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% H %%, Tien-I Bao
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Etch, Strip and Cleans (from IBM and others...), Mehul Naik, .- . Bl &
Surface Prep (FEP Diane Hvmes. Dave Malone Didier Louis . =
included) Ymes, v S EXR
Lucile Arnaud,

N Heinrich Koerner, . —

Reliability Boyan Boyanov, Paul Ho Michele Stucchi, L8 AR, f K=
Zsolt Tokei
Planarization Paul Feeney Didier Louis Pu D
) IAN B — A = e ey
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Hans Barth,

Systems and Performance Urmi Ray Alexis Farcy, Pk 52
Michele Stucchi

New Concept/Emerging Azad Naeemi, Boyan Boyanov L% MR
Passive Devices Hans Barth
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3D Sesh Ramaswami, Eric Beyne Shin-Pu Jen

Philip Garrou, James Lu y g
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Interconnect scope STRI

e Conductors and dielectrics s AR L EFRIZIE
— Metal 1 and contacts through global levels

e Associated planarization -« « 3£ 1H4E (CMP)

e Necessary etch, strip, and cleans =0T -G F

e Embedded passives e REIRT

e Global and intermediate interconnection for 3D- =TSV
e Reliability, system, and performance issues
- {SHEHE, MERE
e "Needs” based replaced by scaled, equivalently scaled, or
functional diversity drivers.

- = :More than Moore
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Metallization Potential Solutionst{T 'STRJ )

Barrier metal / Nucleation / Conductor

SETDERERI/b

> 20094F b : KigeeT(BA)
« PSARMEELT. FEHONSRIAHDZLHEZHIRR
RuTa. RuW. RuMn%. Barrier metal /Nucleation®DE3R4t ¥ & $r1=1r x4
[Z3E N
> 20N AHERLEL, THICTESKRIEGREL (TWGE2ATHEET)
Research Required(83g), Development Underway(BR%&), Qualification /
Pre-Production(§%4%), Continuous Improvement(E2E)DEEEEE
v EETELNEGT S ITHIFR
vV EEEDLATUOSHHTH->TH. fHlEICHEIRENBERIZEEIE.
FHFERFEELT=,
> 20134 : —EP#H DR -RAEKREZREL(BAER)
{5+ Barrier metal: Self formed/restored barriers (MnSiO)
201FEFETHE — 2018FEFTHRAZER
« Conductor: Alloy additions to Cu for reliability improvements (CuAl, CuTi)
20158 FTHHE— 2015FFTHEAZLER

Work in Progress - Do not publish STRJWS: March 7, 2014, WG4 Interconnects



#i: Barrier Metal Potential Solutions@&T1k % 'STRJ )
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ITRS20138#FE
1E+33
R £ o E
1E+29 - TDDBH{LEE
EVE
1E+25 - _
o 1Esa1 Impact Damage
= + — , Barrier dielectric
E 1E+17 Em el Capping layer
g 1/E
é 1E+13 - Low-k dielectric
Q
= 1E+9 -
= Barrier dielectric
1E+5 - ““:Sﬁ:\fr/ arrier dicle
1E+1 - g A: CMP interface
B: Patterning plasma damage
1E_3 _ ﬁ C: Barrier integrity in pore sealing

K. Croes et al, “Low field TDDB of BEOL
interconnects using >40 months of data,” IEEE
IRPS, 2013
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Design WGHLDEXR(ZEDE, TSVESEMH (R, C, L)oAa—k
Tyt EimecHIZE, STRI WGAH T ETEALS,

e imec B (St in Discussion) EBIARESNTLSIHE

ITRS data TSV dimensions R, C, L ranges (min—max)

Year TSV TSV Radius | Radius Si | Radius of max depl. R C_acc C_at_max_dep C_TSV_min [fF] L
external length | Cu [um] [um] [um] (for depletion [mohm] [fF] [fF] (C_acc in series with [pH]
diameter range capacitance, caloulated C_at_max_dep)

separately with solver)
range
2011-2014 _ 4-8 um__ 20-50 um| 1.9-3.9 2-4 2.605-4.618 7-75 |89 -450 50 — 229 32 — 152 8 - 37

