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Introduction

IBIS 
datasheets (models) are becoming a critical part of the design process for high-speed digital systems. As SPICE models become harder to obtain and IBIS datasheets gain popularity, insuring the accuracy of network simulations is more important than ever.

Compaq Computer Corporation’s Alpha Server Division (formerly Digital Equipment Corporation) is presently shipping the 600 MHz AlphaServer that utilized accurate behavioral models as a critical part of the overall design process. Rigorous verification procedures were performed to eliminate discrepancies between simulation and actual performance. This may not be the case if you randomly pull an IBIS model off of the World Wide Web. 

By writing an IBIS Accuracy Specification we are attempting to generate a document of understanding between model creators (usually a semiconductor vendor) and models users (semiconductor customers). Using this specification a vendor can quantify and document how closely the hardware matches the model predictions, and the customer can decide whether or not a given IBIS datasheet meets his or her accuracy needs. 

The first cornerstone of the IBIS Accuracy Specification is the concept of quantitative correlation between hardware and model predictions using the method of curve overlay.  The second cornerstone is a template for communicating the correlation results.  

The IBIS Accuracy specification does not presume to label a model as “good” or “bad;” it simply outlines a consistent method for semiconductor vendors and others to document any correlation work performed. This will ultimately provide the user with additional confidence and a better understanding of model application. 

Another benefit of the IBIS Accuracy Specification is the elimination of duplicate model verification efforts.  As most signal integrity engineers have discovered, collecting and verifying SPICE models from semiconductor vendors is an extremely difficult task.  They do not have the required data at their disposal.  If a discrepancy arises, the task becomes even more daunting. Vendors who use the IBIS Accuracy Specification will be able to identify and resolve many discrepancies before the customer even sees an IBIS datasheet.

It is worth noting here that there is a significant difference between a behavioral model and an IBIS datasheet.  The behavioral model is the set of internal equations that the simulator must solve to arrive at a circuit solution.  (This is analogous to the semiconductor device equations that define the BSIM MOSFET model in SPICE.)  The IBIS datasheet is the set of data that customizes the model for each unique I/O buffer. (This is analogous to the set of transistor model parameter values for a BSIM MOSFET, found in a SPICE .model statement.)  When simulating the same I/O buffer from the same IBIS datasheet, each simulator will apply a different behavioral model.  Sometimes these differences are significant.  The simulator itself plays an important role in accuracy, but the IBIS Accuracy Subcommittee has not yet addressed this topic. While an accurate IBIS datasheet is the first step toward accurate behavioral simulations, users should understand that an accurate IBIS datasheet does not guarantee an accurate simulation.

In the context of this paper, we will use the term’s “IBIS datasheet” and “IBIS model” interchangeably.
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Outline

The outline slide above clearly highlights the information presented in this paper. In the introduction we present data intended to provoke the readers interest.  Next we documented an introduction to the IBIS Accuracy Specification. The scope describes the bounds of this specification. The measurements and correlation segments demonstrate the methodologies and techniques proposed in the specification.  We conclude with a list of resources, references, recommended test equipment, and a summary.
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We claim that the accuracy of a simulation is a measure of how close the result of the simulation comes to the true value. The true value is what one accurately measures in the lab. So an accurate IBIS simulation means the delta between simulation and measurement is small. 

Slide #3 shows a comparison between a bench waveform and an IBIS simulation. The left most waveform is the measured input stimulus. The other 4 waveforms are measured and simulated at each of the 2 loads. The two waveforms that bounce back near the threshold (rising edge) and through the threshold (falling edge) are the measured data. The two waveforms with less bounce back are the corresponding IBIS simulations. This is an example that demonstrates why you must be careful to understand the accuracy of your model in your specific application. 

The simulated waveform would pass standard signal integrity quality metrics while the measured waveform, which bounces back through the threshold region, is cause for concern. Quantification of this visual metric has merit.
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Accurate high-speed waveform measurements are a challenge. This is one reason why IBIS Models are often compared to SPICE.  Incorrect measurement techniques may also cause a model to be labeled as bad when the measurement was in error. 

