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Abstract - As VLSI technology continues to scale down, electro- 
migration problem has become one of the dominant factors in 
determining system reliability. This problem is caused by high 
current density flowing in the metal interconnect. Therefore, 
current evaluation is a crucial concern in IC design. SPICE level 
circuit simulators are excellent for doing current calculation, 
however, their running time are too expensive to be used 
repeatedly in design synthesis loops. In this paper, we propose 
an efficient approach for the interconnect current calculation. 
This method is based on moment matching but does not need 
high order moments. It only needs traversing the RC tree once 
to get the mean current value of every segment, traversing the 
tree once more is enough for the RMS current calculation, and 
two more traversals is sufficient for the peak current calculation. 
We apply our method to a larger number of interconnects 
getting close-to-SPICE accuracy at significantly faster runtimes. 
In particular, applying the method to 17,387 wire segments in 
the clock tree of a commercial IC, we obtained that the average 
deviation error of mean current is 0.0569%, average RMS 
current error is 0.703% and average peak current error is 
6.552%. It took 28 hours for HSPICE to get current value of all 
the wire segments and it only took our method 156 seconds. 
 
 
 

I.  Introduction 
 
    In recent years, while the feature size of integrated circuits 
are being scaled down dramatically [10,11], however, the 
working voltage and current are not reduced at the same rate 
as IC physical dimensions. Consequently, the current density 
of interconnect is increased as the physical size of IC is 
reduced. Interconnect with insufficient width may cause large 
current density and be subject to electromigration problem 
[4,17]. Eventually, this problem may cause the failure of the 
IC during any time in its lifetime [1,5]. Therefore, the 
evaluation of current which flows through the interconnect is 
becoming one of the critical concerns in IC design and will 
take much more attention in the future nanometer technology. 
 
 
____________________ 
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    Circuit simulators, such as SPICE, are excellent for the 
accurate current calculation. However, the calculation is 
based on the time-varying waveform, thus their running times 
are very expensive, especially for the VLSI design in which 
millions of current value verification are required during the 
IC design process. Moreover, even to do the electromigration 
analysis only on the critical nets of a VLSI circuit, it still takes 
unaffordable time for running SPICE simulation. Therefore, 
it is important to develop a method that is able to compute 
current value of interconnects with fast speed. Besides, it is 
required that the method is able to compute not only the RMS 
current but also the average and peak current because, with 
the developing of techniques on electromigration analysis, 
these three kinds of current values are needed in different 
analysis models [3,6,14]. 
    There are several electromigration analysis tools proposed 
in recent years, however, they either are based on the SPICE 
level simulators [15,16] or only focus on the power network 
analysis [2,12]. With the operating frequency of IC increasing 
and physical dimension scaling down, current densities of 
signal nets are getting much higher than ever. Besides, the 
topology complexity of signal network as well as the 
commercial competitive pressure pushes IC design to the 
limits of fabrication technology. All these make the 
evaluation of current density of signal nets imperative to 
prevent the electromigration problem from becoming a time 
bomb in the ICs. Thus, most chip fabrication companies 
require their IC design tools to have the ability to calculate the 
current density of both signal and power nets in order to 
verify there is no electromigration problem and Joule heating 
failure occurring. 
    In this paper, we present an efficient method to calculate 
the mean, RMS and peak current values of signal nets. The 
basic technique used in this method is moment matching [8], 
and moreover, it does not need high order moments for the 
current calculation. Thus the running time of our method is 
much less than that of the SPICE-level simulator. To get the 
mean current value of every segment in an interconnect RC 
tree, it only needs to traverse the tree once, for calculating 
every segment’s RMS current, traversing the tree once more 
is enough and for the peak current value calculation, two 
more traversals is sufficient. The error of our method on the 
mean current value calculation is less than 1.93% as 
compared to SPICE simulation, and within 7.82% of SPICE 



accuracy for the RMS current calculation and, for the peak 
current calculation, the error is less than 16.65%. Since this 
method is efficient and easy to implement, in addition, its 
accuracy and fidelity is reasonable, it may become a pre- 
ferable tool to use in the VLSI design for fast current 
evaluation. 
 
