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SharkSim Overview

SharkSim is a Signal Integrity modeling and simulation application developed to help engineers
generate, edit, and correlate different types of simulation models for system level simulation and
analysis.

SharkSim addresses the challenges of generating and correlating IBIS simulation models for
PCB simulation analysis. SharkSim provides a complete IBIS modeling solution with the
capability to generate 1BIS models from SPICE simulations, generate IBIS model files based
upon simulation or lab measurement, view/edit/graph IBIS model data, and a unique IBIS quality
checker.
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Getting Started

Java Installation

In order to run SharkSim the latest version of Java (version 1.6.0_23) must be installed on your
machine. You can get the latest java version at http://java.sun.com/ . Only the JRE (Java
Runtime Environment) is needed.

Installation Directory

Download and unzip the sharksim_install.zip file. This directory contains all of the necessary
files to run SharkSim. The following is a short directory listing:

user_guides: The user guides for SharkSim.

lib: Application library files.

keywords_file: The keywords.txt file needed by the application to parse IBIS model
files.

SharkSim.jar: The SharkSim application executable file for Linux is a Java jar file
found in the installation root directory.

SharkSim.exe: The SharkSim application executable file for Windows is an exe file
found in the installation root directory.

spec_files: The package specification files used for validation in the Package Editor and
the device specification files used for validation in the Quality Checker.

reports: User can use this directory to store reports or create a new one. A sample
Quality Checker HTML report is included in this folder.

sample_ibis_file: A sample IBIS file with an output model that can be used to test some
of the features of the application.

quality_checker_batch_file: Example setup file for batch running Quality Checker.
sample_prbs_file: Sample PRBS file for use in defining test loads in application.
ibis_generation_files: Example component, header, and package files for generating
IBIS files.

test_data_examples: Example test data files for adding [Test Data] to existing model in
IBIS file.
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Running SharkSim on Linux (Legacy License Manager)

If you are using the legacy license manager then use the instructions below to run SharkSim.

SharkSim can be launched from a command line terminal window by using the following
command:

‘java —jar SharkSim.jar’ (legacy license manager)

in the installation root directory. By default the operating system does not allocate a lot of
memory to the Java Virtual Machine so by using the alternative command you can allocate more
memory in order to open and edit larger IBIS model files:

‘java —jar —-Xmx300m SharkSim jar’

This will give 300 MB of memory for the application to open and parse larger IBIS files.

Running SharkSim on Linux

SharkSim can be launched from a command line terminal window by using the following
command:

‘java —Djava.library.path=./lib —jar SharkSim.jar’

in the installation root directory. By default the operating system does not allocate a lot of
memory to the Java Virtual Machine so by using the alternative command you can allocate more
memory in order to open and edit larger IBIS model files:

‘java —Djava.library.path=./lib —jar -Xmx300m SharkSim.jar’

This will give 300 MB of memory for the application to open and parse larger IBIS files.

Running SharkSim on Windows

SharkSim can be launched from the root directory by double clicking on the SharkSim.exe
application executable file. With the native Windows executable file the Java Virtual Machine
memory is dynamically allocated so the application will automatically scale the memory usage to
open large IBIS files.
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License Agreement

The first time SharkSim is run you need to read and accept the License Agreement. Then the
license manager will start.

Node Locked License (Legacy)

If you are using the legacy license manager follow the instructions below.

You will be prompted for your license code as seen below:

License | S|

Type new license key to renew license,
Please contact the program vendor

to obtain a valid license for the
application ID below

Application ID:
86071-45397

License key:

|
[ Exit Application ]

You need to email your unique Application ID to SharkSim support and than your license key
code will be generated for you. When you receive your code you need to enter it in and select
OK and the application will start. At any time you can view the License GUI screen by going to
View | License.
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Node Locked License

You will be prompted to select Node Locked or Floating license option as seen below:

We could not find valid license for your system.
Flease choose one ofthe following license options.

@ Mode Locked License

(") Floating License
Sener

Port: 6200 HaostID: 6200

’ OK H Cancel

You need to browse to the location of your license file, select it, and then select OK. If
successful the application will start. If for some reason the license file does not work please

contact customer support. At any time you can view the License GUI screen by going to View |
License.

Floating License

For a floating LAN license you will need to enter the name of the license server and the port
used to talk to the license server. (Port 6200 is the default) Please contact customer support or
your system admin for support for floating LAN license support.
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Setting the Preferences

The first time you launch SharkSim you will see a dialog box instructing you to set the keywords
in the Preferences menu. Go to View | Preferences to get the following screen:

Preferences -

Author (default user):
Tim Coyle
Directory of IBIS keyword files:

on_testing'sharksim_v2p0p1_betalkeywords_file Browse, ..

Default IBIS version of new documents:
4.2

IBIS Syntax Chedcker Application:

narksim_si_videos\jbis_parser_video\ibischks.exe Browse, ..
Default working directory:
on_testing'sharksim_v2p0p4_betaltest_sharksim Browse, ..

Path to SPICE application:

Ci\Synopsys\Hspice_C-2009,03BIMhapice. exe Browse. ..

