Keysight D9040DDRC DDR4 Test
Application

KEYSIGHT Methods of
EEEEEEEEEEEE Implementation



Notices

© Keysight Technologies 2014-2020

No part of this manual may be reproduced in
any form or by any means (including elec-
tronic storage and retrieval or translation
into a foreign language) without prior agree-
ment and written consent from Keysight
Technologies as governed by United States
and international copyright laws.

Trademarks

UNIX is a registered trademark of UNIX Sys-
tem Laboratories in the U.S.A. and other
countries. Target is copyrighted by Thru-Put
Systems, Inc.

Version
Version 3.20.0.0

Edition
March 2020

Available in electronic format only

Keysight Technologies, Inc.
1900 Garden of the Gods Road
Colorado Springs, CO 80907 USA

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 MANUAL
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 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 WILL CONTROL.

Technology Licenses

The hardware and/or software described in
this document are furnished under a license
and may be used or copied only in accor-
dance with the terms of such license.

U.S. Government Rights

The Software is "commercial computer soft-
ware," as defined by Federal Acquisition
Regulation ("FAR") 2.101. Pursuant to FAR
12.212 and 27.405-3 and Department of
Defense FAR Supplement ("DFARS")
227.7202, the U.S. government acquires
commercial computer software under the
same terms by which the software is cus-
tomarily provided to the public. Accordingly,
Keysight provides the Software to U.S. gov-
ernment customers under its standard com-
mercial license, which is embodied in its
End User License Agreement (EULA), a copy
of which can be found at http://www.key-
sight.com/find/sweula. The license set forth
in the EULA represents the exclusive author-
ity by which the U.S. government may use,
modify, distribute, or disclose the Software.
The EULA and the license set forth therein,
does not require or permit, among other
things, that Keysight: (1) Furnish technical
information related to commercial computer
software or commercial computer software
documentation that is not customarily pro-
vided to the public; or (2) Relinquish to, or
otherwise provide, the government rights in
excess of these rights customarily provided
to the public to use, modify, reproduce,
release, perform, display, or disclose com-
mercial computer software or commercial
computer software documentation. No addi-
tional government requirements beyond
those set forth in the EULA shall apply,
except to the extent that those terms, rights,
or licenses are explicitly required from all
providers of commercial computer software
pursuant to the FAR and the DFARS and are
set forth specifically in writing elsewhere in
the EULA. Keysight shall be under no obliga-
tion to update, revise or otherwise modify
the Software. With respect to any technical
data as defined by FAR 2.101, pursuant to
FAR 12.211 and 27.404.2 and DFARS
227.7102, the U.S. government acquires no

greater than Limited Rights as defined in
FAR 27.401 or DFAR 227.7103-5 (c), as
applicable in any technical data.

Safety Notices

A CAUTION notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in damage to the product
or loss of important data. Do not pro-
ceed beyond a CAUTION notice until
the indicated conditions are fully
understood and met.

A WARNING notice denotes a hazard.
It calls attention to an operating pro-
cedure, practice, or the like that, if not
correctly performed or adhered to,
could result in personal injury or
death. Do not proceed beyond a
WARNING notice until the indicated
conditions are fully understood and
met.




Contents

1 Overview
DDR4 Automated Testing—At a Glance / 8

Required Equipment and Software / 9
Hardware / 9
Software / 10
Licensing information / 10

In This Book / 11
See Also / 11

2 Installing the Test Application and Licenses
Installing the Test Application / 14

Installing the License Key / 15
Using Keysight License Manager5 / 15
Using Keysight License Manager6 / 16

3 Preparing to Take Measurements
Calibrating the Oscilloscope / 20

Starting the DDR4 Test Application / 21
Configuring DQS Signal Type in Custom Test Mode / 23
Support for 2tCK Preamble length / 24

4 Electrical Tests
Overview / 26

Single-Ended Signals (WRITE cycle tests) / 27
Clocks Plus Tests / 27
Clocks Minus Tests / 33
Strobe Plus Tests / 39
Strobe Minus Tests / 43
VIH/VIL for Command and Address / 47

Single-Ended Signals (READ cycle tests) / 51
VOH/VOL / 51
Output Slew Rate / 59

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Overshoot/Undershoot (Clock Plus) / 62
Overshoot amplitude (Clock Plus) / 62
Overshoot area above VDD Abs Max(Clock Plus) / 65
Overshoot area between VDD and VDD Abs Max(Clock Plus) / 67
Overshoot area (Clock Plus) / 69
Undershoot amplitude (Clock Plus) / 71
Undershoot area below VSS(Clock Plus) / 74
Undershoot area (Clock Plus) / 76

Overshoot/Undershoot (Clock Minus) / 78
Overshoot amplitude (Clock Minus) / 78
Overshoot area above VDD Abs Max(Clock Minus) / 81
Overshoot area between VDD and VDD Abs Max(Clock Minus) / 83
Overshoot area (Clock Minus) / 85
Undershoot amplitude (Clock Minus) / 87
Undershoot area below VSS(Clock Minus) / 90
Undershoot area (Clock Minus) / 92

Overshoot/Undershoot (Strobe Plus) / 94
Overshoot amplitude (Strobe Plus) / 94
Overshoot area above Max Abs Level(Strobe Plus) / 97
Overshoot area between VDDQ and Max Abs Level(Strobe Plus) / 99
Overshoot area(Strobe Plus) / 101
Undershoot amplitude (Strobe Plus) / 103
Undershoot area below Min Abs Level(Strobe Plus) / 106
Undershoot area between VSSQ and Min Abs Level(Strobe Plus) / 108
Undershoot area (Strobe Plus) / 110

Overshoot/Undershoot (Strobe Minus) / 112
Overshoot amplitude (Strobe Minus) / 112
Overshoot area above Max Abs Level(Strobe Minus) / 115
Overshoot area between VDDQ and Max Abs Level(Strobe Minus) / 117
Overshoot area(Strobe Minus) / 119
Undershoot amplitude (Strobe Minus) / 121
Undershoot area below Min Abs Level(Strobe Minus) / 124
Undershoot area between VSSQ and Min Abs Level(Strobe Minus) / 126
Undershoot area (Strobe Minus) / 128

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Overshoot/Undershoot (Data) / 130
Overshoot amplitude (Data) / 130
Overshoot area above Max Abs Level(Data) / 133
Overshoot area between VDDQ and Max Abs Level(Data) / 135
Overshoot area(Data) / 137
Undershoot amplitude (Data) / 139
Undershoot area below Min Abs Level(Data) / 142
Undershoot area between VSSQ and Min Abs Level(Data) / 144
Undershoot area (Data) / 146

Overshoot/Undershoot (Data Mask) / 148
Overshoot amplitude (Data Mask) / 148
Overshoot area above Max Abs Level(Data Mask) / 151
Overshoot area between VDDQ and Max Abs Level(Data Mask) / 153
Overshoot area(Data Mask) / 155
Undershoot amplitude (Data Mask) / 157
Undershoot area below Min Abs Level(Data Mask) / 160
Undershoot area between VSSQ and Min Abs Level(Data Mask) / 162
Undershoot area (Data Mask) / 164

Overshoot/Undershoot (Address, Control) / 166
Overshoot amplitude (Address, Control) / 166
Overshoot area above VDD Abs Max(Address, Control) / 169
Overshoot area between VDD and VDD Abs Max(Address, Control) / 171
Overshoot area (Address, Control) / 173
Undershoot amplitude (Address, Control) / 175
Undershoot area below VSS(Address, Control) / 178
Undershoot area (Address, Control) / 180

Vref Signal Test / 182
VREF(DC) Measurement / 182
VREF(AC) Measurement / 183

Differential Signals (WRITE cycle tests) / 184
Differential AC Input Levels for Clock / 184
Clock Cross Point Voltage Test / 196
Differential Input Level and Slew Rate For Strobe / 199
Differential AC Input Levels and Slew Rate tests for Strobe / 208
Strobe Cross Point Voltage Test / 219

Differential Signals (READ cycle tests) / 223
Differential AC Output Levels and Slew Rate tests / 223

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



5 Timing Tests

Overview / 230
DDR Read/Write Separation [Electrical and Timing Tests] / 230
Handling DDR4 “2T timing” / 235
Threshold Settings / 236
High-Z / Low-Z Begin Point / 257

Timing tests (WRITE cycle tests) / 264
Data Strobe Timing / 264

Timing tests (READ cycle tests) / 277
Data Timing / 277
Data Strobe Timing / 287

Timing tests (Clock Timing) / 301
Rising Edge Measurements / 301
Pulse Measurements / 310

Timing tests (Command Address timing) / 319

6 Eye Diagram Tests

Overview / 328
Threshold Settings for R/W Separation [Eye Diagram Tests] / 328
DDR Read/Write Separation [Eye Diagram Tests] / 330

Eye-Diagram for Data and Data Strobe (WRITE) / 334
WRITE cycle tests / 334

Eye-Diagram for Data and Data Strobe (READ) / 373
READ cycle tests / 373

Eye-Diagram for Command Address / 385

A References
Documents / 406
Typical DDR4 Signals Reference / 407
Typical LPDDR4 Signals Reference / 408
Reference Figures from JESD79-4B Document / 409
Reference Figures from JESD209-4B Document / 418
Reference Figures from JESD209-4-1 Document / 430

Index

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Keysight D9040DDRC DDR4 Test Application

Methods of Implementation

| Overview

DDR4 Automated Testing—At a Glance 8
Required Equipment and Software 9
In This Book 11

KEYSIGHT

TECHNOLOGIES



1 Overview

DDR4 Automated Testing—At a Glance

The Keysight D9040DDRC DDR4 Test Application helps you verify compliance of the SDRAM types
(DDR4, LPDDR4 and LPDDR4X) to the respective JEDEC specifications using Keysight Infiniium
Digital Storage Oscilloscopes. The Keysight D9040DDRC DDR4 Test Application:

Lets you select individual or multiple tests to run.

Lets you identify the device being tested and its configuration.

Shows you how to make oscilloscope connections to the device under test.
Automatically checks for proper oscilloscope configuration.

Automatically sets up the oscilloscope for each test.

Provides detailed information for each test that has been run and lets you specify the thresholds
at which marginal or critical warnings appear.

Creates a printable HTML report of the tests that have been run.

NOTE The tests performed by the Keysight D9040DDRC DDR4 Test Application are intended to provide a
quick check of the electrical health of the DUT. This testing is not a replacement for an exhaustive test

validation plan.

For each SDRAM type being tested, you may refer to the following specification documents for
compliance testing measurements. For more information, see the JEDEC website:
https://www.jedec.org/.

SDRAM Type Reference Documents

DDR4 JEDEC Standard, DDR4 SDRAM, JESD79-4B, June 2017 (Revision of JESD79-4A, November 2013)

LPDDR4 JEDEC Standard, Low Power Double Date Rate 4 (LPDDR4), JESD209-4B, February 2017 (Revision of
JESD209-4A, November 2015)

JEDEC Standard, Addendum No. 1 to JESD209-4 -1 Low Power Double Data Rate 4X (LPDDR4X), JESD209-4-1,

LPDDR4X January 2017 (Revision of JESD209-4A, November 2015)

8 Keysight D9040DDRC DDR4 Test Application Methods of Implementation


https://www.jedec.org/

Overview 1

Required Equipment and Software

In order to run the DDR4/LPDDR4/LPDDR4X automated tests, you need the following equipment
and software:

Hardware

Use one of the following Oscilloscope models. Refer to www.keysight.com for the respective
pbandwidth ranges.

Keysight DSO9000A-Series, DSO90000A-Series and DSOX90000A/Q/Z/V-Series
Oscilloscopes with a minimum bandwidth of 8GHz (recommended) for accurate
measurements. For faster speed grade devices, a minimum bandwidth of 13GHz bandwidth is
recommended.

Keysight UXR Oscilloscopes
Any PC motherboard system that supports DDR4 memory DIMM(s)
DUT: Saved waveform and PulseGen generated signal
InfiniiMax probe amplifiers:
N1169A - 12GHz InfiniiMax Il probe amplifier
N2803A - 30GHz InfiniiMax Ill probe amplifier
N2802A - 25GHz InfiniiMax Ill probe amplifier
N2801A - 20GHz InfiniiMax Il probe amplifier
N2800A - 16GHz InfiniiMax Ill probe amplifier
N2831A - 8GHz InfiniiMax Il probe amplifier
N2832A - 12GHz InfiniiMax Ill probe amplifier

InfiniiMax probe heads - InfiniiMax I/Il probe heads and accessories (compatible with 9000 Series
and 90000 Series, use N5442A precision BNC adapter with 90000X/Q Series):

N5381A - InfiniiMax Il 12GHz differential solder-in probe head and accessories
Nb5382A - InfiniiMax Il 12GHz differential browser
E2677A - InfiniiMax Il 12GHz differential solder-in probe head and accessories
N5425A - InfiniiMax Il 12GHz ZIF probe head
N5426A - InfiniiMax Il ZIF tips (x10)
InfiniiMax Il probe heads and accessories:
N5451A - Long Wire tips (x10)
Nb5439A - ZIF probe head
N5445A - Browser (hand held) probe head
N5441A - Solder-in probe head
N2838A - 450  PCB ZIF tips (set of 5)
N2848A - InfiniiMax Ill QuickTip head
N2849A — InfiniiMax Ill Quick tips (4 per kit)
Keyboard, gty = 1, (provided with the Keysight Infiniilum oscilloscope)
Mouse, gty = 1, (provided with the Keysight Infiniium oscilloscope)

Precision 3.5 mm BNC to SMA male adapter, Keysight p/n 54855-67604, gty = 2 (provided with
the Keysight 54855A and 80000B series oscilloscopes)

50-ohm Coax Cable with SMA Male Connectors - 24-inch or less RG-316/U or similar, gty = 2,
matched length

Keysight also recommends using a second monitor to view the test application.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 9
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Software

The minimum version of Infiniium Oscilloscope Software (see the Keysight D9040DDRC DDR4
Test Application Release Notes)

Keysight D9040DDRC DDR4 Test Application software
Keysight E2688A Serial Data Analysis and Clock Recovery software (for clock recovery)

You may configure and run DDR4 tests using the Advanced Design System (ADS) 2019 Update
1 (or higher) software, which invokes the Keysight D9040DDRC DDR4 Test Application
remotely on the offline version of the N8900A Infiniium Application to run one or more tests.

For more information on how to use the ADS software along with the DDR4 Test Application,
refer to the Memory Designer documentation in the ADS 2079 Update 1 User Guide.

Licensing information

Refer to the Data Sheet pertaining to DDR4 Test Application to know about the licenses you must
install along with other optional licenses. Visit “http://www.keysight.com/find/D9040DDRC” and in
the web page's Document Library tab, you may view the associated Data Sheet.

To procure a license, you require the Host ID information that is displayed in the Keysight License
Manager application installed on the same machine where you wish to install the license.

The licensing format for Keysight License Manager 6 differs from its predecessors. See “Installing the
License Key" on page 15 to see the difference in installing a license key using either of the
applications on your machine.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation
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In This Book

This manual describes the tests that are performed by the Keysight D9040DDRC DDR4 Test

Application in more detail; it contains information from (and refers to) various

DDR4/LPDDR4/LPDDR4X specifications and it describes how the tests are performed.
Chapter 1, “Overview” shows how to install and license the automated test application (if it was
purchased separately).
Chapter 2, “Installing the Test Application and Licenses” explains how to obtain the installer for
the automated test application and install the associated licenses (if it was purchased separately).
Chapter 3, “Preparing to Take Measurements” describes how to launch the Keysight D9040DDRC
DDR4 Test Application and gives a brief overview of how it is used.
Chapter 4, “Electrical Tests” describes the methods of implementation for WRITE and READ cycle
electrical tests performed on DDR4/LPDDR4/LPDDR4X devices.
Chapter b, “Timing Tests” describes the methods of implementation for timing tests performed on
DDR4/LPDDR4/LLPDDR4X devices.
Chapter 6, “Eye Diagram Tests” describes the methods of implementation for eye diagram tests
performed on DDR4/LPDDR4/LPDDR4X devices.
Appendix A, “References” provides certain references from the specifications for
DDR4/LPDDR4/LPDDR4X devices.

See Also

The Keysight D9040DDRC DDR4 Test Application’s Online Help, which describes:
Starting the DDR4 Test Application
Creating or Opening a Test Project
Setting Up the Test Environment
Selecting Tests
Configuring Tests
Verifying Physical Connections
Running Tests
Configuring Automation in the Test Application
Viewing Results
Viewing HTML Test Report
Exiting the Test Application
Additional Settings in the Test App

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 1
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Installing the Test Application 14
Installing the License Key 15

If you purchased the D9040DDRC DDR4 Test Application separate from your Infiniium oscilloscope,
you must install the software and license key.
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2 Installing the Test Application and Licenses

Installing the Test Application

1 Make sure you have the minimum version of Infiniium Oscilloscope software (see the D9040DDRC
release notes). To ensure that you have the minimum version, select Help > About Infiniium... from
the main menu.

2 To obtain the DDR4 Test Application, go to Keysight website:
“http://www.keysight.com/find/D9040DDRC".

3 Inthe web page's Trials & Licenses tab, click the Details and Download button to view instructions
for downloading and installing the application software.
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Installing the License Key

Installing the Test Application and Licenses 2

To procure a license, you require the Host ID information that is displayed in the Keysight License
Manager application installed on the same machine where you wish to install the license.

Using Keysight License Manager 5

To view and copy the Host ID from Keysight License Manager 5:
1 Launch Keysight License Manager on your machine, where you wish to run the Test Application

and its features.

2 Copy the Host ID that appears on the top pane of the application. Note that x indicates numeric

m Keysight License Manager

Licenses on I (localhost) C
Full computer name: . Msr.is.keysight.com

[ Host ID:

PCSERNO, JBX00OOOXX]

values.
»
n @
(=]
=
é
g
=
1]
Figure 1

Viewing the Host ID information in Keysight License Manager 5

To install one of the procured licenses using Keysight License Manager 5 application,

1 Save the license files on the machine, where you wish to run the Test Application and its features.
2 Launch Keysight License Manager.

3 From the configuration menu, use one of the options to install each license file.

EY

? _ox | |
Why do I need these tools?

‘ Install License File... S Ctri+I |
Install License from Text... Ctrl+T
View License Alerts Ctri+L

Figure 2

Explore Transport URLs
About Keysight License Manager

Configuration menu options to install licenses on Keysight License Manager 5

For more information regarding installation of procured licenses on Keysight License Manager 5,
refer to Keysight License Manager 5 Supporting Documentation.
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Using Keysight License Manager 6

To view and copy the Host ID from Keysight License Manager 6:
1 Launch Keysight License Manager 6 on your machine, where you wish to run the Test Application
and its features.

2 Copy the Host ID, which is the first set of alphanumeric value (as highlighted in Figure 3) that
appears in the Environment tab of the application. Note that x indicates numeric values.

u Keysight License Manager 6

Home . = ight License Manag

Copyright

ACIL

hddress

wProgram Files ommon Files\Intel\Shared Libraries‘\redist\intelé

Figure 3 Viewing the Host ID information in Keysight License Manager 6
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Installing the Test Application and Licenses 2

1

Save the license files on the machine, where you wish to run the Test Application and its features
2 Launch Keysight License Manager 6.

To install one of the procured licenses using Keysight License Manager 6 application,
3 From the Home tab, use one of the options to install each license file.

-
m Keysight License Manager 6

Home
Environment
View licenses
License usage

Borrow license

o Specify a remote floating license server

6 Add/remove a license on your local machine

{Administrators can set up a new lic er here)

Figure 4 Home menu options to install licenses on Keysight License Manager 6

For more information regarding installation of procured licenses on Keysight License Manager 6,
refer to Keysight License Manager 6 Supporting Documentation.
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Preparing to Take
Measurements

Calibrating the Oscilloscope 20
Starting the DDR4 Test Application 21

Before running the automated tests, you should calibrate the oscilloscope and probe. No test fixture
is required for this application. After the oscilloscope and probe have been calibrated, you are ready
to start the DDR4 Test Application and perform the measurements.



3

Preparing to Take Measurements

Calibrating the Oscilloscope

20

If you have not already calibrated the oscilloscope, refer to the User Guide for the respective
Oscilloscope you are using.

If the ambient temperature changes more than 5 degrees Celsius from the
calibration temperature, internal calibration should be performed again. The
delta between the calibration temperature and the present operating
temperature is shown in the Utilities > Calibration menu.

If you switch cables between channels or other Oscilloscopes, it is necessary to
perform cable and probe calibration again. Keysight recommends that, once
calibration is performed, you label the cables with the channel on which they
were calibrated.

If the test signal falls outside the probe linear input range (that is, the
dynamic range of the probe), the acquired signal may be clipped and the
Oscilloscope screen may not display the signal accurately during
measurements. For more information regarding these settings, refer to the
Prabe Linear Input Range section in the Help manuals provided with the
Infiniium Oscilloscope you are using.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Preparing to Take Measurements 3

Starting the DDR4 Test Application

1 Ensure that the DDR4 Device Under Test (DUT) is operating and set to desired test modes. To
start the DDR4 Test Application: From the Infiniium Oscilloscope's main menu, select Analyze >
Automated Test Apps > D9040DDRC DDR4 Test App.

* DDR4 Test -- DDR4 Device 1

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate |Results | HTML Report
DDR4 Test Environment Setup

Speed Grade Test Mode AC Levels
DQ CA

100 100
@ DDR4-1866 @ cCustom O O
@ DDR4-2133 Preamble Mode
Burst Triggering Method Read Write

° DQS-DQ Phase Difference | V | 1tck| ¥ | |1tck| ¥ |
DDR4-2666 S

O DDR4-1600 - O compliance

@ DDR4-2400

@ DDR4-2933
SDRAM Type

@ DDR4-3200 B LroDR4 ] LPDDR4X

|Thresh0|d Settl'ngs| | offiine Setup | | DDR Debug Tool

Test Report Comments (Optional)
Device Identifier: User Description:
(SELECT OR TYPE) (SELECT OR TYPE)

Comments:

Messages
Summiaries (click for details) Details
2020-02-05 01:43:53:400 PM Connected to The primary i
2020-02-05 01:43:54:670 PM Refreshing HTML Report
2020-02-05 01:43:54:708 PM Refreshed HTML Report
2020-02-05 01:43:59:042 PM Ready

<| 11}
Figure 5 DDR4 Test Application default view after launch

To understand the functionality of the various features in the user interface of the Test Application,
refer to the Keysight D9040DDRC DDR4 Test Application Online Help available in the Help menu.
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Preparing to Take Measurements

The task flow pane and the tabs in the main pane show the steps you take in running the automated

tests:

Set Up Lets you identify and set up the test environment, including information about the device under
test. The Test App includes relevant information in the final HTML report.

Select Tests Lets you select the tests you want to run. The tests are organized hierarchically so you can select all
tests in a group. After tests are run, status indicators show which tests have passed, failed, or not
been run, and there are indicators for the test groups.

Configure Lets you configure test parameters (for example, channels used in test, voltage levels, etc.).

Connect Shows you how to connect the oscilloscope to the device under test for the tests that are to be run.

Run Starts the automated tests. If the connections to the device under test need to be changed while
multiple tests are running, the tests pause, show you how to change the connection, and wait for
you to confirm that the connections have been changed before continuing.

Automate Lets you construct scripts of commands that drive execution of the application.

Results Contains more detailed information about the tests that have been run. You can change the
thresholds at which marginal or critical warnings appear.

HTML Report Shows a compliance test report that can be printed.

In the Configure tab, the values for all such Configuration parameters that are
Oscilloscope-dependent, will correspond to the Oscilloscope Model (DSOs or UXRs), where
you are running the Test Application.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Preparing to Take Measurements 3

Configuring DQS Signal Type in Custom Test Mode

Some of the tests in the Select Tests tab of the DDR4 Compliance Test Application appear only when
the Test Mode is selected as Custom. However, prior to running such tests, you must ensure that
properties associated with the DQS test signal are configured properly under the Set Up tab. Figure 6
shows the features that appear when Custom is selected.

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
DDR4 Test Environment Setup
Custom Data Rate Test Mode AC Levels
DQ cA

O 100 O 100

Preamble Mode
Burst Triggering Method Read Write

DQS-DQ Phase Difference |T| 1tCK|i| 1tCK|1|

1600 |E| [ MT/s ] @ compliance

Key in any value O custom

DQS Signal Type
SDRAM Type

Burst
B LroDR4 [l LPDDR4X © Burs
@ cContinuous

| Set Mask File | [Threshold Settings| | Offline Setup | | DDR Debug Tool |

Test Report Comments (Optional)
Device Identifier: User Description:
(SELECT OR TYPE) Y] (SELECT OR TYPE) LY

Comments:

Figure 6 Configuration options under Set Up tab for Custom Test Mode

For accurate results, ensure that the following features are configured properly:
Custom Data Rate—the value entered here must match the data rate of the DQS test signal.

DQS Signal Type—select Burst to indicate whether the DQS test signal consists of READ/WRITE
bursts or select Continuous if the test DQS test signal is continuous (having no bursts).

Burst Triggering Method—all options for the selected SDRAM Type are available under Burst
Triggering Method when DQS Signal Type is Burst. However, for Continuous, only the Rd or Wrt Only
method for Burst Triggering is available, irrespective of the SDRAM Type selected.

Set Mask File—the correct test mask file must be selected for Eye diagram tests.
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Preparing to Take Measurements

Support for 2tCK Preamble length

According to JEDEC Standard, DDR4 SDRAM, JESD79-4B, June 2017 (Revision of JESD79-4A,

November 2013), the DQS preamble in DDR4 can be programmed to either 1tCK or 2tCK read / write
preamble.

DAS_t, DAS ¢ Preamble

=

TtCK mode
DQ N\ 00 X b1 X 02 X p3 X 04 X ps X 06 X o7 /
DQS_t, DAS c Preamble
A - \ T
2tCK mode e N

ba \DD><D1XD2><D3XD4><D5><DG><D7/

Figure 7 Definition of 1tCK and 2tCK Read / Write Preamble in DDR4 DQS signals

As shown in Figure 8, the Preamble Mode feature in the DDR4 Test Application enables configuration

of read / write cycle of the DQS signal with a preamble length of either 1tCK or 2tCK for specific
DDR4 tests.

File View Tools Help
Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
DDR4 Test Environment Setup
Test Mode AC Levels

DQ CA
O 100 O 100

Preamble Mode
Burst Triggering Method Read Write

® DQ5-DQ Phase Difference T| 1tek| Y | |1tek| Y |
DDR4-2666 . — —

Speed Grade

) DDR4-1600 (O compliance
@ DDR4-1866 @ Custom
@ DDR4-2133

@ DDR4-2400

@ DDR4-2933
SDRAM Type

@ DDR4-3200 B .roDR4 [l LPDDR4X

| Offline Setup | | DDR Debug Tool

[Threshold Setti ngs|

Test Report Comments (Optional)
Device Identifier:

(SELECT OR TYPE) LY

User Description:
(SELECT OR TYPE) (Y]

Comments:

Figure 8 Preamble Mode configuration option for certain DDR4 tests only
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4 Electrical Tests Group

Overview

The following group of tests pertains to the electrical operating conditions of a DDR4, LPDDR4 or
LPDDR4X SDRAM as defined in JEDEC specifications. The tests are further divided into
Single-Ended Signals Tests and Differential Signals Tests.
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Electrical Tests Group

Single-Ended Signals (WRITE cycle tests)

Clocks Plus Tests

VSEH(Clock Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Keysight D9040DDRC DDR4 Test Application Methods of Implementation

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
10333 [VSEH(Clock Plus)]

LPDDR4 Test Mode
50333 [VSEH(Clock Plus)]

LPDDR4X Test Mode
60333 [VSEH(Clock Plus)]
DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, June 8.3.3 Table 86 VSEH [Single-ended high-level for CK_t - CK_c]
2017

4

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

DDR4 Test Mode

The purpose of this test is to verify the maximum voltage of high pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode (for Test ID 10333)

1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.

Find all valid Clock positive pulse in the entire waveform.
Avalid Clock positive pulse starts at Half_Vpp crossing at valid Clock rising edge and ends at

Half_Vpp crossing at the following valid Clock falling edge.
4 Zoom into the first pulse and perform Tyax.

a Perform Ve with the Tyyax obtained in the previous step to obtain the maximum voltage of
the pulse.

b Take the Vg measurement as the value of Vggy.
5 Continue the previous step with the rest of the positive pulses found in the specified waveform.
6 Determine the worst result from the set of Vggy measured.

LPDDR4 (for Test ID 50333) / LPDDR&X (for Test ID 60333)

1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.

27



4 Electrical Tests Group

3 Find all valid Clock positive pulse in the entire waveform.
A valid Clock positive pulse starts at Half_Vpp, crossing at valid Clock rising edge and ends at

Half_Vpps crossing at the following valid Clock falling edge.
4 Zoom into the first pulse and perform Ty,ax-
a Perform Ve with the Ty ax obtained in the previous step to obtain the maximum voltage of
the pulse.
b Take the Vg measurement as the value of Vggy.
5 Continue the previous step with the rest of the positive pulses found in the specified waveform.

6 Determine the worst result from the set of Vggy measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes
le Results: . . .
Observable Results The measured value of Vggy for the test signal is reported as “Information Only”.
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Electrical Tests Group 4

VSEL(Clock Plus)
Test Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10334 [VSEL(Clock Plus)]

LPDDR4 Test Mode
50334 [VSEL(Clock Plus)]

LPDDR4X Test Mode
60334 [VSEL(Clock Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.3.3 Table 86 VSEL [Single-ended low-level for CK_t - CK_c]
2017

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the minimum voltage of low pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure: ~ DDR4 Test Mode (for Test ID 10334)
1 Pre-condition the oscilloscope.

Triggered on falling edge of the clock signal under test.

3 Find all valid Clock negative pulse in the entire waveform.
Avalid Clock negative pulse starts at Half_Vpp crossing at valid Clock falling edge and end at

Half_Vpp crossing at following valid Clock rising edge.
4 Zoom into the first pulse and perform Ty -

a Perform Ve with the Ty, obtained in the previous step to obtain the minimum voltage of
the pulse.

b Take the Vqyg measurement as the value of Vg .
5 Continue the previous step with the rest of the negative pulses found in the specified waveform.
6 Determine the worst result from the set of Vgg measured.

LPDDR (for Test ID 50334) / LPDDR&X (for Test ID 60334)

1 Pre-condition the oscilloscope.
Triggered on falling edge of the clock signal under test.

3 Find all valid Clock negative pulse in the entire waveform.
A valid Clock negative pulse starts at Half_Vppy crossing at valid Clock falling edge and ends at

Half_Vppo crossing at following valid Clock rising edge.
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4 Electrical Tests Group

4 Zoom into the first pulse and perform Ty-

a Perform Vg with the Ty, obtained in the previous step to obtain the minimum voltage of
the pulse.

b Take the Vg measurement as the value of Vgg,.
5 Continue the previous step with the rest of the negative pulses found in the specified waveform.
6 Determine the worst result from the set of Vgg measured.

Expected/  DDR4 / LPDDR4 LPDDR4X Test Mode

le Results: . . .
Observable Results The measured value of Vgg| for the test signal is reported as “Information Only”.
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Electrical Tests Group 4

Vinse_CK_High(Clock Plus)
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50339 [Vinse_CK_High(Clock Plus)]

LPDDR4X Test Mode
60339 [Vinse_CK_High(Clock Plus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.3 Table 106 Vinse_CK_High [Clock Single-Ended input voltage High
JESD209-4B, February 2017 from VREFDQ]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of high pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50339) / LPDDR4X (for Test ID 60339)

1 Pre-condition the oscilloscope.

Trigger on the rising edge of the clock signal under test.

3 Find all valid positive pulses of the Clock in the entire waveform.
A valid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock.

4 Zoom into the first pulse and measure Vyax.
Calculate the value of Vinse_CK_High(Clock Plus) using the equation:
Vinse_CK_High(Clock Plus) = Vyax - VREFCA
6 Continue the previous step with the rest of the positive pulses found in the specified waveform.
7 Determine the worst result from the set of Vinse_CK_High measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

le Results: ! . . L o
Observable Results The measured value of Vinse_CK_High for the test signal shall be within the conformance limits as

per the JEDEC specification.
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4 Electrical Tests Group

Vinse_CK_Low(Clock Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

32

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50340 [Vinse_CK_Low(Clock Plus)]

LPDDR4X Test Mode
60340 [Vinse_CK_Low(Clock Plus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.23 Table 106 Vinse_CK_Low [Clock Single-Ended input voltage Low
JESD209-4B, February 2017 from VREFDQ]

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of low pulse.
LPDDR4 (for Test ID 50340) / LPDDR4X (for Test ID 60340)

1 Pre-condition the oscilloscope.
Trigger on the falling edge of the clock signal under test.

wW N

Find all valid negative pulses of the Clock in the entire waveform.
A valid negative pulse on the Clock starts at the valid falling edge of the Clock and ends at the
following valid rising edge of the Clock.

Zoom into the first pulse and measure V-
Calculate the value of Vinse_CK_Low(Clock Plus) using the equation:
Vinse_CK_Low(Clock Plus) = VREFCA - VN

Continue the previous step with the rest of the negative pulses found in the specified waveform.

0 N O o

Determine the worst result from the set of Vinse_CK_Low measured.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_CK_Low for the test signal shall be within the conformance limits as per
the JEDEC specification.
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Electrical Tests Group

Clocks Minus Tests

VSEH(Clock Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
10337 [VSEH(Clock Minus)]

LPDDR4 Test Mode
50337 [VSEH(Clock Minus)]

LPDDR4X Test Mode
60337 [VSEH(Clock Minus)]
DDR4 Test Mode

Specifications document Sectioni#t Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, June 8.3.3 Table 86 VSEH [Single-ended high-level for CK_t - CK_c]
2017

4

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

DDR4 Test Mode

The purpose of this test is to verify the maximum voltage of high pulse.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode (for Test ID 10337)

1 Pre-condition the oscilloscope.

2 Trigger on the rising edge of the clock signal under test.

Find all valid Clock positive pulse in the entire waveform.
Avalid Clock positive pulse starts at Half_Vpp crossing at valid Clock rising edge and ends at

Half_Vpp crossing at the following valid Clock falling edge.
4 Zoom into the first pulse and perform Tyax-

a Perform Ve with the Ty ax Obtained in the previous step to obtain the maximum voltage of
the pulse.

b Take the Vg measurement as the value of Vggy.
5 Continue the previous step with the rest of the positive pulses found in the specified waveform.
6 Determine the worst result from the set of Vggy measured.

LPDDR4 (for Test ID 50337) / LPDDRé&X (for Test ID 60337)

1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.

3 Find all valid Clock positive pulse in the entire waveform.
A valid Clock positive pulse starts at Half_Vpp, crossing at valid Clock rising edge and ends at

Half_Vppy crossing at the following valid Clock falling edge.
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4 Electrical Tests Group

4 Zoom into the first pulse and perform Ty,ax-

a Perform Vy)g with the Tyyax obtained in the previous step to obtain the maximum voltage of
the pulse.

b Take the Vg measurement as the value of Vggp.
5 Continue the previous step with the rest of the positive pulses found in the specified waveform.
6 Determine the worst result from the set of Vggy measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . . .
Observable Results The measured value of Vggy for the test signal is reported as “Information Only”.
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Electrical Tests Group 4

VSEL(Clock Minus)

Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

10338 [VSEL(Clock Minus)]

LPDDR4 Test Mode
50338 [VSEL(Clock Minus)]

LPDDR4X Test Mode
60338 [VSEL(Clock Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.3.3 Table 86 VSEL [Single-ended low-level for CK_t - CK_c]
2017

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the minimum voltage of low pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure: ~ DDR4 Test Mode (for Test ID 10338)
1 Pre-condition the oscilloscope.

Triggered on falling edge of the clock signal under test.

3 Find all valid Clock negative pulse in the entire waveform.
Avalid Clock negative pulse starts at Half_Vpp crossing at valid Clock falling edge and end at

Half_Vpp crossing at following valid Clock rising edge.
4 Zoom into the first pulse and perform Ty -

a Perform Ve with the Ty, obtained in the previous step to obtain the minimum voltage of
the pulse.

b Take the Vqyg measurement as the value of Vg .
5 Continue the previous step with the rest of the negative pulses found in the specified waveform.
6 Determine the worst result from the set of Vgg measured.

LPDDR (for Test ID 50338) / LPDDR&X (for Test ID 60338)

1 Pre-condition the oscilloscope.
Triggered on falling edge of the clock signal under test.

3 Find all valid Clock negative pulse in the entire waveform.
A valid Clock negative pulse starts at Half_Vppy crossing at valid Clock falling edge and ends at

Half_Vppo crossing at following valid Clock rising edge.
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4 Electrical Tests Group

4 Zoom into the first pulse and perform Ty-

a Perform Vg with the Ty, obtained in the previous step to obtain the minimum voltage of
the pulse.

b Take the Vg measurement as the value of Vgg,.
5 Continue the previous step with the rest of the negative pulses found in the specified waveform.
6 Determine the worst result from the set of Vgg measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . . .
Observable Results The measured value of Vgg| for the test signal is reported as “Information Only”.
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Electrical Tests Group 4

Vinse_CK_High(Clock Minus)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50341 [Vinse_CK_High(Clock Minus)]

LPDDR4X Test Mode
60341 [Vinse_CK_High(Clock Minus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.3 Table 106 Vinse_CK_High [Clock Single-Ended input voltage High
JESD209-4B, February 2017 from VREFDQ]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of high pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50341) / LPDDR4X (for Test ID 60341)

1 Pre-condition the oscilloscope.

Trigger on the rising edge of the clock signal under test.

3 Find all valid positive pulses of the Clock in the entire waveform.
A valid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock.

4 Zoom into the first pulse and measure Vyax.
Calculate the value of Vinse_CK_High(Clock Minus) using the equation:
Vinse_CK_High(Clock Minus) = Vyax - VREFCA
6 Continue the previous step with the rest of the positive pulses found in the specified waveform.
7 Determine the worst result from the set of Vinse_CK_High measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

le Results: ! . . L o
Observable Results The measured value of Vinse_CK_High for the test signal shall be within the conformance limits as

per the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 37



4

38

Electrical Tests Group

Vinse CK_Low(Clock Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50342 [Vinse_CK_Low(Clock Minus)]

LPDDR4X Test Mode
60342 [Vinse_CK_Low(Clock Minus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.23 Table 106 Vinse_CK_Low [Clock Single-Ended input voltage Low
JESD209-4B, February 2017 from VREFDQ]

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of low pulse.
LPDDR#4 (for Test ID 50342) / LPDDRé4X (for Test ID 60342)

1 Pre-condition the oscilloscope.
Trigger on the falling edge of the clock signal under test.

3 Find all valid negative pulses of the Clock in the entire waveform.
A valid negative pulse on the Clock starts at the valid falling edge of the Clock and ends at the
following valid rising edge of the Clock.

4 Zoom into the first pulse and measure V-
Calculate the value of Vinse_CK_Low(Clock Minus) using the equation:
Vinse_CK_Low(Clock Minus) = VREFCA - VN

6 Continue the previous step with the rest of the negative pulses found in the specified waveform.
7 Determine the worst result from the set of Vinse_CK_Low measured.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_CK_Low for the test signal shall be within the conformance limits as per
the JEDEC specification.
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Electrical Tests Group 4

Strobe Plus Tests

VSEH(Strobe Plus)

Test Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10331 [VSEH(Strobe Plus)]

LPDDR4 Test Mode
50331 [VSEH(Strobe Plus)]

LPDDR4X Test Mode
60331 [VSEH(Strobe Plus)]

References:  DDR4 / LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

For SDRAM type DDRA4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the maximum voltage of high pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 (for Test ID 10331) / LPDDR4 (for Test ID 50331) / LPDDR4X (for Test ID 60331)

1 Acquire and split read and write burst of the acquired signal.

2 Take the first valid WRITE burst found.
Find all valid Strobe positive pulse in the specified burst.
A valid Strobe positive pulse starts at Half_Vppg crossing at valid Strobe rising edge and ends at
Half_Vppg crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and perform Ty;ax-

a Perform Ve with the Ty ax obtained in the previous step to obtain the maximum voltage of
the pulse.

b Take the Vg measurement as the value of Vggp.
5 Continue the previous step with the rest of the positive pulses found in the specified burst.
6 Determine the worst result from the set of Vggy measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vggy for the test signal is reported as “Information Only”.
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VSEL(Strobe Plus)

Test Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10332 [VSEL(Strobe Plus)]

LPDDR4 Test Mode
50332 [VSEL(Strobe Plus)]

LPDDR4X Test Mode
60332 [VSEL(Strobe Plus)]
References:  DDR4 / LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

For SDRAM type DDRA4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the minimum voltage of low pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 (for Test ID 10332) / LPDDR4 (for Test ID 50332) / LPDDR4X (for Test ID 60332)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulse in the specified burst.
A valid Strobe negative pulse starts at Half_Vppgq crossing at valid Strobe falling edge and ends
at Half_Vppgq crossing at the following valid Strobe rising edge.