Slide #4 shows two measurements made at the same test point. The measurements were taken utilizing two different bandwidth oscilloscopes. The device-under-test, a Fairchild VCX16244 buffer, is driving 6 inches of etch (open ended transmission line). The load at the end of the line is a small capacitance from the oscilloscope probe and jack. The waveform, which has a negative overshoot close to –2 volts, was measured using the HP54750 scope with 20Ghz plug-ins and a 2.5 GHz FET probe. The other measurement was made with a HP54120 with the bandwidth set to ~ 800 MHz. 

This plot clearly shows the importance of having a scope of adequate bandwidth to obtain accurate measurements.  It also demonstrates a common error made when acquiring high-speed waveforms. In the specification we present a simple technique to calculate the required bandwidth based on the edge rate of your signal.
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Another common error is the failure of a model developer, or person verifying the model data, to properly characterize the test environment. 

Slide #5 gives one example why it is important to measure your test environment. It shows the result of an IBIS simulation of the same open-ended 6-inch transmission line at an expanded scale. 

One waveform shows the transient behavior at the end of a 100-ohm transmission line when driven by the VCX16244. The second waveform shows the transient behavior at the end of a 6-inch 50-ohm transmission line driven by the same part. The results are significantly different and demonstrate the importance of characterizing your test environment.  Specifically you should measure the PCB characteristic impedance (for all layers of importance) using a TDR (Time Domain Reflectometer) prior to comparison of simulations to bench data. 

Coincidentally, the first pass of this board had the correct characteristic impedance of 50 Ohms +/- 10%, while the second pass, which fixed many of the earlier design flaws, had a measured impedance of approximately 98 ohms. If we did not characterize etch on the board prior to comparison of measurements to simulations this error may have incorrectly indited the model as being in error. 

It is known that some models exhibit syntax problems when one runs a random IBIS model pulled of the Web (the golden parser was generated to resolve that problem). Someone at a recent IBIS East User Summit asked the following question. If an IBIS model has syntax problems, how can you believe the underlying data?  If a model developer takes the time to 1) generate a model, 2) measure the part in the lab, 3) run some IBIS simulations, and 4) document the difference between model simulations and bench data, then this is an entirely different situation. Which model do you believe will be ultimately more accurate, the model with no accuracy data and syntax problems or a model with accuracy data and no syntax problems? 
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Accuracy Specification - Introduction

We have introduced why we have undertaken the task of writing the IBIS Accuracy Specification. In our previous Designcon98 paper we justified the need for an IBIS accuracy specification. The remainder of the paper will present the specification in the order as it actually appears. We will touch on the specification highlights and important details.
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The specification is a quantitative method to correlate hardware to IBIS simulations. It includes a minimum set of measurements and test loads required to make an accurate model. We have also documented a methodology, which is used to make those measurements. This has been done without calling out specific vendor’s test equipment or part numbers. It is also our intent to make some additions to the IBIS cookbook for procedures and common values, which do not belong in a specification. 

A representative set of equipment is included in this paper for reference. We believe that this offers the system designers a specification that they can reference in a purchase order.

Standard component datasheets presently do not contain sufficient information in which to design a system. Specifically, one piece of information that they do not contain is IV curves at the device’s process corners. This information is required to design high-speed digital systems that will operate over the product lifetime with known performance margin
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At an IBIS east users group meeting in December 1997 the idea was suggested that a quality specification for IBIS datasheets would prove to be extremely valuable. Many users of IBIS models in the room that day had gone through the pain of correlating models to find out there were problems or missing data. Significant interest was voiced and a subcommittee was immediately formed to take on the task of creating such a specification. For over a year the IBIS Accuracy Subcommittee has been meeting once a month and working to that end. We have a broad cross-section of disciplines and a range of various company representations. Our membership includes representatives from two semiconductor vendors and three members representing system design houses. 
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The first challenge we encountered was to take our conceptual idea for a specification and bring it into the quantitative realm. We needed to clearly state only what is necessary and minimize the possibility for misinterpretation. 
We decided to have the first draft complete in one year. This forced us to bound the scope in order to meet that goal.

