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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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agreement and without license or royalty fees, to use, modify and distribute the Ptolemy software and its
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
of California has been advised of the possibility of such damage.

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
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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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of Microsoft Corporation in the United States and other countries.
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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
HSPICE is a registered trademark of Synopsys, Inc. in the United States and/or other countries.

DWG and DXF are registered trademarks of Autodesk, Inc. in the United States and/or other countries.
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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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DDR4 Compliance Test Bench

This section describes the following topics:

Installing DDR4 Compliance Test Bench

Introduction to DDR4 Signals

Setting up Basic DDR4 Signal Simulation for Compliance Tests
Setting up DDR4 Compliance Test Bench Simulations

Troubleshooting Invalid WRITE Bursts Error in DDR4
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Installing DDR4 Compliance Test Bench

Installing DDR4 Compliance Test Bench

This section provides information about the prerequisites and steps for installing DDR4 Compliance Test Bench (CTB).

DDR4 Prerequisites

® The ADS 2015.01 DDR4 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.
® W2351EP/ET DDR4 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:
® NB8900A-001 Infiniium Offline, Transportable License
® NB8900A-002 DSA Package (EZJIT Plus and SDA), Transportable License
® N6462A-1TP DDR4 Compliance Software, Transportable License
Before using the DDR4 Compliance Test Bench, ensure that the following softwares are installed:
® Infiniium Offline
® DDR4 Compliance App

After installing the DDR4 Compliance App, launch the Infiniium Offline software to ensure the DDR4 Test App is available
under Analyze > Automated Test Apps.

File Control Setup Display Trigger Measure Math Analyze  Utilities Demos Help

U72318B DDR3 T
Analysis (EZJIT)... | N6462A DDR4
Jitter/Nokse (EZIT Complet
Serlal Data...

=
3
m
=
(1]
&
w

Equalization...

Install Instructions

To install DDR4:
1. Launch ADS 2015.01 and open a Schematic view.

The DDR4 Advanced Compliance Test Bench is available under the DesignGuide menu.
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. 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.

. Restart your PC to complete the installation.

. Download the DDR4 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=2229434&nid=-34333.1094284&id=2229434

. Restart your PC after completing the installation.
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Introduction to DDR4 Signals

Introduction to DDR4 Signals

There are 4 groups of signals in a typical DDR4 memory system:

® Data group: DQS[7:0], DQSb[7:0], DQ[63:0]

® Command and Address (CA) group: BA[2:0] (3 bits for 8 banks), A[15:0], command input including RAS#, CAS#,
WE#

® Control group: Chip Select CS[3:0] (4 bits for 16 chips), Clock Enable CKE[3:0] (4 bits for 16 clocks pairs, ODT[3:0]

® Clock group: CLK[3:0] and CLKb[3:0]

Data is transfered

There ared groups of signals between Controller and DRAM e

Controller l : DRAM
Clock (CLK), Command and Address (CA), Control, and Data (DQ, DQS) Data is L

from DRAM to Controller
in READ Cycle <<<—

Following is a block diagram of a memory controller.

DDR SDRAM
Rees o = < i3

master ™| Address Address
> Open > D—n— 15:0
Address from > Decode Taplfle Control ~ mg[A[ZJI/
master g
R SDRAM™.
Memory Control
MCS[0:3]
MCAS
| MRAS
ECM SDRAM N MWE ;

"| Control L MDM[0:8] '
MCKE[0:3]
MODT[0:3]

EN . MDICIO:N

To error Error ata Qualifiers .
management | | Signals 4 MDQSJ08]

[0:8)
Data rom FIFO | <}-| Data Signais /
-~ Mool 6]
 MECL[D
EN S
RMW ] : SDRAM

Data from - Control :
I~/ Clocks.
Clock > MCKI0:5]

master
Control i> MCKI[0:5]
—

18



DDR4 Compliance Test Bench

Setting up DDR4 Compliance Test Bench
Simulations

Setting up DDR4 Compliance Test Bench Simulations

This section describes the simulation setups of the following:
® Command and Address Bus Simulation Setup
® WRITE cycle data bus simulation setup
® READ cycle data bus simulation setup

® DQ Eye Simulation

Command and Address (CA) Bus Simulation Setup (_1_Sim_CA)

In _1_Sim_CA, the following CA Bus topology simulation has been setup.

©* Memory Controller is transmitting Clock, Adress(CAQ~CA#B), and Chip Select{CS0) Signals to DRAM - > ----

[ 3 CAD

5- - CA pa . ey T CAD L
E- + CA! ¥ TR =1 o CAT -~
g:- + CAZ ] E CAZ N 3? -~
B . CA R e e ST 2 X
o " & ) oK 5
3 ca - & — CLKD .5
E- - cA - B e cA4 B
phe o Y Joas CAD ;\i
S s - B =3 CAS 5
E- . . - . ] G‘QD ek}
] ) y i 3 A " [ Tty g vl o A i = 0 ) 2 i )
PatternGen (CA_Continuous. . Controller CA Deiver =~~~ PCB_CA_Traces =~ 0 000 DIVAM_CA_Receiver
CA_Pattem CA_Driver CA_Routing CA_Receiver

It is a simplified CA bus topology, with 6 singled-ended CA signals (CAO~CA5), 1 single-ended control signal (CSO for
Chip Select), and 1 differential clock signal (+/-, CLK/CLKb).

The block on the left side is a pattern generator:

1. CAO~CA5 are generating pseudo-random bit patterns at a rate equal to the data rate. The reason for this bit rate
is that column and row address signals are multiplexed to the same address line. As a result, the address bus is

running the same bit rate as that on the data bus.
2. CLK_0101 is generating a repetitive 0101 bit pattern at the same rate as CAO~CA5

3. CSO0 is generating a pseudo-random bit pattern at a % the rate of CAO~CA5.

The CA_Driver and CA_Receiver blocks contain 1/0 buffer models referencing the same IBIS file. In practice, you should
get at least 2 IBIS files, one from your DRAM vendor (e.g., Micron) for the DRAM 1/0, and another one from your
processor vendor (e.g., Intel) for the controller I/0. This example uses only one IBIS file from Micron for the DRAM I/0. It
uses a DRAM DQ pin driver model, as if it were the controller CA pin driver, to drive the CA bus. Following screenshot

shows how the CA Pin driver and receiver models are set up using alias names:
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CA and CLK Driver Pin
[ |
PvTIBIS_IO
T L IBISO
F'CH““HH @.
lF'D | @
= DigO

CA Receiver Pin

[ |
_ TiBIS|
~| IBISO
] In PC Hh::v
B DigD

CSO0 Receiver Pin

¥ Use Alases

DhisFile Alas DRAM_IBLS_Fie IhisFie Alas DRAM_IBIS Fie

Componeniflame Alas  DRAM_Component Companenttiame Alas  DRAM_Comporent

Piriame Alias DRAM_TX_DO_Pin Prshlavre Al DRAM_TX_DOS P
Maotelilame Alas DRAM_TX_DGQ_Modsl Modeliame Alas DRLAM_TX_DGS _Model

IrrdPiniiame Aliag DRAM_Tx_DOSh Fin

¥ Use Aliases

IhisFile Alias DRAM_IBIS_File
ComponentMame Allas DRAM_Component
PinMame Aias CRAM_CA_Pin
ModelMName Alias DRAM_CA_Model

InvPinMame Alias

| Use Alases
| |
o [IBIS_l  neemss  owwmsre
G{;#. Piniame Alias DRAM_CS_Pin
ModelName Alas  DRAM_CS Model
= DigD oPbiame Alse

CLK/CLKb Receiver Pin
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| Use Aliases
_liBIS_DI e las oRAM IS Fie
mlnil I . IBI S_C LK Componentiame Alss  DRAM_Component
PC ™
— GC‘,J-""") Pinfame Alias DRAM_CLK Pin
Inl
7 Modeliame Alas DRAM_CLE_Model
-~ [ >_@
5 DigD InvFintlame Alias DRAM_CLid_Pin

[E] DDR4_DRAM_IBIS_AliasParameter
DRAM_Corner=Comer
DRAM_IBIS_File="z80a_v5pl.ibs"

DRAM. Com ponent="MT40A512M8HX".
DRAM_TX_DQS_Model="DQS_40_2400"
DRAM_TX_DQS_Pin="DQs_t"
DRAM_TX_DQSb_Fin="DQS5_c"
DRAM_TX_DGQ_Model="D0Q_40_2400"

DRAM. TX _Da_| _Pin="DQ0" .
DRAM DDT DOS Model="DASs. | IM DDT12[] 24!]0“
DW_DDT_DQS_F'M_-“[I]S_I"
DRAM_ODT_DQSb_Pin="DQSs _c”

DRAM_ DDT DA _Model="DC_IN 0DT12!] 24(]-[]"
DRAM_ODT_DGQ_Pm="DQ0" - :

DRAM. CA_Model="INPUT_2400"

DRAM CA Pin="Ag" | :
DRAM_CLK_Model="CLKIN 240!]"

DRAM C.LK Pin="CK_t"

DRAM_CLKb_Pin="CK_c"

There is a wide range of CA bus/channel topologies connecting the controller and the memory devices:

—_

. A system can have 1~4 memory channels

2. Each channel can have 1~4 DIMM (dual in-line memory module) slots

w

Each DIMM can have 1~2 ranks of memory

&

Each rank can have 1~8 DRAM packaged devices
5. Each DRAM device package can have 1~4 memory dies
6. Each die can have 4~8 banks of memory

7. Each die can be X4~X16 in width.
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Two CA bus topology examples are available in the folder named “PCB, DIMM and Package Models” as shown in the
following figure.

4 ., PCB, DIMM and Package models
» (€] PCB_CA_2DIMMs_1Channel

» €| PCB_CA_Traces L e
| PCB"D]MMHZme\\» PR
- — T A ——
€| PCB_DIMM_2Rank po—
¢! PCB_DQ_1DIMM_2Ranks = i s
Zﬁ ! PCB_DQ_Sparam g o i R
L PeRDQ Traces —=— | ana20omvsiots. |
b €] PCB_ideal_10wires P pep, i T [ : i
7€) PCB_ideal_10wires_small = i = B
€| PCB_ideal_Switch_10x [~ — =
(€] Pkg_DualDie_CA_ebd = i I i
+ €] Pkg_DualDie_DQ _ebd | SRR e
» :F.,' UDIMM_1321A_AD : E iaﬁcl’:.__ﬂ.a:ﬁ's )  PCB_CA 2DIMMs_1Channel
€] UDIMM_1321A_DQO Wi e DOy L ) A Sl

DDR4 uses a “fly-by” topology for distributing Command and Address, Clock and Command Signals. Following is an
illustration of the “fly-by” topology, as compared to the “tree” topology (also known as “symmetrical T-branch topology”)

used in DDR2 or earlier designs:

Symmetrical T-Branch Topology

Fly-by Topology

L Ll

Dea Data

I nln I

Adren | Command [ Clodk
[

)

In this example, we have run 300-bit simulation for the CA bus, and generated CA Eye diagrams. The waveforms for

CAO0~CA5, CSO and CLK/CLKb signals are saved in the data directory of your current workspace, which will be used later

for compliance tests.
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WRITE cycle data bus simulation setup (_2_Sim_DQ_WRITE)

In _2_Sim_DQ_WRITE, the following WRITE cycle data bus simulation has been setup.

