ABSTRACT

FERNANDO, PAUL R. Adding scalability to IBIS using AMS languages. (Under the
direction of Dr. Paul Franzon.)

From 1993 to about 1998, IBIS remained THE digital 10 buffer model format. But as
the operating frequencies & complexity of 1/0 buffers increased, IBIS has been left behind in
favor of SPICE models, since IBIS is inaccurate or unable to model these advanced buffers.
This trend brings the industry back toward a single EDA vendor solution, which is what IBIS
was designed to prevent. In an effort to relinquish these shortcomings, multi-lingual model
extensions were added to IBIS Version 4.1. Specifically: Berkeley-SPICE, VHDL-AMS and
Verilog-AMS files.

These extensions in IBIS 4.1 give IBIS practically unlimited behavioral and structural
modeling capabilities as well as more accuracy. The problem is that the AMS languages have
been slow in making their way into Sl tools and the SI community; mainly due to the
associated learning curve, since AMS is relatively new to the SI world.

The solution was to build an AMS library of tool independent basic elements
(“element library”) and a separate “template library” which would contain the models of
complex buffers (Pre-emphasis, LVDS, DDR2 etc). The templates would be created by
instancing elements from the “element library”. An IBIS to AMS converter would convert
conventional 1BIS files into AMS format and provide the data for the template. The IBIS
macro-modeling committee was created in July 2005 with these main goals in mind.

This thesis deals with the new AMS macro-modeling methodology put forth by the
IBIS macro-modeling committee and the contributions | made to it as its only student
member. My specific contribution was the IBIS to AMS (ibis2ams) converter tool. The thesis
also presents the updates | made to the IBIS plotting utility (s2iplt) and the spice to IBIS
toolkit (s2ibis). All tools are publicly available on the NCSU ERL website.
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1. Introduction

1.1 Why IBIS?

The fastest entity in the universe is an electromagnetic (EM) wave traveling in a
vacuum. This velocity is defined as C (3.0*10° m/s). Typically, signals on a PCB travel about
half C. Thus, it takes about 100ps for light to travel from your nose to your eyes [1]. In the
latest electronic systems a signal skew of a few 100ps would be sufficient to corrupt the
information it carries. Given that C is a universal constant it’s easy to see that modern
electronics is reaching a ceiling in terms of signaling speed. Adding to the complexity is that
at high frequencies, conductors no longer act as simple wires. They begin to act as
transmission lines exhibiting high-frequency effects. And as frequencies increase, so do these
complex effects. Transmission line conditions occur when the physical size of a circuit
reaches the wavelength of the highest frequency of interest in a signal. For digital systems,
higher digital frequencies require sharp edge rates which contain high frequency components
(harmonics). Thus, modern board simulations require TL analysis. Nowadays, even clock
trees within a single chip require this analysis. Simulating for these high frequency effects
involves the use of complex 3-D field solvers. If these effects are unaccounted for in high
speed circuit design, the results will almost certainly be disastrous. For this reason,
simulation takes a massive role in validating modern designs as timing gets increasingly
constrained. It is said that all simulations are inaccurate, but some simulations are useful. The
goal in simulation is to obtain the greatest accuracy; the tradeoffs being time, manpower and

SO on.
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Figure 1.1: Moore’s Law

When the integrated circuit was invented by Jack Kilby in 1958, circuit design split
into two disciplines: Discrete (board-level) and IC (chip-level). Historically, chip level circuit
design has targeted performance (see Fig 1.1), while board level circuit design has targeted
cost. The result has been that while signaling speeds within a microchip have been increasing
exponentially with respect to time, this has not been the case at the board level (chip to chip).
Thus, a majority of the speed bottleneck in modern systems is at the board level. For
example, since the signaling between a CPU and the RAM (bus speed) is too slow, it has
become mandatory to use on-chip memory (Cache) running at the CPU’s core frequency.
Modern processors have more than 4Mb of cache and, based on current trends, increases are
expected. This is also one of the reasons for the recent multi-core trend in CPUs. Even
though these developments take a massive overhead they have been necessary due to the

board level speed bottleneck.



Another distinguishing factor here is that IC level design is (usually) completed
within a single company, while board level design involves components manufactured by a
variety of companies. For example, ASUS designs a motherboard using an Intel CPU,
Micron DRAM, Nvidia GPU etc. For optimum system performance ASUS would require
complete design information about each component before working on its (system level)
design. While sharing design information with a company is complex in itself, sharing this
information between companies would be disastrous to the supplier company’s business. The
netlist would contain process information giving details about the latest FABs & processes
not to mention complete design information. For these (and many more) reasons, companies
would rather not disclose such proprietary information. Thus, the industry standard circuit
simulator, Spice, does not fulfill board-level simulation requirements, since it provides a
complete description of the design as well as process information. Another factor was that
Spice is component centric, and therefore, simulation of massive circuits takes a long time. In
the early 1990s it became clear that a new modeling technique was in order. The technique

introduced to fulfill this requirement was IBIS.



1.2 What is IBIS (1/0 Buffer Information Specification)

IBIS was developed by Intel® Corporation in the early 1990s. IBIS version 1.0 was
issued in June 1993 along with the creation of the IBIS Open Forum. The IBIS Open Forum
comprises of EDA vendors, computer manufacturers, semiconductor vendors, universities,
and end-users. It proposes updates and reviews, revises standards, and organizes summits
related to IBIS. It promotes IBIS models and provides useful documentation and tools on the
IBIS website. In 1995, the IBIS Open Forum teamed up with the Electronic Industries
Alliance (EIA). The main facets of IBIS are that [2]:

1. It protects proprietary information. (No circuit information or process parameters are
disclosed)

2. Non-linear aspects of 1/0 are modeled as well as package parasitics and ESD structure.

3. It is much faster (upto 25x) than other transistor level simulators such as SPICE.

4. The IBIS model can be provided before silicon. (Pre tape-out)

5. Supported by most Sl industry tools.

Given these advantages, IBIS has become the standard for board level Signal
Integrity (SI) simulations.

An IBIS model consists of tabular data made up of current and voltage values at the
output and input pins, as well as the voltage and time relationship at the output pins under
rising or falling switching conditions (with varying output load conditions). This tabulated
data represents the ‘behavior’ (including non-linear characteristics) of the buffer. IBIS only
deals with digital buffers & signals.

An IBIS model is (primarily) used by an Sl tool to calculate fundamental signal
integrity concerns in transmission lines that connect different components on a PCB.
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Potential problems that can be analyzed by means of these simulations include the degree of
energy reflected back to the driver from the wave that reaches the receiver due to
mismatched impedance in the line; crosstalk; ground and power bounce; overshoot;
undershoot; and line termination analysis, among others [4].

IBIS is an accurate model since it takes into account nonlinear aspects of the 1/0
structures, the ESD structures, and the package parasitics. It has several advantages over
other traditional models such as SPICE. Thus, for example, the simulation time can be up to
25 times less, and IBIS does not have the non-convergence problem SPICE does. In addition,
IBIS can be run on any industry-standard tool since most Electronic Design Automation
(EDA) vendors support the IBIS specification.

IBIS files can be generated using bench measurements or by running (SPICE)
simulations. The second method is more frequently used since it takes the least amount of
overhead from the model maker’s perspective. A second reason is that the bench results are
directly impacted by the accuracy of the measurement equipment used as well as other
environmental effects. A third reason is that IBIS files created from simulations can be
provided to customers before tape-out. Therefore, customers get a head start on system level
design before first silicon.

IBIS models are characterized under three corner conditions. The “slow” corner is
characterized under minimum supply voltage, maximum temperature and slow process
parameters (device models). The “fast” corner is characterized under maximum supply
voltage, minimum temperature and fast process parameters (device models). The “typical”

corner is characterized under nominal conditions.



The IBIS specification supports many kinds of drivers: Input, Output, 1/O, 3-state,
Open_drain, 1/0O_open_drain, Open_sink, 1/0_open_sink, Open_source, 1/0O_open_source,
Input_ECL, Output ECL, I/O_ECL, 3-state ECL, etc [6]. IBIS does not support analog
buffers.

In the next section, a 3-state driver will be used as an example to explain what

simulations must be run to provide the data for an IBIS file.



1.3 3-state Driver IBIS data extraction
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Figure 1.2: 3-state buffer structure

The basic structure of a 3-state driver is given above.

The PU & PD MOS devices form the 3-state driver: the output is hi when only the PU
PMOS is on; the output is low when only the PD PMOS is on; the output is hi-z when both
MOS devices are off. The package pin will be floating in the final case.

The PC & GC diodes form the ESD (Electro-static discharge) protection mechanism
used to protect the chip from high voltages that may appear on the pad due to external
environmental factors.

C_comp lumps the capacitance of all the devices on the die pad. This capacitance can
be approximated by adding the capacitances of the PU, PD, PC & GC components on the
(on-die) pad node. This value is typically in the single digit Pico Farad range. Unfortunately,
NCSU’s s2ibis utility cannot extract this value.

The [package] RLC values reflect the (lumped) parasitic RLC that is present in the

bond wire that connects the die pad to the package pin. This information is usually provided



by the package manufacturer. Alternatively, the [Package Model] keyword may be used to
provide an RLC matrix for more accuracy.
The data captured in an IBIS file consists of the following (Note: package parasitics
& C_comp are not included when running these simulations):
1. Pullup and Pulldown V-1 tables
With the output set high, the output node is swept from —Vcc to 2Vcc while
the corresponding current through the output node is measured. This V-I table
forms the Pullup curve. For the Pulldown curve, the output is set low and the
same measurement is repeated. For the Pullup curve, the voltages must be
made Vcc relative by subtracting the values from Vcc. Finally, the clamp
effects (obtained from the next set of simulations) must be subtracted from

these results to remove the clamping effects.

Pull Up

Full Down

12

Figure 1.3: PU & PD Curves



2. Power clamp and Ground clamp V-1 tables
The output is set to hi-z for these measurements. The output is swept from
—-Vcc to Vcc for the Ground clamp curve, while the output is swept from Vcc
to 2Vcc for the Power clamp curve. As in the Pullup case, the Power clamp

curve must be made Vcc relative by subtracting each the value from Vcc.

Power Clamp \

-Yth

-Wth

/ Gnd Clamp

Figure 1.4: PC & GC Curves

[2]

3. Ramp rate (dV/dt)
The output is connected to a shunted 500hm resistor (standard load). The
output is switched from low to high and high to low and the voltage-time
variation from the 20% voltage point to the 80% voltage point is measured for
each case. This is used to calculate the dV/dt for the rising and falling case
respectively.

4. Rising and Falling V-time tables
The setup is similar to the Ramp rate setup but the resistor value may be
varied. In this case the output voltage is measured with respect to time. The
measurements are repeated with the resistor connected to Vcc (a pullup

9



configuration). Thus, at least four of these tables are required (i.e. rising with
pulldown resistor, rising with pullup resistor, falling with pulldown resistor &
falling with pullup resistor.) for a complete set of data.

NCSU s2ibis is commonly used to convert buffer spice netlists to IBIS format. It

supports various favors of spice.
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1.4 NCSU’s involvement with I1BIS

NCSU has been at the forefront of IBIS development since its conception over a
decade ago.

The initial specification for IBIS (version 1.0) was issued in June 1993 with the
formation of the IBIS Open Forum. The industry’s first Spice to IBIS conversion utility,
S2IBIS version 1 was released in July 1994 by the Electronics Research Lab at NCSU. Since
then, NCSU has released S2IBIS2 and S2IBIS3 which met the demands of IBIS
specifications version 2 & 3 respectively.

The current version, S2IBIS3 was written in Java and is capable of handling non-
convergence issues in spice. It is platform independent. It is compatible with the following
spice simulators: Hspice, Pspice, Spice2, Spice3, Spectre & Eldo. It also handles the IBIS
v3.2 specific keywords such as [series MOSFET], [series pin mapping] and [series switch
groups].

In 1995 NCSU introduced the IBIS plotting utility (s2iplt).

S2IBIS has clearly proven to be THE industry standard tool for spice to IBIS
conversion; making NCSU the primary university involved with IBIS.

As part of this thesis, s2iplt (IBIS wave plotting utility) & s2ibis (Spice to IBIS

converter) were updated to feature GUI interfaces & other functions.
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1.5 IBIS Limitations

Since IBIS as a standard began to evolve in the 1990s it has gone through several
updates. IBIS Version 4.1 (Released in February 2004) is the current standard at the time of
this publication. Even thought these updates have added new keywords to improve the
scalability & accuracy of IBIS, the time lag between the emergence of new 1/O buffer
technologies, their support in the IBIS specification and support in IBIS simulators has
continued to grow. As the operating frequencies of 1/0 buffers increase, many model makers
and/or users leave IBIS behind in favor of SPICE models. Since most semiconductor vendors
support their models with a single vendor's version of SPICE, this trend brings the industry
back towards a single EDA vendor solution, which is what IBIS was designed to prevent.

It is quite clear that IBIS is currently having a hard time keeping up with advanced
technology modeling (For example modeling pre/de emphasis buffers, LVDS & DDR2).
However, as mentioned in section 1.2, behavioral modeling has significant advantages over
SPICE.

In version 4.1, multi-lingual model extensions were added to IBIS so that it could
recognize Berkeley-SPICE (Version 3F5), VHDL-AMS (IEEE Std. 1076.1-1999) and
Verilog-AMS (IEEE 1364-2001) files. These files can be specified using the [external
circuit] keyword. These extensions in IBIS 4.1 give IBIS practically unlimited behavioral and
structural modeling capabilities as well as more accuracy. The problem is that the AMS
languages are slow in making their way into Sl tools and the SI community. There are many
reasons for this problem [7]:

1. Model developers must learn a new language (*-AMS)

2. Not many board level SI simulators support *-AMS yet.

12



3. Few *-AMS models exist.
However, there is a current need for modeling and simulating advanced buffers.
The purpose of this thesis is to provide an industry standard methodology that helps

alleviate (if not solve) the above problem.
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1.6 Thesis Organization

The remainder of this thesis is organized as follows:
Chapter 2 describes the AMS Macro-modeling concept.
Chapter 3 gives examples and results in the form of case studies.

Chapter 4 provides Conclusions & Future Research.

As part of this thesis, s2iplt (IBIS wave plotting utility) & s2ibis (Spice to IBIS
converter) were updated to feature GUI interfaces & other functions. These are described in

Appendices H & I respectively.
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2. The AMS Macro-modeling Concept

2.1 Introduction

‘08 ‘04 ‘05

1993

Transistor Models

[8]

Figure 2.1: Current IBIS timeline

From 1993 to about 1998 IBIS remained THE digital 10 buffer model format [8]. But
as operating frequencies continued to increase, IBIS became less accurate in most cases and
outright unusable in others. IBIS is running out of steam, and if nothing is done about this
situation, the industry will end up with nothing but SPICE (transistor) models (figure 4.1).
But clearly, SPICE is not a viable long term solution- mainly due to its long simulation times
& proprietary information [8].

Simply adding new keywords to IBIS will not be a viable solution when it comes to
keeping up with the ever faster evolution of complicated buffers. Clearly the future is in the
adoption of flexible modeling languages, such as the ones accepted by IBIS 4.1. Specifically,
Berkeley-SPICE (Version 3F5), VHDL-AMS (IEEE Std. 1076.1-1999) and Verilog-AMS

(IEEE 1364-2001)
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Thus, the evolution of IBIS is expected to encompass behavioral modeling and
continue as shown in (figure 4.2). Simple buffers will continue to be modeled in ‘normal’
IBIS while state of the art high speed buffers (where accuracy is more important) will be
modeled using behavioral languages. It is also possible that IBIS models will be purely

behavioral in the not-too-distant future.

‘98 ‘04 ‘05

Transistor Models

[8]

Figure 2.2: Proposed IBIS timeline

Behavioral modeling offers several benefits:

1. Fast simulation times

2. IP protection

3. Template based (therefore easier and faster to create)

4. Many tools support it (Verilog & VHDL are very popular)

5. Direct link to IC design

The most popular behavioral modeling languages are Verilog & VHDL.
Traditionally, behavioral modeling has only supported the digital domain. This wouldn’t be

sufficient for IBIS since its table’s exhibit analog behavior. Recently, Verilog & VHDL were

16



enhanced with Analog Mixed Signal (AMS) extensions which added capabilities of modeling
analog & mixed signal behavior. Given these extensions, Verilog-AMS & VHDL-AMS were
chosen to strengthen the IBIS paradigm. For high-speed buffer modeling, *-AMS combines
the behavioral-modeling capability of IBIS with the unrestricted topology description
functionality of Spice [11].

AMS supports a variety of modeling styles - a buffer can be described purely
behaviorally, but also in a structural manner with a circuit netlist and semiconductor process
description. In addition, the netlist portion of the *-AMS languages is very similar to the
familiar SPICE netlists, and therefore it can be advantageous to describe the macro models in
a familiar style.

The question is: how can we bridge the gap that exists today between these languages
(Verilog & VHDL AMS) and the need for modeling advanced buffers?

Many tools today allow a modeling technique which is referred to as macro modeling.
With this technique, a complex buffer may be constructed from one or more IBIS models
along with some additional controlled voltage or current sources, delays, etc... This
technique is gaining popularity because it helps to overcome well known IBIS limitations.
However, since macro modeling is currently done differently in each simulator, this is again
a tool dependent solution. On the other hand, due to its capabilities and immediate
availability, macro modeling would be useful to the industry if this capability was available
in a standard, tool independent form.

The solution was to build an AMS library of tool independent basic elements
(“element library”). A separate “template library” would contain the models of complex
buffers (Pre-emphasis, LVDS, DDR2 etc) which would be created by instancing elements

17



from the “element library”. An IBIS to AMS converter would convert conventional IBIS files
into AMS format and provide the data for the template.
A new committee was needed to solve these issues. Thus, the IBIS macro modeling

committee was formed in July 2005.
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2.2 The IBIS Macro Modeling Committee (IBIS-macro)

Macro-modeling requires a standard, tool independent format. The solution is a
library of standard *-AMS "building blocks™ that are defined and developed in *-AMS to
support behavioral macro modeling. It was to this end that the IBIS Macro Modeling
Committee (IBIS-macro) was formed [9]. This library would also make it easier for model
developers to transition into developing *-AMS based models. These "building blocks™"
would include items like the IBIS B-element model, controlled voltage and current sources,
and functions similar to features found in many SPICE simulators.

However, only a few EDA tools support *-AMS modeling today, raising the question
of whether the new models could be supported by simulators without *-AMS support. This
could be done by performing an automated netlist syntax translation and element mapping,
assuming the standard building block library contains a set of functions commonly found in
SPICE simulators.

Such a standard library would be useful for two reasons. First, this would give model
developers a set of functions they are already familiar with. This will simplify the task of
utilizing the *-AMS languages, since model developers can use *-AMS purely as a structural
modeling language, calling out predefined elements, interconnecting them and passing the
parameters (data) they need. The second potential benefit of the building block library is
realized by EDA vendors whose tools don't yet support *-AMS. By keeping the building
block library small, well-defined and simple, the set of functions that can be mapped into
EDA tools don't have to be natively supported for *-AMS. An EDA tool without native *-

AMS support could "map" the building blocks into elements supported in the simulator and
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use the instantiations and connectivity from the *-AMS model to reproduce the model's
overall structure [9].

The key to success here is a well defined, controlled building block library than can
be successfully mapped into different EDA tools. This is another task of the IBIS Macro
Modeling ("IBIS 2010") Committee. This group is represented by members from Intel,
Cisco, Cadence, Teraspeed Consulting, SiSoft & NCSU. | am the only student representative
on this committee.

Full AMS models (as opposed to template (library) based macro-models- which is the
subject of this thesis) will probably appear once all EDA vendors support AMS completely.
Even then, a library such as this would be significantly advantageous to model makers in
terms of time savings and ease of use.