 In the Specification we have tried to accurately capture the electrical behavior of a common logic family with a distinct and consistent set of test loads. More advanced devices (like controlled edge rate drivers) that require advanced IBIS features are difficult to define under the same set of loads. The scope in later revisions should be expanded for more complete coverage.

Trying to make an accurate measurement is, in itself, a large challenge.  It was demonstrated earlier the importance of scope bandwidth for adequately capturing the characteristics of high-speed waveforms. We needed to specify an accurate methodology without specifying specific vendor test equipment.  We needed to conceive a quantitative method to correlate simulations to measurements.

An issue we discussed repeatedly was the impact of the simulator on the accuracy of what we were measuring and possible ways to separate the model accuracy from simulator accuracy. Simulators play an important role in more complex models. The approach we have taken makes the assumption that the IBIS model of version 1.1 is sufficiently simple that the results will be simulator independent. Until this is proven among all simulators we will take the approach that the Accuracy Specification is “work in progress” and may be amended at a future time. 

At this time the proposal to place the test loads into V/T tables cannot be accommodated, because the specification cannot presently accommodate an arbitrary load (which would allow us to circumvent the simulator issue).
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Slide #10 is a picture of the IBIS Accuracy Test Board.  Our subcommittee designed the test board as a companion to the specification. It is used to verify the keywords and subparameters called out in the specification and to illustrate one possible set of test structures. The schematics, Gerber files, parts list and application note are available on the web site listed in the “reference” section of this paper. 
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The design was the collaborative effort of the IBIS accuracy subcommittee and is free to all and available for download on the IBIS website. We encourage you to study, improve, and freely share the design in the effort to further the understanding of the IBIS Accuracy Specification.

All of the measurements in this paper were taken utilizing structures on this test board. By using a test board to verify a model, greater confidence can be obtained prior to the model’s use. 

Semiconductor vendors regularly use test boards to characterize components; only a few extra test structures are necessary to verify an IBIS datasheet. They generally have a more multipurpose test board, which can accept a variety of different component footprints. 

The IBIS Accuracy test board has a built in oscillator so a pulse generator is not required. There are two devices-under-test (DUTs) on the board.  All that is needed to measure waveforms on DUT 1 is the test board, power supply, and an oscilloscope (with the correct bandwidth, of course). Additional equipment will be needed to measure capacitance and I/V curves on DUT 2.
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Scope

The IBIS Accuracy Specification is based on a set of IBIS keywords and sub-parameters, which in turn are based on behavioral features of various I/O buffer designs. The list of keywords and sub-parameters in IBIS itself has grown considerable with higher revisions of the IBIS specification. We had to limit the scope of the specification to realistically complete the IBIS Accuracy Specification in one year. 

Once we have the concepts, techniques, and methodologies approved by the IBIS open forum, we will expand them to cover higher IBIS specification versions. This has been a contentious point and the subject of much discussion.  

In order to describe complex I/O buffers (controlled edge rate, dynamic clamps, and feedback control) a larger set of test loads is required. By focussing on the simplest I/O buffers like the classic CMOS push-pull output buffer, we can show that simulator differences will have a minor impact on the overall accuracy of a model. We will open this up for updates after the initial release.

The resistance and inductance components of an IC package were a stumbling block. While we do not directly measure package resistance and inductance, it is our belief that large discrepancies in either of these parameters will become evident in the transient waveform comparisons.  

Also note that the methods defined in the specification may be used to measure unspecified I/O buffer families, but no attempt to insure coverage of their electrical behavior can, by our measurements and metrics.

[image: image14.png]Measurements

IV curves

Test load waveforms
Capacitance

Parameters not measured

Peter will cover this in more detail

Slide #14




The IBIS Accuracy Specification defines a set of measurements that may be used to extract the data defined by the keywords and sub-parameters in the IBIS version 1.1 specification. It also targets the individual components of an IBIS version 1.1 model. The device under test, or being modeled, is thus divided into Input and Output models. The IV curves (dc), test load waveforms (transient), and capacitance (ac and transient) are all part of the required measurements for comparison. Once measured, the IV curves, capacitance, ramp, and package data are checked against bench measurements or SPICE simulation.