T T S WRITE operation: Memory Controller is ¥ansmitling data o DRAM | ™~ - - - - -

CRESEEEEE bl USSR | Prn e bt [
e s
D e LR R
L E | rmpo it
= n
F .E Fat -“g. =
- : . - F.-.‘. . . . - - -.h g - .
Al st e, Tz .5. ErE
g1 Foys mmmm als L
= pa2_Dar] n B
e i I E T
Eratie_ Do ——elr i D5+ c c 7 | o [ A —— . . 8. . . . T B .
« Enaibie Kl .
e e A Kem . . o- .
Pt Cikm
 PattemnGen_DQ_WRITE_Burst = Controler DO Driver ~~ PCB DO_IDMM 2Ranks . DRAM_DO_Receiver
D e s e DD A e e hA

The data (DQ/DQS) bus has different characteristics compared to the command address (CA) bus:

® DQ bus is bi-directional to handle data traffic in “controller-write-to-DRAM” and “controller-read-from-DRAM”
cycles.

® DQ bus runs in burst mode. Data strobe (DQS) also runs in burst mode. DQ and DQS bursts are edge-aligned in

READ cycle, and center-aligned in WRITE cycle.
® DQ bus is using a point-to-point topology, not a fly-by topology used for CA bus.

The block on the left side is a DQ/DQS pattern generator for a byte-lane:
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1. DQO~DQ7 are generating pseudo-random bit patterns at a rate set by the SpeedGrade parameter. The Delay

parameter on DQO~DQ7 is set to be 0.

2. CLK is generating a repetitive 0101 clock pattern at the same rate as DQO~DQ7, resulting in a clock frequency

equal to %2 of the data rate.

3. DQS is generating a repetitive 0101 bit pattern at the same rate as DQO~DQ7. The Delay parameter on DQs is set
to be 0.5*Ul, which will make the DQS pattern center-aligned with the DQ pattern.

PRBS.DQ3 - -+ - - - - Q- -
Mode=User DefinedLFSR- - == - |- — >
BitRale=DQ_BitRate_Sim . . __r .

“ﬁeja,r IJ 3 e . Num:d
ms . " + - * "
- Mode=Explicit Bit Sequence - -L- O ;
BifRate=DQ_BitRate Sim . ~[.|].

(Delay=05"0> T . Num=g

=1

4. DQS pattern has preamble and post-amble bits on it.

Patt | DDB

Patt DQS.

5. EnableDQ and EnableDQS pulses are used to control the on/off states of DQS/DQS bursts. BL (Burst Length)

parameter is set to 16 to simulate 2 consecutive 8-bit bursts.

The DQ_DQS_Driver and DQ_DQS_Receiver blocks contain I/0 buffer models referencing the same IBIS file. In practice,

you should get at least 2 IBIS files, one from your DRAM vendor (e.g., Micron) for the DRAM 1/0, and another one from

your processor vendor (e.g., Intel) for the controller I/0. This example uses only one IBIS file from Micron for the DRAM |

/0. It uses a DRAM DQ pin driver model, as if it were the controller DQ pin driver, to drive the DQ bus. Following

screenshot shows how the DQ Pin driver and receiver models are set up using alias names.

DQ and DQS Driver Pins

- V] Use Aliases
JpuTIBIS IO
. ] H IBIS3 IhisFie Abas DRAM_IBIS_Fie
PC,IQ- Componenthame Akas DRAM_Component
£ GQ Pinblame Allas DRAM_TX_DQ Pin
HJ.PD ‘ I\ 8 ModeiName Alias DRAM_TX_DG_Model
[ m DigO

DQ and DQS Receiver Pins

o Use Aliases

ThesFile Alias
Componenthiame Alas
Pinbame Alas
MadelName Alas

InvPinName Akas

DRAM_IBIS_File
DRAM_Component
DRAM_TX_DQS_Pn
DRAM_TX_DOS_Model

DRAM_TX_DOSh_Pin
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(] Use Abases 7] Use Aknees
I IBI S—DI hisile Abas DRAM_IETS_File ThisFie Alkas DRAM_IEIS_Fie
=Io; PE:I BIS_DQS Componenthame Alias  DRAM_Component Companenttiame Ales  DRAM_Component
GC,J’;’ Firfame Alas DRAM_ODT_DQ_Pin Finflame Al DRAM_ODT_DGQS_Pin
nl { B—@ Modellame Alas  DRAM_OOT DQ_Model  Modelame Alas  DRAM_ODT_DQS_Model
igD InvFriiame Alas InvFinfiame Alas DRAM_ODT_DQSh_Pin

@ DDR4_DRAM_IBIS NlasParameter
DRAM " Corner=Comer’
DRAM_IEIS_FH&- z80a_vhp0:ibs"
DRAM. Component="MT40A512M8HX". .
DRAM_TX_DQS_Model="DQS_40_2400"
DRAM_TX_ DQS_Piin="DQs5_t"
DRAM TX_DQSb_Pin="DQS ¢"
DRAM: TX_ DG Model=z"DQ_40 2400"
DRAM- TX_DQ_Pin="DQ0" S
DRAM. ODT .DQAS Model="DQS._IN. DDT12D 240{1“
DRHM_ODT_DQS_FIH.'"DQSJ"_
DRAM_ODT _DQSb Pin="DQS c"
DRAM_ODT DQ_Model="DQ_IN UDT'[E{J 2409"
DRAM- ODT ‘DQ_Pin="DQ0" - -
DRAM. CA_Model="INPUT_2400"
DRAM_CA_Pin="Ag" . :
DRAM_CLK_Model="CLKIN 24{10"
DRAM_CLK_Pin="CK_t"
DRAM_CLKb Pin="CK c"

Two DQ bus topology examples are available in the folder named “PCB, DIMM and Package Models” as shown below.

One is a 24-port S-parameter file. The other one is a sub-circuit built from multi-layer transmission line models.

4 . PCB, DIMM and Package models
| PCB_CA_2DIMMs_1Channel
| PCB_CA_Traces

| PCB_DIMM_20pin

! PCB_DIMM_2Rank

| PCB_DQ 1DIMM _2Ranks — | . DDR4DQChannel |
-Between Controller =

| PCB_DQ _Sparam

| PCB_DQ_Traces

| PCB_ideal_10wires

| PCB_ideal_10wires_small
! PCB_ideal_Switch_10x

! Pkg_DualDie_CA_ebd

| Pkg_DualDie_DQ _ebd

| UDIMM_1321A_AD

| UDIMM_1321A_DQO ity s

© SPammeters -

CEEREREREERREE

i
i

,h‘ »
[} 1 1  } [ ; 1
ﬂl ﬂl [ﬂl !ﬂ] !n‘ Iﬂ' Il'll ﬂl ﬁl rﬂl _[ﬂ] !n] !ﬂ’ Iﬂr

oiecbeiboan

In this example, we have run 500-bit simulation for the DQ bus to check the validity of the DQ/DQS signals, for example,
check if DQO and DQS are center-aligned. The waveforms for DQ0~DQ7, DQS/DQSb and CLK/CLKb signals are saved in

the data directory of your current workspace, which will be used later for compliance tests.
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READ cycle data bus simulation setup (_3_Sim_DQ_READ)

In _3_Sim_DQ_READ, the following READ cycle data bus simulation has been set up.

® The block on the right-hand side is a data pattern generator on the DRAM side, generating PRBS pattern at a rate

specified by SpeedGrade parameter.

® Next to the DRAM pattern generator is the DQ/DQS pin drivers on the DRAM side, referencing an IBIS model from
Micron. The output signals from DRAM driver output pins are labeled as DQ0O_out~DQ7_out, DQS_out/DQSb_out.
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® The DRAM output signals leave the 10 pads, go through “package->DIMM PCB->DIMM connector->Motherboard
PCB lines and vias->CPU package”, and finally arrive at the controller I/0 pads. The input pins to the controller
receivers are labeled as DQ0O~DQ7, DQS/DQSb.

F'Iease Chouse one Dlﬁe DDRd Speed Glade Optlons 1600 1366 2133, 2400 2666 3200

SimCortrolParameters _
B om0 |G mavsent ] flrﬂﬂmlmmmugl I

Ho_of simBas=500

iy Flnal S TSR Nam‘leludeLlsn :
mca:Sm'Kbn'ImIF‘a'ams i Sta!fTMFDﬂa Ooll&:hoﬂ s1ar1 i 3
CLK StopTime=Data_Collection_Stop [E] oupuwavelormPan

WadomPah="\Waeorms_DDR4_Read™

@rﬂ Fuslﬂmcesanﬂ :

<} S oose s s e - READ operation: DRAM is transmitting data to Controfler
e S . 'DDRA'DCQ-Channel 0 1) P ittt
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o ‘gt i Between Controller > = [*sipguig i e dl o omin ek n
o 00 L. andoiMmsiot 0 T pooear el el - o Boa o
ity oo T o - T B : " : i
] G T B = - DOS ol - :i:‘s_'mt-: . Patie, | g DO§. .8
é A BRI RE R S R e B KR E :
E DO4_jt}— o v, CBaliitel RSy | i DO ot e & Puzi_DOE iy, DS E
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e B gy fes a7 ot ey :
Lt e [ N FaeT A L ke DOB for - B EA
G.K_M_QK—%_a T S i ) JK&_—J\:_I‘ 5 + - Enabis_DC| e - B
L. CLKE gut et s e CLKD in 1K 4 - LK i (e
. ‘Controfier_ DO_Receiver DO ADMM 2Rankg i : 7o S Patierms, ,“'\__"_r;:_;_;..,-:_,e_.
. Conbrolier_ DQ_RX Dﬂ_lrtarunnect. i Al DmM_DG_T:-: ; ; r\ _DO_READ Paftem
i Cin-ck Sugnat|slransmmedfmmCorrlrdiertaDFtAM tnggering DQ::u!put o P AT
ift_Prok M Ey_e CLF;,,n_ i

T T e e b

m In this simulation setup, the clock signal labeled as CLK_out/CLKb_out is sent from the controller

(the block on the left-hand side) to the DRAM (the block on the right-hand side). The clock signal
labeled as “CLK_in/CLKb_in" is the signal at the input pin to DRAM clock receiver. The DRAM clock
signal is used to as an “external trigger” to the DRAM DQ/DQS pattern generators.