The following section describes the structure and functionality of the aforementioned

library in detail.
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2.3 The IBIS-AMS Macro-model Hierarchy
The current, complete IBIS macro library components are listed in Appendix B. The

hierarchy is defined as follows [7],[10]:

AMS
Simulator

IBIS File

AMS Template
Library File

Element Library
(AMS Macro Model
Library)

Figure 2.3: AMS Hierarchy

The [external circuit] keyword would be in the IBIS file and would specify the AMS
Template file to be used. Please see the IBIS 4.1 specification [6] for more details. The
template files are predefined as part of the “template library”. For example, supposing we
wish to simulate a pre-emphasis buffer. Then the IBIS file would contain “[external circuit]
PreDeMacro.va” pointing the simulator to the template library file, PreDeMacro.va. The
PreDeMacro.va file would contain an AMS description of the pre-emphasis buffer by
instantiating Macro library elements (Appendix B) from the “element library”. A more

complete explanation will be given in the next chapter by means of several case studies.
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2.4 The Simulation algorithm

As shown in Chapter 1, an IBIS model contains several tables of data describing a
buffers behavior. An IBIS compatible simulator must make sense of this information so that
many load conditions may be simulated accurately using this limited behavioral description.
Each simulator has its own unique algorithm for approaching the issue so that simulation
time & accuracy are optimized. The algorithm used in the AMS library will be described in
this section. The implementation of the algorithm in an IBIS 10 buffer model is provided in
Appendix E.

This algorithm makes use of the V-1 curves (PullUp, PullDown, Power Clamp, GND
Clamp) to calculate the steady-state (DC) characteristics of the buffer. The Vt (Rising &
Falling waveforms) are used to calculate the transient behavior. This algorithm (& most
others) disregards the ramp rate. Due to backward compatibility the ramp rate is still
specified in IBIS files as part of the standard.

The algorithm uses the Vt curves to scale the PU & PD I-V curves with respect to
time to account for the partially on/off transistor characteristics during transients. The tables
that store these scaling values will be called the K* tables. The derivation of the K* tables are
described below.

An output buffer is shown below. The 1V« values denote each respective IV curve

provided. Let ‘k’ be the scaling coefficient used to scale the PU & PD data.
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Figure 2.4: IBIS Simulation Circuit

Assume that waveforml and waveform2 are Rising Waveforms obtained with two
different Viixwre Values (usually Vcc and GND). Since they are rising, the PU transistor will
be turning on while the PD transistor will be turning off.

The node equations for the above circuit will be as follows:

0= ( Kpu_on(t) ® |VPU1) + IVpc1— ( Kpd _off (t) ® |VPD1) — IVaec1— loun(t)

0= ( Kpu _on(t) e |\Vpu 2) + IVpc2 —(Kpd _ off (t) ° |VPD2) —IVec2— |out2(t)
Where,

Vout —Vfixture

Rfixture

IOUt —

Since, typically, Vfixture1=0 & Vfixture2=Vcc (Requirement: Vfixturel< Vfixture2; for

easy programmability),

Vour(t) =0 Vou(t) loutz(t) = Vout(t) —Vee

Rfixture Rfixture Rfixture

|outl(t) =

Therefore the only unknowns in these sets of equations are Kpu _ On(t) & Kpd _off (t)
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These two unknowns can be solved for each value of t using the two equations, 2 unknowns

process.

These equations yield,

K (t) = [lPDZO (loutr + lec1— |PC1)]+[|PD10 (lpc2— lec2— |out2)]
A (|PU10 |PD2)—(|PD10 |PU2)

K t) [lPuzo (lout1+ loc1— |PC1)]+[|PU1O (Ipc2— loc2— |out2)]
d_off (t) =
- (lPUlOlPD2)—(|PD10|PU2)

Similarly for the Falling Waveforms (where the PU transistor is turning off while the PD

transistor is turning on):

K (1) = [lPu20 (lour + lec1— |P01)]+[|PU10 (lrc2— lecz— |out2)]
ot (lPUlO |PD2)—(|PD10 |Pu2)

K ) [lPDzo (lout1+ loc1— |P01)]+[|PD10 (lpcz— lec2— IoutZ)]
pu _ off =

(lPUlO |PD2)—(|PDlO |PU2)

Note that in this case (typically) Vfixturel=Vcc & Vfixture2=0. The requirement is that
Vfixturel> Vfixture2 for easy programmability.

The end results of all these calculations are the following arrays:

Kpd _ on(t) , Kpd _ off (t) , Kpu _ on(t) ’ Kpu _ off (t)
These arrays are computed once at simulation startup. When the simulation is in progress the

original equations are used to compute lgt.
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Going back to the original equations, for Rising and Falling cases respectively,

|out(t) = ( Kpu _on(t) e [\Vru ) + IVpc — ( Kpd _ off (t) L |VPD) — Ve

|out(t) = ( Kpu _ off (t) e [Vru ) + IVpc — ( Kpd _on(t) ° |VPD) — IVac

All the variables in the right (RHS) are known; therefore |t can be easily calculated.

Please see Appendix E for a complete implementation.
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3. The IBIS-to-AMS converter

3.1 Introduction

As shown in the pre-emphasis buffer (above) example, the model maker customizes
the templates in the template library so that ‘real’ data is passed for simulation. Since the
templates are in Verilog or VHDL format, the next step is to use the IBIS to AMS converter
(GUI) script to convert raw IBIS files in to Verilog-AMS or VHDL-AMS format. The script
is listed in Appendix D.

The customized template file, the AMS files created using the script, combined with

the macro library form the input set for the AMS simulator.

part.ibs part.dat (AMS)
IBIS Ao0-AMS
\uwerter

macro library

IC website

) Contains hasic
IBIS website elements

template 1.va \
Verilog-A
&mulator

Figure 3.1: Simulation Process Diagram

The functionality of the script is explained in more detail in the following section.



3.2 The IBIS-to-AMS Flow

The ibis2ams.pl converter script was written in Perl/Tk. It can be obtained from the

IBIS-macro website. Converting IBIS files to AMS files involves using the ‘convert” menu in

the GUI. The menu contents are as shown in the following figure.

-

& IBIS-to-AMS converter

REX)

File = Conwverk

Convert IBIS File to Yerilog-& Cerl-c
Convert IBIS File to WHDL-&  Chrl-c

Template Macro Library  Help

[

Figure 3.2: ibis2ams Convert Manu

For example, consider the case where we want to convert the ‘io50v’ model (typical

corner) in lab_1.ibs to Verilog-AMS. The user would select ‘Convert IBIS file to Verilog-A’.

This would bring up the following dialog to select the input IBIS file.

7
Open @
Look in: | | converter LJ - cF B~
5 [E] help
\_ﬁ ¥ ibiszams
My Recent  [Elibiszams
D ocuments '@Iab 1ibs
T2 [2]1ab_1_io50v_t
- [£] lab_1_joS0v_t
Desktop s2ipl
My Documents
38
fdy Computer
) '|
My Network File name: ]lab_'|| j DOpen
Places
Fiesoftype: | Al Files 7] = Cancel

Figure 3.3: ibis2ams Select IBIS file Dialog
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After the IBIS file is selected the following dialog queries the user to select the model
(in the IBIS file) that needs conversion. Note that selecting ‘ALL’ would convert all the

models (and corners) in the IBIS file to AMS. For this example, ‘i050v’ was selected.

74 IBIS-to-Ak = X

& Select model

Select model

Select model | -

Dl!nggv & Cance
inBi0y

o33y
03 3vh
iy

outaly
out3 3y

ad33v =
0533y ) J

ALL -

Figure 3.4: ibis2ams Select model to convert

The next dialog asks the user to select the process corner (typical, minimum or

maximum) for data extraction.
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7% IBIS-to-AMS

7% Select Process corner

Select Process corner

Pinirnumm ] Fd aximuinm aLl

4

s

Figure 3.5: ibis2ams Select process corner

The next dialog asks the user to provide the AMS output file name. A default file

name is provided by the program with the following format:

<IBIS_file_name>_<Model_name>_<corner>.dat

Where <corner> is ‘t’ (typical), ‘n” (minimum) or ‘X’ (maximum)

& 1BIS-to-AMS converter )| 3|
Save As
Save in: ]i‘f}converter _'J - £ B~
2 ] help
L\‘J @ ibis2ams
by Fecent :@ ibisZams
Dacumerts Elab Libs
F‘.‘% |&]1ab_1_in50v_t
[Z] lab_1_ioS0v_t
Desktop sziplt
My Documents
58
4y Computer
ey |
My Metwork File name: 1|ab_1_i050\-'_t L] Save
Flaces
Save as bype: 1AII Files %% _:j Cancel J

Figure 3.6: ibis2ams Select output file name
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A part of the output Verilog-AMS file is shown below.

' lab_1_i050v_t - Notepad =<

File Edit Format Wiew Help

A4 Generated on: Time: 14:50:39 Date: 2/13, 2006 ”~
A4 Input File: C:/Documents and settings/sPaul Fernandos/Desktop/converter/Tab_1.ibs
S0 verilog-A primitive type: IBIS_IO corner=Typical

“define Tab_1_jo5sow ™,

A

LC_comp(d. 000E-127,
Sinhe2. 0000,
ATRTCB00. 000E=-3T,
Wpo_ref (5. 0000, N
wgc_refeod,
Spu_ref (5. 0000, N
wpdoref oo, N

A

LIvpc_length(loo),

LIpc_dataf{7.05273790E+0, 6.19755316E+0, 6.17265699E+0, 5.44273139E+0, 5.40957116E+0,
L37841265E+0, 4. 73848L57E+0, 4.69708416E+0, 4.63589034E+0, 4.09312544E+0, 4.04352596E4+0,
LQ0219833E+0, 3.50668107E+0, 3.45717593E+0, 3.41592884E+0, 2.97915590E+0, 2.92576715E+0,
LBEHOLOYOE+O, 2.51053701lE+0, 2.48129230E+0, 2.4202689%9E+0, 2.08441639E+0, 2.04353283E+0,
LOL083906E+0, 1.70904725E4+0, 1.67649750E+0, 1.660225%58E+0, 1.38440032+0, 1.36014901E+0,
L30200540E+0, 1.10237583E+0, 1.09435471E+0, 1.08633099E+0, B70.87825200E-3,
B55.01209670E-3, 775.92036530E-3, 752.277BL500E-3, 689.449563020E-3, G58.16726690E-3,

642 56231960E-3, 611.43030460E-3, 572.67300830E-3, 549.51291310E-3, 534.11415870E-3,

4585, F7EET3IS0E-3, 472.89304500E-3, 465.28787620E-3, 427.43371130E-3, 412.38094520E-3,
3E89.90712040E-3, 360.15839820E-3, 316.07214230E-3, 301.54151470E-3, 265.639259580E-3,

258, 535972030E-3, 251.465878750E-3, 244.43078750E-3, 223.51301340E-3, 216.0l:82330E-3,
202.92840160E-3, 189.4163195%0E-3, 16%9.50520180E-3, 156.500430680E-3, 143.73934860E-53,
137.45880190E-3, 131.25020820E-3, 119.06546270E-3, 107.22239160E-3, 95, 76368B05E-3,
50.19343249€E-3, 84.73799773E-3, 74.20023251E-3, 64.2114462%E-3, 59.443458046E-3,
30.403565%4E-3, 46.14910200E-3, 38.21358956E-3, 34.04B81l3734E-3, 31.09327349E-3,
24.83524680E-3, 22.03803987E-3, 19.4628Z401E-3, 14.96778095E-3, 9.70636220E-3,
6.15845390E-3, 3.7BLSY320E-3, 3.20015201E-3, 2.27%933350E-3, 1.61456030E-3, 1.356693505E-3,
1.13902566E-3, 671.36428630E-6, 470.83529350E-6, 329,.77995880E-6, 161.38845740E-6,
65.80988948E-6, 18.76B46772E-6, BBGH.B8830070E-9, -107.965409050E-12, 0.00000000E+0737,
wWpc_datad{-5. 00000000E+0, -4.48500000E+0, -4.47000000E+0, -4.03000000E+0, -4.01000000E+0,
—3.909000000E+0, -3,.60500000E+4+0, -3.58000000E4+0, -3.55500000E+0, -3.21500000E+0,
-3.18300000E+0, -3.18000000E+0, -2.860000000E+0, -2.83000000E+0, -2.80500000E+0,

-2, 54000000E+0, -2.51000000E+0, -2.48500000E+0, -2.25500000E4+0, -2.22500000E+40,
-2.20000000E+0, -1.99500000E+0, -1.97000000E+0, -1.95000000E+0, -1.76500000E+0,
=1.74500000E+0, -1.73500000E+0, -1.56500000E+0, -1.55000000E+4+0, -1.54500000E+40,
-1.39000000E+0, -1.38500000E+0, -1.38000000E+0, -1.24500000E+0, -1.Z23500000E+0,
-1.18500000E+0, -1.17000000E+0, -1.13000000E+0, -1.11000000E+4+0, -1.10000000E+40,
-1.08000000E+0, -1.05500000E+4+0, -1.04000000E4+0, -1.03000000E+0, -1.00500000E+0,

=590, 00000000E-3, -985.00000000E-3, -940.00000000E-3, -950.00000000E-3, -935,00000000E-3,
—015.00000000E-3, -885.00000000E-3, -875.00000000E-3, -850.00000000E-3, -845,00000000E-3,
-840, 00000000E-3, -835.00000000E-3, -820.00000000E-3, -B815.00000000E-3, -805,00000000E-3,
=795, 00000000E-3, -7F80.00000000E-3, -770.00000000E-3, -7a0.00000000E-3, -755.00000000E-3,
=750, 00000000E-3, -740,00000000E-3, -730.00000000E-3, -720.00000000E-3, -715.00000000E-3,
=710, 00000000E-3, -700.00000000E-3, -690.00000000E-3, -685.00000000E-3, -675.00000000E-3,

Frard faen

Figure 3.7: Sample Verilog-AMS output file
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The VHDL-AMS file of the same model would look as follows.

Fil= Edit Wiew Insert Format Help

DEE S A 5

|—— Generated on: Time: 2Z0:53:53 Date: Z/8, 2006 e
-- Input file: /afs/eos.ncsu.edw/ lockers/research/ece/paulf/users/priernan/ibis-wacro/converter/lab_1.ibs —
-— VHDL-A primitiwve type: IBI3 IO corner=Typical

C_comp
4,000E-12
kC_comp_pe
0.25
kC_comp_pu
0.25
kC_comp_pd
0.25
kC_comp_ge
0.25

—-- Receiver Thresholds --
Vinh

2.000

Vinl

S00.000E-3

—— [Pullup Eeference] and [Pulldown Reference] —-

Vpe _ref
5.000
Voo ref
a

Vpu ref
5.000
Vpd ref

-- IV curve tahles -- "

Far Help, press F1 MM

Figure 3.8: Sample VHDL-AMS output file
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4. Results

4.1 Introduction

Three case studies were performed to prove the accuracy, scalability and overall
viability of the methodology.
1. Output Buffer: A standard output buffer was simulated in hspice (transistor level) and
AMS and compared.
2. Pre-emphasis Buffer: This buffer can be described in traditional IBIS; however, the tap
delay would be hard coded. This example is based on the code written by Arpad Muranyi. He
had performed the simulation in Verilog-AMS; | translated the code to VHDL-AMS for
Dolphin SMASH compatibility.
3. Equalized Receiver: This buffer cannot be modeled in traditional IBIS. This example was

done to prove the AMS methodology’s scalability.
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4.2 Case study I: Output Buffer

A standard output buffer that’s completely compatible with traditional IBIS will be used in
this example for proof of concept. The buffer is an Intel buffer provided by Michael Mirmak
and includes the pre-driver & all parasitics. The ESD diodes were removed due to lack of a
device model.

The flow used to create the AMS file describing the output buffer is given below. The

example will use SMASH VHDL-AMS as the simulation tool.

IO_buf_top.sp ________ buffer.ibs , buffer_driver_ttxt
{Hspice netlist) 52ibis3 (IBIS file)  ibis2ams.pl (VHDL-AMS)

Figure 4.1 Conversion Flow

First, the Intel hspice netlist is converted to an IBIS file using the NCSU s2ibis utility. (All
the simulation files for this case study are provided in Appendix G)

Once the IBIS file is created, it must be converted to VHDL-AMS format using the ibis2ams
converter provided in Appendix D (and described in Chapter 3). This output file will be used
for the SMASH VHDL-AMS simulations.

The following circuit is simulated in SMASH. The instance X1 will be represented by the

VHDL-AMS file which was extracted above.

Figure 4.2 Test Circuit
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The SMASH GUI for the simulation is shown below:

< SMASH 5.6.2
File Edit “ew Design Simulate Waveforms Tools Windows Help
F|OBH&| &0 X 9| ?

QOO AR Gsd A bAil A B g~ P2 A 0K

|4} C:\Documents and Settings\Paul Fernando\Desktop\WHDL-AMS ele... g@ ) : 3
»xx SPICE LVHDL SET EIND=AMT

- «
Vwoo Vwoco 0 DC= 5.0 LVIDL COMPILE LIBRARY=MNacrolib S0URCE=.\Macro lib\Macrolib_ functic
VGHD  GHND 0 DC= .VHDL ADD LIBRARY=HMacrolib REFLIE=MacrolLib
Vwtt Vwtt 0 DC= 0 *
Wpls Pls 0 PULSE ( 0.0 5.0 1l.0ns 1E-10 1E-10 9.9ns Z20.0ns ) .VHDL COMPILE LIBRARY=Macrolib SOURCE=.\Macro_ lib\IBI%5 macro_librs
& LVHDL ADD LIBRARY=WORE REFLIE=MacroLib
¥l Pls Dut ¥vco GND ¥woo  IBIS_3STATE WHDL (Simple test) W
ks Tran lps 1l6ns 03 noise=no noisestep=10ns traceBreak=ves
Rl 0Out ¥wtt B= 50 Epz 1u 100m 100n
Cl1 0Out ¥vtt C= 5.0pF § dubstitutes C_comp in the VHDL-AM3 model .Tolerance DEFAULT_TOLERANCE lu
* H 1fs 1fs 10ps 125im 2
Frx VHDL Method TRAF
+
library IEEE, Macrolib: .Trace Tran  W(PL3) V(0UT) Min=-5,5398397E-001 Max=5.5049085E+0C
uge IEEE.ELECTRICAL_SVSTEMS.all: .Trace Tran T(VGHND) I(VWCC) I{VVTT) Min=-6.0200033E-002 Max=6.C
.Trace Tran  ®1.IEI3_33TATEL.EFU X1.IBI3_SSTATEL.EFD Min=-5.0794
entity IBIS_3S8TATE VHDL i= .VhdlTrace Tran  X1.IBI3_38TATEL.EVENTSTATE
port (terminal Input, Output, Power, Ground, .VhdlTrace Tran X1.IBEIS_3STATEL. PU_ON
Enable : electrical); .VhdlTrace Tran  X1.IBIS 38TATEL.PD OFF
end entity IBIS_3STATE_WHDL: .VhdlTrace Tran ¥1.IBIS_3STATEL. PD_ON

WhdlTrace Tran  X1.IBIS 38TATEL.PU OFF
architecture 5imple_test of IBIS_35TATE_VHDL is
begin

IBEIS_3STATEL : entity Macrolib. IBIS_35TATE (TBIS_ZEQ2TE)

-- TUse ONLY ONE of the following four lines

generic map [ DataFile => ".‘\Macro_lib\buffer driwer t.txt™ )

port map [ PU_ref =» Power, PD_ref =» Ground,
Pad =»> Output, In D =»> Input,
EN_I =» Enahle, PC_ref =» Power,

GC_ref  =» Ground j:
end architecture Simple test;

Figure 4.3 SMASH GUI

The complete circuit description is given in the left plane. Notice the division between the
spice & VHDL sections. The Spice section describes the circuit given above and the VHDL
section defines the buffer sub-circuit (it also calls the VHDL-AMS data file which was
extracted). The right plane contains the simulator ‘use’ file which provides simulator

directives.
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The results of the simulation are given below, plotted against the transistor level Hspice

results:
5.5
5 | I—
448
Input
4 — IBIS-AMS
— Hspice
345
m 3
o
8
- 24
0
3 / \
2 / |
1
J \\\&
D T T T T
0.00E+00 5 00E-09 1 00E-08 1 50E-08 200E-08

-0.&
Time

Figure 4.4 Output Comparison

The variation is clearly due to an underestimation of C_comp in the IBIS model. Note that
s2ibis doesn’t calculate C_comp. It simply defaults to 5pF leaving the model maker to tweak
the value. The matching between the transistor level hspice simulation & the SMASH AMS
simulation is quite good. The model-maker simply has to tweak the C_comp value to get a

better match.
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4.3 Case study I1: Pre-emphasis Buffer

A T-line (and package parasictics) presents LPF behavior. The high frequency
components are attenuated due to the T-lines physical characteristics. A high-frequency pulse
must have sufficient amplitude at the receiver for valid detection. The transmitter
equalization technique pre-emphasizes the high-frequency components of a signal and
minimizes the t-line attenuation problem. Pre-emphasis is done by means of a simple digital
filter. A single tap pre-emphasis buffer as the one shown below would have four static states,
depending on the states of the main & boost circuits. At a transition, both circuits are
switched on for one cycle to emphasize the rising or falling edge. At other points in time
where there is no transition the boost circuit remains off. Thus, its behavioral model would
have to keep track of previous data that is been input to the buffer. Modeling this device in
IBIS using current techniques would require the use of ‘tricks” &/or the [driver schedule]
keyword making it a good candidate for macro-modeling. [12]

IBIS versions before 4.1 could not model a pre-emphasis buffer at all due to its output
dependency on previous output values. [driver schedule] was added in IBIS 4.1 but the
drawback was that the tap delay had to be hard coded in the IBIS file. Therefore, each time
the input clock frequency was varied, the user had to manually edit the IBIS file to reflect the
change in tap delay. Using the new methodology, the user can simply supply the delay as a
parameter through the main simulation file.

