-4—2 ITRLTWD, ME2—4—TI/FKOT—DIVEHR ., 70— Ll B DR
PRIEIE DZEA 2R3, m— B /VELHRJE TORHR EIEIZB L TIE, R BY DR FIZiR o T2 A7
=7 (A ) I kD B 1Tt ) 72y, RC(resistance capacitance)iEZE ~D 2 3/ 1
— VB RRIC BT DL O N K EL M T, 2R ELCOMRER EE2F 572011, K, (K75 B =
(Low-Kk) B Bt D3 A 7217 Tldxt s TEX7RW, 7o — ) LELHE CORLRR B IE 248 1+ A7-D 1213V
—HEEANTHIENE R THLHN, — H TIE—ZDOE NIZHEE O, Fv 7 A XDHEM
R 72<7 5, Long Term Ti, EREFHIDIEE TCOMFEN LIRAEZFVE X 572012, To7
SHLWE G PECTFH G, BHZEM RF, EEMRREDE 7o H LT 22 i A3 3 L
ENns, 2. BER R BEDNELRDEA 0T 47 (FEEAICED) R BMEER->TLD, =
DBFE AVEITAT RN R — VR T DD DR IR RE LT A NN B LR DN T
HEnd, bz, BREEDOAr =7 (KEBIEAL) ITHEW, T XToOrryZ7E#, F R ICEBT
HIOAN—=I N K &M L7 > T<b, Near Term TOffELL TiL, AX/VELHR OB HRIE 2 H# <L,
B DR BEZIESTHEVI FERESND, ZOHEEL T, BRI O# K O F & R 2K
b3 20 BRI IE 2 <3 HZETHRHIG TED, L, BRI E 2 <35 2 & VLB B K 5T 2 6
LR T AUE R B2 0D BEAR A B E L TAL DS IL O W Cull 752 T LV R T&5,
1997 R H I L, 1999 4F e — R~ 7 Cld, Bl O & O L 4 5 72 Low-k B DK
HEFAATICELT, LA A A S LR FHEZEL TERISNLTWD, ZoZEli2kb,
JE R D Low-k (LI T2 E RIS, AT 7L —arOR#EESEHED Low-k EDOX <~
VB ~DBEANIIW T E2 5252 TVD, MFRK2—4— 8T T A7 LSI MrEIZK
ETHBELEI I —Tar Lk RE2m T, v— B /VERR Clix, BRI AE 1 K% E 35 8 AR [
DE BN LEH T2 O T AT MM VMEE XL, g . B8 Tlxz o5 23R M T 03 il
HIZRIZD T AT IR @ WIEI R R, LonL, BB LL BT AR M Z2m <L Th MR IEm Bl
Flo BB OT AT ML, A —RERED A TR, JuAN—7  FLHFRBIREE 2B EL TR
HONRITNILRB72, SHIZ, TREAFE LTI e A=V 0 2B E LT AT LB %f



RLied, PR B EITE AR TERT 2V 78N LI A BB KEHTS, MPU 13%£<
@ﬁﬂ%ﬁ@éﬁﬁc%ﬁﬁb\é AT Bl AR IE DB AT D R D KB X0l K2 —4—9ITR" T

IZ— XAy I IATIFE B E Yy F LR MK E 2 KR E T2 E X E %2175, 77 REmRS
ﬁ“‘y7h arsi'e 7‘6773/7 Vo TR /X A A~OERICK I T AT IS HIEL R g BT+
EMT RIS,

DRAM ODOFELHRHMTIZ, ME2—4—3, MFE2—4—4ITRTINT, bolbELWERE YT b
SELEWVWALHINDT AN MNEZTE R L, Fobob R LW STIESIE, RSl #E 2Rk 45,
72. DRAM {28\ TH RAMBUS @ X572 @ O AEY — 8§ (2% IS 37272012 130nm it 613
Wk D Si02 ICEDAKF BRI A, £7/2 100nm it 5% Cu BN ERSWHZEITRDET
HENnb, DRAM TiE, &l 0Bk 2358 <, Cu EMEA VWD EBNMiKE LR SE528122N
XZDEAPENDGZELHVZD, T75, DRAM Tid, /KD AIBE AR O B LILE N 5] ki
WMBEERDET RIS, Al BEEAE2Y 100nmD /—RETHWOLNLE T I, 2L, @7 AL
BT RROBL AR D LD A %L&Th(W777T§2m7‘£k)®ﬂﬁzﬁ<%]\74’7ﬁ“é LIZRDTH A,

