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Notice

© Keysight Technologies, Inc. 1983-2016
1400 Fountaingrove Pkwy., Santa Rosa, CA 95403-1738, United States

All rights reserved.

No part of this documentation may be reproduced in any form or by any means (including electronic storage
and retrieval or translation into a foreign language) without prior agreement and written consent from
Keysight Technologies, Inc. as governed by United States and international copyright laws.

Restricted Rights Legend

If software is for use in the performance of a U.S. Government prime contract or subcontract, Software is
delivered and licensed as "Commercial computer software" as defined in DFAR 252.227-7014 (June 1995),
or as a "commercial item" as defined in FAR 2.101(a) or as "Restricted computer software" as defined in FAR
52.227-19 (June 1987) or any equivalent agency regulation or contract clause.

Use, duplication or disclosure of Software is subject to Keysight Technologies' standard commercial license
terms, and non-DOD Departments and Agencies of the U.S. Government will receive no greater than
Restricted Rights as defined in FAR 52.227-19(c)(1-2) (June 1987). U.S. Government users will receive no
greater than Limited Rights as defined in FAR 52.227-14 (June 1987) or DFAR 252.227-7015 (b)(2)
(November 1995), as applicable in any technical data.
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Portions of the code Copyright (c) 1990-1996
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documentation for any purpose, provided that the above copyright notice and the following two paragraphs
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consequential damages arising out of the use of this software and its documentation, even if the University
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The University of California specifically disclaims any warranties, including, but not limited to, the implied
warranties of merchantability and fitness for a particular purpose. The software provided hereunder is on an
"as is" basis and the University of California has no obligation to provide maintenance, support, updates,
enhancements, or modifications.

Portions of this product include the SystemC software licensed under Open Source terms, which are
available for download at http://systemc.org/. This software is redistributed by Keysight. The Contributors of


http://boolean.klaasholwerda.nl/bool.html
http://systemc.org/

the SystemC software provide this software "as is" and offer no warranty of any kind, express or implied,
including without limitation warranties or conditions or title and non-infringement, and implied warranties or
conditions merchantability and fitness for a particular purpose. Contributors shall not be liable for any
damages of any kind including without limitation direct, indirect, special, incidental and consequential
damages, such as lost profits. Any provisions that differ from this disclaimer are offered by Keysight only.

Motif is a trademark of the Open Software Foundation.
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UNIX is a registered trademark of the Open Group.
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FLEXIm and FLEXnet are registered trademarks of Flexera Software LLC Terms of Use for Flexera Software
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Public License is at http://www.mozilla.org/MPL/

FFTW, The Fastest Fourier Transform in the West, Copyright (c) 1997-1999 Massachusetts Institute of
Technology. All rights reserved.

Oracle and Java are registered trademarks of Oracle and/or its affiliates. Other names may be trademarks of
their respective owners.

Cadence, Allegro, Assura, Dracula, SKILL, Spectre, and Virtuoso are registered trademarks of Cadence
Design Systems, Inc. in the United States and/or other jurisdictions.

Mentor, Mentor Graphics, Board Station, Calibre, and Expedition are registered trademarks of Mentor
Graphics Corporation in the United States and other countries.

SystemC is a registered trademark of Open SystemC Initiative, Inc. in the United States and other countries
and is used with permission.

Gradient, HeatWave and FireBolt are trademarks of Gradient Design Automation Inc.
The following third-party libraries are used by the NlogN Momentum solver:

Metis 4.0, Copyright © 1998, Regents of the University of Minnesota", http://www.cs.umn.edu/~metis,
METIS was written by George Karypis (karypis@cs.umn.edu).

Intel@ Math Kernel Library, http://www.intel.com/software/products/mkl
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MATLAB is a registered trademark of The MathWorks, Inc. in the United States and/or other countries.
SuperLU_MT version 2.0

SuperLU Copyright: Copyright © 2003, The Regents of the University of California, through Lawrence
Berkeley National Laboratory (subject to receipt of any required approvals from U.S. Dept. of Energy). All
rights reserved.

SuperLU Disclaimer: THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO
EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

7-zip
7-Zip Copyright: Copyright (C) 1999-2009 Igor Pavlov.
Licenses for files are:

1. 7z.dll: GNU LGPL + unRAR restriction.
2. All other files: GNU LGPL.

7-zip License: This library is free software; you can redistribute it and/or modify it under the terms of the
GNU Lesser General Public License as published by the Free Software Foundation; either version 2.1 of the
License, or (at your option) any later version. This library is distributed in the hope that it will be useful,but
WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the GNU Lesser General Public License for more details. You should have
received a copy of the GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA.

unRAR copyright: The decompression engine for RAR archives was developed using source code of unRAR
program.All copyrights to original unRAR code are owned by Alexander Roshal.

unRAR License: The unRAR sources cannot be used to re-create the RAR compression algorithm, which is
proprietary. Distribution of modified unRAR sources in separate form or as a part of other software is
permitted, provided that it is clearly stated in the documentation and source comments that the code may
not be used to develop a RAR (WinRAR) compatible archiver.

7-zip Availability: http://www.7-zip.org/
AMD Version 2.2
AMD Notice: The AMD code was modified. Used by permission.

AMD copyright: AMD Version 2.2, Copyright © 2007 by Timothy A. Davis, Patrick R. Amestoy, and lain S.
Duff. All Rights Reserved.
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AMD License: Your use or distribution of AMD or any modified version of AMD implies that you agree to this
License. This library is free software; you can redistribute it and/or modify it under the terms of the GNU
Lesser General Public License as published by the Free Software Foundation; either version 2.1 of the
License, or (at your option) any later version. This library is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the GNU Lesser General Public License for more details. You should have
received a copy of the GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby
granted to use or copy this program under the terms of the GNU LGPL, provided that the Copyright, this
License, and the Availability of the original version is retained on all copies.User documentation of any code
that uses this code or any modified version of this code must cite the Copyright, this License, the Availability
note, and "Used by permission." Permission to modify the code and to distribute modified code is granted,
provided the Copyright, this License, and the Availability note are retained, and a notice that the code was
modified is included.

AMD Availability: http://www.cise.ufl.edu/research/sparse/amd

UMFPACK 5.0.2

UMFPACK Notice: The UMFPACK code was modified. Used by permission.

UMFPACK Copyright: UMFPACK Copyright © 1995-2006 by Timothy A. Davis. All Rights Reserved.

UMFPACK License: Your use or distribution of UMFPACK or any modified version of UMFPACK implies that
you agree to this License. This library is free software; you can redistribute it and/or modify it under the
terms of the GNU Lesser General Public License as published by the Free Software Foundation; either version
2.1 of the License, or (at your option) any later version. This library is distributed in the hope that it will be
useful, but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for more details. You should have
received a copy of the GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby
granted to use or copy this program under the terms of the GNU LGPL, provided that the Copyright, this
License, and the Availability of the original version is retained on all copies. User documentation of any code
that uses this code or any modified version of this code must cite the Copyright, this License, the Availability
note, and "Used by permission." Permission to modify the code and to distribute modified code is granted,
provided the Copyright, this License, and the Availability note are retained, and a notice that the code was
modified is included.

UMFPACK Availability: http://www.cise.ufl.edu/research/sparse/umfpack UMFPACK (including versions
2.2.1 and earlier, in FORTRAN) is available at http://www.cise.ufl.edu/research/sparse. MA38 is available in
the Harwell Subroutine Library. This version of UMFPACK includes a modified form of COLAMD Version 2.0,
originally released on Jan. 31, 2000, also available at http://www.cise.ufl.edu/research/sparse. COLAMD V2.
0 is also incorporated as a built-in function in MATLAB version 6.1, by The MathWorks, Inc. http://www.
mathworks.com. COLAMD V1.0 appears as a column-preordering in SuperLU (SuperLU is available at
http://www.netlib.org). UMFPACK v4.0 is a built-in routine in MATLAB 6.5. UMFPACK v4.3 is a built-in
routine in MATLAB 7.1.

Errata
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The ADS product may contain references to "HP" or "HPEESOF" such as in file names and directory names.
The business entity formerly known as "HP EEsof" is now part of Keysight Technologies and is known as
"Keysight EEsof". To avoid broken functionality and to maintain backward compatibility for our customers,
we did not change all the names and labels that contain "HP" or "HPEESOF" references.

Qt Version 4.8.4
Qt Notice: The Qt code was modified. Used by permission.

Qt Version 4.8.4, Copyright (C) 2014 Digia Plc and/or its subsidiary(-ies). All Rights Reserved. Contact:
http://www.qt-project.org/legal

Qt License: http://qt-project.org/doc/qt-4.8/lgpl.html. Your use or distribution of Qt or any modified version
of Qt implies that you agree to this License. This library is free software; you can redistribute it and/or modify
it under the terms of the GNU Lesser General Public License as published by the Free Software Foundation;
either version 2.1 of the License, or (at your option) any later version. This library is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License
for more details. You should have received a copy of the GNU Lesser General Public License along with this
library; if not, write to the Free Software Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-
1301 USA Permission is hereby granted to use or copy this program under the terms of the GNU LGPL,
provided that the Copyright, this License, and the Availability of the original version is retained on all copies.
User documentation of any code that uses this code or any modified version of this code must cite the
Copyright, this License, the Availability note, and "Used by permission." Permission to modify the code and to
distribute modified code is granted, provided the Copyright, this License, and the Availability note are
retained, and a notice that the code was modified is included.