A schematic of the template is given below for ease of understanding. It can be seen that
the 2-tap pre-emphasis buffer template would have to contain the following elements:

1. Aninverter

2. Two ideal delays
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3. Four IBIS_OUTPUT (Appendix B) models for the drivers

4. Eight IBIS_I (current sources) to scale the boost buffers currents — The current

scaling for the boost circuit is achieved by scaling the supply currents provided to the

boost buffers. The eight supply nodes are: both (P & N) boost buffers pullup_ref,

powerclamp_ref, pulldown ref & groundclamp_ref; hence the need for 8 current

sources.

InD -

(> I10p

IBIS_VCWS

IBIS_1O

> 10n

IBIS_10

PU
scale

IBIS_VWCVS_DELAY scale

dIBIS_IO
PD
scale

GC

PC PU
scale scale
@ IBIS_IO
IBIS_WCVS_DELAY g:;:am E.[:)ah;
PreDeMacro.va

Original Diagram borrowed from M. Mirmak

Figure 4.5 Pre-emphasis Buffer Schematic

The VHDL-AMS template file which describes the Pre-emphasis buffer is provided

below. Note that the parameters ‘ScaleBoost” and ‘TapDelay’ can be provided by the main

simulation file. Parameter passing in this manner provides a great deal of flexibility which

cannot be found in IBIS alone.
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use IEEE.ELECTRICAL SYRTEMA.all:
entity IBEI3 PreDeMacro WHDL is G LT e T
generic |(3caleBoost: real == -0.9; "’a;rfff,f-TapdEhy
TapDelay: real := 10.0e-9) 3
port (terminal InD, I0p, IOn, PCref, PUref, PDref, GCref, En : electrical):
end entity IEIS PreleMacro WHDL:

architecture 3imple_test of IBEI3 PreleMacro_WVHDL is

terminal Dref, InNM, InPE, InNE : electrical:
terminal PUrefPE, PDrefPBE, PCrefPB, GCrefPE @ electrical:
terminal PUrefNE, PDrefNBE, PCreflNBE, GCrefllBE : electrical;

begin
Digl : entity Macrolib.IBIS ¥ Yoltage supply for buffers
generic map [ ¥Vdo => 1.0 )
port map [ p => Dref, n => PDref):;

Invl : entity Macrolib.IBIS VCV3 Imverter
port map [ p => Dref, n == InNM, ps => InDh, ns => PFDref):

PosM : entity Macrolib.IBIS I0(IBI3 ZEQZUK) Main P
generic map [ DataFile == ".%Macro_lib‘buffer driver_ t.txt" )
port map { PU_ref == IMIref,
FD_ref == FPDref, Pad == I0p,

SR =% InD, ENal = En, Read data from txt file
PC_ref =» PCref, GC_ref =» GCref ):

Negl : enticy Macrolib.IEIS_IO(IEIS_=EQZUK) /

generic map [ DataFile == ".WMacro_ libhbuffer deiver t.txt” )

port map [ PU_ref =» PMIref,

FD_ref => PDref, Pad =>= I0n, Main N
In D => InNH, EN_D => En,
PC_retf =» PCref, GC_ref == GCref |:

Figure 4.6 Pre-emphasis Buffer VHDL-AMS code (Part 1)
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Ideal delays
(for hoost input)
, s == PDref):

Dlyl : entity MacroLib.IBI3_WCW3_DELAY
generic map [ TD == TapDelay )

port map [ p == InWNE, n =+ PDref, ps

DlyZ : entity MacrolLib.IBIS VCW3_DELAY
generic map [ TD => TapDelay )

port map | p == InPE, n => PDref, pz => InlM, ns => PDref):

PosE : entity Macrolib.IBIS_IO0(IBI3_ZEQZTE)

generic map ( DataFile == ".\Macro_lib‘buffer—driwver t.txt”

= kI po => ScaleBoozt, kI _pu => ScaleBoo

== EI_pd => &caleBoost, EI_go => ScaleBoost -
!

port map | PU_ref == PUrefPE,

PD_ref =»> PDreflE, Pad == Ilp,

In D => InFE, EN D => En,

PC_ref = PLrefPE, GC_ref = GLrefPE |: -
NegB : entity MacroLib.IBIS_I0(IBIS ZEQZUK) ——

generic map [ DataFile =» ".'\Macro_ lib\buffer driwver €.txt’”
- LI _po => FraleBFoost, kI _pu == GrcaleBoost,
== EI_pd => dcaleBoost, kEI_goc =- ScaleBoost

1
port map | PU_retf == PUreflNE,

PD_ref =»> PDrefNE, Fad => Iln,
In D == InlE, EN D => En, Current scaling
PC_ref  =- PCreflE, GC_ref  => GCrefNE |; //}/ for Boost tap

IpcP : entity MacrolLibh.IBIS_CCCE
generic map [Acale => ScaleBoost)
port map [ p == PCref, n == I0p, ps => PCref, ns => PLCrefPE):
IpuP : entity Macrolib.IEIS_CCC3
genetric map [(3cale =»= ScaleBoost)
port map [ p == PUref, n => I0p, ps =» PUref, ns =+ PUrefPB):;
IpdP : entity Macrolib.IBIS_CCC3
generic map (Scale => AcaleBoost)
port map [ p =» PDref, n =+ I0p, ps => PDref, ns =+ PLDrefPE):
IgcP @ entity MacrolLib.IBIS_CCC3
generic map [Acale => ScaleBoost)
port map [ p == Cref, n == I0p, ps == GCref, ns =+ GLCrefPE):

IpcH : entity MacroLibh.IBEIS_CCCE
generic map [Acale => ScaleBoost)
port map [ p == PCref, n == I0n, ps => PCref, ns => PLCreflE):
Ipull : entity Macrolib.IBIS_CCC3
genetric map [(3cale =»= ScaleBoost)
port map [ p == PUref, n => I0n, ps =» PUref, ns =+ PUrefNEB);
IpdW : entity Macrolib.IBIS _CCC3
generic map (Scale => AcaleBoost)
port map [ p =» PDref, n =+ I0n, ps => PDref, ns =+ PLrefNE):
IgcH @ entity MacroLib.IBIS_CCC3
generic map [Acale => ScaleBoost)
port map [ p == Cref, n => I0n, ps =» GCref, ns =+ GLCrefllE):

end architecture Simple test;

Figure 4.7 Pre-emphasis Buffer VHDL-AMS code (Part 2)
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The following circuit was implemented in SMASH. The subcircuit X1 is described in

VHDL-AMS as shown above.

Qut_p
Pls Rid1

X1

Vpls Out_n

= = RId? Wit

Verilog Module
PreDeMacro

Figure 4.8 Pre-emphasis Buffer Test Circuit
The SMASH GUI is shown below.

5 SMASH5.6.2 =J=/Ed

File Edit view Design Simulate ‘Waveforms Tools ‘Windows Help

U0 BH&| 4 00X 9@ P

QDI AR G xAN+AANN R e N7 O E

|44 D:\thesis\PreEmph¥HDLWP reEm. nsx E] = |1=!
>»> SPICE .VHDL 3ET KIND=AM3
r N

* Paul Fernando, NC3U 3/3/2008 LWHDL COMPILE LIBRARY=Macrolib S0URCE=.‘\Macro_lib\MacroLib_functions
+

LVIDL ADD LIBERARY=MacroLib REFLIB=Macraolib
+
LVIDL COMPILE LIBRARY=Macrolib S0URCE=.%Macrao 1ib\IBEIS macro library

«VHDL ADD LIBRARY=WORK REFLIB=Macrolib
*

+
Vwcc ¥ycc 0 DC= 5.0

VGND  GND 0 DC=10

Twtt Wwtt 0O DC= 0

*Wpls Pls D¢ BULSE: 3§ Da0 3530 1i0hs: 1E=L0: 1E=10: 9. 8As

.Tran lps S0ns 03 noise=no noisestep=l0ns traceBreak=yes

.include 'In ] .Eps 1u 100m 100n

.paran inpericd=10n .Tolerance DEFAULT TOLERANCE lu

.param edge=100p .H 1fs 1fs 10ps 1l25m 2

i .Method TRALP

XL Pls OutP DOutN Vvee Vveo GHD GHD Wvoco IBLS PreDeMacro i

* InD, I0p, I0n, PCref, PUref, PDref, GCref, EnD .Trace Tran  V(PL3) V(OUTP) VW{OUTHN) Min=-5.0260336E-001 Max=5.5002
& *.Trace Tran X1.POSM.EPU X1.POSM.KPD Min=-5.0799635E-001 Max=1.15
REPl OutcP ¥Vwtt R= 50 .Trace Tran X1.POSE.EI_pc X1.NEGE.kI pc Min=-5.07996359E-001 Maw=1

CPl OutP WVwtt C= 5.0pF § Substitutez C_comp in the VHDL-AMS mo
PNl (OutN %wtt R= 50
CH1 OutN ¥wtt C= 5.0pF § Substitutes C_comp in the VHDL-AMS mt

¥hdlTrace Tran X1.POSH.EVENTSTATE

ThdlTrace Tran  X1.POSM.PU_ON

ThdlTrace Tran H1.POSM. PD_OFF

¥hdlTrace Tran  X1.POSH.FD_OI

¥hdlTrace Tran X1.POSH.PU_OFF

-Trace Tran TI(VGND) I(VVCC) I(V¥IT) Min=-6.0209033E-002 Max=56.00

e S

* T-line model - Prowvided as spec

#Wl W=z OucP OutW 0 TL_OUT_POS TL_OUT NEG 0 RLGCHODEL=ECE733 1=1. #*.MODEL ECE733 W MODELTYPE=RLGC N=2
F+Lo= 300e-9 B0e-9 300e-9

i *+Co= 120e-12 -24e-12 120e-12

> VHDL *+Ro= 0.54 0 0.54
F+Rs= 0.000462 0 0.000462

library IEEE, MacroLib: F4+Gd= 1.4e-11 -0.14e-11 1.4e-11

use IEEE.ELECTRICAL STSTEMS.all:

entity IEIS PreDeMacro VHDL i=
generic (ScaleBoost: real := -0.9;
TapDelay: real = 10.0e-9);
port (terminal InD, I0p, I0n, PCref, PUref, PDref, GCref, En]v;’

<] I | =l < i | [

Figure 4.9: Pre-emphasis Buffer SMASH GUI
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The SMASH VHDL-AMS simulation results are shown below for an arbitrary input stream.
Depending on the value chosen for ‘ScaleBoost’, the tap will emphasize the signal at

switching points.

-400rm

Figure 4.10: Pre-emphasis Buffer SMASH Output

41



4.4 Case study I11: Equalized Receiver
The schematic of the receiver is shown below. This example doesn’t make use of IBIS data.

It simply provides a behavioral description of a differential input pair with receiver end

equalization and amplification.

Rt§ W § Rt

Cpas

Input_P

Cpad —

+
I EQsum Row_d

Rt g Rpas g Rt

Input_N

Cpas

Cpad —

1

Figure 4.11: Receiver Schematic

This receiver includes a passive equalizer and an amplifier. The equalization RC is
determined by Rpas & Cpas. Gain is equal to “(Rpas + Rt2) * gain/Rt2”
The VHDL-AMS code for the above circuit is given below. Note that the resistor, capacitor

and gain settings are all programmable.
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»=k> WHDL
library IEEE, Macrolib:
use IEEE.ELECTRICAL_ SYITEMS.all:

Parameters
entity Eq Rowr is
generic (Cpad: real := l.0e-1Z2: Rt: real := 50.0;
pas_on: real := 1.0; Rpas: real := 130.0;
Cpas: real := 0,5e-12; Br2: real := 1l000.0;
gain: real := 4.0);

port (terminal PC_ref, GC_ref, Input p, Input n, Bev D @ electrical)
end entity Eq rcvr:

architecture Jimple test of Eg Reowr is
terminal EQ_p, EQ_n, EQ3MM @ electrical; .
IN_P Passive

begin Equalizer

RTLF : entity MacroLib.IEIS_R
gerneric map [ RBwval => RL )
port map [ p =» Input_p, n == PC_ref):
CP : entity MacroLib.IEIS_C
generic map [ Cwal =» Cpad )
port map [ p => Input_p, n == PC_ref):
RPASPF : entity MacrolLib.IEIS_R
generic map [ Bwval => Bpas |
port map [ p => Input_p, n => EQ_p):
CPAZP : entity Macrolib.IEIX_C
generic map ( Cwal => Cpas*pas_on )
port wap [ p =» Input p, n =+ EQ0_pl:
RTZF : entity MacroLib.IEIS R
generic map [ Bwal == Rt )
port map [ p =» EQ p, n =» PC_ref);

ETIN : entity Macrolib.IEIS R
generic map [ Ewal == Rt ) .
port mwap [ p => Input n, n => PC_ref): IN_N Fassive

CH : entity Macrolib.IBIS C Equalizer

generic map [ Cwal =>= Cpad )
port map | p == Input n, n == GC_ref):; /
RPASN : entity MacroLib.IEIS_R

generic map [ Rwal => Fpas |
port map [ p => Input n, n == EQ_n):
CPASN : entity Macrolib.IBIS_C
generic map | Cwal => Cpas¥*pas_on )
port map | p => Input n, n == EQ_n);
RTEN : entity Macrolib.IEI3 R
generic map [ Rval == Rt )
port map | p => EQ_n, n => PC_ref);

-— This woltage szource deriwes the differential output of the 2 passiwve
-—- and then amplifiez it by the gain parameter.

EQSUML : entity MacrolLib.IEIS WCVWS_SUM —— Summer
poOrt map | p =>EQ31H, n =»GC_ref,
pal ==EQ_p, nal =>=GC_ref,
ps2 =xGLC_ref, nzzZ =:EQ_nj:
EQOUT : entity Macrolib.IEIS VCV3 Gain Stage
generic map [ 3cale => [(Rpas + RtZ)*[gainsRtZ) )
port map | p ==Rowv_d, n =xGC_ref,
ps =>EQ53UM, na =>GC_ref):

end architecture Simple_test;

Figure 4.12: Receiver VHDL-AMS code
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The resultant waveform for an ideal differential input is provided below.

‘400p ‘B00p

Figure 4.13: Receiver SMASH Output

The Transmission line model in SMASH isn’t complete yet, therefore | couldn’t

simulate a ‘real’ condition.
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5. Conclusions & Future Research

5.1 Conclusions

As the operating frequencies & complexity of 1/O buffers increased, many model
makers and/or users leave IBIS behind in favor of SPICE models; since IBIS is inaccurate or
unable to model these advanced buffers. Since most semiconductor vendors support their
models with a single vendor's version of SPICE, this trend brings the industry back towards a
single EDA vendor solution, which is what IBIS was designed to prevent. In an effort to
relinquish these shortcomings, in IBIS version 4.1, multi-lingual model extensions were
added to IBIS so that it could recognize Berkeley-SPICE, VHDL-AMS and Verilog-AMS
files.

A Macro model library was developed by the IBIS-macro committee to model state of the
art buffers by combining IBIS & AMS languages. Several templates were written to model
state of the art 10 buffers which couldn’t be modeled by traditional IBIS. A GUI based tool
was developed (ibs2ams) and extensively tested to convert standard IBIS files into AMS
formats. Combining the Macro library, the conversion tool and templates, several simulations
were done to prove the methods accuracy, scalability and overall viability. As a byproduct,
we have a programmable IBIS simulator written in AMS which can be updated as we choose.

GUI tools were created in Perl/Tk for s2iplt (IBIS wave plotting utility) & s2ibis (Spice

to IBIS converter).
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5.2 Future Research

As mentioned in the conclusion section above, a result of this effort is that we end up
with a completely programmable IBIS simulator in AMS. One line of action is to attempt to
solve the SSN issues with IBIS. The first step would probably be to implement BIRD 95 in
the AMS library simulation algorithm [21].

Another line of action would be to create more template files; for LVDS, impedance
compensated buffers, true differential, buffers with deterministic jitter insertion, Decision
Feedback Equalization, FIR equalized receiver models etc. Running accuracy studies for the

above template files would also be a useful avenue.
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Appendix A

IBIS Macro Library Elements

Basic Elements

Table A.1: Basic Elements

Fixed Voltage Controlled | Current Controlled
R IBIS_R IBIS_VCR IBIS_CCR
L IBIS L IBIS_VCL IBIS_CCL
C IBIS_C IBIS_VCC IBIS_CCC

Sources
Table A.2: Sources
Fixed Voltage Current Voltage Controlled Current Controlled
Controlled | Controlled with Delay with Delay
\ég:}?(?: IBIS_V | IBIS_VCVS | IBIS_CCVS | IBIS_ VCVS_DELAY | IBIS_CCVS DELAY
%‘;erigt IBIS_I | IBIS_VCCS | IBIS_CCCS | IBIS_VCCS_DELAY | IBIS_CCCS_DELAY
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Operators

Table A.3: Operators

Current Controlled
Current (with scaler)

Voltage Controlled Voltage
(with scaler)

Adders IBIS_CCCS_SUM IBIS_VCVS_SUM
Multipliers IBIS CCCS MULT IBIS VCVS MULT
Dividers IBIS_CCCS DIV IBIS_VCVS DIV
Voltage Controlled Current | Current Controlled Voltage
(with scaler) (with scaler)
Adders IBIS VCCS_SUM IBIS_CCVS_SUM
Multipliers IBIS VCCS MULT IBIS CCVS MULT
Dividers IBIS_VCCS DIV

IBIS CCVS DIV

Active Devices

Table A.4: Active Devices

IBIS Input buffer IBIS_INPUT

IBIS Output buffer IBIS_OUTPUT
IBIS Input/Output buffer IBIS_IO

IBIS Tri-state buffer IBIS_3STATE

IBIS Open-sink buffer

IBIS_OPENSINK

IBIS 1/0O Open-sink buffer

IBIS_IO0_OPENSINK

IBIS Open-source buffer

IBIS_OPENSOURCE

IBIS 1/0 Open-source buffer

IBIS_IO_OPENSOURCE

Other Models

Table A.5: Other Models

Inductive Coupler

IBIS_K

Transmission Line

IBIS_ T
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Appendix B

IBIS to Verilog-A converter script

This script was written to convert standard IBIS files to AMS format.