SOC TOHEMER TIIME2—4—5. MEX2—4—6|I - TENT, MEF HDATF—LEBIN
K& i MPU SZIEFRETHD, Lo, SOC D% FFCiE, /XTA&H/?Z’M’E DM HE
KB TLHEREIRORNO TR T LLREE A =V 7 Eidebixn, Jt, Sy v & A7
IR FIEM D SOC F T O IEIC & B L2 DB E CF BEAR LTSN TS, Fio,
DRAM {B# < SOC O D% 8 FE 11k L TR Bt ST 0 AL T 7L —ay PE R E
o,

MF£2—4—1012W KO0 MM EZH WA~ VEREE O ZRT, X~ TakR
IFHE FIEICREUKF T, BETHORL TS Cu X~ — VBT a2 Tid, PVDEHWET
aR DN TAZ N ECuY —FEEZ MWL DN EZ A EINTWDN, BRDAT =V T ZATH72
(2B T 72 R WS B R BEo — R 8 D Rk 07 1 2 20024F £ TIZH 3 L uid/a b e, #iiz7s
B IZED 100nmi T ETH Cu AvF R flibnsZeb B 26508, Mk, @7 A7 Mb

WX LT, e DA BN O B RN EEZ 2 DbND, £, MR OFENN 2B L EAIE
RNTEDIZIT IV N ARY T AZ L PEREND, EBIT, Cu OoZDTHDY —Rgaar7r—~<)b

ﬂiﬁk'ﬁ“%’) EIFEVBRAE O WEL M E THDH, CVD(chemical vapor deposition:{b 51
SAH BB EE IR IS LD —R@ Ok, NV T E R DM R E NG R THIT O3,
T 2008 FFETIZIIANVT B ORSEERICTHOIML ERHLHEE 2D,

FHEABEELTIX, Near Term Tid, BEEEELL UIRFERIE, T V07V T Xy
RUBELTEEFH BRI, 512 FeRAM (23 LCFE & 0 # O H K 3 Z 12 4ui ki & LT3R
SND, ZNOLDMEFRIEDEE) | BB BRI RFE LT A/ T 7L —va itk L TEDD
Tt LWE R E2 T D L5, 72, Long Term Tl #aif B o> @& & 3 T i 5 R L A3 &7
HTHAH,

FHALOE R X~ BRI R SRS T e A E R NS CMP 134 % &b E B8l ©
Hs, CMP 2B\ Tk, CMP 1l H &L CMP % @ XK KoK Ak £ 1fF o ik fot 1) 72k B A% Near
Term (2B W TIZE R E45, Long Term TlX CMP LA O NEHAL F il 3F LR L2205 %
5b, CMP IZ2B WL, ma—Yalr(erosion: R B)RT Ay 7 &R ] /NS THIENE RS
15, ITRS’99 TR —Var T 4y ZICRTERMEDOH LHFL IR L ThHDH25, STRI LL
THEETERDP SO ARARE TIIZOHEAZHIRL TS, £z, 4% E AIN TS Low-k [



— AR RO E 359 O, T EM ISR R T R LTSS TED CMP il o
BRI M L2 D, Fo, FFR DT SAZDIR K ML IT kT L TR AR CMP 7V — =2 7 H 4l DB %6 13
HETHD,

ZOMPEHAL I, =y F ARy T AT EOE VBRI 2 >y F o 7 Hifff, LY A
HIBER I . O 72 T AR — VEDHRARNT Y F IV —=0 T H IR E OB LA 7R IHICEE L2 5T
Kb, Fle. F—MEZBEOHEBRAL . M B OBEAICH LT, 2y F /R TF Ay yarorynktx
TOX A=V ERPFAL T HZ LTI L2 T NIT RO W LHORE THD,

