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About This Manual

This manual assumes that you are familiar with using an oscilloscope, in particular the Teledyne LeCroy
oscilloscope that will be used with QualiPHY and that you have purchased the QPHY-DDR4 software option.

Some of the images in this manual may show QualiPHY products other than QPHY-DDR4, or were captured using
different model oscilloscopes, as they are meant to illustrate general concepts only. Rest assured that while the
user interface may look different from yours, the functionality is identical.
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Introduction

QualiPHY is highly automated compliance test software meant to help you develop and validate the PHY (physical-
electrical) layer of a device, in accordance with the official documents published by the applicable standards
organizations and special interest groups (SIGs). You can additionally set custom variables and limits to test
compliance to internal standards.

QualiPHY is composed of a “wizard” application that enables the configuration and control of separate tests for
each standard through a common user interface. Features include:

e User-Defined Test Limits to ensure devices are well within the passing region, even if subsequently
measured with different equipment.

¢ Flexible Test Results Reporting that includes XML Test Record generation to better understand device
performance distribution or obtain process related information from the devices under test.

QPHY-DDR4 is an automated test package performing all the real-time oscilloscope tests for DDR4 and LPDDR4/4X
designs in accordance with JEDEC Standard No. JESD79-4D and JESD209-4-1A. These standards are available

from jedec.org.

Conventions

This manual follows these documentation conventions:

e Theterms “application” and “software” without any other identifier refer to the QualiPHY DDR4 software
option.

e Theterm “DUT" is an abbreviation for Device Under Test.

e Theterm “select” is a generic term referring to any method for activating a software control, either using a
pointing device or a touch screen.

e Theterm “Note:" identifies important information.



https://teledyne-my.sharepoint.com/personal/kate_pierro_teledyne_com/Documents/Documentation%20WIP/All%20Things%20DDR/QPHY-DDR4/jedec.org
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Technical Support
Live Support

Registered users can contact their local Teledyne LeCroy service center at the number listed on our website. You
can also submit Technical Support requests via the website at:

teledynelecroy.com/support/techhelp

Resources

Teledyne LeCroy publishes a free Technical Library on its website. Manuals, tutorials, application notes, white
papers, and videos are available to help you get the most out of your Teledyne LeCroy products. Visit:

teledynelecroy.com/support/techlib

The Datasheet published on the product page contains the detailed product specifications.

Service Centers

For a complete list of offices by country, including our sales & distribution partners, visit:

teledynelecroy.com/support/contact

Teledyne LeCroy

700 Chestnut Ridge Road
Chestnut Ridge, NY, 10977, USA
teledynelecroy.com

Sales and Service:
Ph: 800-553-2769 / 845-425-2000
FAX: 845-578-5985
contact.corp@teledynelecroy.com

Support:
Ph: 800-553-2769
customersupport@teledynelecroy.com



https://teledynelecroy.com/support/techhelp
https://teledynelecroy.com/support/techlib
https://teledynelecroy.com/support/contact
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Software Installation and Setup

QualiPHY is a Windows-based application that can be configured with one or more serial data compliance
components. Each compliance component is purchased as a software option.

Oscilloscope Requirements

Hardware
The software requires an oscilloscope with at least 13 GHz of bandwidth.

A 13 GHz WaveMaster/SDA 8Zi-B or higher performance oscilloscope is recommended for all speeds of
DDR4/LPDDRA4/4x testing.

In some cases, at lower memory transfer speeds, 8 GHz bandwidth may be sufficient. Verify the needed slewrates
and harmonics will be satisfactory with your chosen oscilloscope bandwidth.

While not required, we recommend for convenience running QualiPHY on an oscilloscope equipped with an
additional monitor. This allows the waveforms and measurements to be shown on the oscilloscope display, while
the QualiPHY application is displayed on the attached monitor.

See the oscilloscope Operator's Manual for instructions on setting up dual monitor display.
See the DDR4/L PDDR4 Testing section for other required test hardware.

Software
For the software as shown here, the oscilloscope must be installed with:

e  MAUI version 10.5.x.x minimum* with an activated QPHY-DDR4 option key
e QualiPHY version 10.5.x.x minimum* with an activated QPHY-DDR4 component

Note: The versions listed above are the minimum versions required for the product as shown here. MAUI

and QualiPHY software versions must match to the second point, so upgrade your version of QualilPHY if
you have upgraded your oscilloscope firmware. The QualiPHY software may be installed on a remote PC,
but all other software must be run on the oscilloscope.

e  SDAIlI, SDAIII-CompletelLinQ, SDA Expert-NRZ or SDA Expert Complete
Note: SDAIIl is standard on SDA 8Zi-B model oscilloscopes; you do not need an additional installation.

e Optional, but highly recommended: VirtualProbe software (for fixing reflections, termination, probe points,
de-embedding, etc.)

Note: VirtualProbe is included with SDAIII-CompleteLing and SDA Expert Complete.
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Update Oscilloscope Firmware

We recommend updating your Windows OS with the latest security patches before installing our software.
Download the latest version of the MAUI firmware from:

teledynelecroy.com/support/softwaredownload/ under Oscilloscope Downloads > Software Utilities

Follow the instructions included with the download to install it.

Install QualiPHY Application

Download the latest version of the QualiPHY software from:

teledynelecroy.com/support/softwaredownload/ under Oscilloscope Downloads > Software Utilities

The application can be installed on either the test oscilloscope or on a remote host computer. For remote execution,
see Set Up Remote Control.

If the oscilloscope is not connected to the Internet, copy the installer onto a USB memory stick then transfer it to the
oscilloscope desktop or a folder on the D:\ drive to execute it.

Run QualiPHYInstaller.exe and follow the installer prompts. Choose all the components you plan to activate. If
you omit any components now, you will need to update the installation to activate them later.

By default, the oscilloscope appears as local host when QualiPHY is executed on the oscilloscope. Follow the steps
under Add Oscilloscope Connection to QualiPHY to check that the IP address is 127.0.0.1.