In addition to the measurements required to check the data contained in the IBIS model, three extra AC test loads have been identified. These extra test loads serve to crosscheck the data from all three categories of measurements and are identified: a standard “datasheet” load, an open-ended transmission line, and a transmission line and receiver. The test loads allow a “sanity” check to the creator, or person evaluating the model. It is important for the model creator to ensure that the IBIS model runs properly in the respective simulator. 

Due to many factors outside of the model data, the IBIS 1.1 simulation may not exactly overlay the measurements. Many of these are factors that have been identified (rail collapse, dynamic clamps, bus hold) and will be addressed in later versions of the Accuracy specification. The most important information in this first revision to the Accuracy specification rests on the data contained in the model. If this data closely represents the true device characteristics, the model’s figure of merit will be high
.
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Measurements

This section of the specification defines a set of measurements used to extract data defined by the keywords and sub-parameters in the previous Scope section. Slide # 14 presents an outline of the measurement section. 
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The DC I/V characteristics of an input or output structure, as specified by IBIS, are measured by sweeping a voltage source and measuring the current into or out of the device.  These measurements are made on both input and output structures of the device as shown in the slide above. Knowing the temperature, voltage, and process conditions under which the model data was obtained is essential to effective implementation of the IBIS Accuracy Specification. 

The creator of the model determines the temperature range covered in the model. It usually follows datasheet specifications (i.e. commercial temperature range -40C to +85C). For example, a model created to represent a device in the commercial temperature range would most likely provide typical I/V data at 25C. The maximum and minimum data provided in the model would be at either temperature corner  (-40C or +85). The temperature is dependent on the IC design and process technology used. The model should detail this in the header information. As with temperature, power supply conditions under which the model was created must also be known. 

The voltage range covered in the model usually covers the recommended operating range on the device datasheet. The typical Vcc in the model is generally the center of this operating range while the maximum and minimum values provide the corner points.

The process technology and design of a device determine the maximum and minimum performance conditions of the device. CMOS, Bipolar and BI-CMOS processes each have unique characteristics that determine these performance conditions. For example, if the device were a pure CMOS design specified at 3.3V (nominal), it would typically have maximum conditions of Vcc = 3.6V and temperature = -40C, and minimum conditions of Vcc = 3.0V and temperature = 85C. Yet a bipolar design that nominally operates at a Vcc of 5.0V would have measurement conditions of; Vcc = 5.5V and temperature = 85C for maximum, and minimum conditions of Vcc = 4.5V and temperature = -40C.
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The output I/V measurements are made on an enabled output pin with the input to the device conditioned as either a high or low. The input value determines which structure is to be measured. In this example the device function is a flow through buffer (a VCX16244), thus a low level and high level on the input allow measurement of the pull-down and pull-up structures respectively. The representative schematics are shown above.

The DC voltage sweep as specified by IBIS is -Vcc to  +2Vcc (-3.3V to +6.6V in this example). I/V data can be easily extracted from simulation, however the sweep range specified in IBIS is well beyond the specified absolute operating conditions of the device. To make these measurements care must be taken so as not to damage the IC. It is essential to check with the IC vendor for recommendations, if no datasheet specification exists for absolute maximum current into or out of the IC. The slide above shows plots of the characteristics of both the pull-down and pull-up structures. The sweep range has been modified for demonstration purposes.
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The input I/V measurements are made on input, control pins, or output pins in tri-state mode. The structures that are measured are diode clamps either from the pin under test to ground and/or from the pin under test to Vcc. These characteristics must be identified and verified through measurement with comparison to the existing data in the respective I/V table of the model.