#1/usr/local/bin/perl

#

# Paul Fernando NCSU, IBIS-MACRO 01/17/2006

# prfernan@ncsu.edu

#

# IBIS-to-VerilogA converter script vO.1 (GUI capabilities added) -
1/30/06

# IBIS-to-VerilogA converter script v0.2 (VHDL-A(MS) parsing added) -
2/1/06

# IBIS-to-VerilogA converter script v0.3 (windows "pwd" bug Ffixed) -
2/2/06

# IBIS-to-VerilogA converter script v0.4 (more bug fixes) - 2/3/06

# IBIS-to-VerilogA converter script v0.5 (Updated "convert® to handle ALL
models & corners) - 2/6/06

# IBIS-to-VerilogA converter script v0.6 (references/v_range, Rise/Fall
waveform ordering) - 2/8/06

#

# This program is used to convert ibis file to verilog/vhdl A(MS) files.
# This program requires Perl/Tk. http://www.perl.com/download.csp

# Note: only the "convert" menu works so far

#

BHHHHH A
HHHAHHH

use Tk 800.000;

use subs qw/File_menuitems convert_menuitems template menuitems
lib_menuitems help_menuitems/;

require Tk::BrowseEntry;

require Tk::LabEntry;

use Tk::DialogBox;

use Tk::Dialog;

use Tk::ErrorDialog;

$Help_File="help.txt";
$default IBIS File="lab 1.ibs";

HitHH#HHH#H Create scroller_bar

my $mw = MainWindow->new(-title => "IBIS-to-AMS converter');
my $t = $mw->Scrolled("Text", -width => 50, -height => 20, -scrollbars =>
"se”,
-wrap => "none")->pack(-expand => 1, -Fill => "both");
# scrollbars on south & east
$t->configure(-state => "disabled");
# disallows user typing in canvas
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#HHH#HH#H#HH Create the menubar
$mw->configure(-menu => my $menubar = $mw->Menu);

map {$menubar->cascade( -label => "~" _ $ ->[0], -menuitems => $ ->[1] )}

["File", File_menuitems], # Each of these functions is
defined below, in the next section

["Convert®, convert_menuitems], # Each of these functions
is defined below, In the next section

["Template®, template_menuitems], # Each of these functions
is defined below, in the next section

[*Macro Library®, lib_menuitems], # Each of these functions

is defined below, In the next section
["Help®, help_menuitems];

if (30 eq "MSWiIn32") {
$current_dir="cd™; chomp($current_dir);
$current_dir=$current_dir."\\"';
my $syst = $menubar->cascade(-label => "~System");
my $dir = "dir | sort | more-";
$syst->command(
-label => $dir,
-command => sub {system $dir},
)
} else{
$current_dir="pwd™; chomp($current_dir);
$current_dir=$current_dir."/";
¥
print "Running on $°0"."\n";
print "Current directory is $current_dir\n";

MainLoop;

HH R R R R A R R A R
HHHHHH A
HHAHHHH A R R R R
HHAHHHHAH A
HH AR R R R A R R A R
HH AR

BHHHHH A
HHHA R

# File Menu

HHHH R AR R R R R AR R R R R R A R R R AR
HHHHEH

sub file _menuitems {

# Create the menu items for the File menu.

my($motif, $bisque) = (1, 0);
my $new_image Fformat = "png*;

L

[gw/command ~Quit -accelerator Ctrl-q -command/ => sub {
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if($mw->Dialog(-title=>"Exit?", -text=>"Confirm exit", -
buttons=>["Exit", "Return®"], -default button=>"Return®, -
bitmap=>"warning")
->Show eq "Exit™) { &exit }}],
1:

} # end File_menuitems

HHHHH
HHHHHH R

# This function converts a model in a normal ibis file to AMS format
HAHHHHHHH AR AR
HHH A

sub convert_menuitems {

# Create the menu items for the File menu.

my($motif, $bisque) = (1, 0);
my $new_image format = "png”;

L
[Fcommand®, "~Convert IBIS file to Verilog-A®, qw/-accelerator
Ctrl-c/,
-command => subq{ &ibs_to AMS('verilog);}],
["command®, "~Convert IBIS file to VHDL-A", qgqw/-accelerator
Ctrl-c/,
—-command => subq{ &ibs_to AMS("vhdl');}],
1:

} # end convert_menuitems

HHHHE
BHHABHHA TR
# opens an AMS template file and links its data
HHHH R R
HHH R R
sub template_menuitems {

# Create the menu items for the template menu

my($motif, $bisque) = (1, 0);
my $new_image format = "png”;

L

[Tcommand®, "Open ~template file", gw/-accelerator Ctrl-t/,
—-command => sub{

H.
1:

} # end template_menuitems

HHHH R AR R R R R A R R R R R R A R R R AR
BRI

# Read AMS macro library and list its contents
B
HHHH AR R

sub lib_menuitems {
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L

["command®, "~List macro library modules®, gw/-accelerator Ctril-1/,
—-command => sub{
if ($in_va_file=$mw->getOpenFile(-
initialfile=>"$current_dir"."IBIS_macro_library.va'™)) {
#$t->configure(-state => "normal"); # disallows user typing
#my $F1 = $t->Frame->pack(-side => "top", -expand => 1, -Fill
=>"y");
# Read modules in Verilog-A macro library file
open( INFILEP, "< $in_va_file" ) or die "Can"t open $in_va file";
$temp_modules=""";
while( $line=<INFILEP> ) {
if(sline=~m/*(\s*)module\s+/i) {
@words = split(/\s+/, $line);
push(@macro_lib_modules, $words[1]);
print "$words[1]\n";
$temp_modules=$temp_modules. " \n$words[1]";

}

}

close INFILEP;

#my $be = $Fl->Label (-text => "$temp_modules', -relief => "groove-®,
-width => 50)

# ->pack(-ipady => 5, -side => "left");
}

.
I # eﬁd lib_menuitems

HHHHE
BHHABHHA TR
# help
HHHH R R
HHH R R
sub help_menuitems {
L
["command®, "~Help®, gw/-accelerator Ctrl-h/, -command =>
sub{&Editor_module($Help_file)}],"",
["command®, "~About-®, qgqw/-accelerator Ctrl-a/, -command => sub {
my $db2=$mw->Dialog(-title=> "About", -text=>"IBIS to AMS
Converter\nNCSU, IBIS-Macro 2006\nRunning on
$”~0\n\nContact:\nprfernan\@ncsu.edu".'"\n",
-buttons=>["0k"], -default_button=> "0k", -bitmap=>"info")-
>Show();}1,
1:

}

HHHH R R R R R R A R R R R R R R R R
HHH AR R

# ibs_to AMS - Oversees the ibis to AMS conversion
B T
B

sub ibs_to AMS{
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# Prompt for input ibis file
it ($in_ibs_file=$mw->getOpenFile(-
initialfile=>"$current_dir"."$default_IBIS_file"™)) {
# Reinitialize data stucts
&Reset_data structs; $in_model name temp=

; @choices=

# Read models(@choices) in ibis file

open( INFILEP, "< $in_ibs_file"™ ) or die "Can"t open $in_ibs file";

while( $line=<INFILEP> ) {
if($line=—m/~"(\s*)\[ModeI\J\s+/i) {
@words = split(/\s+/, $line);
push(@choices, $words[1]);

}
close INFILEP;
push(@choices, "ALL"™);

# Create dialog for model selection

my $dbl=$mw->Dialog(-title=> "Select model", -text=>"Select model",

-buttons=>["0k", "Cancel"], -default_button=> "0k");

$dbl1->BrowseEntry(-label => "Select model', -choices => \@choices,
-variable => \$in_model_name_temp, -justify=>"right")
->pack(-ipady => 2, -side => "bottom®, -Ffill => "both");

#$db->insert("end”, '\n');
my $ans=$dbl->Show();

if($ans eq "Ok"™ && $in_model name_temp ne " && $in_model name_ temp

ne "ALL™) {
$in_model_name=$in_model_name_temp;

# Parse input file name

$in_ibs_filel=$in_ibs_file; $in_ibs_filel=~s/.ibs//g;
($temp, $in_ibs_filel)=%in_ibs filel=—m/(.*\/)(.*)$/;

# Dialog to get process corner, default: typical
my $db2=$mw->Dialog(-title=> "Select Process corner", -

text=>"Select Process corner",

-buttons=>["Typical®, "Minimum®, “Maximum®, “ALL"], -

default_button=> "Typical");

my $ans2=$db2->Show() ;

if($ans2 eq "Typical®) { $corner="t"; $cornerl="Typical";

&ibs_to_AMS_conversion($_[0]): &Reset_data_structs;}

elsif($ans2 eq "Minimum®) {  $corner='"n"; $cornerl=

&ibs_to AMS_conversion($_[0]); &Reset _data_structs;}

“"Minimum";

elsif($ans2 eq "Maximum®) {  $corner="x"; $cornerl="Maximum";

&ibs_to_AMS_conversion($_[0]); &Reset data_structs;}

elsif($ans2 eq "ALL") {
$corner="t"; $cornerl="Typical";

&ibs_to_AMS_conversion($_[0]); &Reset_data_structs;

$corner=""n"; $cornerl="Minimum";

&ibs_to_AMS_conversion($_[0]); &Reset_data_structs;

$corner="x"; $cornerl="Maximum';

&ibs_to AMS_conversion($_[0]); &Reset_data structs;

}

}
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elsif($ans eq "Ok" && $in_model_name_temp eq "ALL™) {
foreach $in_model_name (@choices) {
if($in_model _name ne "ALL"™ && $in_model _name ne ") {

# Parse input file name
$in_ibs_filel=$in_ibs_Tfile;

$in_ibs_filel=~s/_ibs//g;
(Stemp,

$in_ibs_filel)=%in_ibs_filel=—m/(.*\/)(.*)$/;

$corner=""t"; $cornerl="Typical";
&ibs_to_AMS_conversion($_[0], "FORCE'); &Reset_data_structs;
$corner="n""; $cornerl="Minimum";
&ibs_to AMS conversion($_[0], "FORCE'™); &Reset_data_structs;
$corner=""x"; $cornerl="Maximum";
&ibs _to AMS conversion($_[0], "FORCE'™); &Reset data structs;
}

}

}
}

sub Reset data structs{
$input_state="""; $ibs_model_type=
%ibs_Vpu_ref="""; %ibs Vpd_ref="""; %ibs_Vpc_ref=""; %ibs Vgc_ref=
%ibs V_tf="""; %ibs_T_tf="""; %ibs V_tr=""""; %ibs_T tr=""";
%ibs_vrange=(); %ibs_I_pc="""; %ibs_l_gc=
%ibs_1_pd=""";
$ibs Vinh="""; $ibs_Vinl=""; $ibs V_pc="""; $ibs_V gc="";
$ibs V_pu="""; $ibs_V_pd="";
}

sub ibs_to AMS conversion{
# Read ibis file and create data structs
&create_datastructs($in_ibs_Tfile);
&sort_rising_falling_entries;

; %ibs_1_pu=""';

# depending on selection create Verilog or VHDL output file.
if($_[0] eq "verilog™) {
iT($_[1] eq "FORCE™) {

&create_verilog_output_file("$current_dir" . "$in_ibs_filel”."_$in_mod
el_name"."_$corner'."_.dat");
} elsif($out_file=$mw->getSaveFile(-
initialfile=>"$current_dir"."$in_ibs_filel”." $in_model name"."_ $corner"."
dat™)) {

&create_verilog_output file($out Ffile);
}

3
elsif($_[0] eq "vhdl'™) {
if($_[1] eq "FORCE™) {

&create_vhdl_output_file("$current_dir"."$in_ibs filel"." $in_model _
name"."_$corner™."_txt");
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} elsit($out_file=$mw->getSaveFile(-

initialfile=>"$current_dir"."$in_ibs_filel”." _$in_model_name"."_$corner"."
txt)) {
&create_vhdl_output_file($out _file);
}

by

#&Editor_module($out_file); # Open output file in text
viewer

#&print_all_structs; # Prints all datastructures to screen
}

sub sort _rising _falling entries{
my $temp VFx_r; my $temp RFx_r; my $temp_TR_counter; my
$temp_ibs_ T _tr; my $temp_ibs V_tr;

# IT V_Ffixture min & max don"t exist copy V_fixture to them
if(evhx _r{"1n"} e {svix_r{"In"}=$VvFx_r{"1t"};}
IFEVEHCr{"2n"} eq ") {svix_r{2n"}=svex_r{"2t"};}
iT(VEx_F{"1n"} e ) {$Vix_F{"1In"}=$VIx_F{"1t"};
iT(SVE_F{"2n"} q ) {SVIXC_T2n" =SV T2t} ;
iITSVEr{"1x"} eq ") {SVIix_r{"1x"}=$Vvix_r{"1t"};
iIT(SVE r{"2x"} eq "") LV _r{"2x"}=sVvix_r{"2t"};
") t'};

t'};

V\J

iF(SVIX_F{"1x"} eq {SVEX_F{"IxX"}=$VIx_F{"1
IF(SVEX_T{"2x"} eq ") {SVFx_F{"2x"I=$VFx_F{"2t"};

S S S Qe G Gl

# R1 must have the lower Vfx (of R1 and R2)
# F1 must have the higher Vfx (of F1 and F2)
iT($ibs_model_typel ne "IBIS_OPENSINK" && $ibs_model_typel ne
"IBIS_I0_OPENSINK"™ && $ibs_model_typel ne "I1BIS_OPENSOURCE" &&
$ibs_model_typel ne "IBIS_10_OPENSOURCE™) {
iF(SVEX_r{"1".$corner}>$Vvfx_r{ 2" .$corner}) { # swap the two
#print ""Swapped Rising WFs for model:$in_model _name
type:$ibs_model_typel corner:$corner\n";
$temp_VFx_r =$vFfx_r{'1".$corner};
$temp_Rfx_r =$Rfx_r{"1"};
$temp_TR_counter=$TR_counter{"1"};

$temp_ibs T tr =$ibs_T_tr{"1"};

$temp_ibs V_tr =$ibs_V_tr{$corner."1"};
SVEX_r{"1" .$corner} =VEx_r{"2" .$corner};
SRFx_r{"1"} =$RFx_r{"2"};
$TR_counter{"1"} =$TR_counter{"'2"};

$ibs T tr{"1"} =$ibs_T_tr{"2"};
$ibs_V_tr{$corner."1"}=$ibs_V_tr{$corner."2"};
SVEx_r{"2" _$corner} =$temp_VFx_r;
SRfx_r{"2"} =$temp_RFfx_r;
$TR_counter{"2"} =$temp_TR_counter;

$ibs T tr{'2"} =$temp_ibs T tr;

$ibs_V_tr{$corner."2"}=$temp_ibs_V_tr;
}
iT(SVEX_F{"1".$corner}<$Vfx_F{"2".$corner}) { # swap the two

#print "Swapped Falling WFs for model:$in_model_name
type:$ibs _model typel corner:$corner\n";
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$temp_VFx_F =$vFx_F{"1"_Scorner};
$temp_Rfx_F =$RFx_F{"1"};
$temp_TF_counter=$TF_counter{"1"};

$temp_ibs T tf =$ibs T tf{"1"};
$temp_ibs V_tf =$ibs_V_tf{$corner."1"};
SVEX_F{"1" _$corner} =$VFx_F{"2"_%corner};
$RFx_F{"1"} =$RFx_F{''2"};
$TF_counter{"1"} =$TF_counter{"'2"};

$ibs T _tf{"1"} =$ibs T _tf{"2"};

$ibs_V_tf{$corner."1"}=$ibs_V_tf{$corner."2"};

SVEx_F{"2"_.$corner} =%$temp_ VFfx_ f;

SRfx_F{"2"} =$temp_Rfx_TF;
$TF_counter{"2"} =$temp_TF counter;
$ibs_T_tf{"2"} =$temp_ibs T _tf;
$ibs_V_tf{Scorner."2"}=%temp_ibs_V_tf;
}
}
# IT [... reference]s are not provided use [voltage range] instead.

iT($ibs_Vpu_ref{$corner} eq ") {
$ibs_Vpu_ref{$corner}=%$ibs_vrange{$corner}; }
i1F($ibs_Vpd_ref{$corner} eq ") { $ibs_Vpd_ref{$corner}="0"; }
iT($ibs_Vpc_ref{$corner} eq ") {
$ibs_Vpc_ref{$corner}=%ibs_vrange{$corner}; }
iT($ibs_Vgc_ref{$corner} eq ') { $ibs_Vgc_ref{$corner}="0"; }

b

HHHHHHH
HHHHH R

# functional subroutines:

HHHHHEHHHHH
HHHHHEHHH

HHHH A A A R A R R R R R R
HHH R
# IT valid args are provided, parse the model and create internal data
structs
HH AR R R R R R R R R R R R A R R R
HHHH AR
sub create_datastructs{
$File_Tlagl="0"; %ibs_C_comp="""; $input_state="";
$PC_counter=0; $GC counter=0; $PU_counter=0; $PD_counter=0;
$TR_counter{"1"}=0; $TR counter{''2"}=0; $TF counter{"1"}=0;
$TF_counter{"2"}=0; $current_TR=0; $current_TF=0;
if($in_model_name ne ") {
open( INFILEP, "< $ [0]" ) or die "Can"t open $_[0]";
while( $line=<INFILEP> ) {
if($line=~m/~"(\s*)\[ModeI\]J\s+$in_model name\s+/i) {
$file_flagl="1";
#@words = split(/\s+/, $line);
#print "$words[1]\n";
Yelsif($file _flagl eq "1" && $line=—-m/~(\s*)\[ModeI\J\s+/1) {
$file_flagl="0";
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}

if($file_flagl eq "1") {
#print $line;
if($line=—m/"(\s®)\[/i) {

$input_state=""";
}
if(Sline=—m/"(\s®)\|/i1) {
# Comment line
Yelsif(Sline=—m/"(\s*)Model_type\s+/i) {
@words = split(/\s+/, $line);
$ibs_model_type=$words[1];
if(lc($ibs_model_type) eq "input™) {
$ibs model typel=""IBIS_INPUT"}
elsif(lc($ibs_model_type) eq "output') {
$ibs_model_typel="IBIS_OUTPUT"}
elsif(lc($ibs_model_type) eq "i/0") {
$ibs_model_typel="IBIS_10"}
elsif(Ic($ibs _model _type) eq "3-state'™) {
$ibs_model_typel="IBIS_3STATE"}
elsif(lc($ibs_model_type) eq "open_sink') {
$ibs_model_typel="I1BIS_OPENSINK"}
elsif(lc($ibs_model_type) eq "i/o_open_sink') {
$ibs_model _typel="1BIS_10_OPENSINK"}
elsif(lc($ibs_model_type) eq 'open_source') {
$ibs_model_typel="1BIS_OPENSOURCE"}
elsif(lc($ibs_model_type) eq "i/o_open_source™) {
$ibs_model typel=""1BIS_10_OPENSOURCE"}
else { print "Model type $ibs_model_type in model
$in_model_name in File $in_ibs_file is not valid\n"; exit;}
Yelsif(Sline=—m/"(\s*)VinI\s*=/1) {
$line=~s/(\s+)//g; chomp($line);
$line=&parse_val ($line);
@words = split(/=/, $line);
$ibs_Vinl=%words[1];
Yelsif(Sline=—m/~*(\s*)Vinh\s*=/1) {
$line=~s/(\s+)//g; chomp($line);
$line=&parse_val($line);
@words = split(/=/, $line);
$ibs_Vinh=%words[1];
Yelsif(Sline=—m/~"(\s*)Vmeas\s*=/1) {
$line=~s/(\s+)//g; chomp($line);
$line=&parse_val ($line);
@words = split(/=/, $line);
$ibs_Vmeas=$words[1];
Yelsif(Sline=—m/"(\s*)Cref\s*=/1) {
$line=~s/(\s+)//g; chomp($line);
$line=&parse_val ($line);
@words = split(/=/, $line);
$ibs_Cref=%words[1];
YelsifF(Sline=—m/"(\s*)C_comp\s*/i1) {
$line=&parse_val($line);
@words = split(/\s+/, $line);
$ibs_C comp{"t"}=$words[1];
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$ibs_C_comp{"n"}=%$words[2];
$ibs_C_comp{"x"}=%words[3];
Yelsit($line=~m/"*(\s*)\[Voltage Range\]\s*/i1) {
@words = split(/\s+/, $line);
$ibs_vrange{"t"}=$words[2];
$ibs_vrange{' t"}=&parse_val ($ibs_vrange{' t"});
$ibs_vrange{ 'n"}=%words[3];
$ibs_vrange{"n"}=&parse_val ($ibs_vrange{''n"});
$ibs_vrange{"x"}=%words[4];
$ibs_vrange{"x"}=&parse_val ($ibs_vrange{"x"});
Yelsif(Sline=—m/~"(\s*)\[Pullup Reference\]J\s*/i) {
@words = split(/\s+/, $line);
$ibs_Vpu_ref{"t"}=%words[2];
$ibs_Vpu_ref{"t"}=&parse_val ($ibs_Vpu_ref{"t"});
$ibs_Vpu_ref{"'n"}=$words[3];
$ibs Vpu_ref{"'n"}=&parse_val ($ibs_Vpu_ref{'n"});
$ibs_Vpu_ref{"x"}=%words[4];
$ibs_Vpu_ref{"x"}=&parse_val ($ibs_Vpu_ref{"x"});
Yelsit(Sline=~m/"*(\s*)\[Pulldown Reference\]J\s*/i) {
@words = split(/\s+/, $line);
$ibs_Vpd_ref{"t"}=$words[2];
$ibs Vpd_ref{"t"}=&parse_val ($ibs_Vpd_ref{"t"});
$ibs_Vpd_ref{""n"}=%$words[3];
$ibs_Vpd_ref{"'n"}=&parse_val ($ibs_Vpd_ref{''n"});
$ibs_Vpd_ref{"x"}=$words[4];
$ibs Vpd_ref{"'x"}=&parse_val ($ibs_Vpd_ref{"x"});
Yelsif(Sline=—m/"(\s*)\[POWER Clamp Reference\]J\s*/i) {
@words = split(/\s+/, $line);
$ibs_Vpc_ref{"t"}=%words[3];
$ibs Vpc_ref{"t"}=&parse val($ibs Vpc ref{"t"});
$ibs_Vpc_ref{""'n"}=$words[4];
$ibs Vpc_ref{"'n"}=&parse_val ($ibs_Vpc_ref{'n"});
$ibs_Vpc_ref{"x"}=%$words[5];
$ibs_Vpc_ref{"x"}=&parse_val ($ibs_Vpc_ref{"'x"});
Yelsif(Sline=—m/"(\s*)\[GND Clamp Reference\]\s*/i1) {
@words = split(/\s+/, $line);
$ibs_Vgc_ref{"t"}=%words[3];
$ibs_Vgc_ref{"t"}=&parse_val ($ibs_Vgc_ref{"t"});
$ibs_Vgc_ref{"n"}=%words[4];
$ibs Vgc ref{'n"}=&parse val($ibs Vgc ref{"'n"});
$ibs_Vgc_ref{"x"}=%words[5];
$ibs Vgc_ref{"'x"}=&parse_val ($ibs_Vgc_ref{"x"});
Yelsit(Sline=~m/"*(\s*)\[Temperature Range\]J\s*/i) {
@words = split(/\s+/, $line);
$ibs_trange{"t"}=%$words[2];
$ibs_trange{"t"}=&parse_val ($ibs_trange{"t"});
$ibs_trange{ 'n"}=%words[3];
$ibs_trange{"n"}=&parse_val ($ibs_trange{''n"});
$ibs_trange{"x"}=$words[4];
$ibs_trange{''x"}=&parse_val ($ibs_trange{' 'x"});