SPICE application: :HSPICE -

SPICE options:

O
3
&
m

amindc=12-15 gmin=1e-15

Editor font size: | 125

Curve points processing method: (@) equidistant

() best fit

[ OK H Cance ]

You need to browse and select the keywords_file folder located in the unzipped SharkSim
directory folder. Set the default IBIS version of new documents to be a valid IBIS version (2.1,
3.2,4.0,4.1,4.2, or 5.0) and this will be the default keywords file that is used when editing
opened IBIS files. At any time you can change the default version by going to File | Change
Version. This allows the user to properly edit and view IBIS files with any valid IBIS version.
Next you need to download the latest IBIS Golden Parser executable for your operating system
and place it in the unzipped SharkSim directory and browse and select the exe file. Links to
download the browser are available under the Help section in the application. You can download
the parser for free at http://www.vhdl.org/pub/ibis/ibischk4/ . You also need to set your working
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directory here as well. You can set your Author Name so that when you use the Notes Manager
your name will be automatically filled in. Finally you need to set the path to your SPICE
simulator. You also need to select the SPICE simulator from the drop down box. You can also
enable global SPICE simulation options for the IBIS generation files. Once you select OK you
need to exit the program and will only have to do this once. When you restart the application all
of the settings will be in place.
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Viewing and Editing IBIS Files

SharkSim supports the latest IBIS Specification version 5.0 and you can open and edit IBIS
model files in the main editor window. The major components of the IBIS file are displayed in a
tree format in the left pane window with the full text being displayed in the right hand pane
window. SharkSim uses the ‘| pipe character as a comment by default. By selecting any of the
‘headers’ in the left hand pane the application will automatically go to that line in the IBIS model
file.

.
.. SharkSim - test_eval.ibs |Ml
- - [ Y -
File Edit View Generate Validate Correlate Reports Help
A Dhe0MA 2 S
E‘"D [Ibis document] 1] End IBIS Farser Eesults -
-3 [1IBIS Ver] 4.2 5l ) ) ) i =
i:b [Comment Char] |_char 34 [Disclaimer] Disclaimer goes here
= 3]
i:h [File name] test_eval.ibs 64 [Copyright] 2009
-5 [File Rev] 1.0 5
gl [Date] 5/1/09 13 [Component] Component
-§5y [Source] SPICE to IBIS Translation 67 5i_location Ein
-§Fy [Notes] Start notes here ] Timing location Bin
-§Fy [Disclaimer] Disdaimer goes here 62
d‘b [Copyright] 2009 70 [Mamuifacturer] LCME
71
[J--m [Component] Component 75 [Package]
i =0 73 R_pkg 10m 10m 10m
-8 [Model Spec] 74 L pkg 2n 2n 2n
| gk [Vol Range] 3.3 2.97 3.63 75 C_pkg 3p 3p 3p
g3 [TempeNgture Range] 25.0 85.0 40.0 || 7F
&b [Pullup] 77 [Pin] signal_ name model name R _pin L pin C pin
&5 [Pulldown] ] - E igﬁ SE gp
&b [Rising Wavetorn  S€lect header component in tree view e
d—b [Falling Waveforn . .
&l [Rising waveforny, aNd automatically go to that section |- Lic1ay cyp caetay min aeiay max
g5 [Falling Waveforn . [Lns Ons -2ns
&5 [Ramp] of IBIS file
[-[1] [Test Data] TestPRES
g3 [End] —
g8
L] [Moder| ocutpud
El Model type I/0
a1 Vmeas=1.65V
a9z Cref=10.0pF i
IBISCHES V5.0.0 -

Checking C:\Users\Tim\Documents\work\5I Consulting'Software_Development'sharksim\application_testing\research\rls_2p0_sample_d:

NOTE (line 101) - Pullup Maximum data is non-monotonic
NOTE (line 104) - Pullup Typical data is non-monotonic
NOTE (line 106) - Pullup Minimum data is non-monotonic
NOTE (line 298) - Pulldown Minimum data is non-monotonic

WAENING - Model 'output': Model type 'I/0" must hawe Vinl set
WABNING - Model 'output': Model type 'I/0" must hawve Vinh set

m

WABNING
WABNING
WABNING
WARNING

Errors

Combined Pullup for Model:

Combined Pulldown for Model:

Combined Pullup for Model:
Combined Pullup for Model:

: 0

Warnings:

L

File Passed

cutput Typical data is non-monotonic
cutput Minimum data is non-monotonic
cutput Minimum data is non-monotonic
output Maximum data is non-monotonic

4|
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Running the IBIS Parser

Once configured properly in the Preferences, SharkSim will run the IBIS Syntax Checker (the
Golden Parser) on the IBIS file and will report any warning or error messages in the log window.
The IBIS Syntax Checker can be run by selecting the green check button or under Validate |
Check Syntax.

175 C_comp 15.5p 15.5p 15.5p

176

177 [Temperature Range] 25 a5 =40

178

179 [Voltage Range] 3.3 3.0 3.6

1&0d

181 [Pullup]

laz —3.300000E+0 1.131718E-1 7.508314E-2 1.70009%E-1

1583 —3.200000E+0 1.114893E-1 7.403084E-2 1.700987E-1

154 —3.100000E+0 1.089805E-1 7.278264E-2 1.729878E-1

1585 —3.000000E+0 1.08949C8E-1 7.137913E-2 1.837873E-1

1a6 2.900000E+0 1.022118E-1 6.998756E-2 4, 213259E-]

s
HNOTE (line 18&) - Pullup Typical data is non-monotonic w
HNOTE (line 18%) - Pullup Minimum data is non-monotonic
HNOTE (line 18%) - Pullup Maximum data is non-monotonic
HWOTE (line 30%) - Pulldovm Maximum data is non-monotonic
WOTE (line 310) - Pulldowm Typical data is non-monotonic
WOTE (line 311} - Pulldovm Minimum data is non-monotonic
WOTE (line 44%) - GHD Clamp Typical data is non-monotonic
HWOTE (line 451) - GHD Clamp Maximum data is non-monotonic
HWOTE (line 45%) - POWER Clamp Typical data is non-monotonic
WOTE (line 4&0) - POWEER Clamp Maximum data is non-monotonic
WAFNING - Combined Pullup for Model: output Typical data is non-monotonic
WAFNING - Combined Pulldowm for Model: output Minimum data is non-monotonic
WAFNING - Combined Pullup for Model: output Minimum data is non-monotonic
WAFNING - Combined Pullup for Model: output Maximum data is non-monotonic
Errors : 0 o
Warnings: 4
w

< >

Line Number: 186

You can double click on any warning or error message with a line number and the editor will
automatically go to that line.
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Using the Package Editor

SharkSim comes with a built in editor for the package section of the IBIS model file that can be
launched by going to Validate | Package Editor.