Though the input or tri-state output pin does not always have both power and ground clamp structures, it usually has a ground clamp. The plot above shows the existence of a ground clamp structure. The device used in this demonstration (VCX16244) does not have a power clamp structure thus no plot is shown.
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There are three important considerations related to accurately measuring IV curves: range, resolution, and line drop.  The modeling engineer must carefully document each of these conditions. First, the sweep voltage range must be considered. It is important to sweep the current (or voltage) far enough to turn on any clamp diodes that are connected to the power or ground rails.  We recommend sweeping only to the vendor’s absolute minimum and maximum current specifications.  It is not necessary to sweep the voltage from -Vdd to +2 Vdd as specified by IBIS if doing so would push the component beyond its absolute minimum or maximum current specification. Note: Potential damage to the IC can occur if electrically overstressed.

Using adequate current and voltage resolution will ensure that significant features of the IV curve do not fall between data points. We recommend a minimum delta-current of 1 ma and a minimum delta-voltage of 50 mV for IV curve measurements, regardless of whether the sweep variable is current or voltage.  These values need not be consistent with the corresponding delta-current and delta-voltage in the IBIS datasheet.  Model vendors often filter the data points and only include those that are deemed significant.  If this is the case, the modeling engineer must take care to accurately interpolate between data points.

The IR drop of the line used in the measurements is another important consideration to ensure accurate data. Depending on the length and cross-sectional area of the wire between the instrument and the DUT, line drop may introduce a significant error into the IV measurement.  The modeling engineer must calculate or measure line drop.  If it is greater than 5% than any voltage in the IV curve, the modeling engineer must use a four-point probe.

[image: image20.png]Test Load Waveforms
T-line Terminated to Zo, Rise

VCX16244 Rising Waveform
0 0hms to Ground, IB1S Load)

vout @)

059 04081218 2 24283236 4
Time @S)

Slide #20




AC measurements specified by IBIS and additional test loads are included in the IBIS Accuracy Specification.  The standard IBIS load is a 50-ohm resistor tied to ground for the rising transition of an output, and a 50-ohm resistor tied to Vcc that is used to measure the falling transition of the output. The 50-ohm resistor is used to represent an ideal transmission line, and from this the [Ramp] keyword data is determined. The T-line (transmission line) terminated into Zo on the Accuracy test board is used for this measurement. 

The remaining three test loads recommended in the IBIS Accuracy Specification provide a crosscheck of all keywords and sub-parameters and will be covered in more detail
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The [Ramp] keyword in an IBIS 1.1 model is used to describe the output transition time from either high-to-low or low-to-high. The [Ramp], or output transition time, is determined from the 20% to 80% voltage points of the transition. The IBIS specification for Ramp is; delta V/delta T. The slide above shows the schematic and representative plot of a low-to-high transition.
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As with the rising, or low-to-high, output transition the IBIS specification calls for a 50-ohm resistor connected between the output pin and Vcc for the high-to-low transition. Shown above is the schematic and representative output plot.
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The standard datasheet load is one of the test loads recommended in the IBIS Accuracy Specification. It is used to represent a high capacitive load. From this load output ramp de-rating information can be obtained and compared with simulation performance. 

[image: image24.png]Test Load Waveforms
Driver and Receiver, Un-terminated

Slide #24




A second test load recommended is the open-ended transmission line. The slide above is a measurement made on the accuracy test board of the VCX16244 device driving a 6-inch open-ended line that has characteristic impedance of approximately 98.6 ohms. This load is used to test the complex reflection coefficient of the driver, which contains a real contribution from the IV curve and a complex contribution from the capacitance of the driver. 
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The transmission line and receiver load tests the capacitance and reflection coefficient of the receiver as well as the clamping action of the input structure, if it exists.  In both transmission line test loads, the impedance of the transmission line should be high enough with respect to the output impedance of the driver so as to cause an overshoot at the far end of the transmission line. From this the transient characteristics of the driving output to the reflected wave can be evaluated.
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There are six important considerations related to accurately measuring voltage-time waveforms for a given test load: bandwidth, resolution, probe characteristics, PC board characteristics, period, and simultaneous switching.  The modeling engineer must carefully document each of these conditions. If the aggregate bandwidth of the oscilloscope and the probe is not high enough for the rise time in question, high frequency components of the waveform will be attenuated, and the measurement will be in error.  The following equation expresses the relationship between bandwidth (BW) and rise time (Tr).