4 Zoom into the first pulse and perform Ty -
Perform Ve with the Ty, obtained in the previous step to obtain the minimum voltage of the
pulse.
Take the Vg measurement as the value of Vgg, .
5 Continue the previous step with the rest of the negative pulses found in the specified burst.
6 Determine the worst result from the set of Vgg measured.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vgg| for the test signal is reported as “Information Only”.
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Electrical Tests Group 4

Vinse_DQS_High(Strobe Plus)
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50343 [Vinse_DQS_High(Strobe Plus)]

LPDDR4X Test Mode
60343 [Vinse_DQS_High(Strobe Plus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS_High [DQS Single-Ended input voltage High
JESD209-4B, February 2017 from VREFDQ]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS_t high pulse.
Test Procedure:  LPDDR4 (for Test ID 50343) / LPDDR4X (for Test ID 60343)

1

6
7

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

Find all valid DQS positive pulses in the entire waveform.
A valid positive pulse on the DQS_t signal starts at the valid rising edge of DQS_t and ends at the
following valid falling edge of DQS_t.

Zoom into the first pulse that crosses VREFDQ and measure Vyax from the VREFDQ crossing
point.
Calculate the value of Vinse_DQS_High(Strobe Plus) using the equation:

Vinse_DQS_High(Strobe Plus) = Vyax - VREFDQ
Continue the previous step with the rest of the positive pulses found in the specified waveform.
Determine the worst result from the set of Vinse_DQS_High values measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results:

The measured value of Vinse_DQS_High for the test signal shall be within the conformance limits as
per the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 41



4 Electrical Tests Group

Vinse_DQS_Low(Strobe Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

42

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50344 [Vinse_DQS_Low(Strobe Plus)]

LPDDR4X Test Mode
60344 [Vinse_DQS_Low(Strobe Plus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS_Low [DQS Single-Ended input voltage Low
JESD209-4B, February 2017 from VREFDQ]

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS_t low pulse.
LPDDR4 (for Test ID 50344) / LPDDR&X (for Test ID 60344)

1 Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

3 Find all valid DQS negative pulses in the entire waveform.
A valid negative pulse on the DQS_t signal starts at the valid falling edge of DQS_t and ends at
the following valid rising edge of DQS_t.

4 Zoom into the first pulse that crosses VREFDQ and measure V,\ from the VREFDQ crossing
point.
5 Calculate the value of Vinse_DQS_Low(Strobe Plus) using the equation:
Vinse_DQS_Low(Strobe Plus) = VREFDQ - Vi
6 Continue the previous step with the rest of the negative pulses found in the specified waveform.
7 Determine the worst result from the set of Vinse_DQS_Low values measured.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_DQS_Low for the test signal shall be within the conformance limits as
per the JEDEC specification.
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Electrical Tests Group 4

Strobe Minus Tests

VSEH(Strobe Minus)

Test Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10335 [VSEH(Strobe Minus)]

LPDDR4 Test Mode
50335 [VSEH(Strobe Minus)]

LPDDR4X Test Mode
60335 [VSEH(Strobe Minus)]
References:  DDR4 / LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

For SDRAM type DDRA4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the maximum voltage of high pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure: ~ DDR4 (for Test ID 10335) / LPDDR4 (for Test ID 50335) / LPDDR4X (for Test ID 60335)
1 Acquire and split read and write burst of the acquired signal.

2 Take the first valid WRITE burst found.

Find all valid Strobe positive pulse in the specified burst.
A valid Strobe positive pulse starts at Half_Vppg crossing at valid Strobe rising edge and ends at

Half_Vppg crossing at the following valid Strobe falling edge.
4 Zoom into the first pulse and perform Ty;ax-

a Perform Ve with the Ty ax obtained in the previous step to obtain the maximum voltage of
the pulse.

b Take the Vg measurement as the value of Vggp.
5 Continue the previous step with the rest of the positive pulses found in the specified burst.
6 Determine the worst result from the set of Vggy measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vggy for the test signal is reported as “Information Only”.
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VSEL(Strobe Minus)

Test Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10336 [VSEL(Strobe Minus)]

LPDDR4 Test Mode
50336 [VSEL(Strobe Minus)]

LPDDR4X Test Mode
60336 [VSEL(Strobe Minus)]
References:  DDR4 / LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

For SDRAM type DDRA4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the minimum voltage of low pulse.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 (for Test ID 10336) / LPDDR4 (for Test ID 50336) / LPDDR4X (for Test ID 60336)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulse in the specified burst.
A valid Strobe negative pulse starts at Half_Vppgq crossing at valid Strobe falling edge and ends
at Half_Vppgq crossing at the following valid Strobe rising edge.

4 Zoom into the first pulse and perform Ty -
Perform Ve with the Ty, obtained in the previous step to obtain the minimum voltage of the
pulse.
Take the Vg measurement as the value of Vgg, .
5 Continue the previous step with the rest of the negative pulses found in the specified burst.
6 Determine the worst result from the set of Vgg measured.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vgg| for the test signal is reported as “Information Only”.
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Vinse_DQS_High(Strobe Minus)
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50345 [Vinse_DQS_High(Strobe Minus)]

LPDDR4X Test Mode
60345 [Vinse_DQS_High(Strobe Minus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS_High [DQS Single-Ended input voltage High
JESD209-4B, February 2017 from VREFDQ]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS_c high pulse.
Test Procedure:  LPDDR4 (for Test ID 50343) / LPDDR4X (for Test ID 60343)

1

6
7

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

Find all valid DQS positive pulses in the entire waveform.
Avalid positive pulse on the DQS_c signal starts at the valid rising edge of DQS_c and ends at the
following valid falling edge of DQS_c.

Zoom into the first pulse that crosses VREFDQ and measure Vyax from the VREFDQ crossing
point.
Calculate the value of Vinse_DQS_High(Strobe Minus) using the equation:

Vinse_DQS_High(Strobe Minus) = Vyax - VREFDQ
Continue the previous step with the rest of the positive pulses found in the specified waveform.
Determine the worst result from the set of Vinse_DQS_High values measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results:

The measured value of Vinse_DQS_High for the test signal shall be within the conformance limits as
per the JEDEC specification.
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Vinse_DQS_Low(Strobe Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50346 [Vinse_DQS_Low(Strobe Minus)]

LPDDR4X Test Mode
60346 [Vinse_DQS_Low(Strobe Minus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS_Low [DQS Single-Ended input voltage Low
JESD209-4B, February 2017 from VREFDQ]

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS_t low pulse.
LPDDR4 (for Test ID 50344) / LPDDR&X (for Test ID 60344)

1 Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

3 Find all valid DQS negative pulses in the entire waveform.
A valid negative pulse on the DQS_c signal starts at the valid falling edge of DQS_c and ends at
the following valid rising edge of DQS_c.

4 Zoom into the first pulse that crosses VREFDQ and measure V,\ from the VREFDQ crossing
point.
5 Calculate the value of Vinse_DQS_Low(Strobe Minus) using the equation:
Vinse_DQS_Low(Strobe Minus) = VREFDQ - VN
6 Continue the previous step with the rest of the negative pulses found in the specified waveform.
7 Determine the worst result from the set of Vinse_DQS_Low values measured.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_DQS_Low for the test signal shall be within the conformance limits as
per the JEDEC specification.
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VIH/VIL for Command and Address

VIH.CA(AC)
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
10311 [VIH.CA(AC)]

LPDDR4 / LPDDR4X Test Modes
Not available.
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.1 Table 83 VIH.CA(AC100) [AC Input Logic High]
2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the high level voltage value of the test signal within a valid
sampling window.

Test Procedure:  DDR4 (for Test ID 10311)

1 Sample/acquire signal data.

2 Find all valid positive pulses.
A valid positive pulse starts at Vggr crossing at valid rising edge and ends at Vrgp crossing at the

following valid falling edge.
3 Zoom in on the first valid positive pulse and perform Vyop measurement.
Note the Vrop measurement results as Vi ca (ac) value.

Continue the previous step with another nine valid positive pulses that were found in the burst.
5 Determine the worst result from the set of V|, ca (ac) Mmeasured.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Resuts: The measured value of Vi caac) for the test signal is reported as “Information Only”.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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VIH.CA(DC)
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

10312 [VIH.CA(DC)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.1 Table 83 VIH.CA(DC75) [DC Input Logic High]
2017

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the high level voltage value of the test signal within a valid
sampling window.

DDR4 (for Test ID 10312)

1 Sample/acquire signal data.

2 Find all valid positive pulses.
A valid positive pulse starts at Vggr crossing at valid rising edge and ends at Vrgp crossing at the

following valid falling edge.
3 Zoom in on the first valid positive pulse and perform Vop measurement.
Note the Vrop measurement results as Vi ca (pc) value.

4 Continue the previous step with another nine valid positive pulses that were found in the burst.
5 Determine the worst result from the set of V| ca (pc) measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of Vi capc) for the test signal is reported as “Information Only”.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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VIL.CA(AC)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10327 [VIL.CA(AC)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.1 Table 83 VIL.CA(AC100) [AC Input Logic Low]
2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the low level voltage value of the test signal within a valid
sampling window.

Test Procedure:  DDR4 (for Test ID 10321)

1 Sample/acquire signal data.

2 Find all valid negative pulses.
A valid negative pulse starts at Vggg crossing at valid falling edge and ends at Vggr crossing at

the following valid rising edge.
3 Zoom in on the first valid negative pulse and perform Vgagg measurement.
Note the Vgasg measurement results as V_ca (ac) Value.

4 Continue the previous step with another nine valid negative pulses.
5 Determine the worst result from the set of V||_ca (ac) measured.

LPDDR4 / LPDDR4X Test Modes
Not available.

Expected/  DDR4 Test Mode

Observable Results: The measured value of V| _caac) for the test signal is reported as “Information Only”.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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VIL.CA(DC)
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

10322 [VIL.CA(DC)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 8.1 Table 83 VIL.CA(DC75) [DC Input Logic Low]
2017

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the low level voltage value of the test signal within a valid
sampling window.

DDR4 (for Test ID 10322)

1 Sample/acquire signal data.

2 Find all valid negative pulses.
A valid negative pulse starts at Vggg crossing at valid falling edge and ends at Vggr crossing at

the following valid rising edge.
3 Zoom in on the first valid negative pulse and perform Vgagg measurement.
Note the Vgasg measurement results as V)|_ca (pc) value.

4 Continue the previous step with another nine valid negative pulses.
5 Determine the worst result from the set of V)| ca (pc) Mmeasured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of V||_capc) for the test signal is reported as “Information Only”.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Single-Ended Signals (READ cycle tests)

VOH/VOL

VOH(AC)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
11311 [VOH(AC)]

LPDDR4 Test Mode
51311 [VOH(AC)]

LPDDR4X Test Mode
61311 [VOH(AC)]
DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 9.2 Table 99 VOH(AC) [AC Output High Measurement Level (for output
June 2017 SR)]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the high level voltage value of the test signal within a valid read
burst.

DDR4 (for Test ID 11311) / LPDDR4 (for Test ID 51311) / LPDDR4X (for Test ID 61311)
1 Acquire and split the read and write burst of the acquired signal.

Take the first valid READ burst found.

3 Find all valid positive pulses in the specified burst.
A valid positive pulse starts at the middle crossing at valid rising edge and ends at middle
crossing at the following valid falling edge.

(For Test ID 11311)-The middle crossing for DDR4 is the user-entered
value of V.

(For Test ID 51311)—The middle crossing for LPDDR4 = 0.5 x [(user-entered
value of Vyac) + user-entered value of Vg ac))l.

(For Test ID 61311)-The middle crossing for LPDDR4X = 0.5 x
[(user-entered value of Viyac) + user-entered value of Vg ac))l.

4 Zoom in on the first valid positive pulse and perform Vyop measurement.
Take the Vrop measurement results as Vopac) value.

5 Continue the previous step with the rest of the valid positive pulses that were found in the burst.
Determine the worst result from the set of Vyac) measured.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 51



4 Electrical Tests Group

Expected/  DDR4 Test Mode

Observable Resuts: The measured value of Vop(ac) for the test signal shall be within the conformance limits as per the

JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

The measured value of Vgyac) for the test signal is reported as “Information Only”.
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VOH(DC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11312 [VOH(DC)]

LPDDR4 Test Mode
51312 [VOH(DC)]

LPDDR4X Test Mode
61312 [VOH(DC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.2 Table 99 VOH(DC) [DC Output High Measurement Level (for IV
June 2017 Curve Linearity)]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the specification document. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the high level voltage value of the test signal within a valid read
burst.

Test Procedure: ~ DDR4 (for Test ID 11312) / LPDDR4 (for Test ID 51312) / LPDDR4X (for Test ID 61312)
1 Acquire and split the read and write burst of the acquired signal.

Take the first valid READ burst found.

3 Find all valid positive pulses in the specified burst.
A valid positive pulse starts at the middle crossing at valid rising edge and ends at middle
crossing at the following valid falling edge.

(For Test ID 11312)-The middle crossing for DDR4 is the user-entered
value of V.

(For Test ID 51312)—The middle crossing for LPDDR4 = 0.5 x [(user-entered
value of Vyyac) + user-entered value of Vg ac))]

(For Test ID 61312)-The middle crossing for LPDDR4X = 0.5 x
[(user-entered value of Viyac) + user-entered value of Vg ac))]

4 Zoom in on the first valid positive pulse and perform Vygp measurement.

Take the Vrop measurement results as Vop(pc) value.
5 Continue the previous step with the rest of the valid positive pulses that were found in the burst.
6 Determine the worst result from the set of Voppc) measured.

Expected/  DDR4 Test Mode

Observable Resuts: The measured value of Vop(pc) for the test signal shall be within the conformance limits as per the

JEDEC specification.
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LPDDR4 / LPDDR4X Test Modes

The measured value of Vop(pc) for the test signal is reported as “Information Only”.
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VOL(AC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11321 [VOL(AC)]

LPDDR4 Test Mode
51321 [VOL(AC)]

LPDDR4X Test Mode
61321 [VOL(AC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.2 Table 99 VOL(AC) [AC Output Low Measurement Level (for output
June 2017 SR)]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the low level voltage value of the test signal within a valid read
burst.

Test Procedure: ~ DDR4 (for Test ID 11321) / LPDDR4 (for Test ID 51321) / LPDDR4X (for Test ID 61321)
1 Acquire and split the read and write burst of the acquired signal.

Take the first valid READ burst found.

3 Find all valid negative pulses in the specified burst.
A valid negative pulse starts at the middle crossing at valid falling edge and ends at middle
crossing at the following valid rising edge.

(For Test ID 11321)-The middle crossing for DDR4 is the user-entered
value of V.

(For Test ID 51321)—The middle crossing for LPDDR4 = 0.5 x [(user-entered
value of Vac) + user-entered value of Vg ac))l.

(For Test ID 61321)-The middle crossing for LPDDR4X = 0.5 x
[(user-entered value of Viyac) + user-entered value of Vg ac))l.

4 Zoom in on the first valid negative pulse and perform Vgagg measurement.

Take the Vgase measurement results as Vo (ac) value.
5 Continue the previous step with the rest of the valid negative pulses that were found in the burst.
6 Determine the worst result from the set of Vg (ac) measured.

Expected/  DDR4 Test Mode

Observable Resuts: The measured value of Vg (ac) for the test signal shall be within the conformance limits as per the

JEDEC specification.
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LPDDR4 / LPDDR4X Test Modes

The measured value of Vg (ac) for the test signal is reported as “Information Only”.
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VOL(DC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11322 [VOL(DC)]

LPDDR4 Test Mode
51322 [VOL(DC)]

LPDDR4X Test Mode
61322 [VOL(DC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.2 Table 99 VOL(DC) [DC Output Low Measurement Level (for IV
June 2017 Curve Linearity)]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the low level voltage value of the test signal within a valid read
burst.

Test Procedure: ~ DDR4 (for Test ID 11322) / LPDDR4 (for Test ID 51322) / LPDDR4X (for Test ID 61322)
1 Acquire and split the read and write burst of the acquired signal.

Take the first valid READ burst found.

3 Find all valid negative pulses in the specified burst.
A valid negative pulse starts at the middle crossing at valid falling edge and ends at middle
crossing at the following valid rising edge.

(For Test ID 11322)-The middle crossing for DDR4 is the user-entered
value of V.

(For Test ID 51322)—The middle crossing for LPDDR4 = 0.5 x [(user-entered
value of Vyyac) + user-entered value of Vg ac))]

(For Test ID 61322)-The middle crossing for LPDDR4X = 0.5 x
[(user-entered value of Viyac) + user-entered value of Vg ac))]

4 Zoom in on the first valid negative pulse and perform Vgagg measurement.

Take the Vgage measurement results as Vo (pc) value.
5 Continue the previous step with the rest of the valid negative pulses that were found in the burst.
6 Determine the worst result from the set of Vg (o) measured.

Expected/  DDR4 Test Mode

Observable Resuts: The measured value of Vo (pc) for the test signal shall be within the conformance limits as per the

JEDEC specification.
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LPDDR4 / LPDDR4X Test Modes

The measured value of Vg (pc) for the test signal is reported as “Information Only”.
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Output Slew Rate

SRQseR
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11347 [SRQseR]

LPDDR4 Test Mode
51341 [SRQseR]

LPDDR4X Test Mode
61341 [SRQseR]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.4 Table 102 SRQse [Single ended output slew rate]
June 2017
LPDDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 74 Table 118 SRQse [Single ended output slew rate (Vg = Vppg/3)]

JESD209-4B, February 2017

LPDDR4X Test Mode
Specifications document Section# Table# Symbol [Parameter]
LPDDR4X SDRAM Specification, JEDEC 4.2 Table 14 SRQse [Single ended output slew rate (Vg = Vppg * 0.5)]

Standard no. 209-4-1, January 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the rising slew rate value of the test signal within the read burst.
Test Procedure:  DDR4 (for Test ID 11341) / LPDDR4 (for Test ID 51341) / LPDDR4X (for Test ID 61341)

Acquire and split the read and write burst of the acquired signal.
Take the first valid READ burst found.

Find all the valid rising edges in the specified burst.
A valid rising edge starts at V| (ac) crossing and ends at the following Vopac) crossing.

w N =

~

For all the valid rising edges, find the transition time, Tg.
Tris the time starting at V| (ac) crossing and ending at the following Vgpac) crossing.

o1

Calculate SRQseR using the equation:

SRQseR = [Von(ac) - VoLaol / Tr
Determine the worst result from the set of SRQseR measured.

(o))
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The calculated Rising Slew (SRQseR) value for the test signal shall be within the conformance limits

as per the JEDEC specification.

60 Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group 4

SRQseF
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11342 [SRQseF]

LPDDR4 Test Mode
51342 [SRQseF]

LPDDR4X Test Mode
61342 [SRQseF]
References:  DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.4 Table 102 SRQse [Single ended output slew rate]
June 2017
LPDDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 74 Table 118 SRQse [Single ended output slew rate (Vo = Vppo/3)]

JESD209-4B, February 2017

LPDDR4X Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

LPDDR4X SDRAM Specification, JEDEC 4.2 Table 14 SRQse [Single ended output slew rate (Vg = Vppg * 0.5)]
Standard no. 209-4-1, January 2017

Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the falling slew rate value of the test signal within the read burst.
Test Procedure:  DDR4 (for Test ID 11342) / LPDDR4 (for Test ID 51342) / LPDDR4X (for Test ID 61342)

1 Acquire and split the read and write burst of the acquired signal.
Take the first valid READ burst found.

Find all the valid falling edges in the specified burst.
A valid falling edge starts at Vgpyac) crossing and ends at the following Vo ac) crossing.

4 For all the valid falling edges, find the transition time, T.
Tris the time starting at Vopac) crossing and ending at the following Vg (ac) crossing.

5 Calculate SRQseF using the equation:
SRQseF = [Vonac) - VoLac] / Tr
6 Determine the worst result from the set of SRQseF measured.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The calculated Falling Slew (SRQseF) value for the test signal shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Clock Plus)

62

Overshoot amplitude (Clock Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103024 [Overshoot amplitude (Clock Plus)]

LPDDR4 Test Mode
503016 [Overshoot amplitude (Clock Plus)]

LPDDR4X Test Mode
603016 [Overshoot amplitude (Clock Plus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 103024)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp
b Evaluate Area_below_Vpp using the equation:
Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp

¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

(y2 +ya)Az + ...

b =

1 1
Area ~ _(yo +y1)Az + S(y1 + v2)Az +
We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 9 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USING the equation:
Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_VppapsMax
Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

LPDDR4 (for Test ID 503016) / LPDDR4X (for Test ID 603016)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 1 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group 4

Overshoot area above VDD Abs Max(Clock Plus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103025 [Overshoot area above VDD Abs Max (Clock Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103025)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

Area = (yo + y3)Az + ...

b =

1
(vo+y1)Az + (1 + o)Az +

i~

L

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 10 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax BY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USING the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppapsmax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDD and VDD Abs Max(Clock Plus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103026 [Overshoot area between VDD and VDD Abs Max (Clock Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103026)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

(y2 +ya)Az + ...

[

1 1
Area ~ _(yo +y1)Az + S(y1 + v2)Az +

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

0
Area = ;\2:('1’%t +y1—yg+y3—.,,—?—:)
Figure 11 Equation for Total_Area_Above_0V

d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f Calculate Area_Between_Vpp_and_Vppapsmax UsiNg the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppabsmax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area (Clock Plus)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503017 [Overshoot area (Clock Plus)]

LPDDR4X Test Mode
603017 [Overshoot area (Clock Plus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503017) / LPDDR4X (for Test ID 603017)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

Area = (yo + y3)Az + ...

b =

1
(yo + y1)Az + ;'{yl + y2)Az +

i~

L

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 12 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vpp
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Undershoot amplitude (Clock Plus)

Mode Supported: DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103027 [Undershoot amplitude (Clock Plus)]

LPDDR4 Test Mode
503018 [Undershoot amplitude (Clock Plus)]

LPDDR4X Test Mode
603018 [Undershoot amplitude (Clock Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.5 Table 88 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 Ul below VSS]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the Trapezoidal Method Area Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103027)

Set the number of sampling points to 2M samples.

N —

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

w

Find the “UndershootRegion” across the acquired waveform.

An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

Within UndershootRegion # 1:

a Evaluate Undershoot Amplitude by:

~

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| Vs

Ax AX Ax AX Ax

| =

Area = (yo +ys)Az + ...

b3 =

1
(vo +v1)Az + a(yl +ys)Az +

!

L

We can simplify this to give us the Trapezoidal Rule, for i trapezoids:

Area::&x(%-l—m—y?“‘w_-”_?_;)

Figure 13 Equation for Total_Area_Above_0V

5
6
7

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
Find the worst result from the stored results listed above.
Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503018) / LPDDR4X (for Test ID 603018)

1
2

Set the number of sampling points to 2M samples.

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

Use Tyn and Vg to get the time-stamp of minimum voltage on all regions of the acquired
waveform.

Perform manual zoom on the waveform to minimize the peak area.

Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

Calculate Undershoot area (V-ns)

a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:

Area = 0.5 x base x height
Compare test results with the compliance test limits.
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area below VSS(Clock Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4

DDR4 Test Mode

103028 [Undershoot area below VSS (Clock Plus)]
DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.5 Table 88 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 Ul below VSS]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103028)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group

b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

Area = (yo + y3)Az + ...

[

1
(vo+y1)Az + (1 + o)Az +

i~

L

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 14 Equation for Total_Area_Above_0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Clock Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

76

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503019 [Undershoot area (Clock Plus)]

LPDDR4X Test Mode
603019 [Undershoot area (Clock Plus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the undershoot width and
undershoot amplitude.

LPDDR4 (for Test ID 503019) / LPDDR4X (for Test ID 603019)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Viyn
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

(y2 +ya)Az + ...

[

1
Area ~ _(yo +y1)Az + S(y1 + v2)Az +

i~

L

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 15 Equation for Total_Area_Above_0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  LPDDR4 / LPDDR4X Test Modes
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Clock Minus)

78

Overshoot amplitude (Clock Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103029 [Overshoot amplitude (Clock Minus)]

LPDDR4 Test Mode
503020 [Overshoot amplitude (Clock Minus)]

LPDDR4X Test Mode
603020 [Overshoot amplitude (Clock Minus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 103029)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp
b Evaluate Area_below_Vpp using the equation:
Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp

¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

(y2 +ya)Az + ...

b =

1 1
Area ~ _(yo +y1)Az + S(y1 + v2)Az +
We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 16 Equation for Total_Area_Above_Q0V
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USING the equation:
Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_VppapsMax
Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

LPDDR (for Test IDs 503016 & 503020) / LPDDR4X (for Test IDs 603016 & 603020)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 2 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above VDD Abs Max(Clock Minus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103030 [Overshoot area above VDD Abs Max (Clock Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103030)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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AX AX Ax Ax Ax
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Area = (yo + y3)Az + ...

b =
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(vo+y1)Az + (1 + o)Az +
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 17 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax BY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USING the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppapsmax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDD and VDD Abs Max(Clock Minus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103031 [Overshoot area between VDD and VDD Abs Max (Clock Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
8.3.5 Table 88 [Maximum peak amplitude above VCOS]
DDR4 SDRAM Specification, JESD79-4B, [Maximum overshoot area per 1 Ul above VCOS]
June 2017 [Maximum overshoot area per 1 Ul between VDD and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103031)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 18 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f Calculate Area_Between_Vpp_and_Vppapsmax UsiNg the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppabsmax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area (Clock Minus)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503021 [Overshoot area (Clock Minus)]

LPDDR4X Test Mode
603021 [Overshoot area (Clock Minus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503021) / LPDDR4X (for Test ID 603021)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 19 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vpp
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.

86 Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group 4

Undershoot amplitude (Clock Minus)

Mode Supported: DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103032 [Undershoot amplitude (Clock Minus)]

LPDDR4 Test Mode
503022 [Undershoot amplitude (Clock Minus)]

LPDDR4X Test Mode
603022 [Undershoot amplitude (Clock Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.5 Table 88 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 Ul below VSS]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the Trapezoidal Method Area Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103032)

Set the number of sampling points to 2M samples.

N —

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

w

Find the “UndershootRegion” across the acquired waveform.

An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

Within UndershootRegion # 1:

a Evaluate Undershoot Amplitude by:

~

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for i trapezoids:
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Figure 20 Equation for Total_Area_Above_0V

5
6
7

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
Find the worst result from the stored results listed above.
Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503022) / LPDDR4X (for Test ID 603022)

1
2

Set the number of sampling points to 2M samples.

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

Use Tyn and Vg to get the time-stamp of minimum voltage on all regions of the acquired
waveform.

Perform manual zoom on the waveform to minimize the peak area.

Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

Calculate Undershoot area (V-ns)

a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:

Area = 0.5 x base x height
Compare test results with the compliance test limits.
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area below VSS(Clock Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4

DDR4 Test Mode

103033 [Undershoot area below VSS (Clock Minus)]
DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.5 Table 88 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 Ul below VSS]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103033)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B (L
Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 21 Equation for Total_Area_Above_0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Clock Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

92

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503023 [Undershoot area (Clock Minus)]

LPDDR4X Test Mode
603023 [Undershoot area (Clock Minus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

LPDDR4 (for Test ID 503023) / LPDDR4X (for Test ID 603023)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Vg
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 22 Equation for Total_Area_Above_0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  LPDDR4 / LPDDR4X Test Modes
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Strobe Plus)

94

Overshoot amplitude (Strobe Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103006 [Overshoot amplitude (Strobe Plus)]

LPDDR4 Test Mode
503004 [Overshoot amplitude (Strobe Plus)]

LPDDR4X Test Mode
603004 [Overshoot amplitude (Strobe Plus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]
June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform. When there is overshoot, the overshoot area is calculated
based on the Trapezoidal Method Area Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform. When there is overshoot, the overshoot area is calculated
based on the overshoot width and overshoot amplitude.

DDR4 (for Test ID 103006)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg

b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppg = (OvershootRegion_End - OvershootRegion_Start) x Voo
¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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AX AX Ax Ax Ax
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 23 Equation for Total_Area_Above_0V
d Calculate Area_Above_VDDQ using the equation:

Area_Above_Vppq = Total_Area_Above_Q0V - Area_below_Vppg

e Evaluate Area_Above_Vppgapsmax DY using Trapezoidal Method Area Calculation (as shown in

Figure 23).
f Calculate Area_Between_Vppg_and_Vppgapsmax USing the equation:

Area_Between_Vppo_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppgapsmax

Area_Between_Vppg_and_Vppgapbsax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

LPDDR4 (for Test ID 503004) / LPDDR4X (for Test ID 603004)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 3 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above Max Abs Level(Strobe Plus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103007 [Overshoot area above Max Abs Level(Strobe Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103007)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 24 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 24).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppo_and_Vppoapbsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

le Results: . o .
Observable Results The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDDQ and Max Abs Level(Strobe Plus)
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
103008 [Overshoot area between VDDQ and Max Abs Level (Strobe Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform. When there is overshoot, the overshoot area is calculated
based on the Trapezoidal Method Area Calculation.

Test Procedure: ~ DDR4 (for Test ID 103008)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg

b Evaluate Area_below_VDDQ using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y1 Ya| Y| Y4 Vs

AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

b2 =

1
(vo + y1)Az + S (1 + v2) Az +

]

[§

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

ALy gty ..+
Area-uﬁx(z-i—yl Y2t ys ... 2)

Figure 25 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 25).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppq_and_Vppoabsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area(Strobe Plus)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503005 [Overshoot area(Strobe Plus)]

LPDDR4X Test Mode
603005 [Overshoot area(Strobe Plus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503005) / LPDDR4X (for Test ID 603005)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg
b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vbpg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 26 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppg
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Undershoot amplitude (Strobe Plus)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103009 [Undershoot amplitude (Strobe Plus)]

LPDDR4 Test Mode
503006 [Undershoot amplitude (Strobe Plus)]

LPDDR4X Test Mode
603006 [Undershoot amplitude (Strobe Plus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]

June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the undershoot width and
undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103009)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.
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4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vvin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN
b Evaluate Total_Area_Below_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —
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AX AX Ax Ax Ax

(y2 +ya)Az + ...
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1 1
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 27 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 27).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqp_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503006) / LPDDR4X (for Test ID 603006)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyn and Vyyn to get the time-stamp of minimum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to minimize the peak area.
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5 Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

6 Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

7 Calculate Undershoot area (V-ns)
a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:
Area = 0.5 x base x height
8 Compare test results with the compliance test limits.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits
as per the JEDEC specification.
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Undershoot area below Min Abs Level(Strobe Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4
DDR4 Test Mode
103010 [Undershoot area below Min Abs Level (Strobe Plus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]
DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103010)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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AX AX Ax Ax Ax
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 28 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslLevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vgsq_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limits.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area between VSSQ and Min Abs Level(Strobe Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

108

DDR4
DDR4 Test Mode
103011 [Undershoot area between VSSQ and Min Abs Level (Strobe Plus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103011)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for i trapezoids:

Area‘-::&x(%-l-yl—y?"‘w_-”_g:_;)

Figure 29 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbslevel by using Trapezoidal Method Area Calculation (as shown in
Figure 29).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqg_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 109



4 Electrical Tests Group

Undershoot area (Strobe Plus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

110

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503007 [Undershoot area(Strobe Plus)]

LPDDR4X Test Mode
603007 [Undershoot area(Strobe Plus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

LPDDR4 (for Test ID 503007) / LPDDR4X (for Test ID 603007)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Vg
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 30 Equation for Total_Area_Above_0V
c Evaluate Area_Below_Vggq by using Trapezoidal Method Area Calculation (as shown in

Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:
Undershoot Amplitude
Area_Below_Vggq
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

le Results: . s -
Observable Results The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Strobe Minus)

112

Overshoot amplitude (Strobe Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103012 [Overshoot amplitude (Strobe Minus)]

LPDDR4 Test Mode
503008 [Overshoot amplitude (Strobe Minus)]

LPDDR4X Test Mode
603008 [Overshoot amplitude (Strobe Minus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]
June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 103012)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg

b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppg = (OvershootRegion_End - OvershootRegion_Start) x Voo
¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 31 Equation for Total_Area_Above_0V
d Calculate Area_Above_VDDQ using the equation:

Area_Above_Vppq = Total_Area_Above_Q0V - Area_below_Vppg

e Evaluate Area_Above_Vppgapsmax DY using Trapezoidal Method Area Calculation (as shown in

Figure 23).
f Calculate Area_Between_Vppg_and_Vppgapsmax USing the equation:

Area_Between_Vppo_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppgapsmax

Area_Between_Vppg_and_Vppgapbsax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

114

LPDDR4 (for Test ID 503008) / LPDDR4X (for Test ID 603008)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 4 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above Max Abs Level(Strobe Minus)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103013 [Overshoot area above Max Abs Level(Strobe Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103013)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 32 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 24).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppo_and_Vppoapbsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

le Results: . o .
Observable Results The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDDQ and Max Abs Level(Strobe Minus)
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
103014 [Overshoot area between VDDQ and Max Abs Level (Strobe Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103014)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y1 Ya| Y| Y4 Vs

AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

b2 =

1
(vo + y1)Az + S (1 + v2) Az +

]

[§

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

ALy gty ..+
Area-uﬁx(z-i—yl Y2t ys ... 2)

Figure 33 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 25).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppq_and_Vppoabsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area(Strobe Minus)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503009 [Overshoot area(Strobe Minus)]

LPDDR4X Test Mode
603009 [Overshoot area(Strobe Minus)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503009) / LPDDR4X (for Test ID 603009)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg
b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vbpg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —

Yo| Y1 Ya| Y| ya| Vs

AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

B2 =

1
(yo +~ y1)Az + g(yl + y2)Az +

]

[§

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B T L.
_.irea-u,lx(z-i—yl Yo+ Y3+ ... _))

&=

Figure 34 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppg
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Undershoot amplitude (Strobe Minus)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103015 [Undershoot amplitude (Strobe Minus)]

LPDDR4 Test Mode
503010 [Undershoot amplitude (Strobe Minus)]

LPDDR4X Test Mode
603010 [Undershoot amplitude (Strobe Minus)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]

June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the undershoot width and
undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103015)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.
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4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vvin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN
b Evaluate Total_Area_Below_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —

Yo| Y1 Ya| Y| ya| Vs

AX AX Ax Ax Ax

(y2 +ya)Az + ...

b =

1 1
Area = _(yo +y1)Az + S (y1 + v2)Az +

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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_.irea-u,lx(z-i—yl Yo+ Y3+ ... _))

&=

Figure 35 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 27).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqp_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503010) / LPDDR4X (for Test ID 603010)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyn and Vyyn to get the time-stamp of minimum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to minimize the peak area.
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5 Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

6 Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

7 Calculate Undershoot area (V-ns)
a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:
Area = 0.5 x base x height
8 Compare test results with the compliance test limits.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits
as per the JEDEC specification.
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Undershoot area below Min Abs Level(Strobe Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4
DDR4 Test Mode
103016 [Undershoot area below Min Abs Level (Strobe Minus)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]
DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103016)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

(y2 +ya)Az + ...

b =

1
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Area—uﬁx(2+y1 Yo+ Uz + ... _))

Figure 36 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslLevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vgsq_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limits.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area between VSSQ and Min Abs Level(Strobe Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

126

DDR4

DDR4 Test Mode

103017 [Undershoot area between VSSQ and Min Abs Level (Strobe Minus)]
DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]

June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103017)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —

Yo| Y1 Ya| Y| ya| ¥s

AX AX AX Ax Ax
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We can simplify this to give us the Trapezoidal Rule, for i trapezoids:
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Figure 37 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbslevel by using Trapezoidal Method Area Calculation (as shown in
Figure 29).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqg_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Strobe Minus)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

128

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503011 [Undershoot area(Strobe Minus)]

LPDDR4X Test Mode
603011 [Undershoot area(Strobe Minus)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

LPDDR4 (for Test ID 503011) / LPDDR4X (for Test ID 603011)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Vg
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 38 Equation for Total_Area_Above_0V
c Evaluate Area_Below_Vggq by using Trapezoidal Method Area Calculation (as shown in

Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:
Undershoot Amplitude
Area_Below_Vggq
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

le Results: . s -
Observable Results The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Data)

130

Overshoot amplitude (Data)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103000 [Overshoot amplitude (Data)]

LPDDR4 Test Mode
503000 [Overshoot amplitude (Data)]

LPDDR4X Test Mode
603000 [Overshoot amplitude (Data)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]
June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 103000)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg

b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppg = (OvershootRegion_End - OvershootRegion_Start) x Voo
¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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(S
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 39 Equation for Total_Area_Above_0V
d Calculate Area_Above_VDDQ using the equation:

Area_Above_Vppq = Total_Area_Above_Q0V - Area_below_Vppg

e Evaluate Area_Above_Vppgapsmax DY using Trapezoidal Method Area Calculation (as shown in
Figure 23).
f Calculate Area_Between_Vppg_and_Vppgapsmax USing the equation:

Area_Between_Vppo_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppgapsmax

Area_Between_Vppg_and_Vppgapbsax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

132

LPDDR4 (for Test ID 503000) / LPDDR4X (for Test ID 603000)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 5 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above Max Abs Level(Data)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
1030071 [Overshoot area above Max Abs Level(Data)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103001)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —
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AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

B2 =

1
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]
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 40 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 24).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppo_and_Vppoapbsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

le Results: . o .
Observable Results The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDDQ and Max Abs Level(Data)

Mode Supported:  DDR4
TestID:  DDR4 Test Mode
103002 [Overshoot area between VDDQ and Max Abs Level (Data)]
103008 [Overshoot area between VDDQ and Max Abs Level (Strobe Plus)]
103014 [Overshoot area between VDDQ and Max Abs Level (Strobe Minus)]
103020 [Overshoot area between VDDQ and Max Abs Level (Data Mask)]

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B,  8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103002)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax Vvax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg
b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vbpg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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AX AX Ax Ax Ax
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Area = (yo +y3)Az + ...
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 41 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 25).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppq_and_Vppoabsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area(Data)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503001 [Overshoot area(Data)]

LPDDR4X Test Mode
603007 [Overshoot area(Data)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503001) / LPDDR4X (for Test ID 603001)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg
b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vbpg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 42 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppg
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Undershoot amplitude (Data)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103003 [Undershoot amplitude (Data)]

LPDDR4 Test Mode
503002 [Undershoot amplitude (Data)]

LPDDR4X Test Mode
603002 [Undershoot amplitude (Data)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]

June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the undershoot width and
undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103003)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.
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4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vvin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN
b Evaluate Total_Area_Below_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 43 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 27).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqp_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503002) / LPDDR4X (for Test ID 603002)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyn and Vyyn to get the time-stamp of minimum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to minimize the peak area.
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5 Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

6 Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

7 Calculate Undershoot area (V-ns)
a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:
Area = 0.5 x base x height
8 Compare test results with the compliance test limits.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits
as per the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 141



4

142

Electrical Tests Group

Undershoot area below Min Abs Level(Data)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4
DDR4 Test Mode
103004 [Undershoot area below Min Abs Level (Data)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]
DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103004)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 44 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslLevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vgsq_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limits.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area between VSSQ and Min Abs Level(Data)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

144

DDR4
DDR4 Test Mode
103005 [Undershoot area between VSSQ and Min Abs Level (Data)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103005)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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Figure 45 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbslevel by using Trapezoidal Method Area Calculation (as shown in
Figure 29).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqg_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Data)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

146

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503003 [Undershoot area(Data)]

LPDDR4X Test Mode
603003 [Undershoot area(Data)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

LPDDR4 (for Test ID 503003) / LPDDR4X (for Test ID 603003)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Vg
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y| Ya| Ya| V4| ¥s

AX AX Ax Ax Ax

| =

(y2 +ya)Az + ...

b =

1
Area ~ _(yo +y1)Az + S(y1 + v2)Az +

i~

L

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 46 Equation for Total_Area_Above_0V
c Evaluate Area_Below_Vggq by using Trapezoidal Method Area Calculation (as shown in

Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:
Undershoot Amplitude
Area_Below_Vggq
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

le Results: . s -
Observable Results The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Data Mask)

148

Overshoot amplitude (Data Mask)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
103018 [Overshoot amplitude (Data Mask)]

LPDDR4 Test Mode
503012 [Overshoot amplitude (Data Mask)]

LPDDR4X Test Mode
603012 [Overshoot amplitude (Data Mask)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]
June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 103018)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg

b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppg = (OvershootRegion_End - OvershootRegion_Start) x Voo
¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 47 Equation for Total_Area_Above_0V
d Calculate Area_Above_VDDQ using the equation:

Area_Above_Vppq = Total_Area_Above_Q0V - Area_below_Vppg

e Evaluate Area_Above_Vppgapsmax DY using Trapezoidal Method Area Calculation (as shown in
Figure 23).
f Calculate Area_Between_Vppg_and_Vppgapsmax USing the equation:

Area_Between_Vppo_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppgapsmax

Area_Between_Vppg_and_Vppgapbsax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:
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LPDDR4 (for Test ID 503012) / LPDDR4X (for Test ID 603012)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 6 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above Max Abs Level(Data Mask)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103019 [Overshoot area above Max Abs Level(Data Mask)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103019)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —

Yo| Y1 Ya| Y| ya| Vs

AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

B2 =

1
(vo+ y1)Az + (1 + v2)Az +

]

[§

We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B T L.
_.irea-u,lx(z-i—yl Yo+ Y3+ ... _))

&=

Figure 48 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 24).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppo_and_Vppoapbsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

le Results: . o .
Observable Results The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDDQ and Max Abs Level(Data Mask)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
103020 [Overshoot area between VDDQ and Max Abs Level (Data Mask)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude above VDOS]

June 2017 [Maximum overshoot area per 1 Ul above VDOS]
[Maximum overshoot area per 1 Ul between VDDQ and
VDOS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 103020)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppgq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vppg

b Evaluate Area_below_Vppg using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vppg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e

Yo| Y1 Ya| Y| Y4 Vs

AX AX Ax Ax Ax

| =

Area = (yo +y3)Az + ...

b2 =

1
(vo + y1)Az + S (1 + v2) Az +

]
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 49 Equation for Total_Area_Above_QV
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e Evaluate Area_Above_Vppgapsmax by using Trapezoidal Method Area Calculation (as shown in
Figure 25).
f Calculate Area_Between_Vppg_and_Vppgabsmax Using the equation:

Area_Between_Vppg_and_Vppoapsmax = Area_Above_Vppg - Area_Above_Vppgapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppoabsMax

Area_Between_Vppq_and_Vppoabsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area(Data Mask)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
503013 [Overshoot area(Data Mask)]

LPDDR4X Test Mode
603013 [Overshoot area(Data Mask)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 503013) / LPDDR4X (for Test ID 603013)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppq crossing and ends at the falling edge of

Vppg crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vppg
b Evaluate Area_below_Vppgq using the equation:

Area_below_Vppq = (OvershootRegion_End - OvershootRegion_Start) x Vbpg
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¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e —
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 50 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vppq using the equation:

Area_Above_Vppgq = Total_Area_Above_0V - Area_below_Vppgq
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppg
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Undershoot amplitude (Data Mask)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
103021 [Undershoot amplitude (Data Mask)]

LPDDR4 Test Mode
503014 [Undershoot amplitude (Data Mask)]

LPDDR4X Test Mode
603014 [Undershoot amplitude (Data Mask)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]

June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the Trapezoidal Method Area Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 103021)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:

a Evaluate Undershoot Amplitude by:

i Using Tyns Vmin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.
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i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
b Evaluate Total_Area_Below_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for i trapezoids:
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Figure 51 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbslevel by using Trapezoidal Method Area Calculation (as shown in
Figure 27).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqg_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

LPDDR4 (for Test ID 503014) / LPDDR4X (for Test ID 603014)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Ty and Vyn to get the time-stamp of minimum voltage on all regions of the acquired
waveform.

