1 Correlation

This section describes the correlation of the IBIS model to both the Spice model, from which it is derived, and bench measurements taken on the silicon being represented.
1.1 Correlation Goals
The goals of the two correlation modes are different, and are described, below.
1.1.1 Spice

Since the IBIS model is presumed to be derived from a Spice model, the goal when correlating the IBIS model against the Spice model is an exact match. 

1.1.2 Bench

Since the intent of the IBIS model is to provide the system designer with an accurate estimate of the range of behavior for a certain part, the goal when correlating the IBIS model to bench measurements is that the “Slow/Weak” and “Fast/Strong” predictions of the IBIS model encapsulate all of the bench data, with a minimal amount of “slack”. Note that this is a fundamentally different goal than that of IBIS-to-Spice correlation. (See Sec. 1.1.1, above.) The idea is that none of the measured data points should fall outside of the IBIS model prediction window.
1.2 Correlation Metrics

Undertaking the task of correlation implies that some quantitative results will be obtained, which indicate how far off target the entity under test (EUT) is. The purpose of this section is to define those quantitative results.
1.2.1 Introduction
The I/O Buffer Accuracy Handbook [1] took the first step in defining what quantitative results should be reported, as the result of a correlation attempt, when it defined the Curve Overlay Metric Figure of Merit and the Curve Envelope Metric. (See sections 4.3 and 4.4 of [1].) While this was an important first step, to be sure, it has been realized by the general modeling community, since the authoring of [1], that a “feature-selective” correlation metric may be more useful to both model makers and model users, alike.
 This is simply because different kinds of errors in models tend to manifest themselves as discrepancies in certain features of a test waveform. For instance, while an error in an IBIS model I/V curve might manifest itself more prominently in the high settling level of a test waveform, an error in the V/T table of the same model might show up more obviously as a discrepancy in rise or fall time. Therefore, a feature selective correlation process should be used, according to the following waveform feature, or “metric”, definitions.
1.2.2 Waveform Metrics

Following are the definitions of those specific waveform metrics that are to be used for performing both IBIS-to-Spice and IBIS-to-Bench correlation.
1.2.2.1 Settling High Level

The Settling High Level is defined as that voltage, which the test waveform assumes, after a rising edge has occurred, and after any ringing induced by that rising edge has subsided.
1.2.2.2 Settling Low Level

The Settling Low Level has the same definition as the Settling High Level, with the obvious difference that the observation should be made after a falling edge.
1.2.2.3 Rise Time

The Rise Time of a test waveform is defined as that span of time, which elapses between when the rising edge of the test waveform crosses a voltage value 20% of the way between the Settling Low Level and the Settling High Level, and when it crosses a value 80% of that way.
1.2.2.4 Fall Time

The Fall Time has the inverse definition as Rise Time. It is the time it takes the falling edge to transit from 80% to 20% of the way between the Settling High Level and the Settling Low Level.
1.2.2.5 Duty Cycle

The Duty Cycle of a test waveform may be defined as either:

· that portion of a test waveform cycle that resides above the Vmeas value given in the IBIS model, normalized to the cycle full period, and, therefore, expressed as a real number between 0 and 1, or

· that portion of a test waveform cycle that resides above the voltage level that is 50% of the way between the Settling High Level and the Settling Low Level.

The choice made should be consistent throughout the entire correlation process, and clearly stated in the correlation report.
1.3 Correlation Process

This section defines the process to be used for testing both IBIS-to-Spice and IBIS-to-Bench correlation.
1.3.1 Spice