Activate QualiPHY Components in MAUI

The serial data compliance components are factory installed as part of the oscilloscope application (MAUI) and are
individually activated through the use of an alphanumeric code uniquely matched to the oscilloscope’s serial
number. This option key code is what is delivered when purchasing a software option.

To activate a component on the oscilloscope:
1. From the menu bar, choose Utilities > Utilities Setup.
2. On the Options tab, click Add Key.
3. Use the Virtual Keyboard to Enter Option Key, then click OK.
If activation is successful, the key code now appears in the list of Installed Option Keys.

4. Restart the application by choosing File > Exit, then double-clicking the Start DSO icon on the desktop.

Activate Other Teledyne LeCroy Software

If newly purchased, activate any other required Teledyne LeCroy software options, such as SDAIII-CompleteLing.
The software is included with the latest firmware, you need only install your option key using the procedure above to
activate it.



https://teledynelecroy.com/support/softwaredownload/
https://teledynelecroy.com/support/softwaredownload/
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Set Up Remote Control (optional)

Usually, the oscilloscope is the host computer for the QualiPHY software, and all models that meet the acquisition

requirements will also meet the host system requirements. However, the QualiPHY software can be executed from a
remote host computer.

To run QualiPHY remotely:
e The oscilloscope must be connected to a LAN and assigned an IP address (fixed or dynamic).

e The host computer must be on the same LAN as the oscilloscope.

Remote Host Computer Requirements
If you wish to run the QualiPHY software from a remote computer, these minimum requirements apply:

e Windows 10 Professional operating system (Windows 11 not currently supported)
e 1 GHz or faster processor
e 1 GB(32-bit) or 2 GB (64-bit) of RAM
e Ethernet (LAN) network capability
e Hard Drive:
o Atleast 100 MB free to install the wizard application

o Upto 2 GB per standard installed to store the log database (each database grows from a few MB to a
maximum of 2 GB)

Configure Oscilloscope for Remote Control
1. From the oscilloscope menu bar, choose Utilities = Utilities Setup...

2. Open the Remote tab and set Remote Control to TCP/IP.

3. Verify that the oscilloscope shows an IP address.

Add Oscilloscope Connection to QualiPHY

1. Onthe host PC, download and run QualiPHYInstaller.exe.

2. Start QualiPHY and click the General Setup button.

3. On the Connection tab, click Scope Selector.

4. Click Add and choose the connection type. Enter the oscilloscope IP address from Step 3 above. Click OK.
5

When the oscilloscope is properly detected, it appears on the Scope Selector dialog. Select the connection
and click OK. QualiPHY is now ready to control the oscilloscope.

Select Oscilloscope Connection
Multiple oscilloscopes may be accessible to a single remote host. In that case, go to the QualiPHY General Setup
Connection tab and use the Scope Selector at the start of each session to choose the correct connection.

QualiPHY tests the oscilloscope connection when starting a test. The software warns you if there is a connection
problem.
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Set Up Dual Monitor Display (optional)

If you are not executing QualiPHY from a remote PC, we recommend attaching a second monitor to the
oscilloscope. This allows the waveforms and measurements to be shown on the oscilloscope LCD display while the
QualiPHY application and test results are displayed on a second monitor.

See the oscilloscope Operator’s Manual for instructions on setting up dual monitor display.

Set Up the QualiPHY Application

The following general settings will persist with each test session you run in QualiPHY. We recommend these be
made as part of initial installation. To begin, access the QualiPHY wizard by either:

e Choosing Analysis > QualiPHY from the oscilloscope menu bar

.

e Double-clicking the QualiPHY desktop icon Eiii on a remote computer or oscilloscope desktop.

When Pause on Failure is checked, QualiPHY will pause execution whenever a test fails and prompt you to make
corrections before retrying a measurement. You may open DDR Debug Toolkit to analyze the failure, even if you
have not purchased the Debug Toolkit license.

@ QualiPHY - DDR4 - Ckdiff-DQSdiff-DQse DDR4-1600 (3 Probes) — X
" AW TELEDYNE
LECROY
' Configuration:

Ckdif-DSA#-Dase C\
@ m4 e DDR4-1600 (3 Probes) Qq
General b Standard: P N > Start
Setup DDR4 _'_;ga Edit/View Configuration

QualiPHY Product Version: 0.10.3.0. (Build 367944)

Script Version: 0.0.0,1209

Selected Technology: DDR4

Configuration Setup Name: Ckdiff-DQSdiff-DQse DDR4-1600 (3 Probes)

This configuration runs all the tests in which 3 probes are required. A probe must be connected
to the differential clock, the differential strobe, and the single-ended data. All variables are set
to their defaults. The limit set in use is DDR4-1600.

Pause on Failure
o

On the Wizard, click the General Setup button to continue.
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Connection Tab

The Connection tab shows the Address of the oscilloscope is local host 127.0.0.1 when QualiPHY is run from the

oscilloscope. If you are running QualiPHY from a remote computer, this will show the network IP address of the
oscilloscope to which QualiPHY is currently connected.

General Setup X

Connection Session Info Report Advanced About

Enter network address of device. If the device uses a static address then enter
the IP address directly. i.e. 169.12.4.1. If the device has a DNS name then
enter that directly. i.e. LCRY0606P18115

Address of the oscilloscope: |127.0.0.1

Scope Selector

Note: Static IP addresses should not be used to identify devices that use
DHCP to define their address. DHCP can cause a device to change its
address at any time

Note: Remote control of a networked scope uses TCP port 1861. Ensure
that this port is open on any firewalls between the PC and the DSO.

Note: You can use the local IP address 127.0.0.11 this software is
running on the oscilloscope.

Close

The Scope Selector button allows you to choose the oscilloscope used for testing when several are connected to
the QualiPHY application on a remote host. See Set Up Remote Control for details.