2—4—4 FREHE

BB DML & Ty T A XD KICKY, BEEARE LSS — MEBIEZ B [E0 | 2R O JE % 3 F 4
DI o TETWDLDIF, JAFDOERBV THD, BLMEBILEDOMELS > Th, KMEEMR T 5
VBB O RELET TIIL T LY+ Tlide, BRSOV AT A NLO W E N A 7] K Th
HZEBFEFRFICH SN TS, ZmBl# b B TR0 BRI B K L [ % 5 2 8 O 72 6 BHT
BEHFTHILIZE-T, WEPEL LD THAIREM AL XL T HZEIX A GETHY, 2O Il
D FAEIT LD O F B B 72 B AR T F ISR DR AR B 2R R % 5 > THT 2L MO THE TH D,
ZZTWVIORR L, BEAR B OEIK TR TELLDOIICRE THN, ZRETL EIZh—ZLaxbz
EEZIL VPO PR EZHE T ILERNDD,

FTH OB IL, BB TEEEM B OETIZHEIEDOTHY, Btz Al 25 Cu ~., & i
it A 08 O CVD ML 20 Low-k EICAEE $ 5281280, IR EIE 7e AR KRIBIZEDD
A D, Bl ZIE LR OB B IROM B ELIZEY Al & RIEO =y F 7 nE Rz E O =y
Fo T (v o HEEOTEETR) ~EBITL, Culd CMP T T.452L12/5, /-2 0 EOF
W2, BT ARTE DR —=AINI TR A2y 73— < VT T 55 ISt - T, Z DR 2 7]
FFLRBO AN 7 A2 B ICHE AL 3580, /L5 %2 2 C Low-k J& B # & I D Cu $LHBY (1 %)
RERMECH LSS E NG TN,

WOFRE T, Cu BLAR UL OB M THY, Ag FLAR . KSRFELBROIHIREM B HILDO D,
[B] B RO AT LD FE N REFEREITE I, ZNICE G T2I0CEMOBRETHZL10bHe
BExoNb, ERROWTNOBRLBEEMNS ., T B TAY Y N E R M T 28132, fERBEVDO TR
TLATHIIE, Cu FELARICH THEAEEZRTOXNEETHD, ) — DO EIL, Low-k oDt
HEFEROERBUIEOME THD, B, =T Xy TR0, BRI HER)~— K%
T, M ILE R A~EBAITL, k<1.5 IZADHEB BN, ZOE T3 UM B O FIZHED
Ty T U T FIEOE T FERIEE OIK FICHE) CMP HIEOE TS 2O ENHDH, ZnHDF
BEOFEAM AN/ —F 100nm BT ELA I3 1T TR E2—4—11ITRLTH D,

ZOHEHM /—F 100nm 7 ANARZED TR HDH0, 2005 FEIZHD, ZHELLRTIX, Cu &
Low-k DA T 7L —a  AZE A BEPIL, RIS T a8 AOE T ZORBE2Z T TTv 7O
B, LVDTHEE T Cu ORI TZREME] TELNITIE, HHWEANVTEEL T Cu ORYZR
ZINH TED Low-k [ERFX—LenlE 2605,

100nmbPLBETH Cu & Low-k IdfkHc LCfE S, e BEED BT OND— T, Wb MEEm
F @A) 2528 120F, B, VAT LAOEFH AR A B THY, I G T AR EIRELT



JERORFEL M EDMEHSND AT REMES H TKDHD T, ZROD MG 2 F WIF I 2255 4 L Tl &
WD, FFFLETTTIIEIHLTWDIIZ, BEEMUA BEOMML B A, XITZNHICH
WD B B OB LD A B S O R BT RPN EM Tl TRESH
LZOT, ZNUHDFTHE YA RLEHENEDRBFIZ AN TEBLIEE BN TETRER,