4 Perform manual zoom on the waveform to minimize the peak area.

5 Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

6 Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - Viyn

158 Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group 4

7 Calculate Undershoot area (V-ns)

a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . s -
Observable Results The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area below Min Abs Level(Data Mask)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4
DDR4 Test Mode
103022 [Undershoot area below Min Abs Level (Data Mask)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]
DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103022)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - VN

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Electrical Tests Group 4

b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule

e
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 52 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbsLevel by using Trapezoidal Method Area Calculation (as shown in
Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslLevel using the equation:

Area_Between_Vgsq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vgsq_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limits.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area between VSSQ and Min Abs Level(Data Mask)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

162

DDR4
DDR4 Test Mode
103023 [Undershoot area between VSSQ and Min Abs Level (Data Mask)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.6 Table 89 [Maximum peak amplitude below VDUS]
June 2017 [Maximum undershoot area per 1 Ul below VDUS]
[Maximum undershoot area per 1 Ul between VSSQ and
VDUS1]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vgg]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 103023)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for i trapezoids:

Area‘-::&x(%-l-yl—y?"‘w_-”_g:_;)

Figure 53 Equation for Total_Area_Above_0V
¢ Evaluate Area_Below_MinAbslevel by using Trapezoidal Method Area Calculation (as shown in
Figure 29).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:

Undershoot Amplitude
Area_Below_MinAbsLevel
Area_Between_Vggqg_and_MinAbsLevel

5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.

6 Find the worst result from the stored results listed above.

7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Data Mask)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

164

LPDDR4, LPDDR4X
LPDDR4 Test Mode
503015 [Undershoot area(Data Mask)]

LPDDR4X Test Mode
603015 [Undershoot area(Data Mask)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

LPDDR4 (for Test ID 503015) / LPDDR4X (for Test ID 603015)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Vg
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:
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Figure 54 Equation for Total_Area_Above_0V
c Evaluate Area_Below_Vggq by using Trapezoidal Method Area Calculation (as shown in

Figure 28).
d Calculate Area_Between_Vggq_and_MinAbslevel using the equation:

Area_Between_Vggq_and_MinAbsLevel = Total_Area_Belowe_0V - Area_Below_MinAbsLevel
e To find the worst case, save the following calculated results for later use:
Undershoot Amplitude
Area_Below_Vggq
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes

le Results: . s -
Observable Results The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Overshoot/Undershoot (Address, Control)

166

Overshoot amplitude (Address, Control)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
10393 [Overshoot amplitude (Address, Control)]

LPDDR4 Test Mode
50351 [Overshoot amplitude (Address, Control)]

LPDDR4X Test Mode
60351 [Overshoot amplitude (Address, Control)]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]

[Maximum peak amplitude above VAOS]
DDR4 SDRAM Specification, JESD79-4B, 834 Table 87 [Maximum overshoot area per 1 tCK above VAOS]
June 2017 - [Maximum overshoot area per 1 tCK between VDD and
VAQS]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

DDR4 (for Test ID 10393)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
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4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp
b Evaluate Area_below_Vpp using the equation:
Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp

¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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We can simplify this to give us the Trapezoidal Rule, for n trapezoids:

B T L.
_.irea-u,lx(z-i—yl Yo+ Y3+ ... _))

&=

Figure 55 Equation for Total_Area_Above_0V

d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f Calculate Area_Between_Vpp_and_Vppapsmax Using the equation:
Area_Between_Vpp_and_Vppapsmay = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppapsmax
Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
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Expected/
Observable Results:

168

LPDDR4 (for Test IDs 50351) / LPDDR4X (for Test ID 60351)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax and Vyax to get the time-stamp of maximum voltage on all regions of the acquired
waveform.
4 Perform manual zoom on the waveform to maximize the peak area.

5 Find the edges before and after the Overshoot Point at the Supply Reference Level in order to
calculate the maximum overshoot length duration.
Table 2 shows the supply reference level for each pin group:

Table 7 Supply reference level
PIN Supply Reference Level
Address and Control pin Vbp2
Data, Strobe and Mask pin Vopg
Clock VDDZ

6 Calculate Overshoot Amplitude using the equation:

Overshoot Amplitude = Vyax - Supply Reference Level (refer to Table 2)

7 Calculate Overshoot area (V-ns)

a By calculating area of a triangle using the overshoot width as the triangle base and the
overshoot amplitude as the triangle height.

b For Overshoot area, use the equation:

Area = 0.5 x base x height
8 Compare test results with the compliance test limits.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Overshoot area above VDD Abs Max(Address, Control)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10394 [Overshoot area above VDD Abs Max (Address, Control)]
References: ~ DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.4 Table 87 [Maximum peak amplitude above VAQS]

June 2017 [Maximum overshoot area per 1 tCK above VAOS]
[Maximum overshoot area per 1 tCK between VDD and
VAQS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.
Test Procedure:  DDR4 (for Test ID 10394)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
c Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:
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The Trapezoidal Rule
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Figure 56 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above_Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USiNG the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_VppapsMax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

le Results: . o .
Observable Results The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area between VDD and VDD Abs Max(Address, Control)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10395 [Overshoot area between VDD and VDD Abs Max (Address, Control)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.4 Table 87 [Maximum peak amplitude above VAQS]

June 2017 [Maximum overshoot area per 1 tCK above VAOS]
[Maximum overshoot area per 1 tCK between VDD and
VAQS]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the Trapezoidal Method Area
Calculation.

Test Procedure:  DDR4 (for Test ID 10395)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vpp crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vmax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyax - Vpp

b Evaluate Area_below_Vpp using the equation:

Area_below_Vpp = (OvershootRegion_End - OvershootRegion_Start) x Vpp
c Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:
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The Trapezoidal Rule
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Figure 57 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vpp using the equation:

Area_Above_Vpp = Total_Area_Above_0V - Area_below_Vpp
e Evaluate Area_Above Vppapsmax DY Using Trapezoidal Method Area Calculation (as shown in
Figure 16).
f  Calculate Area_Between_Vpp_and_Vppapsmax USing the equation:

Area_Between_Vpp_and_Vppapsmax = Area_Above_Vpp - Area_Above_Vppapsmax
g To find the worst case, save the following calculated results for later use:

Overshoot Amplitude

Area_Above_Vppabsmax

Area_Between_Vpp_and_Vppapsmax
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode

Observable Results: The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per

the JEDEC specification.
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Overshoot area (Address, Control)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50352 [Overshoot area (Address, Control)]

LPDDR4X Test Mode
60352 [Overshoot area (Address, Control)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.6 Table 120 [Maximum peak amplitude allowed for overshoot area]
JESD209-4B, February 2017 [Maximum area above Vpp]

Test Overview:  LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the overshoot amplitude value of the test signal that is found from
all regions of the acquired waveform.

When there is overshoot, the overshoot area is calculated based on the overshoot width and
overshoot amplitude.

Test Procedure:  LPDDR4 (for Test ID 50352) / LPDDR4X (for Test ID 60352)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “OvershootRegion” across the acquired waveform.
An “OvershootRegion” starts at the rising edge of Vppy crossing and ends at the falling edge of

Vpp crossing.
4 Within OvershootRegion # 1:
a Evaluate Overshoot Amplitude by:

i Using Tyax, Vimax to obtain the time-stamp of the maximum voltage on the
OvershootRegion.

i Calculate Overshoot Amplitude using the equation:
Overshoot Amplitude = Vyyax - Vpp2

b Evaluate Area_below_Vppy using the equation:

Area_below_Vppy = (OvershootRegion_End - OvershootRegion_Start) x Vpps
¢ Evaluate Total_Area_Above_0V by using Trapezoidal Method Area Calculation:
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Expected/
Observable Results:

174
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Figure 58 Equation for Total_Area_Above_0V
d Calculate Area_Above_Vpp, using the equation:

Area_Above_Vppy = Total_Area_Above_QV - Area_below_Vppy
e To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Area_Above_Vppy
5 Repeat step 4 for the rest of the “OvershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.
LPDDR4 / LPDDR4X Test Modes

The Overshoot Amplitude and Area measurement value shall be within the conformance limits as per
the JEDEC specification.
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Undershoot amplitude (Address, Control)

Mode Supported: DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10396 [Undershoot amplitude (Address, Control)]

LPDDR4 Test Mode
50361 [Undershoot amplitude (Address, Control)]

LPDDR4X Test Mode
60361 [Undershoot amplitude (Address, Control)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.4 Table 87 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 tCK below VSS]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the Trapezoidal Method Area Calculation.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform. In case of an undershoot, the undershoot area is
calculated based on the undershoot width and undershoot amplitude.

Test Procedure:  DDR4 Test Mode (for Test ID 10396)

Set the number of sampling points to 2M samples.

N —

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

w

Find the “UndershootRegion” across the acquired waveform.

An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

Within UndershootRegion # 1:

a Evaluate Undershoot Amplitude by:

~

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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Figure 59 Equation for Total_Area_Above_0V

5
6
7

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
Find the worst result from the stored results listed above.
Compare the test result with the compliance test limit.

LPDDR4 (for Test IDs 50361) / LPDDR4X (for Test ID 60361)

1
2

Set the number of sampling points to 2M samples.

Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

Use Tyn and Vg to get the time-stamp of minimum voltage on all regions of the acquired
waveform.

Perform manual zoom on the waveform to minimize the peak area.

Find the edges before and after the Undershoot Point at the GND (~0V) level in order to calculate
the maximum undershoot length duration.

Calculate Undershoot Amplitude using the equation:
Undershoot Amplitude = 0 - Viyn

Calculate Undershoot area (V-ns)

a By calculating area of a triangle using the undershoot width as the triangle base and the
undershoot amplitude as the triangle height.

b For Undershoot area, use the equation:

Area = 0.5 x base x height
Compare test results with the compliance test limits.
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area below VSS(Address, Control)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4

DDR4 Test Mode

10397 [Undershoot area below VSS (Address, Control)]
DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.3.4 Table 87 [Maximum peak amplitude allowed for undershoot]
June 2017 [Maximum undershoot area per 1 tCK below VSS]

DDR4 Test Mode

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the Trapezoidal Method Area
Calculation.

DDR4 Test Mode (for Test ID 10397)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Tyns Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - VN
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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Figure 60 Equation for Total_Area_Above_Q0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limit.

Expected/  DDR4 Test Mode
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Undershoot area (Address, Control)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

LPDDR4, LPDDR4X
LPDDR4 Test Mode
50362 [Undershoot area (Address, Control)]

LPDDR4X Test Mode
60362 [Undershoot area (Address, Control)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 76 Table 120 [Maximum peak amplitude allowed for undershoot area]
JESD209-4B, February 2017 [Maximum area below Vsg]

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the undershoot amplitude value of the test signal that is found
from all regions of the acquired waveform.

In case of an undershoot, the undershoot area is calculated based on the undershoot width and
undershoot amplitude.

LPDDR4 (for Test ID 50362) / LPDDR4X (for Test ID 60362)

1 Set the number of sampling points to 2M samples.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Find the “UndershootRegion” across the acquired waveform.
An “UndershootRegion” starts at the falling edge of OV crossing and ends at the rising edge of OV
crossing.

4 Within UndershootRegion # 1:
a Evaluate Undershoot Amplitude by:

i Using Ty, Vivin to obtain the time-stamp of the minimum voltage on the
UndershootRegion.

i Calculating Undershoot Amplitude using the equation:

Undershoot Amplitude = 0 - Viyn
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b Evaluate Total_Area_Below_QV by using Trapezoidal Method Area Calculation:

The Trapezoidal Rule
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Figure 61 Equation for Total_Area_Above_Q0V

¢ To find the worst case, save the following calculated results for later use:
Overshoot Amplitude
Total_Area_Below_0V
5 Repeat step 4 for the rest of the “UndershootRegion” found in the acquired waveform.
6 Find the worst result from the stored results listed above.
7 Compare the test result with the compliance test limits.

Expected/  LPDDR4 / LPDDR4X Test Modes
Observable Results:

The values for Undershoot Amplitude and Area measurement shall be within the conformance limits

as per the JEDEC specification.
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Vref Signal Test

VREF(DC) Measurement

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

182

DDR4
DDR4 Test Mode
10398 [VREF(DC) Measurement]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.1 Table 83 VREFCA(DC) [Reference Voltage for ADD, CMD inputs]
June 2017

LPDDR4 / LPDDRé4X Test Modes

Not available.
The purpose of this test is to verify the voltage level value of the Vger(pc) signal.

DDR4 (for Test ID 10398)

1 Set the number of sampling points to 2M samples and sampling rate for an acquisition length of
1 second.

2 Sample/acquire signal data and perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Calculate the average voltage of the signal.
Record the resulting average measurement value as Vgrer(pg).

4 Compare test result to the compliance test limit.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of Vger(pe) shall be within the conformance limits as per the JEDEC
specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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VREF(AC) Measurement
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10399 [VREF(AC) Measurement]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.1 Table 83 VREF(AC) [Reference Voltage for ADD, CMD inputs]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the voltage level value of the Vgepac) signal.

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure: ~ DDR4 (for Test ID 10399)
1 Set the number of sampling points to 2M samples and sampling rate for an acquisition length of
1 second.

2 Sample/acquire signal data and then perform signal conditioning to maximize screen resolution
(vertical scale adjustment).

3 Use Tyax: Vimax to obtain time-stamp of maximum voltage on all regions of the acquired
waveform.

4 Use TN, Vvin to obtain time-stamp of minimum voltage on all regions of the acquired
waveform.
Take VN or Viyax for the worst test result.

6 Compare test result to the compliance test limit.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of Vger(ac) shall be within the conformance limits as per the JEDEC

specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Differential Signals (WRITE cycle tests)

Differential AC Input Levels for Clock

VIHdiff.CK(AC)
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10417 [VIHdIff.CK(AC)]
LPDDR4 Test Mode
50411 [VIHdiff.CK(AC)]
LPDDR4X Test Mode
60411 [VIHdiff. CK(AC)]
References:  DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.2 Table 84 VIHdff(AC) [Differential input high AC]
June 2017
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.4 Table 108 VIHdiff_CK [Differential input high]
JESD209-4B, February 2017
Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the high level voltage value of the test signal.
Test Procedure: ~ DDR4 (for Test ID 10411) / LPDDR4 (for Test ID 50411) / LPDDR4X (for Test ID 60411)
1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.
Find all valid Clock positive pulse in the triggered waveform.
Avalid Clock positive pulse starts at the OV crossing at valid Clock rising edge and ends at the OV
crossing at the following valid Clock falling edge.
4 Zoom into the first pulse and perform Vygp.
Take the Vrop measurement as Vg (ac) value.
5 Continue the previous step with another nine valid positive pulses found in the specified
waveform.
6 Determine the worst result from the set of Vit (ac) values measured.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results:

184

The worst measured V ygitr.ck (ac) shall be within the conformance limits as per the JEDEC
specification in the References section.
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VIHdiff.CK(DC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10415 [VIHdIff.CK(DC)]

LPDDR4 Test Mode
50415 [VIHdIiff.CK(DC)]

LPDDR4X Test Mode
60415 [VIHdIiff.CK(DC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.2 Table 84 VIHdiff [Differential input high]
June 2017

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.4 Table 108 VIHdiff_CK [Differential input high]
JESD209-4B, February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the high level voltage value of the test signal.
Test Procedure: ~ DDR4 (for Test ID 10415) / LPDDR4 (for Test ID 50415) / LPDDR4X (for Test ID 60415)

Pre-condition the oscilloscope.

N —

Trigger on the rising edge of the clock signal under test.

w

Find all valid Clock positive pulse in the triggered waveform.
A valid Clock positive pulse starts at the OV crossing at valid Clock rising edge and ends at the OV
crossing at the following valid Clock falling edge.

~

Zoom into the first pulse and perform Vrgp.
Take the Vyop measurement as Viyqi (pc) value.

o1

Continue the previous step with another nine valid positive pulses found in the specified
waveform.

6 Determine the worst result from the set of Vg (e values measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

le Results: L .
Observable Results The worst measured Vit ck (pc) Shall be within the conformance limits as per the JEDEC

specification in the References section.
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VILdiff.CK(AC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10412 [VILdiff.CK(AC)]
LPDDR4 Test Mode
50412 [VILdiff.CK(AC)]
LPDDR4X Test Mode
60412 [VILdiff. CK(AC)]
References:  DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.2 Table 84 VILdiff(AC) [Differential input low AC]
June 2017
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 724 Table 108 VILdiff_CK [Differential input low]
JESD209-4B, February 2017
Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the low level voltage value of the test signal.
Test Procedure: ~ DDR4 (for Test ID 10412) / LPDDR4 (for Test ID 50412) / LPDDR4X (for Test ID 60412)
1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.
3 Find all valid Clock negative pulse in the triggered waveform.
A valid Clock negative pulse starts at the OV crossing at valid Clock falling edge and ends at the
OV crossing at the following valid Clock rising edge.
4 Zoom into the first pulse and perform Vgage.
Take the Vgase measurement as V| giff (ac) Value.
5 Continue the previous step with another nine valid positive pulses found in the specified
waveform.
6 Determine the worst result from the set of V) 4i¢ (ac) values measured.
Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

Observable Results:
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The worst measured V| gir.ck (ac) shall be within the conformance limits as per the JEDEC
specification in the References section.
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VILdiff.CK(DC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
10416 [VILiff.CK(DC)]

LPDDR4 Test Mode
50416 [VILdiff.CK(DC)]

LPDDR4X Test Mode
60416 [VILdiff.CK(DC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.2 Table 84 VILdiff [Differential input low]
June 2017

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 724 Table 108 VILdiff_CK [Differential input low]
JESD209-4B, February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the low level voltage value of the test signal.
Test Procedure: ~ DDR4 (for Test ID 10416) / LPDDR4 (for Test ID 50416) / LPDDR4X (for Test ID 60416)

Pre-condition the oscilloscope.

N —

Trigger on the rising edge of the clock signal under test.

w

Find all valid Clock negative pulse in the triggered waveform.
A valid Clock negative pulse starts at the OV crossing at valid Clock falling edge and ends at the
OV crossing at the following valid Clock rising edge.

~

Zoom into the first pulse and perform Vgage.
Take the Vgagg measurement as V| git (e value.

o1

Continue the previous step with another nine valid positive pulses found in the specified
waveform.

6 Determine the worst result from the set of V) gifr (o) values measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

Observable Results: The worst measured V| gir.ck (pc) shall be within the conformance limits as per the JEDEC

specification in the References section.
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Vindiff_CK
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
Not available.
LPDDR4 Test Mode
50421 [Vindiff_CK]
LPDDR4X Test Mode
60421 [Vindiff_CK]
References: ~ LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.1 Table 105 Vindiff_CK [CK differential input voltage]
JESD209-4B, February 2017
Test Overview: ~ DDR4 Test Mode
Not available.
LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the difference in values of peak voltage between the high pulse
and low pulse of the test signal.
Test Procedure: ~ LPDDR4 (for Test ID 50421) / LPDDR4X (for Test ID 60421)
1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.
Find all valid positive and negative pulses of the Clock in the entire waveform.
A valid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock, whereas a valid negative pulse on the Clock starts at the
valid falling edge of the Clock and ends at the following valid rising edge of the Clock.
4 Measure Vmax of first positive pulse and Vmin of the first negative pulse.
5 Calculate the difference of the two measurements and denote the result as Vindiff_CK #1.
6 Measure Vmin of first negative pulse and Vmax of the second positive pulse.
7 Calculate the difference of the two measurements and denote the result as Vindiff_CK #2.
8 Continue steps 4 to 7 for measurements on the remaining pulse that was obtained.
9 Determine the worst result from the set of Vindiff_CK values measured.
Expected/  LPDDR4 / LPDDR4X Test Modes
Observable Results: The measured value of Vindiff_CK for the test signal shall be within the conformance limits as per the
JEDEC specification.
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Vindiff_CK/2 High Pulse
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50417 [Vindiff_CK/2 High Pulse]

LPDDR4X Test Mode
60417 [Vindiff_CK/2 High Pulse]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.1 Table 105 Vindiff_CK [CK differential input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of the high pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50417) / LPDDR4X (for Test ID 60417)

1 Pre-condition the oscilloscope.
Trigger on the rising edge of the clock signal under test.

3 Find all valid positive pulses of the Clock in the entire waveform.
Avalid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock.

4 Zoom into the first pulse and perform Vyax. Consider the Vy,4x measurement as the value of
Vindiff_CK/2.

5 Continue the previous step with the rest of the positive pulses found in the specified waveform.

6 Determine the worst result from the set of Vindiff_CK/2 measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vindiff_CK/2 for the test signal shall be within the conformance limits as per

the JEDEC specification.
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Vindiff_CK/2 Low Pulse

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:
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LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50418 [Vindiff_CK/2 Low Pulse]

LPDDR4X Test Mode
60418 [Vindiff_CK/2 Low Pulse]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.1 Table 105 Vindiff_CK [CK differential input voltage]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the low pulse.
LPDDR4 (for Test ID 50418) / LPDDR&X (for Test ID 60418)

1 Pre-condition the oscilloscope.

Trigger on the falling edge of the clock signal under test.

3 Find all valid negative pulses of the Clock in the entire waveform.
A valid negative pulse on the Clock starts at the valid falling edge of the Clock and ends at the
following valid rising edge of the Clock.

4 Zoom into the first pulse and perform V. Consider the Vy, measurement as the value of
Vindiff_CK/2.

5 Continue the previous step with the rest of the negative pulses found in the specified waveform.

6 Determine the worst result from the set of Vindiff_CK/2 measured.

LPDDR4 / LPDDR4X Test Modes

The measured value of Vindiff_CK/2 for the test signal shall be within the conformance limits as per
the JEDEC specification.
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Vinse_CK
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50421 [Vinse_CK]

LPDDR4X Test Mode
60421 [Vinse_CK]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.23 Table 106 Vinse_CK [Clock Single-Ended input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the difference in values of peak voltage between the high pulse
and low pulse of the test signal.

Test Procedure:  LPDDR4 (for Test ID 50421) / LPDDR4X (for Test ID 60421)

1
2

O 0 N O o

Pre-condition the oscilloscope.
Trigger on the rising edge of the clock signal under test.

Find all valid positive and negative pulses of the Clock in the entire waveform.

A valid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock, whereas a valid negative pulse on the Clock starts at the
valid falling edge of the Clock and ends at the following valid rising edge of the Clock.

Measure Vyax of first positive pulse and V) of the first negative pulse.

Calculate the difference of the two measurements and denote the result as Vinse_CK #1.
Measure V) of first negative pulse and Vy,ax of the second positive pulse.

Calculate the difference of the two measurements and denote the result as Vinse_CK #2.
Continue steps 4 to 7 for measurements on the remaining pulse that was obtained.
Determine the worst result from the set of Vinse_CK values measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results:

The measured value of Vinse_CK for the test signal shall be within the conformance limits as per the
JEDEC specification.
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Vinse CK (Positive Pulse)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:
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LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50419 [Vinse_CK (Positive Pulse)]

LPDDR4X Test Mode
60419 [Vinse_CK (Positive Pulse)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.23 Table 106 Vinse_CK [Clock Single-Ended input voltage]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the high pulse.
LPDDR4 (for Test ID 50419) / LPDDR&X (for Test ID 60419)

1 Pre-condition the oscilloscope.

Trigger on the rising edge of the clock signal under test.

3 Find all valid positive pulses of the Clock in the entire waveform.
Avalid positive pulse on the Clock starts at the valid rising edge of the Clock and ends at the
following valid falling edge of the Clock.

4 Zoom into the first pulse and perform Vyax. Consider the Vy,4x measurement as the value of
Vinse_CK.

5 Continue the previous step with the rest of the positive pulses found in the specified waveform.

6 Determine the worst result from the set of Vinse_CK measured.

LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_CK for the test signal shall be within the conformance limits as per the
JEDEC specification.
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Vinse_CK (Negative Pulse)
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50420 [Vinse_CK (Negative Pulse)]

LPDDR4X Test Mode
60420 [Vinse_CK (Negative Pulse)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.23 Table 106 Vinse_CK [Clock Single-Ended input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of the low pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50420) / LPDDR4X (for Test ID 60420)

1 Pre-condition the oscilloscope.
Trigger on the falling edge of the clock signal under test.

3 Find all valid negative pulses of the Clock in the entire waveform.
A valid negative pulse on the Clock starts at the valid falling edge of the Clock and ends at the
following valid rising edge of the Clock.

4 Zoom into the first pulse and perform V. Consider the Vy, measurement as the value of
Vinse_CK.

5 Continue the previous step with the rest of the negative pulses found in the specified waveform.

6 Determine the worst result from the set of Vinse_CK measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vinse_CK for the test signal shall be within the conformance limits as per the

JEDEC specification.
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SRIdiffR for Clock
Mode Supported: ~ LPDDR4/LPDDR4X
TestID:  DDR4 Test Mode
Not available.
LPDDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:
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50422 [SRIdiffR for Clock]

LPDDR4X Test Mode
60422 [SRIdIffR for Clock]
DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 724 Table 109 SRIdiff_CK [Differential Input Slew Rate for Clock]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the differential input slew rate for rising edge of the Clock signal.
DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 50422) / LPDDR4X (for Test ID 60422)

1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.
Find all the valid Clock rising edges in the entire waveform.

A valid clock rising edge starts at V| gifr ck(ac) Crossing and ends at the following Vigifr.ck(ac)
crossing.

4 For all the valid Clock rising edges, find the transition time, Tg.
Tris the time starting at V| i ck(ac) Crossing and ending at the following Vipgitr ck(ac) Crossing.

5 Calculate SRIdiffR using the equation:

SRIdIffR = [Vigifr.ck(ac) = ViLdiff.ckac)] / Tr
6 Determine the worst result from the set of SRIdIffR measured.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of SRIdiffR for the Clock signal shall be within the conformance limits as per the
JEDEC specification in the References section.
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SRIdiffF for Clock
Mode Supported: ~ LPDDR4/LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50423 [SRIdiffF for Clock]

LPDDR4X Test Mode
60423 [SRIdIffF for Clock]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 724 Table 109 SRIdiff_CK [Differential Input Slew Rate for Clock]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the differential input slew rate for falling edge of the Clock signal.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR#4 (for Test ID 50423) / LPDDR4X (for Test ID 60423)

1 Pre-condition the oscilloscope.

2 Trigger on the falling edge of the clock signal under test.
Find all the valid Clock falling edges in the entire waveform.

A valid clock falling edge starts at V|gifr. ck(ac) Crossing and ends at the following V) git ck(ac)
crossing.

4 For all the valid Clock falling edges, find the transition time, Tg.
Tris the time starting at V|y4it ck(ac) Crossing and ending at the following Vi gif ck(ac) Crossing.

5 Calculate SRIdiffF using the equation:
SRIdIffF = [ViLgifr.ckiac) = Virdifi.ckac) / Tr
6 Determine the worst result from the set of SRIdiffF measured.
Expected/  DDR4 Test Mode

Observable Results: . ilable.

LPDDR4 / LPDDR4X Test Modes

The measured value of SRIdiffF for the Clock signal shall be within the conformance limits as per the
JEDEC specification in the References section.
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Clock Cross

Point Voltage Test

VIX(CK)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:
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DDR4
DDR4 Test Mode
10381 [VIX(CK)]

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.5 Table 91 VIX (CK) [Differential Input Cross Point Voltage relative to
June 2017 Vpp/2 for CK_t, CK_c]

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode

The purpose of this test is to verify the value of the crossing point voltage on the input differential
pair test signal.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode (for Test ID 10381)

Sample/Acquire data waveforms.
Use Subtract FUNC to generate the differential waveform from the 2-source input.
Find the time-stamp of all differential CLK crossings that cross OV.

N Lo N -

Use VTime to get the actual crossing point voltage value using the time-stamp obtained in the
previous step.
5 For each cross point voltage, calculate the final result using the equation:

V|x = cross point voltage - Vpp/2.

6 Determine the worst result from the set of V|x measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured crossing point value for the differential test signal pair shall be within the conformance
limits as per the JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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Vix_CK_ratio
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
50381 [VIX_CK_ratio]

LPDDR4 Test Mode
60381 [VIX_CK_ratio]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 725 Table 110 VIX_CK_Ratio [CK Differential Input Cross Point Voltage
JESD209-4B, February 2017 Ratio]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the ratio of the calculated crossing point voltage from the value of
the measured crossing point voltage on the input differential pair test signals.

Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 50381) / LPDDR4X (for Test ID 60381)

Sample/Acquire data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2-source input.

Find the Vmax and VMin of the differential signal denoted as Max(f(t)) and Min(f(t)) respectively.
Find the time-stamp of all differential CLK crossing that crosses OV.

o M~ W NN -

Use VTime to get the actual crossing point voltage value using the time-stamp obtained in the
previous step.

6 Ateach crosspoint (rising and falling) found, find the voltage differential between the crosspoint
and VRefCA. The rising and falling crosspoint voltage differential is denoted as Vix_CK_RF and
Vix_CK_FR respectively.

7 For each cross point voltage, calculate the final result using the equation (for Rising):
Vix_CK_ratio = 100% x [Vix_CK_RF/Max(f(t))]

8 For each cross point voltage, calculate the final result using the equation (for Falling):
Vix_CK_ratio = 100% x [Vix_CK_FR/Min(f(1))]

9 Determine the worst result from the set of V|y_CK_ratio measured.
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Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The calculated value of the crossing point voltage ratio for the differential test signal pair shall be
within the conformance limits as per the JEDEC specification in the References section.
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Differential Input Level and Slew Rate For Strobe

This category of tests is available only for the LPDDR4 and LPDDR4X
SDRAM Types.

VIHdiff_DQS
Mode Supported:  LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50501 [VIHdiff_DQS]

LPDDR4X Test Mode
650501 [VIHdiff_DQS]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 729 Table 114 VIHdiff_DQS [Differential input high]
JESD209-4B, February 2017

Test Overview: ~ LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the high level voltage value of the DQS signal.
Test Procedure:  LPDDR4 (for Test ID 50501) / LPDDR4X (for Test ID 650501)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in the specified burst.
Avalid Strobe positive pulse starts at OV crossing at valid Strobe rising edge and ends at 0V
crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and measure Vygp.

Take the Vrop measurement as Viygifr pos value.
5 Continue the previous step with the rest of the valid positive pulses found in the specified burst.
6 Determine the worst result from the set of Viyqir pos values measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Resuts: The worst measured Vygir pgs shall be within the conformance limits as per the JEDEC specification

in the References section.
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VILdiff_DQS
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50502 [VILdiff DQS]
LPDDR4X Test Mode
650502 [VILdiff_DQS]
References:  DDR4 Test Mode
Not available.
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.2.9 Table 114 VILdiff_DQS [Differential input low]
JESD209-4B, February 2017
Test Overview:  LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the low level voltage value of the DQS signal.
Test Procedure: ~ LPDDR4 (for Test ID 50502) / LPDDR4X (for Test ID 650502)
1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.
Find all valid Strobe negative pulses in the specified burst.
A valid Strobe negative pulse starts at OV crossing at valid Strobe falling edge and ends at 0V
crossing at the following valid Strobe rising edge.
4 Zoom into the first pulse and measure Vgage.
Take the Vgagg measurement as Vg pos Value.
5 Continue the previous step with the rest of the valid negative pulses found in the specified burst.
6 Determine the worst result from the set of V| 4iff pgs values measured.
Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results:
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The worst measured V) gifr pgs shall be within the conformance limits as per the JEDEC specification
in the References section.
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Vindiff_DQS
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50503 [Vindiff_DQS]

LPDDR4X Test Mode
650503 [Vindiff_DQS]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.6 Table 111 Vindiff_DQS [DQS differential input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the difference in values of peak voltage between the high pulse
and low pulse of the DQS signal.

Test Procedure: ~ LPDDR4 (for Test ID 50503) / LPDDR4X (for Test ID 650503)
1 Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find all valid Strobe positive and negative pulses in the specified burst.

A valid positive pulse starts at the valid Strobe rising edge and ends at the following valid Strobe
falling edge, whereas a valid negative pulse starts at the valid Strobe falling edge and ends at the
following valid Strobe rising edge.

Measure Vax Of first positive pulse and V), of the first negative pulse.

Calculate the difference of the two measurements and denote the result as Vindiff_DQS #1.
Measure V) of first negative pulse and Vyax of the second positive pulse.

Calculate the difference of the two measurements and denote the result as Vindiff_DQS #2.
Continue steps 4 to 7 for measurements on the remaining pulse that was obtained.

©O© 00 N O o1

Determine the worst result from the set of Vindiff_DQS values measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

le Results: . . s .
Observable Results The measured value of Vindiff_DQS for the test signal shall be within the conformance limits as per

the JEDEC specification.
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Vindiff_DQS/2 High Pulse

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:
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LPDDR4, LPDDR4X
LPDDR4 Test Mode
50504 [Vindiff_DQS/2 High Pulse]

LPDDR4X Test Mode
650504 [Vindiff_DQS/2 High Pulse]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.6 Table 111 Vindiff_DQS [DQS differential input voltage]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS high pulse.
LPDDR4 (for Test ID 50504) / LPDDR4X (for Test ID 650504)

1 Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulses in the specified burst.
A valid positive pulse starts at the valid Strobe rising edge and ends at the following valid Strobe
falling edge.

4 Zoom into the first pulse and perform Vy,ax. Consider the Vyyax measurement as the value of
Vindiff_DQS/2.

5 Continue the previous step with the rest of the positive pulses found in the specified burst.

6 Determine the worst result from the set of Vindiff_DQS/2 measured.

LPDDR4 / LPDDR4X Test Modes

The measured value of Vindiff_DQS/2 High Pulse for the test signal shall be within the conformance
limits as per the JEDEC specification.
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Vindiff_DQS/2 Low Pulse
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50505 [Vindiff_DQS/2 Low Pulse]

LPDDR4X Test Mode
650505 [Vindiff_DQS/2 Low Pulse]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.6 Table 111 Vindiff_DQS [DQS differential input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of the DQS low pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50505) / LPDDR4X (for Test ID 650505)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulses in the specified burst.
A valid negative pulse starts at the valid Strobe falling edge and ends at the following valid
Strobe rising edge.

4 Zoom into the first pulse and perform V), n. Consider the V), measurement as the value of
Vindiff_DQS/2.

5 Continue the previous step with the rest of the negative pulses found in the specified burst.

6 Determine the worst result from the set of Vindiff_DQS/2 measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vindiff_DQS/2 Low Pulse for the test signal shall be within the conformance

limits as per the JEDEC specification.
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Vinse_DQS (Positive Pulse)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

204

LPDDR4, LPDDR4X
LPDDR4 Test Mode
50506 [Vinse_DQS (Positive Pulse)]

LPDDR4X Test Mode
650506 [Vinse_DQS (Positive Pulse)]
LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS [DQS Single-Ended input voltage]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the peak voltage of the DQS high pulse.
LPDDR4 (for Test ID 50506) / LPDDR4X (for Test ID 650506)

1 Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulses in the specified burst.
A valid positive pulse starts at the valid Strobe rising edge and ends at the following valid Strobe
falling edge.

4 Zoom into the first pulse and perform Vy,ax. Consider the Vyyax measurement as the value of
Vinse_DQ@S.

5 Continue the previous step with the rest of the positive pulses found in the specified burst.

6 Determine the worst result from the set of Vinse_DQS measured.

LPDDR4 / LPDDR4X Test Modes

The measured value of Vinse_DQS (Positive Pulse) for the test signal shall be within the conformance
limits as per the JEDEC specification.
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Vinse_DQS (Negative Pulse)
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  LPDDR4 Test Mode
50507 [Vinse_DQS (Negative Pulse)]

LPDDR4X Test Mode
650507 [Vinse_DQS (Negative Pulse)]
References:  LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.2.8 Table 112 Vinse_DQS [DQS Single-Ended input voltage]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the peak voltage of the DQS low pulse.
Test Procedure: ~ LPDDR4 (for Test ID 50507) / LPDDR4X (for Test ID 650507)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulses in the specified burst.
A valid negative pulse starts at the valid Strobe falling edge and ends at the following valid
Strobe rising edge.

4 Zoom into the first pulse and measure Vyn. Consider the Vyyn measurement as the value of
Vinse_DQ@S.

5 Continue the previous step with the rest of the negative pulses found in the specified burst.

6 Determine the worst result from the set of Vinse_DQS measured.

Expected/  LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of Vinse_DQS (Negative Pulse) for the test signal shall be within the

conformance limits as per the JEDEC specification.
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SRId

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

206

iffR for Strobe

LPDDR4/LPDDR4X
LPDDR4 Test Mode
50508 [SRIdIffR for Strobe]

LPDDR4X Test Mode
650508 [SRIdiffR for Strobe]
DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.29 Table 115 SRIdiff [Differential Input Slew Rate for Strobe]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the differential input slew rate for rising edge of the DQS signal.
DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 50508) / LPDDR4X (for Test ID 650508)
1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Strobe rising edges in the specified burst.
A valid Strobe rising edge starts at V| gir pgs(ac) crossing and ends at following Vit pgsac)

crossing.

4 For all the valid Strobe rising edges, find the transition time, Tg.
Tris the time starting at V) gifr pgs(ac) crossing and ending at the following Vit pes(ac)
crossing.

5 Calculate SRIdiffR using the equation:

SRIdIffR = [Vihgirt pgsiac) - ViLdif.osac) 7 Tr
6 Determine the worst result from the set of SRIdiffR measured.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The measured value of SRIdIffR for the Strobe signal shall be within the conformance limits as per
the JEDEC specification in the References section.
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SRIdiffF for Strobe
Mode Supported: ~ LPDDR4/LPDDR4X
TestID:  LPDDR4 Test Mode
50509 [SRIdIffF for Strobe]

LPDDR4X Test Mode
650509 [SRIdiffF for Strobe]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 7.29 Table 115 SRIdiff [Differential Input Slew Rate for Strobe]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the differential input slew rate for falling edge of the DQS signal.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 50509) / LPDDR4X (for Test ID 650509)

1 Acquire and split read and write bursts of the acquired signal.
Take the first valid WRITE burst found.

Find all valid Strobe falling edges in the specified burst.
A valid Strobe falling edge starts at Vipqir pgs(ac) Crossing and ends at following V) gitr pos(ac)
crossing.

4 For all the valid Strobe falling edges, find the transition time, T.
Tr is the time starting at V|y4ir pos(ac) Crossing and ending at the following Vy giff. pos(ac)
crossing.

5 Calculate SRIdiffF using the equation:

SRIdIffF = [Vihgittpgs(ac) - ViLdifr.ogsac) / T
6 Determine the worst result from the set of SRIdiffF measured.
Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDRé4X Test Modes

The measured value of SRIdIiffF for the Strobe signal shall be within the conformance limits as per the
JEDEC specification in the References section.
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Differential AC Input Levels and Slew Rate tests for Strobe

This category of tests is available only for the DDR4 SDRAM Type.

VIHdiff.DQS(AC)
Mode Supported:  DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

208

10413 [VIHdiff. DQS(AC)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.75 Table 96 VIHDiff_DQS [Differential input high]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the high level voltage value of the test signal within the write
burst.

LPDDR4 / LPDDR4X Test Modes
Not available.

DDR4 Test Mode (for Test ID 10413)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in the specified burst.
A valid Strobe positive pulse starts at OV crossing at valid Strobe rising edge and ends at OV
crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and perform Vyop measurement.
Take the value from Vygp measurement as Vigirr pgs (ac) vValue.

