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Abstract:  The continued scaling of integrated circuits will require 
advances in intra-chip interconnect technology to minimize delay, density of 
energy dissipation and cross-talk. We present the first quantitative 
comparison between the performance of metal wire interconnects, operated 
in the traditional manner by electric charge and discharge, versus the 
performance of metal wires operated as surface plasmon waveguides. 
Surface plasmon wire waveguides have the potential to reduce signal delay, 
but the high confinement required for low cross-talk amongst high density 
plasmon wire interconnects significantly increases energy dissipation per 
transmitted bit, above and beyond that required for electric charge/discharge 
interconnects at the same density. 
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1. Introduction 

As the scaling of integrated circuit components continues into the nanoelectronics era, the 
performance of metal wire interconnects is expected to degrade in a number of parameters. 
Most prominent are the increases in delay time for signal propagation, power dissipation and 
cross-talk amongst wires [1]. These problems arise from the fundamental physical limitations 
of transmitting information along metal wire interconnects by electric charging and 
discharging. 
 Concerns over signal delay, energy dissipation and cross-talk have caused some 
researchers in the semiconductor industry to consider alternatives to the charging and 
discharging of wires for communicating information across integrated circuits [1]. One such 
alternative is the use of optical surface-plasmons (SPs) propagating on metallic structures [2], 
such as metallic wires. SPs are charge density waves oscillating at optical frequencies on the 
surface of a metal, dressed with a highly localized electromagnetic field. 
 While it has been suggested that plasmons may present a solution to the “interconnect 
problem” of the integrated circuit industry, there has been no quantitative evaluation of 
plasmonic interconnects. In line with International Technology Roadmap for Semiconductors 
(ITRS) concerns [1], we specifically consider plasmonic waveguides for future intermediate-
level interconnects. We present a comparison of the signal delay, energy dissipation per 
transmitted bit and cross-talk for interconnects based on conventional electric 
charging/discharging and the alternative of SP propagation. 
 We find that plasmonic interconnects offer reduced signal latency compared to 
conventional interconnects. However, the high SP confinement required for low cross-talk 
amongst high density plasmon wire interconnects significantly increases energy dissipation 
per transmitted bit, above and beyond that required for electric charge/discharge interconnects 
at the same density. Our findings provide quantitative information on the role that SPs might 
play in integrated circuit technology. 
 Our paper is organized as follows. Section 2 presents relevant background information on 
the physical limitations of conventional interconnects, and the alternative plasmonic 
interconnects that are considered in this paper. Sections 3, 4 and 5 describe the modeling 
techniques and results for interconnect signal delay, energy dissipation and cross-talk 
respectively. The implications of our work are discussed in a concluding Section 6. 