BW(scope + probe) >= 1 / (0.35*Tr)

Even if the above equation is satisfied, it is still possible that the bandwidth of the oscilloscope and probe may not be high enough to accurately capture inflections in the waveform that have a frequency content even higher than that of the edge itself.  An accurate SPICE model of the I/O buffer and its package can indicate when a high-frequency inflection may be present.  Simulating the network with an equivalent RLC circuit model for the probe can elucidate the effects of its bandwidth on the signal passed to the oscilloscope.

Like the IV curve measurements, the voltage-time waveform measurements require adequate voltage and time resolution. We recommend setting the voltage and time per division on the oscilloscope so as to facilitate at least ten data points per edge.  More data points are required if the waveform contains high-frequency inflections.

It is important to know the probe capacitance and include it in the correlation simulations.  This may mean constructing a special test structure to measure the probe capacitance if a vendor specification is not available or reliable.  Probe inductance is absolutely critical.  The modeling engineer should use a probe and probe jack that minimize the length of the inductive loop formed by the signal conductor and its ground return conductor.  Such probes usually integrate the signal and ground conductors into one unit.

Unknown PC board impedance and propagation delay can also introduce errors into the correlation process.  Therefore, it is important to measure the impedance and propagation delay of the transmission lines using a TDR and include the measured values in the correlation simulations.  In cases of extreme rise times, it may also be important to measure the capacitance of vias and surface-mount pads.

Set the period of the input signal slow enough to allow the waveform to settle out to its dc state before it begins switching again.  Finally, only switch one output at a time.  This will minimize any errors introduced by power and ground rail collapse when multiple outputs switch at the same time.
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Listed above are four known ways to measure input, output or I/O capacitance. Of the four methods listed, two involve the frequency domain and two involve time domain. 

The Frequency domain measurements can be done using either an LCR meter or a capacitance bridge. This method of capacitance measurement involves sending a low amplitude sinusoidal signal at a given frequency into the input, output, or I/O pin and determining the capacitive reactance of the structure. From this the capacitance can be determined. It is important to use a low amplitude sine wave to ensure that parasitic structures are not activated. Another area of importance is to maintain a “solid “ ground reference. By using recommended choke filter boxes for ground isolation, accurate measurements can be made. 

The time domain capacitance measurements involve sending a pulse into the structure and determining the effect on the propagating wave. The two methods are TDR (Time Domain Reflectometry) and a pulse technique that is similar. For details about this method see the reference section.

It is important to accurately measure the capacitance to ensure an accurate simulation. Because the input, output or I/O capacitance measurements on the test board involve devices that are packaged, the measured value will be the sum of the die capacitance and the package capacitance. 
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Package parameters such as resistance and inductance are not easily measured. This has been a stumbling block for the first revision of the accuracy specification. 

The highest values of package resistance are typically less than 0.1 ohms and as such, this parameter does not play a large role in the accuracy of the model unless it is incorrectly entered into the model. If the package resistance is significantly larger than 0.1 ohms (i.e. 1 ohm), it should be questioned. 

If all of the data in the model has been verified by the techniques suggested in the accuracy specification, then the accuracy of the package parasitics can be inferred from the test load waveforms. It is important to contact the IC manufacturer if package parameters are in question.  
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Correlation metrics