Package Editor [t
Pin signal_name model_name model_type R_pin L_pin C_pin Pin signal_name  model_type
1 input input Input 10m n 5p 1 enable X
2 output output Cutput 10m 2n S5p 2 nput nput
3 three_state  [three_state  |[Qutput 10m n 5p 3 ground ground
4 inputoutput  finputoutput  |Bidir 10m 2n S5p 4 output output
5 power POWER POWER. 5 power power
3 around GMND GMND
[ Duplicate Row ] ’ Delete Row ] [ Copy Selection ] ’ Paste Selection ]
Component: :Part v: [ Save Pinlist ] [ Close ] [ Load Pkg Spec ] [ check |

The Package Editor automatically reads in the package pin data from the IBIS file and places it
in a table that allows the user to easily edit the data. The user can sort the column data and
add/delete/copy data as well from one row to another. The user can load a package specification
file and run a validation check on the pin number and model type. Any errors in the data will be
highlighted. The user can also copy a row of data from the package specification section to the
IBIS package pinlist section. By selecting the Save Pinlist button the user can save the new data

to the package pinlist section of the IBIS model file.
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Graphing IBIS Data

SharkSim allows the user to graph the 1V and VT data in an IBIS model file. The graphing
feature can be accessed by selecting the line graph icon or under the IBIS menu Validate |
Graph Data.

pTES. Y = EErE]
Models: [three_state ~|  [F]Multiple graphs | Clear graphs TYP 1R ﬂ u .
— : : “i
®| | &

Graphs: | [Pulldown] - MIN
with Power cdlamp with GND clamp Max [] Track curve /] Data poin

typ — min — max

Crosshair coords: -8, 547E-1 : -1.454E-1

The user can select from the different models available in the IBIS model file. Each data set
available to graph for each model shows up in Graphs. By selecting the Multiple Graphs option
the user can overlay different types of graphs. There are also options to graph the clamp and
pulldown/pullup curves together. Finally, there is the ability to edit a point on a graph by moving
it along the y-axis. Select the Edit curve option, left click to select a point and a white circle
should appear. Without letting go of the mouse, move the point up or down to the new desired
position.
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Using the Notes Manager

SharkSim comes with a Notes Manager to help users keep track of model changes as well as
make working on a file across teams easier. The Notes Manager can be launched from Edit |

Manage Notes menu.

Motes Manager . ==
1D Mote Date Author FileRewv
1 Put Mote Here 05/18/2009 im Coyle 11
2 Mare Motes 05/18,/2009 Tim Coyle 11

More Hotes

Cancel

SharkSim stores the notes in the [Notes] section of the IBIS file. The user can add or delete notes
along with automatically updating the IBIS file revision number.
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Using the Quick Editor

The Quick Editor allows the user to get a quick overview of the different components and
models in the IBIS file and easily edit and update them. The Quick Editor can be launched from
Edit | IBIS Quick Editor menu.

IEIS Quick Editor - =HEEIN X
IBIS File Summary 1815 Model Summary
File Mame test.ibs Model :input -
IBIS Version 4.2 input
File Revision 11 Tech
Date 4je 09 Type Input
Source CE to IBIS Translation Winh 2.0v vinl  |0.8V
|
Motes [ View Motes ] [ Motes Manager ] Vmeas
Manufacturer | ACME Vref
Component :Part - Cref
Part =
Quality Level Quality Level 0 LT LIt i =
Quality Report Wee 3.3 2.97 3.63
Temp 25.0 85.0 -40.0
IBIS Parser
Model Spec
TestData | AddTestData | | ViewTestData
[ Add Correlation Data ]
Save Sawve

The user can view different IBIS data from the Component and Models section quickly in the
Quick Editor. By selecting the Edit button the user can edit and update the IBIS data within the
Quick Editor GUI without having to manually go and find the right data in the IBIS file. The
user can also add new data to Models in the file.
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Using the Quality Checker

SharkSim comes with a built in quality checker that goes beyond the quality checks that the IBIS
Syntax Checker provides. The quality checker can be launched by selecting the checkmark
document icon or under the IBIS menu Validate | Model Quality Checks.

1BIS Quality Checker l=]1=] % |
Model: output - Spec file: \sharksim_v2p0p4_beta‘spec_filles\vitl.spec Load spec file
Model type: |If0 Spec select: example_device_spec.spec - Refresh file
Tech type: LV
Companent: | Companent -

IBIS model data Spec file data
Minimum Typical Maxirmum Minimum Maxirmum Units

Package Z0 25_82 25_82 25_82 a le-3 Ohm

C_total 5.8 [ 6.2 1 3 pF

Temperature B5.0 25.0 -40.0 a 1 c

Voltage 2._187 3.3 3.83 3.0 3.8 w

Vref b [ w

Cref 10.0 3 Ta pF

Bref 1.0el0 4 a8 Ohms

Tmeas 1.85 1 5 w

Vinh HA 1a 11 W

Vinl M 0.575 0.585 w

Pulldown impedance 14._ 38 10.36 B.0Z8 14 15 Chms

Pullup impedance -14_02 -B_723 -5.43 1a 17 Chms

/T fregquency 33.33 1 2000 MH=

Eround clamp current HA HA HA =al a A

Rise Edge Rate T65.0 435.0 270.0 2 3 k]

Fall Edge Rate T780.0 4350 270.0 &00 800 j=E]

[ Run Quality Checker l [ Batch Quality Chedker ] [ Save .mod ] [ Preferences l

The quality checker uses a .spec file to compare various parameters in the IBIS file to specified
values to see if they are within spec. The values in the .spec file will come from a component’s
datasheet or an interface specification such as PCI. Once the .spec file is loaded if any of the
IBIS values for the selected model component are out of spec they will be highlighted in red. By
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using the .spec file in this way it is meant to give the user a quick overview of the quality of the
model component in the IBIS file.