Unlike the WRITE cycle where DQS and DQ signals are center-aligned, the READ cycle DQS and DQ signals are edge-

aligned. This edge-alignment is realized by setting the Delay parameter on the DQ/DQS pulse generators to 0, as shown

in the following figure.

' PRBS_DQ3' 3

- Mode=User Defined LFSR o ae S

. Trigger=Extemal . .  Patt_DQ3

BitRate=DQ _BitRate_Sim Num=4
s 1

- Mnde:Expl icit Bit Sequence ] - ﬁatL_DQS

. Trigger=Extemal . . o 1. N3
BitRate=DQ_BitRate_ Sim e | .1
 Delay=0 = =
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In this example, we have run 500-bit simulation for the DQ bus to check the validity of the DQ/DQS signals, for example,
check if DQO and DQS are edge-aligned in READ cycle. The waveforms for DQO~DQ7, DQS/DQSb and CLK/CLKb signals

are saved in the data directory of your current workspace, which will be used later for compliance tests.
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There are 3 additional .h5 files saved in the DDR4_Read folder: DQS_Delayed, DQSb_Delayed and DQS_Diff_Delayed.

These are the DQS, DQSb and DQS_Diff waveforms with a 0.5*Ul time delay. These 3 additional waveforms are generated

using the following post-processing equations:
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Signal_PostProcessing

Delay=0.5* Ul

time_Axis=indep(DQS)

PSS DE=-D@sbesb. . . .
DQSb_Delayed=vs(DQSD, Delay+ime_Axs)
DQS_Delayed=vs(DQS, Delay+time_Axs)
DQS_Diff Delayed=vs(DQS-DQSb, Delay+time_Axis)

DQS_Diff is edge-aligned with DQO~DQ7 in READ cycle. By off-setting DQS_Diff with 0.5*UI, the DQS_Diff_Delayed signal
will be center-aligned with DQO~DQ7 waveforms at the controller receiver pins. The intent is to use these waveforms to

perform compliance tests at the input pins to the controller receivers.

DQ Eye Simulation (_4_Sim_DQ_Eye)

1. Open _4_Sim_DQ_Eye schematic.
2. Place single-ended eye probes on DQO~DQ7 signals, and place a differential eye probe on DQS/DQSb signals.

3. Click the Simulate icon to run the simulation.

The graphs in the data display windows show DQ eye and DQS eye, and the listing tables show eye measurement

values such as eye width and eye height.
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et £ oE B B ow

e hll SR

[
P F B ER £ & 3 :g g
A A Al

m These eye diagrams are generated from a transient simulation of ~500 bits, which are not
sufficient for any meaningful BER contour measurements. These eye diagrams are for visual
inspection and qualitative measurements only. To get meaningful BER contour or margin

measurements, it is recommended to use the DDR Bus simulator.
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Running Compliance Tests on Simulated Signals

We have generated .h5 waveform files for command address (CA), data signals (DQ and DQS), and clock signals (CLK), all

stored in . dat a\ wavef or ns folder.

To perform compliance on these signals, follow these steps:

1. Launch Infiniium Offline.

2. Select Analyze > Automated Test Apps> N6462A/N6462B DDR4 Test App.

Agilent

T
| Automated Test Apps
alysis (EZIIT)...

IT Complete)...
Serlal Data...
Equalizal

The DDR4 Test window is displayed.

3. Select Speed Grade as DDR4-2400 under the Set Up tab.

File | View Tools Help
D& @|e )= 57

fl[  TeskFiow _] SetUp |selectTests | Configure | Connect | RunTests | Automation | Resuts | Himl Report |
E DDR4 Test Environment Setup

Set Up
Device Under Test (DUT)
Speed Grade Test Mode AC Levels
Selem'em " DDR4-1600 & Compliance DQ CA
" DDR4-1865 C Cislom <120 & 120
" DDR4-2133
Burst Triggenng Method
" DDR4-2666 ¥ DQS-DQ Phase Difference
" DDR4-3200 € MSOx Logic Triggering

| | Threshold Setiings | [ offline Setup |  DDR Debug Tool

Test Report Comments (Opbonal)

e, i Device Identifier: User Description:
: | |SELECT OR TYPE) »|  |(SELECTORTYPE) |
Comments:

| :

4. Click Offline Setup to load ADS simulated waveform files from the directory dat a/ Wavef or ms_DDR4_W it e.

Instead of performing all the compliance tests at once, use the incremental approach (one signal group at a time).
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Clock Signal Group

1. Load CLK, CLKb, and CLK_Diff signals from DDR4_Write directory as shown in the following figure.

[¥ Enable Offline Processing Done

r— Source Wavelorm File (" wim | ~h8)

Clock [211\DDR4_Comphance_Test_Bench_wek'data\Wavelorns_DDR4_Wre\CLK_DFhS .j  Browse
DGS Differential | XN Browse
Data (DG)/Data Mask (DM) -| X  Browse
Chip Select (CS) | X  Browse
CACommandiiddress . | X  Browse
DQS Plus: | X  Browse
DG5S Minus - I x Browse
CLKPlus [r214_11\DDR4_Compliance_Test_Bench_wik\data'Waveforms_DDR4_Wre'CLKhS .f  Browse
CLKMinus [14_11\DDR4_Complance_Test_Bench_wik'dats\Waveforms_DDR4_Wre\CLKbHS j  Browse

2. Click the Select Tests tab.
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3. Select the 24 tests related to clock signals as shown

SetUp SelectTests | Configure | Connect | Run Tests | Automation | Results | Himl Report |

E-0 O AlDDRATests
=[] O Bectrical Tests
| B0 Single-Ended Sgnals
| B[O Differential Signals
' B[] O WRITE cyde tests
B[] O Differential AC Input Levels for Clock
—[¥] © VIHGiff. CX(AC)
[ O VIHdIFF.ON{DC)
[ O VILGFF.CK{AC)
—[#F O VILAF.CKDC)
= EO Oock Cross Point Voltage Test
{ — [ O VIN(CK)
EJ L1 Timing Tests
B0 O READ cyde tests
- O Codk Timing
E-[#] ' Rising Edge Measurements
—[¥] © Git{CC) Rising Edge Measurements
— [T tCKfavg) Rising Edpe Measurements
~[# 0 tit{per) Rising Edge Measurements
— [ terr{2per) Rising Edge Measurements
1O terr(3per) Rising Edge Measurements
—[#] O terr{4per) Rising Edge Measurements
—[#] ' terr(Sper) Rising Edge Measurements
~[¥] ' terr{5per) Rising Edge Measurements
— [ terr{7per) Rising Edge Measurements
‘[¥]© terr{8per) Rising Edge Measurements
— ] ' terr{Sper) Rising Edge Measurements

~[#] 0 terr{nper) Rising Edge Measurements
E-[#] O Pulse Measurements

~[¥] ) tCH Average High Measurements

~[#] L Average Low Measurements

—[#] 0 terr{i0per) Rising Edge Measurements
~[#] ' terr{11per) Rising Edge Measurements
—[#] T terr(12per) Rising Edge Measurements

— [ git{duty-high) Jtter Average High Measurements
=[]0 tit{duty4ow) Jitter Average Low Measurements

(Click a test's name to see description)

|Li'rl't5-et: DDR4-2400 Test Limit

W 24Tests  (Chedk the test(s) youwould ke torun Connection: UNKNOWN |

4. After running the tests, the test results are available under the Results tab.

-/ 1CH Average High Measurements
€L Average Low Measurements
(@) tit{duty-high) Jitter Average High Measurements
(D tit(duty-low) Jitter Average Low Measurements

501,256 170166 mtCK(avg)
498, 743829834 miCK{ava)

Test Name | Actual val | Margin | Pass Limits
/ VIHdiff.CK(AC) 1.158400000000 V 382.7% VALUE >= 2*(VIHAC_CA_Voit-VrefCA_Volt) v
@ VIHdff.CK(DC) Information Only
/ VILAfF.CK(AC) -1.143530000000 V 376.5% VALUE <= 2%(VILAC_CA_Volt-VrefCA_Volt) v
® vILdiff.CK(DC) Information Only
XVIX(EK) 288.117000000 my I - 120000000000 ¥ <= VALUE <= 120.000000000 mV
/ tit{CC) Rising Edge Measurements Bps 66.3% VALUE <=83ps
(@) tcK(avg) Rising Edge Measurements Information Only
/ tut{per) Risng Edge Measurements -lEps 28.6% -42ps <=WALUE <=42ps
() terr(2per) Rising Edge Measurements Information Only
(i) terr(3per) Risng Edge Meastrements Information Only
(@) terr(4per) Rising Edge Measurements Information Only
() terr(Sper) Rising Edge Measurements Information Only
(i) terr(Gper) Risng Edge Measurements Information Only
(@) terr(7per) Rising Edge Measurements Information Only
() terr(8per) Rising Edge Measuremante Infarmation Only
(@ terr(3per) Rising Edge Measurements Information Only
(D terr(10per) Rising Edge Measurements Information Only
(i) terr(1 1per) Rising Edge Measurements Information Only
(@ terr(12per) Rising Edge Measurements Information Only
() terr(nper) Risng Edge Measurements Infarmation Only

45.9%  480.000000000 mtCK(avg) <= VALUE <= 520.000000¢
46.9%  480.000000000 mtCK(avg) <= VALUE <= 520.000000¢
Information Only
Information Only
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DRAM DQ/DQS and CA Input Signal Group: WRITE Cycle

In WRITE cycle, data signals are at the input pins of the DRAM receivers. Load DQS_Diff, DQS, DQSb, and DQO signals
from the DDR4_Write directory. Load CAO and CSO signals from DDR4_CA directory.