2—4—5 iR O EL

Ficl MR H 97 12 35 1T 2 TR 3R oD i A £ 9l & 4% B i 2 B 43 12 IR 975,

32 — 4 — 1212 AX VIR OBl Bl 28 97 %&/v&%ﬁmi\ /—R 100nm LA b THE K H A
@LEE,%%L I FE R EETDHEABA L, /—F 100nm B F CTH LWBEE Z B W CiR T R 26 R
FTHE BTN TWD, Bl (Z2100nm) TIEILZIh-E T ~DH A Z, Al B, Cu Bt
B Ol o AR R 5T 41 BF (Ag) (T K2 BB B i i oAb L. 45 Bl oo J B 23l R S, 2 &
(<100nm) TiE, B OHFZE B 5K P D IR 5 STV ABE M I L L ORESh T s,

Mo DTS LTIE. ME2—4— 1312 F A AR FERENIHLFEROMERL,
K &2 OFEIR CTHREMM BB Z TN ZORE T IEELHITHIRENTWD, /o, ZOFERHITiE, i
MO A 57 B BN CELIT B Lo T WIS ER B RS TWD, 2B R OF LW ER &
L OB K2 RAAKIKE CER T 256 bHEMAE LN, ERICHZ->TORMLEL,
BIEM SN TOBEREE S B2 T C0DiIctEw T, £, BRI BEMH 4 Nit#isn T
WIRWE DT EM M NI B EE 2 ONDEHEESI L THD,

X 22 —4— 14123 FHAL H A O 2% T Tnd, FHALEMTICBE L X CMP 2{t# L
LTEDOEM R IZET2HA ATV — Ny RFEOHEFE M BER LK OCREEICET2HA TR
WTCENZ AU L2 DH IR 226 1 Tnd, o, FF R OB L IZK I 32 CMP 125 4k
B oW T A ICRB O TR RN RLESN T LHINLH N BB CIER MR LZ VO
T Other DX HLIZEED TS,

FHAMIZOWTOBRIZBITLE FLVERBEICRE ETLIEDOORE T2 —4—TE THME
WD,

2—4—6 M OWGH B~k 17 P

(1) ESH

Co X Cu, NUTA¥ ) ®D CVD JUEN A, Low-k # 8}, ¥ H 3K OB 5T O BE 12kt 355 %8
ZOWTOR REFLFESEDIVLEDNDLD, EHICE >TORERESLEED FIERE LR THEL T
VLB R HD, BREE~DR B LA N E X FEIR T ADEIF LN TELY AT DO R W
WThd, BB REELT-5T PFC(poly-fluoro-compound)Dff M 258 N ERE2m@L
TATHVERSH D, S102, HDHW L Si X—AD Low-k g MK D=y F 7 CVD Fyr /" —2
J—=7(chamber cleaning: < Jt> ZEiF F)ICIZ PFC N &L H &b, HEMICHTADOE H % i
PITHE 25012, PFC ZH W 20y C X—2D Low-k B Mg ~DORBELHRFTL TS
AT



(2) vab—varEET b ~DEXK

1) EEE Izl —vay

180nm /—RLARE | Bl #R A% 1E 23| BRVERB I 5 2 D2 B3 Kb 375, Cu EE#R X low k J& [ At
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YEAR 1999 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180nm 130nm 100nm
MPU1/2 pitch 230 210 180 160 145 130 115
MPUgate length(nm) 140 120 100 85 80 70 65
Number of metal levels 6-7 6-7 7 7-8 8 8 8-9
Number of optional levels 0 0 0 2 2 2 2
ground planes/capacitors

Jmax (A/cm2)-wire(at 105°C) 5.8E5 7.1E5 8.0E5 9.6E5 1.1E6 1.3E6 1.4E6
Imax(mA)-via(at 105C) 0.36 0.36 0.33 0.32 0.29 0.27 0.24
Local wiring pitch(nm) 500 450 405 365 330 295 265
Local wiring A/R(for Al) 2 2 2.1 2.1 2.2 il il
Local wiring A/R(for Cu) 1.4 1.4 1.5 1.5 1.6 1.6 1.7
Intermediate wiring pitch(nm) 640 575 520 465 420 375 340
Intermediate wiring A/R(Al) 2.2 2.3 2.4 2.5 2.6 *x **
Intermediate wiring dual 2.0/2.1 2.1/2.1 2.2/2.1 2.2/2.1 2.2/2.2 2.3/2.2 2.4/2.2
damascene A/R(Cu wire/via)