In the case of IBIS-to-Spice correlation, since both entities being compared are virtual, there is no need to include package or PCB modeling in the comparison, and that luxury should be taken advantage of; no package or PCB modeling should be included in the simulations used to correlate IBIS models to Spice models. Furthermore, drivers should always be loaded significantly during simulation, in order to assure that the correlation is being conducted with the driver under some “stress”. We recommend that a 50-Ohm load be used, except in those cases where it prevents the driver output from reaching the Vmeas value given in the IBIS model, and the first alternative for defining Duty Cycle, above, has been chosen. Ideally, this correlation would be performed by instantiating both the Spice driver model, and the IBIS driver model, in the same simulation “deck”. This will ensure that differences between simulation engines don’t corrupt IBIS-to-Spice correlation results. In the event that this is not possible, the simulation engines used, as well as the methods of instantiation, should be clearly reported, along with the final results.
1.3.2 Bench

In the case of IBIS-to-Bench correlation, we must necessarily include both package and PCB models in the simulation deck, since they will be unavoidably present when gathering bench data. In this case, the simplest, and electrically “cleanest” PCB available should be used to make the bench measurements, as this will reduce the tendency of poor PCB modeling to corrupt the correlation results. Some specific PCB features to be avoided are:
· traces routed on middle layers, as they lead to via “stubs”, and

· traces with many discontinuities and/or branches, as it is particularly difficult to accurately model the effect of such features on the high frequency content of the signal under test.

An ideal test trace, for instance, would leave the package pin on the top layer of the PCB and terminate into an edge-mounted SMA connector, with land pattern optimized for high frequency launch, never requiring a transit through a via. A less ideal, but still very good, alternative would be to transit from a BGA package ball to the bottom PCB layer, travel along only the bottom layer, and terminate into a through-hole style SMA connector, also with land pattern optimized, as above.
1.4 Correlation Report

The results of the correlation effort must be reported, in a manner that is most useful to the model validator and/or the system designer. Such a report would make quick, quantitative identification of a model’s accuracy the highest priority.
1.4.1 Spice

In the case of IBIS-to-Spice correlation, what should be reported is the degree to which the IBIS model predictions diverge from those of the Spice model. That is, what should be most obvious in the report are the “errors” in the IBIS model predictions, relative to the Spice model predictions, which are considered “golden” here. We recommend the following formula be used in calculating the reported error values:


Err = (IBIS - Spice) / Spice
(1)

Where IBIS and Spice represent the predictions of the IBIS and Spice models, respectively, for any of the waveform metrics described, above, and Err is the error in the IBIS model prediction, relative to, and normalized to, the Spice model prediction, typically expressed as a percentage. So, for instance, an excerpt from a typical IBIS-to-Spice correlation report might look as follows:

	Signal/Corner
	High Level
	Low Level
	Rise Time
	Fall Time
	Duty Cycle

	Sig_A

	tt
	+00.00%
	+00.02%
	-01.16%
	+03.08%
	+00.17%

	ss
	+00.00%
	-00.00%
	-07.39%
	-13.80%
	-00.03%

	ff
	+00.00%
	+00.10%
	-02.59%
	+05.24%
	+00.27%


In the table, above, the numerical values were calculated, using Eq. (1).
1.4.2 Bench

In the case of IBIS-to-Bench correlation, what should be reported is the degree to which the gathered bench data fit within the IBIS model prediction window. Of particular interest to the system designer are the “margins” between the outlying bench data points and the IBIS window limits. A positive margin should indicate that all the data fit within the IBIS window, while a negative margin means that some data points lie outside that window. So, for instance, an excerpt from a typical IBIS-to-Bench correlation report might look as follows:

	Signal/Metric
	Low Margin
	IBIS Low
	Bench Low
	Bench High
	IBIS High
	High Margin

	Sig_A

	Vol:
	(-0.039)
	+0.191
	+0.152
	+0.241
	+0.314
	(+0.073)

	Voh:
	No bench data available. 

	Trise:
	(+0.108)
	00.147
	00.255
	00.282
	00.194
	(-0.088)

	Tfall:
	(+0.199)
	00.152
	00.351
	00.399
	00.248
	(-0.151)


Note) The result “No bench data available” for the Voh metric simply means that Sig_A is an open-drain signal. No results are shown for the Duty Cycle metric.

Notice that positive margins correspond to cases in which the bench data fall inside the IBIS window, and vice versa.
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