Session Info tab

The Session Info tab contains information that appears on reports, such as: Operator Name, Device Under Test
(DUT) name, Temperature (in °C) of the test location, and any additional Comments.

General Setup
Connection ~ Session Info Report Advanced About

Disable session information dialog. This option will remove Append or replace results. This option

the dialog shown when the test starts. The values entered controls whether to append or replace

below will then be used the results when continuing a previous
session.

Operator Name: Your Name O Append Resutts
(® Replace Resuits

Device Under Test: Your DUT

Temperature (in 'C): 20

Comment

Any information you want to appear on all reports.

Close

If you check Disable session information dialog, these global settings will be used on all reports. Otherwise, you will
be presented with a dialog at the start of each session that overrides these settings.

There is also a selection to Append Results or Replace Results (overwrite) when continuing a previous test session.
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Report tab

The Report tab contains settings related to report generation.

General Setup X
Connection  Session Info Report Advanced About

Reporting behavior

(O Ask to generate a report after tests

O Never generate a report aftertests Report
(® Always generate a report aftertests. (Overwrite)

Defauit

OCreate XML O Create HTML @ Create PDF

Output file name:
‘C \Lecroy\QPHY\Reports'\LeCroyReport_Your_DUT pdf Browse...

[ Allow style sheet selection in Report Generator.

Choose a Reporting behavior of:
e “Askto generate a report after tests”—you'll be prompted to create a new file for each set of test results.
e “Never generate a report after tests"—you'll need to manually execute the Report Generator.
e “Always generate a report after tests” will autogenerate a report of the latest test results.

Choose a Default report output file format of XML, HTML, or PDF.

Optionally, check Allow style sheet selection in Report Generator to enable the use of a custom xslt when
generating XML and HTML reports. The path to the .xslt is entered on the Report Generator dialog.

The Report Generator button launches the Report Generator dialog, which contains the same settings as the Report
tab, only applied to individual reports. This dialog appears automatically at the conclusion of each test group if you
have selected “Ask to generate a report after tests.”




DDR4, LPDDR4 and LPDDR4x Compliance Testing Instruction Manual

DDR4/LPDDR4 Testing

If you are new to QualiPHY, review Using QualiPHY to understand the conventions of the user interface.

Required Hardware
In addition to the oscilloscope, you will need the following to run the DDR4/LPDDRA4 tests:

e 3104 DHXX-PB2 Series probes and DH-SI solder tips. This is to measure the DQ (Data), CK (Clock), DQS
(Strobe) and possibly the CA (Command Address).

e Interposers make a world of difference in a high-quality setup. They are soldered between the PCB and the
DRAM chip to provide easy probing points. Reach out to Nexus (world-wide) or EyeKnowHow (Europe).

e A HDA125 Logic Analyzer is a modular and upgradable MSO that probes the Command Address lanes to
trigger and decode. It vastly improves the Read / Write packet separation and is highly recommended.

Test Preparation

Before beginning any test or data acquisition, allow the oscilloscope and probes to warm up for at least 30 minutes
after powering on.

Oscilloscope calibration is automatically performed by the oscilloscope application; no manual calibration is
required. The calibration procedure will be run again if the temperature of the oscilloscope changes by more than a
few degrees.

Connecting Probes

Determining Signals to Access
The required signals to probe depend up on which tests are being run in QPHY-DDR4. The configurations are
tailored to different probe setups to allow you to easily see which signals are required for a particular test.

Best Places to Probe

The DDR4, LPDDR4 and LPDDR4X specifications are defined by the JEDEC standards to be tested at the balls of the
DRAM (BGA). The probes should be placed as close to the DRAM as possible in order to follow the JEDEC defined
specification. This is important to minimize signal quality issues, such as reflections that can occur on the signals.

For the best signal fidelity capture, it's recommended that an interposer be soldered in between the DRAM and the
PCB. Typically, the DRAM sits on the interposer, which sits on a riser board, which sits on the PCB. By using an
interposer, the solder-down probe leads can easily be accessed with little impact to the signal.

Two companies that offer interposers and/or installation in circuit are Nexus Technologies (world wide) and
EyeKnowHow (Europe).

Another commonly used method is to place vias on the PCB to access the data, strobe, clock or command address
signals. These typically are too small, so during layout it's recommended to run traces to make them easier to solder
to and place them at similar distances from the BGA. The closer you are to the BGA the better, to help ensure fewer
reflections due to trace length. If using this method, apply VirtualProbe software to de-embed the trace lengths with
simulated S-parameter files.



https://www.nexustechnology.com/
https://www.eyeknowhow.de/en/services/dram-interposer-compliance-test/
https://www.nexustechnology.com/
https://www.eyeknowhow.de/en/services/dram-interposer-compliance-test/
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Deskewing Probes

For DDR measurements, it is crucial properly deskew probes before running tests to ensure proper signal timing.
Ideally, the same settings should be used when deskewing as when acquiring signals for analysis. This will ensure
that the channels are deskewed using the same setup as when running compliance tests. Deskew values are saved
and stored by QualiPHY at the beginning of each run.

For ease of connectivity, we recommend using the SP tip to deskew, but as long as the same tip is used to deskew
each probe, it does not matter which style of tip is used.

Required Equipment s BRI
e PCF200 deskew fixture. The fixture has two signal paths: : ( : B gleloatd [

......

o The upper path (with the black clip) is for Solder-In i T :
(SI), Quick-Link Solder-In (QL-SI), Quick-Connect (QC) e
and Adjustable Tip (AT) probe tips.

o The lower path is for Square-Pin (SP) probe tips. b

e 50 Qterminator e

Note: Alternatively, use an LPA-K-A adapter and SMA cable. T e

Deskew Method
Before beginning the procedure, be sure to warm the oscilloscope for at least 30 minutes.