Yelsif(Sline=—m/~"(\s*)\[POWER Clamp\]/i) {
$input_state="PC";

Yelsif(Sline=—m/"(\s*)\[GND Clamp\]/1) {
$input_state="GC";
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Yelsif(Sline=—m/~"(\s*)\[Pul lup\]/1) {
$input_state="PU";
Yelsif($line=~m/~"(\s*)\[Pul ldown\]/i) {
$input_state="PD";
Yelsit($line=~m/"*(\s*)\[Falling Waveform\]/i) {
$input_state=""TF"; $current_TF++;
Yelsif(Sline=—m/~"(\s*)\[Rising Waveform\]/i) {
$input_state=""TR"; $current_TR++;
Yelsif($input_state ne ") {
if(($input_state eq "TR™ || $input_state eq "TF")
&& $line=~m/_Fixture/i) {
if($line=—-n/"V_Fixture(\s*)=/1) {
$line=~s/(\s+)//g; chomp($line);
@words = split(/=/, $line);
$words[1]=~s/Vv//ig;
if($input_state eq "TR™) {
$VFx_r{$Scurrent_TR."t"}=&parse_val ($words[1]); }
elsif($input_state eq "TF") {
SVEx_f{Scurrent_TF."t"}=&parse_val ($words[1]); }
Yelsit($line=~m/"V_Fixture_min(\s*)=/i1) {
$line=~s/(\s+)//g; chomp($line);
@words = split(/=/, $line);
$words[1]=~s/Vv//ig;
if($input_state eq "TR™) {
$VEx_r{Scurrent_TR."n"}=&parse_val($words[1]); }
elsif($input_state eq "TF") {
$VFx_F{Scurrent_TF."n"}=&parse_val ($words[1]); }
Yelsit($line=~m/"V_Fixture_max(\s*)=/1) {
$line=~s/(\s+)//g; chomp($line);
@words = split(/=/, $line);
$words[1]=~s/v//ig;
if(Sinput_state eq "TR™) {
SVEx_r{Scurrent_TR."x"}=&parse_val ($words[1]); }
elsif($input_state eq "TF") {
SVFx_f{Scurrent TF."x"}=&parse_val ($words[1]); }
Yelsit(Sline=~m/"R_Fixture/i) {
$line=~s/(\s+)//g; chomp($line);
@words = split(/=/, $line);
$words[1]=~s/ohm//ig;
if($input_state eq "TR™) {
$RFx_r{Scurrent_TR}=&parse_val($words[1]); }
elsif($input_state eq "TF") {
SRFx_f{Scurrent_TF}=&parse_val ($words[1]); }
}

else {
# Values section
chomp($line);
$line=~s/"(\s*)//d;
$line=&parse_val($line);
@words = split(/\s+/, $line);
if($input_state eq "PC™) {
$PC_counter++;
iT($ibs_V_pc ne ") {
$ibs V_pc=$ibs V pc.", ";
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$ibs_I1_pc{"t"}=$ibs_I_pc{"t"}.",

$ibs_I_pc{"'n"}=$ibs_I_pc{"'n"}.",

$ibs_1_pc{"x"}=$%ibs_1_pc{"x"}.",

}

$ibs_V_pc=$ibs_V_pc.$words[0];
$ibs 1 _pc{"t"}=Sibs_ I pc{'t"}.$words[1];
$ibs_1_pc{'n"}=%ibs_1_pc{'n"}.Swords[2];

$ibs_1_pc{"x"}=$ibs_1_pc{"x"}.$words[3];
Yelsif(Sinput_state eq "GC") {
$GC_counter++;
if($ibs_V_gc ne ") {
$ibs_V_gc=$ibs_V gc.’

$ibs_1_gc{"t"}=%ibs_I gc{ T},

$ibs_I1_gc{'n"}=$ibs_I_gc{"'n"}.",

$ibs_I_gc{"x"}=$ibs_I_gc{"x"}.",

}
$ibs_V_gc=$ibs_V_gc.$words[0];

$ibs_1_gc{"t"}=%ibs_1_gc{"t"}.$words[1];
$ibs 1 _gc{"'n"}=Sibs_ I _gc{''n"}.$words[2];

$ibs_1_gc{"x"}=$ibs_I1_gc{"x"}.$words[3];
Yelsif($input_state eq "PU") {
$PU_counter++;
iT($ibs_V_pu ne ") {
$ibs_V_pu=$ibs_V _pu.’

$ibs_ 1 _pu{"t"}=S$ibs_1 pu{ T},

$ibs_I_pu{"n"}=$ibs_I_pu{"n"}.",

$ibs_1_pu{"x"}=$ibs_I_pu{"x"}.",

}
$ibs_V_pu=$ibs_V_pu.$words[0];

$ibs_1_pu{"t"}=%ibs_1_pu{"t"}.Swords[1];
$ibs_1_pu{"n"}=$ibs_1_pu{"n"}.$words[2];
$ibs_1 pu{"x"}=$ibs_ 1 pu{"x"}.$words[3];
Yelsif(Sinput_state eq "PD") {
$PD_counter++;

if($ibs_V _pd ne ") {
$ibs V pd=$ibs V pd."
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$ibs_I1_pd{"t"}=$ibs_I_pd{"t"}.",
$ibs_I_pd{"'n"}=$ibs_I_pd{"'n"}.",

$ibs 1 _pd{"x"}=$ibs 1 pd{"x"}.",

}

$ibs_V_pd=$ibs_V_pd.$words[0];
$ibs 1 _pd{"t"}=Sibs_ | pd{"t"}.$words[1];
$ibs_1_pd{"'n"}=$ibs_1_pd{'n"}.Swords[2];
$ibs_1_pd{"x"}=$ibs_1_pd{"x"}.$words[3];

Yelsif($input_state eq "TR"™) {
$TR_counter{$current_TR}++;
if(Sibs_T_tr{$current_TR} ne ") {

$ibs_T_tr{$current_TR}=$ibs_T_tr{$current TR}.", *;
$ibs V_tr{"t"_$current_TR}=$ibs_V_tr{"t".$current_TR}.", ";
$ibs_V_tr{'n"_.$current_TR}=$ibs_V_tr{"n"_.$current_TR}.", *;

$ibs V_tr{"x".$current_TR}=$ibs V_tr{"x".$current_TR}.", ";
}

$ibs_T_tr{$current_TR}=$ibs T _tr{$Scurrent_TR}.$words[0];

$ibs V_tr{"t".$current_TR}=S$ibs V_tr{"t"_.$current TR}.$words[1];

$ibs_V_tr{"n"_.$current_TR}=$ibs_V_tr{"n"_.$current_TR}.$words[2];

$ibs V_tr{"x"_$current_TR}=$ibs V_tr{"x"_.$Scurrent_TR}.$words[3];

Yelsif($input_state eq "TF") {

$TF_counter{Scurrent_TF}++;
if(Sibs_T_tf{Scurrent_TF} ne ") {

$ibs_T_tf{Scurrent_TF}=$ibs T _tf{Scurrent TF}.", *;

$ibs V_tf{"t"_$current_TF}=$ibs_V_tf{"t"_.$current_TF}.", ";

$ibs_V_tf{'n"_.$Scurrent_TF}=$ibs_V_tFf{"n"_$current TF}.", *;

$ibs V_tF{"x"_.$current_TF}=$ibs V_tf{"x".$current TF}.", ";
}

$ibs T _tf{Scurrent TF}=$ibs T tf{Scurrent TF}.$words[0];
$ibs V_tFf{"t".$current_TF}=S$ibs V_tf{"t"_$current TF}.$words[1];
$ibs_V_tf{"'n"_.$Scurrent_TF}=$ibs_V_tFf{"'n"_$current_TF}.$words[2];

$ibs V_tf{"x".$Scurrent TF}=$ibs V_ tFf{"x"_$current TF}.$words[3];
}
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}
}

B
B
# Create output .dat file in verilog-A(MS) format
HHHH
P
sub create_verilog output_file{
open( OUTFILEP, "> $ [O]" ) or die "Can"t open $ [0]";

print OUTFILEP "'// Generated on: "_&Return_time.'"\n// Input file:
$in_ibs_file\n";

print OUTFILEP "// Verilog-A primitive type: $ibs model typel
corner=$cornerl\n\n";

print OUTFILEP "“define $in_ibs_filel"." _$in_model _name"."
AN"\N\\U"\n"";

iT($ibs_C_comp{$corner} ne ") {

print OUTFILEP ".C_comp($ibs_C_comp{$corner}), \\"."\n";

}
if($ibs_model _typel ne "IBIS OUTPUT" &&$ibs_model_typel ne
"IBIS_OPENSINK" && $ibs_model_typel ne "I1BIS_OPENSOURCE™) {
if($ibs_Vinh ne ") {
print OUTFILEP " _Vinh($ibs_Vinh), \\"._."\n";

}
if($ibs_Vinl ne ™) {

print OUTFILEP "_Vinl($ibs_Vinl), \\"."\n";
}

}
iT($ibs_model_typel ne "IBIS_INPUT"™) {
print OUTFILEP " _Vpc_ref($ibs_Vpc_ref{$corner}), \\"."\n";
print OUTFILEP ".Vgc_ref($ibs_Vgc ref{$corner}), \\".'"\n";
if($ibs_model _typel ne "IBIS_OPENSINK" && $ibs model typel ne
"IBIS_10_OPENSINK™) {
print OUTFILEP " _Vpu_ref($ibs_Vpu_ref{$corner}),
\\".'"\n"";
print OUTFILEP " .Vpd_ref($ibs Vpd ref{$corner}),
AN SR Vo) A G Vo

}
}
print OUTFILEP ".1Vpc_length($PC_counter), \\".'\n";

print OUTFILEP "_lpc_data({$ibs_I_pc{$corner}}), \\"."\n";
print OUTFILEP ".Vpc_data({$ibs_V_pc}), \\"."\n";

print OUTFILEP ".1Vgc length($GC _counter), \\".'\n";
print OUTFILEP ".lgc_data({$ibs 1 gc{$corner}}), \\".'"\n";
print OUTFILEP ".Vgc_data({$ibs_V_gc}), \\"_."\n\\"."\n";

iT($ibs_model_typel ne "IBIS_INPUT"™) {

iT($ibs_model_typel ne "IBIS_OPENSINK" && $ibs_model_typel ne
"IBIS_I0_OPENSINK™ ) {
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\\"."\n"";

}

print OUTFILEP
print OUTFILEP

print OUTFILEP

1Vpu_length($PU_counter), \\".'"\n";
Ipu_data({$ibs_I pu{$corner}}),

Vpu_data({$ibs_V_pu}), \\"."\n";

if($ibs_model typel ne "IBIS_OPENSOURCE"™ && $ibs_model typel
ne "IBIS_I10_OPENSOURCE"™ ) {

print OUTFILEP

1Vpd_length($PD_counter), \\".'"\n";

print OUTFILEP ".Ipd _data({$ibs_1 pd{$corner}}),

print OUTFILEP

Vpd_data({$ibs_V_pd}), \\"."\n\\"."\n";

iT($ibs_model_typel ne "IBIS_INPUT™) {

print
print
print
print
print

\\"o\nt;
}
}
A\ VAN G-

print
print
print
print
print
AN\ L'\

OUTFILEP ™
OUTFILEP
OUTFILEP
OUTFILEP
OUTFILEP

OUTFILEP
OUTFILEP ™.
OUTFILEP
OUTFILEP
OUTFILEP

VBV r{\"1\".$corner}), \\"."\n";
"_REX_r1(SRECr{\"1\"}), \\"."\n";
"_VTrl_length($TR_counter{\"1\"}), \\"."\n"';
.Tr1_data({$ibs_T_tr{\"1\"}}), \\"."\n";
"_Vrl data({$ibs_V_tr{$corner.\"1\"}}),

" OVEXCFL(SVIXC_F\"1I\" _$corner}), \\"."\n";
RFX_FL(SRAX_FO\"1\"}), \\"."\n";

" _VTF1_length($TF_counter{\"1\"}), \\"."\n";
" TF1_data({$ibs_T_tF{\"1\"}}), \\"."\n";

" _VFfl_data({$ibs_V_tf{$corner . \"1\"}}),

if($ibs_model typel ne "IBIS_OPENSINK" && $ibs model typel ne
"I1BIS_10_OPENSINK" && $ibs_model typel ne "IBIS_OPENSOURCE"™ &&

$ibs_model_typel ne "IBIS_10_OPENSO
VR _r2($vEx_r{\"2\".$corner}),

\\Il-ll\nll;

\\"."\n"";

AN\ L\t

\\"."\n"";

A\ "\n";

print OUTFILEP

print OUTFILEP
print OUTFILEP

OUTFILEP
OUTFILEP
OUTFILEP

print OUTFILEP
print OUTFILEP

OUTFILEP
OUTFILEP

print
print

URCE™) {

"R r2($RE_r{\"2\"}), \\"."\n";
" _VTr2_length($TR_counter{\"2\"}),

" Tr2_data({$ibs T _tr{\"2\"}}), \\"."\n";

Vr2_data({$ibs_V_tr{$corner_\"2\"}}),

" VEX_F2(SVEX_F{\"2\"_$corner}),

-RFX_F2(SRFX_FL\"2\"}), \\"."\n";

" _VTF2_length($TF_counter{\"2\"}),

" TF2_data({$ibs T _tF{\"2\"}}), \\"."\n";

" VF2_data({$ibs_V_tf{$corner \"2\"}}P"."\n"";
}

}

close OUTFILEP;

}
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BHHHHHHR AT

# Create output .dat file in VHDL-A(MS) format

HHHH A A A A A AR AR R R
HHHHHHH

sub create_vhdl _output Ffile{

open( OUTFILEP, "> $ [O]" ) or die "Can"t open $ [0]";

print OUTFILEP "-- Generated on: " _&Return_time."\n-- Input file:
$in_ibs_file\n";
print OUTFILEP "-- VHDL-A primitive type: $ibs model_ typel

corner=$cornerl\n\n";

if($ibs_C_comp{$corner} ne ") {

print OUTFILEP "-—-———————— "o'\n";
print OUTFILEP "-- C_comp Parameters --""."\n"';
print OUTFILEP "——————— o~ ".'\n";

print OUTFILEP "C_comp™.'"\n$ibs_C_comp{$corner}"._""\n";
print OUTFILEP "kC_comp_pc\n0.25\n"";
print OUTFILEP ""kC_comp_pu\n0.25\n"";
print OUTFILEP "kC_comp_pd\n0.25\n";
print OUTFILEP "kC_comp_gc\n0.25\n"";

}
if($ibs_model _typel ne "IBIS OUTPUT" &&$ibs_model_typel ne
"IBIS_OPENSINK" && $ibs_model_typel ne "I1BIS_OPENSOURCE™) {
if($ibs_Vinh ne ") {

print OUTFILEP "----———— o ——— "o\n";
print OUTFILEP "-- Receiver Thresholds --""_""\n";
print OUTFILEP "---————— "o'\n";

print OUTFILEP "Vinh\n$ibs_Vinh"_."\n";
}
if($ibs_Vinl ne ") {

print OUTFILEP "VinI\n$ibs_Vinl"_."\n";
}

}
iT($ibs_model_typel ne "IBIS_INPUT™) {
print OUTFILEP "-—————— e

—-—="_"\n";

print OUTFILEP "-- [Pullup Reference] and [Pulldown Reference]
__Il-ll\nll;

print OUTFILEP "--————----—
-—="_"\n";

print OUTFILEP "Vpc_ref\n$ibs_Vpc_ref{$corner}"."\n";
print OUTFILEP "Vgc_ref\n$ibs_Vgc_ref{$corner}"."\n";
iT($ibs_model_typel ne "IBIS_OPENSINK" && $ibs_model_typel ne
"1BIS_10_OPENSINK™) {
print OUTFILEP "Vpu_ref\n$ibs_Vpu_ref{$corner} . \n";
print OUTFILEP "Vpd_ref\n$ibs_Vpd_ref{$corner}"."\n";

}
print OUTFILEP "\n";

#print OUTFILEP ".1Vpc_length($PC_counter), \\".'\n";
$ibs_ 1 _pc{$corner}=~s/, /\n/g;
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print OUTFILEP "———mommmmo "o\nt;

print OUTFILEP "-- 1V curve tables --"."\n"';

print OUTFILEP "-——m oo "o\n';

print OUTFILEP "lpc_data\n$ibs_I_pc{$corner}" _"\n\n";
$ibs_V pc=~s/, /\n/g;

print OUTFILEP "Vpc_data\n$ibs_V_pc"."\n\n"";

#print OUTFILEP " _1Vgc_length($GC_counter), \\".'"\n";
$ibs_1_gc{$corner}=~s/, /\n/g;

print OUTFILEP "lgc_data\n$ibs 1 gc{$corner}"."\n\n";
$ibs_V _gc=~s/, /\n/g;

print OUTFILEP "Vgc_data\n$ibs_V_gc"."\n\n";

iT($ibs_model_typel ne "IBIS_INPUT"™) {
iT($ibs_model_typel ne "IBIS_OPENSINK" && $ibs_model_typel ne
"I1BIS_I0_OPENSINK™ ) {

#print OUTFILEP "1Vpu_length($PU_counter), \\".'"\n";
$ibs_I1_pu{$corner}=~s/, /\n/g;
print OUTFILEP ‘"\nlpu_data\n$ibs_I_pu{$corner}".""\n";
$ibs_V pu=~-s/, /\n/g;
print OUTFILEP '\nVpu_data\n$ibs_V pu".'\n";

}

if($ibs_model_typel ne "IBIS_OPENSOURCE"™ && $ibs_model typel
ne "IBIS_10_OPENSOURCE" ) {

#print OUTFILEP " ._1Vpd_length($PD_counter), \\".'\n";
$ibs_1_pd{$corner}=~s/, /\n/g;
print OUTFILEP ‘\nlpd_data\n$ibs_I_pd{$corner}".""\n";
$ibs V_pd=~s/, /\n/g;
print OUTFILEP '\nVpd_data\n$ibs_V_pd".'"\n";

}

}
print OUTFILEP '\n";

iT($ibs_model_typel ne "IBIS_INPUT™) {
#print OUTFILEP "~define
$in_ibs_filel™." _$in_model_name"."_ VT _data \\".'"\n";

print OUTFILEP "---————— "o'\n";
print OUTFILEP "-- Vt curve tables --""."\n"";
print OUTFILEP "---mmmmmmmo "o'\n";

print OUTFILEP "\nVHfx_riI\n$VFfx_r{\"1\".$corner}"."\n";
print OUTFILEP "\nRFx_r1\n$RF_r{\"1\"}"."\n";