2. Background 

To appreciate the role that plasmonic interconnects may play in future integrated circuits, we 
review the physical limitations of conventional electric interconnects. The delay time for 
signal propagation is limited by an effective time constant typically dominated by the RC time 
of the interconnect itself (R and C being the total resistance and capacitance of the 
interconnect in question). As the cross-sectional area A of a metal wire is reduced, the wire 
resistance R=ρL/A increases (where ρ and L are wire resistivity and length, respectively). 
Furthermore, the effective resistivity ρ of the metal interconnect increases above the resistivity 
of bulk metal as the cross-sectional dimensions of the wire approach the mean free path of 
conduction electrons [3,4]. Since the distributed capacitance per unit length c does not change 
significantly as the interconnect is scaled down, the time for a signal to propagate across a 
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fixed distance of an integrated circuit will increase with geometric scaling, due to the 
undesirable increase in wire resistance. 
 The energy required to transmit a bit through a length of interconnect is a good measure of 
the energy efficiency of communication on an integrated circuit. The total energy required to 
charge a conventional wire of capacitance C through a potential change V is CV2 (½ of this 
energy is the change in electrostatic potential energy of the wire, and ½ of this energy is 
dissipated in wire resistance during charging, barring slow adiabatic charging of the wire), 
leading to a dissipation of ½CV2 on average since only 50% of bit transmissions require a 
change in wire potential for an unbiased string of bits. One of the early motivations for circuit 
integration was the reduction of this energy consumption by reducing wire capacitance C=cL 
between components through shorter inter-component distances [5].  The operating potential 
V is presently fixed to that required for switching of transistors (this choice of V is not optimal 
from a physical/information theoretic perspective, and the notion of impedance conversion to 
reduce V has already been proposed [6]). The distributed capacitance per unit length c of an 
interconnect is weakly dependent on geometry – and is in fact invariant upon geometric 
scaling of cross-sectional dimensions. It is only the ratio of cross-sectional dimensions that 
determines c, and not the absolute values of cross-sectional dimensions. Consequently, the 
energy dissipated per unit length per bit transmission is weakly dependent on interconnect 
scale. As interconnect density increases through scaling, the energy dissipated per unit of chip 
area will increase proportionally.  
 Finally, the increase in distributed wire resistance per unit length r=R/L with geometric 
scaling increases the cross-talk amongst wires. As so-called aggressor wires are charged to 
transmit data, the potential on an adjacent victim wire will change substantially due to 
capacitive coupling Cwire-wire between the aggressor and victim wires (see Fig. 1). At large 
operating frequencies typical of high-performance integrated circuits, the impedances between 
interconnects (1/jωCwire-wire where ω is the angular frequency) are reduced to values much 
lower than the resistance R=rL through which current must flow in the victim wire to 
counteract induced potential changes. As a result, the scaling trends of increasing frequency 
and increasing wire resistance lead to greater cross-talk amongst wires. As cross-talk 
increases, bit-error-rates increase, so that interconnects themselves cease to be sufficiently 
reliable components in a fully operational integrated circuit. 

 
Fig. 1. (a) Electrostatic interconnect geometry where a victim wire’s potential is changed as a 
result of capacitive coupling, Cwire-wire, to adjacent aggressor wires. (b) Geometry of adjacent 
cylindrical plasmonic waveguides where optical power couples from the aggressor into the 
victim. 

  
The properties of SPs that make them worthy of consideration as an alternative means of 

communication in an integrated circuit are: (1) the group velocity of SPs can approach that of 
light, (2) SPs can be localized to the surface of a metal, so as to mitigate cross-talk, (3) the 
energy required to send and receive an SP pulse can be less than that needed for electric 
charging of a metallic wire, and (4) they have very large operating bandwidths. It is the highly 
localized nature of SPs that distinguishes them from optical modes in dielectric waveguides as 
a new means of integrated circuit communication. 
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 As suggested by the ITRS [1], we specifically address plasmonic waveguides for future 
intermediate-level interconnects. The reason for this choice of interconnect level is clear. 
Local interconnects are too short to justify the addition of plasmonic sources and detectors. In 
addition to this, the reduction in length of local interconnects with standard scaling will 
mitigate most of the deleterious effects of reduced cross-sectional area. Global interconnects 
on the other hand, present plasmonic waveguides with strong competition from established 
technologies. Conventional high index contrast dielectric waveguides offer the same 
bandwidth and latency advantages of plasmonic waveguides. The long range plasmonic 
waveguides [7], which have propagation lengths suitable for global interconnects, tend to 
have transverse mode sizes akin to those of conventional dielectric waveguides. While it is 
possible that metallic waveguides may offer an advantage over dielectric waveguides if the 
materials systems are favorable to manufacturing, there is no substantial reduction in size 
associated with these modes. At the intermediate level however, the propagation lengths are 
short enough to employ plasmonic modes with cross-sectional areas significantly below the 
diffraction limit. 

Since plasmonic circuits are a nascent area of research, it is our intent to analyze 
plasmonic interconnects under the best possible circumstances to establish an upper bound on 
performance expectations. Optimal choices of plasmonic materials and waveguide geometries 
have been made in this paper. Of the standard metals used for plasmonic wave-guiding 
(aluminum, gold, and silver), we have chosen to deal exclusively with silver because it has the 
lowest loss across the frequency spectrum of interest [8]. An optimistic estimate of 
interconnect performance is given by ignoring surface scattering effects and attributing bulk 
material optical constants to the plasmonic waveguide. 