1. Connect the PCF200 to the oscilloscope’s fast edge output.
2. Connect probes electrically in a single-ended arrangement using their designated area on the fixture:

e Connect the positive side of the probe to the signal trace (in between the two white strips). The
positive polarity is indicated on the tip of the probe by a plus sign.

e Connect the negative side to the ground plane (outside of the white strips).

e To minimize reflections, apply a 50 Q terminator to the end of the signal path in use. If a 50 Q
terminator is not available, an SMA cable can be used to terminate the PCF200 to one of the
oscilloscope's outputs.

Set the oscilloscope Trigger Source to Fast Edge, Trigger Type to Edge.
4. Set a Timebase of approximately 10 ns/div and Timebase Delay of 0.

Once everything is properly set up, the oscilloscope display should look similar to the figure below. If there
is no propagation delay due to the probe, and no internal oscilloscope channel propagation delay, the 50%
trigger level will be at the center line of the oscilloscope grid.

10
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Trigger
Selup

File Vertical Timebase Trigger Display easure Math Analysis Ufliies  Help

imebase 0.0 n3] Trigger (ZEIEED)
200 ns/div Normal
8005 40GSis/[Edge Positive

5. From the channel setup dialog (Cn):
e Enable Sinx/x interpolation and set the Averaging to 50 sweeps.

e Touch the Deskew field once to highlight it, then adjust the deskew value to move the rising edge of
the trace to the center of the display.

6. Now, decrease the Timebase to around 20 ps/div and once again adjust the Deskew value so that the 50%
rising edge point is centered in time.

—
File Verical Timepase Trgger Display Cursors Measure Math Analysis Utiites Help T

rigger EEZE)
20.0 ps/div |Stop
00S  40GSis/|Edge Positive

Bandwidth Probe
ABandwidth Probe Attenuation
Full | =

Input B

(Lower) Probe Cal-

Measure Zoom Decode Store Find Scale Label EEiLIEEE

Repeat this deskew procedure for each probe using the same probe tip.
Note: Before moving on to the next probe, reset Averaging to 1 sweep and turn off Sinx/x interpolation.

When QualiPHY is started, the deskew values from each channel dialog are saved and stored by QPHY at the
beginning of each run. However, at the end of testing these values will be erased. By saving a panel setup (Iss file), it
is possible to refer to the deskew values after testing has completed.

11



QualiPHY"

Read (R) and Write (W) Burst Requirements

Read/Write Burst Separation

One of the most critical aspects of memory testing is separating the bi-directional Data (DQ) and Strobe (DQS) lines,
which each have data moving in two directions (“Write” packets from the PHY controller and “Read” packets from
the DRAM). If you're testing DDR4 or LPDDRA4/4X, there are three different methods for burst separation. Some are
more reliable based on the allowable variations of the JEDEC standards.

Phase Detection

In DDR4 we can separate Read and Write bursts depending upon the skew relationship between the Data (DQ) and
Strobe (DQS) signals. For a Write burst, the JEDEC standard and the QPHY-DDR4 software expect to see that the DQ
and DQS signals are approximately a quarter cycle (~90 degrees) out of phase. For a Read burst, QPHY-DDR4
expects that the DQ and DQS signals are in phase.

Preamble Detection

In LPDDR4/4X we can separate the Read and Write bursts depending on a unique set of characteristics of the
preamble/postamble relationship of the Data (DQ) and Strobe (DQS). Some designs allow a “don’t care” state before
the typical idle state of the preamble. For these designs, if there are other signal quality issues, there can be
problems separating the burst packets. In that case, use the CMD Address method with the HDA125.

Command Address Detection (with HDA125)

For both DDR4 and LPDDR4/4X, the most reliable solution for R/W burst separation is using the HDA125 High-
speed Data Analyzer. By probing the Command Address (CA) lines we can determine exactly when the memory is
communicating Read or Write information, and the QPHY-DDR4 software uses this for packet separation to
overcome any signal quality issues that might cause algorithm challenges.

Read/Write Burst Generation
It is recommended to capture a minimum of 10 Read and 10 Write bursts during each acquisition, but for greater
statistical significance, it is encouraged to capture more.

DDR4 Burst Generation
Programs that can communicate with the DRAM and controller are widely available. For PCs, one popular option is
Memtest86+, which is available for download from memtest.org as well is integrated in some PC BIOS menus.

When using Memtest, it is recommended to randomly generate the amount of data. We've found test mode 7, which
will randomly generate both Read and Write bursts, to be successful. Other custom programs like Windows Memory
Diagnostic can be used to stimulate the transfer of data to DIMM.

i B i Pass 2z

AMD Athlon 64 2138 Mhz | Test B2z SHEBSERREESRENELLIRRUEIIREEINE

L1 Cache: 128K 17456MB/s | Test #2 [Rddress test, own address, mo cache]
L2 Cache: 1824k 3858MB/s | Testing: 96K - 511M S511M

Memory : 511H 1124MB/s | Pattern:

Chipset : VIA K8TBBB (ECC : Detect / Correct - Chipkill : 0ff)

Settings: RAM : 213 Mhz (DDR426) ~ CAS : 3-3-3-14 / Single Channel (54 bits)

Test Pass Errors ECC Errs

S11M 866K eB20-Std off off a8

Figure 1. Memtest86+ software.
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LPDDR4/4X Burst Generation

Testing of LPDDR4/4X can be more difficult, as the design is not usually on a PC. Thus, the implementer will
typically have a manual way of controlling the DRAM communication in order to generate Read or Write packets.
Configure QPHY-DDR4 to analyze either Read or Write packets in the wizard Setup tab, “Burst Under Test".