To run the full quality checks, the user can select the Run Quality Checker button. The
application will then perform a large set of different quality checks. Some of the checks will use
the .spec file. The final results are displayed in an output window:

S

Cuality checks results

Component: Part, Model: three_ state (Model type: 3-3tate)
Pazzged: 40
Failed: 33
Ignored: 38

Saved: C:\Users\Tim\Desktop\sharksim wver lp8\reports\Part_three_ state_check.html

Checks done far :Cnmponent: Part, Model: three_state (Model type: 3-state) - Open HTML Results

Close

In order to keep track of quality issues for different model components in an IBIS model the user
has the option to view the quality check report as an HTML file as seen below. The HTML
Report shown is only a clipping of the full report.
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Quality checks results for model three_state (model type: 3-state) and component Part

Time stamp: 2009/05/18 05:17:19

Passed: 40
Failed: 33
Ignored: 38
- ; Spec | Spec . Tyvp Min Max
Check Typ Min Max min max Units Result |Result | Result Info

Tvpical value is greater than specified.
Package 70 200 200 200 0 le-3 Ohm | Fail Fail Fail Minitim value is greater than specified.
Maximum value is greater than specified.

Tvpical value is greater than specified.
C_total 78 77 79 1 3 pF Fail Fail Fail Minitim value is greater than specified.
Maximum value is greater than specified.

Tvpical value is less than specified.

25 5 s 5 ) i S5 i
Temperature 25.0 85.0 40.0 50 NA C Fail Pass Fail Masinmm vahe is less than specified.
. - . . . Minimum vahe is less than specified.
T 207 363 7 55
Voltage 33 2.97 3.63 3.0 33 AY Pass Fail Fail Masinmm vahe is greater than specified
Vref ‘ 0.0 ‘ ‘ 2 ‘ 6 ‘ v Fail ‘ Ignore |Ignore |Typical value is less than specified.
Cref ‘ 10.0 ‘ ‘ ‘ 3 ‘ 70 ‘pF Pass ‘ Ignore |Ignore
‘ Rref ‘ 1.0e9 ‘ ‘ ‘ 4 ‘ 8 ‘ Ohms | Fail ‘ Ignore |Ignore |Typical vale is greater than specified
r r r r r

This HTML report easily identifies what quality check was performed and the pass/fail/ignore
status. If a .spec parameter was used the min/max spec parameters are listed.

The user can also run the Quality Checker in batch mode to validate all of the buffer models in
an IBIS file and create HTML reports.
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Defining A Spec File for Quality Checks

SharkSim uses a .spec file to run quality checks on an IBIS model file. The .spec file is an ANSI
text file and a user can create a custom .spec file. The following is a sample of checks that are
available:

# comment lines like this and empty lines allowed

# Format:
# [check name] [unit name] = min,max
# The special wvalue NA& is allowed for min or max if not applicable

[Voltage Range] [Volts] = 3.0, 3.3
[Temperature Range] [C] = 50, HA
[C_total] [pF] =1, 3
[Package Z0] [Chm] = 0, le-3
[Vmea=s] [Volts] = 1, 5
[Vref] [Volts] = 2, &
[Cref] [pF] = 3, 70
[Eref] [Chms] = 4, 8
[Vinh] [Volts] = 10, 11
[Vinl] [Volts] = 12, 13
[Pulldown impedance] [Chm=] = 14, 15
[PFullup impedance] [Chms ] = 16, 17
[V/T frequency] [MH=z] = 1, 2000
[Ground clamp current] [A] = -1, 0
[Ri=e Edge Rate] [p=] = 2, 3
[Fall Edge Rate] [p=] = 600, 800
[Pin Z0] [Chms] = 84, B85S
[Fin C total] [pF] = 10, 20
[Model Spec Vinl] [Volts] = 0.5, 0.6

More spec parameters and checks will be added in future releases but the Quality Checker is
currently compliant with the IBIS Quality Specification 2.0.
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SPICE to IBIS Translation

SharkSim allows the user to translate SPICE models to IBIS models by taking a SPICE model
and extracting the correct IV and VT data to create an IBIS model file. The first step is to launch
the SPICE to IBIS interface that will run the SPICE simulations to generate the IBIS IV and VT
data. The SPICE to IBIS interface can be launched by going to Generate | SPICE to IBIS
Translation.