[¥ Enable Offline Processing
Source Waveform File [ wim / ~.h5)

Done I
Clock : |efauit\DDR4_Compliance_Test_Bench_wrk'data‘\waveforms\DDR4_Wrte\CLK_D# h5 .4 Browse I
DQS Differential : H#\DO R4_Compliance_Test_Bench_wric\data\waveforms \DDR4_Write \DQS h5 Y Browse I
Data (DQ)/Data Mask (OM) :i!\WM\DDH#_CN@IM_T&H_M_W*WEa\meﬁm\ﬂDH#_Wﬂc\DOﬂhS f Browse I
Chip Select (CS) : Em\Dda.l\DDRd_Cumlm_T&ﬂ_B&ﬂ_hﬂ{\d&a\wavdams\D DR4_CA\CSDhS Browse I
CA/Command/Address :  |sers\Defaul\DDR4_Compliance_Test_Bench_wrk'data‘waveforms\DDR4_CANCADRS . Browse I
DQS Plus: E:\MM\DDH#_Cmarm_Tﬂ_Bmd'\_wrk‘dala\wavdm\DDH#_Wr’te\DQShS Y Browse I
DQS Minus - i\DﬂM\DDHd_CﬁmIm_THt_Bﬂﬂ_hﬂﬁd!a\nav\dﬂms\DDFH_Wﬂ.e\DQS}hS f Browse I
CLKPlus [rs\Defaut \DDR&_Compliance Test_Bench_wik'data'wavefoms\DDR4_Wie'CLKh5 ;  Browse |
CLK Minus : [i\Defaut\DOR4_Compliance_Test_Bench_wrk'\data'waveforms\DDR4_Write\CLKbh5 4 Browse I

Under the Select Tests tab, select all the 19 tests related to WRITE Cycle DQ, DQS, and CA signals.
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SetUp SelectTests | Canfigure | Connect | Run Tests | Automation | Results | Hem Report |

=[] & AlDOR4 Tests
E-[]® Bectrical Tests
B[O Single-Ended Signals
| BB WRITE cyde tests
|| =[O vSEHNSEL for Strobes
— [ O vsEH(Strobe)
| B O vsEL(Strobe)
| B0 VSEHVSEL for Clods
| B VSEHTed)
| F O vaELiCkd)
| B-[0O READ cyde tests
| BE-F O OvershootUndershoot (Address, Controf)
[# O Overshoot amplitude (Address, Contral)
- & Overshoot area (Address, Control)
[ Undershoot amplitude (Address, Control)
|| [T Undershoot area (address, Contrel)
| B0 OwershootiUndershoot (Data, Strobe, Mask)
| [ & Overshoot amplitude (Data, Strobe, Mask)
[ O Owvershoot area (Data, Strobe, Mask)
[ Undershoot amphtude (Data, Strobe, Mask)
[ [ © Undershoot area (Data, Strobe, Mask)
E-[]® Differential Signals
E-[] @ WRITE cyde tests
| B[] ® Differential AC Input Levels for Clock
| 2 [ O Differential AC Input Levels for Strobe
— O vIHEH.DQS(AC)

; F O VL&F.00S{DC)
| ®-[]® CledkCross Pont Voltage Test
B[] © READ cyde tests
203 Timing Tests
B[] O WRITE cyde tasts
| B-F© DataStrobe Timing
[ 0O wesE
11 [ O swesT
| B[O Command Address Timing
I .
B[]0 READ cyde tests
E-J® Cock Timing

(Click a test's name to see description)

|L||'Ht‘5¢t: DOF4-2400 Test Limit

[ 19Tests  Check the test{s) youwould lke torun  Connection: Clock Test Connection |

When the compliance tests are completed, the results will be appended to the 24 tests run earlier.

DRAM DQ/DQS Output Signal Group in READ Cycle

JDEC 79-4 specifies DRAM DQ/DQS output tests to be performed with 50 Ohm termination in READ cycle. For details on
the READ cycle output tests, see Data Signal in READ Cycle section.

Run compliance tests on waveforms generated from “_3_Sim_DQ_READ”. Click Offline Setup to load ADS simulated

waveform files from dat a\ Wavef or ms_DDR4_Read folder as shown in the following figure.
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¥ Enable Offine Processing __Done |
SRR e e e e e e o
Clock [f_11\DDR4_Comphance_Test_Bench_wk'data\Waveforns_DDR4_Read CLK_Dffh5 ./  Browse
DQS Differential - [@_Complance_Test_Bench_wik \data\Wavefoms_DDR4_Resd\DQS_Dff Delayedh5 ./  Browse

| | Dota (DQ)Date Mask (OM) [ T2_1T\DDRE_Complance_Tex_Bench_wik\deta\Wavefomms_DDRA_Reod\ DAORE ./  Browse

il | chip Selectics) [faut12_17\DDR4_Complance_Test_Bench_wri\data\Waveioms_DDR& CA\CSORS .  Browse
CAlCommandiiddress - [sfaut14_11\DDR4_Comphance_Test_Bench_wk\data\Waveforns_DDR4_CA\CADRS .  Browse
DQS Plus: [DDR4_Comphance_Test_Bench_wik datal Waveloms_DDR_Read'\DAS Delayedh5 ./  Browse
DQS Minus |IDIRI_Em‘pha'\oe_Teut_Buﬁ\_mk‘dﬁa\Wauﬁm_DDRﬂ_ﬂead\DﬂSb_Ddandh5 o Browse
CLKPlus - [h74_11\DDR4_Comphance_Tes_Bench_wi'data\Waveioms_DDR4_Read CLKRS ./  Browse
CLK Minus - [R74_11\DDR4_Comphance_Test_Bench_wik'data\Wavefoms_DDR4_Read CLKDRS ./  Browse

m In the DQS-related fields, load the delayed versions of the DQS data strobe signals. The reason for

doing so is:

® Perform compliance tests on the input signals to the controller receiver pins in READ cycle. These
tests are considered as “WRITE cycle tests” for the controller receiver pins, while DRAM DQ/DQS
pins are generating the outputs in the READ cycle.

® For DDR4 WRITE cycle tests, DQS and DQ signals must be center-aligned. Therefore we use the
post-processing equation to delay the DQS signal by 0.5*Ul, which become the DQS_Delayed

signal.

Under the Select Tests tab, select all the Electrical Tests and Timing Tests, which results in a total of total of 66 tests.

Then clear all the READ cycle tests, which will reduce the total amount of tests to 43, as shown in the following figure.
File View Tools Help
DM 2Ir 280

SetUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himi Report |

2-[0C AlDDR4Tests
= O Electrical Tests
B[] Single-Ended Signals
 WRITE cyde tests
) READ cyde tests
+ OwershootfUndershoot {Address, Control)
7 OvershootfUndershoot (Data, Strobe, Mask)
» Differential Signals
" WRITE cyde tests
J READ cyce tests
ing Tests
" WRITE cyde tests
7 READ cyde tests
¥ Clodk Tirming

NN a

"

m
DR EROE

o

i

ROR“®meads&®®

=250

P

{Click a test’s name to see description)

IL'I-'IitSEt: DOR4-2400 Test Limit
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When the compliance test is complete, the results are available under the Results tab, and an HTML report is available

under the HTML Report tab.

| Task Flow .| hlmtmmlmmlcﬁmlmnnn!mmmmml

Test Name | Actual val | Margn | Pass Limits -
(DivsEH(stabe) Infarmation Only F
(D veEL{Strobe) Infarmation Only
VSEH([Clodk) Information Cnly

(E) vsew{Clodk) Information Only

X Overshoot amplbuds (Address, Conlrel) 555, 560000000 @Y VALUE «<w 300, DOOOOO000 MY
(D) overshoot area (Address, Controd) Information Only

X Undershoot amplitude (Address, Contral) S58. 710000000 my R e <= 300000000000 mi
(D undersheot area (Address, Contral) Informaton Only

S Orvershoot ampltuds (Dats, Strobe, Mask) 44, 40000000 B8.9%  VALLE <m 400, 00000000 mi
Jo.mtm{mu. Sirobe, Mask) 5651503000 mY-re 97.2%  VALLE <= 200, 000000000 my ns

- Undershoot amplitude (Diata, Strobe, Mask) -2, 180000000 mV 169.4%  VALLE <= 0.000000000 mif
 Undershoot area (Data, Strobe, Mask) 0. 000000000000 ¥ns 100.0% VALLE <= 100.000000000mi¥ns |
/AT Ox{AC) 1095270000000 ¥ F56.4% VALUE »= ZH{VIHAC_CA_Volt-VrefC.
(D) VIHGF. CRIDC) Triformation Only

o VELEHE CXfAC) - LOS0TS0000000 ¥ T04.5%  VALLE <= PUVILAC_CA_Volt-VrefCs
(D) Vi OoDC) Information Qely

f“ﬂﬁmﬂ 618980000000 my 157.9% VALLE >= mmmm
(L) VIHG . DOSIDC) Triformation Only

- VELAHE DQES(AC) -785. 570000000 mv Z2RT%  VALLE <= 2VILAC DG Volt-vrefx)
(D vILfE.0asDC) Information Ordy

£ YD) =1 14, POSI00000 my Z.2% =120, 000000000 mY <= VALUE <=
(L) twPRE Trifarmatien Only

(D vwesT Information Grly

" BHEC) Rising Edge Measurements Ips £14%  VALLE <=83ps

(1) b [avvg) Rising Exige Measrements Informaticn Only

/" ttlper) Risine Edoe Measurements -3 pe WE%  42ps <= VALUE <= 42ps

(L} tesr(3per) Rising Edge Measurements Infarmation Only

() terr{3per) Rlising Edge Measurements Information Grly

(1) berr (4per) Rising Edge Measurements Informaton Only

() berr Speer ) Rl Edige Maasuraments Infarmation Only

() terr (Gipar) Rising Edge Messurements Triformation Only

(D) terr {Pper) Rising Edge Measurements Infarmation Only

(@) ter(gper) Rong Edge Measurements e Informalson Orly 2y
] | v

HTML Report Sample
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 TaskFiow _| Setup | Select Tests | Configure | Comnect | Run Tests | Automation | Results | Homl Report |

!.':‘: Agilent Technologies

DDR4 Test Report
Overall Result:

S TAGORHNG WEHIBA ] 00500 PhaseDiference
Festifode " 11 Conplance
Speed Grade  DOR4-2400

Infiniium SW Version 05015040
Infiniium Model Number 1135005
Infiniium Serial Number !5 Serial
Application SW Version 110 9002
Debug ModeUsed 1o
[Compliance Limits (official) D084-2400 Test Lt
|EETEsinate T [2014-07-27 12:32:41 UTC -07:00

Summary of Results

Test Statistics.

| raited) B

| Passed| 40

| Totll[ 42
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Setting up Basic DDR4 Signal Simulation

for Compliance Tests

Setting up Basic DDR4 Signal Simulation for

Compliance Tests

To understand the basic simulation setups and compliance tests a test bench named _0_DDR4_Ideal will be used.

