Material Symbol Resistivity
(pohm-cm)
(Bulk)
Aluminum Al l 2.733 |
Cobalt Co 6.247
Copper \ @ 1.664
Manganese | Mn 144.2
Ruthenium . Ru 7.595
Tantalum Ta 12.40
Titanium T 55.62
Titanium Nitride . TiN . 21.7
Tungsten | W ‘ 5.491

Grain boundary scattering
.

o
SN

Surface roughness scattering

diffusion *sRu
i0,

Si substrate

Pt electrode

Resistivity (u2cm)

[ I
I i
I l
i
I
L = L 1 L 1 " 1 L U

--@--Mo as deposited
--@--Mo annealed
-@- ALD Ru annealed

I --@--TaN/Cu/TaN annealed
s | --@--Rh annealed
\ ‘é_ --@--W as dep/annealed

S
=
" )

0 10 20 30 40 50
Siiie Thickness (nm)
T :

22nm
6t Node

o

Resistivity [uQ cm]
=

32nm
Node

Combined

2.5X

3l Grain Boundary
Scattering
Surface Scattering
BT AR S ek
Cu (bulk)

1 i A A i

40 60 80 100

Wire width [nm]




b.p. & m.p. for RCp,Mg =N
v R

Growth 300 e e mmmmooo-- v
per 250 Mg

cycle | Condensation limited Decomposition limited 200 R\C&;}
4§ 2; R -

ALD

" oC
RuCl 3 ——* Ru Window 100 P/\. —8=—1D.p. (/1 torr)
R 50 \ . - - ——111.p.
-5
RU (C R) Activation energy/steric Desorption limited 30 H CH; C.H, i-CH, tC,H,
P 2 hindrance limited

R

Deposition temperature

—-
—

('"H NMR / 500 MHz/ 298 K / d-THF) ;"7 "y @

—2458 —»

— 1730

@-m-
e
(——— 3 582

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5

(‘"H NMR / 500 MHz/ 298 K / d,-THF)

Ru \/ | N N
A~ JJ J E‘THF Hio ds-THF
L J—T
7I5 7I0 6I5 6%0 5I5 5I0 415 4I0 315 3I0 215 2I0 1 I5 Ippn'l