 

II. Interconnect Current Calculation 
 

    Given an RC tree with nodes {1, …, n}, where node 1 is the 
driving point, we refer to it as the root and denote r1 as the 
driver output resistance, as shown in Fig. 1. We apply the 
switch-resistor model to the driving gate. Thus, the driving 
gate is modeled by a step voltage source and its driving 
resistance r1. 
    Assuming that node h is the direct parent of node i, let R 

i 
denote the resistance between the node h and i. Let C i be the 
capacitance at the node i. Denote mj

i as the jth moment of the 
impulse response at node i. Thus, The voltage between nodes 
h and i is 
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where V h(s), V i(s) are the s-domain voltage of node h and i 
respectively,  I i(s) is the s-domain current that flows through 
the resistor Ri. 
  Equation (1) can be expressed by a reduced set of q poles 
and residues as follows: 
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where p1
i to pq

i are the q poles of node i and r1
i to rq

i are their 
corresponding residues. 
In time domain, the current I i(t) can be expressed as 
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  We will refer to those kl
i as the residues in the rest of this 

paper to make for brevity. 
 
 
A. The Value of Mean Current 
 
    Let I 

i
mean denote the value of mean current that flows 

through Ri. Let T be the period of time during which the mean 
current value is calculated. 
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    We assume that the input signal switches at the starting 
time 0 and the voltage of all the capacitors becomes stable at 
the end of T. T can be the cycle time of input signal. Usually 
the time needed for the interconnect capacitors charging or 
discharging is much less than the input signal period. Under 

this assumption, Tp i
le ⋅  is much less than 1 and closer to 0 

since pl
i<0. Thus, (5) can be rewritten as: 
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In the q-pole system, the following equation is satisfied for 
the current transfer function (1) [8]: 
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For signal interconnects, most topologies of the wire circuits 
are tree structure. If so, (7) can be expressed as 
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where Ctd
i is the total downstream capacitance seen from 

node i.  
Substituting the above equation into (7) and (6), the mean 
current can be rewritten as 
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    It is obvious that we only need to traverse the RC tree once 
for getting the total downstream capacitance of every node by 
performing a reverse depth-first traversal beginning at any 
leaf node [9]. This traversal algorithm guarantees that a node 
is not visited until the total downstream capacitance of every 
its descendant gets known. We refer to this traversal as the 
first traversal. 
    We will use m1 to denote the first order moment for a 
generic node and similarly, mj as jth moment value. We define 
ûm1 as the m1�V GLIIHUHQFH EHWZHHQ D QRGH DQG LWV GLUHFW

Fig. 1.   RC tree. Node h is the direct parent node of i, 
R 

i is the resistance between the node h and i, C i is the 
capacitance at the node i. 



SDUHQW QRGH� VLPLODU LV WKH GHILQLWLRQ RI ûm2 DQG ûm3. 
(TXDWLRQ ��� VKRZV WKDW ûm1 is equal to the resistance 
multiplying its total downstream capacitance. Thus, during 
the first traversal, we can obtain every node�V ûm1 value 
simultaneously. If all the m1�V GLIIHUHQFHV DUH VXPPHG IURP

the leaf to the root, the difference between the root and each 
leaf is obtained. Besides, m1 value of the root can be obtained 
when finishing the traversal since it is only related to r1 and 
the total downstream capacitance seen from the root. 
Therefore, without much extra work, the m1 value of every 
OHDI QRGH DQG ûm1 value of every node can all be computed 
during the first traversal. These values are useful in the 
following current calculation. 