 

 
Fig. 2. Plot of the electric field magnitude superposed on cross-sections of various plasmonic 
waveguide geometries. (a) 55x100nm V-groove (b) 300x63.5nm SiO2 strip in Ag (c)  47x47nm 
Ag square in SiO2 and (d) 50nm diameter Ag cylinder in SiO2. Each plot is normalized to the 
peak field. Note that the geometric scale varies between plots to best illustrate the field 
distribution. 
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We also wish to present the most favorable and physically relevant geometry. Figure 2 
illustrates a cross-sectional plot of the electric field magnitude E = (Ex

2 + Ey
2 + Ez

2)1/2 for 
various proposed plasmonic waveguides. All plots were generated using the commercially 
available software FEMLab ™ to solve for the eigenmodes in a silver/SiO2 geometry with 
optical modes at a free-space wavelength of 850nm using empirically measured values for the 
dielectric constant of evaporated Ag [9-12]. All sharp corners have been rounded to a 
minimum radius of curvature of 2nm. Figures 2(c) and 2(d) illustrate a square (47x47nm) and 
circular [13] (50nm diameter) cross-section, respectively, of a silver waveguide in a matrix of 
SiO2. Figures 2(a) and 2(b) illustrate a V-groove [14] (55x100nm) and a dielectric strip [15] 
(300x63.5nm) in a matrix of Ag.  These dimensions were chosen such that each mode had an 
effective area (Aeff) equal to that of the 50nm diameter wire (approximately 14,500nm2), 

defined by 

( )
∫
∫=

dAE

dAE
Aeff 4

22

                                                          (1) 

where the integral is taken over the entire cross-sectional plane. 
 Under these constraints, the dielectric strip geometry, followed closely by the V-groove 
had the greatest propagation lengths. These modes clearly have superior propagation 
characteristics on this length scale. Future intermediate interconnects, however, are predicted 
to have a wiring pitch below 50nm by 2016 [1]. Our simulations have not been able to find 
suitable dimensions of the dielectric strip or V-groove which will allow for this level of 
confinement in both the lateral and vertical dimensions. This is in accord with previous 
analysis of the cylindrical dielectric waveguide in a metallic matrix which showed a mode 
cut-off for diameters less than 0.3·2πc0/ω [16] where c0 is the speed of light in vacuum. The 
square and circular metallic waveguides surrounded by a dielectric, on the other hand, can be 
made to provide for adequate lateral and vertical mode confinement when their dimensions 
are reduced. The corners of the square waveguide create an enhancement of the field in that 
vicinity. The effect of these sharp features is to concentrate the optical energy, principally in 
the dielectric which yields an increased propagation length over the cylindrical waveguide. 
Our simulations, however, show that the square waveguide has only a slightly longer (<2%) 
propagation length. Since this difference is marginal and the cylindrical mode yields exact 
analytical solutions, it is the cylindrical mode that we will study. 