Qt Availability: http://www.qgtsoftware.com/downloads

Patches Applied to Qt can be found in the installation at: $HPEESOF_DIR/prod/licenses/thirdparty/qt
/patches.

You may also contact Brian Buchanan at Keysight Inc. at brian_buchanan@keysight.com for more
information.

The HiSIM_HV source code, and all copyrights, trade secrets or other intellectual property rights in and to
the source code, is owned by Hiroshima University and/or STARC.

HDF5

HDF5 Notice: The HDF5 code was modified. Used by permission.

HDF5 Copyright: Copyright 2006-2013 by The HDF Group.

HDF5 License:

Copyright Notice and License Terms for HDF5 (Hierarchical Data Format 5) Software Library and Utilities
HDF5 (Hierarchical Data Format 5) Software Library and Utilities

Copyright 2006-2013 by The HDF Group.
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NCSA HDF5 (Hierarchical Data Format 5) Software Library and Utilities
Copyright 1998-2006 by the Board of Trustees of the University of Illinois.

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted for any
purpose (including commercial purposes) provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions, and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions, and
the following disclaimer in the documentation and/or materials provided with the distribution.

3. In addition, redistributions of modified forms of the source or binary code must carry prominent
notices stating that the original code was changed and the date of the change.

4. All publications or advertising materials mentioning features or use of this software are asked, but not
required, to acknowledge that it was developed by The HDF Group and by the National Center for
Supercomputing Applications at the University of Illinois at Urbana-Champaign and credit the
contributors.

5. Neither the name of The HDF Group, the name of the University, nor the name of any Contributor may
be used to endorse or promote products derived from this software without specific prior written
permission from The HDF Group, the University, or the Contributor, respectively.

libpng

libpng Copyright: libpng versions 1.2.6, August 15, 2004, through 1.6.3, July 18, 2013, are Copyright (c)
2004, 2006-2013.

libpng License: This copy of the libpng notices is provided for your convenience. In case of any discrepancy
between this copy and the notices in the file png.h that is included in the libpng distribution, the latter shall
prevail.

COPYRIGHT NOTICE, DISCLAIMER, and LICENSE:

If you modify libpng you may insert additional notices immediately following this sentence.

This code is released under the libpng license.

libpng versions 1.2.6, August 15, 2004, through 1.6.3, July 18, 2013, are Copyright (c) 2004, 2006-2013
Glenn Randers-Pehrson, and are distributed according to the same disclaimer and license as libpng-1.2.5
with the following individual added to the list of Contributing Authors, Cosmin Truta

libpng versions 1.0.7, July 1, 2000, through 1.2.5 - October 3, 2002, are Copyright (c) 2000-2002 Glenn
Randers-Pehrson, and are distributed according to the same disclaimer and license as libpng-1.0.6 with the
following individuals added to the list of Contributing Authors

Simon-Pierre Cadieux, Eric S. Raymond, Gilles Vollant and with the following additions to the disclaimer:
There is no warranty against interference with your enjoyment of the library or against infringement. There is
no warranty that our efforts or the library will fulfill any of your particular purposes or needs. This library is
provided with all faults, and the entire risk of satisfactory quality, performance, accuracy, and effort is with
the user.



libpng versions 0.97, January 1998, through 1.0.6, March 20, 2000, are Copyright (c) 1998, 1999 Glenn
Randers-Pehrson, and are distributed according to the same disclaimer and license as libpng-0.96, with the
following individuals added to the list of Contributing Authors: Tom Lane, Glenn Randers-Pehrson, Willem
van Schaik

libpng versions 0.89, June 1996, through 0.96, May 1997, are Copyright (c) 1996, 1997 Andreas Dilger
Distributed according to the same disclaimer and license as libpng-0.88, with the following individuals added
to the list of Contributing Authors: John Bowler, Kevin Bracey, Sam Bushell, Magnus Holmgren, Greg
Roelofs, Tom Tanner

libpng versions 0.5, May 1995, through 0.88, January 1996, are Copyright (c) 1995, 1996 Guy Eric Schalnat,
Group 42, Inc.

For the purposes of this copyright and license, "Contributing Authors" is defined as the following set of
individuals: Andreas Dilger, Dave Martindale, Guy Eric Schalnat, Paul Schmidt, Tim Wegner

The PNG Reference Library is supplied "AS IS". The Contributing Authors and Group 42, Inc. disclaim all
warranties, expressed or implied, including, without limitation, the warranties of merchantability and of
fitness for any purpose. The Contributing Authors and Group 42, Inc. assume no liability for direct, indirect,
incidental, special, exemplary, or consequential damages, which may result from the use of the PNG
Reference Library, even if advised of the possibility of such damage.

Permission is hereby granted to use, copy, modify, and distribute this source code, or portions hereof, for any
purpose, without fee, subject to the following restrictions:

1. The origin of this source code must not be misrepresented.

2. Altered versions must be plainly marked as such and must not be misrepresented as being the original
source.

3. This Copyright notice may not be removed or altered from any source or altered source distribution.

The Contributing Authors and Group 42, Inc. specifically permit, without fee, and encourage the use of this
source code as a component to supporting the PNG file format in commercial products. If you use this
source code in a product, acknowledgment is not required but would be appreciated.

OpenSSL

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of the OpenSSL License and the
original SSLeay license apply to the toolkit. See below for the actual license texts. Actually both licenses are
BSD-style Open Source licenses. In case of any license issues related to OpenSSL please contact openssl-
core@openssl.org.

OpenSSL License

Copyright (c) 1998-2011 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and
the following disclaimer in the documentation and/or other materials provided with the distribution.



3. All advertising materials mentioning features or use of this software must display the following
acknowledgment: "This product includes software developed by the OpenSSL Project for use in the
OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to endorse or promote
products derived from this software without prior written permission. For written permission, please
contact openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL" nor may "OpenSSL" appear in their
names without prior written permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following acknowledgment: "This product
includes software developed by the OpenSSL Project for use in the OpenSSL Toolkit (http://www.
openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "AS IS" AND ANY EXPRESSED OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young (eay@cryptsoft.com). This product
includes software written by Tim Hudson (tjh@cryptsoft.com).

Original SSLeay License
Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written by Eric Young (eay@cryptsoft.com).

The implementation was written so as to conform with Netscapes SSL. This library is free for commercial and
non-commercial use as long as the following conditions are aheared to. The following conditions apply to all
code found in this distribution, be it the RC4, RSA, lhash, DES, etc., code; not just the SSL code. The SSL
documentation included with this distribution is covered by the same copyright terms except that the holder
is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in the code are not to be removed. If this
package is used in a product, Eric Young should be given attribution as the author of the parts of the library
used. This can be in the form of a textual message at program startup or in documentation (online or textual)
provided with the package.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

1. Redistributions of source code must retain the copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and
the following disclaimer in the documentation and/or other materials provided with the distribution.
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3. All advertising materials mentioning features or use of this software must display the following
acknowledgement: "This product includes cryptographic software written by Eric Young (
eay@cryptsoft.com)" The word 'cryptographic' can be left out if the rouines from the library being
used are not cryptographic related.

4. If you include any Windows specific code (or a derivative thereof) from the apps directory (application
code) you must include an acknowledgement: "This product includes software written by Tim Hudson (
tih@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG “AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

The licence and distribution terms for any publically available version or derivative of this code cannot be
changed. i.e. this code cannot simply be copied and put under another distribution license \[including the
GNU Public Licence.]

Growl GNTP support:
[The "BSD licence"] Copyright (c) 2009-2010 Yasuhiro Matsumoto
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and
the following disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of the author may not be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Cuda
Cuda Redistributable Software - 1.8. Attachment A



In connection with Section 1.2.1.1 of this Agreement, the following files may be redistributed with software
applications developed by Licensee, including certain variations of these files that have version number or
architecture specific information embedded in the file name - as an example only, for release version 6.0 of
the 64-bit Windows software, the file cudart64_60.dll is redistributable.