#print OUTFILEP "\nVTril_length\n$TR_counter{\"1\"}"_"\n";
$ibs T tr{"1"}=~s/, /\n/g;

print OUTFILEP '\nTrl data\n$ibs T tr{\"1\"}"."\n"";
$ibs_V_tr{$corner."1"}=~s/, /\n/g;

print OUTFILEP '\nVrl_data\n$ibs_V_tr{$corner_ \"1\"}"_."\n";

print OUTFILEP '\nVfx_F1I\n$VFx_F{\"1\"_.$corner}"."\n";
print OUTFILEP "\nRfx_FI\n$RFx_F{\"1\"}"."\n";

#print OUTFILEP "\nVTf1l_length\n$TF_counter{\"1\"}"."\n"";
$ibs T tf{"1"}=~s/, /\n/g;

print OUTFILEP '\nTfl_data\n$ibs_T_tf{\"1\"}"."\n"";

$ibs V_tf{$corner."1"}=~s/, /\n/qg;

print OUTFILEP '\nVfl_data\n$ibs_V_tf{$corner_ \"1\"}"_."\n";
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if($ibs_model typel ne "IBIS_OPENSINK" && $ibs model typel ne

"IBIS_10_OPENSINK"™ && $ibs _model_typel ne "IBIS_OPENSOURCE" &&
$ibs_model_typel ne "IBIS_I0_OPENSOURCE'") {

print OUTFILEP '\nVfx_r2\n$Vfx_r{\"2\" _.$corner}"."\n";

print OUTFILEP "\nRFx_r2\n$RFx_r{\"2\"}"."\n";

#print OUTFILEP
"\nVTr2_length\n$TR_counter{\"2\"}"_."\n";

$ibs T tr{"2"}=~s/, /\n/g;

print OUTFILEP '\nTr2_data\n$ibs T tr{\"2\"}"."\n";

$ibs_V_tr{$corner."2"}=~s/, /\n/qg;

print OUTFILEP
"\nVr2_data\n$ibs_V_tr{$corner.\"2\"}"."\n"";

print OUTFILEP '\nVfx_f2\n$VFx_F{\"2\" _$corner}"."\n";

print OUTFILEP "™\nRFx_F2\n$RFx_FL\"2\"}"."\n"";

#print OUTFILEP
"\nVTF2_length\n$TF_counter{\"2\"}"_."\n";

$ibs_T_tf{"2"}=~s/, /\n/g;

print OUTFILEP '\nTf2_data\n$ibs T tF{\"2\"}"."\n"";

$ibs_V_tf{$corner."2"}=~s/, /\n/qg;

print OUTFILEP
"\nVf2_data\n$ibs_V_tf{$corner.\"2\"}"."\n"";

b
b
close OUTFILEP;
b

HH AR R R R R R R R R R R R R R
HHHH AR
# Formats numerical values to exponential notation
HH A A A A A A A A A A A A
HH A
sub parse_val{

my $line; $line=$_[0];

$line=~s/V//g;

$line=~s/A//g;

$line=~s/F//g;

$line=~s/ohm(\s*)$//9;

$line=~s/f/E-15/9;

$line=~s/p/E-12/9;

$line=~s/n/E-9/9;

$line=~s/u/E-6/9;

$line=~s/m/E-3/9;

$line=~s/k/E+3/9;

$line=~s/M/E+6/9;

$line=~s/G/E+9/9;

$line=~s/T/E+12/q;

return $line;

}

HHHHHHH
HHHHHHHHH R
# Prints all datastructures
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HHHH R R R R R R R R R
HHHH R
sub print_all_structs{
print "// Generated on: "_&Return_time.'"\n\n"";
print "ibs model_ type=$ibs model_ type\n";
print "ibs_Vinl=$ibs_VinI\n";
print "ibs_Vinh=$ibs_Vinh\n";
print "ibs_Vmeas=$ibs_Vmeas\n';
print "ibs_Cref=$ibs_Cref\n";
foreach $line (%ibs _C comp) { # prints ibs C comp t,n,x
iT($ibs_C_comp{$line} ne ") {
print "ibs_C _comp_$line = $ibs_C_comp{$line}\t";
}
}

print "\n";
foreach $line (%ibs_vrange) { # prints ibs_vrange t,n,Xx
iT($ibs_vrange{$line} ne ") {
print "ibs_vrange_$line = $ibs_vrange{$line}\t";
}
}

print "\n";
foreach $line (%ibs_trange) { # prints ibs_trange t,n,x
iT($ibs_trange{$line} ne ") {
print "ibs_trange_$line = $ibs_trange{$line}\t";
}
}

print "\n";
print "\n";

HHHHHH A R R

print "ibs_V_pc=$ibs_V_pc\n"; # prints PC voltages
print "PC_counter=$PC_counter\n"; # prints PC number of datapoints
foreach $line (%ibs_I_pc) { # prints PC currents t,n,X

iT($ibs_I_pc{$line} ne ") {
print "ibs_1_pc_$line = $ibs_I_pc{$line}";

3
print "\n";
print "\n";
print "\n";
print "ibs_V_gc=$ibs_V_gc\n"'; # GC

print "GC_counter=%$GC_counter\n";
foreach $line (%ibs_I_gc) {
iT($ibs_I_gc{$line} ne ") {
print "ibs_1_gc_$line = $ibs_I_gc{$line}";

}
print "\n";
}
print "\n";
print "\n";
print "ibs_ V pu=$ibs V pu\n"; # PU

print "PU_counter=$PU_counter\n";
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foreach $line (%ibs_I_pu) {
if(Sibs_I1_pu{$line} ne ") {
print "ibs_I1_pu_$line = $ibs_I_pu{$line}";

print "\n";
3
print "\n";
print "\n";
print “ibs_V_pd=$ibs_V_pd\n"; # PD

print "PD_counter=$PD_counter\n";
foreach $line (%ibs_I1_pd) {
if($ibs_I1_pd{$line} ne ") {
print "ibs_I1_pd_$line = $ibs_I_pd{$line}";

print "\n";
}
print "\n";
print "\n";
print "ibs T_tr{\"1\"}=8$ibs_T_tr{\"1\"}\n"; # prints rising

waweforms(l) time range
print "PD_counter=$TR_counter{\"1\"}\n"; # prints rising
waweforms(1l) number of datapoints
foreach $line (%ibs_V_tr) { # prints rising
waweforms(1l) voltages t,n,X
if(Sibs_V_tr{$line} ne ") {
print "ibs_ V _tr_$line = $ibs V_tr{$line}";
}

print "\n";
3
print "\n";
print "\n";
3

HHHHHH A R R R R R R
HAH AR A A
# Return_time - formats the time for time stamping the output
files
HH AR R R R R R R R R R R R A R R R
HAHHHH A
sub Return_time {

my $sec; my $min; my $hour; my $mday; my $mon; my $year; my Swday;
my $yday;

($sec, $min, $hour, $mday, $mon, $year, $wday, $yday) =
localtime(time);

$year=%$year+1900; Smon=%mon+1;

return "Time: $hour:$min:$sec\tDate: $mon/$mday, $year";

}

HHHHHHHHHH
HHEHHHH

# Editor_module - Opens a file for viewing purposes
BRI R R R R A R A R R R
BHHHHH R
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sub Editor_module {
my $linel; my $Ffile _to _open;

if($_[0]) { $file_to _open=$_[0]:;}
else {$file_to open=$mw->getOpenFile(-initialfile=>"$current dir')}

if($file_to_open) {
my $text mw = MainWindow->new(-title => "File Viewer. NCSU
2006");
my $t = $text_mw->Scrolled("Text", -scrollbars=>"se")->pack(-
fill => "both", -expand => 1);

$t->insert("end”, """);
$t->markSet(“one", "1.3%);
if(open( INIBSFILEP, "< $File_to open" )) {

while( $1inel=<INIBSFILEP> ) {
$t->insert("end", $linel);
}

3
close INIBSFILEP;

# EOF
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Appendix C

The Verilog-AMS “IBIS_10” model description

This appendix contains the complete Verilog-AMS description of the IBIS_10 (3-state output
and input mode) buffer model. The other models are quite similar. The complete AMS
library can be obtained from the IBIS-macro website. The AMS library was developed by the

IBIS-macro group & coded by Arpad Muranyi (Intel).

This model (and all the other buffer models in the AMS library) follows the algorithm

described in Section 1.4.

10 Pin

Pull down Ref

Pull up Ref

module IBIS To (PU _ref, PD_ref,

Input Enable Power Clamp Ref

input GND Clamp Ref

/ Recefver

.,-'—""'_FFFFF
Io, In I, En D, Rev D, PC_ref, GC _ref);

input In D, En DI;
electrical In D, En D; PU_ref PC ref
output Foew D; —
electrical Rowv D)
inout Io, PC_ref, PU ref, PD ref, GC_ref; 4 PU PC
electrical IO, PC_ref, PU ref, PD ref, GC_ref: 2\_\
branch (PC_ref, I0Q) pc: Sf brancheszs driven in model
branch (PU ref, IO pu; 10
branch (IO, PD_ref] pd: ZE
branch (I0, GC_ref] go; ||ED GC
parameter real
f e
4 IBIS parameters Y.-T" '\_\?
ff———— PD_ref GC_ref

C_comp = 5.0p, /¢ Default C comp value

kC comp po = 0.Z5, A/ C_oomp splitting coefficients

kC_comp _pu = 0.25,

kC comp pd = 0.25,

EC_comp go = 0.25;

Vinh = 2.0, Sf Default Vinh walue

Vinl = 0.3, S Default Vinl wvalue

Vpe ref = 5.0, f¢ Power clamp reference woltage

Vpu ref = 5.0, S¢ Pullup reference woltage

Vpd ref = 0.0, ¢ Pulldown reference voltage

Vyge ref = 0.0; A4 Ground clamp reference voltage

*All parameters can be set as required when instantiated in the template

The parameters are set to desired values by the ibis2ams converter’s output files.
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Note that all the tables default to 4 points. According to the IBIS specification up to 100
points can be added. These are the tables (parameters) that will be initialized by the ibis2ams
converter scripts output files.

Vrl must have the lower V_fixture value of Vrl & Vr2 (as shown below)
VTl must have the higher V_fixture value of Vfl & V{2 (as shown below)
This ordering is done automatically by the ibis2ams script.

e e R e
ff|vectors of the IV curve tables

parameter integer

I¥pc length = 4,
I¥pu length = 4,
I¥pd length = 4,
IVge length = 4;

parawmeter real

Ipc data[l:Ivpc length] = { 0.08, 0.00, 0.00, 0.00;,[  PowerClamp ¥ Curve
Vpo data[l:IVpe length] = {-5.00, -1.00, S5.00, 10.00%,
Tpu_data[1:I¥pu _length] = | 0.10, 0.00, -0.1i0, -0.z03,|  Pullup Y Curve
Vpu datal[l:IVpu length] = {-5.00, o.00, S5.00, 10.00%,
Ipd data[l:IVpd length] {-0.10, 0.00, 0.10, 0.z20%,[ GNDClamp |-V Curve
Vpd data[l:IVpd length] {-5.,00, 0.00, &.,00, 10.00},
Ige_data[l:IVge _length] {-0.0&8, 0.00, 0.00, O0.00!,  Pulldown IV Curve
Vge data[l:IVge length] = {-5.00, -1.00, S5.00, 10.00}%;
e e e e e e e e
fd|Wectors of the Wt curve tables
B et
parameter integer
VTrl length = 4,
VTrzZ length = 4,
WTL1l length = 4,
VTEZ length = 4;
parameter real
Vrl data[1l:VTrl length] = {0.00, 0.00, 2.50, 2.50%,
Trl data[1:VTrl length] = {0.00, 1.00e-9, 2.00e-9, 3.00e-9},
WrZz data[l:VTrz length] = {2.50, Zz.50, S.00, S5.00%, vt Tables
Trid data[l:VTrz length] = {0.00, 0.50e-3, 0.80e-3, 3.00e-9},
Vfl data[1:VTfl length] = {5.00, 5.00, Z.50, Z.50%,
Tfl data[1:VT£1 length] = {0.00, 1.00e-9, 2.00e-9, 3.00e-9},
ViZ data[l:VTLZ length] = {2.50, Z.50, o.oa, 0.o0k,
Ttz data[l:VTf:Z length] = {0.00, 0.50e-9, 0.80e-2, 3.00=-9}:
ffmmmm e T T
parameter real /rlsmm has the lower Wix
Vix r1 = 0.0, J4 W fixture values
Vix_rz = 5.0, rising? has the higher vix
Vix_fl = 5.0,——————— ralling1 has the higher Vfx
Vix_tz = 0.0 T falling2 has the lower Vfx
Rfx _rl1 = 50.0 from (0:inf), // B_fixture wvalues
Bfx riZ = 50.0 from (0:inf),
Rfx £f1 = 50.0 from [(0:inf), N _ . . .
fo:fz - 50.0 from (O:inf), All parameters can be set as required when instantiated in the template
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e
Max_dt = 1.0e-12 from (0:inf), JF Maximun dt betwyeen time points
Vth R = 0.8, 4/ Input threshold for rising edges
Vth F = 0.2; /4 Input threshold for falling edges
e
// Internal variables
o

/7 Caleulate waximum array length for common time and E_*#% tahles
/4 and declare the arrays

F o o e
parameter real Hax t = max (max (max (Trl data[VTrl length], TrZ data[VTrZ_length]), TL1l data
paratmeter real Hin t = minimin(min(Trl datal[l], TrZ data[l]], T£l datsa[l]], TL£Z _datall]]:

parameter integer Max_length ceil((Hax_t—Hin_tijax_dtj + ¥Trl_length + VTrZ_length + VTL1l_lengt

real Tem[l:Max length]; ———————~~ Common time axis array

real Erl[l:Max length]; /¢ Seoaling coefficient arrays
real Fra[l:Max_length];

real Kfi[1:Max length]: K*tahles

real KfZ[1l:Max length]:;

integer pu_on; /4 Logic state wvariables
integer pu_off;
integer pd on;
integer pd off;

real Tpu on event; /f Wariables to store event Cime
real Tpu off ewent:
real Tpd on ewvent:
real Tpd off_ event;

real kpu: 4/ Dutput current scaling coefficients
real kpd:

The K* tables are created using the V1t tables to scale the PU & PD I-V curves with respect to
time to account for the partially on/off transient characteristics.

The K* tables are created during the initial_step. The tables are never modified thereafter.
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intceger i

integer Common_ length;
integer Index ril:
integer Index rz:
integer Index f1:
integer Index £2:
integer New index rl;
integer New index ri;
integer MNew index f1;
integer New index fZ;

real old t;

real New _t;

real Last t:

real Additional pts:
real New dt;

real Vrl common[l:3]: F/ Need 3 elementz in order to do derivatives
real WrZ common[l:3];
real VIl common[1:3]:
real VEZ common[l:3]:
real dVwfm ri:

real dVwim ra:

real dvwfm f£1:

real dVufm_ £2:

real Ioutcl;

real Touts:

real Ipdl:

real Ipd:z;

real Ipul:

real Ipuz:

real Igel:

real Igoa:

real Ipcl:

real Ipc:z:

real Terml;

real Terms:

real Den:

Parameter declarations end at this point. The rest of the module provides the behavioral
description.
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The behavioral description begins here (at keyword “analog”)’

analog begin

,__/——"‘f This block runs once at startup to inttialize tables and variables
Biinitial step) begin

A4 Thiz "function™ makes a common time axis for all Vo curves and

| maleculates the corresponding woltage points with linear interpolation

4l and/or linear extrapolation if necessary. After that it converts the

SOV curves to K coefficients which will ke used in the analog equations
Sl to geale the IV curves. The E coefficients are stored in arrays.

R e I

f¢ Initialize wvarisbles

F
Common length = 1:

Index ril = 1:

Index ra = 1;:

Index f1 = 1;

Index fZ = 1:

New_index rl = VWTrl length:

New_index r2 = VTrZ length;

New_index f1 = VTL1l length;

New index fz = VTLfz length:

f

Old_t- S miniTrl_data[l] " Trz_data[l] g Typicalty all T*_data[1]=0

Old t = miniold &, T£1 datall]l); i.e. all Vt tables start at Ons

Old t = min{0old t, Tfz data[l]):
S

Last_t = max(Trl data[VTrl length], Trz data[VTrZ_ length]):
Last_t = max(New_t, Tfl data[VTLfl length]]:
Last_t = max(New_t, TLZ data[VTfz_ length]]:
New_t = Last_t:
Typicalty all T*_data[vT*_length] are equal to

each other and represent the transient sim
run-time

After the above code, Old_t is set to the least time point in the Vt tables, usually Ons.
Likewise, New _t is set to their highest value, for example 3ns (the default for all T*_data).

The while block shown in the next page uses the time axis of the Vt tables to initialize the
Tcm array which will hold the common time. This array will extend contain times from
Old_t to New_t spaced by Max_dt (1ps). Hence, for the example above:

Tcm[1]=0ps, Tcm[2]=1ps, ....., Tcm[3001]=3000ps
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while (0ld t < New t] begin

The while hlocks sole purpose is to

e e e initialize Tcm(] such that:

/f Bave the time walue from 0ld_t in Teom
/f and increment Common_length counter

Tem[Cornon length] = Old t;
Comenon length = Common length + 1;

Tem[1]=min {i.e. original Old_t)
Tecml2]=min+Max_dt
Tcm[3]=min+2Max_dt

A4 Find which given time wector (2] have the lowest time value and

A4 advance their temporary indexes

if (Trl_data[Index rl] <= 0ld t) New_index rl =

if (TrZ_data[Index _riZ] <= 0ld t) New_index rz

if (Tfl _data[Index f1] <= 0ld t) New_index f1 =

if (T2 _data[Index f2] <= 0ld t) New_index f2

I

—

=

o

m

-

H

ra
+ + + +
e =

// Find the lowest wvalue at the new indexes in the given wvector(s)

/f and update indexes for next iteration

if (Mew_index rl1 <= VWTrl length] begin

if (Trl_data[New_index rl] « New_t] MNew_t

Index rl = New_index ri;
end
if (MWew_index rzZ <= VTrZ length] begin

if (Tri datsa[New index ri] « HNew t] New t©

Index rZ = New index rz:
end
if [(MNew index f1 <= VTEf1l length] hegin

if (Tfl datsa[New_index f1] « HNew t] HNew t

Index f1 = New_index f1:
end
if (Mew_index f2 <= VTL£Z length] begin

if (TfZ_data[MNew_index £fiZ] « New_t) HNew_t

Index f2 = New_index fZ:
endd

if ((Mew_t-0ld t) » Max_dt)] begin

Additional pts = ceil((Nem_t—Old_t]fHax_dt]:
New dt = (MNew_t-0ld t) £ hdditional pts;

Trl data[New_index ri]:;

Tri data[MNew index ri]:

TE1l data[MNew index f1]:

Tfi data[New_index f2]:;

for (i = 1; i < Additional pts; 1 = 1 + 1] bhegin
dffstrobe ("vndif = e‘\thdd = 3d\cCL = sdhvt T = sehtNew dt = ", (New t-0Old
Tem[Corwon length] = Tem[Commwon length-1] + New do;
Coneon length = Common length + 1;
end
end
o

end // while loop
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The interpolation function, $table_model(), allows the module to approximate the behavior
of a system by interpolating between user-supplied data points.

Syntax
$table_model( table_inputs, table_data_source, table_control_string );

The “LL” is the extrapolation control string and is used to extrapolate beyond the supplied
data domain. The first “L” denotes “Linear” extrapolation for the start of the dataset, while
the second “L” denotes the same for the end of the dataset.