Minimum global wiring 1050 945 850 765 690 620 560
pitch(nm)

Global wiring A/R(Al) 2 2.1 2.2 2.3 2.4 ** **
Global wiring dual damascene | 2.2/2.4 2.3/2.6 2.4/2.7 2.5/2.7 2.6/2.8 2.7/2.8 2.7/2.8
A/R(Cu wire/via)

Conductor effective resistivity 3.3 3.3 3.3 3.3 3.3 wx **
(n Q-cm)Al wiring

Conductor effective resistivity 2.2 2.2 2.2 2.2 2.2 2.2 2.2
(n Q-cm)Cu wiring*

Barrier/cladding thickness(for 17 16 14 13 12 11 10
Cu wiring)(nm)***

Interlevel metal insulator- 3.5-4.0 3.5-4.0 2.7-3.5 2.7-3.5 2.2-2.7 2.2-2.7 1.6-2.2
effective dielectric constant(k) -
Specific contact resistance(Q - 3.0E-7 3.0E-7 3.0E-7 1.7E-7 1.7E-7 1.7E-7 1.0E-7
cm?2)

Specific via resistance(Q -cm2) 7E-9 7E-9 7E-9 2E-9 2E-9 2E-9 1E-9
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Jmax (A/cm?)-wire(at 105°C)

Imax(mA)-via(at 105°C)

Local wiring pitch(nm)

Local A/R(for Cu)

Intermediate wiring pitch(nm)

Intermediate wiring dual
damascene A/R(Cu wire/via)

Minimum global wiring pitch(nm)

Global wiring dual damascene
A/R(Cu wire/via)

Conductor effective resistivity
(u Q-cm)Cu wiring

Barrier/cladding thickness(nm)

Interlevel metal insulator—
effective dielectric constant(k)

Specific contact resistance(Q -
cm?)

Specific via resistance (Q—cm?)

YEAR 2008 2011 2014
TECHNOLOGY NODE 70nm 50nm 35nm
MPU1/2 pitch 80 55 40
MPUgate length(nm) 45 32 22
Number of metal levels 9 9-10 10
Number of optional levels ground 3 4 4
planes/capacitors

HE) CulBdOT v 7 &EIT. a—VEBROL A  EARIESD 5%, AR & OV a— 3Ll
MOLE BHMESD 10%E9 2515 um EER) . EHEOTo—a & n,
EFEANAILITRS 99 Tabledballd FANTWD AEL AEIEIXSTR] ELTH B TER0oln s,

KB ENOHIBR LT,

Solutions Existl:l Solutions Being Pursuedl:l

No known Solutions -

B#2—4—2 MPUREKREN OB fE (Long Term)



YEAR 1999 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180nm 130nm 100nm
DRAM 1/2 pitch 180 165 150 130 120 110 100
Number of metal levels 3 3 3 3-4 4 4 4
Contact A/R-stacked 9.3 10.0 10.7 11.4 11.9 12.4 13.0
capacitor

Local wiring pitch(nm) 360 330 300 260 240 210 200
non—contacted

Specific contact resistance 3.0E-7 2.5E-7 2.0E-7 1.7TE-7 1.6E-7 1.1E-7 1.0E-7
(Q-cm?)

Specific via resistance(Q - TE-9 5E-9 3E-9 2E-9 2E-9 1E-9 1E-9
cm?)