The metrics for correlation between the model data, simulation, and bench measurement are used to determine quantitative measure of accuracy.  DC offsets, timing deltas, and voltage deltas are all-important information in determining the accuracy of the measurement versus simulation.  The model should reflect the transient characteristics of the device. To that extent, if the model contains monotonic information then the simulation or bench data must also reflect this.  The correlation metrics in the Accuracy Specification call for either a curve overlay or a curve envelope technique in the determination of a figure of merit for the data in the model.
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IBIS users have accuracy needs that vary with the demands imposed by their designs.  For this reason, the IBIS Accuracy Specification defines several “correlation levels,” allowing the IBIS user and the modeling engineer to decide how much effort is required in comparing simulations with data from test hardware for a given application.  A correlation level is a means for categorizing IBIS datasheets by the amount of effort the model vendor invests in verifying their accuracy.  Each individual correlation level is defined on the basis of how much the modeling engineer knows about the semiconductor processing conditions of the sample component(s) and which method (metric) the modeling engineer uses to correlate simulations with data from test hardware.  For the purposes of the specification, a metric is simply a means for quantifying how well two sets of data points agree with each other.
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IBIS defines edge rate using the Ramp keyword and two sub-parameters, dV/dt_f and dV/dt_r.  These two sub-parameters each contain two values, a DV and a Dt, which are defined by the intersection of the waveform with the 20% and 80% voltage lines when the output buffer is driving a 50-ohm load to ground or Vdd.  The measured edge rate should theoretically be bounded by the minimum and maximum values of the quotient DV/Dt from the IBIS data sheet. A comparison is made in the above slide between the model [Ramp] data and measured values. Some of the differences between the model data and measurement can be attributed to the IBIS specification, which requires the [Ramp] keyword to be the transition time of an UN-packaged device. The introduction of a package model will change the AC performance of the device. A second factor is that the device being measured is considered a “random sample” meaning that the process conditions of the device are not completely known. The edge rate data should fit between the maximum and minimum values listed in the IBIS Datasheet.
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The Curve Overlay Metric applies to cases in which the measured and simulated data should theoretically lie directly on top of each other.  For example, a SPICE simulation of a 50-ohm load and an IBIS-based simulation of the same load should theoretically yield identical results.  Another example is the measurement of a known-typical sample component and an IBIS-based simulation of the same network under identical process-voltage-temperature conditions. The Curve Overlay Metric is used to gauge how well the two curves or waveforms match each other. This is done by weighing the x-axis (or y-axis) differences between two data points against the range of data points along that axis. By summing the absolute value of these weighted differences, and dividing by the number of data points a figure of merit (FOM) can be determined.

FOM=100-sum{abs [ (Y1i – Y2i)/(Ymax - Ymin) ] }/N

The example slide above demonstrates three I/V DC traces. These traces consist of the typical model data versus data obtained from a random sample VCX16244 part using the IBIS Accuracy Test Board. Since processing information of the “random sample” is unknown it is expected that these plots will not exactly overlay. It is however expected that the random sample test data fulfill the correlation envelope metric shown on the next slide.
The choice of comparison metric, either overlay or envelope depends on the particular correlation level chosen for the model. 
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The Curve Envelope Metric applies to cases in which the measured data are, in theory, bounded by two curves (or waveforms) derived from simulations at process-voltage-temperature extremes.  In general, this metric is useful when the processing conditions of the sample component are unknown.  The first and simplest part of the metric returns a yes/no value depending on whether or not every one of the data points falls within the envelope boundaries.  The second and more complicated part of the metric measures the fit of the data points to a centerline between the two envelope boundaries.  If the typical curve is available it can serve as the centerline.  If the typical curve is not available, it is possible to construct a centerline exactly midway between the two envelope boundaries.  The centerline is found by bisecting each of the segments defined by the intersection of the envelope boundary curves with an imaginary vertical line.  Connecting the midpoints of these segments defines the centerline.  An algorithm similar to the Curve Overlay Metric defines the figure of merit.  The only difference is the absence of the absolute value function, since one wants to know whether the data lie above or below the centerline.