4 [DDR4 Compliance Test Bench

[ Pattern Generators

[ Controller Driver and Recerver Models

[ DRAM Driver and Recever Models

= PCE, DIMM and Package Models

4 Sirmulation Test Benches
_0_DDR4_Ideal
1 Sim_CA
_2_Sim_DCQ_WRITE
_3_Sim_DJ_Read
A _Sim_DC_Eye

DDR4 DesignGuide Documentation

The DDR4 Compliance Test Bench DesignGuide uses the IBIS Models from Micron: z80.v5p0.ibs throughout all

simulations.

m IBIS Models are for educational demonstration only and are not intended for design purposes. Please

download the latest up to date models for your application directly from the vendor’s website.

Models in this example were downloaded from Micron Technology, Inc. www.micron.com

In an IBIS Model, an Alias name is used to reference the IBIS file name, component name, Pin name, and Model name, as

illustrated in the following figure.
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Enable

IBIS_DIO Instance Name
IBIS_TX_CLK]

18IS File 280a_v5p0.ibs [select 1515 Fie...

Component  [MT40A256M16Z80A -
[¥] Setalldata Typ -
[¥] Use package

| Package | Pin | Model | 1vpata | Driver schedule | subModel | Alas | Display |

(V] Use Aliases

IbisFile Alias DRAM_IBIS_File

Componentiame Alias DRAM_Component

PinName Alias DRAM_TX_DQS_Pin
ModelName Alias DRAM_TX_DQS5_Mode!
InvPinName Alias DRAM_TX_DQSb_Pin

- DRAM_RX_CS_Pin="CS_n" :
. DRAM_RX_CS_Model="INPUT_ 2400

- IBIS Alias Names for I/0O Pins and Model Selections

~ [E]DDR4 DRAM_IBIS Alias ~ * ~ ~ *  [Z7] DRAM_IBIS_Alias_RX_DQS DQ
DRAM_IBIS_File="z80a_v5p0.ibs" "~ * ° DRAM_RX “DQS_Model="DQS_IN_ODT40 _2400°
- DRAM_Component="MT40A512M8HX" - - - - DRAM_RX_DQS_Pin="DQS_t"
: .. DRAM_RX_DQSb_Pin="DQS_c" :
@ DRAM_IBIS_Alias_TX_DQS_DQ DRAM_RX_DQ Model="DQ_IN_ODT40 : 2400«

DRAM_TX_DQS_Model="DQS_40.2400" * *  ppay RX DQ Pin="DQ0"
- DRAM_TX_DQS_Pin="DQS.t"~ - - =« =« = + - o= o R
. DRAM_TX_DQSb.Pin="DQS_c" . .
_ DRAM_TX_DQ_Model="DQ_40_2400"
. DRAM_TX_DQ_Pin="DQ0"

: Notes
' DRAM_IBIS_AliasRX_CLK_CA_CMD =
= DRAM_RX_ m'aﬁo‘,e._-mpm 24nu" S The samelBlS ﬁle is used
- DRAM_RX_CA_Pin="A0" - - .. . . for DRAM and Controler I/O.
-DRﬁMRXCLKModeI"CLKINQADO’- S e s o 5 s o o s 5 s s o a s
. DRAM_RX_CLK_Pin="CK_t" 2. DQS driveris used to drive
DRAM_RX_CLKb_Pin="CK_c" clock signal
" DRAM_RX_CKE_Model="INPUT_ 2400" o C
* DRAM_RX_CKE_Pin="CKE" -~ = " 3. DQdriveris used to drive

* Command/Address/Control signals

Clock Signal

Clock is differential signal labeled as CLK (+ pin) and CLKb (- pin). The clock signal is of repetitive “1010” pattern with a

pattern bit rate equal to that of the DDR4 data rate, resulting in a clock frequency of /2 Data Rate. The clock driver pin is

referencing a DQS driver model and the clock receiver pin is referencing a CLK receiver model in the IBIS file.

lll-] i
S

I

"CLK

Enabie

. EyeDifl.Probe
Sovimnnsnn i Eye CLK
HEES - ENEY i st =

t | —]
CLK =
: : i LS
CLKb
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CLK Differential Waneform CLK DiflerentalEye
15 i %
1ﬁ_§ m__
3 .
o5 T oes3
EI 4 m é 3
00— " = Q0=
s 3 3 3
25 & 53
-10-5 -10-5
ATy e B B e e A T T T R e T
"0 12 14 " £l ] at -] tl--] 200 E -] &0 g -] [ 1--] oo - -] -]
time, NSes tméi . pieac
GLK Singie-Ended [SE) Ware brms ndex Eye_CLK.With) | __Eye CLK Heght)
9 0.000 3 57SE-10 1.030
10—_
_ m
0
== T T sievRate_SE=im2-m1)(indep(m2}indep(m 1))*18)
g o8-
G W stevrate_Dift=(m 4-m 2)i(indep(m 4)-indep(m3 )*1e9)
227 SlewRate SE_| Sewraw D
o — 714 14372
L ] T T T

ol | L J LI 7
WE 82 dh4 MWHE 68 16 MWI M4 NE NE I8

tme, nsac

Command and Address (CA) Signal

CA is single-ended signal labeled as CAO. The CA signal is a random pattern with a pattern bit rate equal to that of the
DDR4 data rate, because the columns and row address signals are multiplexed onto one address line. CA driver pin is
referencing a DQ driver model in the IBIS file. CA receiver pin is referencing a CA receiver model in the IBIS file.

Eye Probe

. Eye CAD

CAD

. Ensble

CAD (command and address) waveform

14
.
12—
1.0
] z
08 2
> ] &
= 08 =
3 3
0.4 u%'
0.2+
0.0
02 R B B A L B T T T R
10 12 14 16 18 20 100 200 300 400 500 600 700 800
time, nsec time, psec
index .Eye CAD.Width) Eye CAD.Height)
0.000 4 42E-10 0870
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Control Signal

The control signals are single-ended. In this example, the clock-enable signal is labeled as CKEOQ, and the Chip Select
signal is labeled as CSO. These signals use a random pattern with a pattern bit rate equal to one-half of the DDR4 data
rate, because the control signal is only triggered on the clock rising edge. CKEO and CSO driver pins are referencing a DQ
driver model in the IBIS file. CKEO and CSO receiver pins are referencing CKEO and CSO receiver models respectively in
the IBIS file.

Eye Probe
Eye CKED
. ==l
et i S e =)
é_l__ @ : CKEQ
et o
Eye Probe
Eye CS0
o]
_ = = T
J=_—F S0
=
Clock Enable {Contral Signal) Waweform CKEOEy=s
14
2]
0 =
. 0.5= g 05— 2 F.
g o] S e H "
5] 5 ¥
° ou “ 04 1
- - . P i
2 wopz- . 5
p . IR n”
9] 00— \.f‘&.ﬂ“t'*-'z;::ﬂ-lﬁ':cv_ [EWOPEIPAY A 3
02 22
T
10 1L 111 & 13 20 an .'lr }].l. 5[6 .:]9 1i ]. 'Iil ]6 18
time, neec time, nsec
ind e ..[Eye_CHKEQ Width) .{Eys_CKED Haight)
0.000 22826810 1.080

Data Signal in READ Cycle

Data Strobe is a differential signal labeled as DQS_Read and DQSb_Read. The Data signal is a single-ended signal
labeled as DQO. In Read cycle, DQS and DQ are edge-aligned, as shown in the waveform below. DQS and DQ driver pins
are referencing the DQS and DQ driver models respectively in the IBIS file. DQS and DQ receiver pins are referencing the

DQS and DQ receiver models respectively in the IBIS file.

m The DQS and DQ drivers are driving a 50 Ohm load because the DDR4 DQS and DQ drivers are of
pseudo open drain (POD) type, the voltage level at the load termination is set to Vdd.

The waveforms generated from this simulation setup can be used for AC and DC Output Measurements as specified in
chapter 8 of JDEC 79-4 document.
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R
"R1
% d.'l - R=500hm
- =N P G
Y AN o,
AR e e e e el e —
(R=SOOWn . | By Pube LD ol e ey DG Tead |
Eye_DOO_Read T LR
T L
Y A, =
i E l
AR +—
. R=50 Ohm i e =
1B 1D ool
1BIE_TX_DCr_Read Delay=0
READ Cycle: DO Waveformis Edge-Alignedwith DOS Differential ‘Wavefom READ Cycle: OO0 Eye
1.0 1.8,
0.5
LS = 12 - - e
Bz o g N/ N/
2% n.-:w S el L/ L,
g2 o] Z
gg 9] = 1 A
08 _“_: L § ne— Lo — - - -
08 . 1
22 o 63
1.0 1 T T T T T T T T T
1 12 14 1" 1%
) o BARRARSSRRIEEESESLaRSE RS T T
fime, nsec 2 we o o Ll e W o
lime, psec
[ permute(Eye DO0_Read Width) | parmitalEye DO0 Read Heignt) |
| 4.145E-10 | 0850 |
READ Cycle: DOS Differential Eye
READ Cycle: DOS Single-Ended Waveforms 1e
P T e
g 1
> =
g:' . g 7
23 &
24 o 2 213
1 Q
g"—" @ b
03 & e
0.0 T 1 T | T | T I T | T | T I T I T I T "':_|||I||.|II|Il|||||l||l|ll|IIII|IIII;llIIIllII
0o 0 04 108 108 110 112 14 48 WE 120 100 o] 1] 00 e K THA DD W00
time, nsec time, psec
| permute(Eye_DQS_ReadWidh) pemite(Eye_DOS_Read Height) |

3.896E-10 1270 |

Data Signal in WRITE Cycle

In Write cycle, the differential Data Strobe signal is labeled as DQS and DQSb, and the single-ended data signal is
labeled as DQO. In Write cycle, DQS and DQ are center-aligned, as shown in the waveform below. This alignment is done
by offsetting the DQS signal by 0.5*Ul. DQS and DQ driver pins are referencing the DQS and DQ driver models

respectively in the IBIS file. DQS and DQ receiver pins are referencing DQS and DQ receiver models respectively in the

IBIS file.
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W i 14 L) 8 0 0
time, nsec L P P A A
time, peec
permute(Eye_DO0Width) permute(Eye_DOO Height
4.104E-10 0530
WRITE Cycie: DOS Differential Eye
WRITE Cycle: DOS Single-Ended Waveforms s 10

B E

Eve_DOS_ReadDensty

= = e

"‘.OE-I'CIJI'-Ci"?ﬂ'a"lﬂlill'lﬂI'-"Z‘l'lll“.'ll.ﬂ-"..'lslﬂﬂ I”;m”I:nﬂ'”;ﬂ‘ﬂlI”i:‘ﬁ'“'ﬂl!ﬁ'”ﬂclonufﬁlﬂl“i'w ;fIJ
me, nsec time, psec
permutelEje_DQs Widh) [ peruieEre_DGS Haight) |
AHTED | 1.050 |

Transient Simulation Control Parameters
You need to set the SpeedGrade variable to one of the DDR Speed values. You can also change the number of simulation
bits, where the minimal number of bits is 500 to get reasonable measurement results. To get robust results, it is

recommended to use 2000 bits or more.