Edit/View Configuration x
Setup Corfiguration  Test Selector Variable Setup Limits
Protocol Version Speed Grade Levels Vref
LPDDR4X ~ 1600 v MTjs AC ac100 ~ Auto
Operating Mode DC De7s

Differential

Signal To Test Test Type Burst Under Test Burst Separation
B ck Diff 8 Timing LPDDR4 Preamble
DQS/DQ 18 Electrical
- Postamble
L S0 ey Read 0.5tCK
[ oQs single Ended B Clock Test
/a3 Sing a wiite 0.5 tcK
) € Single Ended
Acquisition Settings

© Acquire Live

Waveform Path:  D:\Waveforms\LPDDR4

(_) Use Saved Waveforms

Curmrent Configuration :
Ckdiff-DQSdiff-DQse LPDDR4X-1600 (3 Probes) (Modified) s Save As...

Close ‘
Figure 2. Choose to analyze Read or Write burst types only.

Initial Signal Checking
Before running QualiPHY to test DDR4, LPDDR4 or LPDDR4X, check the signals to verify that they make sense. This
section covers some of the basic things which should be verified by the operator before running QPHY-DDR4.

Expected Channels

By default, QPHY-DDR4 expects to see the Clock (CK) on CH1, Strobe (DQS) on CH2 and Data (DQ) on CH3. This is
what is shown in the connection diagram. The Input Channel variable can always be used to modify any of these
channel assignments.

Signal Amplitude Clipping

For best results, it is recommended that the signals take up 80% of the vertical graticule for the best measurement
accuracy. Avoid allowing the signal to go outside the oscilloscope vertical screen, as this clips and removes the
usable data.

Clock Frequency

By applying the Frequency measurement parameter to the CK signal, you can verify that the DDR/LPDDR system is
running at the expected transfer rate (Transfer Rate = Frequency * 2). This will also help in the limit selection. Do a
quick visual inspection to ensure that the signal does not have any non-monotonic edges due to reflections.
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P = = [ Trigger =
File Verical Timebase Trigger Display C 5 s 5359 Processing: ‘M| P> Default | 15"

Measure
value
mean
min

| imebase 0.0 psfTrigger (I}
164 mVidi 5.00 psidiv. Stop  100.0mV,
2.00MS 40 GS/s Edge Positive

Figure 3. Verification of CK signal.

Presence of Read/Write Burst

In DDR4, a quick check can evaluate the quality of the burst packets. As a general rule of thumb during a Read burst,
DQ and DQS should be in phase, and during a Write burst, DQ and DQS should be a quarter cycle out of phase as
seen in Figure 4. Additionally, the signal amplitude can be used to determine the presence of R and Write bursts. If
probing at the memory, users can typically expect Read bursts will have a larger amplitude than Write bursts

Figure 4. DDR4 Signal Phase verification (Write out of phase, Read in phase).
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Figure 5. Amplitude can help validate if different burst packets are present.

Idle Levels

Before running test on DDR4, validate the signal idle levels. Signal idle levels that are off will have an impact on the
R/W burst detection, electrical, and timing measurements. DQS should have an idle level of ~ 0 mV. In DDR4, the DQ
should have an idle level ~0 Vto 1.2 V and a DQS ~ 0 V. In LPDDR4/4X this range can be as low as ~0 V or can be in
a "don’t care” state on the DQS. Refer to the JEDEC specification for official requirements.

DQS Idleis ~0V

il

DQ Idleis ~1.2V

h

"'1 A w'"' Wy i A P“l H‘I H“ ‘5'|W|?Ht Wi

‘ |
” ,lni'u_ ' |

Figure 6. Verification of Idle levels.
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Test Initiation

Follow these steps to begin a new DDR test session in QualiPHY:
1. Access QualiPHY by either:

e Choosing Analysis > QualiPHY from the oscilloscope menu bar

v
e Double-clicking the QualiPHY desktop icon on a remote computer or oscilloscope desktop.
2. Open the QualiPHY wizard, select the Standard button and choose DDR:

@ QualiPHY - DDR4 - Ckdiff-DQSdiff-DQse DDR4-1600

3 Probes)

- X
I"‘ TELEDYNE
LECROY
~ ] Ilml I i —— I I =\
wr ||| [9)] || com
L (® DDR (O DisplayPort (O HoMI (O AUTO ENET (O Ethernet
mipic ||| moey || B || BOE] | |[0 B~
QOMp1 Omost (O PaM4 566 O PCI-Express Osas
&
(OSATATSGRSG  (OUsB

Pause on Failure

<

Select the memory type you wish to test (e.g., DDR4 or LPDDR4 / LPDDR4X).

@ QualiPHY - LPDDR4 LPDDR4x - Ckdiff-DQSdiff-DQse LPDDR4-1600

3 Probes X
> T
~ ] I [ s 77 I I B bk il I I P~
V| o)) || [oon)) || ooe| || |aon3| || o6
§ Opoor2 OLPODR2 ODoR3LLPDDR3  (ODDR3 (ODDR4
v
(OSATATSGRSG  (Duss

Pause on Failure

Ed =
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On the wizard, click the Configuration button and select the test configuration you wish to run. Different
configurations are designed to set key variables as required for different probing setups or testing different
types of DUTSs, etc.

i~ O OEnD OrnD BT oOeD i 0O
(€& QualiPHY - LPDDR4 LPDDR4x - ADD/CTRL tests LPDDR4X-1600 (4 Probes —

ADD/CTRL tests LFDDR4-1600 (4 Probes)

ADD/CTRL tests LPDDR4X-1600 (4 Probes)

Chdiff-DQSdiff-DQse LDDR4-1600 (3 Probes) + HDA125

Chdiff-DQSdiff-DQse LDDR4X-1600 (3 Probes)+ HDA125

Chdiff-DQSdiff-DQse LPDDR4-1600 (3 Probes)

Selected Technology: LPDDR 4
Configuration Setup Mame: ADD
This configuration runs the 4
A probe must be connected
strobe, the single ended dat
signal. All variables are set
LPDDRA-D-1600.

Chdiff-DQSdiff-DQse LPDDR4X-1600 (3 Probes)

Clack tests LPDDR4-1600 {1 Probe)

Clock tests LPDDR4X-1600 (1 Probe)

Dema of All Tests (3 Probes)

Empty Template

SSESFPISSIAS

Note: Standard configurations are locked and cannot be changed. If you need to change any test variables,
you will be prompted to Save As a new copy. See Customizing QualiPHY for more information about
creating custom configurations.