For more info:
http://eesof.tm.agilent.com/docs/rfdedoc2005A/pdf/rfdeverilogaref.pdf
Verilog-A Reference Manual (page 80), Agilent Technologies, August 2005

Vrl common[Z] = $table_model (Tem[1], Trl data, Vrl data, "LL"):
Vrz common[2] = $table_m|:|del [Tem[1], TrZ2_data, Vrz_data, "LL"):
Vil common[2] = $tal:ule_rm:|del [Tem[1], TE£1l data, VL1 data, "LL"):
VEz common[2] = $table_m|:|del [Tem[1], T2 data, VEz_data, "LL"):

for (i = 1; 1 <= Commwon length: i = i + 1) begin Tr1_data corresponds to ¥r1_data
e The voltage at time point Tcm[i+1]is
/4 Store the next point (for the derivative calculations) calculated using Linear interpolation
I and the above data
if (i < Common_ length] hegin
Vrl comnon(3] =|$table_mndel|:Tcm[i+1], Trl data, Vrl data, "LL"];|
Vrz common[3] = $table_m0del|:Tcm[i+1], Trz_data, VrZ data, "LL"):
VIl common[3] = Stable_mndeliTcm[i+1], Tfl data, VIl data, "LL"):
VEz common[3] = $table_m0del|:Tcm[i+1], TfzZ data, V2 data, "LL"):
end
f/dstrobe (MnToom = et tR1 = $ehtR2 = e\ tFl = %e\tFZ = se", Tem[i], Vrl _con
e
/¢ Calculate the derivative of each waveform for C_comp cowpensation
e
if (i1 <= 1) || (1 »= Common length]] kegin
dVwfm r1 = 0.0; /4 Force the end point deriwvatives to Zero
dVwim rz = 0.0;
dVwfm £1 = 0.0;
dvwim f£2 = 0.0;
end else begin
dVwim rl = ((Vrl comoon[Z] - Vrl common[1]) £ Tem[1i] - Tem[i-171 +
(Vrl common[3] Vrl comwon[2]) / (Tew[i+l] - Tew[il)) /
dVwim r2 = ([(VrZ_ comoon[Zz] Wri comwmon[1]) £ Tem[1i] - Tem[i-171 +
(Vr2 common[3] Vr2 comwon[2]) / (Tew[i+l] - Tew[il)) /
dVwim £1 = (VL1 comoon[Zz] Wil comwmon[1]) £ Tem[1i] - Tem[i-171 +
(V1 common[3] Vil comwon[2]) / (Tew[i+1] - Tewm[il)) £
dVwim £2 = ([(VLZ_comoon[Zz] WEZ comwmon[1]) £ Tem[1i] - Tem[i-171 +
(V2 common[3] Vi2 comwon[2]) S (Tew[i+l] - Tewm[il)) £
end
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The “for’ loop, that begins above, is used to create the K* curves. The K* curves will have
‘Common_length’ number of points (default 3000).

The dvwfm_* slope calculations above represent the following:

(¥3,73)

(X2.¥2)

(X1,¥1)

1 Y271 Y32
fvg Slope = — +
2 H2-X1 H3-X2

Where Y represents V*_common[] and X represents Tcm[]

These calculations are used to calculate the slopes, dvwfm_* which will be used to
approximate the compensation capacitor currents (shown in the next page); since the current
across a capacitor is proportional to the differential (slope) of the voltage across it.

V*_common[2] represents the current voltage point while V*_common[1] represents the
voltage at the previous point and V*_common[3] represents the voltage at the next point.
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Loops through each voltage in Vr1_data
interpolated to steps for Max_dt

Currents corresponding
to Vit tahles & C_comp

e R T e e L

f¢ Calculate intfrmediate variables and the Krl ErZ cogfficients

e et St

Ioutl = ((Url_cdmmnn[Z] - Wiz ri1) £ BEfx rl) + C comp ¥ diwfm rl;

IouctZ = [ (Vri_common[Z] - VIx_ri) ! Bfx rZ) + C comp * dVwfm ri:;

Ipzl = -1.0 ¥ Stable_mndeliﬂpc_ref - Vrl comeon[2], Vpc data, Ipe data, "LL"):
Ipez = -1.0 % Stable_modelinc_ref - Vri_common[Z], Vpc data, Ipc_data, "LL™):
Irul = -1.0 * Stable_mndelivpu_ref - Vrl comeon[2], Vpu data, Ipu data, "LL"):
Ipuz = -1.0 * Stable_mudelivpu_ref - Vrz comeon[Z], Vpu data, Ipu data, "LL"):
Ipdl = Stable_mndeliUrl_cDmmDn[Z] - VWpd ref, Vpd data, Ipd data, "LL"):
Ipdz = ftable model (Vr2 common[2] - Vpd ref, Vpd data, Ipd data, "LL"):
Igol = Stahle_mudel(Url_cummun[Z] - Wgc_ref, Vgo_data, Ige _data, "LL™):
Igo2 = Stable_mndeliUrZ_cDmmDn[Z] - Vgo_ref, Vgc_data, Igc _data, "LL"):

Currents in PC, GC, PU, PD for both (1 & 2) termination cases

Terml =
Terwm: = Ipoz - Igosd — Ioutz:
Den = [(Ipul * Ipdz) - [(Ipdl * IpuZ):

f4 Zince these are rising waveforms

Ioutl + Igel - Ipel;———— lermination #1 (default 0V)
Termination #2 (default 5V}

4 Erl == Epu on and ErZz == Epd off
Kri[i] = (Ipd2+*Terml + Ipdl*Termz) / Den:
Erz[i] = (IpuZ*Terml + Ipul*Termz) . Den:-

<fﬂr PU_on

for PD_off

Kr* (rising) Tables defined

The code shown above shows the algorithm used to calculate the K* tables.
See Section 1.4 for more information on the algorithm.

Ipd2 { lout! + Igc1 - Ipc1 ) + Ipd1 { Ipc2 - Igc? - lout? )

Krl =
{ Ipul = lIpd2 ) - (Ipd1 = lpu2)
lout corresponds to
Rising waveforms
. Ipu2 (loutl + Igct - Ipct ) + |py1(Ipc2 - lgc2 - lout?2 )
(2 =
{lpul =lpd2 ) - (Ipd1 = lpu2)
- Ipuz (loutl + Igct - Ipc1 ) + Jput (Ipc2 - lgc2 - lout? )
r
(Ipu1=lpd2) - (1pd1 = Ipu2) lout corresponds to
Falling waveforms
K2 - Ipd? {lout! + lgc1 - lpet ) + Ipd1 {Ipc2 - Igc? - lout? )

{Ipul = lpd2 ) - (lpd1 = lpu2)
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Similarly for Kfl & Kf2:

P
44 Calculate intermediate variables and the EKfl Kf2Z coefficients
o

Ioutl = [ (VE1l common[2] - Vix £1) / Rfx f1) + C comp * dVwfm f£1:

ToutZ = ((VEZ common[Z] - VEx £2) £ Rfx f2) + C_comp * dVwfm f2;

Ipcl = -1.0 + Stable_mndel[vpc_ref - Wfl common[2], Vpo data, Ipe data, "LL™):
Ipce = -1.0 + $table_modelivpc_ref - WEZ common[2], Vpc data, Ipc data, "LL");
Ipul = -1.0 * Stable_mndelivpu_ref - Wf1l cowmmon[2], Vpu data, Ipu data, "LL"):
Ipuz = -1.0 +* Stable_mndel[vpu_ref - Wfi common[Z], Vpu data, Ipu data, "LL"):
Ipdl = $table_modeliUfl_commDn[Z] - Vpd ref, Vpd data, Ipd data, "LL");
Ipds = Stable_mndel(Ufz_common[z] - Wpd _ref, Vpd data, Ipd data, "LL"):
Igel = ftable model (VE1 comwon[2] - Vgo ref, Voo data, Ige data, "LL"™):
Igos = $table_modeliUfZ_commDn[Z] - Wgc_ref, Vgc data, Ige data, "LL");

Termwml = Ioutl + Igol - Ipedl:
Termz = Ipc2 - Igo2 - Iouti:
Den = [(Ipul * Ipd2) - (Ipdl * Ipud):

Same as Kr1 & Kr2 calculations

44 Since these are falling waveforms
Jf Hf1l == Epd on and Ef2z == EKpu off
Ef1[1i] (Ipu2*Terml + Ipul*Termz) [/ Den:
Ef2[1] [Ipd2*Terml + Ipdl*Termz) / Den;

Equations switched compared to
Rising calculations

Jidstrobe ("ynTocom = e tErl = 3e'ZtErZ = 3e\tKfl = %eZtEfZ = %e"™, Tem[i], Eri[i], E

o
// Zhift points by one index for next iteration (for C_comp compensSation)
f
Vrl comwon[l] = Vrl common(Z];

VriZ comoon[l] = Vre common[z]: Points shifted for slope

Vil _common[l] = Vil common[2]; calculation in next iteration

VEzZ comwon[l] = V= common(Z] ;

Vrl common[2] = Vrl common[3]:

Vrz commwon[Z] = Vre common(3];

VIl comoon[2] = VL1 common[3]:

VEZ common[2] = VL2 common[3];

end // for loop

At the end of this “for’ loop all the K* tables (i.e. Krl, Kr2, Kf1, Kf2) are initialized.
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J4 Fill the unused portion of the arrays with reasonable values
/¢ to prevent any misbehaving later with ftable model

for (i = Common length + 1; i <= Max length; i = i + 1) begin
Tem[i] = Tem[i-1] + Max dt;
Kri[i] = Erl[Common length]: Fills in unused spaces with
Kr2[i] = Erz[Common length]; the last value defined
Efi1[i] = FKfl[Common length]:
EfZ[i] = FLfZ[Common length]:

end f/ for loop

S Initialize logic state wvariables and kpu, kpd scaling coefficients

if|[[v(En_D] = ¥Wth R && (V(In D) > vth_R]ﬂ begin A4 Find initial logic state
pu on i:
pd off = 1 AL SR Vth_R-10.8
pd on o: Vth_F=0.2
pu off = 0;
end else if [((V(En D) > Vth R} ££ (V(In D] < Vth_F)||begin
pu on = 0O;
pd:fo - 0 En_D=1 & In_D=0
pd on = 1:
pu off = 1;
end else if [{{V(En D) < Vth F))| begin
pu on = 0;
pd off = 1;: En D=0 In D —
pd on = 0O: N BUFFER — 10
pu off = 1: En_D —
Engueéie Eef:nhﬁ“‘ Indeterminate region
pd:off = 0;: hoth PU & PD are active
pd on = 1:
pu_off = 0O:
end
if (pu_on == 1) begin A/ Initialization of kpu, kpd
kpu = Eri[Common length] ; #f Start with the end of the
end else if (pu off == 1) begin A7 Wt curves for those which
kpu = Efz[Common length] : 47 are fully on initially
end slse bhegin
kpu = 0.0;
end
] ] Kr1 terminates to (default) 0V
it (pd_on == 1] begin K12 terminates to (default) 5V
kpd = Kf_l[comnn—length] P Kf1 terminates to {default) 5V
snd &lse 1f (pd off == 1) begin Kf? terminates to {default) 0V
kpd = Eri[Common length];

end else begin

kpd = 0.0:
end
II.fll.f=============================================.==-=-=======================
end // Blinitial_sten) End of initial_step
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e e
B {cross(Vi{In D)-Vth R, 1, 100p, 1IIIIIIm:||j hegin // Rising edge on In D
if (V(En D) » Vth R] begin
pu on = 1;
pd off = 1: Detects In_D changing from 0 to 1 with time
pd on = 0O; tolerance 100ps and expression tolerance 100mVy
pu_off = 0;
end
end
@dcrnss[?[ln_D]—Uth_F, -1, 100p, 1DDm]|] hegin // Falling edge on In D
if [V¥(En D) » Vth R) begin
pu_on = 0;
BN Detects In_D changing from 1 to 0 with time
e tolerance 100ps and expression tolerance 100mY
pu off = 1:
end
end
BtcrnsstV(En_D]—Vth_R, 1, 100p, 100m)) begin /7 Rising edge on En D
if (V(In D) > Vth B) hegin
pu on = 1:
pd off = 1:
pd on = 0;
pu off = 0O;
end else if (ViIn D} < VWth F) hegin
pu_on = 0O;
pd off = 0O;
pd on = 1:
pu_off = 1;
end
end
B[crnss[‘![En_D]—Uth_F, -1, 100p, 100m)) begin 47 Falling edge on En D
pu on = 0O0;
Eg—zif - é Hote: All these & events are run whenever their
pu—fo - 1. arguments are validated. Unlike the initial_step, they are
end evaluated every cycle

The cross function, cross(), is used for generating a monitored analog event. It is
used to detect threshold crossings in analog signals when the expression crosses zero
in the direction specified. The cross() function can control the timestep to accurately
resolve the crossing. The format is:
cross( expr[,dir[,time_tol[,expr_tol]]] );
where
expr is a required argument
dir is an optional integer expression (-1: negative cross, +1: positive cross)
time_tol and expr_tol are optional arguments that are real and specify the time tolerance and
expression tolerance respectively.
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e e e e
B{cross(pu_on-0.5, 0] begin

Tpu on_event = fabstime;

fffstrobe ("ynPU_ON = $dVtTpu on = $e'\tTpu off = e\ tTpd on = %e\tTpd off = %e”, pu on, Tpu o
end

B {oross(pu off-0.5, 0)) begin

Tpu_off event = jabstime;

//§etrobe (M nPU OFF = sd\tTpu on = $eitTpu off = %ehtTpd on = %e\tTpd off = %e", pu off, Tpu .
end

Bicross(pd on-0.5, 0]) hegin

Tpd on_event = Jabstime;
SiGstrobe ("ynPD_OM = sditTpu on = se'tTpu off = s2VtTpd on = $ehtTpd off = s5e”, pd on, Tpu o
end

B {cross(pd off-0.5, 0] begin

Tpd off event = fabstime;

,-’,.-"sst,robe("\nPD_OFF = %d\tTpu_Dn = %e\tTpu_fo = %e\tTpd_Dn = %e\tTpd_fo
end

5a, pd off, Tpu .

/¢ This section contains the simultaneous anslog equations to find the
/7 appropriate scaling cosfficients according to the state the huffer.

Tpu off event > 0.0 || Time hetween event start
Tpd_off event > 0.0] begin and current time

if (Tpu on_ewent >
Tpd_on_ewvent >

oo
[m

The corresponding Kr1 for this time

Look up coefficients in normal operation
. L5 3 becomes kpu

if (pu_on == 1] kpu = $table_m0del (|$abst,ime - Tpu_on_event,L Tow, Krl, "LL"™):
else if (pu off == 1) kpu = $ta.ble_m0del [dabatime - Tpu off ewvent, Tew, KLz, "LL"):
else kpu = Eri1[1]:
if (pd_on == 1] kpd = $table_m0del [f{abstime - Tpd on_ewvent, Tem, Ef1, "LL");
else if (pd off == 1) kpd = $ta.ble_model [4ebatime — Tpd off event, Tcm, KrZ, "LL"):
else kpd = Ef1[1]:

end C_comp

o e eeoeoeoo__.__________  COmpensation

/¢ This section contains the analog expressions which caloulate
/¢ the output currents of the IV curves and C_comp capacitors.

Iipc)| <+ —$table_m0del (Wipc), Vpo_data, Ipc _data, "LL") +|kC_comp_pc¥®C_comp®dde (Vipc));
I{pu)| <+ kpu * —Stahle_mndel (Wipu), Vpu data, Ipu data, "LL") +[kC_comp pu¥C_comp*ddc (Vipu)):
Iipd)| <+ kpd * $ta.ble_m0del (Wipd), Vpd_data, Ipd data, "LL") +|kC_comp_pd*C comp®dde (Vipd));
Iigo)| <+ Stab le_model (Vige), Vge data, Igoe data, "LL™) +|kC_comp go¥C comp®ddeo (Vige) )

Branches defined at
the start of this module

e e

f4 A =imple receiver logic

e e

if (Vipd) > Vinmh) W(Rev Dj . ) )

else ¥(Rov D) p

e e e S
end

endmodule /S IBIZ_IO

This ends the declaration of the IBIS_IO module. The other components of the AMS library
are similar. The corresponding VHDL-AMS library contains the same functions in VHDL-
AMS.
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Appendix D

Simulating the “IBIS_10’” model in Dolphin Smash

As mentioned previously, the AMS library was created in both Verilog & VHDL separately,
the reason was that most EDA vendors lean towards one or the other. The problem is that not
many tool vendors support all the required AMS functions for either one and the ones that do
support them have many bugs that haven’t been resolved. For example Hspice 2005.09 has
bugs in implementing the Verilog keyword ‘parameter’- external tables with varying size
cannot be passed. A tool that has adequate functionality is Dolphin Smash. Although it can’t
support Verilog-AMS completely it does support VHDL-AMS. Smash is a mixed signal
simulator which supports SPICE, ABCD, VHDL, Verilog-HDL and VHDL-AMS (Verilog-
AMS pending). It’s capable of mixing all these flavors as well.

The IBIS_IO model implemented in Appendix E (the VHDL-AMS version) will be
stimulated by a pulse source and the outputs will be monitored. The lab_1_i050 _t.txt model
created to explain the ibis2ams flow in Section 3.2 will be supplying the IBIS data tables.

As shown in the following figure, the pulse source (Vpls) has rise/fall times of 0.1ns and a
20ns period. The output is loaded with a parallel RC structure and terminated to Vcc/2.

< SMASH 5.6.2 [ <]

File Edit View Design Simulate ‘Waweforms Tools Windows Help

Z 0 BHS L 00X 9| ?
QDO RN S F A +AAN N  NB|(Z~2M0 60K

|4 C:\Documents and Settings\Paul Fernando\Desktop\WHDL-AMS ... g@ b
”~

»xx SPICE CVHDL SET KIND=AMS
+ *
¥voce Vvec 0 DC= 5.0 .VHDL COMPILE LIERARY=MacroLib SOURCE=.‘\Macro_lib\Macrolib_ functions
¥vet ¥yct 0 DE= 2.5 «VHDL ADD LIBRARY=Macrolib REFLIE=Macrolib
Vpls Pla 0 PULSE ( 0.0 5.0 l.0ns O.lna O.lns Q.Shs 20.0 B
THER  Bh 0 PULSE { 5.0 0.0 1.0ns O.lns O0.lns 19.9ns 4( .¥HDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\IBIS_macro_library
* .WHDL ADD LIBRARY=WORE REFLIB=Macrolih
X1 Pls Out Wycc O Wwce  IBIS 3STATE VIDL(Simple test) =
*X2 Pls Outl ¥Vwcc O en IBI% _3STATE_WVHDL(3imple test) .Tran lps 30ns Os noise=no noisestep=l10ns traceBresk=yes
* in out  pow gnd en WEps lu 100w 100n
2 .Tolerance DEFAULT TOLERANCE lu
Rl Out ¥vct B= 50000 JH 1fa 1fs 10ps l25m 2
Cl Out W¥vtt C= 5.0pF § Bubatitutes C_comp in the VHDL-AMS mode .Method TRAP
- -
5 = .Trace Tran  W{PL3) ¥(0UT) Min=-£.8450546E-001 Max=5.8193865E+000
x> VHDL .Trace Tran X1.IBI3 33TATEL.KPU X1.IEIS 33TATEL.EFD Min=-4.346347
«¥hdlTrace Tran  X1.IBEI%_35TATEL.EVENTSTATE
library IEEE, MacroLib; W ¥hdlTrace Tran X1.IBIS_3STATEL.PU_ON
uzse IEEE.ELECTRICAL_SYSTEMS.all; ¥hdlTrace Tran  X1.IBIS_35TATEL.PD_OFF
W¥hdlTrace Tran  X1.IBIS_35TATEL.PD_ON
entity IBIS_3STATE_VHDL is .¥hdlTrace Tran X1.IBIS_3STATEL.PU_OFF

port (terminal Input, Output,
Power, Ground,
Enable : electrical);
end entity IBIS_33TATE_VHDL;
architecture Simple_test of IBIS_3STATE_VHDL is

hegin

IBI3_33TATEL : entity MacrolLib.IBI3 35TATE (IEI3 ZEQZUK)

- TUse ONLY ONE of the following four lines

generic map ( DataFile => ".\Macro_lib\labh 1 ioS0v_t.txt" )
PD_ref => Ground, w

i o = _ =

Please wait, or hit ESC to cancel redrawing. .. Lns, col 58

Figure D.1: SMASH GUI
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The following plot shows the output (\Vout) and relevant internal variables.
Note the KPU & KPD variables; they vary from 0 to 1. They plot the K*’s given in section

d0n M2n d4n 16n d8n 20n  23n 24n %6n 280 | |

Figure D.2: SMASH output for Risetime = 0.1ns

The same simulation was redone with rise/fall times set to 0.5ns (0.1ns previously). The
purpose was to show that the rise/fall times of the input have no effect on the output curve;
the only things that matter are the threshold points. Thus, other than a slight shift on the time
axis, the outputs look identical to the above. The reason for this right shift is because it takes

more time to reach the threshold (switching) points since the slew rates are less.
an 4n 6n n AOn 12n  4n 16n  18n  30n  23n  24n  26n  24n ]

