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ABSTRACT


This paper describes the challenges  of using ibis as a  way of modeling simultaneous switching noise in a system. The focus is on using the ibis defined RLC matrices and then 


show the pitfalls of using this method and shows a way of  applying  hybrid modeling technique.





Introduction





As  the frequencies increase; Simultaneous switching  outputs will cause  pushout  in timing. This timing  becomes an increasingly large component of the timing budget. Currently simultaneous switching output is budgeted as an estimate in the timing analysis. IC vendors will not give out SPICE netlists of the I/O buffer  and the coupling matrices for the package.  Hence ibis is used in this situation by system vendors to predict what kind of flight time changes are possible due to simultaneous switching outputs. The different coupling effects are evaluated. Currently system level simulations do not take into account the coupling effects of the package since this is already figured into in the clock to out delay calculations. However this method may not accurately represent the system conditions. Hence a system level simulation must include the pin to pin coupling effects and the voltage variations on the power and ground planes in order to accurately predict the interconnect delay.


 


When digital integrated circuit chips are placed on a printed circuit board ; the off chip driver circuits on one chip are connected to the receiver circuits on the other chips with interconnect. High density IC chips with hundreds of I/O connections may require a multi chip module with many reference/power planes. The transient voltage can cause noise on a quiet signal. This paper highlights the challenges facing the system and package designers as circuit rise times become significantly shorter relative to the IC chip and package time of flight. 





IBIS 2.1 Method of modeling:





IBIS 2.1 defines a method of modeling the two dimensional coupling effects of the package . The [Package Model] keyword has to be used.. Package models are stored in a file called .pkg. In between the [Model Data] and [End Model Data] keywords is the package model itself. The data is a set of three matrices: the resistance matrix; the inductance matrix and capacitance matrix. Each matrix can be formatted differently. This is a two dimensional N x M matrix.  It  takes into account the coupling effects between the pins. Thus each pin including VCC and GND can be specified as a row in the Matrix. This is equivalent to a lumped model. 

















Package Models











Consider the following buffer circuit:


Output Buffer





�











This is a buffer circuit with no coupling parameters between the pins. The flight time measured between the driver and receiver will only show the effect of the package characterstics of the discrete elements. Using the RLC matrix defined in the IBIS 2.1 specification the  output buffer would look as follows:





� EMBED PBrush  ���











This equivalent circuit would correlate very well with hardware measurements of simultaneous switching noise on few quad flat packs and ball grid arrays when rise times are greater than 0.5ns. The lumped element model is basically an LC circuit and it filters the high frequency components. The dimensions of these packages are typically 40 mm or less and the rise times are typically 0.5ns or greater. Hence the package circuits do not act as transmission lines. However; the lumped element model losses accuracy as the current path lengths approach the wavelength of the signal, and the accuracy grows worse as the wavelength grows shorter than the signal path . 





Hybrid Modeling Technique





One technique developed by [1]; was to generate a hybrid model with lumped element and transmission line. Basically; it treats the multiple layer package as a board with power; ground and signal layers. The equivalent circuit of the Planes is modeled as shown below. 
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This model can be seen as to orthogonally approximate the radial wave expansion from a point source as well as the uniform planar transmission characterstics of the rectangular plane pair structure. A key element to the grid model is the determination of the size of the individual grid units which comprise the total model.  As an example; consider the crossection  of  the package ;  if the structure has a minimum spacing of 5mm; then the time of flight for a dielectric medium of  4.1 is about 34ps.  Once the grid unit delay is established;  calculation of the model parameters L and  Cm is based on per unit time delay Td of the ideal transmission line. It is assumed that dielectric and skin effect losses are not considered here. This type of modeling gave better correlation to the actual measured  results. Hence when radial and planar behavior is included then it results in a better frequency response than the two dimensional model which was used earlier. 





Conclusions:





Extending the ibis modeling specification  to include the three dimensional modeling which takes into account the power and ground lines and using the hybrid modeling technique will provide more accurate results for signal integrity analysis.
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