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Abstract| In this paper, we study the requirements

for interconnect in deep-submicron technologies and

identify critical factors that will require innovations

in process technology, process integration and circuit-

and-system design techniques. We also propose a scal-

ing scheme for global lines to optimize the interconnect

for a given application domain such as microprocessors,

ASIC's or memory. For local interconnect we demon-

strate that cross-talk is the major challenge which can

be addressed by selectively using larger drivers to re-

duce cross-talk noise when necessary.

I. Introduction

It is well known that interconnect will play a larger

role in integrated circuit design and manufacture as

technology is scaled [1]. This paper analyzes the re-

quirements for interconnect in deep-submicron tech-

nologies and identi�es critical factors that will require

innovations in process technology, process integration

and circuit-and-system design techniques.

Two regimes of interconnect are considered here: lo-

cal interconnect which is used within a cell or a block

using the �nest pitch metal allowed by the design rules;

global interconnect which is used for inter-block com-

munication using the upper metal layers. To iden-

tify trends in interconnect and transistor technology

we use the SIA (Semiconductor Industry Association)

Roadmap as a guideline [2]. The key transistor and

interconnect parameters that were used in this study

are shown in Tables 1 and 2 and Fig. 1. The aggres-

sive SIA roadmap targets for clock frequency, die size,

metal line widths and aspect ratios raised concerns

about the ability of the interconnect system to meet

these targets due to cross-talk and global line delay.

The purpose of this study is to understand if indeed

these targets are realizable under realistic assumptions

about future technologies.

All simulations were done using a SPICE circuit con-

sisting of a driver and a wire with two neighbors, with

either one (global case) or two (local case) ground

planes. Coupling capacitances were obtained from a

two-dimensional �eld solver.

II. Global Interconnect

The major criteria for interconnect design that we

considered for global interconnect are cross-talk noise,

electromigration and delay.

Fig. 2 shows that for future technologies the maxi-

mum interconnect length, with a �xed geometry (2�m

wide and 1�m thick over 1�m oxide dielectric), that

can be switched in a clock period is a decreasing frac-

tion of the chip-side length. The maximum intercon-

nect length is calculated based on the required clock

frequency for each technology generation, as shown in

Fig. 3. Of course the actual time available for simply

switching a long interconnect line is much less than

the clock period as the signal must go through several

stages of logic. Therefore, the results shown in Fig.

2 can be considered a best case. Note that the maxi-

mum switching length cannot be increased signi�cantly

by increasing the driver size as the limitation is in the

interconnect. New interconnect materials that reduce

the RC time constant will reduce the delay problem,

as shown in Fig. 4, but may not be su�cient nor cost-

e�ective to fully solve it by themselves.

In the above analysis we studied the performance of

interconnect assuming a �xed geometry, another ap-

proach would be to turn the question around and de-

termine the interconnect geometry that meets all the

design criteria. This approach is described below.

A. Optimization of Global Interconnect

For each layer of interconnect, we use the space of

horizontal pitch (line width and spacing) and vertical

pitch (line thickness plus dielectric thickness) to deter-

mine the best interconnect parameters [3]. The inter-

connect design space is used to plot all the constraints

imposed by material, circuit performance and reliabil-

ity requirements. For example, a given delay speci�-

cation is represented by a contour of constant delay

(see Fig. 5). All design points on or above it meet or

exceed the circuit delay requirement, but process and

reliability constraints would restrict the choice of the

best interconnect design point. In Fig. 5, two types of

reliability constraints: (1) the maximum current den-

sity to prevent electromigration and (2) the maximum

cross-talk noise are shown schematically. Other pro-

cessing limits such as the maximum aspect ratio can

also be included on this graph. The optimal design

point is de�ned as the point that meets all the con-

straints while minimizing the metal pitch. The above

approach applied to 0:18�m technology, using realis-
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tic data, is shown Fig. 6. From this �gure it can be

seen that the optimal interconnect design point for a

20% Vdd noise margin would be a horizontal pitch of

5:5�m and the sum of metal and dielectric thickness

of 3:2�m.

B. Reverse Scaling for Global Interconnect

In Fig. 7, the loci of the optimal interconnect design

for each generation of technology, using the SIA clock

cycle, are plotted on the same axes, thus providing

a guideline for reverse scaling of global interconnect.

Variations such as new materials can be easily incor-

porated in this scheme as shown in Fig. 8, where the

use of copper lines and low permittivity dielectric al-

lows a reduction in both the vertical and the horizontal

pitches by about 40%. Changes in circuit design styles

that impact the lengths of critical path can also be

reected in the choice of the optimal design point by

using this method.