 
 
B. The Value of RMS Current 
 
    Let I  

i
rms denote the RMS current value that flows through 

the R 
i. By the definition of RMS current and equation (4), 
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Taking the same assumption of T as that in subsection A, we 
can rewrite equation (9) as follows 
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Assuming that p1
i is the dominant pole of node i, I i

rms can be 
approximated as 
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Since p1
i is the dominant pole of node i, we can take the 

following approximations [8]: 
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From the above two equations (12) and (13), we get 
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Thus, I i

rms can be expressed as 
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  In an RC tree, 
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where D(i) denotes the nodes set consisting of i and its 
descendant nodes. Cm1

i is the value of each node�V
capacitance multiplying its corresponding m1 value summed 
from all the descendant of i to node i [7]. 
Substituting (8) and (17) into (16), we get 
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Equation (18) shows that it needs Ctd
i and Cm1

i to calculate 
RMS current. Ctd

i of every node has been obtained in the 
mean current calculation. Moreover, since we also know the 
m1 value of every leaf in the first traverse, we can traverse the 
tree once more (second traversal) to get all the other nodes�

m1 value and Cm1
i can also be obtained at the same traversal 

by using equation (17). Thus, based on the mean current 
calculation, it needs only one more traversal to yield the RMS 
current value of every node.  
Similar to subsection A� ûm2 value of every node and m2 
value of every leaf can be obtained simultaneously in the 
second traversal. These values will be used in the peak 
current calculation. 
 
 
C. Peak Current Value 
 
    In this subsection, we will use two poles approximation to 
calculate the peak current value. The reason why we do not 
use the dominant pole method to get the peak current value is 
explained later as a remark. 
The s-domain voltage of nodes i is 
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By using two poles approximation, we transform the voltage 
of nodes i from s-domain to time domain. 
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Similarly we can get the time domain voltage of node h 
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With the two terminals’ voltage of the resistor R 
i, the current 

flowing through it can be expressed as 
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    The maximum value equation of (22) is the peak current 
value flowing through Ri. Thus, the rest part of the problem 
on calculating peak current value becomes how to get the 
values of the two poles and two residues of (22). An explicit 
and stable method for the two poles approximation was 
proposed by Tutuianu et al. [13], however, the method does 
not work well at the nodes near the driving point. Therefore, 
we use the classical moment-matching method of AWE to 
compute the poles and residues for those near driver segments. 
This method works very well at the near driving point nodes. 
Consequently, the two methods can compliment each other 
over all the nodes. We summarize our method to calculate the 
two poles and residues for equation (22) as follows: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    The above method indicates that m3, m2 and m1 are required 
for calculating the two poles and residues. Every node�V m1 

value is obtained in the second traversal. Besides, we obtain 
WKH ûm2 value of every node and the m2 value of every leaf. 
Therefore, by one more traversal, we can get all nodes� m2 
YDOXH� ,Q WKH VDPH WUDYHUVDO� ZH FDQ FRPSXWH ûm3 value of 
every node using the same method as that in the above 
subsection. When this traversal is finished, we can also obtain 
the m3 value of the root. Thus, by another traversal of the tree, 
we can get m3 value of every node. Therefore, based on mean 
and RMS current calculation, two more traversal is sufficient 
for the peak current calculation. 
 

    We summarize the four traversals for calculating the three 
kinds of current values in Table 1. The symbol with 
superscript i in table 1 represents that its associated value can 
be obtained at every node in the traversal. 
 

    If we take the coupling capacitance into consideration, the 
topology of the circuit of interconnect may become tree-like.  
Defining the notion tree-like topology as: Excluding all 
capacitors and current sources, if a spanning tree of the circuit 
can be constructed that includes all voltage sources and 
resistors, and then the circuit topology is strictly tree-like [9]. 
The equation (8) and (17) may not be satisfied in the tree-like 
topology. Thus, to calculate mean current, we need to get m1 
value of every node and it needs two complete traversals to 
get all m1�V YDOXH� 2QH WUDYHUVDO LV WR FRPSXWH WKH ILUVW
moment current flowing through all the capacitors and the 
other traversal is to get all node moment voltages. Similarly, 
for RMS current calculation, it needs another two traversals 
to obtain every node�V m2 value. The situation is the same for 
peak current calculation and it still needs two more traversals 
to get all m3�V YDOXH EDVHG RQ WKH 506 FXUUHQW FRPSXWation. 
Hence, six traversals are needed for the tree-like topology 
interconnect to get all the three kinds of current values. 
 