3. Signal Delay 

A graphic comparison of signal delay for plasmonic interconnects and conventional 
interconnects is given in Fig. 3. The signal delay of conventional interconnects is represented 
by the total τ=RΣC delay in Cu wires. The structure is taken to be similar to Fig. 1, namely a 
rectangular Cu interconnect in a low dielectric constant SiO2 matrix, surrounded by other 
interconnects. The low dielectric constant material SiO2 is chosen to provide an optimistic 
measure of performance. The interconnect width is parameterized to physically relevant 
values of 10nm and 50nm. Square electric interconnects have been considered as well as those 
with increased height:width aspect ratios (A/R) for reduced latency (A/R=2.0 and 1.7 for 
10nm and 50 nm widths as respectively reported by ITRS [1]). The square electric 
interconnects provide a more direct physical comparison to circular cross-section SP 
waveguides. The distributed capacitances were calculated from empirical formulae [17], with 
a 3:1 ratio of interconnect pitch to width and a dielectric constant, εr, of 3.9. The total 
resistance R=Rwire+Rtransistor includes wire resistance Rwire= ρL/A and transistor access 
resistance Rtransistor=ρ´/W, which we take here as that of a transistor of width W equal to 
interconnect width. The resistance constant ρ´ is of the order of 100Ωµm and its exact value 
for different interconnect widths is again taken from ITRS data [18]. Empirically determined 
wire resistivity values were taken to be 3µΩcm, and 6µΩcm for wire widths of 50nm and 
10nm respectively [3,4]. As expected, the delay increases dramatically with decreasing cross-
sectional area. For a fixed cross-sectional geometry (ie. all cross-sectional lengths are scaled 
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by the same factor of 1/5), the distributed capacitances are constant and it is purely the 
resistance increase that leads to longer signal delays at reduced interconnect width.  
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Fig. 3. The signal delay time for a Cu interconnect in an SiO2 dielectric of width d and wire 
height:width aspect ratios of both 1.0 (square cross-section) and that reported by ITRS [1], 
surrounded with adjacent interconnects at a pitch:width ratio of 3:1. Also plotted is the signal 
delay for an isolated SP waveguide (a Ag cylinder of diameter d in SiO2) at two different 
optical carrier frequencies (300THz, 600THz, or vacuum wavelengths 1μm and 500nm). 

   
 The signal delays estimated for plasmonic interconnects are also plotted in Fig. 3, and 
were calculated from numerically estimated group velocities of SPs propagating on cylindrical 
Ag wires in a SiO2 matrix. The fundamental mode is TM and has the fortuitous property of 
achieving monotonically tighter confinement and reduced phase velocity as the wire radius is 
decreased [19]. Using the empirically determined optical constants of silver [9-12], the 
dispersion relation for SP propagation constant k as a function of SP angular frequency ω was 
solved numerically by finding the zeros of the dispersion equation [13], 
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where a is wire radius, In and Kn are nth order modified Bessel functions of the first and second 
kind, ε2=2.25 is the exterior dielectric constant (of SiO2), ε1 is the frequency dependent 
dielectric constant of the Ag metal, and γ1 ( γ2 ) are the evanescent field decay coefficients 
inside (outside) the metal wire satisfying the homogeneous dispersion relations, 
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The analytic results yield complex propagation constants in agreement with those found using 
the eigenmode solver of Section 2 to within 5 significant digits. Once the dispersion ω(k) was 
determined for 10nm diameter and 50nm diameter wires, group velocities (∂ω/∂k) were 
calculated numerically. For a 10nm diameter wire, group velocities are 0.02c0, 0.10c0 at free 
space wavelengths of 500nm, 1μm; and for a 50nm diameter wire, group velocities are 0.12c0, 
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0.38c0 at free space wavelengths of 500nm, 1μm. A free-space wavelength of 500nm has been 
chosen as representative of confined SP modes, with even shorter wavelengths resulting in 
unsuitably large loss (see Fig. 4). In contrast, a 1μm free space wavelength has been chosen as 
a representative of moderately confined modes, where the SP dispersion ω(k) approaches free 
space propagation. We do not consider longer free space wavelengths since the reduced SP 
confinement severely limits interconnect density, as described further in Section 5. Note that 
operating wavelengths of optical fiber networks are optimized to ~1550nm and ~1310nm to 
take advantage of the low loss window in silica fiber. However, a different set of physical 
constraints applies to the optimization of SP interconnects, for instance: Ohmic loss in metal 
is much more significant for SP modes on wires than absorption loss in silica. 
 Even the slowest SP mode considered (free space wavelength of 500nm on a 10nm wire) 
is found to result in less signal delay than 50nm wide conventional interconnects. In practice, 
the signal delay for the SPs would necessarily include the delay associated with emission of 
SPs onto the metal waveguides and detection of the SP’s from metal waveguides. While this 
emitter/detector technology is not yet fully developed, it is clear that SP interconnects do have 
the potential to substantially reduce signal latency at high densities. We also point out that the 
energy of a photon with a free space wavelength of 500nm is well beyond the band edge of Si, 
this is in fact preferential because: 1) the SP would be confined to regions of either Ag or 
SiO2, and hence would not be unintentionally absorbed by Si, and 2) the detection (and 
possibly emission) of SPs by Si based devices indeed requires an optical frequency beyond 
the Si band edge. 