T AESH|
Define Pins
Select Buffer Type [Jonly TYP carner
TVP MIN MAX

SPICE File Mame

SPICE Subcircuit Call [ | I |

Input Pin (non-inverting) l:l Input Pin {inverting) l:l
oumtpn@onmvetng) [ ] oupepniwetng ]

Enable Pin [ | [active High — +|
Differential Output Load
R_load Chms
Core Power Pin I:l [] exclude core power
wref Pin l:l [ exclude vref power
Process Settings
TP MIN MAX C_comp Extraction
10 Valtage | | ‘ ‘ | |V Extraction Msthod:
Care Vokage | | ‘ ‘ | |V Transient Sawtooth e
Temperature | | ‘ ‘ | | C
Vref Volbage | | ‘ ‘ | | v
10 Voltage Varistion l:l %%
Simulation Options
IV Data Simulation DC Analysis v Embedded Clock VT Reference Load
vosatmewndon [ e gegen [ Road| |ohms
Select Topology Single-Ended v V_min l:l v
V_max v
[]Use Test Data
Generate IBIS Data
Generate IV Data Create IV Netlists

Generate VT Data Create VT Netlists

The SPICE to IBIS interface works by the user creating a subcircuit wrapper around their current
SPICE model. Then the user enters the necessary information in the GUI window and the tool
will create the IV and VT netlists that a SPICE simulator will run to generate the output listing
data. The user can select DC or AC Transient simulation methods.
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Creating a Subcircuit Wrapper
The SPICE to IBIS interface needs to have a subcircuit defined in the following form:
Xcall In Out Enable 10OPower 10Ground CorePower CoreGround Vref subckt

Depending on the buffer type of the circuit some of the nodes may not be needed. The subcircuit
nodes have to be in this exact order in order for the tool to read it properly. The core power and
ground nodes and vref node is optional. The user can select the exclude checkboxes to not
include these node definitions in the tool.

The protocol is the following:

e Input => Xcall In 10Power 10Ground (CorePower CoreGround Vref)

e Output => Xcall In Out IOPower 10Ground (CorePower CoreGround Vref)

e Input-Output=> Xcall In Out Enable IOPower 10Ground (CorePower CoreGround Vref)

o 3-State Output=> Xcall In Out Enable IOPower 10Ground (CorePower CoreGround Vref)

o Differential=> Xcall In+ In- Out+ Out- Enable I0Power 10Ground (CorePower CoreGround Vref)

For each model type generated, a separate subcircuit wrapper is needed. For example, an input
buffer will require a separate wrapper from an output buffer type. Also, there needs to be a
separate file for each process corner.

The following example will demonstrate how to create a subcircuit wrapper.

Steps to Create A Subcircuit Wrapper For Output Buffer

1. Create a top-level SPICE netlist file that can properly simulate the output buffer into the
manufacturers specified test load. This netlist file should include all other necessary
subcircuit calls and library/process calls if they are not embedded into the file.

2. There should be one top level instance call that does not include a package model. An
example would be: Xdie Input_A Sense_B Output_ C VCC GND buffer. From the
previous specified protocol for an output buffer we need an input, output, power and
ground. We have an extra node, Sense_B that is not needed for the IBIS translation. Also,
the protocol specifies that the node order needs to be input than output as well. In the next
step we will create a new subcircuit wrapper to address this

3. A subcircuit wrapper should be created around the current subcircuit call with the correct
format and ordering.
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Here is the old toplevel subcircuit call:
¥die Inmput R Sense B Output C VCC GHND buffer
.subckt buffer Input & Sense B Output C VCC GND
# circuit definitions and process info goes here

.ends buffer

Now we will create a new wrapper:
Xdie Imput A Cutput C VCC GND buffer?

csubckt buffer? Input A OCutput C VOO GHND

Vzource Sense B 0 DC O
¥die Imput R Sense B Output C VCC GND buffer

ends buffer

.subckt buffer Input A Sense B Output_C VCC GHD
* gircuit definitions and process info goes here

.end=s buffer

We did two things here: we changed the node name order and set the extra node that was
needed to the appropriate logic level. A new subcircuit buffer2 was created and the
previous subcircuit call buffer was invoked from within this subcircuit.

There are many different ways to create subcircuit calls to format an existing SPICE
netlist to work properly with SharkSim and this is only one method.
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Creating An IBIS File

Once a user has either simulated data or lab measurement data a full IBIS file can be generated
using SharkSim. This is done in two steps: first the model buffer component is generated and
then the complete IBIS file with header and component information is created.

Create a Model Component

Simulated or lab measured data can be used to generate a model buffer component [Model] to be
included in a full IBIS file. This can be launched by going to Generate | Create Buffer Model.

Create Buffer Model [

Buffer Model Settings

Model Type :Input -

Model Name enter [model] name [] include minfmax corners
TYP MIN MAX

Voltage v

Temp C

C_comp pF

Rref Ohms

Vmeas W

Set Enable Active-High

Polarity [] Enable Inverting Output

Load IBIS Data

IVData |HSPICEDCData | [ LoadIVData
VTData |HSPICEACData | | Load VTData Define VT Loads

Generate Buffer Model

T

[ Preview Waveforms ]

[ OK ][ MNew Model ]

[ Close ]

The user selects the model type and enters the various information. The user can select whether

the simulation data was from DC or AC Transient or if from lab measurement. If the model type
requires VT data the user will need to select the define VT loads button and enter the appropriate
information. The preview waveforms button will allow the user to view the formatted IV and VT
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data. The user can select ok to create a .mod file to be used later in the IBIS file generation
process.

Generate IBIS File

Once the user has created a .mod file that represents a model buffer component the full IBIS file
can be generated. This can be launched by going to Generate | Generate IBIS File.