There is an En_Burst variable with a default value of 1 to enable burst simulations for DQ and DQS signals. DDR4 Read
/Write cycles operate in burst mode in real systems. Burst signals are required by Infiniium Offline DDR4 App software to

perform valid compliance tests.
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DDR4 Speed: 1600; 1866,"2133, 2400, 2666, 3200

—— SimControlParameters [ TRA P : =
(2] specdGrade=2400 o hikmbli (8 Ei"éﬁ“é'm-'i'

* No_of_simBits=500 Tra ri_Si S o

iﬁ.ﬂ.lc?'“s."m;"’.“”’_l a.ran?s. . e . .. .owo.o. . forCompliance Tests,

; * - The dataset referenced
4 E Metlist Include List - § . . indata display window

was generated by
Netistncludelistt o0 EROUSIOR - s
not polluted by preamblea
* and posambie transitions

FostProcessing -
@ Ohmﬂﬂﬁaﬁml:mﬁam:

When the burst mode is enabled, the ADS data display window can display invalid DQ and DQS Eyes as shown below.
This is because the DQS and DQ burst signals contain switching-on/off transients. Additionally the DQS burst signals

contain preamble/post-amble edges.

'L" : -5 [t i o

L

By D0 Doy

Eye_DOE_Road Density
o
[
|

g 100 200 300 &0 00 50 0 B 50

BrE. DEEC

To see a clean eye, run the simulation with En_Burst=0, and save the dataset with the name _0_DDR4_Ideal_En_Burst_0.

By switching to this dataset, you will see the DQ and DQS eyes.

Save Signals to .h5 files for Running Compliance Tests

In the Schematic view, double-click the “Netlist Include List” component to open the Edit Instance dialog box.

|!! Netlist Include List I

NetlistincludeList1

The ADS netlist file named MeasEqn_|I deal . net is included in the simulation.
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1-\,'-'- Edit Instance Parameters

Library name:  ads_simulation

Cell name: Metistindudelist
Vs name: gymibol

Instance name: MNetistindudelist1

Select Parameter Parameter Entry Mode

== LS|
Metlist Types ads
I MetlistMame[1]= "MeasEqn_ldeal.net” I

iy Desplay parameter on schematic

Component Options... i Reset .

MetistType:Netist type {repeatable)

| oK | | . Apply | | Cancel el

MeasEqn_| deal . net is available in the data folder of your current workspace. In ADS Main Window, under the File
View tab, you can right-click the data folder to explore the files in the folder. You will see several MeasEgn*.net files in
this folder; each of them is being used in a simulation setup. You can copy a netlist file with a new name, and use a text

editor to modify it for your unique simulation setups.
& Measkgn_CA
| Measkqn_DQ_Read

[&] MeasEqn_Ideal

The following function is used to generate the .h5 file:
write_infiniiumh5(NodeNane, FileNane_h5, Waveform Path, Sub_Fol der, |nterpolationFlag,
Tstart, Tstop, Tstep, BW

where,

NodeName is the node name defined by the user in schematic window

FileName_h5 is the file name to be saved in .hdf5 format

Waveform_Path is the file path to the folder where .h5 files are saved

Sub_Folder is the sub-folder name under Waveform_Path. It can be NULL if no sub-folder is needed.
InterpolationFlag: 0 means no interpolation. 1 means “interpolating the data between Tstart and Tstop using a uniform
Tstep”

Tstart is start time for data collection

Tstop is stop time for data collection

Tstep is time step for data collection

BW is bandwidth value used by Infiniium Offline for processing the waveform samples. Default value is 50GHz, which is

sufficient for DDR4 applications.

Example of writing DQO signal to DQO.hS5 file:
ael DQO_HDF5=write_infiniium_h5(DQO0, "DQ0", WaveformPath, "", 1, Data_Collection_Start[0], Data_Collection_Stop[0],
Data_Output_Increment[0], 50e9)

Running DDR4 Compliance Tests

Perform the following steps to run DDR4 Compliance Tests using the Offline Infiniium software.
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1. Launch Infiniium Offline.

2. Select Analyze > Automated Test Apps> N6462A DDR4 Test App.

Agilent

@00
Automated Test Apps
t Analysis (EZ
se (EZIT Compl
Serial Data...

=)
E]
]
=
[}
&

s

Equalizatio

The DDR4 Test window is displayed.

3. Select Speed Grade as DDR4-2400 under the Set Up tab.

File ! View Tools Help
GRS

| TaskFiow _] SetUp |select Tests | Configure | Connect | RunTests | Automation | Resuits | Himi Report |

Set Up i DDR4 Test Environment Setup

Device Under Test (DUT)

Speed Grade Test Mode AC Levels
; j " DDR4-1600 - DQ CA
fekect feats " DDR4-1866 : Ej::.l:m 120 @0
€ DDR4-2133
Burst Triggenng Method
" DDRs4-2666 ¥ DQS-DQ Phase Difference
" DDR4-3200 € MSOx Logic Triggering

| | Threshold Setiings | [ offline Setup |  DDR Debug Tool

Test Report Comments (Opbonal)

Device Identifier: User Description:
|SELECT OR TYPE) »|  |(SELECTORTYPE) |
Comments:

| :

4. Click Offline Setup to load the ADS simulated waveform files from the directory dat a/ Wavef or ns_DDR4_| deal

5. Select Enable Offline Processing in the Offline Processing window.

6. Click Browse to load DQ_Read and DQS_Read signals to perform a set of Read Cycle tests.

= B R

o Offline Processing

g

¥ Enable Offline Processing
Source Waveform File (*.wim / *h5)
Clock - [4_11\DDR4_Compliance_Test_Bench_wric\data\Waveforms_DDR4_ideal\CLK_Dff h5

DGS Differential : |]DR4_Cumeanoe_Tea_B&1d1_mk ‘data"Wavefoms_DOR4_ideal\DQS_Read_[if h5

- I
: 513
wm [ |

Data (DQYData Mask (DM) : |.‘I TDDR4_Compliancs_Tast_Banch_wrk'data\Wavefoms_DDR4_ideal\DQ0_Rsad h5

Chip Select (C5) |auh1-d_‘| 1\DDR4_Compliance_Test_Bench_wrk'‘data"Waveforms_DDR4_ideal\C50.h5 Browse

CACommand/Address : |am 14_11\DDR4_Complance_Test Bench_wrk'data’Waveforms _DDR4_ideal\CADhS Browse J

DGS Plus: |1 1\DOR4_Compliance_Test_Bench_wrk data'Waveforms_DDR4_ideal\DQ5_Read h5 Browse

DQS Minus - |‘I'-.D DR4_Compliance_Test_Bench_wik\data\Wavefoms_DDR4_ideal\DQSh_Readhs 4 Browse ]

CLKPlus : |au9t‘|d_1 NDDR4_Compliance_Test_Bench_wrk'\data\Waveforms_DDR4_jdea\CLKh5 .4 Browse

CLK Minus |uh1£_1 TMDDR4A_Compliance_Test_Bench_wik'\data'Waveforms_DDR4_ideal\CLEbhE 4 Browse ]
7. Click Done.
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8. Click the Select Tests tab.

There are a total of 66 tests available, 31 of them being electrical tests and the other 35 being timing tests.

Perform the following set of tests on the signals loaded in the previous tests.

Because the Read cycle DQ/DQS signals and Clock signals are loaded in the Offline Processing window, perform
the Read cycle tests and clock signal tests, which add up to a total number of 50. It is recommended to
incrementally perform these tests, that is, run a sub-group of tests at a time. The test results under the Results

and HTML Report tabs will accumulate incrementally, as illustrated in the following screenshots.

a. Electrical Tests-> Single Ended Signals-> READ cycle tests: 6 tests

E-[]O Hectrical Tests B i
E-[JO single-Ended Signals
- E-[JO WRITE cyde tests
B[ O READ cyde tests
= |z|o VOH/NVOL
- MO voH(AC)
i~ © VOH([DC)
M © voL(ac)
- MO vopa)
E-M O Output Slew Rate
~[¥] © SRQseR
[P O SRQseF

TestName | Actual val | Margin | Pass Limits |
/ VOH(AC)  1.209250000000 V 18.6% VALUE >=0.85VDDQ Volt V
JvoHpe)  1.209200000000v [N vauve >= 1.1=vDDQ_volt v
/VOLAC) 528.810000000mV  19.9% VALUE <=0.55"VDDQ VoltV
/VOLDC) 528.810000000mV  11.9% VALUE <=0.5"VDDQ_VoltV
/SRQseR  6.309028000000 Vjns  46.2%  4.000000000000 V/ns <= VALUE <= 9.000000000000 V/ns
5.391627000000 Vjns  27.8%  4.000000000000 V/rs <= VALUE <= 9,000000000000 Vjns

b. Electrical Tests -> Single Ended Signals -> Overshoot/Undershoot: 8 tests

B-[JO Bectrical Tests

. B[JO Single-Ended Signals

&[] O WRITE cyde tests

l 1 © READ cyde tests

B[4 © Overshoot/Undershoot (Address, Control)

- [ O Overshoot amplitude (Address, Control)
W] O Overshoot area (Address, Control)

—[¥] © Undershoot amplitude (Address, Contral)
—[¥] © Undershoot area (Address, Control)

O Overshoot/Undershoot (Data, Strobe, Mask)
—[¥] © Overshoot amplitude {Data, Strobe, Mask)
--E] O Overshoot area (Data, Strobe, Mask)
[ © Undershoot amplitude (Data, Strobe, Mask)
“[#] & Undershoot area (Data, Strobe, Mask)