III. Local Interconnect

For local lines (especially in array structures such

as cache RAMs) a key limitation is cross-talk. Cross-

talk noise will progressively become worse in the future

because of the increasing coupling capacitance among

neighboring lines as shown in Fig. 9. In Fig. 10, the

maximum allowed wire length for a signal wire is shown

for di�erent technology generations, when the noise on

a neighboring wire is limited to 20% Vdd. Also shown

is the maximum wire length when the average capac-

itive current is limited by electromigration. From the

�gure it is clear that electromigration, assuming a max-

imum average current density limit of 2� 105Acm�2,

is not a critical limit for signal wires for the 0:18�m or

earlier generations. For technology generations later

than the 0:18�m, electromigration would be a limit-

ing factor for wire lengths. In Fig. 10, we also show

the impact of using two driver size scaling scenarios:

in one case the ratio We�=Le� is kept constant, while

in the other We� is kept constant. A larger driver has

a lower resistance and thus produces less cross-talk for

the same coupling capacitance. If the driver width

is scaled along with the technology then the allowed

interconnect length can become unacceptably short.

This can only be counteracted (for minimum spacing

layout) by using unscaled drivers, in which case the

maximum interconnect length is longer then the scaled

driver case, although there is greater power dissipation,

as shown in Fig. 11.

The impact of new materials on cross-talk is shown

in Fig. 12. As expected the use of copper, which re-

duces the wire resistance by about 40% has almost no

impact on cross-talk noise because the wire resistance

for lines that are shorter than about 1mm is much less

than the e�ective transistor resistance. A low permit-

tivity dielectric on the other hand reduces cross-talk

noise almost proportionally to the reduction in the per-

mittivity and thus can be used to drive longer lines

with the same cross-talk noise tolerance.

As shown in Fig. 10, the size of the driving transis-

tor has a dramatic impact on the cross-talk noise in

a wire, therefore we can systematically trade-o� cross-

talk noise with driver size as shown in Fig. 13, for the

0:35�m technology. For a given interconnect length, if

less noise must be tolerated than a larger driver must

be used. Hence, if a 10% Vdd noise contour is chosen

then all points in the design space below and to the

right are acceptable from a noise standpoint, the delay

constraint in a logic design must of course also be met.

The same rule holds for all the technology genera-

tions, though the length of interconnect that can be

driven for a �xed noise margin (as a fraction of the

power supply voltage) is reduced for future technology

generations due to the increased coupling capacitance,

as shown in Fig. 14. Note that this also has implica-

tions for algorithmic scaling. For example, if a design

in 0:25�m technology is shrunk, then both the driver

and wire lengths would be reduced proportionally and

it would still lie on the 0:25�m contour for 20% Vdd

noise. But if the shrunk design is now processed in

the 0:18�m technology, then the design point would

lie above the 20% Vdd noise contour for the 0:18�m

process and thus would fail to meet the design goal.

IV. Conclusion

In this study, we have used realistic parameters for

transistors, interconnect and system performance for

future technology generations to show that delay and

cross talk will be severe constraints for global lines. To

meet these limits we propose a scheme, which includes

the impact of new materials, for optimally designing

global interconnect. For local interconnect, cross-talk

is the major challenge which can be addressed by se-

lectively using larger drivers to reduce cross-talk noise

when necessary.
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TABLE 1 Interconnect Technology Parameters

Parameter Technology
0.35um 0.25um 0.18um 0.13um 0.10um 0.07um

Local Line Width (um) 0.40 0.30 0.22 0.15 0.11 0.08
Local Line Spacing (um) 0.60 0.45 0.33 0.25 0.16 0.12
Local Line Thickness (um) 0.60 0.60 0.55 0.45 0.39 0.32
Dielectric Thickness (um) 1.00 0.84 0.70 0.59 0.57 0.50
Chip-side Length (mm) 15.8 17.3 19.0 20.7 22.8 24.9
Power Supply (V) 3.3 2.5 1.8 1.5 1.2 1.0
Frequency (MHz) 300 450 600 800 1000 1100

TABLE 2 Device Technology Parameters

Parameter Technology
0.35um 0.25um 0.18um 0.13um 0.10um 0.07um

Leff (um) † 0.28 0.18 0.10 0.08 0.07 0.06
Gate Oxide Thickness (A) 80 60 45 40 35 30
Threshold Voltage (V) 0.65 0.60 0.50 0.45 0.40 0.35
† Note that Leff is not given in the SIA roadmap but is based on extrapolation from technology trends.
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of different technology gene- driver sizes and technology technology generation.  Minimum
rations used in this study. generations with line width= switching time is the sum of rise
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