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Fig. 3. BGA Package : Maximum singular value in each iteration step.

corresponds to -49.73 dB, which is quite small given the size
of the maximum violation (σmax = 1.0069). Fig. 3 shows that
the maximum singular value of the scattering matrix decreases
monotonically in each iteration step. It is also observed that
the proposed algorithm converges to a passive macromodel in
only 14 iteration steps.

VI. EXAMPLE : INTERCONNECT SYSTEM

In this example, the presented approach is used to compute
a passive macromodel of a 4-port chip-to-chip interconnect
structure [29]. The scattering parameters of the structure are
measured in the frequency domain from 775 MHz up to 7.52
GHz, and vector fitting is used to approximate the response
by a 100-pole proper transfer function using 271 data samples
[8]. It is seen from Fig. 4 and Fig. 5 that the macromodel has a
large out-of-band passivity violation at the lower frequencies.
The passivity enforcement procedure is applied to compensate
the violations, and converges to a passive macromodel in only
37 seconds on the same laptop computer. Fig. 6 shows that
the accuracy of the macromodel is again well preserved. Fig.
7 shows that the maximum singular value of the scattering
matrix decreases monotonically in each iteration step, and the
algorithm converges to a passive model in 10 iterations.

VII. EXAMPLE : QUARTER WAVELENGTH FILTER

In this example, the presented approach is used to com-
pute a passive macromodel based on simulated data of a 2-
port quarter wavelength filter. The scattering parameters of
the structure are simulated in the frequency domain from 1
GHz up to 12 GHz, and relaxed vector fitting is used to
approximate the response by a 28-pole strictly proper transfer
function using 1000 data samples. It is seen from Fig. 8
that the macromodel has several small passivity violations.
The passivity enforcement procedure is applied to compensate
them, and converges to a passive macromodel. The maximum
singular value of the scattering matrix decreases monotonically
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Fig. 4. Interconnect : Singular values of scattering matrix.
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Fig. 5. Interconnect : Singular values of scattering matrix at low frequencies.

in each iteration step. Fig. 9 shows that the accuracy of the
macromodel is again well preserved.

VIII. CONCLUSIONS

This paper applies a novel technique for passivity en-
forcement of S-parameter based macromodels, which does
not require the use of optimization techniques. It iteratively
computes updated values for the model residues until the
singular values of the scattering matrix are unitary bounded.
The implementation of the proposed algorithm is simple and
straightforward. The robustness and efficiency of the method
has been validated on a wide range of practical examples.
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