Generate IBIS File

[ Configure Header ]

[ Configure Component and Package ]

[ load .mod companents
Generate 615 File

The user needs to select the configure header button to fill out the various data fields and the
same with the configure component and package section. For this section, the user can upload
various package and pin files to define the IBIS file. The pin file represents the RLC of each
package pin and must be in a .pin file. An example is below:

[Pin] =ignal name model name B pin L pin C pin
1 enable input 3Zm 1.01n 0.13p
2 input input 30m 0.20n 0.13p
3 ground GHD 2Zm 0.91n 0.13p
4q output output 2Zm 0.91n 0.13p
5 power POWEER 3Zm 1.01n 0.13p

The users can than browse and select various .mod files to be included in the final IBIS file.
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IBIS Model Simulation and Correlation

Using a supported external simulator like Synopsys HSPICE the user can select different test
loads and automatically simulate the IBIS buffer model and correlate the data back to the
original source. The IBIS Model Simulation GUI window can be launched from the Correlate |
IBIS Model Simulation menu.

IBIS Model Correlation = _
{Standard Load || System Load
Select Model iinput - [] anly TYP corner [ include package
Model Mame | input Input Source
Model Type Input wlow 0 Volts
Enable Active High - A d ks
- . delay nsec
Typ Min Max edge nsec
Vmeas ov pulse width nsec
Cref OpF period nsec
Rref 10G sim length nsec
Vref w source :Select Input
[7] enable Differential [] copy min/max
PRBS
Generate Netists | | Run SPICE ] [ View Data ] [ Close |

The user can use the Standard Load from the IBIS file or select a System Load and enter in their
own test load including transmission line loads. When the user views the data if there is existing
Test Data in the IBIS file (for correlation) the user can correlate the IBIS data to another source.
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ibis_nwf_typ — ibis_rwf_min — ibis_rwf_max — ibis_fwf_typ — ibis_fwf_min ibis_fwf_max test_nnf_typ test_rwf_min
test_rwf_max test_fnf_typ — test_fwf_min — test_fwf_max

Graphing Options Correlation Results
Select Waveform | “ibis_wf typ v | TestTYP  EISTYP TestMIN  IBISMIN  TestMAX IBIS MAX TYPError  MINEror  MAX Error
ShowHide waveform Viow 0.0 9.61e-4 NA 1.608e-3 NA 1.147e-3 | Volts |NA
Time offset 0.0 ns Vhigh 3.3 3.298 NA 2.968 NA 3.627 Volts [0.061%
| Trise 492.28 595.32 0.0 913.3 0.0 40268 |psec [17.31% | [NA NA
Vih_ac ViLac Tfall 529,78 666,02 0.0 946,42 0.0 479,14 psec |20.%6% | |NA NA
Vih_dc wil_dc
Vref Model: ]
os_hi 05_low TestData | Testl > | Save Correlation Data ] I Save Image ] [ Close ]

Show Hide thresholds ]|

SharkSim automatically generates the correlation metric data based upon the output voltage high
and low levels as well as the rising and falling edge rates. The user can save this data for later
user as well as save screenshots. The user can also turn different waveforms on and off and add
threshold markers.
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Generating Reports

Sharksim gives the user the ability to generate an HTML report on the overall IBIS file by
including any type of data like the model quality HTML report, IBIS simulation correlation data
and screenshots and so on. The reporting feature can be accessed by going to Reports |
Generate Custom IBIS Report.

1BIS Report (|
File Mame: test.ibs MNew Report
IBIS wersion: 4.2
Load Report
File Rev: L1
Save Report
Source: [S SPICE to IBIS Translation
Manufacturer:  |ACME EECEEIEINE
Component: -Part - ]
Indude [Notes]:
Indude parser results:
Report elements:
Mode! File Text New

Element detail

Model: :ouu:»ut - Update Details

Put in HTML Report Here

File: |210Yeports\Component1_open_sink_io_ac_chedk.html

The IBIS Report allows the user to save the IBIS header information and include the Notes and
IBIS Parser results. Than the user can select different data to include with each model buffer in
the IBIS file like the quality HTML report, screenshots, saved data text files and so on. The user
selects the Generate HTML button and all of the data is compiled into one single HTML report
for the whole IBIS file. This is useful to give to external customers and for internal process
controls. An IBIS Quality Checklist Report can also be generated using the same method by
going to Reports | Generate IBIS Quality Checklist Report.
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Translating 1BIS to SPICE Subcircuits

In order to use an IBIS model in SharkSim PCB the IBIS model needs to be translated to a
SPICE subcircuit. This feature can be accessed by going to Translate | Translate IBIS to
SharkSim PCB Format. For other simulators the appropriate translator option can be selected.

IBIS Translate to SPICE Conversion ]

i Translate IBIS to SPICE Subdrcuits for Simulation |

Select Model :uuh:rut -

Model Mame output

| Model Type Output 1
I |
PWT Corner [] Only Typical Corner
Typ Min Max

| ]
| VYmeas 0.9v 0.85Y 1.0V |
| Cref 10pF 10pF 10pF ]
| Rref 1.0e10 |
I | vref 0.0V |
| |
I [ copy min/max

[ Translate IBIS |

[ Close ]

=

The IBIS timing load parameters are automatically displayed for you and will be stored with the
SPICE subcircuit. You need to translate each model from the IBIS file that you want to simulate.
There are options to include all three process corners and modify the timing test load. The copy
min/max button will apply the same timing test load to the min/max PVT corners that the typical
PVT corner has.
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Schematic Topology Editor

The schematic topology editor allows you to quickly build your interface topology, assign
models, and simulate and view the results. From the topology editor you can also access the
transmission line editor (with built in 2D field solver) and the waveform viewer with noise and
timing calculator. This feature can be accessed by going to Simulate | Launch Schematic Entry
and Simulation.