Component : CUDA Runtime

Windows : cudart.dll, cudart_static.lib
MacOS : libcudart.dylib, libcudart_static.a
Linux : libcudart.so, libcudart_static.a
Android : libcudart.so, libcudart_static.a

Component : CUDA FFT Library
Windows : cufft.dll

MacOS : libcufft.dylib

Linux : libcufft.so

Android : libcufft.so

Component : CUDA BLAS Library
Windows : cublas.dll

MacOS : libcublas.dylib

Linux : libcublas.so

Android : libcublas.so

Component : CUDA Sparse Matrix Library
Windows : cusparse.dll

MacOs : libcusparse.dylib

Linux : libcusparse.so

Android : libcusparse.so

Component : CUDA Random Number Generation Library
Windows : curand.dll

MacOs : libcurand.dylib

Linux : libcurand.so

Android : libcurand.so

Component : NVIDIA Performance Primitives Library
Windows : nppc.dll, nppi.dll, npps.dll

MacOs : libnppc.dylib, libnppi.dylib, libnpps.dylib
Linux : libnppc.so, libnppi.so, libnpps.so

Android : libnppc.so, libnppi.so, libnpps.so

Component : NVIDIA Optimizing Compiler Library
Windows : nvwm.dll

MacOs : libnvvm.dylib

Linux : libnvvm.so

Component : NVIDIA Common Device Math Functions Library

Windows : libdevice.compute_20.bc, libdevice.compute_30.bc, libdevice.compute_35.bc
MacOs : libdevice.compute_20.bc, libdevice.compute_30.bc, libdevice.compute_35.bc
Linux : libdevice.compute_20.bc, libdevice.compute_30.bc, libdevice.compute_35.bc



Component : CUDA Occupancy Calculation Header Library
All : cuda_occupancy.h

Read more at: http://docs.nvidia.com/cuda/eula/index.html#ixzz30CrknWfU

Warranty The material contained in this document is provided "as is", and is subject to being changed,
without notice, in future editions. Further, to the maximum extent permitted by applicable law, Keysight
disclaims all warranties, either express or implied, with regard to this documentation and any information
contained herein, including but not limited to the implied warranties of merchantability and fitness for a
particular purpose. Keysight shall not be liable for errors or for incidental or consequential damages in
connection with the furnishing, use, or performance of this document or of any information contained herein.
Should Keysight and the user have a separate written agreement with warranty terms covering the material
in this document that conflict with these terms, the warranty terms in the separate agreement shall control.
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DDR3 Compliance Test Bench

This section describes the following topics:

Introduction to DDR3 SDRAM

Introduction to DDR3 Compliance Test Bench
Installing DDR3 Compliance Test Bench
LPDDR3 Simulation Setup

DDR3 Simulation Setup

Perform LPDDR3 and DDR3 Compliance Tests using ADS simulated waveforms
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DDR3 Simulation Setup

DDR3 Simulation Setup

There are two simulation setups for DDR3, which are prefixed with Wavef or nBri dge:

® DDR3_CA: Denotes command and address bus simulation

® DDR3_DQ_Write: Denotes data bus simulation in WRITE mode, that is, data transfer from memory controller to
DRAM

These simulation setups have five common blocks: Simulation Engine, Basic Variable definition, Equations for Compliance

Trace Export, PCB Substrate Definition, and IBIS Alias Parameter Definition, as shown in the following figure:
ddr3_sim.svg
ddr3_basic.svg
ddr3_equ.svg
ddr3_substrate.svg
ddr3_allg.svg
A simulation runs in the following sequence:
® Variables in VarEqn blocks are calculated as pre-processing equations
® Transient simulation run from StartTime to StopTime

® Variables in MeasEqgn blocks, AEL expression equations in Netlist Include block are calculated as post-processing

equations.

DDR3_DQ _Write schematic

A top-level schematic for DDR3 DQ Write is shown in the following figure. The blocks from left to right are: DQ Burst
Pattern Generator, Controller DQ Driver Pins, Mother Board PCB + 2 DIMMs per Channel DDR3 Memory.

- Patt D@D _DQO . P
Fatt_ D@1 _Dari DQD.« 2 ol DGO

- Patt D@2 atin_DQ2 D@1 = - DAt

& Pat DQ3 [———e—fPatin D3 - - BQ2_cutl—e———— b2 = bQz

3 2 m 2 o E Baz. = o o . . . o DQs3

= a

5 S Ha 3 Das. == \obo 2DpC - = e

E- . Fatt DQ4 _DQ4 E DaSh - me . . . 51 52 - DQSD

E Fatt DQE _DQ5 g D@4 = o DQ4

Z DQ&

3 Patt DQE atin_DQE BQ5:ou = o

= Patt DQT _DQ7 BQE:« s P DAs
P o o BQ7.c e o = Loy

Enabls_DQS] , DQS
" Enabis D2 bls DQ i
o — DDR3_DQ 2DpC
- Patt GLKraf * DRAM_DDR3_DQ_Write © - DQ:Board - :
- DDR3 DRAM TX - - . - . P
SEEE T E DRAM.TX. DQ Model=CTRL .TX. DQ_Model
X Paftem. . - . DRAM_TX_DQS_Model=CTRL_TX_DQS_Model

Bitrate=DQ_BitRate_5i
Diff_CLKref

Block details used in this schematic are explained in the subsequent sections.
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DQ Burst Pattern Generator

Patt_DQO-
Patt_DQ1-
Patt_DQ2:

R

Patt DQ3-
Patt_DQS
Patt_DQ4-

Patt_DQS-
Ratt_DQS.

DDRxEBurst Pattem Soume

RN

Patt DOT-

Enable_DQS

Enable_DQ

- Patt_GLKref

]

The DQ burst pattern generator produces the following patterns:
® 8 pseudo-random data (DQ) patterns labeled as Patt_DQO to Patt_DQ7,
® 1 repetitive strobe (DQS) pattern labeled as Patt_DQS,
® 1 repetitive clock pattern labeled as Patt_CLKref,
® 2 pulse patterns to enable DQ and DQS bursts
Inside the pattern generator schematic, there are primitive models from ADS Analog Lib:

® Pseudo random bit sequence (PRBS) sources with user-defined linear feedback shift register (LFSR ) are used to

generate the DQ pattern, with each DQ bit having different LFSR taps.

PRBS_DQ0 - - ] i Patt_DQO
Mode=User Defined LFSR- -~ - - | —~ Num=1
BitRate=Bitrate 1
Delay=0 I o

£ L

® PRBS source with explicit bit sequence is used to generate the repetitive DQS pattern with preamble

PRBS_DQS

Mode=Explicit Bit Sequence
Viow=1V .

Vhigh=0V
BitRate=Bitrate

Delay=Ul/2

., H _/—\Patt DS
7 m=e

IH ik

L
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® Pulse source is used to generate a pulse pattern to enable DQ and DQS bursts

- " Enable_DQ ' Enable_DQ-
+] ViPulse . T -_O Num=11
SRC8
Viow=0V
Vhigh=1V
~| 'Delay=Init_Delay+1.1*Ul
‘Width=(BL+1)*UI

Period=24*U|
DQ Driver
attin_DQd -
attin_D@1 - 0 0 Dbl o
attin_D@Q2 - 0 0 BQ1-o
attin_DQ3 - 0 0 DQZ o
w

. - 1] BQ3. o
attin_DQSs ;

- - E DS o
attin_DQ4 - E DasSk- o
attin_DQs - % DQ4-o
attin_D@Qs - . . Qs o
attin_DQ7 - 0 0 DQs o

- - BQ7 o
nable_DQ5S
nable_DG

The DQ driver model takes a pulse pattern as an input, and generates a waveform as an output that mimics the driver
circuit output at memory controller I/0 pad. Inside the drive schematic, there is an IBIS 1/0 model for each pin, as shown

in the following figure:

IBIS 10

IBIS1

IbisFile=DRAM _IBIS. File :
ComponentName =DRAM Component .
FPinName=DRAM _TX_DGQ_Pin
ModelName=DRAM T}{ DQ Model
SetAllData=yes '

- DatalypeSelector= Typ SRR
—-—T .. UsePkg=yes - . S _aﬁﬂ_ﬁu._
> <OM™

The IBIS parameters uses alias names defined in top level schematic.
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The IBIS model used in this example is for illustration purpose only. You must use the IBIS model or

SPICE model provided by your controller vendor to get good simulation accuracy for your system.

Mother Board (Mobo) PCB with 2 DIMMs per Channel Memory (2DpC)

L . . L = Dao
—e . DQ1
— . DO
—_—e . e DQ3
—+t=ssMobo 2DpC - - - - - s Das
. - 1 A - v DQSb
Y DQ4
| . Das
e e - DQ6
S— » DQ7

DDR3_DQ_ 20DpC
This sub-circuit contains the motherboard PCB traces, DIMM PCB traces, DIMM sockets, and DRAM receiver models
having several levels of sub-hierarchies.
ddr3_2dpc.svg

Slot0 and Slot1 are the 2 DIMM slots, where the DIMM socket is represented by S-Parameter blocks. The PCB traces
between Slot 0 and Slot 1 are the DIMM traces, and the PCB traces on the left side of Slot 0 are the motherboard traces.

Each DIMM has 2 ranks of memory on it, as shown in the following sub-circuit:

L L
SisiEfiissss Fsasfgziss
E'

o

o

™ =

o,

(]

a

W il
e KK 1M
l..— il I:;IIII
—e
e com
-..— i |;||||
...— |u"||l.llllll
—ps com
—bcr com
._ LN I:.IIII
-..— AL I:.IIII

ddr3_2rank_dimm.svg
The 2 blocks on the right-hand side are the DRAM devices in rank-0 and rank-1, respectively.

Selecting the correct DIMM and rank for DRAM output is accomplished by the ideal switches in DDR3 2DpC schematic.
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DDR3_CA schematic

A top-level schematic for DDR3 CA (command and address bus) simulation is shown in the following figure. The blocks
from Left to Right are — CA Pattern Generator > PCB Interconnects > UDIMM Receiver. UDIMM stands for Un-buffered
Dual Inline Memory Module. There are other DIMM types, such as RDIMM (Registered DIMM) and LRDIMM (Load

Reduced DIMM), which are not discussed here.

