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Abstract—The contact resistance at metal-metal (W, Mo, Ru, 

Co, TiN) interfaces is determined using a new method based on 

blanket superlattice thin films where the resistivity ρ parallel to 

the interfaces is measured as a function of superlattice period Λ to 

quantify the electron interface scattering. Epitaxial 

W(001)/Mo(001) superlattices show a continuous resistivity 

increase from 7.10 to 8.62 µΩ-cm with decreasing Λ = 50-1.7 nm, 

indicating a contact resistance of 2.6×10-16 Ω-m2. Ru/Co 

multilayers show a much more pronounced increase from 15.0 to 

47.5 µΩ-cm with Λ = 60-2 nm which is attributed to atomic 

intermixing leading to an interfacial Ru-Co alloy with a high 

measured ρ = 61 µΩ-cm and a Ru-Co contact resistance for 

interfaces deposited at 400 °C of 9.1 ×10-15 Ω-m2. Ru/TiN and 

Co/TiN interface resistances are dominated by the high ρ for TiN, 

and are therefore proportional to the TiN thickness. 
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I. INTRODUCTION 

The interconnect resistance-capacitance (RC) signal delay in 
integrated circuits increases with each technology node [1]–[3] 
due to increasing electron scattering at surfaces [4]–[9], 
interfaces [10]–[12], and grain boundaries [13]–[16]. In 
addition, the contact resistance between different interconnect 
metals and/or metal-liner-metal interfaces is also expected to 
become an important contributor to the RC delay. However, 
metal-metal contact resistances are difficult to measure by 
conventional transitional-line-methods [17], [18] because the 
relatively low resistance would require sub-10-nm contact 
geometries. In this paper, we take an alternate approach to 
measure the contact resistance, using macroscopic four-point-
probe measurements on blanket multilayer films. This quantifies 
the electron-interface scattering and yields, using appropriate 
models, the contact resistance.  

We explore four different materials systems using 
multilayers: W/Mo, Ru/Co, Ru/TiN, and Co/TiN. The four 
elemental metals (W, Mo, Co, Ru) are already employed as 
conducting metals or are promising Cu-replacement candidates 
[19]–[22] and combining them to form vertical stacks or 
vertical-to-horizontal contacts may provide conductance and/or 
reliability benefits but requires more understanding of the 
interfaces including the contact resistance [7], [23]–[25]. TiN is 
a common liner [26]–[28] which, with conventional back-end-
of-line (BEOL) processing, separates vertical and horizontal 

interconnects such that the metal-liner-metal contact resistance 
becomes an important quantity.   

II. EXPERIMENTAL DETAILS 

Metal and nitride layers are alternately deposited by DC 
sputtering in a three chamber ultra-high vacuum system [29], 
[30] to form 50-60 nm thick multilayers containing N = 2-60 
individual layers, corresponding to a bilayer period Λ = 60-2 nm. 
The substrates, MgO(001) and Al2O3(0001), are chosen in an 
attempt to achieve epitaxial growth, which reduces the grain 
boundary contributions to the overall resistivity [20], [31]–[33]. 
The deposition temperature Ts = 900 °C for W/Mo [34], 400 °C 
for Ru/Co, 700 °C for Ru/TiN, and 400 °C for Co/TiN was 
chosen to optimize crystalline quality and minimize surface and 
interface roughness, as quantified by x-ray diffraction (XRD) 
and x-ray reflectivity (XRR) analyses. The sheet resistances 
were measured with a linear four-point-probe with 1.0 mm inter-
probe spacings and the overall multilayer resistivity was 
determined from the measured sheet resistance and  thickness 
and appropriate geometric correction factors.  