Electrical Diagram - example_top.top = = 24

File Edit View Components Tools Stackup Simulation Results Help

BB eDARDO {23 Y [T |ness

p

. Components
- # RESISTOR . .
e Capaemon Example Point to Point Topology
# INDUCTOR
- % GROUND
e -
# DIFF_TRANSMISSION_LINE IBIS Driver LOSSY RLGC transmission line )
- @ COUPLED_TRANSMISSION_LINE IBIS Receiver
- BATTERY
# VOLTAGE_SOURCE
- @ CURRENT_SOURCE
- % TBIS_DRIVER
- IBIS_RECEIVER
- CONNECTOR

% TR 10 Mhz Input Signal

The topology editor has an easy to use drag and drop interface and will be very familiar to
engineers who have used PSPICE type tools before.
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Start or Open a Project

To open an existing project go to File | Open. To start a new project go to File | New. The
topology tool saves the schematic files with a *.top extension.

Set Simulator Preference

-

22

Preferences

SPICE: | MSIM -

[ Ok ] [ Cancel ]

SharkSim PCB Windows versions come with the embedded MSIM simulator by default. You
can also select HSPICE or LTSPICE as an alternative simulator but you must have a valid
license to use any other simulator. To set your simulator preferences go to Tools | Preferences.
To use the embedded MSIM simulator select MSIM.
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Set Simulation Options

Default Waorking Directory:
b_2011_releaseswindows‘stableywindows_pch_rls_v 1p2pliexample_topology_file
Path to SPICE Application:

C:Vgnd'platformiwin32Ymsim2. exe
Analysis Type: :Transient

Simulation Start Time: 0

Simulation Stop Time: 200

Simulation Step Time: .01

Modes | Options

Browse..

ns
ns

ns

Modes to Print to File

K2 _rowr_die_pin
std_load_ibis_output_typ_X2_drer_out
4

Differential Modes

diff1=par(v{3}v(2))

Select Differential Mon Inverting Pin

Select Differential Inverting Pin

.3 v:

2 -

Differential Signal Node Mame:

| Add || Delete Selected

’ OK H Cancel ]

To set your simulation options go to Simulation | Simulation Options. You should first select a
folder on your computer that you have read and write access as your default working directory.
This is where all of your simulation files will be stored. If you are using an external SPICE
application such as HSPICE you will need to browse to and select the location of the exe file.

Next you can select the simulation analysis type and the settings. Under Nodes you can select
from the available schematic which nodes to print. You can also create differential node signals
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by selecting the inverting and non-inverting pins, giving it a name, and selecting Add. Your
simulation options will be saved along with your .top file.

Optinn5|

Simulation OPTIONS cards

Load...

numndgt=8& Clear
measdgt=6

You can also click on the Options tab and enter in the simulation option commands based upon
your simulator. For embedded MSIM simulator leave the defaults as shown below. If for some

reason the defaults are not listed you will need to enter them for the tool to work properly. You

can save and load different option settings as well.

Selecting and Connection Components

To build a simulation topology simply left click on a component from the toolbar on the left and
left click on the canvas to place the component. You can keep placing components once a
component is selected. To deselect a component or when you are done adding components click
on the mouse cursor tool bar item.

To connect components together you need to use the wire component. Select any component so
it is highlighted and then left click on the node to select it. Then right click once to start the wire
connection. You can right click again to route the wire where you want it to go. When you want
to connect the wire to a component just connect the component node with the wire and use a left
click to finish the connection. So it’s left click, right click, draw wire, right click, left click.
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Setting Component Properties

Any component properties can be edited by right clicking on the component and selecting
properties.

For an IBIS Driver or Receiver when you right click you will need to browse and select the
translated IBIS to SPICE subcircuit generated from the main SharkSim PCB IBIS editor
window.

For transmission lines the default is a lossless ideal transmission line. If you select Lossy then
you will need to browse to and select an RLGC file. For single-ended transmission lines you can
manually enter the lossy RLGC values as well. You can also select the PCB Stackup Editor
button to launch the Transmission Line Editor tool with a field solver.

It is required that you have at least one ground component in your schematic. If you don’t the
tool will give you an error.

Using the Transmission Line Editor

You can launch the Transmission Line Editor from any of the transmission line components
using the button or from the menu from Stackup | Transmission Line Editor.

SharkSim wSolver B - |= 2 |
File Preferences Help
| CoupledStripline | Coupled Microstrip | Single Ended Via | Differential Via
Stripline | Microstrip | Differential Stripline | Differential Microstrip

Stackup Properties

Parameter Sweep
W « Start Stop Step
Trace Width W Dielectric Height H1 -
— View

Trace thicknesst
Field Solver Link

Dielectric Height H2

Dielectric Constant Er MsIMembedded -

Model Name stripline

Trace Width w4 mils {} Generate | [ Run | [ viewResut
Trace Thickness t 062 | mils [yzoz - Rectangle -
RLGC
Dielectric Height H1 H1 |5 mils 1} |
R [Ohmsfin] [0
Dielectric Height H2 H2 |5 mils 1}
L [H/in] 8.3167E9
Dielectric Constant Er Er |4 {1
G [S/in]
[ Enable for Field Solvers
C [Fh 3.4541E-12
Dielectric Constant Er (H1) Er1 Josstan 7] e
Dielectric Constant Er (H2) Er2 losstan ["Jindude Rs/Gd
Dielectric Constant Er (t) Er3 losstan

ZO 49.069 Ohms TD 169.49 ps/in
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The Transmission Line Editor tool includes the eight most common PCB structures. It allows for
quick stackup analysis by using analytical equations to calculate and graph stack parameters
against impedance. You can also use the embedded MSIM simulator or external field solver to
generate RLGC models to use in SharkSim PCB.