DM i,

DDR3 1CA -

Cwawn
2
o

. O — . . . . © o o o of|lo o © o ©o o o o r bl

UDIMM_CA

Ll DORS LA 1oes
- - Y- - - .- - - - PDET A RO -

’ I::aaI_C'arl'r_all'ar' ==
* Ron Mes1d o o oo €

CA Pattern Generator

CAB-0
CAT-0
CAB.0
CAZ-0
CLK.o

CLKb. 0

CA10.0

CAll.o

Ideal CA TX

CAl12. 0
CA13. 0

The CA pattern generator produces the following patterns:
® 8 pseudo-random pulse patterns labeled as CA6_out to CA13_out,
® 1 repetitive clock pattern labeled as CLK_out (+) and CLKb_out(-),
Inside the CA pattern generator schematic, there are primitive models from ADS Analog Lib:

® Pseudo random bit sequence (PRBS) sources with user-defined linear feedback shift register (LFSR) are used to

generate the CA pattern, with each CA bit having different LFSR taps

Mode=User Defined LFSR. - == - | — _r:C> .
w , CA6_out

Num=1

BifRate=CA BitRate Sim . . J_
R
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® PRBS source with explicit bit sequence is used to generate the repetitive CLK pattern

CLK 0101 -

Mode=Explicit Bit Sequence
BitRate=DQ_BitRate_Sim
Delay=0.5* Ul

CLK_1010

Mode=Explicit Bit Sequence
BitRate=DQ_BitRate_Sim
Delay=0.5* Ul

I HIHH

<

I3

CLK out
Num=5
-+
I “Q
_J‘ CLKb_out
Num=6
=

Unlike DQ/DQS patterns that are either WRITE burst or READ burst, CA pattern is continuous, and transmitted in

uni-direction from controller driver pin to DRAM receiver pin

PCB Interconnects

L

~=DDR3 1CA -

=

HHHIT

DDR3 CA’ 1DpC
CA_Board-

This is a sub-circuit including motherboard PCB traces and DIMM socket S-parameter block, as shown in the following

figure:
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This example is for illustration purpose only. For your own DDR3 system simulation, ensure to modify this example to

match the topology of your system design.

DRAM receivers on UDIMM module

UDIMM_CA

UDIMM_CA

This UDIMM sub-circuit takes the clock and the address signals as an input, and re-distribute each signal to 8 DRAM

devices on the UDIMM. For example, address signal A6 is split into 8 paths as shown in the following figure.
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P1
Num=1

UDIMM_CA_Conn

UDIMM_CA_DRAM1

-UDIMM_CA_DRAM2
-UDIMM_CA_DRAM3
-UDIMM_CA_DRAM4

UDIMM_CA_DRAMS||—

UDIMM_CA_DRAMS
UDIMM_CA_DRAM?

- UDIMM_CA_DRAMS

These address signals are then connected to the 8 DRAM devices on UDIMM module, as shown in the following figure.

A D

AT DA

A9 D1__|
CLK 1

K s
CLKb_D1 | o,

A10_D1__|
A1_D1
A12 D1
A13 D1

Inside each DRAM device, a receiver pin is terminated by an IBIS receiver model.

pra—| T

AEDL_M.

—tll -
—h12 .
—A13 -

Micron DOR3 CA

}';'I.'-\"
Mum=1

ABIS I

1BIST

IbisFile=DRAM _IBIS_File

‘ComponentName=DRAM Cnmpnnent

‘PinName=DRAM_CA Pin
< > ‘ModelName=DRAM_CA Model-

SetAllData=yes.

UsePkg=yes

Data Type Selector= T';,rp.
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Introduction to DDR3 Compliance Test
Bench

Introduction to DDR3 Compliance Test Bench

DDR3 compliance test bench contains simulation setups for DDR3 (1.5V), and LPDDR3 (1.2V) devices. The workflow for
DDR3 and LPDDR3 compliance test is:

® Run ADS simulation to generate waveforms in hdf5 format, with . h5 file extension

® Use ADS generated waveforms in DDR3 Compliance Test Application to perform tests

About Infiniium Offline DDR3 Compliance Test Application

The Infiniium Offline DDR3 compliance test application provides accurate and detailed verification of DDR3 memory
interfaces to ensure compliance with JDEC specification. The offline mode runs on Windows 7 PCs with ADS simulated
waveforms or stored waveforms captured in oscilloscope measurement. The DDR3 compliance test application contains
tests for different SDRAM types, that is, DDR3 (1.5V), DDR3L(1.35V), and LPDDR3 (1.2V), as shown in the following
figure.
% DDR3 Test -- DDR3 Devicel *

File View Tools Help

I = RIS

SetUp | select Tests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |
DDR3 Test Environment Setup

Set Up
—Device Under Test (DUT)
rSpeed Grade——— [ TestMode———— T AC Levels
¥ DDR3-800 ¥ Compliance DG CA
Select Tests - P
" DDR3-1066  Custom £ 130 125
" DDR3-1333 135 135
¢ DDR3-1600 TSDRAMType—————| ¢~ 15 150
Sonifgurs " DDR3-1856 I” DDRIL 160 C 160
 DDR3-2133 [ LPDDR3 & 175 & 175
— Burst Triggenng Method————
‘o ¥ DQ5-DQ Phase Difference
" MSOx Logic Triggering

A SetMask File | Derate Table Fil | Threshold Setings |  Offine Setup |  DDR Debug Tool
— Test Report Comments (Oplional)
Device ldentifier: User Description:

|(SELECT OR TYPE) =] |SELECTORTYPE)  +|

Comments:
| -

| 0 Tests |Fo||ow instructions to describe your test environment |Cor1r1ech'on: UINKMOWM |

When working with the Infiniium Offline DDR3 compliance application, consider the differences between simulated and

measured waveforms:
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® Variable time-step vs. fixed time step
¢ Continuous data-stream vs. burst type signaling
® Simulated DQ + DQS without CLK vs. captured waveforms with DQ, DQS, CLK

Usually simulations work with variable time-steps, while measurements uses a fixed time step. The DDR3 compliance
test application on the oscilloscope assumes a fixed time-step of 50 ps and is used for the simulated waveforms. In
addition, the oscilloscope application works with bursts of data and have the ability to separate out write, read, and tri-
state modes using a Preamble structure at the beginning of the data burst. To generate the required waveforms for
offline DDR3 test compliance application, add preamble structure and clock timing to set up the ADS simulation of DQ
and DQS.

About ADS Simulation Setup

ADS transient simulator is used in all simulation setups. The transient simulation controller rely on the basic settings
done by the variables in the Si mul at i onCont r ol Par anet er s, as shown in the following figure, where speed grade

and the number of simulated bits are set.

- Simulation Engine.

SimulationControlParameters

.. SpeedGrade=1600.
“No_of_simBits=50"

| | TRansienT |

Tran

Final Sim. . . . . . . .
StartTime=Data_Collection_Start
StopTime=Data_Collection_Stop
MaxTimeStep=tn =

Simulation can be done in two configurations, either with arbitrary alignment between Clock and DQS, or with precise
alignment between them. If the simulation does not take care of DQS to CLK alignment and the timing is arbitrary, then
one should not enable the compliance tests tDQSS, tDSS and tDSH that are used to verify this alignment. The second
option is to align CLK to DQS timing manually in simulation through optimization. In operational systems this is done by
the Write Leveling training during Power up. Regardless of the CLK to DQS alignment, the DDR3 Compliance Test

Application still needs a CLK waveform in order to work properly.

For the fixed time-step, the ADS example does have an interpolation algorithm to generate waveforms with a fixed 50 ps
step size. This means it is not required to adjust the simulation controller to a 50 ps time step. In case a different test

bench setup is used one may need to make sure that there is a fixed time-step of 50 ps for the saved waveforms.
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Simulating burst mode with preamble will result in better coverage for compliance verification. To generate the burst
mode with Preamble the ADS simulation example uses the enable input of the IBIS model. This is driven by a pulse
source that generates the delayed enable signals for DQS and DQ. In the example workspace the simulation works with a
double burst (i.e., 16 bits per Burst) and an 8 bit bubble between two bursts. If this is changed the enable signals need to
be adjusted accordingly. In order to have accurate control over the enable signal timing one should leave the maximum

time-step at UI/10 or smaller.

1.2
1.0 - -
i DQS
=~ 08 W
9> - i
o'l 06 ;
22 | EnableDQS—i i | /|
05 04— |
1 i |<Enable DQ
0.2 : H
: :
ﬂﬂ 1 L 1 | | 1 j| T | T T T T
10 15 20 25
time, nsec
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Installing DDR3 Compliance Test Bench

Installing DDR3 Compliance Test Bench

This section provides information about the prerequisites and steps for installing DDR3 Compliance Test Bench (CTB).

DDR3 Prerequisites

® The ADS 2015.01 DDR3 Compliance Test Bench is installed with ADS 2015.01.

® |icenses for ADS Core and the ADS Transient Convolution Element or a bundle (such as the W2210BP/BT) that

contains these two are required.
® W2350EP/ET DDR3 Compliance Test Bench license is required.

® Additionally, the following oscilloscope software must be downloaded and licensed separately. However, no actual

oscilloscope is required: the software runs on an ordinary Windows PC in offline/remote mode:
© N8900A-001 Infiniium Offline, Transportable License
© NB8900A-002 DSA Package (EZJIT Plus and SDA), Transportable License

© U7231B-1TP DDR3 and LPDDR3 Compliance Software, Transportable License

Install Instructions

To install DDR3:
1. Launch ADS 2015.01 and open a Schematic view.
The DDR3 Advanced Compliance Test Bench is available under the DesignGuide menu.
2. Download the Infiniium Offline Oscilloscope Analysis Software from the Keysight website and follow the on-
screen installation instructions.