) Source: Michele Stucchi, IMEC
e TSVETIVIEIE

R ——— R:TSVIEHR
R el C_acc:LinerRICKZHERE
1 i B C_at_max_dep: ZZEBBE

L: B2I18 982X
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. @ > X ° Perpendicular Parallel
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TSVASDCUBRICE BT/ I RFHEA DR E
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High-k and
Metal Gates
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capacitors

» l (Porous)
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Planar CMOS FinFET CMCS
SPACHS
Faly / o
J N\ S HENG -
‘ \ ’ .
e / b % f/_.' v x,\“'\ S Ge
u u"'

Strain and new Channel Materials
New metal contacts

EUV delays lead to
double patterning
(SDDP/SDQP)

Conformal SiO, Anisotropic Etch
SLBLELEL HIl1lll]
Pitch/2

ASM IZREEFTFILY
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ALDZFUL\/-NANDEDRAMD #%#A1E (SDDP) €I

SDDP: Self Defined Double Pattern

____—Litho-formed template in resist
esom H—H B B __ _
P PEALD Si0O, at 50C -

| esis;? ) l

ALD SiO2

JLPLFLEL

Anisotropic Etch

HIilll1] e RmELTEESEA
%P

32nm

ASM IZREEFTFILY
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ALD WNC/\1)7:SiC pore seal|=&kd AR JL#AK DR LE

PVD-Ta/WNC (2.5/5nm) PVD-Ta/WNC (2.5/5nm)
SiC 4nm
'7'*2}} > ' . |

ALDAB)L N7 DEELRRE

* porous low-k~NDAZJLZIAH => pore seal RD AL

« NYTZHDOFERR <2nm = RELEFE@EMMAED)
« CUEBIRODERRME = /NUTE/DHoERME/ERIERR

ASM IZNEESEFFHILY
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BRE7771(MLG)EER STRIZ

IE2F v CoftiEZRAL\V/=~10BDMLG a ' sssam
WAE TEM S2UARIMY '
4'_,“.” ,J} ;'k._h
] Jél._ AN

1570 MHI] R 1]

Raman shifli Itm'll

FeCl, 1 2—Alb—yavk—Ew EELMLGREDIER
Setup of intercalation VST :_“1-0 i P ® -
Quartz tube (at 310°C) pump = [ g
508 "
(below a 'f
— l 1x102Pa) 8., |
' S=iple Vacuum o . ¥
1]
Quartz tray valve 204 | " -'
& .
g ® s = pefore intercalation
3} 2T * o e after intercalation
= u '
El]\*ﬁm$~4. 1“Qcm D_{:} .I L . 1 Ll 1 L

NV Cut RS e ()

D. Kondo et al., IlITC 2013, SSDM 2013
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STRI

R GnC

Stanford/SAINT
Sejong Univ. (VLSI2012)

SUNY (IEDM2011)

Formation method

Epitaxial CVD and

CVD & transfer of MLG

CVD & multiple

10MA/cm?, 250°C

20MA/cm®, 280°C

transfer of MLG transfer of graphens
: Cu foil (size
substrate size 75 mm 100 mm unknown)
Interconnect
dimension (width x 2-20pum % 2-10ym Jpm x 100-400pm 0.5-3pm = 2-10um
length)
Thickness ~10 layers 10-15 layres Max. 5 lavers
Minimum: ~50p02cm
_ Average: 104uflcm
Resistivity After intercalation: . i ~170pQcm
~d. 1u0em (Minimum: 70-80pQcm)
e Mo failure after 150hrs @ Failure after 6 hrs@ Breakdown current:
Relliability

1000MA/cm®

Work in Progress - Do not publish
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