-

Test Name | Actual val [ Margin [ pass Limits
/ VOH(AC) 1209250000000V 18.6%  VALUE >=0.85"VDDQ_VoltV
X VOH(DC) 1200290000000 v [ vaviz >= 1.17voDQ voitv
/ voL(ac) 528.8 10000000 mY 19.9%  VALUE <= 0.55*VDDQ_Volt v
7 voLEe) 528.810000000mV  11.9%  VALUE <= 0.5"VDDQ_VoltV
/ SRQseR 6.309028000000 Vjns  46.2%  4.000000000000 Vjns <= VALUE <=9.00
/ SRQseF 5391627000000 Vjns  27.8%  4.000000000000 Vjns <= VALUE <= 9.00
/ Overshoot amplitude (Address, Control) 67.730000000 mV 77.4%  VALUE <= 300000000000 mV
(D) Overshoot area (Address, Control) Information Only
/ Undershoot ampiitude {Address, Control) 75.830000000 mv 74.7%  VALUE <= 300.000000000 mv
(© Undershoot area (Address, Contral) Information Ondy
/ Qvershoot amplitude (Data, Strobe, Mask) 18.450000000 my 95.4%  VALUE <= 400.000000000 mV
/ Overshoot area (Data, Strobe, Mask) 500, 443200 V-ns 99.7%  VALLE <= 200.000000000 mV-ns
/ Undershoot ampitude (Data, Strobe, Mask)  484.370000000mV  25L.4% VALUE <= 320.000000000 mV
W4 indershoot area (Data, Strobe, Mask) 0.000000000000 V-ns  100.0% VALUE <= 100.000000000 mV-ns
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C. Electrical Tests -> Differential Signals -> READ cycle tests: 4 tests

E-[JO Eectrical Tests
| B-[JO single-Ended Signals
=-0O Differential Signals
B[] O WRITE cyde tests
= O READ cyde tests
&~ E|O Differential AC Output Levels and Slew Rate tests

[ © VOHdff(AC)
MO VOLHiff(AC)
MO srRQdiffR

i : ) SRQdiffF

Test Name [ Actual val [ Margin_[ Pass Limits

/ VOH(AC) 1.209290000000 V 18.6%  VALUE »=0.85*VDDQ_Volt v

X VOH(DC) 1.209200000000v [ vaLuE >= 1.1v0DQ voltv

JVoLaC) 528.8 10000000 mV 19.9%  VALUE <=0,55"VDDQ_Volt v

/voLpe) 528.810000000 mV 11.9%  VALUE <=0,5"VDDQ_Volt V

-/ SRQseR 6.309026000000 Vjns  46.2%  4.000000000000 V/ns <= VALUE <= 9.001
¥4 SRQseF 5.391627000000 Vjns 27.8%  4.000000000000 V/ns <= VALUE <= 5.001
-/ Overshoot amplitude (Address, Controf) 67.730000000 my 77.4%  VALUE <= 300.000000000 mv
() Overshoot area (Address, Contral) Information Only

- Undershoot amplitude {Address, Control) 75.830000000 m¥ 74.7%  VALUE <= 300.000000000 mV
(D) Undershoot area (Address, Control) Information Only

/ Overshoot amplitude (Data, Strobe, Mask) 18.450000000 my 95.4%  VALUE <= 400.000000000 mv

/ Overshoot area (Data, Strobe, Mask) 500,443 200 pV-ns 99.7%  VALUE <= 200,000000000 mV-ns

-/ Undershoot amplitude (Data, Strobe, Mask)  -484.370000000 mV 251.4% VALUE <= 320.000000000 mV

-/ Undershaot area (Data, Strobe, Mask) 0,000000000000 V-ns  100.0% VALUE <= 100.000000000 mV-ns

o/ VOHdfF(AC) 672.010000000 mV 86.7%  VALUE >=0.3"VDDQ VotV

v VOLdiff{ac) “573,990000000 mv 87.2%  VALUE <= -0.3*VDDQ_Volt v

v SROdiffR 11.313870000000 ¥/ns  33.1%  8.000000000000 V/ns <= VALUE <= 18.01

11.311140000000 Vins.  33.1%  8.000000000000 V/ns <= VALUE <= 18.0

d. Timing Tests -> READ cycle tests: 13 tests

&[]0 Tming Tests
B[] O WRITE cyde tests

. V] O Data Strobe Timing
[w] O tRPRE

tDQSCK

tDVAC(Clodk)
HLZDQ5
) tHZDQS
tQSH
HQSL
| tDVAC(Strabe)
Test Mame | Actual val | Margin | Pass Limits
(D) Undershaot area (Address, Contral) Information Orly
/ Overshoot ampitude (Data, Strobe, Mask) 18.450000000 mv 95.4%  VALUE <= 400.000000000 my
./ Overshoot area (Data, Strobe, Mask) 500, 443200 V-ns 99.7%  VALUE <= 200.000000000 mV-ns
-/ Undershoat amplitude (Data, Strobe, Mask)  ~484.370000000 mv 251.4% VALUE <= 320,000000000 mV
# Undershoat area (Data, Strobe, Mask) 0.000000000000 Vs 100.0% VALUE <= 100,000000000 mV-ns
/ VOHAFI(AT) 672,010000000 iV 86.7%  VALUE »=0.3"V00Q_ValtV
4 VOLdIFf(AC) -573.990000000 my 87.2%  VALUE <= <0.3"VDDQ _Volt v
-/ SROiFR. 11.313870000000 Vins  33.1%  8.0000000D0000 Vjns <= VALUE <= 18.0(
-/ SRQdiffF 11.311140000000 V/hs  33.1%  8.0000000D0000 Vjns <= VALUE <= 18.0(
®woasq Information Only
@D toH Information Only
[OTF. %] Information Only
(D) iz Information Orly
(D tprrE Information Orly
@ wpsT Information Orly
© ogsck Information Only
(D DvAC(Cod) Information Oriy
D umgs Information Orly
(D #zDas Information Oy
[OF Information Only
(D tasL Information Orly
Information Only
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e. Timing Tests -> Clock timing: 19 tests

B[] Timing Tests

B[] WRITE cyde tests

B[] READ cyde tests

1= m O Clodk Timing

=¥ O Rising Edge Measurements
[#] © tit{CC) Risng Edge Measuwemsants

O 0K {avg) Rising Edge Measurements
tit{per) Rising Edge Measurements
terr(2per) Rising Edge Measurements
terr(3per) Rising Edge Measurements
terr (aper) Rising Edge Measurements
terr(5per) Rising Edge Measurements
terr (Bper) Rising Edge Measurements
terr{7per) Rising Edge Measurements
terr{8per) Rising Edge Measurements
terr{3per) Rising Edge Measurements
terr{10per) Rising Edge Measurements
 terr(11per) Rising Edge Measurements
¥ terr{12per) Rising Edge Measurements
» terr{nper) Rising Edge Measurements
) Pulse Measurements
3 tCH Average High Measurements
[ & L Average Low Measurements
[ & thit{duty-high) Ntter Average High Measurements
[ & tit{duty-ow) Nitter Average Low Measurements

4
L

R R [&] & & & &1 R R R R R R R
sfaNeRoloNoRaRalsel

el atalals

s

=

®

Test Name [ Actual val [ Margn [ Fass Umits
(@ s Invform tion Cnly
D Informatian Only
(D) vac(strebe) Informatian Only
/ Wr{CC) Rising Edge Maasurements 24ps FL1% VALUE <=83ps
() ro(avg) Rising Edge Meamuraments Iriformation Cnly
J tptpar) Rising Edgs Maasyrements -18 ps B.6% -42ps <= VALLE <= 42 pa
() terr(2per) Rusing Edge Measurements Information Only
(1) terr{3per) Rising Edge Measurements Informatin Only
(D) terr{4per) Rising Edge Measurements Information Only
(D) terr{Sper) Rising Edge Measurements Informatian Only
(1) terr (Gper) Rising Edge Measurements Informatian Only
() terr(7per) Rising Edge Measurements Information Only
() varr (Bpar) Rising Edge Measursmants Iriformatian Cnly
() verr (Dpar) Rasing Edge Measursmants Information Only
() terr(10per) Risng Edge Measurements Information Only
(D) terr(11per) Rising Edge Measurements Information Only
(D) terr{ L2per) Rising Edge Measurements Informatian Only
(D) terr{nper) Rising Edge Measurements Informatian Only
/ YCH Aversge High Messurements 459.430532562 miCK(avg)  95.6%  980.000000000 mCK(avg) <=V,
/WL Bverage Low Messurements S00.5IESET745 MICK(avg)  48.5%  480.000000000 meCK(avg) <=V,
() rgefuty-high) Ftter Average High Mesmurements Iriformation Cnly
(), mit{duty dow) Jtter Average Low Meas rements Infiormason Only

9. Load the Write cycle DQ/DQS signals and Clock signals in the Offline Processing window, and perform Write

cycle tests, which add up to a total number of 16.

Out of the 16 tests for Write cycle, 13 of them are electrical tests, and 3 of them are timing tests:
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=[] @ Electrical Tests

|_—‘_|D @ SingleEnded Signals

|_:_| ) WRITE cyde tests

E| ) VSEH/VSEL for Strobes

...... ) VSEH(Strobe)

L ) VSEL(5trobe)
El-" 0 YSEHMNSEL for Clodks
- ) VSEH{Clock)

[]D @ READ cyde tests

H-[] ® oOvershoot/Undershoot {Address, Control)

H-[] ® OvershootfUndershoot (Data, Strobe, Mask)

=[] ¢ Differential Signals

|_:_| ) WRITE cyde tests

=-[#] © Differential AC Input Levels for Clock

..... O VIHdiff.CK{AC)

..... O VIHdiff.CK{DC)

..... O VILdiff. CK{AC)

..... O VILdiff.CK(DC)

E-[w] O Differential AC Input Levels for Strobe
..... O VIHdiff.DQS(AC)

..... O VIHdiff.DQs(DC)

..... O VILdiff.DQS(AC)

..... O VILiff.DQs({DC)

B[] O Clack Cross Point Voltage Test

[]D @ READ cyde tests

g.[:].ae Timing Tests

B[] © WRITE cyde tests
E)-[w¥] © Data Strobe Timing

ED“ READ cyde tests
&[] @ Data Timing

- B[] @ Data Strobe Timing

@[] @ Clock Timing

(D vSEH(Strobe) Information Ginly
(D vsEL(strobe) Information Cnly
(@D VSEH(Clack) Information Only
(@ vsEL(Clock) Information Only

/ VIHdiff.CK(AC) 1. 149970000000 V 379.2% VALUE >= 2%(VIHAC_CA_Volt-VrefCA_volt) v
(D) VIHdiff.CK(DC) Information Cnly

/ VILAiff.CK(AC) -1.149590000000 V 379.0% VALUE <= 2*{VILAC_CA_Volt-VrefCA_Volt) V
(D) VILAiff.CK{DC) Information Only

/ VIHdiff.DQS(AC) 661.830000000 mV 175.8% VALUE >= 25(VIHAC_DQ_Volt-VrefDQ_Volt) v
(D VIHdiff.DQS(DC) Information Only

/ VILGff.DQS(AC) -632. 260000000 mV 163.4% VALUE <= 2%{(VILAC_DQ_Volt-VrefDQ_Volt) v
(D) VILAFF.0QS[DC) Information Only

X VIX(CK) -133.015000000 mV R -120.000000000 mV <= VALUE <= 120.000000000
(D tWPRE Information Cnly
(@ twpsT Information Only

The tCKE test generates the following error message:
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DDRA Test Internal Emor

r d B Exception: Run Stopped.
The run has been slopped,

Test Name: tCKE
Unable to ind signal below that is required for this test
FPlease ensure that signal below is selected as one of the Pin Under Test(PUT) option

under the Configure tab for the comesponding Timing lest
1.CKE

To complete tCKE test, perform the following steps:

1. Click the Configure tab.

2. Find Timing Tests > Test Setup for Command and Address Timing ONLY > Channel 4 > Signal selected

3. Change the selected signal from (/CS0 Gnd) to (/CKEO Gnd)

El- © Test Setup for: Command and Address Timing ONLY
@ Max Measurement Count (100)
-~ @ Clocking Method (1T Timing)
- i@ Edge Type for SetupTime measurements (BOTH Rising and Falling edge)
@ Edge Type for HoldTime measurements (BOTH Rising and Falling edge)
- Channell
& Channel2
0 Channel3
- Channel4
- @ Option (Pin Under Test
-
4. Run this 1 test only. Clear all the tests that have been completed already in the earlier steps.
Select Tests | configure | Connect | Run
@ Al DDR4 Tests
‘[0 ® Bectrical Tests
#-[] @ SingleEnded Signals
-[[] ® Differential Signals
1 Timing Tests
=[] O WRITE cyde tests
. B[] ® Data Strobe Timing
EI--- O
MO

--EI @ READ cyde tests
®-[] @ Clock Timing

0-=-E-E
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5. After all tests are completed, click the HTML Report tab to view the Test Report.