Click Edit/View Configuration and modify any variables required on the Setup tab. The standard
configurations are preset to run tests according to JEDEC test standards.

For DDRA4 testing, set:
a. Speed Grade: Select the operating memory speed.

b. Make sure the Limit Set matches the Speed Grade. (For example, speed grade 2400 MT/s should
match a limit set of DDR4-2400.)

For LPDDR4 testing, set:
a. Protocol Version: LPDDR4
b. Speed Grade: Select the operating memory speed.
c. Select the Signal(s) to Test (e.g., CK Diff, DQS/DQ, Add or single-ended connections to probes).

d. Choose the Test Type(s) you're interested in running (e.g., Timing, Electrical, Eye, Clock). The
individual tests and measurement explanations can be found on the Test Selector tab.

e. Indicate whether it is the Read or Write Burst Under Test.

f.  Choose a Burst Separation method. If using the Preamble method, also enter the number of tCKs in
the Read or Write burst Postamble. This will help with separation.

g. Whether to Acquire Live or Used Saved Waveforms. If saved waveforms, enter the Waveform Path.
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For LPDDR4X testing, set:

a.
b.

Protocol Version: LPDDR4X

The output signals of Strobe (DQS) and Clock (CK) of LPDDR4X can operate as single-ended or
differential. In SE mode, the DRAM conserves power and uses only the True and not the Compliment
portion of the Clock and Strobe. It's important to properly select the Operating Mode that represents
the memory’s output configuration.

Speed Grade: Select the operating memory speed. If in Single-Ended Operation Mode, only speeds at
or below 1600 MT/s are available.

Select the Signal(s) to Test (e.g., CK Diff, DQS/DQ, Add or single-ended connections to probes).
Note: If in Single Ended Operating Mode, only select Single Ended signals.

Choose the Test Type(s) you're interested in running (e.g., Timing, Electrical, Eye, Clock). The
individual tests and measurement explanations can be found on the Test Selector tab.

Indicate whether it is the Read or Write Burst Under Test.

Choose a Burst Separation method. If using the Preamble method, also enter the number of tCKs in
the Read or Write burst Postamble. This will help with separation.

Whether to Acquire Live or Used Saved Waveforms. If saved waveforms, enter the Waveform Path.

Edit/View Configuration

Setup Corfiguration  Test Selector Variable Setup Limits

Protocol Version Speed Grade Levels Vref

LPDDR4X v 1600 ~ MTs  AC acioo ~ Auto

Operating Mode bC DC75

Differential
Signal To Test Test Type Burst Under Test Burst Separation
B ckDiff 18 Timing Write ~ LPDDR4 Preamble -
Boqs/pg 8 Electrical
- Postamble
L
Ao ey Read 0.5tCK
[~ DQs single Ended Clock Test
)DQs Single a es o1
[_J CK Single Ended

Acquisition Settings
© Acquire Live
Waveform Path:  D:\Waveforms\LPDDR4
(_) Use Saved Waveforms
| Current Configuration :
Cff-DQSAF-DAse LPDDRAX-1600 (3 Probes) (Modified) o= Save As.. Close

When done making changes, Save As a new configuration and Close the dialog.
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6. Select the new, modified Configuration, then click the Start button on the QualiPHY wizard.

©

Start

7. As configuration diagrams appear, follow the instructions to set up the test equipment.
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DDR4 and LPDDR4/4X Test Configurations

Test configurations include basic test selections, variable settings and limit sets. You may load a test configuration,
edit it for the desired speed and setup, then save it for future use. See DDR4/L PDDR4 Test Descriptions and
DDR4/LPDDR4 Variables and Limits for more information about each.

Note: The configurations below are customized for DDR4, LPDDR4 or LPDDR4X. For example, the configuration
named ADD/CTRL Tests DDR4-1600 (4 Probes) will test at DDR4 limits, while that named ADD/CTRL Tests
LPDDR4-1600 (4 Probes) will test at LPDDR4 limits. For the most part, tests are conducted in the same manner,
regardless of the standard. Exceptions will be noted in the manual.

Important: Custom configurations will be erased when making a firmware upgrade.

ADD/CTRL Tests DDR4/LPDDR4/LPDDR4X-1600 (4 Probes)

This configuration runs the Address/Control tests for which four probes are required. A probe must be connected to
the differential clock, the differential strobe, the single-ended data, and the single-ended Address/Control signal. All
variables are set to their defaults. The limit set in use is DDR4-1600, LPDDR4-1600 or LPDDR4X-1600, depending on
which standard you are testing.

Ckdiff-DQSdiff-DQse DDR4/LPDDR4/LPDDR4X-1600 (3 Probes) + HDA125

This configuration runs all tests for which three probes are required, using the HDA125 for burst separation. A probe
must be connected to the differential clock, the differential strobe, and the single-ended data. All variables are set to
their defaults. The limit set in use is DDR4-1600, LPDDR4-1600 or LPDDR4X-1600, depending on which standard
you are testing.

Ckdiff-DQSdiff-DQse DDR4/LPDDR4/LPDDR4X-1600 (3 Probes)

This configuration runs all tests for which three probes are required, using either Read or Write bursts (as selected
in Configuration Setup). A probe must be connected to the differential clock, the differential strobe, and the single-
ended data. All variables are set to their defaults. The limit set in use is DDR4-1600, LPDDR4-1600 or LPDDR4X-
1600, depending on which standard you are testing.

Clock Tests DDR4/LPDDR4/LPDDR4X-1600 (1 Probe)

This configuration runs all the clock tests (only) and requires one probe to be connected to the differential clock. All
variables are set to their defaults. The limit set in use is DDR4-1600, LPDDR4-1600 or LPDDR4X-1600, depending on
which standard you are testing.