5 Continue previous step with the rest of the positive pulses in the said burst.
Determine the worst result from the set of Vi pos (ac) measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of Viygirr ps (ac) for the test signal shall be within the conformance limits as per
the JEDEC specification in the References section.
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LPDDR4 / LPDDR4X Test Modes

Not available.
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VIHdiff.DQS(DC)
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

210

10417 [VIHdIiff.DQS(DC)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B,  8.7.5 Table 96 VIHDiff_DQS [Differential input high]
June 2017

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode

The purpose of this test is to verify the high level voltage value of the test signal within the write
burst.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode (for Test ID 10417)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in the specified burst.
A valid Strobe positive pulse starts at OV crossing at valid Strobe rising edge and ends at OV
crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and perform Vrgp measurement.
Take the value from Vygp measurement as Viygirr pgs (pe) Value.

5 Continue previous step with the rest of the positive pulses in the said burst.
Determine the worst result from the set of Vyqifr pos (pc) Measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of Viygir pgs (pe) for the test signal shall be within the conformance limits as per
the JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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VILdiff. DQS(AC)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10414 [VILdiff.DQS(AC)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, ~ 8.7.5 Table 96 VILDiff_DQS [Differential input low]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the low level voltage value of the test signal within the write burst.

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure:  DDR4 Test Mode (for Test ID 10414)
1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Strobe negative pulses in the specified burst.
A valid Strobe negative pulse starts at OV crossing at valid Strobe falling edge and ends at 0V
crossing at the following valid Strobe rising edge.

4 Zoom into the first pulse and perform Vgagg measurement.
Take the Vgagg measurement as vy giff pgs (ac) value.

5 Continue previous step with the rest of the negative pulses in the specified burst.
Determine the worst result from the set of V| 4t pgs (ac) Mmeasured.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of V| gir pgs (ac) for the test signal shall be within the conformance limits as per

the JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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VILdiff.DQS(DC)

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

212

DDR4
DDR4 Test Mode
10418 [VILdiff.DQS(DC)]

LPDDR4 / LPDDR4X Test Modes
Not available.

DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 8.75 Table 96 VILDiff_DQS [Differential input low]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the low level voltage value of the test signal within the write burst.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode (for Test ID 10418)

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulses in the specified burst.
A valid Strobe negative pulse starts at OV crossing at valid Strobe falling edge and ends at OV
crossing at the following valid Strobe rising edge.

4 Zoom into the first pulse and perform Vgagg measurement.
Take the Vgagg measurement as V) gitr pgs (pc) vValue.

5 Continue previous step with the rest of the negative pulses in the specified burst.
Determine the worst result from the set of V, gifr pgs (pc) Mmeasured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of V| gitr pgs (pc) for the test signal shall be within the conformance limits as per
the JEDEC specification in the References section.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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VIHdiffPeak
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10419 [VIHDiffPeak]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, ~ 8.7.2 Table 93 VIH.DIFF.Peak Voltage
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify that the high level peak input voltage value of the differential DQS
test signal within the write burst.
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Figure 62 Definition of differential DQS signal AC-swing level

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Test Procedure:  DDR4 Test Mode (for Test ID 10419)
1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Differential Strobe positive pulse in the specified burst.
A valid Strobe positive pulse starts at OV crossing at valid Strobe rising edge and ends at OV
crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and perform TMAX.

a Perform VTIME with the TMAX obtained in the previous step to obtain the maximum voltage of
the pulse.

b Record the VTIME measurement as the value of VIHDiffPeak.
5 Continue the previous step with the rest of the positive pulses found in the specified burst.
6 Determine the worst result from the set of VIHDiffPeak measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of Viupirepeak for the test signal shall be within the conformance limits as per

the JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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VILDiffPeak
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10420 [VILDiffPeak]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, ~ 8.7.2 Table 93 VIL.DIFF.Peak Voltage
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify that the low level peak input voltage value of the differential DQS
test signal within the write burst.
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Figure 63 Definition of differential DQS signal AC-swing level

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Test Procedure:  DDR4 Test Mode (for Test ID 10420)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Differential Strobe negative pulse in the specified burst.
A valid Strobe negative pulse starts at OV crossing at valid Strobe falling edge and ends at OV
crossing at the following valid Strobe rising edge.

4 Zoom into the first pulse and perform TMIN.

a Perform VTIME with the TMIN obtained in the previous step to obtain the minimum voltage of
the pulse.

b Record the VTIME measurement as the value of VILDiffPeak.
5 Continue the previous step with the rest of the negative pulses found in the specified burst.
6 Determine the worst result from the set of VILDiffPeak measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of V| pirrpeak fOr the test signal shall be within the conformance limits as per the

JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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SRIdiffR
Mode Supported: DDR4
TestID:  DDR4 Test Mode
11415 [SRIdiffR]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.75 Table 97 SRIDIff [Differential input slew rate]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the differential input slew rate for rising edge of the test signal.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for Test ID 11415)
1 Acquire and split the read and write burst of the acquired signal.

Take the first valid WRITE burst found.

3 Find all the valid Strobe rising edges in the specified burst.
A valid Strobe rising edge starts at V)| gitr pgs(ac) crossing and ends at the following Vigitt pgsac)

crossing.

4 For all the valid Strobe rising edges, find the transition time, Tg.
Tris the time starting at V) gifr pgs(ac) crossing and ending at the following Vit pes(ac)
crossing.

5 Calculate SRIdiffR using the equation:

SRIdIffR = [Vihgirt pgsiac) - ViLdif.osac) 7 Tr
6 Determine the worst result from the set of SRIdiffR measured.
LPDDR4 / LPDDR4X Test Modes
Not available.

Expected/  DDR4 Test Mode

Observable Results: The measured value of SRIIffR for the test signal shall be within the conformance limits as per the

JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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SRIdiffF
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

218

11416 [SRIdiffF]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.75 Table 97 SRIDIff [Differential input slew rate]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the differential input slew rate for falling edge of the test signal.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode (for Test ID 11416)

1 Acquire and split the read and write burst of the acquired signal.
Take the first valid WRITE burst found.

3 Find all the valid Strobe falling edges in the specified burst.
Avalid Strobe falling edge starts at Vgifr pgs(ac) Crossing and ends at the following Vi qifr pqs(ac)

crossing.

4 For all the valid Strobe falling edges, find the transition time, Tg.
Tris the time starting at Vi ps(ac) Crossing and ending at the following V| gir pes(ac)
crossing.

5 Calculate SRIdiffF using the equation:

SRIdiffF = [Vigifr gs(ac) - ViLdir.oesac) 7 Tr

6 Determine the worst result from the set of SRIdiffF measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured value of SRIdIffF for the test signal shall be within the conformance limits as per the
JEDEC specification in the References section.

LPDDR4 / LPDDR4X Test Modes

Not available.
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Strobe Cross Point Voltage Test

VIX(DQS)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
10382 [VIX(DQS)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.7.4 Table 94 Vix_DQS_Ratio [DQS_t and DQS_c crossing relative to the
June 2017 midpoint of the DQS_t and DQS_c signal swings]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the value of the crossing point voltage on the input differential
pair test signals within the write burst.
LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure:  DDR4 Test Mode (for Test ID 10382)

Sample/Acquire data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2-source input.

Split the read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find time-stamp of all differential DQS crossings that cross OV within the burst found above.

D O AW N =

Use VTime to get the actual crossing point voltage value using the time-stamp obtained in the
previous step.
Find the DQS_t and DQS_c signal transition swing voltage as Vpgs trans-

~l

8 For each cross point voltage, calculate the crosspoint voltage difference between Vpgs trang / 2
using the equation:

V|x = cross point voltage - Vpgs trans / 2

9 Calculate the cross point ratio using the equation:

Vix_pos_Ratio = 100% * (Vix / Vpgs_trans)

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured crossing point value of Vix pos Rratio fOr the differential test signal pair shall be within

the conformance limits as per the JEDEC specification in the References section.
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LPDDR4 / LPDDR4X Test Modes

Not available.
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Vix_DQS_ratio
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.
LPDDR4 Test Mode
50382 [VIX_DQS_ratio]

LPDDR4X Test Mode
60382 [VIX_DQS_ratio]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 7.210 Table 116 VIX_DQS_Ratio [DQS Differential Input Cross Point
JESD209-4B, February 2017 Voltage Ratio]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the ratio of the calculated crossing point voltage from the value of
the measured crossing point voltage on the input differential pair test signals within the write burst.

Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 50382) / LPDDR4X (for Test ID 60382)

Sample/Acquire data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2-source input.

Split the read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find the time-stamp of all differential DQS crossings that cross OV within the burst found above.

D o A W N =

Use VTime to get the actual crossing point voltage value using the time-stamp obtained in the
previous step.

7 At each crosspoint (rising and falling) found, find the voltage differential between the crosspoint
and VRefDQ. The rising and falling crosspoint voltage differential is denoted as Vix_DQS_RF and
Vix_DQS_FR respectively.

8 For each cross point voltage, calculate the final result using the equation (for Rising):
Vix_DQS_Ratio = 100% x [Vix_DQS_RF/Max(f(t))]

9 For each cross point voltage, calculate the final result using the equation (for Falling):
Vix_DOS_Ratio = 100% x [Vix_DQS_FR/Min(f(t))]

10 Determine the worst result from the set of Vix pgs Rratio Measured.
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Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The calculated value of the crossing point voltage ratio (Vix_pos_ratio) for the differential test signal
pair shall be within the conformance limits as per the JEDEC specification in the References section.
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Differential Signals (READ cycle tests)

Differential AC Output Levels and Slew Rate tests

VOH(dIff(AC)
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11417 [VOHdIff(AC)]

LPDDR4 Test Mode
51411 [VOHdIff(AC)]

LPDDR4X Test Mode
61411 [VOHJIff(AC)]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.3 Table 100 VOH(iff (AC) [AC Differential output high measurement
June 2017 level (for output SR)]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.

Test Overview: ~ DDR4 Test Mode / LPDDR4 Test Mode
The purpose of this test is to verify the high level voltage value of the test signal within the read burst.
Test Procedure: ~ DDR4 (for Test ID 11411) / LPDDRA4 (for Test ID 51411) / LPDDR4X (for Test ID 61411)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid READ burst found.

Find all valid Strobe positive pulse in the said burst.
A valid Strobe positive pulse starts at the OV crossing at the valid Strobe rising edge and ends at
the OV crossing at the following valid Strobe falling edge.

4 Zoom into the first pulse and perform Vygp.

Take the Vrop measurement as Vougifr (ac) value.
5 Repeat step 4 with the rest of the positive pulses in the specified burst.
6 Determine the worst result from the set of Vopgis (ac) Measured.

Expected/  DDR4 Test Mode

Observable Results: The worst measured Vopgit (ac) Shall be within the conformance limits as per the JEDEC specification

in the References section.

LPDDR4 / LPDDR4X Test Modes

The worst measured Vopgitt (ac) Value for the test signal is reported as “Information Only”.
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VOLdiff(AC)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11412 [VOLdiff(AC)]
LPDDR4 Test Mode
51412 [VOLMIff(AC)]
LPDDR4X Test Mode
61412 [VOLdIff(AC)]
References:  DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 9.3 Table 100 VOLdiff (AC) [AC Differential output low measurement
June 2017 level (for output SR)]
LPDDR4 / LPDDR4X Test Modes
There is no reference available for this test in the JEDEC specifications. The measurement result is
reported as “Information Only”.
Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the low level voltage value of the test signal within the read burst.
Test Procedure: ~ DDR4 (for Test ID 11412) / LPDDRA4 (for Test ID 51412) / LPDDR4X (for Test ID 61412)
1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid READ burst found.
3 Find all valid Strobe negative pulses in the specified burst.
Avalid Strobe negative pulse starts at the OV crossing at the valid Strobe falling edge and ends at
the OV crossing at the following valid Strobe rising edge.
4 Zoom into the first pulse and perform Vgasg.
Take the Vgage measurement as Vo giff (ac) Value.
5 Repeat step 4 with the rest of the negative pulses in the specified burst.
6 Determine the worst result from the set of Vg gifr (ac) Measured.
Expected/  DDR4 Test Mode

Observable Results:
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The worst measured Vg gifr (ac) shall be within the conformance limits as per the JEDEC specification
in the References section.

LPDDR4 / LPDDR4X Test Modes

The worst measured Vo gifr (ac) value for the test signal is reported as “Information Only”.
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SRQdiffR
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11413 [SRQIffR]

LPDDR4 Test Mode
51413 [SRQIffR]

LPDDR4X Test Mode
61413 [SRQJIffR]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 95 Table 104 SRQiff [Differential output slew rate]
June 2017
LPDDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 75 Table 119 SRQiff [Differential output slew rate (Voy = Vppg / 3)]

JESD209-4B, February 2017

LPDDR4X Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

LPDDR4X SDRAM Specification, JEDEC 4.3 Table 15 SRQiff [Differential output slew rate (Vou = VDDQ *0.5)]
Standard no. 209-4-1, January 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the differential output slew rate for rising edge of the test signal
within the read burst.

Test Procedure:  DDR4 (for Test ID 11413) / LPDDR4 (for Test ID 51413) / LPDDR4X (for Test ID 61413)
1 Acquire and split the read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all the valid Strobe rising edges in the specified burst.
A valid Strobe rising edge starts at Vg giffac) Crossing and ends at the following Vougirac)
crossing.

4 For all the valid Strobe rising edges, find the transition time, Tg.
Tris the time starting at Vg gifac) crossing and ending at the following Vopgifrac) Crossing.

5 Calculate SRQIffR using the equation:

SRQiffR = [Vondifrac) - VoLdiiac)] / Tr
6 Determine the worst result from the set of SRQdiffR measured.
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of SRQdIffR for the test signal shall be within the conformance limits as per the

JEDEC specification.
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SRQiffF
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
11414 [SRQIffF]

LPDDR4 Test Mode
51414 [SRQIffF]

LPDDR4X Test Mode
61414 [SRQdiffF]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 95 Table 104 SRQiff [Differential output slew rate]
June 2017
LPDDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 75 Table 119 SRQiff [Differential output slew rate (Voy = Vppg / 3)]

JESD209-4B, February 2017

LPDDR4X Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

LPDDR4X SDRAM Specification, JEDEC 4.3 Table 15 SRQiff [Differential output slew rate (Vou = VDDQ *0.5)]
Standard no. 209-4-1, January 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the differential output slew rate for falling edge of the test signal
within the read burst.

Test Procedure:  DDR4 (for Test ID 11414) / LPDDR4 (for Test ID 51414) / LPDDR4X (for Test ID 61414)
1 Acquire and split the read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all the valid Strobe falling edges in the specified burst.
A valid Strobe falling edge starts at Vopgifrac) Crossing and ends at the following Vo gif(ac)

crossing.
4 For all the valid Strobe falling edges, find the transition time, Tr.
Tris the time starting at Vopgitrac) crossing and ending at the following Vg gifrac) crossing.

5 Calculate SRQIffF using the equation:

SRQiffF = [Vougirriac) - VoLdifiac)] / Tr
6 Determine the worst result from the set of SRQdiffF measured.
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Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of SRQIffF for the test signal shall be within the conformance limits as per the

JEDEC specification.
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Timing Tests Group

Overview

230

The following groups of tests pertain to the timing operating conditions of a DDR4 DRAM as defined
in JEDEC specifications. The tests consist of a simple triggering test, which is further divided into
Clock Timing tests, Data Strobe Timing tests, Data Mask Timing tests and Command & Address
Timing tests.

DDR Read/Write Separation [Electrical and Timing Tests]

Most of the tests must be run on specific Read burst or Write burst region. Therefore, it becomes
essential to separate read and write bursts. Table 8 shows a list of Burst Triggering Method for
Read/Write Separation.

Table 8 Burst Triggering Methods for Read/Write Separation

Signals used to Available in Available in Available in

Burst Triggering Method Description eva::z‘a:’eri?:ad DDR4 LPDDRA4 LPDDRAX

Use phase difference
DQS-DQ Phase Difference  between DQS and DQ to DQS and DQ Yes Yes Yes
differentiate Read and Write

Use DQS preamble pattern to

Pre-Amble Pattern differentiate Read and Write DQS Only No Yes Yes
Does not differentiate Read
Rd or Wrt Only and Write. It assumes that all DGS Only Yes Yes Yes

available bursts in acquisition
are bursts of interest.

Figure 64 to Figure 66 show flowcharts depicting the process of read and write separation.
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Figure 64 Flowchart depicting DQS-DQ Phase Difference
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A DQS burst is considered valid when the first edge has more than 2.5 Ul of
spacing from the start of the signal and the last edge must have more than
2.0 Ul spacing towards the end of the signal.

A DQ burst is considered valid if at least one transition occurs. A valid
transition must be at a minimum of 250mV.
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Figure 65 Flowchart depicting Pre-Amble pattern
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Figure 66 Flowchart depicting Read/Write Only process
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Handling DDR4 “2T timing”

You may either enable or disable the “2T timing” mode using the label “Clocking Method” under the
Configure tab of the Compliance test application. To access this label in the compliance test
application, select Configure > Timing Tests > Command Address Timing.

To enable the “2T timing” support feature, the compliance test application uses the second closest
rising clock edge (instead of using the closest rising edge in the typical “1T timing” feature) with
reference to the CA (Command/Address) edge, when processing the tIS(base) test. Figure 67 shows
the screen capture of sample waveforms that display the impact of enabling the “2T timing” feature.

Control and 2T AddressiCommand Timing

]
-

12 3

Figure 67 Impact of enabling the “2T Timing” feature

Based on Figure 67, the tIS(base) test measures the time difference between line position:

#1(CA) and #2(Clock), for normal “1T timing” mode

#1(CA) and #3(Clock), for “2T Timing” mode
One of the primary assumptions in this approach is that the transition edge of the CA PUT occurs
after line position #2 (as designed). The limitation to this approach is in those situations when the CA
transition edge occurs before line position #2 due to any reason, such as extremely bad slew or

issues with signal integrity. In such cases, this approach is not successful. However, Keysight has not
yet faced any such challenges and is unaware of the existence of any such scenarios.

The approach described above works well with any typical DDR4 DUT
system operating under the “2T Timing” mode.
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Threshold Settings

The DDR4/LPDDR4 Compliance Test Application consists of two groups of threshold settings in the
Configure tab:

Burst Trigger Threshold Settings

Burst Trigger Thres
Burst Envelope Threshold (0.5)
Threshold Mode (TopBaseRatio)
Minimum Data Amplitude (0.5)
DQS Upper Threshold For Burst Trigger Method (0.2)
DQS Middle Threshold For Burst Trigger Method (0.0)
DQS Lower Threshold For Burst Trigger Method (-0.2)
CHANNEL 1
TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)
Custom Threshold
Upper Threshold (V) (0.50)
Middle Threshold (V) (0.00)
Lower Threshold (V) (-0.50)
CHANNEL 2
TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)
Custom Threshold

Upper Threshold (V) (0.50)

Middle Threshold (V) (0.00)

Lower Threshold (V) (-0.50)
CHANNEL 3

TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)

Custom Threshold
Upper Threshold (V) (0.920)
Middle Thresheld (V) (0.800)
Lower Threshold (V) (0.680)

CHANNEL 4

TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)

Custom Threshold
Upper Threshold (V) (0.920)
Middle Threshold (V) (0.800)
Lower Threshold (V) (0.680)

Figure 68 Burst Trigger Threshold Settings under Configure tab
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Signal Measurement Threshold Settings

Signal Measurement Threshold Settings

VDD (V) (1.200)

VDDQ (V) (1.200)

VRefDQ (V) (0.800)

VRefCA (V) (0.600)

VTT (V) (0.800)

VIH/VIL for Command and Address
VIH.CA_AC (V) (0.7)
VIL.CA_AC (V) (0.5)
VIH.CA_DC (V) (0.675)
VIL.CA_DC (V) (0.525)

VIH/VIL for DQ and DM
VIH.DQ_AC (V) (0.9)
VIL.DQ_AC (V) (0.7)
VIH.DQ_DC (V) (0.875)
VIL.DQ_DC (V) (0.725)

VOH/VOL
VOH_AC (V) (1.020)

VOL_AC (V) (0.660)
VOH_DC (V) (1.32)
VOL_DC (V) (0.600)

VIHdIiff/VILdiff
VIHdiff_min/VIHdiff_DC (V) (0.150)
VILdiff_max/VILdiff_DC (V) (-0.150)
VIHdIiff.CK_AC (V) (0.2)
VILdiff.CK_AC (V) (-0.2)
VIHdiff.DQS_AC (V) (0.2)
VILdiff.DQS_AC (V) (-0.2)

VOHdIff/VOLdiff
VOHdiff_AC (V) (0.360)
VvOoLdiff_AC (V) (-0.360)

Figure 69 Signal Measurement Threshold Settings (for DDR4)

Signal Measurement Threshold Settings

VDD1 (V) (1.800)

VDD2 (V) (1.10)

vDDQ (V) (1.10)

VRefDQ (V) (0.175)

VRefCA (V) (0.800)

VIH/VIL for Command and Address
VIH.CA_AC (V) (0.82)
VIL.CA_AC (V) (0.58)
VIH.CA_DC (V) (0.8)
VIL.CA_DC (V) (0.6)
VeivW (V) (0.175)

VIH/VIL for DQ and DM
VIH.DQ_AC (V) (0.300)
VIL.DQ_AC (V) (0.150)
VIH.DQ_DC (V) (0.275)
VIL.DQ_DC (V) (0.175)
Vdivw (V) (0.140)

VOH/VOL
VOH_AC (V) (1.020)
VOL_AC (V) (0.660)
VOH_DC (V) (1.32)
VOL_DC (V) (0.600)

VIHdIff/ VILdiff
VIHdIiff.CK_AC (V) (0.21)
VILdiff.CK_AC (V) (-0.21)
VIHdiff.DQS_AC (V) (0.18)
VILdiff.DQS_AC (V) (-0.18)

VOHdiff/VOLdiff
VOHdIff_AC (V) (0.150)
VOLdiff_AC (V) (-0.150)

Figure 70 Signal Measurement Threshold Settings (for LPDDR4)
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Signal Measurement Threshold Settings
VDD (V) (1.200)
VDDQ (V) (1.200)
VRefDQ (V) (0.600)
VRefCA (V) (0.600)
VTT (V) (0.600)
VIH/VIL for Command and Address
VIH.CA_AC (V) (0.70)
VIL.CA_AC (V) (0.50)
VIH.CA_DC (V) (0.675)
VIL.CA_DC (V) (0.525)
VIH/VIL for DQ and DM
VIH.DQ_AC (V) (0.90)
VIL.DQ_AC (V) (0.700)
VIH.DQ_DC (V) (0.90)
VIL.DQ_DC (V) (0.700)
VOH/VOL
VOH_AC (V) (0.90)
VOL_AC (V) (0.700)
VOH_DC (V) (0.90)
VOL_DC (V) (0.700)
Strobe Single Ended Voltage
Strobe Single Ended High Voltage (V) (0.700)
Strobe Single Ended Low Voltage (V) (0.500)
Clock Single Ended Voltage
Clock Single Ended High Voltage (V) (0.700)
Clock Single Ended Low Voltage (V) (0.500)
VIHdiff/VILdiff
VIHdiff_min/VIHdiff_DC (V) (0.300)
VILdiff_max/VILdiff_DC (V) {-0.300)
VIHdIiff.CK_AC (V) (0.300)
VILdiff.CK_AC (V) (-0.300)
VIHdiff.DQS_AC (V) (0.300)
VILdiff.DQS_AC (V) (-0.300)
VOHdiff/VOLdiff
VOHdiff_AC (V) (0.300)
VOLdiff AC (V

Figure 71 Signal Measurement Threshold Settings (for LPDDR4X)
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Threshold Settings for tests that require Read/Write Separation
All DDR4 Tests
Electrical Tests
Single-Ended Signals
WRITE cycle tests
VSEH/VSEL for Strobes Plus
VSEH/VSEL for Strobes Minus
READ cycle tests
VOH/VOL
Output Slew Rate
Differential Signals
WRITE cycle tests
Differential AC Input Levels for Strobe
Strobe Cross Point Voltage Test
READ cycle tests
Differential AC Output Levels and Slew Rate tests
- Timing Tests
WRITE cycle tests
Data Strobe Timing
READ cycle tests
Data Timing
Data Strobe Timing
All LPDDR4 Tests
Electrical Tests
Single-Ended Signals
WRITE cycle tests
VSEH/VSEL for Strobes Plus
VSEH/VSEL for Strobes Minus
READ cycle tests
VOH/VOL
Output Slew Rate
Differential Signals
WRITE cycle tests
Strobe Cross Point Voltage Test
READ cycle tests
Differential AC Output Levels and Slew Rate tests
- Timing Tests
WRITE cycle tests
Data Strobe Timing
READ cycle tests
Data Timing
Data Strobe Timing

Keysight D9040DDRC DDR4 Test Application Methods of Implementation

239



5 Timing Tests Group

Both Burst Trigger Threshold Settings and Signal Measurement Threshold Settings affect the test
runs on the category of tests listed above.

Basic process flow for tests that require Read/Write Separation

To understand the concept mentioned in the previous section in a better manner, refer to the block
diagram shown in Figure 72 to understand the process flow of tests that require Read/Write

Separation:
Only if
Rank Separation mode
__.[SEnable
Start, End location
DQs, DQ of Every Burst

SRR, A
Py
Y
=)
=
w
@
o
o
-
]
&)
3

Measurement edge
of DQS, DQ Measurement
for every burst - Result

Start, End location
of Every Burst

Figure 72 Process flow for tests requiring Read/Write Separation

Each threshold setting has a separate impact on each block in the process flow shown in Figure 72.
Table 9 gives a better understanding about whether or not the threshold settings impacts a certain
block in the process flow.

Table 9 Impact of Threshold Settings on the Process Flow

Threshold Settings Acquisition Read/Write Rank Separation Measurement Specific
Separation Edge Populating Measurement
Process Process
Burst Trigger No Impact Impacts No Impact No Impact No Impact
Threshold Settings P P P P P
Signal Measurement No Impact No Impact No Impact Impacts Impacts

Threshold Settings

In a nutshell, Table 9 indicates that Burst Trigger Threshold Settings affect the Read/Write
Separation block only and the Signal Measurement Threshold Settings affect the Measurement Edge
Populating Process and Specific Measurement Process blocks.
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Burst Trigger Threshold Settings

1 Due to legacy development of the DDR4 Compliance Test Application,
the configuration that relates to TopBase and Custom Threshold modes
is applied only when “Burst Triggering Method” is set to “DQS-DQ Phase
Difference” or “Rd or Wrt ONLY”. The TopBase and Custom Threshold
modes are not applied when “Burst Triggering Method” is set to
“Pre-Amble Pattern”.

2 Ifyou set “Burst Triggering Method” to “Pre-Amble Pattern”, the
configuration applied is:

» DQS Upper Threshold for Burst Trigger Method
« DQS Middle Threshold for Burst Trigger Method
« DQS Lower Threshold for Burst Trigger Method

In a future version of the DDR4 Compliance Test Application, the three
configuration values listed above may be removed and all Burst Trigger
Threshold settings will be defined by the configuration of TopBase and
Custom Threshold.

The objective of using Burst Threshold Settings is to define the upper, middle and lower threshold
settings on DQS and DQ signals for Read/Write Separation so as to produce a series of bursts. In
other words, the correct configuration for Burst Trigger Threshold Settings yields number of Bursts
detected, as shown in Figure 73.

Burst found: Write(203), Read(646)

Figure 73 Burst detected for correct Burst Trigger Threshold Settings

While the signal may have actual bursts, an incorrect configuration for Burst Trigger Threshold
Settings does not yield any burst, as shown in Figure 74.

Burst found: Write{0), Read(0)

Figure 74 Burst not detected for incorrect Burst Trigger Threshold Settings

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 241



5

242

Timing Tests Group

The Burst Trigger Threshold Settings consists of two modes, namely, TopBase Ratio and Custom
Threshold. Figure 75 shows the appearance of the Threshold Mode configuration variable under the
Configure tab when TopBaseRatio mode is selected whereas Figure 79 shows the appearance of the
Threshold Mode configuration variable under the Configure tab when Custom Threshold mode is
selected.

DDR4 Transmitter Tests

Skip Connection Diagram Prompt (No)

Skip Error Message (No)

Burst Trigger Threshold Settings
Burst Envelope Threshold (0.5)
Threshold Mode (TopBaseRatio)
Minimum Data Amplitude (0.5)

CHANNEL 1

TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)

Custem Threshold
Upper Threshold (V) (0.50)
Middle Threshold (V) (0.00)
Lower Threshold (V) (-0.50)

Figure 75 TopBase Ratio mode under Burst Trigger Threshold Settings

TopBase Ratio mode In the TopBase Ratio mode, the Compliance Test Application performs VTop and
VBase measurements on the DQS and DQ signals. Further, the application calculates the threshold
using the equations:

For DQS signals:
UpperThresholdpgg = TopRatiopgs x [(VToppgs - VBasepgs) + VBasepqggl
LowerThresholdpgs = BaseRatiopgg x [(VToppgs - VBasepgs) + VBasepgg]
MiddleThresholdpgs = 0.5 x (UpperThresholdpgg + LowerThresholdpgs)
For DQ signals:
UpperThresholdpg = TopRatiopg x [(VToppg - VBasepg) + VBasepg)
LowerThresholdpg = BaseRatiopg x [(VToppg - VBasepg) + VBasepg]
MiddleThresholdpg = 0.5 x (UpperThresholdpg + LowerThresholdpg)

The TopBase Ratio mode is useful because you do not have to manually evaluate the threshold levels
of the signals, which otherwise, may be time consuming. However, in order for this mode to function
properly, you must ensure that the following requirements are met:

1 The sufficient amplitude for DQS (Typical minimum range is from 200mV to -200mV. Preferred
range is from 400mV to -400mV).

2 The sufficient amplitude for DQ (Typical minimum value is the 200mVpp center at Compliance
Vref/Vcent. Preferred value is the 400mVpp center at Compliance Vref/Vcent).

3 The amplitude for Read and Write must be approximately the same, within 20% tolerance.

The High Impedance (Idle) level is around the middle level of the burst. If that level is at a higher
or lower level than the burst amplitude (as shown in Figure 76), TopBase Ratio mode may not be
effective.
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High Impedance
Read Burst
ea ur Mods

Write Burst

___________________ = = = Upper Threshald
_______ = Middla Thrashold
________________________ Lower Threshold

Figure 76 High Impedance (Idle) Level

5 The voltage across High Impedance (Idle) Level should not vary more than 10% of the burst
amplitude.

High Imped.
Read Burst v nll'ﬂn::aance Write Burst

Upper Threshold

Middle Threshold

Lower Thresheld

Read Burst High Impedance

Made Write Burst

Upper Threshold
Middle Threshold
Lower Threshaold

Figure 77 Voltage across High Impedance (Idle) Level

6 Ringing after the burst must be small; preferably within 10% of the burst amplitude.

Figure 78 shows an ideal signal with TopBase Ratio mode set for Burst Trigger Threshold Settings.

High Imped
et Wirite Burst

Read Burst

___________________ — = = Upper Threshold
— Middle Threshold

________________ — = Lower Threshold

Figure 78 Sample of an ideal signal for TopBase Ratio mode

In case there is an actual burst on the signal but no burst is detected under TopBase Ratio mode of
the Burst Trigger Threshold Settings, it indicates that any one of the six conditions defined above
have not been met. Therefore, Keysight recommends implementing the Custom Threshold mode in
Burst Trigger Threshold Settings.

Custom Threshold mode Custom Threshold mode relies on your inputs to define the threshold levels
of the signals, specially for such signals where applying any algorithm becomes challenging.
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Burst Trigger Threshold Settings
Burst Envelope Threshold (0.5)
Threshold Mode (Custom Threshold)
Minimum Data Amplitude (0.5)

CHANNEL 1
TopBaseRatio

Top Ratio (0.80)
Base Ratio (0.20)

Custem Thresheld
Upper Threshold (V) (0.50)
Middle Threshold (V) (0.00)
Lower Threshold (V) (-0.50)

Figure 79 Custom Threshold mode under Burst Trigger Threshold Settings

In order to implement this mode, you must manually define the upper, middle and lower threshold
levels for each Channel according to the configuration value that you have entered.

To understand the advantage of using Custom Threshold mode, let us consider two cases:

1

Non-Ideal High Impedance Voltage — In the signal shown in Figure 80, the amplitude of the high
impedance voltage is below the Read and Write amplitude. In such a situation, when the
Compliance Test Application automatically determines the appropriate threshold level using the
TopBase Ratio mode, the high impedance voltage complicates the algorithm within the
application. The upper, middle and lower threshold levels, which are calculated under the
TopBase Ratio mode, do not meet the requirements for valid Read and Write bursts. Hence, the
application is unable to determine any valid Read or Write bursts. Eventually, the application is
unable to perform any measurements or the measurements are erroneous.

Read Burst High Impedance Write Burst
Mode

___________________ = = = |pper Threshold

_______ = Middle Threshold

———————————————————————— Lower Thresheld

Figure 80 Signal with a non-ideal high impedance voltage amplitude

To avoid such a situation, use the Custom Threshold mode to re-define the Trigger threshold levels
that enables the Compliance Test Application to trigger on both Read and Write bursts.

Read Burst High Impedance Write Burst
Mode

_________________ — = = Upper Threshold
_______ = Middle Threshaold
__________ = Lower Threshold

Figure 81 Signal with custom threshold levels defined

2 Different Amplitudes of Read and Write Bursts — In the signal shown in Figure 82, the amplitude

of the Read burst is significantly higher than that of the Write burst. In this situation, the
Compliance Test Application uses the TopBase Ratio mode to automatically determine the
upper, middle and lower threshold levels according to the VTop and VBase measurements
performed on the actual signal. With the calculated threshold levels, the application triggers on
only the Read burst because the edge meets the threshold condition. However, it does not
trigger on the Write burst. Therefore, when the application runs the Write cycle tests, it is unable
to find the required Write signals. Eventually, the application performs invalid or erroneous
measurements. Note that there may be signals where the amplitude of the Write burst is
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significantly higher than that of the Read burst. In such cases, the application is unable to find
the required Read signals when running tests.

Read Burst High Impedance Write Burst
Mode

B e T o i g i Upper Threshold

————— = = — = Middle Threshald

T e e Lower Threshald

Figure 82 Signal with a non-ideal high impedance voltage amplitude

To avoid such a situation, use the Custom Threshold mode to re-define the Trigger threshold levels
that enables the Compliance Test Application to trigger on both Read and Write bursts.

Read Burst High Impedance Write Burst
Mode

_____________ Upper Threshold
— = Middle Threshald
""" = === Lower Threshold

Figure 83 Signal with custom threshold levels defined

Burst Envelope Threshold is used for burst detection in Read Write Separation. In the early processing
of Read Write Separation, the application performs an enveloping process on the DQS signal.
Therefore, a DQS enveloped signal indicates better recognition of burst. Any enveloped burst that is
above 50% of Vmode (the default Burst Envelope Threshold in 0.5) of the “All Enveloped Burst” is
considered as the “recognized burst”, whereas anything below the 50% threshold is considered
“noise” even if it is a very small amplitude burst. Consider the waveform in Figure 84.

Figure 84 Example of a Waveform with an All Enveloped Burst

In the sample waveform shown in Figure 84, the larger burst has a DQS amplitude of 500mV and the
smaller burst has a DQS amplitude of 150mV.

The default Burst Envelope Threshold, which is 0.5, yields to a threshold at 250mV, which is
calculated as (50% x 500mV). Eventually, the smaller burst, which has a DQS amplitude at 150mV, is
not recognized as a burst since it is not bigger than the calculated threshold of 250mV.

In such cases, reduce the threshold level in order to include even the smaller burst as a “recognized
burst”. The equations for the recommended calculation are:

BurstEnvelopeThreshold < AmplitudeSmallerBurst / AmplitudeBiggerBurst
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BurstEnvelopeThreshold < (150mV) / (500mV)
BurstEnvelopeThreshold < 0.3

Therefore, you may use a BurstEnvelopeThreshold value of 0.25, which is slightly lesser than the
calculated 0.3.

By changing the BurstEnvelopeThreshold to 0.25, the threshold level in this case is 125mV, which is
calculated as (25% x 500mV). Eventually, the smaller burst is also recognized since its amplitude is
150mV, which is above 125mV.

Minimum Data Amplitude is used to filter the recognized burst for further processing. If the
recognized burst has a DQ amplitude, which is larger than 0.5V (the default minimum data
amplitude), this burst is used for further processing. It means that any recognized burst that has a
DQ amplitude lower than 0.5V is discarded from further processing. You may configure the Minimum
Data Amplitude to suit a custom signal, which may have a DQ amplitude lower than 0.5V.

Signal Measurement Threshold Settings

For tests that require Read/Write Separation, the Compliance Test Application uses some of the
configuration done under Signal Measurement Threshold Settings as the threshold to define the
measurement edge, which is used further for specific measurements.

Figure 85 to Figure 89 show the configuration that is used to define the edge threshold for each type
of signal:

1 For Differential DQS signal (Write Burst)

VvDDQ (V) (1.200)
VRefDQ (V) (0.800)
VRefCA (V) (0.600)
VTT (V) (0.800)
VIH/VIL for Command and Address
VIH.CAAC (V) (0.7}
VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)
VIH/VIL for DQ and DM
VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) (0.875)
VIL.DQDC (V) (0.725)
VOH/VOL
VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)
VOLDC (V) (0.600)
VIHdiff/VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)
VILdiff. DQSAC (V) {-0.2)
VOHdifffvoLdiff
VOHdIffAC (V) (0.360)
VOLdIffAC (V) (-0.360)

Figure 85 Signal Measurement Threshold Settings for Differential DQS signal (Write Burst)
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2 For Differential DQS signal (Read Burst)

VDDQ (V) (1.200)

VRefDQ (V) (0.800)

VRefCA (V) (0.600)

VTT (V) (0.800)

VIH/VIL for Command and Address
VIH.CAAC (V) (0.7}

VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)

VIH/VIL for DQ and DM

VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) {0.875)

VIL.DQDC (V) (0.725)

VOH/VOL
VOHAC (V) {1.020)

VOLAC (V) (0.660)
VOHDC (V) (1.32)
VOLDC (V) (0.600)

VIHdiff/ VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)

VILdiff. DQSAC (V) (-0.2)

VOHdiffvOLdiff
VOHIffAC (V) (0.360)
VOLdiffAC (V) (-0.360)

Figure 86 Signal Measurement Threshold Settings for Differential DQS signal (Read Burst)
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3 For DQ and Single-ended DQS signals (Write Burst)

Signal Measurement Threshold Settings
VDD (V) (1.200)
vDDQ (V) (1.200)
VRefDQ (V) (0.800)
VRefCA (V) (0.600)
VTT (V) (0.800)
VIH/VIL for Command and Address
VIH.CAAC (V) (0.7)
VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)
VIH/VIL for DQ and DM
VIH.DQAC (V) (0.9)
VIL.DQAC (V) {0.7)
VIH.DQDC (V) (0.875)
VIL.DQDC (V) (0.725)
VOH/VOL
VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)
VOLDC (V) (0.600)
VIHdiff/VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff. DQSAC (V) (0.2)
VILdiff. DQSAC (V) (-0.2)

Figure 87 Signal Measurement Threshold Settings for DQ and Single-ended DQS signals (Write Burst)
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4 For DQ and Single-ended DQS signals (Read Burst)

Signal Measurement Threshold Settings

VDD (V) (1.200)
vDDQ (V) (1.200)
VRefDQ (V) (0.800)
VRefCA (V) (0.600)
VTT (V) (0.800)
VIH/VIL for Command and Address
VIH.CAAC (V) (0.7)
VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)
VIH/VIL for DQ and DM
VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) (0.875)
VIL.DQDC (V) (0.725)
VOH/VOL
VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)
VOLDC (V) (0.600)
VIHdiff/VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAG (V) (-0.2)
VIHdiff. DQSAC (V) (0.2)
VILdiff. DQSAC (V) (-0.2)

Figure 88 Signal Measurement Threshold Settings for DQ and Single-ended DQS signals (Read Burst)
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5 For Clock signal

vDDQ (V) (1.200)

VRefDQ (V) {0.800)

VRefCA (V) (0.600)

VTT (V) (0.800)

VIH/VIL for Command and Address
VIH.CAAC (V) (0.7)

VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)

VIH/VIL for DQ and DM

VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) (0.875)

VIL.DQDC (V) (0.725)

VOH/VOL

VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)

VOLDC (V) (0.600)

VIHdIff/ VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)

VILdiff. DQSAC (V) (-0.2)

VOHdiff/vOoLdiff
VOHdIffAC (V) (0.360)
VOLdIffAC (V) (-0.360)

Figure 89 Signal Measurement Threshold Settings for Clock signal

Following examples describe the dependency of certain tests on the configuration variables:
Example 1: tDQSH (Write Burst; DQS and DQ signal)

The test procedure for tDQSH states:

Acquire and split the read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising and falling DQS crossings in the specified burst.

tDQSH is the time starting from a rising edge of the DQS and ending at the following falling edge.
Collect all values of the tDQSH measured.

6 Determine the worst result from the set of tDQSH measured.

o N N -

After identifying the target burst in step 2 of the procedure, it is required that the measurement edge
be populated in step 3. Therefore, the configuration variables that defines the measurement edge in
step 3 are:

VIHdiff.DQS_AC
VILdiff.DQS_AC
VIHdiff_min/VIHdiff_DC
VILdiff_min/VILdiff_DC

The middle cross-point level of differential DQS is OV. Notice that in this case, VIHdIff is considered
instead of VOHdIff, as this test involves the Write burst.
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Besides, the configuration for DQ signal is also used to check the validity of the burst. If the DQ
transition is unable to meet the threshold settings listed below, that burst is considered invalid and is
not considered or used for measurements, even if the DQS edge is valid.