Conductor effective 3.3 3.3 3.3 3.3 3.3 3.3 2.2
resistivity(z Q-cm)*

Interlevel metal insulator 4.1 4.1 4.1 3.0-4.1 | 3.0-4.1 | 3.0-4.1 | 2.5-3.0
effective dielectric

constant (k)

x N7 lza—JYz—vavElTav7+—< VIR ESN TWAET 5,

Solutions Existl:l

Solutions Being Pursuedl:l

No known Solutions -

X #2—-4—3 DRAME R 1T B 4215 (Near Term)

YEAR
TECHNOLOGY NODE

2008
70nm

2011
50nm

DRAM 1/2 pitch

Number of metal levels

Contact A/R-stacked capacitor

Local wiring pitch(nm) non-

contacted

Specific contact resistance(Q -cm?)

Specific via resistance(Q - cm?)

Conductor effective resistivity(u Q

—cm)*

Interlevel metal insulator effective

dielectric constant(k)

¥ NY7lboag— 7z —ar@iIar7+— vVl EISN TWAET S,

Solutions Existl:l Solutions Being Pursuedl:l No known Solutions-

M#£2—4—4 DRAMBE 7 H 42 48 (Long Term)



YEAR 1999 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180nm 130nm 100nm
MPU 1/2 pitch(nm) 230 210 180 160 145 130 115
ASIC gate(nm) 180 165 150 130 120 110 100
Number of metal levels 6 6 7 7 7-8 8 8
Number of optional levels— 1 1 2 2 4 4 4
passive elements

Local wiring pitch(nm) 450 405 360 325 290 260 230
Local wiring A/R(for Al) 2 2 2.1 2.1 2.2 *ok *k
Local wiring A/R (for Cu) 1.4 1.4 1.5 1.5 1.6 1.6 1.7
Intermediate wiring pitch(nm) 560 505 450 405 360 325 285
Intermediate wiring A/R(for Al) 2.2 2.3 2.4 2.5 2.6 *ok %ok
Intermediate via A/R (Al) 2.8 2.8 2.9 2.9 3.0 Hk Hk
Intermediate wiring dual 2.0/2.1(2.1/2.1[2.2/2.1(2.2/2.1 | 2.2/2.2|2.3/2.2 | 2.4/2.2
damascene A/R(Cu wire/via)

Global wiring pitch(nm) 900 810 720 650 580 520 460
Global wiring A/R( Al) 2.2 2.3 2.4 2.5 2.6 kk sk
Global wiring dual damascene 2.2/2.412.3/2.6(2.4/2.7(12.5/2.7]2.6/2.8|2.7/2.8| 2.7/2.8
A/R(Cu wire/via)

Interlevel metal insulator 3.5-4.013.5-4.02.7-3.5|2.7-3.5 | 2.2-2.7(2.2-2.7 EW
effective dielectric constant(k) -
Specific contact resistance(Q- | 3.0E-7 | 3.0E-7 | 3.0E-7 | 1.7TE-7 1.7E-7 | 1.7TE-7 1.0E-7
cm?)

Specific via resistance(Q -cm?) 7E-9 TE-9 TE-9 2E-9 2E-9 2E-9 1E-9

ok AL SR OEIFIZ, 20T 27 /0y — 7 —RIZB W TOMOM B #8013l Sivsne PSS,

Solutions Existl:l

Solutions Being Pursuedl:l

No known Solutions -
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YEAR 2008 2011 2014
TECHNOLOGY NODE 70nm 50nm 35nm
MPU 1/2 pitch(nm) 80 55 40
ASIC gate(nm) 70 50 35
Number of metal levels 9 9-10 10
Number of optional levels— 6 6 6
passive elements

Local wiring pitch(nm)

Local wiring A/R(for Cu)

Intermediatewiring pitch(nm)

Intermediate wiring dual
damascene A/R(Cu wire/via)

Global wiring pitch(nm)

Global wiring dual damascene
A/R(Cu wire/via)

Interlevel metal insulator
effective dielectric constant(k)

Specific contact resistance(Q
—cm?)

Specific via resistance(Q-cm?)