Remark 1: 
 

    To calculate peak current, using only one dominant pole 
approximation is not enough to get an accurate result. The 
reason is that RMS value is the statistical result during the 
time interval of computational, i.e. it is the integral of I i(t) on 
the time interval T. The waveform derived from the dominant 
pole technique matches most area of the actual current curve 
but not fitting good around the time starting point, i.e. t=0+ 
area [8]. To calculate the peak current value, we need more 
specific information than that needed for RMS value, 
especially at near t=0+ zone since the current reaches its 
maximum value usually in this region. Thus we use two 
approximation poles instead of one dominant poles to extract 
more information around t=0+ area. 
 

TABLE 1 
Values  obtained  in  each  traversal 

 

first Ctd
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fourth   m3
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1. For those near driver nodes: 
 

( i ). Solve the matrix equations to get b1 and b2 ; 
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( ii ). Get the two roots of the following quadratic
function; 
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( iii ). The root with smaller absolute value is the
poles p1

i
 and the other one with larger

absolute value is p2
i ; 

 

( iv ). Residues.. 
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2. For the other nodes: 
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III.    EXPERIMENTAL RESULTS 
 

    We applied our method to the clock tree of a commercial 
IC and compared the calculation results with HSPICE 
simulation. There are 17,387 segments in the clock tree. For 
all these segments, the maximum and average deviation 
errors of mean, RMS and peak current calculations are shown 
in Table 2. 
    All the experiments are performed in a SUN Ultra 
workstation. It takes 28 hours for HSPICE to finish the 
current calculation of all the segments and our method uses 
156 seconds to yield all the results. 
 

TABLE 2 
 

    The maximum and average deviation error of this method 
compared with HSPICE simulation on mean, RMS and peak 
current computations of the clock tree of a commercial IC. 
 
 
 

Current Mean RMS Peak 
Maximum error 1.276% 7.022% 14.826% 
Average error 0.0569% 0.703% 6.552% 

 
    Furthermore, we generate 2000 VLSI wires with wide 
range parameters and different tree topologies to test our 
method. The wire parameters are based on the current and 
future manufactory technology [10,11]. It takes our method 9 
minutes to finish the current calculation of every segment of 
those wires and it takes HSPICE 105 hours to do all the 
simulations. The results demonstrate that the maximum de- 
viation error is less than 1.93% compared to HSPICE 
simulation for the mean current value calculation, less than 
7.82% for the RMS current calculation and, for the peak 
current calculation, it is less than 16.65%. Fig. 2, 3 and 4 
show that how many segments among the 2000 wires 
distribute in the different error percentages of mean, RMS 
and peak current calculation, respectively. 
 

 

       
 
 
 

 

         
 
 
 
 
 
 
 
 
 

         
 
 
 
 
 
 

 
 

      IV.  CONCLUSION 
 
    Based on the moment-matching technique, a method on 
calculating interconnect current is presented. The method 
works efficiently on mean, RMS and peak current calculation 
compared to other circuit simulators and the results it yields 
are within reasonable error range. This method can calculate 
current value for IC interconnect whose topology is a 
spanning RC tree or tree- like. We will extend our research on 
current calculation to interconnect with resistance loops and 

Fig. 2. The relationship between the number of
segments and the error percentages of mean current
calculation over the 2000 wires. 

Fig. 3. The relationship between the number of
segments and the error percentages of RMS current
calculation over the 2000 wires. 

Fig. 4. The relationship between the number of 
segments and the error percentages of peak current 
calculation over the 2000 wires. 



inductance loops in the future work. 
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