4. Energy Dissipated per Transmitted Bit 

We now consider energy dissipation per bit of transmitted information. Conventional 
interconnects are driven directly by transistors at the operating voltages required for switching 
with sufficient signal to noise ratio at a prescribed bandwidth. The present operating voltage is 
of the order of 1V, which we take as representative of current practice [18]. The energy 
utilized per bit is on average <EE>=½CV2, where C is the length dependent capacitance of the 
interconnect (transistor capacitance generally being negligible compared to that of 
intermediate interconnects). 
 We compare this energy cost directly with shot-noise limited transmission of SPs. The bit 
error rate (BER) for information transmission on an integrated circuit is roughly estimated to 
be 10-30, based on transistor performance estimates of 1000 faults in 109 hours on a chip with 
109 components operating at a clock rate of several 109 Hz [18]. Shot noise limited detection 
of an ideal coherent state with a mean of <m> plasmons for logical 1 and 0 plasmons for 
logical 0 results in a BER ideally equal to ½exp(-<m>). We therefore require a mean number 
½<m>=34 plasmons per bit in an unbiased channel to transmit information with a BER of 10-

30. Loss during transmission with an attenuation factor α requires that a minimum mean 
energy <ESP>=½ħω<m>exp(αL) be transmitted per bit, assuming unity quantum efficiency in 
emission and detection. The attenuation coefficient α, for the Ag wire geometry described 
above, was calculated from Eqs. (2,3) using the complex dielectric coefficients, including 
Ohmic losses in the metal. Graphically, α is represented as a decay length L0=1/α in Fig. 4. 
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Fig. 4. Calculated attenuation lengths of SPs on Ag cylindrical wires of various diameters in a 
SiO2 dielectric. The attenuation is weak at long wavelengths and large diameter wires, where 
SP confinement is weak and much of the SP energy lies in the relatively loss free dielectric.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5. Cross-over lengths beyond which it is more energy efficient to communicate via 
conventional electric interconnects rather than via SP interconnects due to attenuation of SPs. 
An operating voltage of 1V was assumed for electric interconnects of width d, unit aspect ratio 
and pitch:width ratio 3:1. The SP waveguides were assumed to be Ag cylinders of diameter d 
with no coupling to adjacent waveguides. 

 
 Note that the required energy per bit grows linearly for conventional interconnects, 
<EE>=½cLV2, while energy per bit grows exponentially for SP interconnects, 
<ESP>=½ħω<m>exp(αL). Thus, there is a cross-over length beyond which conventional 
interconnects become more energy efficient per bit than plasmonic interconnects. We plot this 
cross-over length in Fig. 5 for conventional Cu interconnects of width d with unity aspect 
ratio and Ag SP waveguides of diameter d (i.e. the geometries described earlier). For the 
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purpose of comparison, we also include a previous generation of Cu interconnect, 
characterized by a 100nm width and 2µΩcm resistivity. It is clear that the plasmonic 
communication of information over distances of several microns using waveguides narrower 
than 50nm, or plasmon frequencies corresponding to free-space wavelengths less than 600nm 
is severely limited by energy efficiency concerns. We stress that this calculation only includes 
the effects of the plasmonic channel. When one incorporates plasmonic sources and detectors 
with finite quantum efficiency, the window of superior plasmonic efficiency will shrink 
further. 