Solutions Existl:l Solutions Being Pursuedl:l No known Solutions-

H#£2—4—6 SOC(mHEM) ML H M (Long Term)
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High
Speed

4 F Semi-global

Global
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Low ] ] ] ]

Speed 0.5 1.0 1.5 2.0 2.5

Wire aspect ratio
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Global

Intermediate <

Local
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Typical Chip Cross Section

<4— Passivation

4— Dielectric
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Etch stop layer

Dielectric

A

diffusion
barrier

Copper
conductor with
metal barrier
liner

4 —

Pre-metal

/ dielectric
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Technology node 250nm 180nm  13Qnm 100pm 70nm  50nm 35nm

Standard Conductor Technology
(Z100nm)
Contact/Via
In-situ cleaning for low contact and/or
via resistance

Barrier deposition for high aspect ratio
contact W [TiN/TI]

High A/R CVD W-ill for contacts/ E E E |
low-k compatible W-fill for vias

Other high A/R contact fill

Al interconnect i i
TiN/Ti barrier deposition D. CVD. Ibnized PVD |

D, CVD, lpnized PVD |

Thin nucleation deposition for Al fill
[TiM.NB,AI

gh pressure reflow

Low-k compatible Al fill

Cu interconnect
Barrier deposition [TiN, TiSiN,Ta, TaN,
TaSiN WN WSiN]

Electroless barriers [CoP,CoWP]
Atomic layer deposirion etc

Mucleation{seed) deposition
[Cu,Cu-alloy]

Vo, q:mize'd PVD, CVD, Electrochemical depo. : |

High AR Cu-fill for dual-damascene
Structure [Cu,Cu-alloy]

Idek:-o.. WD{huﬁréﬂow), Higﬁ pressure .refluw, C"u"tl |

Enhancement to Cu/low-k

Other conductors

Ag interconnect

Advanced interconnect
technology(<100nm)
Design and packaging solutions

Cooled conductor

Optical or RF interconnect

Other conductors including
high-temperature superconductors or
polymers

I Rescarch regired [ Development underway
[ ]aualification/Pre-production [ ]Continuous improvement

M #F2—4—12 AZNLFlFOF LM




250nm

180nm

130nm

100nm

70nm

50nm

35nm

>1nn|F'VD BST |

25| CVD doped Taz0s

10

Other

» High k Dielectric

-

Dielectric barrier /
- Etch stop / hard mask

SiN

SION, Si0z, other

Si0z(CVD)

Relative permittivity (k)

SIOF (CVD)

Organic Material
-Palysiloxane (CVDISC)
-Poly(arylene)ether(SC)
-Benzocyclobutene(SC)
-Parylene(CVDISC)
-other

Inorganic Material
-HSQ (SC)

-other

Marrow
Option

Organic Material
-Fluorocarbon (CVD)

Porous Material
-HSQ (SC)

-Xerogel (SC)

Porous Material

(porosity control)
-Xerogel (SC)
-other

Air Gap (+encapsulation)

-Void formation

-Removing IMD
-other

-polysiloxane (SC)
-other

MNarrow
Option

-other

Air Gap (+encapsulation)
-Void formation
-Removing IMD

arrow
Dption

SC : spin coat

Porous Material

-7

Narrow
Option

% [ntermediate dielectrics

CWVD: chemical vapor depaosition
PVD: physical vapor deposition
MIM : metal insulator metal

BST : barium strontium titanate

Optical Dielectric (SC, CVD)

- Research required

|:|D0vc|opmc:m Underway

[ ]Qualification / Pre-production
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Technology
Node

180nm  130nm 100nm T0nm

H0nm 35nm

Planarization technologies
CMP

Other

Planarization Tools
Rotary

Orhital

Ellipsoidal

Linear

Small pad

Frexible confisuration
Precise End-point detection

Other

Consumables Enhancements

Controled Selectivity slurries

Slurry-free process/abrasive pads

Low defect density pads/slurries
Consistent pad/diamond disk

Other
Cleaning Techniques

Brush

Spray

[mmersion with/without megasonics

New chemical agent

Other

- Research reqired
I:l Qualification/Pre-production

|:| Development underway
l:l Caontinuous improvement
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