Close all the applications on your PC before installing the software.

3. Restart your PC to complete the installation.

4. Download the DDR3 Compliance Test Application Software from the Keysight website and follow the on-screen
installation instructions.
http://www.keysight.com/main/software.jspx?cc=IN&lc=eng&ckey=2157066&nid=-34333.1094284&id=2157066

5. Restart your PC after completing the installation.
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Introduction to DDR3 SDRAM

Introduction to DDR3 SDRAM

DDR3 Compliance Test Bench content was originally generated by Hermann Ruckerbauer of EKH (www.eyeknowhow.de).

Keysight Technologies owns all the rights to this content.

About DDR3 SDRAM

DDR3 stands for double data rate 3" generation. SDRAM stands for synchronous dynamic random access memory. As of
October 2014, DDR3 memory still dominates the memory usage in computing, networking, storage and mobile
applications. It’s a successor to a previous generation DDR2 memory, and a predecessor to the next generation DDR4
memory. DDR3 interface specification (JEDC Standard JESD 79-3) doubles the data rate of DDR2. DDR4 interface
specification (JDEC Standard JESD 79-4) doubles the data rate of DDR3. Following table compares different generations

of DDR memory technologies. (http://www.virtium.com/resources/quick-reference-topics/ddr123/)

DRAM SDR DRAM DDR SDRAM DDR2 SDRAM DDR3 SDRAM DDR4 SDRAM
Technology
Comparison
Data rate (Mb/s PC66 DDR-200 DDR2-400 DDR3-800 DDR4-2133
per pin), PC100 DDR-266 DDR2-533 DDR3-1066 DDR4-2400
Chip speed bin PC133 DDR-333 DDR2-667 DDR3-1333 DDR4-2666
(*Note 3) DDR-400 DDR2-800 DDR3-1600 DDR4-3200
Clock (Mhz) 66 100 200 400 1067

100 133 266 533 1200

133 166 333 666 1600

200 400 800

Module ranks 1,2 1,2, 4 1,2, 4 1,2, 4 1,2, 4
(# of chip select
lines)
Module data bus  x64, x16, x32, x64, x16, x32, x64, x16, x32, x64, x16, x32, x64
width (x72 with ECC) (x72 with ECC) (x72 with ECC) (x72 with ECC) (x72 with ECC)
(170

organization)

VLP VLP VLP

RDIMM RDIMM RDIMM RDIMM RDIMM
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DRAM
Technology

Comparison

JEDEC Modules

and
JEDEC Form

Factors

Module Densities

Chip Densities

Chip Density @

Lowest Cost per

Bit

Chip data bus
width
(170

organization)

Voltage (VDD =
VDDQ/[V])

SDR DRAM

UDIMM

SODIMM

up to 256MB

32Mb to 256Mb

128Mb

x4, x8, x16

3.3V

DDR SDRAM

UDIMM

SODIMM

microDIMM

16b-SODIMM

32b-DIMM

128MB to 2GB

128Mb to 1Gb

256Mb

x4, x8, x16

2.5V

32% reduction

DDR2 SDRAM

UDIMM

SODIMM

SO-CDIMM

SO-RDIMM

microDIMM

mini-DIMM

FB-DIMM

16b-SODIMM

32b-SODIMM

256MB to 4GB

256Mb to 2Gb

512Mb

x4, x8, x16

1.8V

39% reduction

DDR3 SDRAM

UDIMM

SODIMM

SO-UDIMM

SO-RDIMM

microDIMM

mini-DIMM

LR-DIMM

32b-SODIMM

1GB to 32GB

512Mb to 8Gb

1Gb

x4, x8, x16

1.5V

20% reduction

DDR4 SDRAM

UDIMM

SODIMM

SODIMM ECC

Reg SODIMM
ECC

mini-DIMM

LR-DIMM

4GB to 64GB

4Gb to 8Gb

4Gb

X4, x8, x16

1.2v

25% reduction
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DRAM
Technology

SDR DRAM

Comparison

% Power
Reduction from
previous
generation (VDD
only) (*Note 2)
Interface LVTTL

DRAM Banks 2/4
(inside the chip)

Prefetch (bits) 1

Burst length 1, 2, 4, 8 (page)
(*Note 5)
Bidirectional None

strobe

DQ driver
strength

Wide envelope

/calibration

Termination

Data mask Yes

DRAM Package TSOP-54

(monolithic)

Notes:

DDR SDRAM

SSTL 2

2,4,8

Single Ended

(SE)

Narrow envelope

only on MoBo

Yes

TSOP-66, BGA

DDR2 SDRAM

SSTL_18

4 (8 for 1Gb)

4,8

SE, Differential

optional

18 Q,0CD

calibration

MoBo/0ODT
values = 50, 75,
150, or “off””

Yes

FBGA only

DDR3 SDRAM

SSTL_15

8 (4 burst chop)

Differential only

34 Q,ZQ-pin

self-calibration

DIMM/Dynamic
oDT

Yes

FBGA only

® DDR2 and DDR3 UDIMMs and RDIMMs have a 240-pin, 1.0mm pitch memory sockets.

DDR4 SDRAM

POD_12

Differential only

400Q,480Q

Dynamic ODT

Yes

FBGA only

® DDR3 may be as much as 30% reduction over DDR2 at the same speed, when considering lower IDD currents and
other DDRS3 architectural changes. DDR3-1600 is at the same power level, as DDR2-800.

® DDR3 has higher CAS Latency than DDR2: DDR3-800 (5-5-5), DDR3-1066 (7-7-7), DDR3-1333 (8-8-8), DDR3-

1333 (9-9-9).
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The memory sockets (slots) per channel are memory controller and motherboard dependent. RDIMMs may have

more slots than UDIMM. Faster and higher density DIMMs may require less slots per channel.

“DDR3 Burst Length: 8 (Interleave without any limit, sequential with starting address “000” only), 4 with tCCD = 4

which does not allow seamless read or write [either On the fly using A12 or MRS]“.

DDR3 Programmable CAS Write Latency (CWL) = 5 (DDR3-800), 6 (DDR3-1066), 7 (DDR3-1333), 8 (DDR3-1600).
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LPDDR3 Simulation Setup

LPDDR3 Simulation Setup

There are four simulation setups for LPDDR3, which are prefixed with Wavef or nBr i dge:

® | PDDR3_DQ_Write: Denotes data bus simulation in WRITE mode, that is, data transfer from memory controller to
DRAM

® | PDDR3_DQ_Read: Denotes data Bus simulation in READ mode, that is, data transfer from DRAM to memory

controller
® | PDDR3_CA: Denotes command and address bus simulation

® LPDDR3_Complete: Denotes a complete set of signals in one simulation, by combining CA, DQ_Write and DQ_Read

simulation setups into one schematic.
These simulation setups have three common blocks.

® Simulation Engine

- Simulation Engine.

v SimulationControlParameters

.. SpeedGrade=1600.
“No_of_simBits=50"

|8 | TRansEnT |

Tran =«

Final Sim. . . . . . . .
StariTime=0Data_Collection_Start
StopTime=Data_Collection_Sftop
MaxTimeStep=tn ~

® Basic Variable definition
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Basic Variable definition
- Calculated&muIatmnCUntmlParameters ' ' :::123
bitrate=SpeedGrade*teb- : S VDD Simﬂ?
- DQ BitRate Sim =bitrate - o=
. CA BitRate_Sim=bitrate .
Samples_per bit=10
" Freq=0.5%bitrate
" bitime=1/bitratée
- Ut=1/bitrate- :
- Sample Rate= bltrate*SampIes per_bit
_ Sample Step=1/Sample_ Rate
Data_Collection_Time=No_of . 5|mEl|ts*b|tt|me
" Data_Collection_Start=24*U1
" Data_Collection_Stop=Data_Cadllection_Start+Data” Collection_Time

® Equations for Compliance Trace Export

Equatlons for Compllance Trace Export

Please adjust the followmg Variables to your needs:
- LocPath: Local Path where to export the data -

- Define_Path_and_file. names - :
. LocPath="\Waveforms_LPDDR3_CA"
~ Data_Output_Increment=50p

E NETLIST INCLUDE Slgnal PostProcessing?

: - CLK _Diff _upper=CLK_upper-CLKb_upper -
- Netlistincludet- - - - -~ - - - . . . . CLK Diff lower=CLK_lower-CLKb_lower -
IncludePath=//data . . .. . CLK_Dif=CLK-CLKb . . .

_IncludeFiles[1]=MeasEqgn_| LPDDR3 CA net ;
_ Us_.eP_rep_rocess_or no

A simulation runs in the following sequence:
® Variables in VarEqn blocks are calculated as pre-processing equations
® Transient simulation runs from StartTime to StopTime

® Variables in MeasEqgn blocks, AEL expression equations in Netlist Include block, are calculated as post-processing

equations

LPDDR3_DQ®_Wsrite schematic

Following is an example of a top-level schematic for LPDDR3 DQ Write. The blocks from left to right are DQ Burst Pattern
Generator, Controller DQ Driver Pins, PCB Interconnects, Dual-Die DRAM Package, DRAM DQ Receiver Pins.