5. Cross-talk 

Finally, we consider cross-talk between interconnects, or in other words, the leakage of signal 
energy from one interconnect to its neighbors. Cross-talk is typically quantified by a coupling 
length, corresponding to the length of victim wire (see Fig. 1(a)) required such that an 
aggressor will locally induce a voltage change on the victim equal to 25% of that required for 
a complete inversion of the logical value. The voltage transient on a victim wire subject to 
adjacent aggressor wires can be calculated from coupled line theory using distributed RC 
models for the interconnects [20]. The inductance of the wires can be ignored since the length 
scales are too short for it to be of significance. Assuming the same electric interconnect 
geometries described earlier, as illustrated in Fig. 1(a), the coupled differential equations that 
govern the transient voltages on the three wires can be written in matrix form as follows:  
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where, Vi(x,t) is the potential on the ith wire at distance x and time t, r is the distributed 
resistance in each line, cij for j ≠ i and j ≠ 0 is the distributed capacitance Cwire-wire/L between 
the ith and jth wire and cij for j = 0 is the distributed capacitance Cwire-groundplane/L of each wire to 
ground. Note that Σjcij=c as defined in Section 2. The r and cij values were again calculated 
from standard empirical formulae [17]. The above equations can be decoupled and solved 
using a transformation derived from the eigenvectors of the capacitance matrix (the 
formulation is not reproduced here and can be found in [20]). The peak crosstalk voltage 
induced on the victim wire (wire 2) is estimated by assuming that the two aggressor wires (1 
and 3) switch high simultaneously with identical rise times of 1ps. The 25% coupling lengths 
calculated for this case are plotted in Fig. 6.  
 It is clear that the coupling lengths are critically sensitive upon the capacitance between 
victim and aggressor. Achieving a given wire pitch with a reasonable cross-talk coupling 
length requires the physical wire width to be small, in conflict with the desire to minimize 
signal delay by increasing the cross-sectional area of interconnects. For example, packing 
interconnects to a pitch of 30nm will require the wire width to be of order 10 nm if a coupling 
length of order 10µm is to be attained, but this results in poor latency (see Fig. 3). 
 The coupling lengths expected for SPs guided on cylindrical metal wires are also plotted in 
Fig. 6. Confinement to metal surfaces is one of the key properties that have attracted interest 
in applying SPs to interconnect technology. SP waveguides will suffer from cross-talk due to 
evanescent field coupling amongst neighbors. We consider here, for simplicity, the 
rudimentary case of SP coupling between two adjacent waveguides (Fig. 1(b)), wherein 
energy is lost from one wire initially carrying an SP, to another wire initially without an SP. 
Since SPs are most likely to be detected through their energy rather than their field strength, it 
is appropriate to consider the 25% coupling length as that length at which 25% of the SP 
power has been transferred from one waveguide to the next. The 25% power coupling lengths 
were calculated from numerical simulations of SP propagation on two waveguides at various 
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wire pitches and diameters. A coupling coefficient κ quantifies evanescent field interaction: 
the spatial period of SP energy oscillation (neglecting loss) between coupled wires is 2π/κ. 
This coupling coefficient was calculated from numerical simulations of the two wire system 
using commercial software (FEMLAB™) to execute finite element eigenmode solutions on a 
Lagrangian for the magnetic field. For various wire geometries and optical frequencies, the 
coupling coefficient was taken to be κ=kS-kA, where kS is the wavevector of the symmetric 
“supermode” of the two wire system, and kA is the wavevector of the antisymmetric 
“supermode”. The 25% interaction lengths, L25%=π/3κ, are plotted in Fig. 6 as a function of 
wire pitch for representative diameters (10nm, 50nm) and optical frequencies (free space 
wavelengths of 500nm and 1μm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. The 25% coupling lengths for 1ps rise time pulses in electrostatic interconnect 
technology, plotted as a function of wire pitch for three fixed wire widths (10nm, 50nm, 
100nm) and unit aspect ratio. Also shown are the 25% coupling lengths for SP interconnects 
for two fixed wire widths (10nm, 50nm) at two operating frequencies (300THz and 600THz, or 
vacuum wavelengths 1μm and 500nm). 