III. RESULTS 

Fig. 1(a) is a plot of the measured resistivity ρ of metal 
multilayers vs the number of the interfaces. W(001)/Mo(001) 
multilayers are deposited on MgO(001) at 900 °C, resulting in 
epitaxial superlattices with sharp and smooth interfaces, as 
illustrated in Fig. 1(b) and determined from XRD and XRR 
measurements. Ru(0001)/Co(0001) multilayers are deposited on  
Al2O3(0001) at 400 °C, which results in 0001-textured 
superlattices with Ru-Co interfacial intermixing [see Fig. 1(c)] 
which is detected by an XRD alloy peak. The plotted resistivity 
exhibits an increase in ρ with increasing number of interfaces N. 
The lines through the datapoints are the result from curve fitting. 
More specifically, the red curve through the data points of 
W(001)/Mo(001) multilayers is based on an electron transport 
model which uses a interface transmission coefficient T to 
account for diffuse scattering at the W-Mo interfaces, and 
accounts for coherent transmission across multiple interfaces for 
electrons that do not scatter at phonons between traversing 
neighboring multilayer interfaces. The fitting procedure yields T 
= 0.8 ± 0.1, which corresponds to a contact resistance at the 
W(001)-Mo(001) interface of  2.6×10-16 Ω-m2. The fitting curve 
of the Ru(0001)/Co(0001) multilayers is based on an increasing 
amount of intermixed Ru-Co alloy with increasing number of 
interfaces. The completely intermixed alloy has a high resistivity 
ρ = 61 µΩ-cm, as measured from a co-deposited sample. The 
gradual composition changes at the interfaces cause no discrete 
interface electron scattering. Instead, the increasing Ru-Co 
intermixing with increasing number of interfaces results in the 
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plotted increasing resistivity. Data analysis yields a contact 
resistance for intermixed Ru-Co interfaces deposited at 400 °C 
of 9.1×10-15 Ω-m2. 

Figure 2 shows typical X-ray reflectivity result from Ru/TiN 
and Co/TiN multilayers. These two patterns are from multilayers 
containing five nominally 10-nm-thick Ru or four nominally 
12.5-nm-thick Co layers which are separated by 1.0 nm thick 
TiN, resulting in total nominal thicknesses of 55 nm. The solid 
magenta line is the measured intensity vs scattering angle 2θ 
from the Ru/TiN multilayer, while the dashed line is the result 
from curve fitting with the Parratt formalism. The approximately 
0.7°-wide fringes are due to the superlattice and provide a 
thickness of 11.4 nm for each bilayer consisting of one Ru layer 
and one TiN layer, yielding total measured thickness of 57 nm. 
The narrower fringes, particularly evident between 2θ = 0.8°-
1.7°, are associated with the overall multilayer thickness of 57.4 
nm, in excellent agreement with the 57 nm from the bilayer 
thickness. In contrast, the pattern from the Co/TiN multilayer 
(green) shows only weak and wide fringes, indicating a 
relatively high roughness > 1 nm of the Co/TiN interfaces. The 
high roughness may be associated with the formation of an 
interfacial CoTiN alloy which explains the measured (not shown) 
linear resistivity increase from 14.4-36.6 µΩ-cm with increasing 
N = 1-10. Conversely, the smooth interfaces in the Ru/TiN 
multilayers cause no additional resistivity. 

 

 

 
Fig 1. (a) Measured resistivity of 50-nm-thick W/Mo (red, left y-axis) and 60 -
nm-thick Ru/Co (blue, right y-axis) multilayers vs number of single layers N. 

Schematics of (b) W/Mo and (c) Ru/Co multilayers. 

 

 

 

Fig 2. X-ray reflectivity curves from 50-nm-thick Ru/TiN and Co/TiN 

multilayer films. Solid lines indicate the measure intensity, and the dotted line 
is the result of curve fitting. 

IV. CONCLUSIONS 

The contact resistances of four materials systems are 
explored, using multilayer blanket films in combination with 
transport measurements parallel to the interfaces. The different 
materials systems exhibit different physical reasons dominating 
their contact resistance: W/Mo multilayers show sharp epitaxial 
interfaces such that the W-Mo contact resistance is determined 
by the match of the Fermi surfaces, resulting in a large 80% 
electron transmission coefficient and a correspondingly small 
2.6×10-16 Ω-m2

 contact resistance. Ru/Co multilayers show the 
formation of Ru-Co interfacial alloys which dominate the 
contact resistance and lead to a relatively large 9.1 ×10-15 Ω-m2. 
Ru/TiN and Co/TiN multilayers with 1.0 nm TiN layers indicate 
that the contact resistance of Ru-TiN-Ru and Co-TiN-Co 
interface stacks is dominated by the TiN resistivity and is 
therefore proportional to the TiN thickness.  
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