VIH.DQ_AC
VIL.DQ_AC
VIH.DQ_DC
VIL.DQ_DC
VRefDQ
Example 2: tDQSQ (Read Burst; DQS and DQ signal)

The test procedure for tDQSQ states:

1 Acquire and split the read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid rising and falling DQ crossings at Vref / V11 in the specified burst.
4

For all DQ crossings found in the previous step, locate the nearest DQS crossing (Rising or
Falling).

5 tDQSQ is measured as the time difference from DQ crossing to DQS crossing.
6 Determine the worst result from the set of tDQSQ measured.
After identifying the target burst in step 2 of the procedure, it is required that the measurement edge

be populated in step 3. Therefore, the configuration variables that defines the measurement edge in
step 3 are:

VOH_AC
VOL_AC

VOH_DC
VOL_DC

VTT

Notice that in this case, VOH is considered instead of VIH, as this test involves the Read burst.

Besides, the configuration for DQS signal is also used to check the validity of the burst. If the DQS
transition is unable to meet the threshold settings listed below, that burst is considered invalid and is
not considered or used for measurements, even if the DQ edge is valid.

VOHdiff_AC
VOLdiff_AC
Example 3: tDQSCK (Read Burst; DQS, DQ and CLK signal)

The test procedure for tDQSCK states:

1 Acquire and split the read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising DQS crossings at OV in the specified burst.

For all DQS crossings found in the previous step, locate the nearest rising Clock crossing at OV.

tDQRSCK is measured as the time difference from DQS crossing to the corresponding Clock
crossing.

6 Report the measured value of tDQSCK.

o~ W N

After identifying the target burst in step 2 of the procedure, it is required that the measurement edge
be populated in step 3. Therefore, the configuration variables that defines the measurement edge in
step 3 are:

VOHdIff_AC
VOLdiff_AC
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Notice that in this case, VOHdIff is considered instead of VIHdIff, as this test involves the Read burst.

This test also requires the clock edge in step 4. Therefore, the configuration variables that defines the
measurement edge for the clock signal in step 4 are:

VIHdiff.CK_AC
VILdiff.CK_AC
VIHdiff_min/VIHdiff_DC
VILdiff_min/VILdiff_DC

Besides, the configuration for DQ signal is also used to check the validity of the burst. If the DQ
transition is unable to meet the threshold settings listed below, that burst is considered invalid and is
not considered or used for measurements, even if the DQS edge is valid.

VOH_AC
VOL_AC

VOH_DC
VOL_DC
VTT

Threshold Settings for tests that do not require Read/Write Separation
All DDR4 Tests
Electrical Tests
Single-Ended Signals
WRITE cycle tests
VSEH/VSEL for Clocks Plus
VSEH/VSEL for Clocks Minus
VIH/VIL for Command and Address
Overshoot/Undershoot (Address, Control)
Overshoot/Undershoot (Data, Strobe, Mask)
Overshoot/Undershoot (Clock)
Vref Signal Test
Differential Signals
WRITE cycle tests
Differential AC Input Levels for Clock
Clock Cross Point Voltage Test
- Timing Tests
Clock Timing
Rising Edge Measurements
Pulse Measurements
Command Address Timing
All LPDDR4 Tests
Electrical Tests
Single-Ended Signals
WRITE cycle tests
VSEH/VSEL for Clocks Plus
VSEH/VSEL for Clocks Minus
Overshoot/Undershoot (Address, Control)
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Overshoot/Undershoot (Data, Strobe, Mask)
Overshoot/Undershoot (Clock)
Differential Signals
WRITE cycle tests
Differential AC Input Levels for Clock
Clock Cross Point Voltage Test
Timing Tests
Clock Timing
Rising Edge Measurements
Pulse Measurements
The Burst Trigger Threshold Settings do not impact the test runs on the category of tests listed

above, since the test measurements are not burst related. Only Signal Measurement Threshold
Settings impact this category of tests.
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Signal Measurement Threshold Settings

For tests that do not require Read/Write Separation, the Compliance Test Application uses some of
the configuration done under Signal Measurement Threshold Settings only:

as threshold to define the measurement edge, which is used further for specific measurements.

as threshold to check the transition requirement of signal. For example, Overshoot tests for DQ
that requires signal to be measured have at least one transition.

Figure 90 to Figure 92 show the configuration that is used to define the edge threshold for each type
of signal:

1 For DQ and Single-ended DQS signals

Signal Measurement Thresheld Settings

VDD (V) (1.200)

VDDQ (V) (1.200)

VRefDQ (V) (0.800)

VRefCA (V) (0.600)

VTT (V) (0.800)

VIH/VIL for Command and Address
VIH.CAAC (V) (0.7)

VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)

VIH/VIL for DQ and DM

VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) {0.875)

VIL.DQDC (V) (0.725)

VOH/VOL

VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)

VOLDC (V) (0.600)

VIHdIiff/VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)

VILdiff. DQSAC (V) (-0.2)

Figure 90 Signal Measurement Threshold Settings for DQ and Single-ended DQS signals
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VDDQ (V) (1.200)

VRefDQ (V) (0.800)

VRefCA (V) (0.600)

VTT (V) (0.800)

VIH/VIL for Command and Address

VIH.CAAC (V) (0.7)
VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)

VIH/VIL for DQ and DM

VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) (0.875)
VIL.DQDC (V) (0.725)

VOH/VOL

VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)

VOLDC (V) (0.600)

VIHdiff/ VILdiff

VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdiff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)

VILiff. DQSAC (V) (-0.2)

VOHdiff/vVOLdiff

Figure 91
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3 For Command/Address and Single-ended Clock signals

Signal Measurement Threshold Settings
VDD (V) (1.200)
VDDQ (V) (1.200)
VRefDQ (V) (0.800)
VRefCA (V) (0.600}
VTT (V) (0.800)
VIH/VIL for Command and Address
VIH.CAAC (V) (0.7)
VIL.CAAC (V) (0.5)
VIH.CADC (V) (0.675)
VIL.CADC (V) (0.525)
VIH/VIL for DQ and DM
VIH.DQAC (V) (0.9)
VIL.DQAC (V) (0.7)
VIH.DQDC (V) {0.875)
VIL.DQDC (V) (0.725)
VOH/VOL
VOHAC (V) (1.020)
VOLAC (V) (0.660)
VOHDC (V) (1.32)
VOLDC (V) (0.600)
VIHdiff/VILdiff
VIHdiffmin/VIHdiff_DC (V) (0.150)
VILdiffmax/VILdiff_DC (V) (-0.150)
VIHdIff.CKAC (V) (0.2)
VILdiff.CKAC (V) (-0.2)
VIHdiff.DQSAC (V) (0.2)
VILdiff. DQSAC (V) (-0.2)

Figure 92 Signal Measurement Threshold Settings for Command/Address and Single-ended Clock signals

Following example describes the dependency of certain tests on the configuration variables:
Example 1: tIS(base)

The test procedure for tIS(base) states:
1 Acquire and validate that the Clock and CA signals cross the thresholds.
2 Find all the edges on the Clock and CA signals.
3 Perform the setup time measurement:
a Atevery rising edge of the acquired and the valid CA signal on the upper threshold, find:
- the first closest rising edge of the Clock at the middle threshold for 1T clocking method
- the second closest rising edge of the Clock at the middle threshold for 2T clocking method

b To manually configure the clocking method, you may modify the label “Clocking Method” in
the Configure tab of the Compliance Test Application.

4 Report the minimum value of the measurement as the test result.
The configuration variables that define the measurement edge for clock signal in step 2 of the
procedure are:

VIHdiff. CK_AC

VILdiff.CK_AC

VIHdiff_min/VIHdiff_DC

VILdiff_min/VILdiff_DC

The middle cross-point level of differential DQS is OV.

For the CA signal, the measurement threshold used are:
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VIH.CA_AC
VIL.CA_AC
VIH.CA_DC
VIL.CA_DC
VRefCA
High-Z / Low-Z Begin Point
Table 10 lists the compliance tests of interest.
Table 10 Compliance tests of interest for DDR4 and LPDDR4 technology

Technology Compliance Tests of Interest Test ID

tWPRE 30111

tWPST 30112

tLZDQ 30102

tHZDQ 30101

DDRé {RPRE 30113

tRPST 30114

tLZDQS 30118

tHZDQS 30181

tWPRE 50111

tWPST 50112

LPDDR4 {RPRE 50113

tRPST 50114
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Finding tLZBeginPoint(DQS) for READ data burst
Supported Test Mode: DDR4

DQsS
VH > M

VIT — —

TB TA DQs Staer Edge

tLZBeqginPoint

T1 T2

Steps:

TA = DQSStartEdge - 1.5Ul

TB = DQSStartEdge - 3.0UI

Form a histogram(vert) bounded by TA & TB

VTT = Histogram Min

VH = Histogram Max

VT1 = VTT+0.3%(VH-VTT)

VT2 = VTT+0.6%(VH-VTT)

tLZBeginPoint = [(T2 - T1) / (VT2 - VI 1) * [(VTT - VT2) + T2]

0 N OO o AN -
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Supported Test Mode: LPDDR4

DQS
VTT —
VL 3 j
TB TA DQISSta riEdge

~

T T2

. J

Steps:

TA = DQSStartEdge - 0.5Ul

TB = DQSStartEdge - 5.5UI

Form a histogram(vert) bounded by TA & TB

VTT = Histogram Max

VL = Histogram Min

VT1 = VTT-0.3%(VTT-VL)

VT2 = VTT-0.65(VTT-VL)

tLZBeginPoint = [(T2 - T1) / (VT2 - VT )] * [(VTT - VT2) + T2]

0 N OO o A WN -,

Finding tLZBeginPoint(DQS) for WRITE data burst
Supported Test Mode: DDR4 / LPDDR4

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 259



5

260

Timing Tests Group

TB TA DQs Stalr‘t Edge

tLZBaginPoint

T1 T2

Steps:
TA = DQSStartEdge - 1.5Ul
TB = DQSStartEdge - 3.0UI
Form a histogram(vert) bounded by TA & TB
VTT = Histogram Min
VH = Histogram Max
VT1 = VTT+0.3%(VH-VTT)
VT2 = VTT+0.6%(VH-VTT)
For LPDDR4 tWPRE test only:
VT2 = VTT + 0.7%(VH-VTT)
9 tlLZBeginPoint=[(T2-T1) / (VT2 - VT *[(VTT - VT2) + T2]

O N OO o AN -
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Finding tHZEndPoint(DQS) for READ / WRITE data burst
Supported Test Mode: DDR4 / LPDDR4

DQs TC TD

I’- I
/X I
=z &
VL
DQSEndEdae : :
TA B

tHZEndPoint

WL
yr
T T2
Steps:
1 TA =DQSEndEdge + 0.5 Ul
2 TB=DQSEndEdge + 1.0 Ul
3 Form a histogram(vert) bounded by TA & TB
4 VTT = Histogram Max
5 VL = Histogram Min
6 Extra checking:

a TC=TB-0.5Ul
b TD=TB+0.5 Ul
¢ Form Hist2, if Hist2 Mode < VL, VTT = Histogram Max
VTT =VL+ 0.3%(VTT-VL)
VT2 = VL + 0.6%(VTT-VL)
9 For LPDDR4 tWPST test only:
VT2 =VL+ 0.7%(VTT-VL)
10 tHZEndPoint =[(T2-T1) / (VT2 - VT1)] * [(VL - VT2)] + T2
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Finding tLZBeginPoint(DQ) for READ/WRITE data burst

Supported Test Mode: DDR4 / LPDDR4

w DQsstariEdge
DQ y VH
4 VTT
| | VL
B TA

tLZBeqinPaint vy
T 12

Steps:

TA = DQSStartEdge + 0.5UlI

TB = DQSStartEdge - 1.0UI

Find VTA, which is the Voltage of DQ at TA
Find VTB, which is the Voltage of DQ at TB
Form a histogram(vert) bounded by TA & TB
If VTA > VTB,

o o A WO N —

a
b
o
d
e

VTT = Histogram Min

VH = Histogram Max

VT1 = VTT+0.3%(VH-VTT)

VT2 = VTT+0.6%(VH-VTT)

tLZBeginPoint = [(T2 - T1) / (VT2 - VT )] * [(VTT - VT2) + T2]

If VTB > VTA,

a

® Q O T

VTT = Histogram Max

VL = Histogram Min

VT1T = VTT-0.3%VTT-VL)

VT2 = VTT-0.6%(VTT-VL)

tLZBeginPoint = [(T2 - T1) / (VT2 - VT )] * [(VTT - VT2) + T2]
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Find tHZEndPoint(DQ) for READ/WRITE data burst

DQS DQSEndEdge

WVH

tHZEndPoint —

VL
T1 T2

Steps:
1 TA =DQSEndEdge + 0.5Ul
2 TB=DQSEndEdge + 1.5Ul
3 TC=TB-0.5Ul
4 TD=TB+0.5Ul
5 Find VTA, which is the Voltage of DQ at TA
6 Find VTB, which is the Voltage of DQ at TB
7 Form a histogram(vert) bounded by TA and TB
8 Form a histogram(vert) bounded by TC and TD
9 |IfVTA> VTB,

VTT = Histogram(CD) Mode
VH = Histogram(AB) Max
VT1 = VTT-0.3%(VH-VTT)
VT2 = VTT-0.6%(VH-VTT)
e tHZEndPoint=[(T2-T1)/ (VT2 - VT1)] * [(VH - VT2) + T2]
10 If VTB > VTA,
a VTT = Histogram(CD) Mode
VL = Histogram(AB) Min
VT1 = VTT+0.3*%(VTT-VL)
VT2 = VTT+0.6%(VTT-VL)
tHZEndPoint = [(T2 - T1) / (VT2 - VTT)] * [(VL - VT2) + T2]

Q O T o

®© Q O O
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Timing tests (WRITE cycle tests)

Data Strobe Timing

tDQSS
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30106 [tDQSS]

LPDDR4 Test Mode
50106 [tDQSS]

LPDDR4X Test Mode
60106 [tDQSS]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSS [DQS_t, DQS_c rising edge to CK_t, CK_c rising
JESD79-4B, June 2017 Table 133 edge]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 411.2 Table 27 tDQSS [Write command to first DQS latching]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time interval from the data strobe output (DQS rising edge)
access time to the associated clock (crossing point).

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the first latch of the data strobe output (first
DQS latching edge) access time to the associated clock (crossing point).

Test Procedure:  DDR4 (for Test ID 30106)

Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DQS crossings in the specified burst.

For all DQS crossings found, locate the nearest crossing at the rising edge of the Clock.

Measure the time difference from the DQS crossing to the Clock crossing (found in the previous
step) as tDQSS.

Determine the worst result from the set of tDQSS measured.

o A NN -

(©)]

LPDDR4 (for Test ID 50106) / LPDDR&X (for Test ID 60106)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.

264 Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Timing Tests Group 5

3 Identify the crossing on the rising edge of the DQS signal, which is nearest to the first DQ
crossing within the burst found in the previous step.
The identified DQS crossing is considered as the first latch DQS crossing.

4 Prior to the first latch DQS crossing, locate the nearest crossing on the rising edge of the Clock.

5 If the time difference between the Clock crossing (found in the previous step) and the first latch
DQS crossing is more than 0.5 Ul, consider that time difference as tDQSS.
However, if the calculated time difference is less than 0.5 Ul, locate the crossing on the rising
edge of the Clock, which is one cycle before the previously located Clock crossing.

6 Measure the time difference between the newly located Clock crossing and the first latch DQS
crossing. This time difference is denoted as tDQSS.

7 Report the measured tDQSS.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . _ o
Observable Results The measured value of tDQSS value for the test signal shall be within the conformance limits as per

the JEDEC specification.
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tDSS
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30109 [tDSS]

LPDDR4 Test Mode
50109 [tDSS]

LPDDR4X Test Mode
60109 [tDSS]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDSS [DQS_t, DQS_c falling edge setup time to CK_t,
JESD79-4B, June 2017 Table 133 CK_c rising edge]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 411.2 Table 27 tDSS [DQS falling edge to CK setup time]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode
The purpose of this test is to verify the time interval from the falling edge of the data strobe (DQS
falling edge) output access time to the clock (CLK rising edge) setup time.
LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the falling edge of the data strobe (DQS
falling edge) output access time to the clock (CLK falling edge) setup time.

Test Procedure:  DDR4 (for Test ID 30109)

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid crossings on the falling edges of DQS in the specified burst.

O R S

For all crossings found on the falling edges of DQS, locate all the next nearest rising edges of the
Clock.

Measure tDSS as the time between crossings on the falling edges of DQS and the rising edges of
the Clock found in the previous step.

Collect all values of tDSS.
Report all values of tDSS measured.

o1

~N

LPDDR#4 (for Test ID 50109) / LPDDR&X (for Test ID 60109)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.
3 Find all valid crossings on the falling edges of DQS in the specified burst.
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4 For all crossings found on the falling edges of DQS, locate all the next nearest falling edges of the
Clock.

5 Measure tDSS as the time between crossings on the falling edges of DQS and the falling edges of
the Clock found in the previous step.

6 Collect all values of tDSS.
7 Determine the worst result from the set of tDSS measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: L - I
Observable Results The measured value of tDSS shall be within the conformance limits as per the JEDEC specification.
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tDSH
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30110 [tDSH]

LPDDR4 Test Mode
50110 [tDSH]

LPDDR4X Test Mode
60110 [tDSH]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDSH [DQS_t, DQS_c falling edge hold time from CK_t,
JESD79-4B, June 2017 Table 133 CK_c rising edge]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 411.2 Table 27 tDSH [DQS falling edge hold time from CK]
JESD209-4B, February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the falling edge of the data strobe output
hold time from clock.

Test Procedure: ~ DDR4 (for Test ID 30110) / LPDDR4 (for Test ID 50110) / LPDDR4X (for Test ID 60110)

Acquire and split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find all valid falling DQS crossings in the specified burst.

For all the falling DQS crossings found, locate all nearest preceding rising Clock edges.

Measure tDSH as the time between falling DQS crossings and the crossing point of the Clock
rising edges found.

6 Collect all tDSH.
7 Determine the worst result from the set of tDSH measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Mode
Observable Results:

o M~ W N -

The measured value of tDSH shall be within the conformance limits as per the JEDEC specification.
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tDQSH2PRE
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30124 [tDQSH2PRE]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 4.25 Table 52 tDQSH2PRE [DQS_t, DQS_c differential input high pulse
JESD79-4B, June 2017 width at 2tCK Preamble]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode
The purpose of this test is to verify the high level width of the Data Strobe signal at 2tCK Preamble.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure: ~ DDR4 (for Test ID 30124)
Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising and falling DQS crossings in the specified burst.

Measure tDQSH2PRE as the time starting from the rising edge of DQS and ending at the
following falling edge.

5 Collect all tDQSH2PRE values.
6 Determine the worst result from the set of tDQSH2PRE measured.

Expected/  DDR4 Test Mode
Observable Results:

N W0 N -

The measured value of tDQSH2PRE shall be within the conformance limits as per the JEDEC
specification.

LPDDR4 / LPDDR4X Test Modes

Not available.
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tDQSH
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30107 [tDQSH]

LPDDR4 Test Mode
50107 [tDQSH]

LPDDR4X Test Mode
60107 [tDQSH]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSH [DQS_t, DQS_c differential input high pulse
JESD79-4B, June 2017 Table 133 width]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Sectioni# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 4.11.2 Table 27 tDQSH [DQS input high-level]
JESD209-4B, February 2017

Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Mode
The purpose of this test is to verify the high level width of the Data Strobe signal.
Test Procedure:  DDR4 (for Test ID 30107) / LPDDR4 (for Test ID 50107) / LPDDR4X (for Test ID 60107)
1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.
3 Find all valid rising and falling DQS crossings in the specified burst.
4

Measure tDQSH as the time starting from the rising edge of DQS and ending at the following
falling edge.

5 Collect all tDQSH values.
6 Determine the worst result from the set of tDQSH measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of tDQSH shall be within the conformance limits as per the JEDEC specification.
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tDQESL
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30108 [tDQSL]

LPDDR4 Test Mode
50108 [tDQSL]

LPDDR4X Test Mode
60108 [tDQSL]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSL [DQS_t, DQS_c differential input low pulse width]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 4112 Table 27 tDQSL [DQS input low-level width]
JESD209-4B, February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the low level width of the Data Strobe signal.
Test Procedure: ~ DDR4 (for Test ID 30108) / LPDDR4 (for Test ID 50108) / LPDDR4X (for Test ID 50109)

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising and falling DQS crossings in the specified burst.

N o N -

Measure tDQSL as the time starting from the falling edge of DQS and ending at the following
rising edge.

Collect all tDQSL values.
6 Determine the worst result from the set of tDQSL measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes
Observable Results:

o1

The measured value of tDQSL shall be within the conformance limits as per the JEDEC specification.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 271



5 Timing Tests Group

tWPRE
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30111 [tWPRE]

LPDDR4 Test Mode
50111 [tWPRE]

LPDDR4X Test Mode
60111 [tWPRE]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tWPRE [DQS_t, DQS_c differential WRITE Preamble]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 4.11.2 Table 27 tWPRE [Write Preamble]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time when DQS starts driving a high (*preamble behavior) to
the first DQS signal rising edge crossing for the write cycle. You may customize the limits for
evaluation tests usage.

Test Procedure:  DDR4 (for Test ID 30111) / LPDDR4 (for Test ID 50111) / LPDDR4X (for Test ID 60111)

Acquire and split the Read and Write bursts of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid WRITE burst found.

Find tLZBeginPoint on DQS signal of the said burst.

Find the first rising edge (excluding preamble pattern) on DQS of the found burst.

tWPRE is the time interval between the rising DQS edge and tLZBeginPoint.

Report tWPRE.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes
Observable Results:

~N OO o1 0N -

The measured value of tWPRE for the test signal shall be within the conformance limits as per the
JEDEC specification.
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tWPRE2
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30122 [tWPRE2]

LPDDR4 / LPDDR4X Test Modes
Not available

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 tWPRE2 [DQS_t, DQS_c differential WRITE Preamble (2
JESD79-4B, June 2017 clock preamble)]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time when DQS starts driving a high (*preamble behavior) to
the first DQS signal rising edge crossing for the write cycle (for preamble mode 2tCK). You may
customize the limits for evaluation tests usage.

Single ended signal, provided
as background information

DQS o+

Single ended signal, provided
as background information

/—'l VIHDiffPeak

o —- VIHDiff_ DQS
tWPRE _begin _ Vf-w1 4
DQS t-DAS c it i =24 :

Begln point: %
Resulting differential signal, Extrapolated point t2
rekevant for twere tWPRE_end
spedfication

Figure 93 Method for calculating tWPRE transitions and endpoints

LPDDR4 / LPDDR4X Test Modes

Not available.
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Test Procedure:  DDR4 (for Test ID 30122)

Acquire and split the Read and Write bursts of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid WRITE burst found.

Find tLZBeginPoint on DQS signal of the said burst.

Find the first rising edge (excluding preamble pattern) on DQS of the found burst.

tWPREZ2 is the time interval between the rising DQS edge and tLZBeginPoint.

Report tWPRE2.

~N O o1~ WON -

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tWPRE2 for the test signal shall be within the conformance limits as per the

JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

Not available.
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tWPST
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30112 [tWPST]

LPDDR4 Test Mode
50112 [tWPST]

LPDDR4X Test Mode
60112 [tWPST]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tWPST [DQS_t, DQS_c differential WRITE Postamble]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 411.2 Table 27 tWPST [0.5 tCK Write Postamble]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Mode

The purpose of this test is to verify the time when DQS is no longer driving (from High/Low state to
Hi-Impedance) from the last DQS signal crossing (last bit of the Write data burst) for Write Cycle.
You may customize the limits for evaluation tests usage.

Test Procedure:  DDR4 (for Test ID 30112) / LPDDR4 (for Test ID 50112) / LPDDR4X (for Test ID 60112)

Acquire and split the Read and Write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid WRITE burst found.

Find tHZEndPoint of the said burst.

Find the last falling edge on DQS prior to the tHZEndPoint that was found in the previous step.
tWPST is the time interval between the falling DQS edge's crossing and tHZEndPoint.

Report tWPST.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes
Observable Results:

~N O o1~ 0N -

The measured value of tWPST for the test signal shall be within the conformance limits as per the
JEDEC specification.
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tDVAC(Strobe)
Mode Supported:  DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

276

30117 [tDVAC(Strobe)]

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode

The purpose of this test is to verify the time of the strobe signal above VIHdIff(AC) and below
VILdiff(AC).

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode (for Test ID 30117)

1

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.

Find all valid rising and falling DQS crossings on the VIHdIff(AC) and VILdiff(AC) levels in the
specified burst.

Measure tDVAC(Strobe) as the time starting from a rising VIHdiff(AC) cross-point of the DQS and
ending at the following falling VIHdIff(AC) cross-point of DQS.
(

Measure tDVAC(Strobe) as the time starting from a falling VILdiff(AC) cross-point of the DQS and
ending at the following rising VILdiff(AC) cross-point of DQS.

Collect all tDVAC(Strobe).
Determine the worst result from the set of tDVAC(Strobe) measured.
Report the value of the worst tDVAC(Strobe).

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode

The measured value of tDVAC(Strobe) for the test signal is reported as “Information Only”.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Timing tests (READ cycle tests)

Data Timing

tDQSQ
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30104 [tDQSQ]

LPDDR4 Test Mode
50104 [tDQSQ]

LPDDR4X Test Mode
60104 [tDQSQ]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSQ [DQS_t, DQS_c to DQ Skew, per group, per
JESD79-4B, June 2017 Table 133 access]

LPDDR4 / LPDDR4X Test Mode

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tDQSQ [DQS_t, DQS_c to DQ Skew total, per group, per
JESD209-4B, February 2017 access (DBI Disabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the data strobe output (DQS rising and
falling edges) access time to the associated data (DQ rising and falling) signal.

Test Procedure: ~ DDR4 (for Test ID 30104)

Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at V7 level in the specified burst.
For all DQ crossings found, locate the nearest DQS crossings (Rising or Falling).
Measure tDRSQ as the time difference from the DQ crossing to the DQS crossing.
Determine the worst result from the set of tDQSQ measured.

D o A WN -

LPDDR4 (for Test ID 50104) / LPDDR4X (for Test ID 60104)

Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at V¢ level in the specified burst.
For all DQ crossings found, locate the nearest DQS crossings (Rising or Falling).
Measure tDQSQ as the time difference from the DQ crossing to the DQS crossing.
Determine the worst result from the set of tDQSQ measured.

oD o A WN -
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Expected/
Observable Results:

278

DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tDQSQ shall be within the conformance limits as per the JEDEC specification.
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tQH
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30105 [tQH]
LPDDR4 Test Mode
50105 [tQH]

LPDDR4X Test Mode
60105 [tQH]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tQH [DQ output hold time from DQS_t, DQS_c]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQH [DQ output hold time total from DQS_t, DQS_c
JESD209-4B, February 2017 (DBI-Disabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the data output hold time (DQ rising and
falling edges) to DQS (rising/falling edges).

Test Procedure:  DDR4 (for Test ID 30105) / LPDDR4 (for Test ID 50105) / LPDDR4X (for Test ID 60105)

1 Acquire and split read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid rising and falling DQ crossings at Vref level in the specified burst.

4 For all DQ crossings found, locate the nearest DQS crossings (Rising or Falling).

5 Locate the DQS crossing that occurs before the DQS crossings found in the previous step.

6 Measure tQH as the time difference from the DQ crossing to the DQS crossing (found in the
previous step).

7 Determine the worst result from the set of tQH measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of tQH shall be within the conformance limits as per the JEDEC specification.
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tDQSQ_DBI
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDRé4 Test Mode
30119 [tDQSQ_DBI]

LPDDR4 Test Mode
30501 [tDQSQ_DBI]

LPDDR4X Test Mode
60501 [tDQSQ_DBI]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSQ [DQS_t, DQS_c to DQ Skew, per group, per access
JESD79-4B, June 2017 Table 133 (DBI enabled)]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tDQSQ_DBI [DQS_t, DQS_c to DQ Skew total, per group,
JESD209-4B, February 2017 per access (DBI enabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the data strobe output (DQS rising and
falling edges) access time to the associated data (DQ rising and falling) signal while DBI mode is
enabled.

Test Procedure:  DDR4 (for Test ID 30119)
Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at Vyr level in the specified burst.

For all DQ crossings found, locate the nearest DQS crossings (Rising or Falling).
Measure tDQSQ_DBI as the time difference from the DQ crossing to the DQS crossing.
Determine the worst result from the set of tDQSQ_DBI measured.

D o A W N -/

LPDDR4 (for Test ID 30501) / LPDDR4X (for Test ID 60501)

Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at Vref level in the specified burst.

For all DQ crossings found, locate the nearest DQS crossings (Rising or Falling).
Measure tDQSQ_DBI as the time difference from the DQ crossing to the DQS crossing.
Determine the worst result from the set of tDQSQ_DBI measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes
Observable Results:

D o A WO N =

The measured value of tDQSQ_DBI shall be within the conformance limits as per the JEDEC
specification.
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tQH_DBI
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30120 [tQH_DBI]

LPDDR4 Test Mode
30502 [tQH_DBI]

LPDDR4X Test Mode
60502 [tQH_DBI]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tQH [DQ output hold time from DQS_t, DQS_c (DBI
JESD79-4B, June 2017 Table 133 enabled)]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQH_DBI [DQ output hold time from DQS_t, DQS_c (DBI
JESD209-4B, February 2017 enabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the data output hold time (DQ rising and
falling edges) to the associated data strobe (DQS rising and falling edge) signal while DBI mode is
enabled.

Test Procedure: ~ DDR4 (for Test ID 30120) / LPDDR4 (for Test ID 30502) / LPDDR4X (for Test ID 60502)

1 Acquire and split read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid rising and falling DQ crossings at Vref level in the specified burst.

4 For all DQ crossings found, locate the nearest DQS crossing (Rising or Falling).

5 Locate the DQS crossing that occurs before the DQS crossings found in the previous step.

6 Measure tQH_DBI as the time difference from the DQ crossing to the DQS crossing (found in the
previous step).

7 Determine the worst result from the set of tQH_DBI measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of tQH_DBI shall be within the conformance limits as per the JEDEC

specification.
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tLZDQ
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
30102 [tLZDQ]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Sectionit Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tLZ(DQ) [DQ low impedance time from CK_t, CK_c]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time when D@ starts driving (*from High-impedance state to
High/Low state) to the clock signal crossing. You may customize the limits for evaluation tests usage.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure: ~ DDR4 Test Mode (30102)
Acquire and split Read and Write burst of the acquired signal.
Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.
Find tLZBeginPoint on the DQ signal of the said burst.
Find the nearest Clock rising edge.

tLZ(DQ) is the time interval between the clock rising edge's crossing point and tLZBeginPoint.
Report tLZ(DQ).

~N O o A WwNN =

In order to differentiate between the Hi-Z and the Lo-Z regions, a voltage
transition must occur. The automated Test Application expects this DQ
transition to take place at the associated first valid DQS edge (within the
range from 1.0Ul prior to the edge and 0.5UI after the edge). This transition
in DQ signal at the first valid DQS edge is required to correctly identify the
tLZBeginPoint on DQ signal.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tLZ(DQ) for the test signal shall be within the conformance limits as per the

JEDEC specification.
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LPDDR4 / LPDDR4X Test Modes

Not available.
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tHZDQ
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
30101 [tHZDQ)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Sectionit Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tHZ(DQ) [DQ high impedance time from CK_t, CK_c]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time when DQ no longer is driving (*from High state OR Low
state to the High-impedance state) to the clock signal crossing. You may customize the limits for
evaluation tests usage.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for 30101)
Acquire and split read and write burst of the acquired signal.
Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.
Find tLZBeginPoint on the DQ signal of the specified burst.
Find the nearest Clock rising edge.

tHZ(DQ) is the time interval between the Clock rising edge's crossing point to tHZEndPoint.
Report tHZ(DQ).

~N O o A WON -/

In order to differentiate between the Hi-Z and the Lo-Z regions, a voltage
transition must occur. The automated Test Application expects this DQ
transition to take place at the associated last valid DQS edge (within the
range from 0.5Ul to 1.5Ul after the edge). This transition in DQ signal at the
last valid DQS edge is required to correctly identify the tHZBeginPoint on
DQ signal.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tHZ(DQ) for the test signal shall be within the conformance limits as per the

JEDEC specification.
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LPDDR4 / LPDDR4X Test Modes

Not available.
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tDVWp
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30123 [tDVWp]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]

DDR4 SDRAM Specification, 134 Table 132 tDVWp [DQ input pulse width]
JESD79-4B, June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode
The purpose of this test is to verify the minimum input pulse width of DQ on Read Burst.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for 30101)

1 Acquire and identify the READ and WRITE burst data of the acquired signal.
2 Use all valid READ bursts that are found to perform tDVWp measurement.

Find all valid rising and falling DQ edges, which are defined as the crossings at VTT in the READ
data burst.

4 Measure tDVWp as the time starting from a rising/falling edge of the DQ to the time ending at
the following falling/rising edge.

5 Process all valid edges in the READ data burst.
Collect all values of tDVWp.

7 Determine the worst result from the set of tDVWp values measured and report it as the final test
result.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

le Results: . L .
Observable Results The measured value of tDVWp for the test signal shall be within the conformance limits as per the

JEDEC specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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Data Strobe Timing

tDRSCK
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30021 [tDQSCK]

LPDDR4 Test Mode
50021 [tDQSCK]

LPDDR4X Test Mode
60021 [tDQSCK]
References:  DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tDQSCK [DQS_t, DQS_c rising edge output timing
JESD79-4B, June 2017 Table 133 location from rising CK_t, CK_c]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 4.8 Table 23 tDQSCK [DQS Output Access time from CK_t/CK _c]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time interval from the data strobe output (DQS rising edge)
access time to the nearest rising edge of the clock.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time interval from the data strobe output (DQS) first rising
edge to the rising edge of the clock, that is the tDQSCK delay (cycle) before the nearest rising edge
of the Clock (the clock edge that is nearest to the first rising edge of DQS).

Test Procedure:  DDR4 Test Mode (for Test ID 30021)

Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising DQS crossings at OV in the specified burst.

For all DQS crossings found, locate the nearest crossing at the rising edge of the Clock at OV.

o M~ W N -

Measure as tDQSCK the time difference from the DQS crossing to the corresponding Clock
crossing (found in the previous step).

Report the measured tDQSCK.

(@]

LPDDR4 (for Test ID 50021) / LPDDR4X (for Test ID 60021)

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid READ burst found.
3 Find all the mid-cross points for DQS at OV in the specified burst.
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Expected/
Observable Results:

288

4 Find all the mid-cross points for Clock at OV in the specified burst.

5 Locate the first crossing of the DQS rising edge in the burst. Consider this point (that is, first
rising edge of DQS) as tDQSCK strobe point.

6 Find the “closest Clock - DQS”, which is the crossing of the Clock rising edge that is closest to the
first crossing of the DQS rising edge.

7 Find tDQSCK clock point, which is the mid-cross point of the Clock before “closest Clock - DQS”
at the tDQSCK Delay (cycle). By default, tDQSCK Delay has three cycles.

For example, when tDQSCK Delay = 3, the tDQSCK clock point is the mid-cross point of the
Clock, which is three clocks before “closest Clock - DQS”. Similarly, when tDQSCK Delay = b, the
tDQSCK clock point is the mid-cross point of the Clock, which is five clocks before “closest Clock
- DQS”. You may configure tDQSCK Delay in the Configure tab of the Compliance Test
Application.

8 Compare the tDQSCK strobe point to the tDQSCK clock point as a test result.
Mathematically, test result = tDQSCK strobe point - tDQSCK clock point.

9 Display the test result by spotting the measurement location on the waveform and locate the
marker to tDQSCK strobe point and tDQSCK clock point.

10 Compare the test results with the compliance test limits.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tDQSCK shall be within the conformance limits as per the JEDEC
specification.
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tQSH
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30115 [tQSH]

LPDDR4 Test Mode
50115 [tQSH]

LPDDR4X Test Mode
60115 [tQSH]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tQSH [DQS_t, DQS_c differential output high time]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQSH [DQS, DQS# differential output high time
JESD209-4B, February 2017 (DBI-disabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the width of the high level of the Data Strobe signal.
Test Procedure: ~ DDR4 (for Test ID 30115) / LPDDR4 (for Test ID 50115) / LPDDR&X (for Test ID 60115)
Acquire and split read and write burst of the acquired signal.
Take the first valid READ burst found.

Find all valid rising and falling DQS crossings in the specified burst.

Measure tQSH as the time starting from a rising edge of the DQS and ending at the following
falling edge.

Collect all tQSH.
6 Determine the worst result from the set of tQSH measured.

Expected/  DDR4 /LPDDR4 / LPDDR4X Test Modes
Observable Results:

N w0 N -

o1

The measured value of tQSH shall be within the conformance limits as per the JEDEC specification.
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tQSL
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30116 [tQSL]

LPDDR4 Test Mode
50116 [tQSL]

LPDDR4X Test Mode
60116 [tQSL]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tQSL [DQS_t, DQS_c differential output low time]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQSL [DQS, DQS# differential output low time
JESD209-4B, February 2017 (DBI-disabled)]

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the width of the low level of the Data Strobe signal.

Test Procedure: ~ DDR4 (for Test ID 30116) / LPDDR4 (for Test ID 50116) / LPDDR4X (for Test ID 60116)

Acquire and split read and write burst of the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQS crossings in the specified burst.

Measure tQSL as the time starting from a falling edge of the DQS and ending at the following
rising edge.

Collect all tQSL.
6 Determine the worst result from the set of tQSL measured.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Mode
Observable Results:

N w0 N -

o1

The measured value of tQSL shall be within the conformance limits as per the JEDEC specification.
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tQSH_DBI
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30503 [tQSH_DBI]

LPDDR4X Test Mode
60503 [tQSH_DBI]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQSH_DBI [DQS, DQS# differential output high time
JESD209-4B, February 2017 (DBI-enabled)]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the width of the high level of the Data Strobe signal while DBI
mode is enabled.

Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 30503) / LPDDRé&X (for Test ID 60503)

Acquire and split read and write burst of the acquired signal.
Take the first valid READ burst found.
Find all valid rising and falling DQS crossings in the specified burst.

N 0N -

Measure tQSH_DBI as the time starting from a rising edge of the DQS and ending at the following
falling edge.

5 Collect all tQSH_DBI.
6 Determine the worst result from the set of tQSH_DBI measured.

Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of tQSH_DBI shall be within the conformance limits as per the JEDEC
specification.
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tQSL_DBI
Mode Supported: ~ LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30504 [tQSL_DBI]

LPDDR4 Test Mode
60504 [tQSL_DBI]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQSL_DBI [DQS, DQS# differential output low time
JESD209-4B, February 2017 (DBI-enabled)]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify the width of the low level of the Data Strobe signal while DBI
mode is enabled.

Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 30504) / LPDDR&X (for Test ID 60504)

Acquire and split read and write burst of the acquired signal.
Take the first valid READ burst found.
Find all valid rising and falling DQS crossings in the specified burst.

N 0N -

Measure tQSL_DBI as the time starting from a falling edge of the DQS and ending at the
following rising edge.

5 Collect all tQSL_DBI.

6 Determine the worst result from the set of tQSL_DBI measured.

Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of tQSL_DBI shall be within the conformance limits as per the JEDEC
specification.
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tRPRE
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30113 [tRPRE]

LPDDR4 Test Mode
50113 [tRPRE]

LPDDR4X Test Mode
60113 [tRPRE]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tRPRE [DQS_t, DQS_c Differential READ
June 2017 Table 133 Preamble]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 4.7.4 Table 22 tRPRE [READ Preamble]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time when DQS starts driving low (*preamble behavior) to the
first DQS signal crossing for the Read Cycle. You may customize the limits for evaluation tests usage.

Test Procedure: ~ DDR4 (for Test ID 30113) / LPDDR4 (for Test ID 50113) / LPDDR4X (for Test ID 60113)

Acquire and split read and write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tLZBeginPoint on the DQS signal of the specified burst.

Find the first rising edge (excluding preamble pattern) on DQS of the found burst.
tRPRE is the time interval between the rising DQS edge and tLZBeginPoint.

6 Report tRPRE.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes
Observable Results:

g M~ W N -

The measured value of tRPRE shall be within the conformance limits as per the JEDEC specification.
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tRPRE2
Mode Supported:  DDR4
TestID:  DDR4 Test Mode
30121 [tRPRE2]

LPDDR4 / LPDDR4X Test Modes
Not available

References:  DDR4 Test Mode

Specifications document Sectionit Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 tRPRE2 [DQS_t, DQS_c differential READ
June 2017 Preamble (2 clock preamble)]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time when DQS starts driving low (*preamble behavior) to the
first DQS signal crossing for the Read Cycle (for preamble mode 2tCK). You may customize the limits
for evaluation tests usage.

