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Abstract
This paper demonstrates a method for extracting the equivalent circuit parameters using the steepest decent method, provided with a set of frequency-dependent data. The algorithm is implemented and tested using MATLAB. This method can be developed and then used to model interconnects, with varying parameters of transmission lines. 
1. Introduction

Researches on modeling of the inter-connect network is necessary for accurately predicting its performance and properties. There are many published techniques on extracting the interconnect parameters, for example, [1], [2], [3]. However, the relation-ship between the change in the interconnect parameters and the resulted frequency responses has not been studied that much.
Section 2 of this paper discusses how to extract several parameters simultaneously with a given frequency response file. Section 3 shows how to use this technique to study the relationship between the inter-connect parameter and the frequency response by taking several input files.
2. Equivalent Circuit Extraction
A set of measured frequency-dependent data, SMeasured, consisting of the magnitude and the phase angle of the output voltage to input voltage, is first provided. The data is plotted as shown in Figure 1. The frequency range of 1GHz to 3GHz is studied in this paper. 
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Figure 1. Measured magnitude and phase of input data.
To construct the parameter extraction algorithm [3], a simple topology of the network is assumed and shown in Figure 2.
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Figure 2. Topology of the network.
The initial estimates of these circuit parameters can be supplied by the user, and then the algorithm optimizes these numbers until the value of the SCalculated is agree with SMeasured for each corresponding frequency. The SCalculated is the transfer function of the circuit above and is given by:
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Then the cost function is calculated by:
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where the cost function is in terms of all the unknown circuit parameters.

Steepest descent method [1], [4] is used to implement the optimization algorithm. At each iteration, the search direction is taken as the negative gradient of the cost function. The search direction d = (d1, d2,…, dn) where n is the number of circuit parameters and d has a unit length. The updating method for each iteration is:
pknew = pkold + ηdk ,
k = 1, 2,…, n
   (3)
where η is the learning rate and pk is the circuit parameter. The process is repeated at the new point and the algorithm continues until a local minimum is found.
2.1. Experimental result for two circuit parameters
This algorithm is able to extract multiple parameters simultaneously. When dealing with two or less parameters, the relationship of the cost function vs. the parameters can be plotted to show visually where the local minimum is, and this can be used to verify the calculated results of the circuit parameters. For example, if the L1 and C1 of the circuit in Figure 2 are the unknowns, the plot is shown in Figure 3.
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Figure 3. Mesh plot of cost function vs. L1 and C1 .   
The calculated L1 and C1 is shown in Table 1 and compared with the actual values. The calculated magnitude and phase angle of the transfer function, SCalculated, is compared with the SMeasured and shown in Figure 4.    
Table 1. Comparison of the actual and calculated parameter values.
	Circuit Parameter
	Actual Value
	Calculated Value

	L1
	8e-9 (H)
	8.0825e-9 (H)

	C1
	1e-12 (F)
	1.0073e-12 (F)
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Figure 4. Magnitude and phase angle of SCalculated and SMeasured    
As shown in Table 1, the calculated L1 and C1 are agreed with the values.     

2.2. Experimental result for three circuit parameters
When dealing with extraction of three or more circuit parameters, although a graph of cost function vs. parameters cannot be plotted, the calculated parameters still are believed to be agreed with the actual values. The result of an example of extracting unknown L1, C1, and R2 are summarized as shown in Table 2 and Figure 5.  
Table 2. Comparison of the actual and calculated parameter values.
	Circuit Parameter
	Actual Value
	Calculated Value

	L1
	8e-9 (H)
	8.0834e-9 (H)

	C1
	1e-12 (F)
	1.0142e-12 (F)

	R2
	50 (Ohm)
	51.2808 (Ohm)
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Figure 5. Magnitude and phase angle of SCalculated and SMeasured    
3. Parametric Fitting
The method introduced in the above section can be developed and used to model interconnects, with varying parameters of transmission lines, such as the length. To study the relationship between the inter-connect parameter and the corresponding frequency response, 10 input files are first generated and the SMeasured of those 10 data sets are  plotted as shown in Figure 6. 
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Figure 6. Measured magnitude and phase angle of 10 input data sets.
With only one varying circuit parameter, R1, the technique of extracting the equivalent circuit parameter using steepest descent method, is used to find the corresponding R1 value for each data set. Those calculated values is then compared with the actual ones and shown as the 10 points in Figure 7. The data is then best fitted with the polyfit() function in MATLAB and shown in the Figure. The fitted polynomial for this example is:
R1(d) = 1.0010d – 0.0173 
  (4)
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Figure 7. The values of R1 for the 10 data sets and the best fitted polynomial.
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