33



DDR3 Compliance Test Bench

Upper_Die_wTermination

I

El

Lipper Dy

il

cron LPDOR: 31855 fLsad e 00T)

Micron 17880 DusiCes

Packge DO0 - DAT
I

D00 w
0Ot w
007 w
003 w
D95 w

Dass; — DOSh w
(LK D04 w
S D05 w

D06 w

g g
!

FEE
Pl

Lowar Die.

0a7 w

CLK
CLKD

COMx Bt Pufien Bource
Eibargrganng

x5 TX_Burst LPDOR3_DG Board LPDORI_BO_Package Lowes_Die_NaTermination
TX_Pattern L_Main=45 mm
Bitmte=00_RiiRate_Sim

While setting your own simulation, procure IBIS simulation models from your CPU and DRAM vendors and build the PCB

interconnect model for the PCB stack-up used in your system.

Block details used in this schematic are explained in the subsequent sections.

Pattern Generator

PaEt_DDDI—-—
Patt_DQ1[—=—
Patt_DQ2f—s—
-8 Patt_DQ3f—s—
2 o .
E Patt_DQSH—=—
§ o= .
[
= Paﬂ_ﬂm:
a Patt_DQ5
& Patt_DQBf—=—
= Patt_DQ7}—e—
Enaﬁle_ﬁas [
Enable_DQ——
e e -Pal‘E_CLH.re]—-—
LPDDR3_TX_Burst -
TX_Pattern - - -

Bitrate=DQ_BitRate_Sim

The DQ burst pattern generator produces the following patterns:
® 8 pseudo-random data (DQ) patterns labeled as Patt_DQO to Patt_DQ7,
® 1 repetitive strobe (DQS) pattern labeled as Patt_DQS,
® 1 repetitive clock pattern labeled as Patt_CLKref,

® 2 pulse patterns to enable DQ and DQS bursts
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Inside the pattern generator schematic, there are primitive models from ADS Analog Lib:

® Pseudo random bit sequence(PRBS) sources with user-defined linear feedback shift register (LFSR) are used to
generate the DQ pattern, with each DQ bit having a different set of LFSR taps.

PRBS_DQO | 4 Patt_DQO
Mode=User Defined LFSR- - - - | —~ Num=1
BitRate=Bitrate [

Delay=0 I

® PRBS source with explicit bit sequence is used to generate the repetitive DQS pattern with preamble

PRBS DQS o T
Mode=Explicit Bit Sequence - + ol ) EiLDes
Viow=1V 7 Num=9
Vhigh=0V
BitRate=Bitrate
Delay=Ul/2

[

=

® Pulse source is used to generate a pulse pattern to enable DQ and DQS bursts

o -~ Enable DQ " Enable DQ
+] ViPulse . T -_C> Num=11
SRC8
Viow=0V
Vhigh=1 V

Delay=Init_Delay+1.1*Ul
‘Width=(BL+1)*UI
Period=24*UlI
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Controller DQ Driver

DQO In

Pattin_DQO0 -
DQ1_In Pattln_DQ1 - - - DbQ0-ou
DQ2_In Paitn DQ2 - - - DBQil-ou
DQ3_In {Patin_ DQ3 - - - DQ2-ou
“In: - - - - bQ3-ou
DQS In__ Ip.n_pas T -

’ o : A DQS- ou
DQ4_In ‘—|Part|n_DQ4 : % DAQShb-ou
D@ In Pattin_DQ5 - E DQ4 - ou
DQO_In Pattin DQB © & DQ5 - ou

o
DQ7 In__leain par- DG6- ou
A, DQ7 - ou
En DQS-—|Enable_D'QS -
En_DQ Enable_DQ CLK_out
CLKref_Diff Pattn cLK . . . CLKbout

CTRL_(DRAM)_LPDDR3_Write_inclCLK
Ctrl- Write- o

The controller DQ driver model takes pulse pattern as an input, and generates a waveform as an output that mimics the
driver circuit output at controller I/0 pad. Inside the drive schematic, there is an IBIS /0 model for each pin, as shown in
the following figure:

IBlsa . . . .

IbisFile="v80m _atibs"

ComponentName="MT52L128M32D1EL"

ModelNamie="DQ_PD34 FU40 1600_W_7Q°

DigTx_Dad -

m The IBIS model used in this example is for illustration purpose only. You must use the IBIS model or
SPICE model provided by your CPU or memory controller vendor to get good simulation accuracy for

your system.
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PCB Interconnects

eon ool —a

DO e

el D02 -

el ok | Bl

_otd - . . : . . : . ; . : o | —
stacked DRAM

. I—

— -

—— -

—_—

—

———i=-

E—

' LPDDR3 DQ_Board -
- LPDDR3 DQ Board -

This model is a combination of passive interconnects, such as CPU package, CPU socket, PCB vias and traces, DIMM
PCB, and DRAM package. Physical effects such as, signal reflection, attenuation, and crosstalk, are captured in this
model in the form of S-parameters or coupled transmission lines. Inside the model is a cascade of sub-circuits built out

of ADS Multilayer Interconnect Library.

m This model is for illustration purpose only. You must use the actual PCB stack-up and trace

dimensions of your system to get accurate simulation results.

Via10_L4 L9 PTI Via10_L4 L9 PTH
“Via10_L1 L4 . . . Va2 o . . .. . .Vla 3 . . . .o Vial0_L1 L3
Via 1 Drill=250 um Drill=250 um Via 2
_Diil=140um . S .. OuterPad=550 um .. . .CuterPad=850um_ o Drill=140 um
Pad=300 um InnerPad=550 um InnerPad=550 um Pad=300 um
= = . o T = . = S I . - == : =
= ) DG 1 2 0O 1 DO 1 —
— ¥ I Doz T ooz —e
——— Jpoa - ;‘ IES ;‘ YD p—r
—— DG 4 - s e 3 D0 & e - D2 4 - -
3 = = i
2 = = 2
—_— 5 oo = S 0o = IS s —
— 2 ) Dash DSt 7 DGt E
E 2
— @ o E . A o= . T oaE . o
— Jpo o oG DG —
—— S - D2 T . JDa7 - —
—— ) D0 8 )00 8 Do 8 —-
e . | L=t . S . oo L Ee= . ) === . =l .
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Dual-Die Package and DRAM Receiver

‘DRAM_LPDDRI _RX_ODT -

- Upper_Die_wTem inaticn-
T Q0w upper
e DG 1w upper )
T =
- 2 W _upper
WS R F
B D3 W upper =
= - DG5S w upper =
. Dass =
= 25b_w upper
- T i -y - E
R — 24 w upper =
C . mm D5 w upper =
o (=]
_E T DQE wW upper =
— T -
_gaw_ o DGQ7 wW upper 2
Dm =
= G = CLK upper :
‘M B CLKb upper
= I
L
ED
g_*-.:
2a
= ST
" Q0 w lower
o oo D21 w lower
"R -
e — Q2 w lower =
] -
E D3 w lower E
_._wgw_, o DOQS w lower - E
= = g
E DQSh w lower s n E,_
™ -
b T can DG4 w lower rosm. =
L P
) DG5S w lower osn. I
== - =
I DQE w lower nos . =
) Fa -
S DQ7 w lower ro7n. 3
=
- L CLE lower :
1 ? e CLED lov
Package DQ w&0m_ 178b Duallie - -~ DRAM_LPDDRI Load NoODT

LPDDR3 DD -Package- - - - - - Lower Die_MoTerminationl

Dual-Die Package is a physical structure housing 2 DRAM dies. Each input pin of the package is connected to 2 output
pins for the 2 DRAM dies. The electrical model for each pin connection is a lumped R/L/C circuit, and the cross-talk
between pins is not modeled. In this example, the R/L/C values were imported into ADS from an electrical board

description (.ebd) file, provided by the package vendor.

Values taken from: v80:m'_1 78b_ddpj32.ebd |

"L_BWu_DQO
L=0.4619 nH
Rz0.085 Ohm
o . A DQO_Uppemie,
L1_Sub_DQ0 = ¢ BWu DQO Num=2
S N S el o
DQQ_Ball I \ | | ¢ I L_BWI_DQO
Num=1 A = ! L=0.447 nH
C0_Sub_DQO — C1_Sub_DQD B
L3 e Rz0.082 Oh
C=(0.570.7844)pF - - -C=(0.5*0.7844) pF a0 ohm > - - o
o o : _r' H“I o DQO_LowerDie’
= C_BWI_DQO - Num=21- . -
- C=0.06408 pF - -

Inside DRAM receiver, is a sub-circuit of IBIS models referencing an IBIS file from Micron:
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. IBISO

- IbisFile="v80m_at.ibs"

- ComponentName="MT52L256M16D1V80M" -
- ModelName="DQ_IN_ODT240_1600 W_ZQ"

DigRX_DQ0

Dig0

The IBIS model used in DRAM receiver is for illustration purpose only. You must procure an IBIS file

from your DRAM vendor to get accurate simulation results of your system.

LPDDR3_DQ® Read schematic

A top-level schematic for LPDDR3 DQ Read is shown in the following figure. The blocks from Upper-Right to Left are —
Pattern Generator > DRAM DQ Driver Pins > Dual-Die DRAM Package > PCB Interconnects > Controller DQ Receiver Pins.

LPDDR3 DQ Read schematic is similar to that of LPDDR3 DQ Write. In DQ Read operation, the pattern generator and DQ
drivers are on the DRAM side, and DQ receivers are on the CPU memory controller side.