Figure D.3: SMASH output for Risetime = 0.5ns
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Appendix E

Case Study I: Output Buffer simulation files

This appendix contains the SMASH simulation files used in section 3.1

IBIS_3STATE_test.nsx

>>> SPICE

Vvcc Vvcc 0O DC= 5.0

VGND GND O DC=0

Wwtt Vwtt 0 DC=0

Vpls Pls O PULSE (0.0 5.0 1.0ns 1E-10 1E-10 9.9ns 20.0ns )

X1 PIs Out Vvcc GND Vvcc IBIS_3STATE_VHDL(Simple_test)

R1 Out Vvtt R= 50
Cl Out Vvtt C= 5.0pF $ Substitutes C_comp in the VHDL-AMS model

>>> VHDL

library IEEE, MacroLib;
use IEEE_ELECTRICAL_SYSTEMS.all;

entity IBIS_3STATE_VHDL is
port (terminal [Input, Output, Power, Ground,
Enable > electrical);
end entity IBIS_3STATE_VHDL;

architecture Simple_test of IBIS 3STATE _VHDL is
begin
IBIS_3STATE1l : entity MacroLib.IBIS_3STATE(IBIS_2EQ2UK)

generic map ( DataFile => "_\Macro_lib\buffer_driver_t.txt" )

port map ( PU_ref => Power, PD_ref => Ground,
Pad => Output, In_D => Input,
EN D => Enable, PC_ref => Power,

GC_ref => Ground );
end architecture Simple_test;
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IBIS_3STATE_test.pat

-VHDL SET KIND=AMS

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\MacroLib_functions.vhd
-VHDL ADD LIBRARY=MacroLib REFLI1B=MacroLib

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\IBIS macro_library.vhd
-VHDL ADD LIBRARY=WORK REFLIB=MacroLib

*

-Tran 1ps 16ns 0s noise=no noisestep=10ns traceBreak=yes

-Eps 1u 100m 100n

.Tolerance DEFAULT_TOLERANCE 1u

-H 1fs 1fs 10ps 125m 2

-Method TRAP

*

-Trace Tran V(PLS) V(OUT) Min=-5.5399397E-001 Max=5.5049085E+000
.Trace Tran 1(VGND) 1(VvVvCC) I(WTT) Min=-6.0209083E-002 Max=6.0099738E-
002

.Trace Tran X1.IBIS_3STATE1.KPU X1.I1BIS_3STATE1.KPD Min=-5.0794491E-001
Max=1.1565698E+000

-VhdITrace Tran  X1.I1BIS 3STATE1l.EVENTSTATE

-VhdITrace Tran X1.IBIS_3STATE1.PU_ON

-VhdITrace Tran  X1.1BIS_3STATE1.PD_OFF

-VhdITrace Tran  X1.1BIS_3STATE1.PD_ON

-VhdITrace Tran  X1.I1BIS_3STATE1l.PU_OFF
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Appendix F

Case Study I1: Pre-emphasis Buffer simulation files

This appendix contains the SMASH simulation files used in section 3.2

PreEm.nsx

>>> SPICE
*

* Paul Fernando, NCSU 3/3/2006

*

*

Vvcc Vvcc 0O DC= 5.0
VGND GND O DC=0

vwtt Vvtt 0 DC= 0

*Vpls Pls O PULSE (0.0 5.0 1.0ns 1E-10 1E-10 9.9ns 20.0ns )
-.include "InP.sp"

-param inperiod=10n

-param edge=100p

*

X1 PIs OutP OutN Vvcc Vvcc  GND GND Vvce

IBIS PreDeMacro VHDL(Simple_test)

* InD, I0p, I0n, PCref, PUref, PDref, GCref, EnD

*

RP1 OutP Vvtt R= 50

CP1 OutP Vvtt C= 5.0pF $ Substitutes C_comp in the VHDL-AMS model
RN1 OutN Vvtt R= 50

CN1 OutN Vvtt C= 5.0pF $ Substitutes C_comp in the VHDL-AMS model

EAEAEEAEXEAXAXEAXAXAAXAXAXAXAAXAXAAXAXAAXAXAALAXAAXAXAAXAAAXAXAAXAAAXAAAXAAAXAAAXAAXX

* T-1ine model - Provided as spec

B e e o R R AR AR R R AR R AR AR R S e R AR R R R R S e R R R R AR R R R R R ARk

*W1 N=2 OutP OutN O TL_OUT_POS TL_OUT_NEG O RLGCMODEL=ECE733 I=1.

>>> VHDL

library IEEE, MacroLib;
use IEEE.ELECTRICAL_SYSTEMS.all;

entity IBIS PreDeMacro_VHDL is
generic (ScaleBoost: real := -0.9;
TapDelay: real = 10.0e-9);
port (terminal InD, 10p, I0n, PCref, PUref, PDref, GCref, En :
electrical);
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end entity IBIS PreDeMacro VHDL;
architecture Simple_test of IBIS PreDeMacro_VHDL is

terminal Dref, InNM, InPB, InNB : electrical;
terminal PUrefPB, PDrefPB, PCrefPB, GCrefPB : electrical;
terminal PUrefNB, PDrefNB, PCrefNB, GCrefNB : electrical;

begin
Digl : entity MacroLib.IBIS_V
generic map ( Vdc => 1.0 )
port map ( p => Dref, n => PDref);

Invl - entity MacroLib.IBIS_VCVS
port map ( p => Dref, n => InNM, ps => InD, ns => PDref);

PosM : entity MacroLib.IBIS I10(IBIS_ 2EQ2UK)
generic map ( DataFile => "_\Macro_lib\buffer_driver_t._txt" )
port map ( PU_ref  => PUref,

PD_ref => PDrefT, Pad => 10p,
In_D => 1InD, EN_D => En,
PC_ ref => PCref, GC _ref => GCref );

NegM : entity MacroLib.IBIS_10(I1BIS_2EQ2UK)
generic map ( DataFile => "_\Macro_lib\buffer_driver_t._txt" )
port map ( PU_ref => PUref,

PD_ref => PDref, Pad => I0n,

In_D => InNM, EN D => En,

PC ref => PCref, GC_ref => GCref );
—————————— TAP

Dlyl : entity MacroLib.IBIS_VCVS_DELAY
generic map ( TD => TapDelay )
port map ( p => InNB, n => PDref, ps => InD, ns => PDref);

Dly2 : entity MacroLib.IBIS_VCVS_DELAY
generic map ( TD => TapDelay )
port map ( p => InPB, n => PDref, ps => InNM, ns => PDref);

PosB : entity MacroLib.IBIS I10(IBIS_2EQ2UK)
generic map ( DataFile => " _\Macro_lib\buffer_driver_t.txt"
-— ,kl_pc => ScaleBoost, kl_pu => ScaleBoost,
-— kl_pd => ScaleBoost, kl_gc => ScaleBoost

)
port map ( PU_ref => PUrefPB,
PD_ref => PDrefPB, Pad => 10p,
In_D => InPB, EN D => En,
PC_ref => PCrefPB, GC_ref => GCrefPB );

NegB : entity MacroLib.IBIS I10(IBIS 2EQ2UK)
generic map ( DataFile => " _\Macro_lib\buffer _driver_t.txt"
-— ,kl_pc => ScaleBoost, kl_pu => ScaleBoost,
-— kl_pd => ScaleBoost, kl_gc => ScaleBoost

)
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port map ( PU_ref => PUrefNB,
PD_ref => PDrefNB, Pad
In_D => InNB, EN_D
PC ref => PCrefNB, GC_ref

IpcP : entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PCref, n => 10p, ps

IpuP - entity MacrolLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PUref, n => 10p, ps

IpdP : entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PDref, n => 10p, ps

IgcP : entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => GCref, n => 10p, ps

IpcN - entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PCref, n => 10n, ps

IpuN : entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PUref, n => 10n, ps

IpdN : entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => PDref, n => 1I0n, ps

IgcN - entity MacroLib.IBIS_CCCS
generic map (Scale => ScaleBoost)
port map ( p => GCref, n => 10n, ps

end architecture Simple_test;

=>
=>

10n,
En,

GCrefNB );

PCref,

PUref,

PDref,

GCref,

PCref,

PUref,

PDref,

GCref,

ns

ns

ns

ns

ns

ns

ns

ns

PCrefPB);

PUrefPB);

PDrefPB);

GCrefPB);

PCrefNB);

PUrefNB) ;

PDrefNB);

GCrefNB);
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PreEm.pat

-VHDL SET KIND=AMS

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\MacroLib_functions.vhd
-VHDL ADD LIBRARY=MacroLib REFLI1B=MacroLib

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=_.\Macro_lib\IBIS macro_library.vhd
-VHDL ADD LIBRARY=WORK REFLI1B=MacroLib

*

-Tran 1ps 80ns 0s noise=no noisestep=10ns traceBreak=yes

-Eps 1u 100m 100n

-Tolerance DEFAULT_TOLERANCE 1u

-H 1fs 1fs 10ps 125m 2

-Method TRAP

*

.Trace Tran V(PLS) V(OUTP) V(OUTN) Min=-5.0260886E-001
Max=5.5002372E+000

*_.Trace Tran  X1.POSM.KPU X1.POSM.KPD Min=-5.0799639E-001
Max=1.1561627E+000

.Trace Tran X1.POSB.kl _pc X1.NEGB.kl pc Min=-5.0799639E-001
Max=1.1561627E+000

*_VhdITrace Tran  X1.POSM.EVENTSTATE

*_VhdITrace Tran X1.POSM.PU_ON

*_VhdITrace Tran X1.POSM.PD_OFF

*_VhdITrace Tran X1.POSM.PD_ON

*_VhdITrace Tran X1.POSM.PU_OFF

*_Trace Tran 1(VGND) I(vvCC) I(VWTT) Min=-6.0209083E-002
Max=6 .0099738E-002

*_MODEL ECE733 W MODELTYPE=RLGC N=2
*+Lo= 300e-9 60e-9 300e-9

*+Co= 120e-12 -24e-12 120e-12

*+Ro= 0.54 0 0.54

*+Rs= 0.000462 0 0.000462

*+Gd= 1.4e-11 -0.14e-11 1.4e-11
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Appendix G

Case Study I11: Equalized Receiver simulation files

This appendix contains the SMASH simulation files used in section 3.3

EgRcvr.nsx

>>> SPICE
*

* Paul Fernando, NCSU 3/3/2006

*

*

Vvcc Vvcc 0O DC= 1.8
VGND GND 0O DC=0
vvtt vwtt O DC= 0

VplIsN INN O PULSE (0.0 1.8 1.0ns 2E-10 2E-10 1.9ns 4.0ns )
VplIsP INP O PULSE (1.8 0.0 1.0ns 2E-10 2E-10 1.9ns 4.0ns )
*VplsP INP O DC= 5.0

*VplIsN INN O DC= 0.0

*

X1 Vvcc GND INP INN ouT Eq_Rcvr

* PC_ref, GC_ref, Input_p, Input_n, Rcv_D

*

ROUT OUT Vvtt R= 5000
COUT OUT Vvtt C= 5.0pF $ Substitutes C_comp in the VHDL-AMS model

R R R R R AR AR R R SR R S R R R AR ARAE R R R R AR AR R R R R R R R AR R R AR R e

* T-1line model - Provided as spec

AEAEAAAAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAAAAXAAAAAAAXAAAAAAALAAAAAAhdhX

*W1 N=2 OutP OutN O TL_OUT_POS TL_OUT_NEG O RLGCMODEL=ECE733 I=1.

*

>>> VHDL
library IEEE, MacroLib;
use IEEE.ELECTRICAL_SYSTEMS.all;

entity Eq_Rcvr is
generic (Cpad: real := 1.0e-12; Rt: real := 50

-0;
pas _on: real := 1.0; Rpas: real := 130.0;
Cpas: real := 0.5e-12; Rt2: real := 1000.0;
gain: real := 4.0);

port (terminal PC_ref, GC_ref, Input _p, Input _n, Rcv D : electrical);
end entity Eq_rcvr;

architecture Simple_test of Eq Rcvr is
terminal EQ _p, EQ n, EQSUM : electrical;
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begin

RT1P : entity MacroLib.IBIS R

generic map ( Rval => Rt )

port map ( p => Input_p, n => PC ref);
CP : entity MacroLib.IBIS C

generic map ( Cval => Cpad )

port map ( p => Input_p, n => PC_ref);
RPASP : entity MacroLib_IBIS_R

generic map ( Rval => Rpas )

port map ( p => Input_p, n => EQ_p);
CPASP : entity MacroLib.IBIS C

generic map ( Cval => Cpas*pas_on )

port map ( p => Input_p, n => EQ_p);
RT2P : entity MacroLib.IBIS R

generic map ( Rval => Rt )

port map ( p => EQ_p, n => PC_ref);

RTIN : entity MacroLib.IBIS_R

generic map ( Rval => Rt )

port map ( p => Input_n, n => PC ref);
CN : entity MacroLib.IBIS_C

generic map ( Cval => Cpad )

port map ( p => Input_n, n => GC_ref);
RPASN : entity MacroLib.IBIS R

generic map ( Rval => Rpas )

port map ( p => Input_n, n => EQ n);
CPASN : entity MacroLib.IBIS C

generic map ( Cval => Cpas*pas_on )

port map ( p => Ilnput_n, n => EQ n);
RT2N : entity MacroLib.IBIS R

generic map ( Rval => Rt )

port map ( p => EQ_n, n => PC_ref);

-— This voltage source derives the differential output of the 2 passive
-— and then amplifies it by the gain parameter.

EQSUM1 : entity MacroLib.IBIS_VCVS_SUM
port map ( p =>EQSUM, n =>GC_ref,
psl =>EQ_p, nsl =>GC_ref,
ps2 =>GC_ref, ns2 =>EQ _n);
EQOUT : entity MacroLib.IBIS_VCVS
generic map ( Scale => (Rpas + Rt2)*(gain/Rt2) )
port map ( p =>Rcv_d, n =>GC_ref,
ps =>EQSUM, ns =>GC_ref);

end architecture Simple_test;
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EqgRcvr.pat

-VHDL SET KIND=AMS

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\MacroLib_functions.vhd
-VHDL ADD LIBRARY=MacroLib REFLI1B=MacroLib

*

-VHDL COMPILE LIBRARY=MacroLib SOURCE=.\Macro_lib\IBIS macro_library.vhd
-VHDL ADD LIBRARY=WORK REFLIB=MacroLib

*

-Tran 1ps 6ns 0s noise=no noisestep=10ns traceBreak=yes

-Eps 1u 100m 100n

.Tolerance DEFAULT_TOLERANCE 1u

.H 1fs 1fs 10ps 125m 2

-Method TRAP

*

-Trace Tran V(INP) V(INN) Min=-5.0260886E-001 Max=5.5002372E+000
-VhdlTrace Tran X1.EQP X1.EQN

.Trace Tran V(OUT) Min=-5.0260886E-001 Max=5.5002372E+000

.Tolerance DEFAULT_DOT 1
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Appendix H

IBIS plotting utility (s2iplt)

The original version of s2iplt was a Perl script developed by Steve Lipa on
08/24/1995. It was a command line program which simply plotted all the curves in an IBIS

file using the gnuplot (http://www.gnuplot.info/) utility. The new version of s2iplot provides

an easy to use GUI interface (Fig. G.1) using Perl/Tk and also provides the option of creating
PostScript files of these curves.

As shown in the figure below, the left column displays the Model name and the
specific curve type. Clicking on this column will display the specific curve as shown in
Figure G.2. By clicking on the right column, the curves will be dumped into an output
PostScript (.ps) file as shown in Figure G.3. The PS file has the default name
“modelname_[curvename].ps”

All the curves can be dumped into a PostScript file by using the file menu and
clicking “Print all curves in PS file”.

As in the original program, temporary files are stored in a subdirectory,

“s2iplt_temp”.
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... s2iplt_GUINCSU 2006

- [B]x]

File Help

Y
in33v [GHDClamp] Save P3 file
inddv [POWERClamp] Save PS file
inalv [GHDClamp] Save P3 file
inalv [POWERClamp] Save P3S file
in33v [Pulldown] Save P35 file
i033v [GMDClamp] Save P3 file
i033v [Pullup] Save P3 file
in33v [POWERClamp] Save P3 file

i033v [FallingWavefonm] Save P3 file =
in33v [RisingWaveform] Save PS file
i033v [RisingWaveform] Save PS file
in33v [FallingWaveform] Save P3 file
i033va [Pulldown] Save PS file
i033va [GHDClamp] Save P3 file
i033va [Pullup] Save P3 file
i033va [POWER Clamp] save PS file
i033va [FallingWaveform] Save PS file
ind3va [RisingWaveform] Save PS file
i033va [RisingWavefonm] Save P3 file
i033va [FallingWaveform] Save PS file

ins0v [Pulldown] save P3 file 7]

i~ |~

Figure H.1: s2iplt GUI main interface




s2iplt_GUI NCSU 2006

in33v [GNDClamp] | savepsfie |
in33v [POWERCIamp] | savepsfie |
in50v [GNDClamp] | savepsfie |
in50v [POWERClamp] | savepsfie |
i033v [Pulldown] | savepsfie |
i033v [GNDClamp] | savepsfie |

- Gnuplot

z2iplt-gui MCSU EEL

10 T T T L] L] L] L]

inAty [POMERCIamp]

10

Figure H.2: s2iplt in50v Power Clamp Curve
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8 gv: in50v_[POWERClamp]. ps |:| |§| |z|

State| Page||Portralt| | 4000 BBox|[  ns0vPOWERClmlps || WeaMaz2is014zzom |

s2iplt-gui NCSU ERL

_Fie |
st |
o |
s
[Ftrsmes]
e
||
B
o |

(.
|
]

[
- N W kR 00O NN 0 © O

2 4
in50v [POWERCIamp]

Figure H.3: s2iplt sample PostScript file
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Appendix |

A Perl/Tk GUI for s2ibis

A GUI was created in Perl/Tk that acts as a GUI for s2ibis. Currently, the GUI can
only handle Output, 1/0, 3-state and Input buffers. It can be easily updated for future versions
of IBIS.

The program gives the model maker the ability to do the following using a single
program (window):

1. Open s2i files

2. Edit s2i files

3. Execute the s2i files using s2ibis and create the IBIS file

4. Run ibischk

o

Run s2iplt
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. s2ibis GUI. NCS

File LHilities Help
Simulator Options | A
Simulator | hspice | 3 Spice file name | firefly sp | &
Component Hame | firefly | 3 Temp range (C) | 2585 -20 | 3
‘ Supply Voltages |
Fullup Reference ¥ | 181620 | ¥ Fulldown Reference ¥ | noan | &
Power Clamp Reference V| 1681620 | 3 Ground Clamp Reference V| ooao | 3
vih | 181620 | & Vil | 0oa | #|
‘ Vi curve options |
vt Simulation Time | 5ns | ¥ Rioad (for Ramp curves) | 500 | &
| Parasitic RLC |
Default R_pkg (Ohms) | Zim1Omdom | ¥ Default L_pky (H) | DenHOinHO4nH | ¥
Default C_pky (F) | 2pF 1pF 4pF | &
‘ Fin Information |
Fin Type | 3-state | ¥ Folarity | non-inverting | &
input Hode | I | & Enable Node | EN |
VDD Hode | VDD | & VSS Hode | YES | #|
PAD Pin | FAD 3
Definition:[RisingfFalling waveform] R.f ¥V f ¥ T min Y. T max LT Cf Rd Ld Cd
R_f = test fixture resistance V_f = test fixture load voltage
VY f_min = test fixture load v for MIN curve  V_f max = test fizture load v for MAX curve
L_f = test fizture L C T =test fixture C
R_d = package parasitic B L _d = package parasitic L
C_d = packagye parasitic C
Output Model ¥t curves: |
[Rising waweform] 50 0 NA NA Na NA N NA Na :
[Rising wawveform] 50 1.8 1.6 2.0 NA NA NA NA NA
[Falling waweform] 50 0 Na NA N& NA N NA Na
[Falling waweform] 50 1.8 1.6 2.0 N& WA N& NA NA
P
N I~
[ 11O Model Vt curves: |
[Rising waweform] 50 0 NA NA N& NA N NA Na :
[Rising waweform] 50 1.8 1.6 2.0 WA WA N& NA NA
[Falling waweform] 50 0 NA NA NAa NA N NA Na
[Falling waweform] 50 1.8 1.6 2.0 N& WA N& NA NA
£

=

Figure 1.1: s2ibis GUI interface
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