CK_t

CK e -+
DS t—————————————————— - - ———— - — — —- \VDDQ
Sing ended s_igr;I, ;rm:de; ______________________ 0.7x VDDQ
asbackground information - S 04 X VDDQ
DS ¢ ———— -~ ——~p———7 - cmmm e VDDQ
——————————————————————————— 0.7 x VDDQ
Sing ended signal, provided
as background information N [ _ _ _ _ — - _04 X VDDQ
N e - --0.6x VDDQ
RPRE begin o - — = o 0.3xVvVDDQ
DQS_t-DQS_c e W G 0
Resulting differential gﬁrmﬂg point 5
tRPRE_end
Figure 94 Method for calculating tRPRE transitions and endpoints

LPDDR4 / LPDDR4X Test Modes

Not available.
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Test Procedure:  DDR4 (for Test ID 30121)

o N 0N =

6

Acquire and split read and write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tLZBeginPoint on the DQS signal of the specified burst.

Find the first rising edge (excluding preamble pattern) on DQS of the found burst.
tRPRE2 is the time interval between the rising DQS edge and tLZBeginPoint.

Report tRPRE2.

LPDDR4 / LPDDR4X Test Modes

Not available.

Expected/  DDR4 Test Mode

Observable Results:

5

The measured value of tRPREZ2 shall be within the conformance limits as per the JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

Not available.
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tRPST
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
30114 [tRPST]

LPDDR4 Test Mode
50114 [tRPST]

LPDDR4X Test Mode
60114 [tRPST]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tRPST [DQS_t, DQS_c Differential READ
June 2017 Table 133 Postamble]

LPDDR4 / LPDDRé4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 4.7.4 Table 22 tRPST [0.5 tCK READ postamble]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the time when DQS is no longer driving (from High/Low state to
Hi-Impedance) from the last DQS signal crossing (last bit of the Read data burst) for Read Cycle. You
may customize the limits for evaluation tests usage.

Test Procedure:  DDR4 (for Test ID 30114) / LPDDR4 (for Test ID 50114) / LPDDR4X (for Test ID 60114)

Acquire and split the Read and Write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tHZBeginPoint on the DQS signal of the specified burst.

Find the last falling edge on DQS prior to tHZEndPoint found.
tRPST is the time interval between the falling DQS edge's crossing and tHZEndPoint.

6 Report tRPST.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes
Observable Results:

o M~ W NN -

The measured value of tRPST shall be within the conformance limits as per the JEDEC specification.
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tLZDQS
Mode Supported: DDR4
TestID:  DDRé4 Test Mode
30103 [tLZDQS]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tLZ(DQS) [DQS_t and DQS_c low-impedance
June 2017 Table 133 time]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time when DQS starts driving (*from High-impedance state to
High/Low state) to the nearest rising clock signal crossing. You may customize the limits for
evaluation tests usage.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (30103)

Acquire and split Read and Write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tLZBeginPoint on the DQS signal of the said burst.

Find the nearest Clock rising edge.
tLZ(DQS) is the time interval between the Clock rising edge's crossing point and tLZBeginPoint.

6 Report tLZ(DQS).

o M~ W NN -

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The value of measured tLZ(DQS) shall be within the conformance limits as specified in the JEDEC

specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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tHZDQS
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

298

30118 [tHZDQS]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tHZ(DQS) [DQS_t and DQS_c high-impedance
June 2017 Table 133 time]

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the time when DQS is no longer driving (from High state OR Low
state to the High-impedance state) to the reference clock signal crossing. You may customize the
limits for evaluation tests usage.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode (for Test ID 30118)

Acquire and split read and write burst of the acquired signal.

Validate the Read and Write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tHZEndPoint on the DQS signal of the said burst.

Find the nearest Clock rising edge.
tHZ(DQS) is the time interval between Clock rising edge's crossing point and tHZEndPoint.

6 Report tHZ(DQS).

o~ W NN -

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The value of measured tHZ(DQS) shall be within the conformance limits as specified in the JEDEC
specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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tDVAC(Clock)
Mode Supported: DDR4
TestID:  DDRé4 Test Mode
30022 [tDVAC(Clock)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 8.3.2 Table 85 tDVAC [Allowed time before ring-back]
June 2017

This test is regarded as “Information Only” because the test limits defined in
the specification are not fully defined.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time of the clock signal above VIHdIff(AC) and below
VILdiff(AC).

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for Test ID 30022)

Pre-condition the oscilloscope.

Trigger on the rising edge of the Clock signal under test.

Find all crossings on the rising/falling edge of the signal under test that cross VILdiff(AC).
Find all crossings on the rising/falling edge of the signal under test that cross VIHdIff(AC).

Measure tDVAC(Clock) as the time starting from a rising VIHdiff(AC) cross-point of the DQS and
ending at the following falling VIHdiff(AC) cross-point of DQS.

6 Measure tDVAC(Strobe) as the time starting from a falling VILdiff(AC) cross-point of the DQS and
ending at the following rising VILdiff(AC) cross-point of DQS.

7 Collect all tDVAC(Clock).
Determine the worst result from the set of tDVAC(Clock) measured.
9 Report the value of the worst tDVAC(Clock).

o o~ W N -

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tDVAC(Clock) for the test signal is reported as “Information Only”.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 299



5

300

Timing Tests Group

LPDDR4 / LPDDR4X Test Modes

Not available.
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Timing tests (Clock Timing)

Rising Edge Measurements

tCK(abs) Rising Edge Measurements

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
2 [tCK(abs) Rising Edge Measurements]

LPDDR4 Test Mode
50002 [tCK(abs) Rising Edge Measurements]

LPDDR4X Test Mode
60002 [tCK(abs) Rising Edge Measurements]
DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tCK(abs) [Absolute Clock Period]
June 2017 Table 133
The measurement result is reported as “Information Only” because the
NOTE L . o
JEDEC specification does not have properly defined test limits.

LPDDR4 / LPDDRé4X Test Modes

Specifications document Sectioni Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.1.2
JESD209-4B, February 2017

NOTE This test is regarded as “Information Only” because this parameter is not
subject to production tests as mentioned in section 10.1.2 of the JEDEC
specification.

DDR4 / LPDDR4 / LPDDR4X Test Modes

tCK(abs) is the absolute clock period within a waveform window. The tCK(abs) Rising Edge
Measurement measures the period from the rising edge of a cycle to the next rising edge within the
waveform window.

DDR4 (for Test ID 2) / LPDDR4 (for Test ID 50002) / LPDDR4X (for Test ID 60002)

Example input test signal:
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Expected/
Observable Results:

302

Frequency: 1 kHz, Number of cycles acquired: 202

1 Find the maximum period value for period 1-202.

2 Find the minimum period value for period 1-202.

3 Check the two results for the worst case values.

4 Compare the worst case values to the compliance test limits.
DDR4 / LPDDR4 / LPDDr4X Test Modes

The measured value of tCK(abs) for the test signal is reported as “Information Only”.
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tjit(CC) Rising Edge Measurements
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDRé4 Test Mode
100 [tjit(CC) Rising Edge Measurements]

LPDDR4 Test Mode
507100 [tjit(CC) Rising Edge Measurements]

LPDDR4X Test Mode
60100 [tjit(CC) Rising Edge Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tJIT(CC)_total [Cycle to Cycle Period Jitter]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.1.6
JESD209-4B, February 2017

NOTE This test is regarded as “Information Only” because this parameter is not

subject to production tests as mentioned in section 10.1.6 of the JEDEC
specification.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the difference in the clock period between two consecutive
clock cycles. The tJIT(cc) Rising Edge Measurement measures the clock period from the rising edge
of a clock cycle to the next rising edge.

Test Procedure:  DDR4 (for Test ID 100) / LPDDR4 (for Test ID 50100) / LPDDR4X (for Test ID 60100)
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
1 Measure the difference between every adjacent pair of periods.
2 Generate a total of 201 measurement results.

3 Check the results for the smallest and largest values, which are recorded as the worst case
values.

4 Compare the worst case values to the compliance test limits.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tJIT(cc) shall be within the conformance limits as per the JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

The measured value of tJIT(cc) for the test signal is reported as “Information Only”.
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tCK(avg) Rising Edge Measurements

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

304

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
200 [tCK(avg) Rising Edge Measurements]

LPDDR4 Test Mode
50200 [tCK(avg) Rising Edge Measurements]

LPDDR4X Test Mode

60200 [tCK(avg) Rising Edge Measurements]

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, 13.4 Table 132 & tCK(avg) [Average Clock Period]
JESD79-4B, June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section#  Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.2 Table 130 tCK(avg) [Average Clock Period]
JESD209-4B, February 2017

DDR4 / LPDDR4 / LPDDR4X Test Modes

tCK(avg) is the average clock period within a 200 consecutive cycle window. The tCK(avg) Rising
Edge Measurement measures the period from the rising edge of a cycle to the next rising edge within
the waveform window.

DDR4 (for Test ID 200) / LPDDR4 (for Test ID 50200) / LPDDR4X (for Test ID 60200)
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
Measure a sliding “window” of 200 cycles.

N —

Calculate the average period value for periods 1-200.

w

Calculate the average period value for periods 2-201.

~

Calculate the average period value for periods 3-202.
Three measurement results are generated after step 4 is complete.

o1

Check the three measured results for the smallest and largest values, which are recorded as the
worst case values.

6 Compare the worst case values to the compliance test limits.
DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tCK(avg) shall be within the conformance limits as per the JEDEC
specification.
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tjit(per) Rising Edge Measurements
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
300 [tjit(per) Rising Edge Measurements]

LPDDR4 Test Mode
50300 [tjit(per) Rising Edge Measurements]

LPDDR4X Test Mode
60300 [tjit(per) Rising Edge Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tJIT(per)_tot [Clock Period Jitter - total]
June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, JESD209-4B, 10.1.5

February 2017
NOTE This test is regarded as “Information Only” because this parameter is not
subject to production tests as mentioned in section 10.1.5 of the JEDEC

specification.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the difference between a measured clock period and the
average clock period across multiple cycles of the clock.

Test Procedure:  DDR4 (for Test ID 300) / LPDDR4 (for test ID 50300) / LPDDR4X (for test ID 60300)
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

1 Measure the difference between every period inside a 200 cycle window with the average of the
whole window.

N

Calculate the average for periods 1 to 200.

w

Measure the difference between period #1, period #2 and so on up to period #200; with the
average and save the resulting value as a measurement result.
A total of 200 measurement results are generated.

~

For the next set of measurement values, slide the window by one period and the application
measures the average of period #2 up to period #201.

o1

Compare period #2 with the new average.

Continue the comparison for period #3, #4 and so on up to period #201.

A total of 200 additional measurement results are generated such that there are 400 measured
values overall.
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Expected/
Observable Results:

306

6 Forthe next set of measurement values, slide the window by one more period and the application
measures the average of period #3 up to period #202.

7 Compare period #3 with the new average.
Continue the comparison for period #4, #5 and so on up to period #202.
A total of 200 additional measurement results are generated such that there are 600 measured
values overall.

8 Check the 600 results for the smallest and largest values, which are recorded as the worst case

values.
9 Compare the worst case values to the compliance test limits.
DDR4 Test Mode

The measured value of tJIT(per) shall be within the conformance limits as per the JEDEC
specification.

LPDDR4 / LPDDR4X Test Modes

The measured value of tJIT(per) for the test signal is reported as “Information Only”.
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tERR(nper) Rising Edge Measurements
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X

TestID: 400 [tERR(2per) Rising Edge Measurements]
500 [tERR(3per) Rising Edge Measurements]
600 [tERR(4per) Rising Edge Measurements]
700 [tERR(5per) Rising Edge Measurements]
800 [tERR(Bper) Rising Edge Measurements]
900 [tERR(7per) Rising Edge Measurements]
1000 [tERR(8per) Rising Edge Measurements]
1100 [tERR(9per) Rising Edge Measurements]
1200 [tERR(10per) Rising Edge Measurements
1300 [tERR(11per) Rising Edge Measurements
1400 [tERR(12per) Rising Edge Measurements

1700 [tERR(15per) Rising Edge Measurements
1800 [tERR(16per) Rising Edge Measurements
1900 [tERR(17per) Rising Edge Measurements

(

(

(

(

(

1500 [tERR(13per) Rising Edge Measurements

(

(

(

(

1901 [tERR(18per) Rising Edge Measurements
(

[
[
[ ]
[ ) ]
[ ) ]
[ ) ]
1600 [tERR(T4per) Rising Edge Measurements]
[ ) ]
[ ) ]
[ ) ]
[ ]
[

3000 [tERR(nper) Rising Edge Measurements]

LPDDR4 Test Mode
50400 [tERR(2per) Rising Edge Measurements]
50500 [tERR(3per) Rising Edge Measurements]
50600 [tERR(4per) Rising Edge Measurements]
50700 [tERR(5per) Rising Edge Measurements]
50800 [tERR(6per) Rising Edge Measurements]
50900 [tERR(7per) Rising Edge Measurements]
57000 [tERR(8per) Rising Edge Measurements]
51100 [tERR(9per) Rising Edge Measurements]

57200 [tERR(10per) Rising Edge Measurements]
51300 [tERR(11per) Rising Edge Measurements]
51400 [tERR(12per) Rising Edge Measurements]
53000 [tERR(nper) Rising Edge Measurements]

LPDDR4X Test Mode
60400 [tERR(2per) Rising Edge Measurements]
60500 [tERR(3per) Rising Edge Measurements]
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60600 [tERR(4per) Rising Edge Measurements]
60700 [tERR(5per) Rising Edge Measurements]
60800 [tERR(Bper) Rising Edge Measurements]
60900 [tERR(7per) Rising Edge Measurements]
) ]
) ]

61200 [tERR(10per) Rising Edge Measurements]

61300 [tERR(11per) Rising Edge Measurements]

61400 [tERR(12per) Rising Edge Measurements]

63000 [tERR(nper) Rising Edge Measurements]
References:  DDR4 Test Mode

[tERR(

[tERR(

[tERR(

[ (
61000 [tERR(8per) Rising Edge Measurements
61100 [tERR(9per) Rising Edge Measurements

[tERR(

[tERR(

[tERR(

[

Specifications document Sectioni# Table# Symbol [Parameter]

DDR4 SDRAM Specification, ~ 13.4 Table 132 &  tERR(2per) [Cumulative error across 2 cycles]

JESD79-4B, June 2017 Table 133 tERR(3per) [Cumulative error across 3 cycles]
tERR(4per) [Cumulative error across 4 cycles]
tERR(5per) [Cumulative error across 5 cycles]
tERR(6per) [Cumulative error across 6 cycles]
tERR(7per) [Cumulative error across 7 cycles]
tERR(8per) [Cumulative error across 8 cycles]
tERR(9per) [Cumulative error across 9 cycles]
tERR(10per) [Cumulative error across 10 cycles]
tERR(11per) [Cumulative error across 11 cycles]
tERR(12per) [Cumulative error across 12 cycles]
tERR(13per) [Cumulative error across 13 cycles]
tERR(14per) [Cumulative error across 14 cycles]
tERR(15per) [Cumulative error across 15 cycles]
tERR(16per) [Cumulative error across 16 cycles]
tERR(17per) [Cumulative error across 17 cycles]
tERR(18per) [Cumulative error across 18 cycles]
tERR(nper) [Cumulative error across n =13, 14, 15.. .. 49, 50 cycles]

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the specification document. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the difference between a measured clock period and the
average clock period across multiple cycles of the clock. Supported measurements include multiple
cycle windows with values of “n” (for “n” cycles) where, n is greater than 13 but less than 50.

Test Procedure:  DDR4 (for Test ID 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 3000)
LPDDR4 (for Test ID 50400, 50500, 50600, 50700, 50800, 50900, 51000, 51100, 51200, 53000)
LPDDR4X (for Test ID 60400, 60500, 60600, 60700, 60800, 60900, 61000, 61100, 61200, 63000)
Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202

tERR(2per) is very similar to tJIT(per), except that a small 2-cycle window is formed inside a large
200-cycle window. The width of the total consecutive cycles for the small window (denoted as W) is
compared against equivalent number of consecutive average cycles (denoted as C) obtained from
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the large 200-cycle window (n x C), where C is the average value of the 200 cycle large window and
n is the number of cycles. In the case of tERR(2per), n = 2. The steps described in the following
procedure cover for all cycles, when n is replaced by the respective number of cycles.

1 Calculate the average period inside the first large 200-cycle window, denote as Cy.

2 Calculate the small window width, W (total width of 2 consecutive cycles). The first small window
would cover period #1 and period #2.

3 Calculate the cumulative error value from C1 and W found above using the equation below, where
n=2 for tERR(2 per).
tERR(nper) = W - n x C4, where n is the number of consecutive cycles

4 Sweep the small window across by one period and find the width of the next 2 consecutive cycles
(the next small window would cover period #2 and period #3).
5 Repeat step 3 with the new value of W.

Repeat the process described in steps 1 to 5 until the last small window within C4 (from
period#199 to period#200) is covered.

Find the worst error from step 4 and denote it as CumErr1.

Repeat steps 1 to 7 to derive CumErr2 (for the second large 200-cycle window of period cycle #2
to #201) and CumErr3 (for the third large 200-cycle window of period cycle #3 to #202).

9 Determine the worst error CumErr1, CumErr2 and CumErr3. Report the worst value as the result
for tERR(2per).

tERR(3per) is the same as tERR(2per) except that the small window size is 3-cycle wide. tERR(4per)
uses a smaller window size of 4-cycle period and tERR(5per) uses an even smaller window size of
5-cycle period. The same pattern is applied for tERR(6per), tERR(7per), tERR(8per), tERR(9per),
tERR(10per), tERR(11per), tERR(12per), tERR(13per), tERR(14per), tERR(15per), tERR(16per),
tERR(17per), tERR(18per) and tERR(nper), which follows the same principle for tERR(13per) through
tERR(50per).

Expected/  DDR4 Test Mode

Observable Results: All measured values of tERR(nper) for the test signal shall be within the conformance limits as per the

JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

All measured values of tERR(nper) for the test signal as reported as “Information Only”.
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Pulse Measurements

tCH(abs) Absolute clock HIGH pulse width

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

310

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
2200 [tCH(abs) Absolute Clock HIGH pulse width]

LPDDR4 Test Mode
52200 [tCH(abs) Absolute Clock HIGH pulse width]

LPDDR4X Test Mode

62200 [tCH(abs) Absolute Clock HIGH pulse width]

DDR4 Test Mode
Specifications document Sectioni#t Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, June 13.4 Table 132 & tCH(abs) [Absolute Clock HIGH Pulse
2017 Table 133 Width]

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.1.4
JESD209-4B, February 2017

NOTE This test is regarded as “Information Only” because this parameter is not

subject to production tests as mentioned in section 10.1.4 of the JEDEC
specification.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the absolute duty cycle of all positive pulse widths within a
window of 200 consecutive cycles.

DDR4 (for Test ID 2200) / LPDDR4 (for Test ID 52200) / LPDDR4X (for Test ID 62200) /
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

1 Find the maximum high pulses width value for positive pulses #1 to #202.
2 Find the minimum high pulses width value for positive pulses #1 to #202.
3 Check these two results for the worst case values.

4 Compare the worst case values to the compliance test limits.

DDR4 Test Mode

The measured value of tCH(abs) shall be within the conformance limits as specified in the JEDEC
specification.
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LPDDR4 / LPDDR4X Test Modes

The measured value of tCH(abs) for the test signal is reported as “Information Only”.
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tCL(abs) Absolute clock LOW pulse width
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
2250 [tCL(abs) Absolute Clock LOW pulse width]

LPDDR4 Test Mode
52250 [tCL(abs) Absolute Clock LOW pulse width]

LPDDR4X Test Mode
62250 [tCL(abs) Absolute Clock LOW pulse width]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tCL(abs) [Absolute Clock LOW Pulse Width]
June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, JESD209-4B, 10.1.4

February 2017
NOTE This test is regarded as “Information Only” because this parameter is not
subject to production tests as mentioned in section 10.1.4 of the JEDEC

specification.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the absolute duty cycle of all negative pulse widths within a
window of 200 consecutive cycles.

Test Procedure: ~ DDR4 (for Test ID 2250) / LPDDR4 (for Test ID 52250) / LPDDR&X (for Test ID 62250)
Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202
1 Find the maximum low pulses width value for negative pulses #1 to #202.
2 Find the minimum low pulses width value for negative pulses #1 to #202.

3 Check these two results for the worst case values.
4 Compare the worst case values to the compliance test limits.
Expected/  DDR4 Test Mode

Observable Results: The measured value of tCL(abs) shall be within the conformance limits as per the JEDEC

specification.

LPDDR4 / LPDDRé4X Test Modes

The measured value of tCL(abs) for the test signal is reported as “Information Only”.
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tCH Average High Measurements
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDRé4 Test Mode
2000 [tCH Average High Measurements]

LPDDR4 Test Mode
52000 [tCH Average High Measurements]

LPDDR4X Test Mode
62000 [tCH Average High Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tCH(avg) [Average High Pulse Width]
June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.2 Table 130 tCH(avg) [Average High Pulse Width]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the average duty cycle of all positive pulse widths within a
window of 200 consecutive cycles.

Test Procedure:  DDR4 (for Test ID 2000) / LPDDR4 (for Test ID 52000) / LPDDR4X (for Test ID 62000)
Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202

1 Measure a sliding “window” of 200 cycles.

2 Measure the width of the high pulses from cycle #1 to cycle #200 and determines the average
value for this window. This generates one measurement result.

w

Measure the width of the high pulses from cycle #2 to cycle #2017 and determines the average
value for this window. This generates one more measurement result and two measurement
values, overall.

Measure the width of the high pulses from cycle #3 to cycle #202 and determines the average
value for this window.This generates one more measurement result and three measurement
results, overall.

Check the three measured values for the smallest and largest values, which are recorded as the
worst case values.

~

o1

6 Compare the worst case values to the compliance test limits.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of tCH(avg) shall be within the conformance limits as per the JEDEC

specification.
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tCL Average Low Measurements
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
2050 [tCL Average Low Measurements]

LPDDR4 Test Mode
52050 [tCL Average Low Measurements]

LPDDR4X Test Mode
62050 [tCL Average Low Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tCL(avg) [Average low Pulse Width]
June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.2 Table 130 tCL(avg) [Average low Pulse Width]
February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to measure the average duty cycle of all negative pulse widths within a
window of 200 consecutive cycles.

Test Procedure:  DDR4 (for Test ID 2050) / LPDDR4 (for Test ID 52050) / LPDDR4X (for Test ID 62050)
Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202

1 Measure a sliding “window” of 200 cycles.

2 Measure the width of the low pulses 1 to 200 and determines the average value for this window.
This generates one measurement result.

w

Measure the width of the low pulses from 2 to 201 and determines the average value for this
window. This generates one more measurement result and two measurement values overall.

~

Measure the width of the low pulses 3 to 202 and determines the average value for this window.
This generates one more measurement result and three measurement results overall.

o1

Check the three measured values for the smallest and largest values, which are recorded as the
worst case values.

6 Compare the worst case values to the compliance test limits.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Mode

le Results: s .
Observable Results The measured value of tCL(avg) shall be within the conformance limits as per the JEDEC

specification.
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tjit(duty-high) Jitter Average High Measurements
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
2100 [tjit(duty-high) Jitter Average High Measurements]

LPDDR4 Test Mode
52100 [tjit(duty-high) Jitter Average High Measurements]

LPDDR4X Test Mode
62100 [tjit(duty-high) Jitter Average High Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tJIT(duty) [Duty Cycle Jitter]
June 2017 Table 133

This test is regarded as “Information Only” because the test limits defined in
the specification are not fully defined.

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the specification document. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The tJIT(duty-high) Jitter Average High Measurement measures the time period between a positive
pulse width of a cycle in the waveform and the average positive pulse width of all cycles in a 200
consecutive cycle window.

Test Procedure: ~ DDR4 (for Test ID 2100) / LPDDR4 (for Test ID 52100) / LPDDR4X (for Test ID 62100)
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
For tJIT(duty-high) measurement, the Compliance Test Application:

1 Measures the difference between every high pulse width inside a 200 cycle window with the
average of the whole window.

2 Calculates the average for high pulse width from 1 to 200.
Measures the difference between high pulse width #1, high pulse width #2 and so on up to high
pulse width #200; with the average and saves the resulting value as a measurement result.
A total of 200 measurement results are generated.

4 For the next set of measurement values, slide the window by one period and the application
measures the average of high pulse width #2 up to high pulse width #201.

5 Compares high pulse width #2 with the new average.
Continue the comparison for high pulse width #3, #4 and so on up to high pulse width #201.
A total of 200 additional measurement results are generated such that there are 400 measured
values overall.

6 Forthe next set of measurement values, slide the window by one more period and the application
measures the average of high pulse width #3 up to high pulse width #202.
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7 Compares high pulse width #3 with the new average.
Continue the comparison for high pulse width #4, #5 and so on up to high pulse width #202.
A total of 200 additional measurement results are generated such that there are 600 measured
values overall.

8 Check the 600 measured values for the smallest and largest values, which are recorded as the
worst case values.

9 Compare the worst case values to the compliance test limits.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tJIT(duty-high) for the test signal is reported as “Information Only”.
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tjit(duty-low) Jitter Average Low Measurements
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
2150 [tjit(duty-low) Jitter Average Low Measurements]

LPDDR4 Test Mode
52150 [tjit(duty-low) Jitter Average Low Measurements]

LPDDR4X Test Mode
62150 [tjit(duty-low) Jitter Average Low Measurements]
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tJIT(duty) [Duty Cycle Jitter]
June 2017 Table 133

This test is regarded as “Information Only” because the test limits defined in
the specification are not fully defined.

LPDDR4 / LPDDR4X Test Modes

There is no reference available for this test in the specification document. The measurement result is
reported as “Information Only”.

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes

The tJIT(duty-low) Jitter Average Low Measurement measures the time period between a negative
pulse width of a cycle in the waveform and the average negative pulse width of all cycles in a 200
consecutive cycle window.

Test Procedure: ~ DDR4 (for Test ID 2150) / LPDDR4 (for Test ID 52150) / LPDDR4X (for Test ID 62150)
Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
For tJIT(duty-low) measurement, the Compliance Test Application:

1 Measures the difference between every low pulse width inside a 200 cycle window with the
average of the whole window.

2 Calculates the average for low pulse width from 1 to 200.
Measures the difference between low pulse width #1, low pulse width #2 and so on up to low
pulse width #200; with the average and saves the resulting value as a measurement result.
A total of 200 measurement results are generated.

4 For the next set of measurement values, slide the window by one period and the application
measures the average of low pulse width #2 up to low pulse width #201.

5 Compares low pulse width #2 with the new average.
Continue the comparison for low pulse width #3, #4 and so on up to low pulse width #201.
A total of 200 additional measurement results are generated such that there are 400 measured
values overall.

6 Forthe next set of measurement values, slide the window by one more period and the application
measures the average of low pulse width #3 up to low pulse width #202.
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7 Compares low pulse width #3 with the new average.
Continue the comparison for low pulse width #4, #5 and so on up to low pulse width #202.
A total of 200 additional measurement results are generated such that there are 600 measured
values overall.

8 Check the 600 measured values for the smallest and largest values, which are recorded as the
worst case values.

9 Compare the worst case values to the compliance test limits.
Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tJIT(duty-low) for the test signal is reported as “Information Only”.
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Timing tests (Command Address timing)

tIS(base)
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

30201 [tIS (base)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tIS (base) [Command and Address setup time to
June 2017 Table 133 CK_t, CK_c referenced to Vih(ac)/Vil(ac) levels]

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the time interval from the address or control (Add/Ctrl
Rising/Falling edge) set up time to the associated clock rising edge.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 (for Test ID 30201)

1 Acquire and validate that the Clock and CA signal crosses the thresholds.
2 Find all edges of the Clock and CA signals.

3 Perform the setup time measurement.

a Onevery rising or falling edge (or both edges) of the acquired and valid CA signal on the upper
threshold, find:

i The first closest rising edge of the Clock on the middle threshold for 1T clocking method

i The second closest rising edge of the Clock on the middle threshold for 2T clocking
method

b Under the Configure tab of the Compliance Test Application, use the label “Edge Type for
SetupTime measurements” to configure the required rising edge or falling edge (or both
edges) on the CA signal.

¢ Also, use the label “Clocking Method” in the Configure tab to configure the clocking method.
4 The minimum value of the measurement is reported as the test result.

LPDDR4 / LPDDR4X Test Modes
Not available.

DDR4 Test Mode

The measured values of tIS (base) shall be within the conformance limits as per the JEDEC
specification.
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LPDDR4 / LPDDR4X Test Modes

Not available.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Timing Tests Group 5

tIH(base)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30202 [tIH (base)]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tIH (base) [Command and Address hold time to
June 2017 Table 133 CK_t, CK_c referenced to Vih(dc)/Vil(dc) levels]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time interval from the address or control (Add/Ctrl
Rising/Falling edge) hold time to the associated clock crossing edge.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for Test ID 30202)

1 Acquire and validate that the Clock and CA signals cross the thresholds.
2 Find all edges of the Clock and CA signals.

3 Perform hold time measurement.
At every rising edge of the Clock signal on the middle threshold, find the closest rising or falling
edge (or both edges) of the acquired and valid CA signal on the upper threshold.

4 Under the Configure tab of the Compliance Test Application, use the label “Edge Type for
HoldTime measurements” to configure the required rising edge or falling edge (or both edges) on
the CA signal.

5 The minimum value of the measurement is reported as the test result.
LPDDR4 / LPDDR4X Test Modes
Not available.

Expected/  DDR4 Test Mode

Observable Results: The measured values of tIH (base) shall be within the conformance limits as per the JEDEC

specification.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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tCKE
Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

322

DDR4
DDR4 Test Mode
30206 [tCKE]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tCKE [CKE minimum pulse width]
June 2017 Table 133

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode

The purpose of this test is to verify that the pulse width of the Clock Enable (CKE) signal must be
within the conformance limit as per the JEDEC specification.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 (for Test ID 30206)

1 Acquire and validate that the Clock signal crosses the thresholds.
Find all edges on the Clock signals.

With all crossings found on the rising/falling edge of the CKE signal and all crossings found on
the rising edge of the Clock signal:

a On the rising/falling edge of the CKE signal, find the nearest rising edge of the Clock signal to
the right and denote it as ClkEdgeT.

b On the next rising/falling edge of the CKE signal, find the nearest rising edge of the Clock
signal to the right and denote it as ClkEdge2.

Calculate the time difference and repeat steps 3a and 3b for all CKE edges found earlier.
5 Determine the worst time difference measured.
Report the value of tCKE for the final test result.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The measured tCKE value for the test signal shall be within the conformance limits as per the JEDEC
specification mentioned in the References section.

LPDDR4 / LPDDR4X Test Modes
Not Available.
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tIPW
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30207 [tIPW]

LPDDR4 / LPDDR4X Test Modes
Not available.
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 & tIPW [Control and Address Input
June 2017 Table 133 pulse width for each input]

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify that the pulse width of the high level or low level of address and
control signal must be within the conformance limit as per the JEDEC specification.

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure:  DDR4 (for Test ID 30207)

1 Pre-condition the oscilloscope.

2 Trigger on either the rising or the falling edge of the address or control signal under test.

3 Find all such crossings on the rising/falling edge of the signal under test that cross VrefCA.

4 On the signal under test, measure tIPW as the time starting from the rising edge and ending at
the consecutive falling edge and as the time starting from the falling edge and ending at the
consecutive rising edge.

5 Collect all values of tIPW.

6 Determine the worst result from the set of tIPW values measured.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured tIPW value for the test signal shall be within the conformance limits as per the JEDEC

specification mentioned in the References section.

LPDDR4 / LPDDR4X Test Modes
Not Available.
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t1S(Vref)
Mode Supported: DDR4
TestID:  DDR4 Test Mode

References:

Test Overview:

Test Procedure:

Expected/
Observable Results:

324

30208 [tIS(Vref)]

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 Command and Address setup time to CK_t, CK_c
June 2017 referenced to Vref levels

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

The purpose of this test is to verify the time interval from the address or control (Add/Ctrl
Rising/Falling edge) set up time to the associated clock rising edge.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 (for Test ID 30208)

1 Acquire and validate that the Clock and CA signal crosses the thresholds.
2 Find all edges of the Clock and CA signals.

3 Perform the setup time measurement.

a On every rising or falling edge (or both edges) of the acquired and valid CA signal at VrefCA
level, find:

i The first closest rising edge of the Clock on the middle threshold for 1T clocking method

i The second closest rising edge of the Clock on the middle threshold for 2T clocking
method

b Under the Configure tab of the Compliance Test Application, use the label “Edge Type for
SetupTime measurements” to configure the required rising edge or falling edge (or both
edges) on the CA signal.

c Also, use the label “Clocking Method” in the Configure tab to configure the clocking method.
4 The minimum value of the measurement is reported as the test result.
LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode
The measured values of tIS(Vref) shall be within the conformance limits as per the JEDEC
specification.
LPDDR4 / LPDDR4X Test Modes

Not available.
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tIH(Vref)
Mode Supported: DDR4
TestID:  DDR4 Test Mode
30209 [tIH(Vref)]

LPDDR4 / LPDDR4X Test Modes
Not available.
References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.4 Table 132 Command and Address hold time to CK_t, CK_c
June 2017 referenced to Vref levels

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to verify the time interval from the address or control (Add/Ctrl
Rising/Falling edge) hold time to the associated clock crossing edge.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 Test Mode (for Test ID 30209)
1 Acquire and validate that the Clock and CA signals cross the thresholds.

2 Find all edges of the Clock and CA signals.

Perform hold time measurement.
At every rising edge of the Clock signal on the middle threshold, find the closest rising or falling
edge (or both edges) of the acquired and valid CA signal at VrefCA level.

4 Under the Configure tab of the Compliance Test Application, use the label “Edge Type for Hold
Time measurements” to configure the required rising edge or falling edge (or both edges) on the
CA signal.

5 The minimum value of the measurement is reported as the test result.
LPDDR4 / LPDDR4X Test Modes
Not available.

Expected/  DDR4 Test Mode

Observable Results: The measured values of tIH(Vref) shall be within the conformance limits as per the JEDEC

specification.

LPDDR4 / LPDDR4X Test Modes

Not available.
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6 Eye Diagram Tests Group

Overview

The following group pertains to tests that require the generating and processing of an eye diagram
when performing test measurements.

Threshold Settings for R/W Separation [Eye Diagram Tests]

Table 11 and Table 12 list the threshold settings that are used to process the acquired bursts and
that separate the Read and Write bursts. These settings affect the results of Read/Write Separation.
There are two threshold modes under ‘Threshold Mode’ in the Configure tab that determine the
threshold values that are used by the Compliance Test Application for Read/Write Separation.

Table 11 Threshold Settings - TopBaseRatio (Auto)

Burst Separation Threshold values used by Compliance Config Variable Names Note
Method Application
DQS Upper Threshold DQS Channel Top Ratio 1
DQS Middle Threshold DQS Channel Middle Ratio 1
DQS-DQ Phase
Difference DQ Middle Threshold DQ Channel Middle Ratio 2
DQ-DQS Phase-Shift Threshold DQ to DQS Phase Shift for Read (%) or DQ to
DQS Phase Shift for Write (%)
DQS Upper Threshold DQS Upper Threshold for Burst Trigger Method
(V)
DQS Middle Threshold DQS Middle Threshold for Burst Trigger
Pre-Amble Pattern Method (V)
DQS Lower Threshold DQS Lower Threshold for Burst Trigger Method
(V)
DQ Middle Threshold VRefDQ (V)
DQS Upper Threshold DQS Channel Top Ratio 1
Rd or Wrt Only DQS Middle Threshold DQS Channel Middle Ratio 1
DQ Middle Threshold DQ Channel Middle Ratio 2

Note 1 — Example: If DQS signal is fed to Channel 1 of the Oscilloscope, Channel 1’s Top and Base Ratios are used
internally as threshold values by the Compliance Application (see Figure 95). For Middle Ratio, OV is used for
differential signals. Otherwise, the Middle Ratio value used is the average of Top and Base Ratio values for sin-
gle-ended signals. The threshold is set based on the ratio of the peak-to-peak voltage DQS signal.

Note 2 — Example: The same behavior mentioned above applies for DQ Channel signal.
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DDR4 Transmitter Tests

Skip Connection Diagram Prompt (No)

Skip Error Message (No)

Burst Trigger Threshold Settings
Burst Envelope Threshold (0.5)
Threshold Mode (TopBaseRatic)
Minimum Data Amplitude (0.5)
CHANNEL 1

TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)

Custom Threshold
Upper Threshold (V) (0.50)
Middle Threshold (V) (0.00)
Lower Threshold (V) (-0.50)

Figure 95 Automatic Threshold settings

Table 12 Custom Threshold Settings (Manual)

Burst Separation Threshold values used by Compliance
Method Application

DQS Upper Threshold
DQS Middle Threshold

DQS-DQ Phase

Difference DQ Middle Threshold

DQ-DQS Phase-Shift Threshold

DQS Upper Threshold

DQS Middle Threshold
Pre-Amble Pattern
DQS Lower Threshold

DQ Middle Threshold
DQS Upper Threshold
Rd or Wrt Only DQS Middle Threshold

DQ Middle Threshold

Config Variable Names

DQS Channel Upper Threshold (V)
DQS Channel Middle Threshold (V)
DQ Channel Middle Threshold (V)

DQ to DQS Phase Shift for Read (%) or DQ to
DQS Phase Shift for Write (%)

DQS Upper Threshold for Burst Trigger Method
(v)

DQS Middle Threshold for Burst Trigger
Method (V)

DQS Lower Threshold for Burst Trigger Method
(v)

VRefDQ (V)
DQS Channel Upper Threshold (V)
DQS Channel Middle Threshold (V)

DQ Channel Middle Threshold (V)

Note

Note 1 — Example: If DQS signal is fed to Channel 1 of the Oscilloscope, Channel 1’s Upper, Middle and Lower

Thresholds are used internally as threshold values by the Compliance Application (see Figure 96).

Note 2 — Example: The same behavior mentioned above applies for DQ Channel signal.
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DDR4 Transmitter Tests

Skip Connection Diagram Prompt (No)

Skip Error Message (No)

Burst Trigger Threshold Settings
Burst Envelope Threshold (0.5)
Threshold Mode (Custom Threshold)
Minimum Data Amplitude (0.5)
CHANNEL 1

TopBaseRatio
Top Ratio (0.80)
Base Ratio (0.20)

Custom Threshold
Upper Threshold (V) (0.50)
Middle Thresheld (V) (0.00)
Lower Threshold (V) (-0.50)

Figure 96 Manual Threshold settings

DDR Read/Write Separation [Eye Diagram Tests]

It is essential to separate the Read and Write bursts for most tests that must be performed on
specific Read burst or Write burst region. Table 13 lists the Burst Trigger Method for Read/Write

Separation.

Table 13 Burst Trigger Methods for Read/Write Separation

Burst Separation o Signal to evaluate . . Available in
Method Description Read or Write Available in DDR4 LPDDRA4
DQS-DQ Phase Uses phase difference between DQS
Difference and DQ to differentiate Read and DQS and DQ Yes Yes
Write bursts
Pre-Amble Pattern Use DQS preamble pattern to DGS Only No Yes

differentiate Read and Write bursts

Rd or Wrt Only Does not differentiate Read and
Write bursts. All the bursts in the
acquisition are presumed to be the
burst of interest.

DQS Only Yes Yes

Figure 97 to Figure 99 show flowcharts depicting the process of Read/Write Separation.
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Figure 97 DQS-DQ Phase Difference (Eye Diagram Tests)
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Figure 98

Pre-Amble Pattern (Eye Diagram Tests)
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Figure 99 Read or Write Only (Eye Diagram Tests)
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Eye-Diagram for Data and Data Strobe (WRITE)

334

WRITE cycle tests

User Defined Real-Time Eye Diagram Test for Write Cycle

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

DDR4
DDR4 Test Mode
20402 [Eye Diagram Test for Write Cycle]

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 Test Mode

Not available.
For SDRAM type DDR4, this test appears under the Select Tests tab only

when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode

The purpose of this test is to generate an eye diagram for the WRITE cycle.

LPDDR4 / LPDDR4X Test Modes
Not available.
DDR4 (for Test ID 20402)

Calculate initial time scale value based on selected DDR4 speed grade options.
Calculate number of sampling points according to the time scale value.
Check for valid DQS input test signals by verifying its frequency and amplitude values.

N o N -

Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals in the form
of recovered clock for eye folding later.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

Set the Color Grade Display option to ON.

Set up Mask Test settings.

h ® Q O O

Set up Clock Recovery settings on SDA.

. Explicit clock, Source = Filtered DQS, Rise/Fall Edge
g Set Real Time Eye on SDA to ON.
5 Perform Eye Folding:
a Setthe Mask Test Run setting to ‘Forever.
Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.
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6 Once the count for required waveforms is reached, it marks the end of test.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: This test is reported as “Information Only”.

LPDDR4 / LPDDR4X Test Modes

Not available.
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tDIVW Margin
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
20403 [tDIVW Margin]
LPDDR4 Test Mode
50403 [tDIVW Margin]
LPDDR4X Test Mode
60403 [tDIVW Margin]
References:  DDR4 Test Mode
Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 TdIVW [Rx timing window]
June 2017

NOTE This test does not measure the tdIVW parameter directly (which is,
otherwise, documented in the DDR4 JESD79-4B specifications). This test is
customized based on user inputs during the DDR4 application development
initially.

LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.6 Table 134 TdIVW_total [Rx timing window total (at VdIVW
February 2017 voltage levels)]

NOTE This test does not measure the tDIVW_total parameter directly (which is,
otherwise, documented in the LPDDR4 JESD209-4B specifications). This
test is customized based on user inputs during the DDR4 application
development initially.

Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to measure the minimum tDIVW Margin of the WRITE eye diagram
generated.
Test Procedure: ~ DDR4 (for Test ID 20403)

1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
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4 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Setthe Real Time Eye on SDA to ON.
5 Perform Mask Testing:

h ® Q O O

a Set the Mask Test Run Until setting to ‘Forever'.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width of 0.2Ul
and a Test Mask height of 136mV.

8 Use the Histogram feature in the Infiniium Application to measure the tDIVW Margin value for all
the four corners of the Test Mask.
The tDIVW Margin for each Test Mask corner is denoted by tDIVW_m1, tDIVW_m2, tDIVW_m3
and tDIVW_m4, as shown in Figure 100.

RSt - — — — | —m——
DQS_c 4/ _
tDIVW_ml tDIVW_mfl
T 177
0 Yo
DQx ,;\ :,’&I WA
(\"I | I | FAYAA)
tDIVW m2 tDIVW m3

Figure 100 tDIVW Margins
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9

10

1

Find the minimum value between tDIVW_m1, tDIVW_m?2, tDIVW_m3 and tDIVW_m4. Use the
minimum value as the worst time gap.

Calculate the margin (in percentage) using the equation:
Margin (%) = [(Worst_time_gap) / (Half of mask width)] x 100%

where, Worst_time_gap is the time gap between the mask and the eye at four corners m1, m2,

m3, M4.
Report the worst time gap and margin percentage as test results.

LPDDR4 (for Test ID 50403) / LPDDR4X (for Test ID 60403)

1

Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

Calculate the number of sampling points based on the time scale value calculated in the previous
step.

Check for valid DQS input test signals by verifying its frequency and amplitude values.

Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for D@x channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

S ® Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge

g Setthe Real Time Eye on SDA to ON.

Perform Mask Testing:

a Set the Mask Test Run Until setting to ‘Forever'.

b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration

option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of

Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test

Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the

Compliance Application evaluates the Vcent value based on the level of widest eye opening on

the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a

Test Mask height, which uses the values of the following configuration options in the Compliance

Test Application:

Test Mask Width = tDIVW configuration option
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Test Mask Height = vDIVW (V) configuration option

8 Use the Histogram feature in the Infiniium Application to measure the tDIVW Margin value for all
the four corners of the Test Mask.
The tDIVW Margin for each Test Mask corner is denoted by tDIVW_m1, tDIVW_m2, tDIVW_m3

and tDIVW_m4, as shown in Figure 100.
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Figure 101 tDIVW Margins

9 Find the minimum value between tDIVW_m1, tDIVW_m2, tDIVW_m3 and tDIVW_m4. Use the
minimum value as the worst time gap.

10 Calculate the margin (in percentage) using the equation:
Margin (%) = [(Worst_time_gap) / (Half of mask width)] x 100%
where, Worst_time_gap is the time gap between the mask and the eye at four corners m1, m2,
m3, m4.
11 Report the worst time gap and margin percentage as test results.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . . - . . o
Observable Results The measured tDIVW Margin value for the test signal indicates if there is a violation in the mask

region.
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tDIVW
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
120403 [tDIVW]
LPDDR4 Test Mode
150403 [tDIVW]
LPDDR4X Test Mode
650403 [tDIVW]
References:  DDR4 Test Mode
Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 TdIVW [Rx timing window]
June 2017
NOTE For SDRAM type DDR4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.6 Table 134 TdIVW_total [Rx timing window total (at VdIVW
February 2017 voltage levels)]
NOTE For SDRAM type LPDDR4/LPDDRA4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.
Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify if there is any violation in the WRITE Eye Diagram with reference
to the defined tDIVW_total parameter.
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Figure 102 DQ Receiver (Rx) Mask (JEDEC Standard No. 209-4A)

Test Procedure: ~ DDR#4 (for Test ID 120403)
1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for D@x channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Setthe Real Time Eye on SDA to ON.
5 Perform Mask Testing:
a Set the Mask Test Run Until setting to ‘Forever'.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

h ® Q O T

6 Determine and store the Vcent value.
There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.
If the “Vecent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.
If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.
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The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width of 0.2Ul
and a Test Mask height of 136mV.

8 Measure the Eye Width at the Test Mask top level (tDIVW_top) and Eye Width at the Test Mask
bottom level (tDIVW_bottom).
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Figure 103 tDIVW_top and tDIVW_bottom

9 Find the minimum value between tDIVW_top and tDIVW_bottom.
Use the minimum value as the worst test result.

10 Report the worst test result.

LPDDR4 (for Test ID 150403) / LPDDR4X (for Test ID 650403)

1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for D@x channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

. Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Set the Real Time Eye on SDA to ON.
5 Perform Mask Testing:
Set the Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

h ©® Q O O
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6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option
Test Mask Height = vDIVW (V) configuration option

8 Measure the Eye Width at the Test Mask top level (tDIVW_top) and Eye Width at the Test Mask
bottom level (tDIVW_bottom).
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Figure 104 tDIVW_top and tDIVW_bottom

9 Find the minimum value between tDIVW_top and tDIVW_bottom.
Use the minimum value as the worst test result.

10 Report the worst test result.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of tDIVW for the test signal must be within the conformance limit as per the

specification mentioned under the References section.
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vDIVW Margin
Mode Supported:  DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
20404 [vDIVW Margin]
LPDDR4 Test Mode
50404 [vDIVW Margin]
LPDDR4X Test Mode
60404 [VDIVW Margin]
References:  DDR4 Test Mode
Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 VdIVW [Rx Mask Voltage p-p]
June 2017
NOTE This test does not measure the VdIVW parameter directly (which is,
otherwise, documented in the DDR4 JESD79-4B specifications). This test is
customized based on user inputs during the DDR4 application development
initially.
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.6 Table 134 VdIVW _total [Rx Mask Voltage p-p total]
February 2017
NOTE This test does not measure the vDIVW_total parameter directly (which is,
otherwise, documented in the LPDDR4 JESD209-4B specifications). This
test is customized based on user inputs during the DDR4 application
development initially.
Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to measure the minimum vDIVW Margin of the WRITE eye diagram
generated.
Test Procedure: ~ DDRA4 (for Test ID 20404)

—

Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

N

Calculate the number of sampling points based on the time scale value calculated in the previous
step.

Check for valid DQS input test signals by verifying its frequency and amplitude values.

w
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4 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Setthe Real Time Eye on SDA to ON.
5 Perform Mask Testing:

h ® Q O O

a Set the Mask Test Run Until setting to ‘Forever'.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.
6 Determine and store the Vcent value.
There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width of 0.2Ul
and a Test Mask height of 136mV.

8 Use the Histogram feature in the Infiniium Application to measure the vDIVW Margin value for the
top and the bottom area of the Test Mask.
The measured vDIVW margin is denoted as vDIVW Margin upper and vDIVW Margin lower.
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Figure 105 vDIVW Margin Upper and vDIVW Margin Lower
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9

10

M

Find the minimum value between vDIVW Margin Upper and vDIVW Margin lower. Use this value
as the worst voltage gap.

Calculate the worst margin (in percentage) using the equation:
Margin (%) = [(Worst_voltage_gap) / (Half of mask height)] x 100%

where, Worst_voltage_gap is the voltage gap between the mask and the eye at the top and

bottom.
Report the worst voltage gap and the margin percentage as test results.

LPDDR4 (for Test ID 50404) / LPDDR4X (for Test ID 60404)

1

Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

Calculate the number of sampling points based on the time scale value calculated in the previous
step.

Check for valid DQS input test signals by verifying its frequency and amplitude values.

Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fixed vertical scale values for D@x channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

S ® Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge

g Setthe Real Time Eye on SDA to ON.

Perform Mask Testing:

a Set the Mask Test Run setting to ‘Forever’.

b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration

option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of

Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test

Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the

Compliance Application evaluates the Vcent value based on the level of widest eye opening on

the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a

Test Mask height, which uses the values of the following configuration options in the Compliance

Test Application:

Test Mask Width = tDIVW configuration option
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Test Mask Height = vDIVW (V) configuration option

8 Use the Histogram feature in the Infiniium Application to measure the vDIVW Margin value for the
top and the bottom area of the Test Mask.
The measured vDIVW margin is denoted as vDIVW Margin upper and vDIVW Margin lower.
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Figure 106 vDIVW Margin Upper and vDIVW Margin Lower

9 Find the minimum value between vDIVW Margin Upper and vDIVW Margin lower. Use this value
as the worst voltage gap.

10 Calculate the worst margin (in percentage) using the equation:
Margin (%) = [(Worst_voltage_gap) / (Half of mask height)] x 100%
where, Worst_voltage_gap is the voltage gap between the mask and the eye at the top and
bottom.
11 Report the worst voltage gap and the margin percentage as test results.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of vDIVW Margin for the test signal indicates if there is a violation in the mask

region.
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vDIVW
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
120404 [vDIVW]
LPDDR4 Test Mode
150404 [vDIVW]
LPDDR4X Test Mode
650404 [vDIVW]
References:  DDR4 Test Mode
Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 VdIVW [Rx Mask Voltage p-p]
June 2017
NOTE For SDRAM type DDR4, this test appears under the Select Tests tab only
when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.6 Table 134 VdIVW _total [Rx Mask Voltage p-p total]
February 2017
NOTE For SDRAM type LPDDR4/LPDDRA4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.
Test Overview: ~ DDR4 Test Mode

The purpose of this test is to verify if there is any violation in the WRITE eye diagram with reference to
the defined VdiVW parameter.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify if there is any violation in the WRITE eye diagram with reference to
the defined VdiVW_total parameter.
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Figure 107 DQ Receiver (Rx) Mask (JEDEC Standard No. 209-4A)

Test Procedure:  DDR4 (for Test ID 120404)

1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge

g Set the Real Time Eye on SDA to ON.
5 Perform Mask Testing:

h ©® Q O O

a Setthe Mask Test Run Until setting to ‘Forever'.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.
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The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width of 0.2Ul
and a Test Mask height of 136mV.

8 Measure the minimum value of the eye diagram above the Test Mask. Denote it as vDIVW_top.

Measure the maximum value of the eye diagram below the Test Mask. Denote it as
vDIVW_bottom.
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Figure 108 vDIVW_top and vDIVW_bottom

10 The difference between vDIVW_top and vDIVW_bottom is used as the final test result.
11 Report the vDIVW test result.

LPDDR4 (for Test ID 150404) / LPDDR4X (for Test ID 650404)

1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

. Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Setthe Real Time Eye on SDA to ON.

N ® Q O T
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5 Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option
Test Mask Height = vDIVW (V) configuration option
Measure the minimum value of the eye diagram above the Test Mask. Denote it as vDIVW_top.

9 Measure the maximum value of the eye diagram below the Test Mask. Denote it as
vDIVW_bottom.
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Figure 109 vDIVW_top and vDIVW_bottom

10 The difference between vDIVW_top and vDIVW_bottom is used as the final test result.
11 Report the vDIVW test result.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured value of vDIVW for the test signal must be within the conformance limit as per the

specification mentioned under the References section.
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SRIN_divW
Mode Supported: DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

20417 [SRIN_diVW]

LPDDR4 Test Mode

20409 [SRIN_divW]

LPDDR4X Test Mode

60409 [SRIN_diVW]

References:  DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 srr1, srf1 [Input Slew Rate over VdIVW]
June 2017

LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, JESD209-4B, 10.6 Table 134 SRIN_dIVW [Input Slew Rate over VdIVW_total]
February 2017

Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the input slew rate over VdIVW Mask centered at Vcent_DQ.
"
Rx Mask
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Test Procedure:

352

DDR4 (for Test ID 20411)

1 Calculate initial time scale value based on selected DDR4 speed grade options.
2 Calculate number of sampling points according to the time scale value.
3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
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4 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fix vertical scale values for DQx channel and DQSx channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.

h ® Q O O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:
a Set the Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.
There is an option to derive Vcent, which depends on the “Vcent Evaluation Mode” configuration
option.
If the “Vcent Evaluation Mode” option is set to “User defined Vcent”, the value of Vcent follows
the value of the “User Defined Vcent” configuration option.

If the “Vcent Evaluation Mode” option is set to “Widest eye opening level”, the application
evaluates Vcent value from the level of widest eye opening on the generated eye diagram.

The detailed procedure for “Widest eye opening level” is:

a The Vcent level search ranges from 40% to 60% of the eye amplitude (eye height measured at
the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5GmV.
The voltage level at the widest eye opening is used as Vcent.

7 Re-position the Test Mask so that it is centered on the Vcent value with a Test Mask width of
0.2Ul and a Test Mask height of 136mV.

8 Acquire and split READ and WRITE bursts of the acquired signal.
9 Take the first valid WRITE burst found.

10 Measure the falling slew rate and rising slew rate of the WRITE DQ signal over VdiVW_Total
window height at Vcent.

1

—

The worst value between the WorstRisingSlewRate and WorstFallingSlewRate will be used as the
final test result for SRIN_dIVW.

12 The worst value between the WorstRisingSlewRate and WorstFallingSlewRate is used as the final
test result for SRIN_dIVW.
LPDDR# (for Test ID 20409) / LPDDRé4X (for Test ID 60409)

1 Calculate initial time scale value based on selected LPDDR4 speed grade options.
2 Calculate number of sampling points according to the time scale value.
3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
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Expected/
Observable Results:

354

4 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up fix vertical scale values for DQx channel and DQSx channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.

h ® Q O O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:
a Set the Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option
Test Mask Height = vDIVW (V) configuration option

8 Acquire and split READ and WRITE burst of the acquired signal.
Take the first valid WRITE burst found.

10 Measure the falling slew rate and rising slew rate of the WRITE DQ signal over VdiVW _Total
window height at Vcent.

1

—

The worst value between the WorstRisingSlewRate and WorstFallingSlewRate will be used as the
final test result for SRIN_dIVW.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured SRIN_dIVW value for the test signal shall be within the conformance limit as per the
JEDEC specifications mentioned under the References section.
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tDIPW

Mode Supported:
Test ID:

References:

Test Overview:

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
30305 [tDIPW]

LPDDR4 Test Mode
20410 [tDIPW]

LPDDR4X Test Mode
60410 [tDIPW]
DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 TdIPW [DQ input pulse width]
June 2017

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.6 Table 134 TdIPW DQ [Input pulse width (At Vcent_DQ)]
JESD209-4B, February 2017

DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the minimum input pulse width defined at the Vcent_DQ.

Veent_DQ(pin mid) —-—f.—.—.

tr tf tr tf
—
Rx Mask Rx Mask
\ ~_ Random |
| Deterministic
VdIvW
B —| = =A=l—= | vdivw Veent Dg 1./ . _ . @8 il e\ Total
\ Total (pin avg
TdIPW \
TdIPW

Figure 158 — DQ TdIPW and SRIN_dIVW definition (for each input pulse)

JEDEC Standard No. 209-4A

Test Procedure:

Figure 190 — DQ TdIPW and SRIN_dIVW definition (for each input pulse)

JEDEC Standard No. 79-4A

Figure 110 TDIPW rising and falling edges

DDR4 (For Test ID 30305)
1 This test requires the following pre-requisite test:
tDIVW Margin (Test ID: 20403)
Location for Vcent is determined and its value is stored.
2 Acquire and identify the READ and WRITE burst data of the acquired signal.
3 Use all valid WRITE bursts that are found to perform TDIPW measurement.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 365



6 Eye Diagram Tests Group

Expected/
Observable Results:

356

4 Find all valid rising and falling DQ edges, which are defined as the crossings at Vcent in the
WRITE data burst.

5 Measure tDIPW as the time starting from a rising/falling edge of the DQ to the time ending at the
following falling/rising edge (see Figure 110).

6 Process all valid edges in the WRITE data burst.
Collect all tDIPW.

8 Determine the worst result from the set of tDIPW values measured and report it as the final test
result.

LPDDR4 (for Test ID 20410) / LPDDR4X (for Test ID 60410)

1 This test requires the following pre-requisite test:
tDIVW Margin (Test ID: 50403)
Location for Vcent is determined and its value is stored.

2 Repeat steps 2 to 8 for Test ID 30305 (in DDR4 Test Mode) to determine the final test result for
tDIPW.

DDR4 / LPDDR4 / LPDDR4X Test Modes

The measured value of tDIPW for the test signal shall be within the conformance limit as per the
JEDEC specification.
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tDQS2DQ
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
20415 [tDQS2DQ)]

LPDDR4 Test Mode
20407 [tDQS2DQ)]

LPDDR4X Test Mode
60407 [tDQS2DQ)]
References:  DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B,  13.6 Table 134 tDQS2DQ [Rx mask DQS to DQ offset]
June 2017

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.6 Table 134 tDQS2DQ [Rx mask DQS to DQ offset]
JESD209-4B, February 2017

Test Overview:  DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the tDQS2DQ parameter.

DQ, DQS Data-in at DRAM Latch DQ, DQS Data-in at DRAM Pin

Intemal Componsite Data- Eye
Center aligned 1o DQS

Non Minimum Data-Eye/ Maximum Rx Mask

|
|
|
bas_c | pese .
N [ \
Das_t \' | Das t
| 100200
| .}
=]
baxy | L g
| =)
| DOSNay
All DQ signals center aligned to the | P - gl
strobe atthe DRAM internal lalch | DRUAM Pin §
| £
| 1D0S200:"
| n
| §. Rx Mk
; DRAM Pin
| g
|
| 0200
| NOTE:

1. DO52DA is measured st the center{midpoint) of the TdVW window.
2. DOz represents the max DOS2D0 inthis exampls
3. DOy represents the min tD0 5200 in this example

Figure 111 Definition of tDQS2DQ measurements
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Eye Diagram Tests Group

To obtain a valid measurement result, this test requires a transitioning bit at
the first valid bit in the DQ bus. Otherwise, this test uses the first opening in
the eye diagram as the first transition bit, which may yield undesirable
results.

Test Procedure:  DDR4 (for Test ID 20415) / LPDDR4 (for Test ID 20407) / LPDDR4X (for Test ID 60407)

1
2
3
4

Calculate initial time scale value based on selected LPDDR4 speed grade options.
Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.

S ® Q O O

Set up Clock Recovery on SDA.

: Explicit clock, Source = filtered DQS, Rise Edge
g Turn ON Real Time Eye on SDA.
Realign the eye opening of the first transition DQ bit to the center of the screen:

a Increase the search range on the screen to the range specified in the ‘First DQ Transition
Search Range (ps)’, so that the crossing point of the eye is visible on the screen.

b Use the Histogram feature to find the first crossing point at ‘VRefDQ’ level horizontally across
the screen.

¢ Skip/pad the number of bit/bits by the value specified in the configuration option Padding for
First DQ Bit.

d Realign the center of the eye to the middle time position.

If the Compliance Test Application is unable to find any cross point within
the search range, it prompts an error and this test run is canceled.

Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent, which depends on the “Vcent Evaluation Mode” configuration
option.

If the “Vcent Evaluation Mode” option is set to “User defined Vcent”, the value of Vcent follows
the value of the “User Defined Vcent” configuration option.

If the “Vcent Evaluation Mode” option is set to “Widest eye opening level”, the application
evaluates Vcent value from the level of widest eye opening on the generated eye diagram.
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The detailed procedure for “Widest eye opening level” is:

a The Vcent level search ranges from 40% to 60% of the eye amplitude (eye height measured at
the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
The voltage level at the widest eye opening is used as Vcent.

8 Use Histogram measurements to determine the center location of the eye diagram at Vcent level
and denote it as EyeCenterLoc.

9 Determine the location of the filtered DQS rising edges used in the recovered clock and denote it
as FilteredDQSLoc.

10 Compute the final test result using the equation:
tDQS2DQ = EyeCenterlLoc - FilteredDQSLoc

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

le Results: . .y .
Observable Results The measured tDQS2DQ value for the test signal shall be within the conformance limit as per the

JEDEC specifications mentioned under the References section.
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DQ VIHL(ac)
Mode Supported: ~ DDR4, LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
20416 [DQ VIHL(ac)]
LPDDR4 Test Mode
20408 [DQ VIHL(ac)]
LPDDR4X Test Mode
60408 [DQ VIHL(ac)]
References:  DDR4 Test Mode
Specifications document Sectioni# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 VIHL_AC [DQ AC input pulse amplitude pk-pk]
June 2017 [NOTE 5]
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.6 Table 134 VIHL_AC [DQ AC input pulse amplitude pk-pk]
JESD209-4B, February 2017 [NOTE 5]
Test Overview: ~ DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the VIHL AC parameter, which is defined as the peak to peak
voltage centered around Vcent_DQ such that the minimum value of (VIHL_AC / 2) is met both above
and below Vcent_DQ.
VIHL_AC(min)/2
\ \ )
LYeemtDQ [ .| RxMask RxMask |eof-.s] Rx Mask VAIVW . total Leane
\ \1
\ VIHL_AC(min)/2
Figure 112 DQ VIHL AC Definition for each input pulse
Test Procedure:  DDR4 (for Test ID 20416) / LPDDR4 (for Test ID 20408) / LPDDR4X (for Test ID 60408)

1 Calculate initial time scale value based on selected LPDDR4 speed grade options.
2 Calculate number of sampling points according to the time scale value.
3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
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4 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.

™ ® Q O O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = DQS, Rise/Fall Edge
g Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:
a Set the Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.
6 Determine and store the Vcent value. Depending on the “Vcent Evaluation Mode” configuration,
use one of the options to derive at Vcent value:
If the “Vcent Evaluation Mode” option is set to “User defined Vcent”, the value of Vcent follows
the value of the “User Defined Vcent” configuration option.

If the “Vcent Evaluation Mode” option is set to “Widest eye opening level”, the application
evaluates the VCent value based on the level of widest eye opening on the generated eye
diagram. The detailed procedure for “Widest eye opening level” is:

a The Vcent level search ranges from 40% to 60% of the eye amplitude, which is the eye height
measured at the center of the eye diagram.

b Scan for the widest eye opening within the search range specified above with a scan resolution
of bmV.
The voltage level at the widest eye opening is used as Vcent.

7 Determine the horizontal center location of the eye opening based on the measured Vcent.

Scan the top and bottom of the eye diagram from the location of 0.25 Ul to 0.75 Ul at an interval
of 10ps to measure the peak to peak voltage centered around Vcent.

9 Denote the maximum value scanned for the top of the eye diagram as VIHLTop.
10 Denote the minimum value scanned for the bottom of the eye diagram as VIHLBot.
11 The minimum of VIHLTop and VILBot determines the final test result, VIHL((ac).

12 VIHL(ac) is compared with VIHL_AC, where peak to peak voltage is centered around
Veent_DQ(pin_mid) such that the minimum of VIHL_AC/2 must be met both above and below
Veent_DQ@.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results: The measured VIHL(ac) value for the test signal shall be within the conformance limit as per the

JEDEC specifications.
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srr2

Mode Supported: DDR4

362

TestID:  DDR4 Test Mode
20412 [srr2]

LPDDR4 / LPDDR4X Test Modes
Not available.

References:  DDR4 Test Mode

Specifications document Section# Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 srr2 [Rising Input Slew Rate over 1/2 VIHL_AC]
June 2017

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Overview:  DDR4 Test Mode
The purpose of this test is to verify the input slew rate over VdIVW Mask centered at Vcent_DQ.

2

o

0.5"VdiVW(max)
= = Vcent_DCQ(midpoint)

o1
1
1
1
1

4
[ ]
1

(min)
(minp 0.5*VHL_AC(min
§-
Q
72
~

VdivVW(max)

0.5*VdiVW(max)

VHL_AC

0.5*VHL_AC

Figure 113 Slew Rate conditions for Rising Transition

LPDDR4 / LPDDR4X Test Modes
Not available.

Test Procedure:  DDR4 (for Test ID 20412)
1 This test requires the following pre-requisite test:
vDIVW Margin (Test ID: 20404)
Location for Veent is determined and its value is stored.
2 Acquire and split the read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all the rising edges on the upper DQ part in the specified burst.

This edge starts at “VCENT+0.5*VdiVW” crossing and ends at the following
“VCENT+0.5*VIHL_AC” crossing.

5 For all edges that have been identified, find the transition time, Tg.

TR is the time starting at “VCENT+0.5*VdiVW” crossing and ending at the following
“VCENT+0.5*VIHL_AC” crossing.
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6 Calculate srr2 using the equation:
srr2 = [VIHL_AC(min) - VdIVW(max)] / (2*Tg)
7 Determine the worst result from the set of srr2 measured.
LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured srr2 value for the test signal shall be within the conformance limit as per the JEDEC

specifications mentioned under the References section.

LPDDR4 / LPDDRé4X Test Modes

Not available.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 363



6

364

Eye Diagram Tests Group

srf2
Test ID:

References:

Test Overview:

DDR4 Test Mode
20413 [srf2]

LPDDR4 / LPDDR4X Test Modes

Not available.

DDR4 Test Mode
Specifications document Sectionit Table# Symbol [Parameter]
DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 srf2 [Falling Input Slew Rate over 1/2 VIHL_AC]
June 2017

LPDDR4 / LPDDRé4X Test Modes

Not available.

DDR4 Test Mode
The purpose of this test is to verify the input slew rate under VdIVW Mask centered at Vcent_DQ.
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Test Procedure:

|
o

Figure 114 Slew Rate conditions for Falling Transition

LPDDR4 / LPDDR4X Test Modes
Not available.

DDR4 (for Test ID 20412)
1 This test requires the following pre-requisite test:
vDIVW Margin (Test ID: 20404)
Location for Vcent is determined and its value is stored.
Acquire and split the read and write burst of the acquired signal.
3 Take the first valid WRITE burst found.
Find all the falling edges on the bottom DQ part in the specified burst.
This edge starts at “VCENT-0.5*VdiVW” crossing and ends at the following
“VCENT-0.5*VIHL_AC” crossing.
5 For all edges that have been identified, find the transition time, T.
TF is the time starting at “VCENT-0.5*vdiVW” crossing and ending at the following
“VCENT-0.5*VIHL_AC” crossing.
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6 Calculate srf2 using the equation:
srf2 = [VIHL_AC(min) - VdIVW(max)] / (2*T)
7 Determine the worst result from the set of srf2 measured.
LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: The measured srf2 value for the test signal shall be within the conformance limit as per the JEDEC

specifications mentioned under the References section.

LPDDR4 / LPDDRé4X Test Modes

Not available.
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tDQ2DQ

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

366

DDR4, LPDDR4, LPDDR4X
DDR4 Test Mode
20414 [tDQ2DQ)]

LPDDR4 Test Mode
50405 [tDQ2DQ]

LPDDR4X Test Mode
60405 [tDQ2DQ)]
DDR4 Test Mode

Specifications document Sectioni# Table# Symbol [Parameter]

DDR4 SDRAM Specification, JESD79-4B, 13.6 Table 134 tDQ2DQ [DQ to DQ offset]
June 2017

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.6 Table 134 tDQ2DQ [DQ to DQS offset]
JESD209-4B, February 2017

DDR4 / LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to measure the DQ to DQ offset.
DDR4 (for Test ID 20414) / LPDDR4 (for Test ID 50405) / LPDDR4X (for Test ID 60405)

Calculate initial time scale value based on selected speed grade options.
Calculate number of sampling points according to the time scale value.
Check for valid DQS input test signals by verifying its frequency and amplitude values.

Connect DQ Lanes to scope channels as defined in the Configure tab of the Test Application. By
default, “Data Source” parameter is set to ‘Channel 3’ for “Data Lane” set to ‘DQQ’; whereas,
“Data Lane 2 Source” is set to ‘Channel 1",

N o N -
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File View Tools Help
Set Up | Select Tests |[Configure | Connect | Run | Automate | Results | HTML Report

Mode: O Compliance @ Debug

DDR4 Transmitter Tests (Click on a setting to the left)
Auto Config Update (Prompt User)
Skip Connection Diagram Prompt (No)
Skip Error Message (No)
Screenshot Mode (On)
Burst Trigger Threshold Settings

Burst Envelope Threshold (0.5)
Threshold Mode (TopBaseRatio)
Burst Identification Threshold Mode [ISim] (Auto)
Minimum Data Amplitude (0.5)
* CHANNEL 1
» CHANNEL 2
» CHANNEL 3
» CHANNEL 4
All DDR4 Tests
» General Settings
» Electrical Tests
» Timing Tests
Eye-Diagram Tests
Minimum Burst Gap Width (2)
Burst Length Limit (10000)
Fixed Burst Length (8)
Rank Separation (Disable)
READ Latency Value (5.0)
WRITE Latency Value (5.0)
DQ to DQS phase shift for Read(%) (20)
DQ to DQS phase shift for Write(%) (40)
Vcent Evaluation Mode (Widest eye opening level)
User Defined Vcent (0.800)
Data Lane (DQO)
Data Source (Channel 3)
Data Lane 2 (DQ1)
Data Lane 2 Source (Channel 1)

FUNODI4INOD

Data Strobe Lane (DQSO0)
Data Strobe Source (Channel 2)
Chip Select Source (Channel 4)
Total waveform (1000)
Eye Diagram Display Style (Eye Diagram Display without DQS on screen)
Eye Diagram Horizontal Position (Auto)
» Eye Diagram Vertical TopBase Threshold Scaling

Figure 115 Default settings of Configure tab for tDQ2DQ

5 Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQ channels and the DQS channel input.
Set up vertical scale values for DQ channels and DQS channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.

N ® Q O T

Set up Clock Recovery on SDA.

. Explicit clock, Source = filtered DQS, Rise Edge
g Turn ON Real Time Eye on SDA.
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6

7

9
10
11

12

Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent, which depends on the “Vcent Evaluation Mode” configuration
option.

If the “Vcent Evaluation Mode” option is set to “User defined Vcent”, the value of Vcent follows
the value of the “User Defined Vcent” configuration option.

If the “Vcent Evaluation Mode” option is set to “Widest eye opening level”, the application
evaluates Vcent value from the level of widest eye opening on the generated eye diagram.

The detailed procedure for “Widest eye opening level” is:

a The Vcent level search ranges from 40% to 60% of the eye amplitude (eye height measured at
the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
The voltage level at the widest eye opening is used as Vcent.

Use Histogram measurements to determine the center location of the eye diagram at Vcent level
and denote it as EyeCenterLoc1 (for Data Source 1) and EyeCenterlLoc? (for Data Source 2).

Position the scope marker (M1) at EyeCenterLoc1. Note the value as ty;.
Position another marker (M2) at EyeCenterLoc2. Note the value as tys.
Measure tDQ2DQ as the difference of the two marker positions.

tDQ2DQ =ty -tz
Report the difference as the final value of tDQ2DQ.

Expected/  DDR4 / LPDDR4 / LPDDR4X Test Modes

Observable Results:

The measured tDQ2DQ value for the test signal shall be within the conformance limit as per the
JEDEC specifications mentioned under the References section.

368
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Write_Eye_Width
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available

LPDDR4 Test Mode
52010 [Write_Eye_Width]

LPDDR4X Test Mode
62010 [Write_Eye_Width]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Not available.

For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to identify the Eye Width of the Write Cycle at Vcent.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 52010) / LPDDR4X (for Test ID 62010)
1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

™ d® Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Set the Real Time Eye on SDA to ON.
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Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option

Test Mask Height = vDIVW (V) configuration option

Use the Histogram feature in the Infiniium application to measure tyyite_Eye width_Right @Nd
twrite_Eye_Width_Left Values:

a Set Histogram X1=tyask_centers X2=tgye_right: Y1=Y2=Vcent

b twrite_Eye_width_Right=value of HorizontalHistogramMin

¢ Set Histogram X1=tgye eft, X2=tyiask_centers Y 1=Y2=Vcent

d twrite_Eye width_Lef=Value of HorizontalHistogramMax

Calculate Write_Eye_Width using the equation:

Write_Eye_Width=tyyrite_gye width_Right-twrite_Eye_Width_Left
Report the Write_Eye_Width measured.

Expected/  DDR4 Test Mode

Observable Results:

Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of Write_Eye_Width for the test signal is considered as ‘Information Only’.
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Write_Eye_Height
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available

LPDDR4 Test Mode
52011 [Write_Eye_Height]

LPDDR4X Test Mode
62011 [Write_Eye_Height]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Not available.

For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to identify the Eye Height of the Write Cycle at Vcent.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 52011) / LPDDRé4X (for Test ID 62011)
1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

™ OO Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Set the Real Time Eye on SDA to ON.
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Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option

Test Mask Height = vDIVW (V) configuration option

Use the Histogram feature in the Infiniium application to measure tyite_Eye Height Top @Nd
tV\/ritenyefHeighthottom values:

a Set Histogram X1=X2=tg ¢ pos, Y1=Veent, Y2=TopOfWindow

b twrite_Eye_Height Top=value of VerticalHistogramMin

¢ Set Histogram X1=X2=tg e pos, Y1=BottomOfWindow, Y2=Vcent

d twrite_Eye_Height Bottom=Vvalue of VerticalHistogramMax

Calculate Write_Eye_Height using the equation:

WritenyefHeight:tWritenyefHeightjop‘tVVritenyefHeightﬁBottom
Report the Write_Eye_Height measured.

Expected/  DDR4 Test Mode

Observable Results:

Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of Write_Eye_Height for the test signal is considered as ‘Information Only’.
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Eye-Diagram for Data and Data Strobe (READ)

READ cycle tests

User Defined Real-Time Eye Diagram Test for Read Cycle
Mode Supported: DDR4
TestID:  DDR4 Test Mode
20401 [Eye Diagram Test for Read Cycle]

LPDDR4 / LPDDR4X Test Modes
Not available.
References:  DDR4 Test Mode

Not available. )
For SDRAM type DDR4, this test appears under the Select Tests tab only

when you set the Test Mode to Custom in the under Set Up tab of the Test
Application.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Overview:  DDR4 Test Mode

The purpose of this test is to generate an eye diagram for the READ cycle.

LPDDR4 / LPDDR4X Test Modes
Not available.
Test Procedure:  DDR4 (for Test ID 20401)

Calculate initial time scale value based on selected DDR4 speed grade options.
Calculate number of sampling points according to the time scale value.
Check for valid DQS input test signals by verifying its frequency and amplitude values.

N W -

Set up the oscilloscope:

a Using UDF methodology, separate Read burst and return the filtered DQS signals in the form
of recovered clock for eye folding later.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

Set the Color Grade Display option to ON.

Set up Mask Test settings.

N ® Q O T

Set up Clock Recovery settings on SDA.

. Explicit clock, Source = Filtered DQS, Rise/Fall Edge
g Set Real Time Eye on SDA to ON.
5 Perform Eye Folding:
a Setthe Mask Test Run setting to ‘Forever.
Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.
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6 Once the count for required waveforms is reached, it marks the end of test.

LPDDR4 / LPDDR4X Test Modes
Not available.
Expected/  DDR4 Test Mode

Observable Results: This test is reported as “Information Only”.

LPDDR4 / LPDDR4X Test Modes

Not available.
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tQW _total DBI
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30506 [tQW_total_DBI]

LPDDR4X Test Mode
60506 [tQW_total_DBI]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQW_total_DBI [DQ output window time total, per pin
JESD209-4B, February 2017 (DBI-enabled)]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4/ LPDDR4X Test Modes
The purpose of this test is to verify the tQW_total_DBI parameter.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 375



6

376

Eye Diagram Tests Group

Test Procedure:

DDR4 Test Mode

Not available.
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Read data timing tQW valid window defined per DQ signal

JEDEC Standard

LPDDR4 (for Test ID 30506) / LPDDR4X (for Test ID 60506)

1 Calculate initial time scale value based on selected LPDDR4 speed grade options.

2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.

4 Set up the oscilloscope:

a

h ® Q O O

Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered
clock for eye folding later.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

Turn ON Color Grade Display option.

Set up Mask Test settings.
Set up Clock Recovery settings on SDA.
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. Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.
c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.
6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration

option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of

Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test

Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the

Compliance Application evaluates the Vcent value based on the level of widest eye opening on

the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width set to 1
Ul width, which is based on the selected test data rate value. The Test Mask height is set to OV.
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Figure 116 tCIVW values
8 Use the Histogram feature to measure the eye width at the top level (tQW_top) of the Test Mask
and the eye width at the bottom level tQW_bottom) of the Test Mask.

9 Find the minimum value between tQW_top and tQW_bottom.
Use this minimum value as the worst test result for the tQW_total_DBI measurement.

10 Report the worst test result.
Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The measured tQW_total_DBI value for the test signal shall be within the conformance limits as per
the JEDEC specification.
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tQW_total
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30505 [tQW_total]

LPDDR4X Test Mode
60505 [tQW_total]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.5 Table 133 tQW_total [DQ output window time total, per pin
JESD209-4B, February 2017 (DBI-disabled)]

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the tQW_total parameter.
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Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 30505) / LPDDR4X (for Test ID 60505)

Calculate initial time scale value based on selected LPDDR4 speed grade options.

Calculate number of sampling points according to the time scale value.

1
2
3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
4

Set up the oscilloscope:

a Using UDF methodology, separate Write burst and return the filtered DQS signals as recovered

clock for eye folding later.

Turn ON Color Grade Display option.
Set up Mask Test settings.

h ® Q O O

Set up Clock Recovery settings on SDA.

Set up measurement threshold values for the DQ channel and the DQS channel input.
Set up vertical scale values for DQ channel and DQS channel input.

: Explicit clock, Source = filtered DQS, Rise/Fall Edge

g Turn ON Real Time Eye on SDA.
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Expected/
Observable Results:

380

5 Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width set to
TUl width, which is based on the selected test data rate value. The Test Mask height is set to OV.

tOW_top
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Figure 117 tCIVW values

8 Use the Histogram feature to measure the eye width at the top level (tQW_top) of the Test Mask
and the eye width at the bottom level (tQW_bottom) of the Test Mask.

9 Find the minimum value between tQW_top and tQW_bottom.
Use this minimum value as the worst test result for the tQW_total measurement.

10 Report the worst test result.
DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The measured tQW_total value for the test signal shall be within the conformance limits as per the
JEDEC specification.
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Read_Eye_Width
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available

LPDDR4 Test Mode
52020 [Read_Eye_Width]

LPDDR4X Test Mode
62020 [Read_Eye_Width]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Not available.

For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to identify the Eye Width of the Read Cycle at Vcent.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 52020) / LPDDR4X (for Test ID 62020)
1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Read burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

™ OO Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Set the Real Time Eye on SDA to ON.
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Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option

Test Mask Height = vDIVW (V) configuration option

Use the Histogram feature in the Infiniium application to measure tread_Eye width_Right @nd
tRead_Eye_Width_Left Values:

a Set Histogram X1=tyask_center» X2=tgye_right: Y1=Y2=Vcent

b tRead_Eye Width_Right=value of HorizontalHistogramMin

¢ Set Histogram X1=tgye |eft, X2=tyiask_centers Y 1=Y2=Vcent

d tread_Eye Width_Lefr=value of HorizontalHistogramMax

Calculate Read_Eye_Width using the equation:

Read_Eye_Width=treaq_gye width_Right-tRead_Eye_width_Left
Report the Read_Eye_Width measured.

Expected/  DDR4 Test Mode

Observable Results:

Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of Read_Eye_Width for the test signal is considered as ‘Information Only’.
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Read_Eye_Height
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available

LPDDR4 Test Mode
52021 [Read_Eye_Height]

LPDDR4X Test Mode
62021 [Read_Eye_Height]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Not available.

For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to identify the Eye Height of the Read Cycle at Vcent.
Test Procedure: ~ DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 52021) / LPDDRé4X (for Test ID 62021)
1 Calculate the initial time scale value based on selected speed grade options in the Compliance
Test Application.

2 Calculate the number of sampling points based on the time scale value calculated in the previous
step.

3 Check for valid DQS input test signals by verifying its frequency and amplitude values.
Set up the oscilloscope:

a Using UDF methodology, separate Read burst and return the filtered DQS signals as
Recovered Clock, which is used for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx channel input.
Set up vertical scale values for DQx channel and DQSx channel input.

Set the Color Grade Display option to ON.

Set up Mask Test.

Set up Clock Recovery on SDA.

™ OO Q O T

: Explicit clock, Source = filtered DQS, Rise/Fall Edge
g Set the Real Time Eye on SDA to ON.
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Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total Waveform’.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height, which uses the values of the following configuration options in the Compliance
Test Application:

Test Mask Width = tDIVW configuration option

Test Mask Height = vDIVW (V) configuration option

Use the Histogram feature in the Infiniium application to measure tread_Eye Height Top @Nd
tReadeyefHeighthottom values:

a Set Histogram X1=X2=tg s pos, Y1=Veent, Y2=TopOfWindow

b tread_Eye_Height Top=value of VerticalHistogramMin

¢ Set Histogram X1=X2=tg ¢ pos, Y1=BottomOfWindow, Y2=Vcent

d tRead_Eye_Height Bottom=value of VerticalHistogramMax

Calculate Read_Eye_Height using the equation:

ReadeyefHeight:tReadeyefHeightﬁTop‘tReadeyefHeighLBottom
Report the Read_Eye_Height measured.

Expected/  DDR4 Test Mode

Observable Results:

Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of Read_Eye_Height for the test signal is considered as ‘Information Only’.
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Eye-Diagram for Command Address

tCIVW Margin

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30400 [tCIVW Margin]

LPDDR4X Test Mode
630401 [tCIVW Margin]
DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 TclVW [Rx timing window]
JESD209-4B, February 2017

This test does not measure the TclVW parameter directly (which is,
otherwise, documented in the LPDDR4 JESD209-4B specifications). The
measurement result is reported as “Failed” if the eye diagram violates the
defined mask. This test is customized based on user inputs during the
LPDDR4 application development initially.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to measure the minimum tCIVW Margin of the CA eye diagram.
DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 30400) / LPDDR4X (for Test ID 630401)

1 Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
2 Calculate the number of sampling points according to the time scale value.