Demo of All Tests (3 Probes)

This configuration uses saved waveforms stored in the Waveform Path folder to run the three probe tests. When
running normally on the oscilloscope, the path is D:\Waveforms\<standard>. All variables are set to their defaults,
except Use Stored Waveforms is set to Yes. The limit set is either DDR4-1600 or LPDDR4-1600, depending on which
standard you are testing.

Empty Template
All tests are left deselected to allow creation of a custom configuration. The limit set in use is either DDR4-1600 or
LPDDR4-1600, depending on which standard you are testing. All variables are set to their defaults.
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DDR4 and LPDDR4/4X Test Descriptions

These are the DDR4, LPDDR4 and LPDDR4X compliance tests. Unless stated, tests are conducted in the same
manner for all three JEDEC memory standards.

Probe Auto Zero

This selection will prompt you to perform an Auto Zero of probes at the beginning of the test session. It should
always be performed when changing the probe setup or at the first run after power-up. If Deskew is selected, Auto
Zero will be performed during Deskew. It is selected by default for the test configurations; deselected by default for
the Demo configuration.

Deskew

This selection will guide you step-by-step through the probe deskew process at the beginning of the test session.
Deskew should always be performed when changing the probe setup. It is selected by default for the test
configurations; deselected by default for the Demo configuration.

Clock Tests

To add these tests, on the Setup tab, check the box under ‘Signal to Test’ for CK Diff or CK Single Ended, then select
the “Clock Test" category. This will automatically select the appropriate clock measurements from the Test Selector
tab. For a list of explanations, please refer to the measurements below.

tCK(avg) and tCK(abs)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock
period is calculated from rising edge to rising edge.

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising
edge.

tCH(avg), tCH(abs), tCL(avg) and tCL(abs)

tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following
falling edge.

tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.
tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following
rising edge.

tJIT(duty) (DDR4 only)

tJIT(duty) is defined as the cumulative set of tCH jitter and tCL jitter over 200 consecutive cycles.

tCH jitter is the largest deviation of any single tCH from tCH(avg) and tCL jitter is the largest deviation of any single
tCL from tCL(avg).

tJIT(duty) = Min/max of {tJIT(CH), tJIT(CL)} where, tJIT(CH) = {tCHi - tCH(avg) where i=1 to 200} and
tJIT(CL) = {tCLi - tCL(avg) where i=1 to 200}.
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At the completion of the tCK, tCH, tCL, and tJIT(duty) tests, the oscilloscope is in the following state:

) = = [ = | Trigger -
File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilites Help ?ﬂ @ 1@ | | Seglgp Processing’ ‘M| P> Default |

|

i
\

i
WIT(CH) WITECL) L a ) 5 ) WIT(duty) min  LIT(

- i T
176 mVidr 5.00 psidiv |Stop  100.0mV|
i 2.00MS 40 GS/s [Edge  Positivel

Figure 7. Oscilloscope configuration after tCK, tCH, tCL and tJIT(duty) tests.

Shown on the screen: Z1 is a zoom of the differential clock signal.

In the Measure table:

tCKrise (P1) is the period measurement at Vref (0 mV) of Z1 (differential clock signal) on only the rising
edges. The mean value is the measured value for tCK(avg), rise. The minimum value is the measured value
for tCK(abs), rise, min reported in mtCK(avg). The maximum value is the measured value for tCK(abs), rise,
max reported in mtCK(avg).

tCK fall (P2) is the period measurement at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges. The mean value is the measured value for tCK(avg), fall. The minimum value is the measured value
for tCK(abs), fall, min reported in mtCK(avg). The maximum value is the measured value for tCK(abs), fall,
max reported in mtCK(avg).

tCH (P3) is the width measure at Vref (0 mV) of Z1 (differential clock signal) on only the high pulses. The
mean value is the measured value for tCH(avg) reported in mtCK(avg). The minimum value is the measured
value for tCH(abs), min reported in mtCK(avg).

tCL (P4) is the width measure at Vref (0 mV) of Z1 (differential clock signal) on only the low pulses. The
mean value is the measured value for tCL(avg) reported in mtCK(avg). The minimum value is the measured
value for tCL(abs), min reported in mtCK(avg).

tJIT(CH) (P5) subtracts the mean of P3 (tCH(avg)) from all of the tCH values. The minimum value is the
measured value for tJIT(CH), min and the maximum value is the measured value for tJIT(CH), max.

tJIT(CL) (P6) subtracts the mean of P4 (tCL(avg)) from all of the tCL values. The minimum value is the
measured value for tJIT(CL), min and the maximum value is the measured value for tJIT(CL), max.

tJIT(per) rise (P7) subtracts the mean of P1 (tCK(avg), rise) from all of the tCK rise values. This is displayed
for informational purposes only and correlates to the legacy tJIT(per) measurement.
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tJIT(per) fall (P8) subtracts the mean of P2 (tCK(avqg), fall) from all of the tCK fall values. This is displayed
for informational purposes only and correlates to the legacy tJIT(per) measurement.

tJIT(cc) rise (P9) takes the difference between the clock period of two consecutive cycles for only the rising
edge. This is displayed for informational purposes only and correlates to the legacy tJIT(cc) measurement.

tJIT(cc) fall (P10) takes the difference between the clock period of two consecutive cycles for only the
falling edge. This is displayed for informational purposes only and correlates to the legacy tJIT(cc)
measurement.

tJIT(duty) min (P11) is the minimum value of the difference between minimum tCH/tCL clock period and
the average tCH/tCL. This is the measured value for tJIT(duty), min in mUl.

tJIT(duty) max (P12) is the maximum value of the difference between minimum tCH/tCL clock period and
the average tCH/tCL. This is the measured value for tJIT(duty), min in mUl.
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tJIT(per) (DDR4 and LPDDR4/4X) and tJIT(per)_dj (DDR4 only)

tJIT(per) measures Total jitter (Tj) and in DDR4 the test includes Deterministic jitter (Dj) using the dual-Dirac jitter
model, where period measurements constitute the data set for the measurement. Tj and/or Dj are determined at a
BER configured.