DRAM_Road

£

ey teEr

T
3

TX_Pattem1
Bitrste=D0_BaRate_Sim

.

"o ou LLKR plf - LAk . T

|
|

Al n ) B = y . S - N
LPDDA3_DG_Board LPDDA3_DD_Packaget Lower_Die_NoTermnation
L_Main=45 mm

Two features in LPDDR3 DQ Read simulation are as follows:

1. The saved signals are probed on the CPU memory controller side, as highlighted in the figure above. Although,
JDEC specifies only the electrical probing and measurements at DRAM package balls, it is prudent to probe

signals on the controller package balls as well.

In WRITE cycles, DQ and DQS have a phase difference of 90 degrees, i.e., DQ center is aligned
with DQS edge. In READ cycles, DQ and DQS are in same phase, i.e., DQ edge is aligned with
DQS edge. In order to use DDR3 compliance test application, center-align DQ and DQS
signals, to execute receiver input tests for controller receiver pins in READ cycles. This is

accomplished by the following MeasEqgn post-processing equations in the schematic.
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Meas
"Eqn |

Signal.PostProcessing_DQS.

Delay_DQS_r=0.5*Ul
time_Axis=indep(DQS_r)
DQS_r_Diff=DQS_r-DQSb_r
DQSb_r _Delayed=vs(DQSb_r; Delay_DQS_ r+time_Axis)

DQS_r Delayed=vs(DQS_r, Delay_DQS_r+time_Axis)
DQS_r_Diff_Delayed=vs(DQS_r-DQSb_r, Delay_DQS_r+time Ams)

2. The actual data transfer from DRAM driver to Controller receiver is triggered by a clock signal transmitted from

the controller side, as shown in the following figure for the pattern generator in READ cycle. The clock jitter is

included in the READ cycle simulation.

PRBS_DQ7

Mode=User Defined LFSR
BitRate=Bitrate .

Delay=0

e

CLK_Jitln
Num=12

T
1 Yo

+ T
Patt_DQ7
Num=8

Clock input is used to trigger the bitsource.
By this the input clock jitter should degrade the READ performance.

LPDDR3_CA schematic

A top-level schematic for LPDDR3 CA (command and address) simulation is shown in the following figure. The blocks

from Left to nght are: CA Pattern Generator, PCB Interconnects, Dual-Die DRAM Package, Controller CA Receiver Pins.

CAD: ou
CA1L

""\E is Jg L.
CA1 _upper

Pt
1

]

ca2 upper_ |

CAL

CA3 upper_ §

CLK_upper.

sICATE

ELK o

E?

CLKD upper

T
CAto

PEE RS

CA4 upper

CAZ;

© UpperDie -

icron LPDO R 3 W15 (CA)

Fr g

CAS upper_ I

;
}

CAR

cas upper | z

S0 _upper

€50 ou

" Ideal_CA_Diverl
" Ron_ldeal=458

LPDDR2_CA_Board2
L_Main=45mm

§b
i1

" ' DRAM_RX_CA_UpperDiel

-Micron 178Ball DualDie
. Packge CAQ - CAG, CS0

- LowerDie -
jcron LPD DR 3 108 (CA)

£ -
W=

' DRAM_RX_CA_LowerDie

LPDDR2_DD.Package
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CA Pattern Generator

CAD ou
CA1-ou
CAZ ou
CA3 ou

ELK - ou

Ideal CATX

CLKb- ou
CAd ou
CALR ou
CA8 ou

50 ou

Ctrl_LPDDR3_CA_ideal

Ideal_CA_Drivert
Ron ldeal=45
The CA pattern generator produces the following patterns:
® 7 pseudo-random pulse patterns labeled as CAO_out to CA6_out,
® 1 repetitive clock pattern labeled as CLK_out (+) and CLKb_out(-),
® 1 pseudo-random pattern for Chip Select signal labeled as CSO_out

Inside the CA pattern generator schematic, there are primitive models from ADS Analog Lib:

® Pseudo random bit sequence(PRBS) sources with user-defined linear feedback shift register (LFSR) are used to

generate the CA pattern, with each CA bit having different LFSR taps

CA_PRBS6 | H

Mode=User Defined LFSR - —— | - - ~<

BitRate=CA_BitRate_Sim _j _ _ .. CAO_out
Num=1

® PRBS source with explicit bit sequence is used to generate the repetitive CLK pattern

CLK 0101 +
Meode=Explicit Bit Sequence —l— o : C>
BitRate=DQ_BitRate_Sim _J_ CLK out
Delay=0.5 * Ul Num=5

L T
CLK 1010 +
Mode=Explicit Bit Sequence 4 ’ @
BitRate=DQ_BitRate_Sim T CLKb_out
Delay=0.5* Ul Num=6
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® Unlike DQ/DQS patterns that are either WRITE burst or READ burst, both CA pattern and CLK pattern are

continuous, and transmitted in uni-direction from controller driver pin to DRAM receiver pin

PCB Interconnects

It is similar to those described in LPDDR3 Write section.

Dual-Die Package and DRAM Receiver

It is similar to those described in LPDDR3 Write section.

LPDDR3_Complete schematic

A top-level schematic for LPDDR3_Complete simulation is shown in the following figure. It is a combination of
LPDDR3_CA, LPDDR3_Write, and LPDDR3_Read schematics. The intent of this simulation is to generate DQ Write, DQ

Read, Clock, CA and Control signals in one simulation run. This approach is useful in final design verification.

The blocks used in LPDDR3_Complete schematic are identical to those described in previous

sections, therefore, are not repeated in this section.

ddr3_comp_sch.svg
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DDR3 Compliance Test Bench

Perform LPDDR3 and DDR3 Compliance
Tests using ADS simulated waveforms

Perform LPDDR3 and DDR3 Compliance Tests using
ADS simulated waveforms

Each simulation setup contains a Netlist Include block as shown in the following figure:

-Equations for Compliance Trace Export
Please adjust the following Varables to-your needs: -

- SimDescription: Description of Simulation

-Sim_Name: Name of the Simulation

- Sweep0- value: Sweep explanation (set to e. g. noSweep if Sweeping is not used)
- LocPath; Local Path where to export the data ;

- Define- Path_and_file_names-
SimDescription="DDR3_DQ_Wrnte"
Sim_Name="Nominal_Wnte"
Sweep0_value="noSweep"
LocPath="\Waveforms_ DDR3_ Write"
Data_Qutput_Increment=50p -

|s=]| NeTuST NcLupe |
_ . I Slgnal Posthcessmg
Netlistinclude1 S _lef_DQS_ DQS—DQSb .

“IncludePath=_//data
“IncludeFiles[1]=MeasEgn_DQ_inc.net"
-UsePreprocessor=no - :

The IncludeFiles[1] refers an ADS netlist , i.e., MeasEqn_DQ_inc.net, which writes a set of waveforms to .hdf5 files. For
example, the following AEL Expression (aele) statement in MeasEqn_DQ@.net file, writes a schematic node name DQO (1st

argument) into a file named DQO.h5 (2" argument). This is located in a folder specified by LocPath (3™ argument):

aele Wite_DQ_HDF5=write_infiniiumddr3_h5(DQ, "DQ", LocPath, "", 1,
Data_Col l ection_Start[0], Data_Collection_Stop[0],
Dat a_CQut put _I ncrenment[ 0], 50e9)
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DQO
DQ
DQ2
DQ3
DQS
DQSDb _
DQ4
DQS5
DQ6
DQ7

Please note that DQO~DQ7 are node names defined in the schematic window, as shown above. If your schematic uses
node names other than DQO~DQ7, you need to edit the netlist file (e.g. MeasEqn_D@.net) to reference the actual node

names in your schematic.

For example:

aele Wite_YourNane_HDF5=write_infiniiumddr3_h5(Your NodeNane,
"Your HDF5Fi | eNane", LocPath, "", 1, Data_Collection_Start[O0],
Dat a_Col | ecti on_Stop[ 0], Data_Qutput_Ilncrenent[0], 50e9)

At the end of a simulation, a set of .h5 files should be written into the folder specified in your schematic. For example:

DDR3_Compliance_Test_Bench_wrk » data » Waveforms_DDR3_Write

r Share with - Burn Mew folder

rs

Mame

|| Diff_CLKref.h5
|| Diff_DQS.h5
_| [ pqons

| | paLhs

|| DQ2.h5

|| DQ3.h5
|| DQ4.h5

|| DQ5.h5

|| DQB.h5

|| DQT.hG

|| DQS.h5

|| DQSb.RS

These ADS simulated waveforms are used to run DDR3 compliance tests, as shown in the following figure:
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1. Start Infiniium Offline and select Analyze > Automated Test Apps > U7231B/U7231C DDR3 Test App.

e

o/ | SEAW AL

@ [100ns/ |[0.0s | @

Automated Test Apps

Measurement Analysis (EZIIT)...
Jitter/Noise (EZJIT Complete)...
Serial Data...

Equalization...

The DDR3 Compliance Test Application is launched.