FOM = sum [ (Y1i – Y2i) / (Ymax - Ymin) ] / N

The example shown in the slide above is for a set of pull-down I/V curves.  The two outermost curves in bold are the boundaries of the envelope, which are represented by the maximum and minimum data in the model. The curve in between the boundaries is the random sample data collected on the bench
[image: image34.png]Correlation
Document Accuracy

endor el

Doseragsion coaspraned

Measurement 3.1.1, Tapus TV Curve

PRT——
2 mehtonie A
et e

Slide #34




There are limitations of an IBIS Version 1.1 model. The plot above on the right compares a VCX16244 Version1.1 model and a VCX 16244 Version 2.1. The Version 2.1 model contains the [Waveform] keyword (V/T tables) and the Version 1.1 model does not. The simulation data shown (right plot) is for a VCX16244 driver driving a 6-inch transmission line (Zo~98 ohms) terminated with a 50-ohm resistor to ground. The measurement point is at the termination resistor at the end of the transmission line. 

The plot on the left shows the resultant measurement made on the IBIS Accuracy Test board. In comparison with the simulation data there is reasonable correlation between the measurement and the IBIS Version 2.1 simulation. The IBIS Version 1.1 simulation reveals the limitations of only specifying a [Ramp] versus supplying the V/T information in the model.  For this reason it is expected that the next revision of the IBIS Accuracy Specification should direct a considerable amount of attention to IBIS Version 2.1 and the data contained in V/T tables of the [Waveform] keyword.
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Every time we attend an IBIS meeting a comparison of SPICE to IBIS, Bench to IBIS, or SPICE to BENCH is demonstrated. This is generally an attempt to compare behavioral simulations to something more familiar. SPICE is familiar and has deep roots so IBIS is often compared to it. Behavioral simulation is an abstract concept when compared to the rigorous physics equations and device parameters used in SPICE. 

We are trying to establish a consistent format to document correlation work performed in this section of IBIS accuracy Specification. First you need to document your measurement conditions and equipment. Next you need to calculate the FOM (figure of merit) which is a measure of how close one waveform is to another.  If everyone documents correlation metrics in a similar format then comparison between different models becomes easy. Although it is difficult to document the subtle differences between two waveforms, something is better than nothing. The person documenting the model correlation may want to make plots and attach them to a characterization report that can be referred to for addition information. 
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This list of recommended equipment is representative of  what was used to take the data which we used in this paper. It is extremely important to obtain test equipment that accurately measures the behavior of your circuits on the bench.  Since it is inappropriate to list this information in the IBIS Accuracy Specification it is included here for completeness. 
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The following resources are provided in order to give additional information to the reader. The IBIS specification should be considered required reading for anyone who will be verifying models. 

We suggest creating your own test model using one of the many tools presently available. Follow the IBIS Accuracy Specification to review the IBIS model and compare simulation results using the model to bench measurement. 

Some of the tools that are presently available are surprisingly simple to use and eliminate the painful task of placing all of the required data in the appropriate sections with the correct syntax. It is important to start simple and build on that knowledge. This is why we refer to IBIS 1.1, which is what we used for the first pass of our specification.  As you gain knowledge and experience you can refer to higher level IBIS specifications (2.1, 3.1 etc.). 

The IBIS cookbook is another useful source of information. It walks you through the model creation process. We plan on adding additional information to the measurement section of the cookbook once the specification is complete.  

Greg Edlund and Bob Haller’s Designcon98 paper, “Constructing Accurate Behavioral Models of I/O Buffers,” is also a useful body of knowledge on creating and verifying IBIS models. This paper also shares insight we have obtained from better than 10-year experience creating and using behavioral models.  This document also contains useful web site pointers with more information.

 

 Summary

We have presented data that illustrates the importance of the IBIS Accuracy Specification and its intended implementation. We have given the readers a tour of this specification, with a concentrated focus on measurements used to verify the accuracy of the model data.

Although this is a good start, we believe additional work is required to cover higher versions of the IBIS Specification.  We recommend that you use and share the IBIS accuracy test board, and specification to encourage the proliferation of accurate IBIS models. 
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Soapbox:  

A very wise man told me: “If you want the job done right do it yourself “ and “if you are going to do a job then do it right”. We would like to suggest that if you want accurate IBIS models, put it in the PO.  Add a statement that the models must be verified against lab per The IBIS Accuracy Specification. When you receive the model, review all of the correlation data. Otherwise you do the work!  
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