3 Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.
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4

On the Oscilloscope:
a Trigger on the Clock signal with the Falling Edge condition.

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only’.

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

h d® Q O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = Function 1, Rising Edge
g Setthe Real Time Eye on SDA to ON.
h  Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

Perform Mask Testing:
Set the Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a

Test Mask height. Test Mask width is a user-defined value of tCIVW’ and Test Mask height is a

user-defined value of ‘vCIVW(V)’", configured in the Compliance Test Application.

Use the Histogram feature in the Infiniilum application to measure the tCIVW Margin value on all

the four corners of the Test Mask.

The tCIVW Margin for each Test Mask corner is denoted as tCIVW_m1, tCIVW_m2, tCIVW_m3

and tCIVW_m4.
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Figure 118 tCIVW values

9 Calculate the margin (in percentage) using the equation:
Margin (%) = [(Time - Half of mask width) / (Half of mask width)] x 100%

where, Time is the time gap between the mask and the eye at four corners m1, m2, m3, m4.

10 Find the minimum value between tCIVW_m1, tCIVW_m2, tCIVW_m3 and tCIVW_m4.
Use the minimum value as the worst test result.

11 Report the worst test result.
Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of tCIVW Margin for the test signal must be greater than 0% to indicate that
there is no mask violation.
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tCIvw

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

LPDDR4, LPDDR4X
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
130400 [tCIVW]

LPDDR4X Test Mode
630400 [tCIVW]
DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Mode

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 TclVW [Rx timing window]
JESD209-4B, February 2017

For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Mode
The purpose of this test is to measure the minimum tCIVW of the CA eye diagram generated.
DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 130400) / LPDDR4X (for Test ID 630400)

Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
Calculate the number of sampling points according to the time scale value.

Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.
On the Oscilloscope:

a Trigger on the Clock signal with the Falling Edge condition.

N w0 N -

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only’.

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

Set up Clock Recovery settings on SDA.

—h ® Q O
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: Explicit clock, Source = Function 1, Rising Edge
g Setthe Real Time Eye on SDA to ON.
h Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

5 Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height. Test Mask width is a user-defined value of tCIVW’ and Test Mask height is a
user-defined value of ‘vCIVW(V)', configured in the Compliance Test Application.

8 Measure the eye width at the top level of the Test Mask (tCIVW_Top) and the eye width at the
bottom level of the Test mask (tCIVW_Bottom).
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Figure 119 Measurement of tCIVW
9 Find the minimum value between tCIVW_Top and tCIVW_Bottom.
Use the minimum value as the worst test result.
10 Report the worst test result.
Expected/  DDR4 Test Mode
Observable Results: Not available.
LPDDR4 / LPDDR4X Test Modes
The measured value of tCIVW for the test signal shall be within the conformance limit as per the
JEDEC specification mentioned under the References section.
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vCIVW Margin
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30402 [vCIVW Margin]

LPDDR4X Test Mode
60402 [vCIVW Margin]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 VcIVW [Rx Mask Voltage p-p]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The purpose of this test is to verify if there is any violation in the CA eye diagram with reference to the
defined vCIVW parameter.

TclVW _total

= -

" Rx Mask

Vcent_CA(pin mid)

Test Procedure:  DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 30402) / LPDDR4X (for Test ID 60402)

1 Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
2 Calculate the number of sampling points according to the time scale value.
3 Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 391



6 Eye Diagram Tests Group

4 On the Oscilloscope:
a Trigger on the Clock signal with the Falling Edge condition.

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only’.

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

h d® Q O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = Function 1, Rising Edge
g Setthe Real Time Eye on SDA to ON.
h  Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

5 Perform Mask Testing:
Set the Mask Test Run Until setting to ‘Forever’.
b Load the mask file and start the Mask Test.

Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height. Test Mask width is a user-defined value of tCIVW’ and Test Mask height is a
user-defined value of ‘vCIVW (V)’, configured in the Compliance Test Application.

8 Measure the vCIVW margin value for the top and bottom area of the Test Mask using the
Histogram feature in the Infiniium application. The vCIVW margin measured are denoted as
vCIVW margin upper and vCIVW margin lower.
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Figure 120 VCIVW values

9 Calculate the margin (in percentage) using the equation:
Margin (%) = [(Voltage - Half of mask height) / (Half of mask height)] x 100%

where, Voltage is the voltage gap between the mask and the eye at the top and bottom.

10 Find the minimum value between vCIVW margin upper and vCIVW margin lower and that will be
used as the worst test result.

11 Report the worst test result.
Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDR4X Test Modes

The measured value of vCIVW Margin for the test signal shall be within the conformance limit as per
the JEDEC specification mentioned under the References section.
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vCIVW
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode
Not available.
LPDDR4 Test Mode
130402 [vCIVW]
LPDDR4X Test Mode
630402 [vCIVW]
References:  DDR4 Test Mode
Not available.
LPDDR4 / LPDDR4X Test Modes
Specifications document Section# Table# Symbol [Parameter]
LPDDR4 SDRAM Specification, 10.4 Table 132 VcIVW [Rx Mask Voltage p-p]
JESD209-4B, February 2017
For SDRAM type LPDDR4/LPDDR4X, this test appears under the Select
Tests tab only when you set the Test Mode to Custom in the under Set Up
tab of the Test Application.
Test Overview:  DDR4 Test Mode
Not available.
LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify if there is any violation in the CA eye diagram with reference to the
defined vCIVW parameter.
TclVW_total
= .;_-_—--‘h" "
Rx Mask
VeIV seoees) Vcent_CA(pin mid)
Test Procedure: ~ DDR4 Test Mode
Not available.
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LPDDR4 (for Test ID 130402) / LPDDR4X (for Test ID 630402)

1 Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
2 Calculate the number of sampling points according to the time scale value.
3 Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.
4 On the Oscilloscope:

a Trigger on the Clock signal with the Falling Edge condition.

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only".

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

N d® Q O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = Function 1, Rising Edge
g Set the Real Time Eye on SDA to ON.
h Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

5 Perform Mask Testing:
a Setthe Mask Test Run setting to ‘Forever’.
b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.
6 Determine and store the Vcent value.
There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vecent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the

Compliance Application evaluates the Vcent value based on the level of widest eye opening on

the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

7 Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height. Test Mask width is a user-defined value of tCIVW’ and Test Mask height is a
user-defined value of ‘vCIVW (V)’, configured in the Compliance Test Application.

8 Measure the minimum value of the eye diagram above the Test Mask and denote it as
vCIVW_Top.

9 Measure the minimum value of the eye diagram below the Test Mask and denote it as
vCIVW_Bottom.
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Figure 121 tCIVW values

10 Use the difference between vCIVW_Top and vCIVW_Bottom as the final test result.
11 Report the vCIVW test result.
Expected/  DDR4 Test Mode

Observable Results: Not available.

LPDDR4 / LPDDRé4X Test Modes

The measured value of vCIVW for the test signal shall be within the conformance limit as per the
JEDEC specification mentioned under the References section.

396 Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Eye Diagram Tests Group 6

CA VIHL(ac)
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30403 [CA VIHL(ac)]

LPDDR4X Test Mode
630403 [CA VIHL(ac)]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 VIHL_AC [CA AC input pulse amplitude pk-pk]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

The purpose of this test is to verify the VIHL AC parameter, which is defined as the peak to peak
voltage centered around Vcent_CA, such that the minimum value of (VIHL_AC / 2) is met both above
and below Vcent CA.

VIHL_AC(min)/2

-.\{EEQE—.(.:.A.. wed RXMask jecedead RXMask ieefeead RXMask jecde=a Vch..J..-...

_/

Test Procedure:  DDR4 Test Mode

VIHL_AC(min)/2

Figure 152 — CA VIHL_AC definition (for each input pulse)

Not available.
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LPDDR4 (for Test ID 30403) / LPDDR4X (for Test ID 630403)

1
2
3
4

10

Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
Calculate the number of sampling points according to the time scale value.

Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.
On the Oscilloscope:

a Trigger on the Clock signal with the Falling Edge condition.

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only".

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

N d® Q O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = Function 1, Rising Edge
g Set the Real Time Eye on SDA to ON.
h Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

Perform Mask Testing:

a Setthe Mask Test Run setting to ‘Forever’.

b Load the mask file and start the Mask Test.

c Stop the Mask Test when the counter for ‘Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.

Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vecent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Veent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:

a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).

b Scan for the widest eye opening at the mentioned search range with a scan resolution of 5mV.
Use the voltage level at the widest eye opening as the value for Vcent.

Reposition the Test Mask so that it is centered on the Vcent value with a Test Mask width and a
Test Mask height. Test Mask width is a user-defined value of tCIVW’ and Test Mask height is a
user-defined value of ‘vCIVW(V)’, configured in the Compliance Test Application.

The peak to peak voltage centered around Vcent is measured by scanning the top and bottom of
the eye diagram from the point of 0 Ul to 1 Ul at an interval of 10ps.

The minimum value scanned for the top of the eye diagram is denoted as VIHLTop and the
maximum value scanned for the bottom of the eye diagram is denoted as VIHLBot.

Use the difference between VIHLTop and VIHLBot as the final test result VIHL(ac).

Expected/  DDR4 Test Mode

Observable Results:

Not available.
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LPDDR4 / LPDDR4X Test Modes

The measured value of VIHL(ac) for the test signal shall be within the conformance limit as per the
JEDEC specification mentioned under the References section.
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SRIN_ciVW

Mode Supported:
Test ID:

References:

Test Overview:

Test Procedure:

LPDDR4, LPDDr4Xx
DDR4 Test Mode

Not available.

LPDDR4 Test Mode
130404 [SRIN_ciVW]

LPDDR4 Test Mode
630404 [SRIN_ciVW]
DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 SRIN_cIVW [Input Slew Rate over VcIVW]
JESD209-4B, February 2017

DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the input slew rate over VcIlVW Mask centered at Vcent_CA.

tr tf

Rx Mask

|~

Vcent_CA(pinmid) — -4 — —- — P P _

VelVw

TclPW

MNote
1. SRIN_clVW=VclVW_Totalf{tr or tf), signal must be monotonic within tr and tf range.

Figure 122 Definition of SRIN_clVW

DDR4 Test Mode

Not available.

LPDDR4 (for Test ID 130404) / LPDDR4X (for Test ID 630404)

1 Calculate the value of the initial time scale based on the selected LPDDR4 speed grade options.
2 Calculate the number of sampling points according to the time scale value.
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3 Check for valid Clock and CA input test signals by verifying its frequency and amplitude values.
4 On the Oscilloscope:
a Trigger on the Clock signal with the Falling Edge condition.

b Set the Sampling Rate of the Oscilloscope to the maximum value and set the Sampling Points
to the user defined ‘Sampling Points (Pts) for Eye Diagram Tests Only’.

Set Function 1 to duplicate the Clock signal.
Set the Color Grade Display option to ON.
Set up Mask Test settings.

—h ® Q O

Set up Clock Recovery settings on SDA.

: Explicit clock, Source = Function 1, Rising Edge
g Setthe Real Time Eye on SDA to ON.
h Set up measurement threshold values for Function 1 and CA input signals.

i Change trigger source to ‘CA input signal’ on both Rising/Falling Edges to prevent timeout for
such cases, when there is less activity on CA bus.

5 Perform Mask Testing:
a Setthe Mask Test Run Until setting to ‘Forever'.
b Load the mask file and start the Mask Test.

¢ Stop the Mask Test when the counter for “Total Waveforms’ exceeds the number of required
waveforms specified in the configuration option ‘Total CA Waveform'.

6 Determine and store the Vcent value.

There is an option to derive Vcent depending on the “Vcent Evaluation Mode” configuration
option in the Compliance Test Application.

If the “Vcent Evaluation Mode” configuration option is set to “User defined Vcent”, the value of
Vcent follows the value of the “User Defined Vcent” configuration option in the Compliance Test
Application.

If the “Vcent Evaluation Mode” configuration option is set to “Widest eye opening level”, the
Compliance Application evaluates the Vcent value based on the level of widest eye opening on
the generated eye diagram.

The detailed procedure for the “Widest eye opening level” requires that:
a The Vcent level search range is from 40% to 60% of the eye amplitude (that is, the eye height
measured at the center of the eye diagram).
b Scan for the widest eye opening at the mentioned search range with a scan resolution of bmV.
Use the voltage level at the widest eye opening as the value for Vcent.
7 Set the measurement thresholds - Upper, Middle, Lower to Mask Top Voltage, Vcent and Mask
Bottom Voltage, respectively.

8 Set up Slew Rate Rising measurement on the CA signal to achieve the SRIN_ciVW Rise Time
Maximum and SRIN_ciVW Rise Time Minimum. The worst value between maximum and minimum
values obtained is set to WorstRisingSlewRate.

9 Set up Slew Rate Falling measurement on the DQ signal to achieve the SRIN_ciVW Fall Time
Maximum and SRIN_ciVW Fall Time Minimum. The worst value between maximum and minimum
values obtained is set to WorstFallingSlewRate.

10 The worst value between the WorstRisingSlewRate and WorstFallingSlewRate will be used as the
final test result for SRIN_cIVW.

Expected/  DDR4 Test Mode

Observable Results: Not available.

Keysight D9040DDRC DDR4 Test Application Methods of Implementation 401



6

402

Eye Diagram Tests Group

LPDDR4 / LPDDR4X Test Modes

The measured value of SRIN_cIVW for the test signal shall be within the conformance limit as per the
JEDEC specification mentioned under the References section.
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tCIPW
Mode Supported:  LPDDR4, LPDDR4X
TestID:  DDR4 Test Mode

Not available.

LPDDR4 Test Mode
30401 [tCIPW]

LPDDR4X Test Mode
60401 [tCIPW]
References:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes

Specifications document Section# Table# Symbol [Parameter]

LPDDR4 SDRAM Specification, 10.4 Table 132 TcIPW [CA Input pulse width]
JESD209-4B, February 2017

Test Overview:  DDR4 Test Mode

Not available.

LPDDR4 / LPDDR4X Test Modes
The purpose of this test is to verify the minimum input pulse width defined at Vcent_CA.

tr tf

A
Y
A
Y

Rx Mask

|~

Vcent_CA(pin mid) =—.

VclVW

TclPW

4
Y

Note
1. SRIN_clVW=VclVW _Total/(tr or ff), signal must be monctonic within tr and tf range.

Figure 123 TCIPW rising and falling edges

Test Procedure:  DDR4 Test Mode

Not available.
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Expected/
Observable Results:

404

LPDDR4 (For Test ID 30401) / LPDDR4X (For Test ID 60401)

1 This test requires the following pre-requisite test:

tCIVW Margin (Test ID: 30400): The location of Vcent_CA is determined and the its value is stored.
2 Perform the pulse width on the CA signal:

a Setto ON the positive pulse width measurement and jitter statistics to measure all the edges.

b Set the measurement threshold to a hysteresis of +/- 150mV at the threshold level of
Veent_CA.

¢ Obtain the minimum result from the measurements as the worst positive pulse width.

d Repeat steps a to c for negative pulse width and store the minimum result from the
measurement as the worst negative pulse width.

3 Compare the minimum values from the positive and negative pulse width results.
Convert the unit for the values from seconds to Ul.
Report the resulting value as the final test result.

DDR4 Test Mode

Not available.

LPDDR4 / LPDDRé4X Test Modes

The measured tCIPW value for the test signal shall be within the conformance limit as per the JEDEC
specification.
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Typical DDR4 Signals Reference

2.7 DDR4 SDRAM Addressing

2 Gb Addressing Table

References A

Configuration 512 Mb x4 256 Mb x8 128 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AD~A14 AD~A13 AD~A13
Column Address AD~AS AD~A9 AD~AS
Page size 512B 1KB 2KB
4 Gb Addressing Table
Configuration 1Gb x4 512 Mb x8 256 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AD~A15 AD~A14 AD~A14
Column Address AD~AS AD~A9 AD~AS
Page size 512B 1KB 2KB
8 Gb Addressing Table
Configuration 2 Gb x4 1Gb x8 512 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AD~A16 AD~A15 AD~A15
Column Address AD~AS AD~A9 AD~AS
Page size 512B 1KB 2KB
16 Gb Addressing Table
Configuration 4 Gb x4 2 Gb x8 1 Gb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AD~ATT AD~A16 AD~A16
Column Address AD~AS AD~A9 AD~AS
Page size 512B 1KB 2KB
Figure 124 Available Pin-Out/Signals on DDR4 DIMM
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3.1 LPDDR4 SDRAM Addressing

Table 2 — LPDDR4 SDRAM Addressing

Memory
Density 4Gh 6Gb 8Gb 12Gh 16Gb 24Gb 32Gb
{per Die)
Memaory
Density 2Gh 3Gh 4Gb BGh 8Gb 12Gh 16Gh
(per channel)
16Mb x 16DQ | 24Mb x 16DQ | 32Mb x 16DQ | 48Mb x 16DQ | 64Mb x 16DQ | TBD x 16DQ | TBD x 16DQ
Configuration ¥ 8 banks % 8 banks ¥ 8 banks % 8 banks % 8 banks | x TBD banks | x TBD banks
¥ 2 channels ® 2 channels | x 2 channels ¥ 2 channels | x 2 channels ® 2 channels | x 2 channels
MNumber of Qhannels 5 5 5 5 5 5 5
{per die)
Mumber of
Banks 8 8 8 8 8 TBD TBD
(per Channel)
Array
P"(‘L,;:tc” 256 256 256 256 256 256 256
perchannel)
Number of
Rows 16,384 24,576 32,768 49,152 65,536 TBD TBD
(per Channel)
Number of Columns
(fetch 64 64 64 64 54 TBD TBD
boundaries)
Page Size 2048 2048 2048 2048 2048 TBD TBD
(Bytes)
Channel Density
(Bits per channel) | 2147.483,648 | 3221205472 | 4,204,967,206 | 6442450944 | 5,580,934 502 | 12,884,901,888| 17,179,869,184
TO-[ZH Denglty 4,294 967 296 | 6442450944 | B585934 552 | 12,8584 501,885 | 17,179,869 ,184 | 25 769,803,776 | 34,359,738, 368
(Bits per die)
Bank Address BAD-BA2 | BAD-BA2 | BAOD-BA2 | BAD-BA2 | BAD-BA2 TBD TBD
Row RO-R14 RO-R15
Addrosses | RO-R13 |(R13=0when| RO-R14 [(R14=0when| RO-RI5 TBD TBD
¥16 R14=1) R15=1)
Column Co-C9 CO-C9 Co-Co Co-Co co-co TBD TBD
Addresses
Burst Starting 64 - bit 64 - bit 64 - bit 64 - bit 64 - bit 64 - Bit 64 - bit
Address Boundary

NOTE 1 The lower two column addresses (CO - C1) are assumed to be “zero™ and are not transmit!
NOTE 2 Row and Column address values on the CA bus that are not used for a particular density be at valid logic

levels.

ed on the CA bus.

MNOTE 3 For non - hinary memory densities only half of the row address space is valid. When the MSB address bitis
*HIGH", then the MSB - 1 address bit must be “LOW™.
NOTE 4 The row address input which violates restriction described in note 3 may result in undefined or vendar
specific behavior. Consult memory vendor for more information.

Figure 125 Available Pin-Out/Signals on LPDDR4 DIMM
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Figure 127 Clock to Data Strobe Relationship
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tLZ(DQ5): CK - CK# rising crossing at RL- 1 tHZ(DQS), tHZ(DQ) with BL8: CK - CK# rising crossing at RL + 4 nCK
tLZ(DQ): CK - CK# rising crossing at RL tHZ(DQS), tHZ(DQ) with BC4: CK - CK# rising crossing at RL+ 2 nCK

CK
VTT + ZemV -=----4---- ~ mmmemmmeme = VOH - x mV
VT +xm - - o= VOH - 2 mV
N -+-tLZ(DQS), 1LZ(DQ) tHZ(DQS), tHZ(DQ)
VIT - x iV === ;—\3 K . 577 VOL+ 2xmy
VIT-Zeml oo ooeoae "l A VoL emY
tLZ{DQS), tLZ(DQ) begin point=2*T1-T2 tHZ(DQS), tHZ(DQ) end point=2*T1-T2

Figure 128 tLZ and tHZ method for calculating transitions and endpoints

DQs e
Single ended signal, provided
as background information

t Y \ o

Single ended signal, provideg \
as background information L #

t
tRPRE_begin ¢
RPRE

DAS-pas = 0

Resulting differential signal , 2
relevant for teae IRPRE_e&nd
specification

Figure 129 Method for calculating tRPRE transitions and endpoints
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Single ended signal, provided
as background inﬁl)rmation
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Single ended signal, provided
as background information

[ RPST
DQS-DAS e -{- Y, [
t

tRPST_begin

Resulting differential signal,
relevant for foo .
specification

12
tRPST_end TD_TRPST_DEF

Figure 130 Method for calculating tRPST transitions and endpoints
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Figure 131 Write Timing Definition and Parameters
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tH

WPRE begin*
Das - 1 —_———————— ———
Qs - pas TUPRE ov
Resulting differential signal 12
relevant for twere tWPRE end

spedification

Figure 132 Method for calculating tWPRE transitions and endpoints
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\ 7\ PN /
| S— | S

_______ b O\ ——
Resurlng dfferential signal,
relevant for £, lWPST begn
spedfication
lWPST end

Figure 133 Method for calculating tWPST transitions and endpoints

VDD
CK,DQS
------------------ VDDI2
— CK#, DQS#
VSEH VSEL
VSS

Figure 134 Vix Definition
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Figure 135 Single-ended Output Slew Rate Definition

Maximum Amplitude
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Volts \{:%g

V)

Undershoot Area
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Time (ns)

Figure 136 Address and Control Overshoot and Undershoot Definition

Maximum Amplitude Overshoot Area

\VDDQ
VO"S VSSQ
V)

Undershoot Area

Maximum Amplitude
Time (ns)
Figure 137 Clock, Data, Strobe and Mask Overshoot and Undershoot Definition
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CK

CK;

ViHag MM - — — — — 4 — — — — — 4
VREF

Viggmin _ _ | _
VREFlg) - —— T ——— —
nominal
\-""_,{dc, max - —
ViL(ae) MaX - — +
Ves -+ — — | e
— -— — -—

ATF ATR

Setup Slew Rate _ Vesras - ViagMak  Setup Slew Rate _ VisyzMin - Veerie)
Falling Signal ATF Rising Signal = ATR

Figure 138 Ilustration of nominal slew rate and tVAC for setup time tIS (for ADD/CMD with respect to clock)

ViH{agy Min ~— ~ — 7

ViHigey M0 — — |

dcio Viger
region

VREF(de) —
Vigggmat — — "\~ T~~~ T~
Viggmas N S
\"3 ___________ I — 4 — -
— — —e |
ATR ATF
Hold Slew Rate _ Vrere) - ViLigsM3%  Hold Slew Rate _ VisegMiN - Veer(so)
Riging Signal ATR Falling Signal ~ ATF
Figure 139 Ilustration of nominal slew rate for hold time tIS (for ADD/CMD with respect to clock)
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Vikgag MiN = — — — — - — — — — —
RE

Viagmin _ _ _ _ | _ _ _ _ _

References

nominal
line

VREF(de) -RP-——F—-———
|~ Lall'lgent
Viggg max ~— /-~~~ ——|—— -~~~ ————-
Vrer to ac
region
ViLjag Mmax | S I |
nominal
line R -
Vs o |
Setup Slew Rate _ tangent line[Vpagmin - Vaes(ae)]
Rising Signal ~ ATR
— le— i
ATF ! Setup Slew Rate  tangent line[Vaesjac) - Viagmax]
Falling Signal = ATE
Figure 140 Illustration of tangent line for setup time tIS (for ADD/CMD with respect to clock)

Vooa

Virac) Min

Vitacy Min
VREF(de)
line
VigggMax - ——g —[-—-——— |- ———————— 1
ViLfagy MaX - — — — —_— B 1
Ve - — — —  _ _____ | __ 1
—- |- —— -—
_ ATR ATF
Hold Slew Rate_ 1angentline [ Vaeriay - ViegMax ]
Rising Signal = AR
Hold Slew Rate _ tangent line [ VpyaqMin - Vesrgg |
Falling Signal — ATE
Figure 141 Illustration of tangent line for hold time tIH (for ADD/CMD with respect to clock)
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DQS# === =====

—>
Vopg @ ——————————p———————— -—-
VHM} mn - — — — — — — — — _—
VREF to ac
. region
Vigggmn _ _ | _ _ __ _ A — L
nominal
slew rate
VREFide) — F————— - ——1—————— -
nominal
/dew rate
Viggmax ~— X g ————— % ———[ "~~~ ————-
\-'REF_In ac
VL {ac) MK — — L — N P region
Vee 4 ______| - ___
—> — — «—
ATF ATR
Setup Slew Rate _ VREr(do) - ViLagMa%  Setup Slew Rate _ VinagMin - Veer(se)
Falling Signal A Rising Signal = ATR
Figure 142 Ilustration of nominal slew rate and tVAC for setup time tDS (for DQ with respect to strobe)
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Veg - — — — - —— I
— — — |
ATR ATF

Hold Slew Rate _ Veerie) - ViLgsMaX  Hold Slew Rate _ VisazyMin - VRer(so)
Rising Signal AR Faling Signal = ™ =T

Figure 143 Illustration of nominal slew rate for hold time tDH (for DQ with respect to strobe)

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



References

Virg ac) mn-——— — | ——— ——
REF

t~tangent
line

Vikggg min _ _ _ _ _

VREF(de) -G - —F—————H B —|-————— -
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region
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line e
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Setup Slew Rate_ tangent linelVpyacmin - Vaerge]
Rising Signal ~ ATR
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ATF | Setup Slew Rate _ tangent lineVrer(aq) - Viagmax]
Falling Signal = ATE
Figure 144 Illustration of tangent line for setup time tDS (for DQ with respect to strobe)
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Figure 145 Illustration of tangent line for hold time tDH (for DQ with respect to strobe)
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Reference Figures from JESD209-4B Document

All references other than from the JESD209-4B document that correspond to LPDDR4 are
applicable for LPDDR4X also.

_ : tpasck - < iz(os) 1RFST'
) 77 (I
“— tzipa)

|:| Transitioning data
NOTE1 'DQSCK can span multiple clock periods.
NOTE 2 An effective burst length of 8 1s shown.

Figure 146 Read Output Timing

V,
OH
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Vi +2xY mv XX o A M
Vop - 2x X mV
Vo +Y ":;Z tLz(pQs), t1Lz(pQ) o
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Vi —— tHz(DQs), tHz(DQ) Vir
\ Y
Vir-Y mV 2xY
VoL + 2x X mV
Vip-2xY mv
VgL + XmV
V,
TIT2 oL 172
Start driving point =2 x T1 -T2 End driving point =2 x T1 -T2
Figure 147 tLZ and tHZ method for calculating transitions and endpoints
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Figure 148 Data input (write) timing
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Figure 149 LPDDR4 Burst Write

Figure 150 Vix Definition

Keysight D9040DDRC DDR4 Test Application Methods of Implementation

Vbbpea ©f Vppa

~ — — -CK_c,DQS_c

CK_t, DQS_t

Vssca or Vssa

419



A References
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Figure 151
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Figure 152
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Definition of differential ac-swing and “time above ac-level” tDVAC
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Figure 153 Overshoot and Undershoot Definition
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Figure 154 Differential Output Slew Rate Definition
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Figure 155 Single Ended Output Slew Rate Definition Delta
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Figure 156 Illustration of nominal slew rate and tVAC for setup time tDS for DQ with respect to strobe
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Figure 157 Illustration of nominal slew rate for hold time tDH for DQ with respect to strobe
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Figure 159 Illustration of tangent line for hold time tDH for DQ with respect to strobe
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Illustration of nominal slew rate and tVAC for setup time tIS for CA and CS_n with respect to clock
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Figure 161 Illustration of nominal slew rate for hold time tIH for CA and CS_n with respect to clock
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Figure 163 Illustration of tangent line for hold time tIH for CA and CS_n with respect to clock

Figure 164 CKE-Intensive Environment
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Figure 166 Differential Output Slew Rate Definition
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documents, reference, 406

DQ VIHL(ac) test for write cycle, 360

E

electrical tests group, 25
eye diagram tests group, 327

H

half period jitter - tJIT(duty), 315,317

installation, 7,13

J

JESD209-4 reference figures, 418, 430
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L

license key, installing, 15
LPDDR4 signals reference, 408

M

measurements, preparing, 19
mouse, 9
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Online Help, 11
oscilloscope calibration, 20

R

reference, 405
Results tab, 22
Run Tests tab, 22

S

single ended levels for clocks, 27,33
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SRIN_diVW test for write cycle, 352, 362,
364

SRQdiffF, 218, 227

SRQdiffR, 194, 195, 206, 207,217, 225

SRQseF, 61

T

tCIPW test for write cycle, 403

tCIVW test for write cycle, 385, 388, 400

tCKE test, 322,323

tDIPW test, 355

tDIVW margin, 336

tDIVW test for write cycle, 340

tDQS2DQ test for write cycle, 357, 366

tDQSCK test, 287

tDQSH test, 269, 270

tDQSL test, 271

tDQSQ test, 277

tDQSS test, 264

tDSH test, 268

tDSS test, 266

tDVAC(Strobe) test, 276

threshold settings, 236

tHZ(DQ) test, 284, 286

tHZ(DQS) test, 298

tHZEndPoint(DQ), 263

tHZEndPoint(DQS), 261

tIH(base) test, 321, 325

timing tests group, 229

tIS(base) test, 319, 324

tLZ(DQ) test, 282

tLZ(DQS) test, 297

tLZBeginPoint(DQ), 262

tLZBeginPoint(DQS) for READ data burst
(DDR4), 258,259

tLZBeginPoint(DQS) for READ data burst
(LPDDR4), 259

tLZBeginPoint(DQS) for WRITE data
burst, 259

tQH test, 279

tQH_DBI test, 281

tQSH test, 289

tQSH_DBI test, 291

tQSL test, 290

tQW_total test for read cycle, 378

tQW_total_DBI test for read cycle, 375

tRPRE test, 293, 294

tWPRE test, 272,273

tWPST test, 275
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user-defined real-time eye diagram test for
read cycle, 373

v

vCIVW margin test for write cycle, 391,
394

vDIVW margin, 344

vDIVW test for write cycle, 348

VIH.CA (AC) test, 47

VIHdiff.CK (AC), 184,199, 200

VIHdiff.CK (DC), 185

VIHdiff.DQS (AC), 208,213

VIHdiff.DQS (DC), 210

VIL.CA (AC) test, 49

VILdiff.DQS (DC), 212

Vix - AC differential cross point voltage for
clock, 219

VOH test, 51

VOHdiff (AC), 223

VOL (DC) test, 57

VOLdiff (AC), 224

VREF measurement, 182, 183
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43,45, 46,188,189, 190, 191, 193,
201, 202, 203

VSEL, 29, 35, 40, 44

432

Keysight D9040DDRC DDR4 Test Application Methods of Implementation



Keysight D9040DDRC DDR4 Test Application Methods of Implementation 433



This information is subject to

change without notice.
KEYSIG HT © Keysight Technologies 2020
TECHNOLOGIES March 2020

www.keysight.com


http://www.keysight.com

	Contents
	Overview
	DDR4 Automated Testing—At a Glance
	Required Equipment and Software
	Hardware
	Software
	Licensing information

	In This Book
	See Also


	Installing the Test Application and Licenses
	Installing the Test Application
	Installing the License Key
	Using Keysight License Manager 5
	Using Keysight License Manager 6


	Preparing to Take Measurements
	Calibrating the Oscilloscope
	Starting the DDR4 Test Application
	Configuring DQS Signal Type in Custom Test Mode
	Support for 2tCK Preamble length


	Electrical Tests
	Overview
	Single-Ended Signals (WRITE cycle tests)
	Clocks Plus Tests
	VSEH(Clock Plus)
	VSEL(Clock Plus)
	Vinse_CK_High(Clock Plus)
	Vinse_CK_Low(Clock Plus)

	Clocks Minus Tests
	VSEH(Clock Minus)
	VSEL(Clock Minus)
	Vinse_CK_High(Clock Minus)
	Vinse_CK_Low(Clock Minus)

	Strobe Plus Tests
	VSEH(Strobe Plus)
	VSEL(Strobe Plus)
	Vinse_DQS_High(Strobe Plus)
	Vinse_DQS_Low(Strobe Plus)

	Strobe Minus Tests
	VSEH(Strobe Minus)
	VSEL(Strobe Minus)
	Vinse_DQS_High(Strobe Minus)
	Vinse_DQS_Low(Strobe Minus)

	VIH/VIL for Command and Address
	VIH.CA(AC)
	VIH.CA(DC)
	VIL.CA(AC)
	VIL.CA(DC)


	Single-Ended Signals (READ cycle tests)
	VOH/VOL
	VOH(AC)
	VOH(DC)
	VOL(AC)
	VOL(DC)

	Output Slew Rate
	SRQseR
	SRQseF


	Overshoot/Undershoot (Clock Plus)
	Overshoot amplitude (Clock Plus)
	Overshoot area above VDD Abs Max(Clock Plus)
	Overshoot area between VDD and VDD Abs Max(Clock Plus)
	Overshoot area (Clock Plus)
	Undershoot amplitude (Clock Plus)
	Undershoot area below VSS(Clock Plus)
	Undershoot area (Clock Plus)

	Overshoot/Undershoot (Clock Minus)
	Overshoot amplitude (Clock Minus)
	Overshoot area above VDD Abs Max(Clock Minus)
	Overshoot area between VDD and VDD Abs Max(Clock Minus)
	Overshoot area (Clock Minus)
	Undershoot amplitude (Clock Minus)
	Undershoot area below VSS(Clock Minus)
	Undershoot area (Clock Minus)

	Overshoot/Undershoot (Strobe Plus)
	Overshoot amplitude (Strobe Plus)
	Overshoot area above Max Abs Level(Strobe Plus)
	Overshoot area between VDDQ and Max Abs Level(Strobe Plus)
	Overshoot area(Strobe Plus)
	Undershoot amplitude (Strobe Plus)
	Undershoot area below Min Abs Level(Strobe Plus)
	Undershoot area between VSSQ and Min Abs Level(Strobe Plus)
	Undershoot area (Strobe Plus)

	Overshoot/Undershoot (Strobe Minus)
	Overshoot amplitude (Strobe Minus)
	Overshoot area above Max Abs Level(Strobe Minus)
	Overshoot area between VDDQ and Max Abs Level(Strobe Minus)
	Overshoot area(Strobe Minus)
	Undershoot amplitude (Strobe Minus)
	Undershoot area below Min Abs Level(Strobe Minus)
	Undershoot area between VSSQ and Min Abs Level(Strobe Minus)
	Undershoot area (Strobe Minus)

	Overshoot/Undershoot (Data)
	Overshoot amplitude (Data)
	Overshoot area above Max Abs Level(Data)
	Overshoot area between VDDQ and Max Abs Level(Data )
	Overshoot area(Data )
	Undershoot amplitude (Data)
	Undershoot area below Min Abs Level(Data)
	Undershoot area between VSSQ and Min Abs Level(Data)
	Undershoot area (Data)

	Overshoot/Undershoot (Data Mask)
	Overshoot amplitude (Data Mask)
	Overshoot area above Max Abs Level(Data Mask)
	Overshoot area between VDDQ and Max Abs Level(Data Mask)
	Overshoot area(Data Mask)
	Undershoot amplitude (Data Mask)
	Undershoot area below Min Abs Level(Data Mask)
	Undershoot area between VSSQ and Min Abs Level(Data Mask)
	Undershoot area (Data Mask)

	Overshoot/Undershoot (Address, Control)
	Overshoot amplitude (Address, Control)
	Overshoot area above VDD Abs Max(Address, Control)
	Overshoot area between VDD and VDD Abs Max(Address, Control)
	Overshoot area (Address, Control)
	Undershoot amplitude (Address, Control)
	Undershoot area below VSS(Address, Control)
	Undershoot area (Address, Control)

	Vref Signal Test
	VREF(DC) Measurement
	VREF(AC) Measurement

	Differential Signals (WRITE cycle tests)
	Differential AC Input Levels for Clock
	VIHdiff.CK(AC)
	VIHdiff.CK(DC)
	VILdiff.CK(AC)
	VILdiff.CK(DC)
	Vindiff_CK
	Vindiff_CK/2 High Pulse
	Vindiff_CK/2 Low Pulse
	Vinse_CK
	Vinse_CK (Positive Pulse)
	Vinse_CK (Negative Pulse)
	SRIdiffR for Clock
	SRIdiffF for Clock

	Clock Cross Point Voltage Test
	VIX(CK)
	Vix_CK_ratio

	Differential Input Level and Slew Rate For Strobe
	VIHdiff_DQS
	VILdiff_DQS
	Vindiff_DQS
	Vindiff_DQS/2 High Pulse
	Vindiff_DQS/2 Low Pulse
	Vinse_DQS (Positive Pulse)
	Vinse_DQS (Negative Pulse)
	SRIdiffR for Strobe
	SRIdiffF for Strobe

	Differential AC Input Levels and Slew Rate tests for Strobe
	VIHdiff.DQS(AC)
	VIHdiff.DQS(DC)
	VILdiff.DQS(AC)
	VILdiff.DQS(DC)
	VIHdiffPeak
	VILDiffPeak
	SRIdiffR
	SRIdiffF

	Strobe Cross Point Voltage Test
	VIX(DQS)
	Vix_DQS_ratio


	Differential Signals (READ cycle tests)
	Differential AC Output Levels and Slew Rate tests
	VOHdiff(AC)
	VOLdiff(AC)
	SRQdiffR
	SRQdiffF



	Timing Tests
	Overview
	DDR Read/Write Separation [Electrical and Timing Tests]
	Handling DDR4 “2T timing”
	Threshold Settings
	Threshold Settings for tests that require Read/Write Separation
	Basic process flow for tests that require Read/Write Separation
	Burst Trigger Threshold Settings
	Signal Measurement Threshold Settings
	Threshold Settings for tests that do not require Read/Write Separation
	Signal Measurement Threshold Settings

	High-Z / Low-Z Begin Point
	Finding tLZBeginPoint(DQS) for READ data burst
	Finding tLZBeginPoint(DQS) for WRITE data burst
	Finding tHZEndPoint(DQS) for READ / WRITE data burst
	Finding tLZBeginPoint(DQ) for READ/WRITE data burst
	Find tHZEndPoint(DQ) for READ/WRITE data burst


	Timing tests (WRITE cycle tests)
	Data Strobe Timing
	tDQSS
	tDSS
	tDSH
	tDQSH2PRE
	tDQSH
	tDQSL
	tWPRE
	tWPRE2
	tWPST
	tDVAC(Strobe)


	Timing tests (READ cycle tests)
	Data Timing
	tDQSQ
	tQH
	tDQSQ_DBI
	tQH_DBI
	tLZDQ
	tHZDQ
	tDVWp

	Data Strobe Timing
	tDQSCK
	tQSH
	tQSL
	tQSH_DBI
	tQSL_DBI
	tRPRE
	tRPRE2
	tRPST
	tLZDQS
	tHZDQS
	tDVAC(Clock)


	Timing tests (Clock Timing)
	Rising Edge Measurements
	tCK(abs) Rising Edge Measurements
	tjit(CC) Rising Edge Measurements
	tCK(avg) Rising Edge Measurements
	tjit(per) Rising Edge Measurements
	tERR(nper) Rising Edge Measurements

	Pulse Measurements
	tCH(abs) Absolute clock HIGH pulse width
	tCL(abs) Absolute clock LOW pulse width
	tCH Average High Measurements
	tCL Average Low Measurements
	tjit(duty-high) Jitter Average High Measurements
	tjit(duty-low) Jitter Average Low Measurements


	Timing tests (Command Address timing)
	tIS(base)
	tIH(base)
	tCKE
	tIPW
	tIS(Vref)
	tIH(Vref)


	Eye Diagram Tests
	Overview
	Threshold Settings for R/W Separation [Eye Diagram Tests]
	DDR Read/Write Separation [Eye Diagram Tests]

	Eye-Diagram for Data and Data Strobe (WRITE)
	WRITE cycle tests
	User Defined Real-Time Eye Diagram Test for Write Cycle
	tDIVW Margin
	tDIVW
	vDIVW Margin
	vDIVW
	SRIN_diVW
	tDIPW
	tDQS2DQ
	DQ VIHL(ac)
	srr2
	srf2
	tDQ2DQ
	Write_Eye_Width
	Write_Eye_Height


	Eye-Diagram for Data and Data Strobe (READ)
	READ cycle tests
	User Defined Real-Time Eye Diagram Test for Read Cycle
	tQW_total_DBI
	tQW_total
	Read_Eye_Width
	Read_Eye_Height


	Eye-Diagram for Command Address
	tCIVW Margin
	tCIVW
	vCIVW Margin
	vCIVW
	CA VIHL(ac)
	SRIN_ciVW
	tCIPW


	References
	Documents
	Typical DDR4 Signals Reference
	Typical LPDDR4 Signals Reference
	Reference Figures from JESD79-4B Document
	Reference Figures from JESD209-4B Document
	Reference Figures from JESD209-4-1 Document

	Index