DDR4 Test Report
Overall Result:

nfiiun W Version 05 01 9040
Infiniium Model Number  N39004
Infiniium Serisl Number 1o Serul
Application SW Version  1.10.5002
Debug Mode Used Mo
Compliance Limits (official) DOR4-2400 Test Limt

[CastTestate Y [2014-07-25 13:56:18 UTC -07:00

Summary of Results

Test Statistics
| Failed H

Passed 63

Total &6
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Troubleshooting Invalid WRITE Bursts
Error in DDR4

Troubleshooting Invalid Write Bursts Error in DDR4

You might get invalid test results for VSEH/VSEL for strobes. The following error message is displayed:

Unable to find valid wite bursts

The VSEH/VSEL for strobes option is available in DDR4 Transmitter Tests > Electrical tests > Single Ended Signals >

WRITE cycle tests, as shown below:

Task Flow _| "setup SelectTests |Conﬁgure] Connect | Run Tests | Automation | Results | Himl Report |

Set Up =% W [®B DDR 4 Transmitter Tests

E-[1C Al DDR4 Tests
=[] © Electrical Tests

\ ',( E|D Single-Ended Signals
EH WRITE cyde tests
= VSEH/VSEL for Strobes

Select Tests =R

v

VSEH(Strobe)
i [W] O VSEL(Strobe)
B[] O READ cyde tests

Configure H-[] & OvershootfUndershoot {Data, Strobe, Mask)
— | #-[] © Differential Signals
Connect (Click a test's name to see description)
Run Tests Limit Set: DDR4-2400 Test Limit

2Tests  |Chedk the test(s) you would like to run Connection: Differential AC Input Levels Test Connection

Solution

DDR4 Compliance App needs to separate the WRITE bursts from the READ bursts, before you can perform any test on
the data (DQ) and strobe (DQS) signals. When you get an invalid test result such as a value of 9.00E36V, it might be due
to the failure in separating the WRITE bursts from the READ bursts, as shown below.

Unable to find valid Write burst.

To debug this problem, invoke the DDR Debug Tool by performing the following steps

1. Load differential DQS waveform and single-ended DQ waveform

2. Set the Data Rate, e.g. 2400 Mb/s. Alternatively, you can load differential clock waveform and click Get button to

calculate the Data Rate from clock waveform.
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3. Examine the p-p (peak-to-peak) voltage of the DQS waveform. If the p-p voltage is smaller than the default value
of 0.5V for “Burst Envelope Threshold” (BurstEnvThres), change the threshold to make sure it is lower than the

actual DQS p-p voltage.

4. Examine the p-p (peak-to-peak) voltage of the DQ waveform. If the p-p voltage is smaller than the default value
of 0.5V for “Data Voltage Range” (DataVoltRange), change the DataVoltRange to make sure it is lower than the
actual DQ p-p voltage.

5. Click FIND ReadWrite Burst Data to perform the operation of separating READ bursts from WRITE bursts. At the

end of the operation, vertical markers will indicate the bursts found, as shown below.

DOR Debug Teol o] @ |
File Wiew Help

= _, | - | m ] - | DORS Debug Ervironment Setup
= Em- 0 - SORAN Tyon

= DORY

Fead / Wiie | Configs | Test & Fesuts | Havgaon |

Genersl Configurabons

| | Dizts Rste [MTs) [0  Ga
1 | BurstErvThres
I CatmVeoliFange fos
{ | 1 | | | Thesahold Mods
' i il ; i H H |
| | | l | I | | I F ® TopBase Rabo
L r.. | T [ 1 o P‘ F. A, Ih, i' b A il ™ Custom Threshold
| |
| I I I | I | TopBase Rats Confipuratons
i ' ol i 0as  0a
op Ratio 08 0
Eane Fatic F 0z
IND Fiess s
To Mavigation Tat
a
Captore Scresn M Scaie [ Zma Eks
Pead Burst:=0 White Burst: 8 Total Burst: 0 Ready

If no WRITE bursts is found in the DDR4 Debug Tool, the DQS preamble and post-amble waveform have an issue. The
following figure illustrates the DQS waveform (green trace) with the correct preamble (1 clock cycle) and post-amble (0.5
clock cycle). The DQ waveform (purple trace) and DQS waveform (green trace) have an offset of 0.5 Ul (Unit Interval),

which is the correct phase alignment for a WRITE burst.

DOR Debug Too
m. “.' mj: -.' mﬂ: ;:};lﬁ;e?:j..mn#.w.c
& DORd
Fead 7 Wetn. | Corfion | Test 4 Resuls | Nevigation
Genetal Corfigurabons

Deta Rate [MT/s] 200 Get |
BuraiSreThins 05
DistatichtRange

Thresholid Mode

& TepBase Ratic
= Custom Threshedd

Topase Rabo Corhgurabirs
Postamble
Das Do
o

Tep Rass 0z

Base Fafic oz oz

FIND Read'wite Bust Data

In the ADS data display window, you can analyze the simulated DQS waveform having the correct DQS preamble and

post-amble.
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To fine-tune the DQS post-amble:

1. Open the Burst Pattern source.

2. Find the pulse source that enables the DQS burst, as shown below:

Pan_0DC)
Pam_Da
Par_DG2,
Pan_DQ3

Enablo_DQS

Pat_ DO4b—=— - Num=10
LT I— MPulse - - - - - - -

Pan_ DO ———— -l SRC10
Delay=0 o .
= Width=DQS_EnableWidth-ULFineTune  [1%] VARG
' Period=DQS_EnablePeriod =~~~ FineTune=130ps
ST T En_Burst=1 -

Pail_DOS

Elrst DO Pattem Gana rater

Pai_DaT)

Enavle_DOS

——
[SFrs| B

Pan_CLKred|

PattemGen_DQ_WRITE_Burst
DQ_DGS_Pattem

3. Change the parameter value FineTune to make sure preamble maker “m1” and post-amble marker “m2” are as

close to zero as possible.

4. Examine the p-p (peak-to-peak) values of DQS and DQ waveforms, which can be useful in setting the “Burst
Trigger Threshold” under “Config” tab. For example, the p-p value of the DQ waveform in the above figure is ~0.
4V, which is below the default setting of 0.5V for “Minimum Data Amplitude” shown below. This setting needs to
be changed to 0.4V in order for the DDR4 Compliance App to find the DQ WRITE bursts.

[ DORA Test -- DORA Device1 == =
File WView Took Help
O=H CEY N

Task Flow _| Setup | Select Tests Configure: | Connect | Run Tests | Automation | Results | Himi Report |
Made: & Complisnce ( Debug

Setlp
Activite/Refresh Limit Seb... | Activez (Official) DORA-2400 Test Limt
DOR.4 Trarmmitter Tests ~ |Settmgs For: Mimimum Data
@ Sip Connection Diagram Promgt (o) A plitude:
Salect Tests @ Skp Ervor Message (Na) Select oriypa in 8 valye:
Burst Trigger Threshold Settings ps =]
@ Burst Ervelope Threshold (0.5) =
@ Threshold Mode (TopfaseRiaso) iramum Data Amplitude: Determine the. -
Confure I Vi Dot At 10.4) o L L

DDR4 Compliance App has a known issue in VSEH/VSEL for Strobes tests. The workaround for this issue is described
below.
In the Offline setup, specify the single-ended DQS.h5 (NOT DQS_Diff.h5) in DQS Differential field, as shown below:

¥ Enable Offline Processing
Source Waveform File [ wim / * hE)

i

Clock : = X

DG Differential : [rusers\yang \HSDADDR4\MyWorkspace _wric'data'Waveforms_DDR4_Wre'DQShY j  Browse
Data (DQ)Data Mask (DM) :|:\Users\iyang \HSD\DDR4\MyWorkspace_wrk'data'\Wavefoms_DDR4_Wrie\DQOh5 j  Browse
Chip Select (CS) : = X  Erowse
CACommand/Address :  [C\ X  Browse
DAS Plus: e ¥  Browse
DQS Minus e X  Browse
CLK Plug jca X Browse
CLK Minus jca X  Browse

Select VSEH and VSEL tests, as shown below:
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'setUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

B[] Al DDR4 Tests

E-[]C Electrical Tests
EID 0 Single-Ended Signals
| B[] WRITE cyde tests
E| ) VSEH/MNSEL for Strobes
) VSEH(Strobe)
L] © VSEL(Strobe)
[[]© READ cyde tests

i @[]0 OvershootfUndershoot (Data, Strobe, Mask)
#-~[] © Differential Signals

(Click a test's name to see description)

Limit Set: DDR.4-2400 Test Limit

2 Tests |Ei'1&dc the test(s) you would like to run Connection: Differential AC Input Levels Test Connection ’_

Select Tests

Run the tests and get the following results:

‘SetUp | Select Tests | Configure | Connect | Run Tests | Automation Results | Html Report |

Pass Limits
obe) Information Only
VSEL(Strobe) Information Only

Test Mame

Details: VSEH(Strobe)
Trial 1
Parameter | Value |
Pass Limits Info Only
Parameter Tested VSEH
Actual Value 1.221041000000 v
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