% DDR3 Test - DDR3 Devicel *
File View Tools Help

U7231B/U7231C DDR3 Test App
N6462A/N6462B DDR4 Test App
N5393D/N5393E PCIEXpress Test App

U7243B USB3 Test App

D= Hd
SetUp
Device Under Test (DUT)
¢ Speed Grade
+ DDR3-200
Select Tests
" DDR3-1066
" DDR3-1333
" DDR3-1600
" DDR3-1866
~ DDR3-2133

18

DDR3 Test Environment Setup

Test Mode
+ Compliance
" Custom

SDRAM Type

[~ DDR3L

[~ LPDDR3

Burst Triggening Method

f* DGS-DQ Phase Difference
" MSOx Logic Triggering

| Threshold Settings | Offline Setup | DOR Debug Tool

AC Levels
DQ

~

~

" 150

(¢ 175

Task Flow _| SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Results | Himl Report |

CA

150

& 175

Device |dentifier:

Test Report Comments (Opbonal}

User Description:

|[SELECT ORTYPE)

Comments:

~|  |ISELECTORTYPE) ~|

0Tests  |Follow instructions to describe your test environment Connection: UNKNOWM

3. Click Offline Setup.

available tests with a green check-mark.

Select Speed Grade as DDR3-1600 under the Device Under Test (DUT).

Select Enable Offline Processing, and then click Browse to locate the ADS simulated waveforms. This displays the
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Test Group Signal Reguirement;

‘s Offline Processing == EeR =}
[ Enable Offline Processing Done |
—Source Waveform File (*.wim / *.h5)

Clock |:D\DDF{B_Compliance_Ted_Benm_mk\data\Wavefcnns_DDHB_Write\DfFF_CLKref.h& v Browse
DQS Differential : I-lSD\DDHB_CompIiance_Test_Bend'1_w1'k\data\Wa\refon115_DDHB_Write\Di‘Ff_DQS_hE v Browse
Data (0Q)/Data Mask (DM) :Ilng\HS D\DDR3_Compliance_Test_Bench_wrk'\data'\Waveforms_DDR3_Write\DQODH5 ./ Browse
Chip Select (CS) - | X  Browse
CA/Command/Address : Ilng\HS DMDDR3_Compliance_Test_Bench_wrd\data"\Waveforms_LPDDR3_CANCADAS 4: Browse
DQS Plus: jc X  Browse
DQS Minus jc X  Browse
CLKPlus | X Browse
CLK Minus jc X Browse
r—List Of Tests Group
~VIHMIL for Command and Address ol

Signal Required Compulsory/ Optional | Signal Loaded Status | Overall Signal Loaded Status:
CA Compulsory o
~VIHMIL for DQ and DM
Test Group Signal Reguirement;
Signal Required Compulscry/ Opticnal | Signal Loaded Status | Overall Signal Loaded Status: | —
DaEs Compulsory v
og Compulsory o
cs Optional X
—VSEH/VSEL for Strobes
Test Group Signal Reguirement;
Signal Required Compulsory/ Optional | Signal Loaded Status | Overall Signal Loaded Status:
DGEs Compulsory W
[ale] Compulsory v
s Optional r.4
—WSEHNSEL for Clocks
Test Group Signal Reguirement;
Signal Required Compulsory/ Optional | Signal Loaded Status | Overall Signal Loaded Status;
CLK Compulsory o
—VOHMNOL
Test Group Signal Reguirement;
Signal Required Compulsory/ Optional | Signal Loaded Status | Overall Signal Loaded Status;
Das Compulsory o
[ale] Compulsory v
cs Outignal X i

5. Click the Select Tests tab and select the test(s) you want to execute:
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.3 DDR3 Test -- DDR3 Device

File View Tools Help

D& M|

DEVE B ®(e

SetUp

Select Tests

Configure

Run Tests

'SetUp SelectTests | configure | Connect | Run Tests | Automation | Resuits | Himi Report |

=00
B[O Electrical Tests

B[] SingleEnded Signals

=] ) WRITE cyde tests

© VIHNVIL for Command and Address
O VIH.CA(AC)

O VIH.CA[DC)

O VIL.CA(AC)

O VIL.CA(DC)

) VIH/VIL for DQ and DM
O VIH.DQ(AC)

[ O VIH.DQ(DC)

O VIL.DQ(AC)

O VIL.DQ(DC)
[¥] © VSEH/VSEL for Strobes
) VSEH(Strobe)
[¥] O VSEL(Strabe)

) VSEH/VSEL for Clacks
O VSEH({Clock)

O VSEL(Clodk)

() READ cyde tests

=

-

-

) Overshoot/Undershoot (Clock, Data, Strobe, Mask)
Differential Signals

[-[] © Overshoot/Undershoot {Address, Control)
o]

) Differential AC Input Levels for Clock
O VIHdiff.CK(AC)

O VILdiff.CK(AC)

O Differential AC Input Levels for Strobe
O VIHdiff.DQS(AC)

O VILdiff.DQS(AC)

»

m

(Click a test's name to see description)

Limit Set: DDR3-800 Test Limit

| 16 Tests |Check the test{s) you would like to run ‘Coﬂnecﬁon: UNENOWN ‘

6. Click the Configure tab, to view the measurement threshold settings. These threshold values are automatically

loaded based on the JDEC specifications.

7. Click the Connect tab to view how a scope is connected to the DUT. In offline mode, no actual connection is

needed. Select both the check boxes docked at the bottom of the screen, and click Run Tests.

3.3 DDR3 Tesi

File View Tools Help

DDR3 Device

D |

NG ol

SetUp

Select Tests.

Run Tests

Task Flow _

'SetUp | Select Tests | Configure Connect | Run Tests | Automation | Resuits | Himl Report |

stated above for the exact number of probe connection and channels.

Agilent
Oscilloscope

solder-in
Probe Head

16 tests will -
be run. » Connect the Infiniimax Differential Probes to the DUT Signals as follow - |
& different Channel 4
physical
setups will +ve AD
be used. -ve: GND
The first
setup is
shown.
Active Limit Set used: "DDR3-800 Test Limit"
Followthese
instructions
e The below diagram shows an example of DDR3 probing with 4 probes. Refer to the instruction

Run Tests | [ suppress all connection prompts

16 Teste  Follow instructions to connect the DUT, then press [Start] ‘Connection: 1-channel Single-Ended Test Connection
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8. Click the Results tab to view the test results listing the actual measurement values and compliance pass limits.
===

3£ DDR3 Test -- DD

File View Tools

R3S Devicel *
Help

D@l "WoEr (%

Task Flow _

Set Up | Select Tests | Configure | Connect | Run Tests | Automation Results | Html Report |

SetUp

Configure

Run Tests

Test Name | Actual Val I Margin I Pass Limits -
/ VIH.CA(AC) 1.148250000000 V 24.1% VALUE »= VrefCA_Volt +Ad evels_CA_Volt v
/ VIH.CA[DC) 1.270170000000 ¥ 35.4% VrefCA_Volt+Dcevels_Volt W <= VALUE <= VDD _Volt v
/ VIL.CA(AC) 25750000000 mY 95.5% VALUE <= VrefCA_Volt-AcLevels CA Valtv
X VIL.CA(PC) -116.350000000mv |GG ©-000000000000 Y <= VALUE <= VrefCA_Volt-Dclevels_Volt v
# VIH.DQ(AC) 936, 256800000 my 1.2% VALUE = Vref0Q Volt+AcLevels DQ VoltV
/ VIH.DQDC) 936, 256800000 mV 13.3% VrefDQ_Velt+DeLevels_Volt V <= VALUE <= VOD_Volt v
2 VIL.DQ(AC) 575.473100000 mV N -k <= VrefOQ_Volt-AcLevels_DQ_VoltV
/ VIL.DQIDC) 575.478100000 m 11.5% 0.000000000000 ¥ <= VALUE <= VrefdQ VoltDeLevels Volt v -
Details: VILiff.DQS(AC)
/ Trial 1 |
Farameter | Walue | -
Pass Limits <= 2%{VILAC_DQ_Volt-VrefDQ_Valt) v B Worst VILDIff
Parameter Tested WILdiff{ac)
Actual Value ~480.060000000 my
Referenced Values:
Worst VILDiff (See image)
MNumOfMeas 7.000 -

‘ 16 Tests |16 results shown. [Html Report] tab shows details ‘COHHECDOH: Differential AC Input Levels Test Connection ‘

9. Click the HTML Report tab to see a summary of tests and an overall status of Pass or Fail.

E

File View Tools Help

D& ||

DEEr RS

Task Flow _

SetUp

Select Tests

Configure

Run Tests

"setUp | SelectTests | Configure | Connect | Run Tests | Automation | Results HtmiReport |

- Agilent Technologies

DDR3 Test Report
Overall Result:

.~ TestConfigurationDetails
|Burst Trigoering Method | [DQ5-DQ Phase Difference
[T
RS e
Testode 1 Corplonce
SpeedGrade 1 poro-sio
Test Session Details
linfiniium SW Version " 05.10.0003
Infinum Model Number 125004
Infiam Serisl Nomber 1o Sere
Appicaton St Version 220
Debug Mode Used o
(Compiiance Limits (official) DDR3-500 Test Limt
|(astTestbate " [2014-10-07 16:45:36 UTC -07:00

Summary of Results

Failed
Passed| 10
Total| 16

16 Tests |\|"|ew,'Save,-'Pn'nt detailed HTML results. |Conr1ection: Differential AC Input Levels Test Connection |

It is expected to see test failures in the initial iteration of a design. You will receive a test failure alert if the signal being

tested is outside the JEDEC pass limits. You will need to adjust the design parameters to fix the failure if such a failure is

vital for the overall

system operation.
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