2|

Preferences

Default Working Directory

| =
s\windows_pch_rls_v1p2p0iexample_topology_file

Path to Field Solver

C:\gnd'platformwin32imsim2. exe Browse
Field Solver Application :MSIMembedded -
RLGC Model Format | HSPICE -

Diglectric Loss Tangent

0.014

Conductor Conductivity

5.75e7 Siemens per meter
RLGC Model Frequency Operating Point

129 Mhz

Diglectric Conductivity

333e-15

Input Edge Rate
200 ps

Coupling Length
10 meters

Input Voltage Swing
3.3 Volts

oK ] [ Cancel
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The first thing to do is to go to Edit | Preferences to set the field solver preferences. The
working directory is where all of the files will be stored. If you are using an external field solver
you will need to point to the exe path location. For the field solver application leave the
MSIMembedded as the default if you are using the embedded MSIM simulator. Otherwise you
can choose HSPICE or the open source TNT field solver application.

The rest of the preferences fields are for the field solver and calculations. Some of these values
will come from the dielectric material of your PCB such as FRA4.

Dielectric Loss Tangent: Loss tangent of dielectric material (usually between 0.014 and 0.022
for FR4)

Conductor Conductivity: Conductivity of metal used for trace such as Copper (standard value
for Copper is 5.75e7)

RLGC Model Frequency Operating Point: Define frequency of simulation model (default
should be 1 Ghz)

Dielectric Conductivity: Conductivity of dielectric material (standard value for FR4 is 333e-15)
The following values are used for crosstalk calculations:

Input Edge Rate: Edge rate of input signal

Coupling Length: The parallel coupled length of two traces in PCB layout

Input Voltage Swing: Voltage amplitude of input signal

To use the field solver option to generate an RLGC file of the PCB structure simply select the
supported field solver, enter a model name, and generate and run the file. Then you can view the
resulting RLGC file in the data viewer.

iy Field Solver Link
Select supported field solver

> HSPICE =
Define saved output model file N Mo Name —
Generate, Run, and View Results > Generate | [ Run View Resuit
- Rectangle =
.

Default Shape is Rec:tang]e
Trapezoid Also Supported
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The RLGC data viewer reads the RLGC matrix and automatically calculates the single-ended
impedance and delay. For differential and coupled lines it will also calculate differential
impedance and even and odd modes.

‘I:l [ =]
Field Solver RLGC Results |
| Ro 10.869587 Ohmim
Lo 3.4039482E-7 Him
Co 1.3056733E-10 Fim
Go 0.0 aim
Rs 0.0011164525

Gd 1.1485304E-11
20 51.058 Ohms
D 169.33 psifin

Hew Model Hame

| modelname

i LloadFile  §

Save Model

Close
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Running a Simulation

Once your preferences have been set and models assigned to your components in your connected
topology you can run your simulation. To do this go to Simulation | Run. This will
automatically generate a SPICE netlist and run your selected simulator with this netlist. You can
also use the Netlist button to save a netlist and modify it or save multiple netlists. You can then
use the Simulation | Run Batch Mode to select one or multiple netlists to run at once.

Viewing Results

To view your simulation results you can launch the waveform viewer and calculator tool. To do
this go to Results | Waveform Calculator and Viewer. The main screen is the noise and timing
calculators. To open the waveform viewer go to Waveform | Launch Waveform Viewer.

To open a waveform file go to File | Load File and open the *.lis simulated file. You can then
plot the selected nodes you printed by dragging and dropping them in the waveform viewer.

o =] 8

Waveform Viewer

File Edit Help

Waveforms cono NEM
& € G sershimpoam

..... 1

m

w1 rcvr_die_

< + ™ | (Crosshair Coord:-2.5089E1 : 2.57454E0
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Noise and Timing Analysis

The main screen allows you to create and save a noise budget for your interface. You can also
create a timing budget for a common clock interface. Once you simulate and analyze your results
you can update these budgets to reflect your actual system. Then you can save the budgets as
HTML table files for your reports.

You can also run an analysis on the selected waveforms to automatically calculate the noise and
timing margin analysis for you and create an Excel spreadsheet of the results. (Note: This feature
may not work on all Linux systems.) To do this go to Analysis | Run Timing and Noise
Analysis. Your printed nodes will automatically be loaded for you. However you always have
to first load the file in the waveform viewer.

Select Avaible Drivers Select Avaible Recivers

s 0 ¥ 1:example_top.lis
Vinh_DC 0 "} w1 _rovr_die_sexample_top.lis  ERR g ghts (= b= 1y]s (= s s =5
vinl_DC D v
Vinh_AC 0 v
vinl_AC D v
Vref 0 Ll
Drriver Vmeas 0 v :
Start of Edges 0
All Edges :Yes - I
Number of Edges 0 I
Overshoot DC Static 0 v |
Qvershoot AC Dynamic 0 v
Undershoot DC Static 0 Ll
Undershoot AC Dynamic 0 W
Overshoot Time 0 ns |
Slew Rise Setup :Vref v: to i\u'ref v: I
Slew Rise Hold :Vref v: to :\u'ref v: I
Slew Fall Setup :Vref v: to :\-'ref v:
Slew Fall Hold :Vref v: to :\u'ref v:

’ Save ] ’ Load ]

I
’ Save File ] ’ Run Analysis ] ’ Dane ]

You first need to select which nodes are the driver and which nodes are the receiver. In general
you will want to select the Driver standard load node and any receiver node for the flight time
calculations to come out properly.
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Next you need to enter the various AC and DC threshold settings for your noise and timing
analysis.

When you are done select Save File and you will be asked to save a batch file with an * .wcbh
extension. This allows you to create different analysis templates for the same set of signals.

Finally you can select Run Analysis and you will be prompted to select one or multiple *.wchb
files. The analysis will run and create a separate Excel spreadsheet for each driver/receiver pair.
You can then go to your working directory and view the Excel spreadsheets.
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