 
 For a given pitch, SP waveguides suffer from at least as much cross-talk as electric 
interconnects. It is only with reduced waveguide diameters or higher optical frequencies that 
SP waveguides may provide less crosstalk than conventional interconnects, and thus higher 
interconnect densities. As has already been pointed out, the tighter SP confinement of smaller 
diameter wires and/or higher optical frequencies corresponds to higher energy loss. A glance 
at Fig. 5 shows that the energy dissipated for bit transmission over several microns is already 
greater than conventional interconnects for wire diameters of 10nm or free space wavelengths 
of 500nm. SP waveguides can thus offer greater interconnect density only at the cost of 
increased energy dissipation per bit. Alternatively, a low interconnect density could be used to 
reduce energy dissipation per bit. 

6. Conclusion 

In summary, we have quantitatively shown that the notion of SP waveguides as interconnects 
has merit for the reduction of signal delay. Indeed, geometric scaling leading to an increased 
density of electric interconnects results in a severe penalty in delay, or the distance 
information can be communicated before cross-talk becomes significant. Conventional 
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interconnects thus force a trade-off between signal delay and the interconnect density. In 
contrast, SP waveguide interconnects force a trade-off between energy per bit and 
interconnect density. Tightly confined SPs tend to be lossy, even in a low loss metal such as 
Ag, so that low cross-talk comes at the price of lossy propagation. 
 The efficiencies and footprints of future plasmonic sources and detectors are outside the 
scope of the present analysis, but these devices will degrade the effective energy per bit and 
latency performance of SP interconnects through finite device efficiencies (insertion loss) and 
device switching times. Our analysis provides an upper bound on the performance that can be 
expected from plasmonic interconnects. Note that SP waveguides have significantly higher 
bandwidth than conventional interconnects, but that this does not directly affect the energy per 
bit, crosstalk and latency although it could conceivably allow for multiplexing schemes like 
wavelength division multiplexing (WDM) to greatly enhance the capacity of a single wire. If 
such multiplexing were implemented, one could then use a larger and more efficient 
waveguide, such as those described in Section 2, which would greatly improve performance 
across all three parameters analyzed in this paper. Since such an add/drop architecture might 
require a footprint as large as the interconnect itself, and efficient devices have yet to be 
designed and demonstrated, the prospect of plasmonic WDM is significantly more speculative 
than the single channel waveguides described. 
 Although we have estimated most performance parameters of plasmonic waveguides 
within this paper, another parameter important to practical interconnect technology is long 
term reliability. The increasing current densities expected with the scaling of conventional 
electric wire interconnects, on the order of Jmax=106-107 A/cm2 [1], can result in significant 
electromigration causing permanent interconnect failure. Electromigration is the net transport 
of metal ions due to electron impact, and therefore no electromigration is expected to result 
from the zero time average current density of plasmons. However, the current density 
amplitude in a SP bearing wire may be comparable to the current density in an electric 
interconnect, as evidenced by the fact that Ohmic losses in an SP waveguide can exceed those 
of an electric interconnect (see Fig. 5). The long term effect of electron-ion collisions in SP 
wire waveguides has yet to be thoroughly investigated. 
 While surface plasmons are not an obvious replacement for intermediate electric 
interconnects, there is potential for use in other integrated circuit applications. For instance, 
there is a technological gap between conventional dielectric waveguides and the active region 
of an integrated circuit. Dielectric waveguides are well suited for transmitting information 
over long distances, but the fundamental limits on their size renders them impractical for 
communication below the highest (global) interconnect layer. However, SP waveguides, in 
the form of conventional tapered metallic vias for instance, could provide a means to transmit 
information from dielectric waveguides at the global interconnect level down to the transistor 
level, while employing materials used in conventional fabrication processes (copper and 
SiO2). 
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