At the completion of tJIT(per)_dj (DDR4 only), the oscilloscope displays the following:

0. = = K= Trigger -
File Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utiliies Help Lo % E ‘ S:‘gp Processing” 'l P Default U{-"—j“"‘

T A AL
b

o W 2 o0

5.00 ps/div Stop  100.0mV

2.00MS 40GS/s |[Edge  Positivel
Ti(1e-12) Rj(spD} Dj(spD}
43 66 ps 193 ps 16.15 ps

Figure 8. Oscilloscope configuration after tJIT(per) and tJIT(per)_dj tests.

Shown on the screen: RjBUjSpect is the RjBUj Spectrum of the differential clock signal. The signal type on the signal
input section of SDA Il is setup to measure a Clock and to use “Period” as the Jitter Parameter.

In the SDA Jitter table:

e Tj(1e-12) is the total jitter calculated using the spectral direct method in SDA IlI. You can modify the BER
level using the Jitter BER Level variable (see Jitter BER Level for more information). This value is reported as
tJIT(per)_total in ps for informational purposes. The value is also reported in Ul to be tested against the
limit from the specification.

e Rj(spD) is the random jitter calculated using the spectral direct method in SDA IlI. This value is reported for
informational purposes.

e Dj(spD) is the deterministic jitter calculated using the spectral direct method in SDA IIl. This value is
reported as tJIT(per)_dj in ps for informational purposes. The value is also reported in Ul to be tested
against the limit from the specification.
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tJIT(cc)

This test measures Total jitter (Tj) using the dual-Dirac jitter model, where cycle-to-cycle measurements constitute
the data set for the measurement. Tj is determined at a BER configured.

At the completion of the tJIT(cc) test, the oscilloscope shows the following (slight differences between DDR4 and

|

L N

23002 s 230412 s 230304 ps 24,0195 ps 240523 s 24008 ps

-28mV

Measure 1CK Rise tCK Fall 1cH toL P -- PE.- - - I Tiper) M(pert  1JITICT) Rise tIITICC) Fall P11--- P12---
value 949 9 pg 9512 ps 465 4 ns 4845 ps 24p3 11p3 58ps Ti4fs
mean 952 333 ps 952 352 os 463 647 ns 4@ BAE s 0fs 0fs 4l fs 2fs
min 939.7 ps 9442 pe 454 6 ps 479.6 ps 2.7 pe H£2ps -20.8 ps -13.0ps
max 964 4 ps 9613 os 472 8 os 5011 ps 121ps 83ps 18.6 ps 1316 s
sdev 3.842 ps 3.200 os 3357 os 3.360 ps 3842 ps 3.201 ps 5808 ps 5.3T5 ps
num 200 200 200 200 200 200 200 200

T4 L v L4 L L4

Figure 9. Oscilloscope configuration after tJIT(cc) tests.
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tERR(nper) (DDR4 only)

tERR(nper) is defined as the cumulative error across n multiple clock cycles from tCK(avg). This test is performed
with n ranging from 2 to 50 clock periods.

There are 12 different tests: tERR(2per), tERR (3per), tERR (4per), tERR (5per), tERR(6per), tERR (7per), tERR (8per),
tERR (9per), tERR (10per), tERR (11per), tERR (12per), tERR (13-50per).

Note: Only tERR(2per), tERR (3per), tERR (4per), and tERR (5per) will be discussed below. The setup for all tERR(n
per) tests is exactly the same.

At the completion of the tERR(2per), tERR (3per), tERR (4per), and tERR (5per) tests, the oscilloscope is in the
following state:

File  Verical Timebase Trigger Display Cursors Measure Math Analysis  Ulilites Help

|

|

200MS 40 GSis [Edge Positive

Figure 70. Oscilloscope configuration after tERR(2per), tERR (3per), tERR (4per) and tERR (5per) tests.

Shown on the screen: Z1 is a zoom of the differential clock signal.

In the Measure table:

tCKrise (P1) is the period measurement at Vref (0 mV) of Z1 (differential clock signal) on only the rising
edges. This value is used for the tERR calculation on the rising edge.

tCK fall (P2) is the period measurement at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges. This value is used for the tERR calculation on the rising edge.

tERR(1 per) r (P3) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the rising edges
(positive pulses). It is set up to measure edges at intervals of 1. This is reported as informational only.

tERR(1 per) fall (P4) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges (negative pulses). It is set up to measure edges at intervals of 1. This is reported for information only.

tERR(2 per) r (P5) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the rising edges
(positive pulses). It is set up to measure edges at intervals of 2. The minimum value is measured as
tERR(2per)rise, min reported in mUI and the maximum value is measured as tERR(2per)rise, max reported
in mul.

26



DDR4, LPDDR4 and LPDDR4x Compliance Testing Instruction Manual

tERR(2 per) fall (P6) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges (negative pulses). It is set up to measure edges at intervals of 2. The minimum value is measured as
tERR(2per)fall, min reported in mUl and the maximum value is measured as tERR(2per)fall, max reported in
muUl.

tERR(3 per) r (P7) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the rising edges
(positive pulses). It is set up to measure edges at intervals of 3. The minimum value is measured as
tERR(3per)rise, min reported in mUI and the maximum value is measured as tERR(3per)rise, max reported
in mul.

tERR(3 per) fall (P8) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges (negative pulses). It is set up to measure edges at intervals of 3. The minimum value is measured as
tERR(3per)fall, min reported in mUI and the maximum value is measured as tERR(3per)fall, max reported in
muUl.

tERR(4 per) r (P9) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the rising edges
(positive pulses). It is set up to measure edges at intervals of 4. The minimum value is measured as
tERR(4per)rise, min reported in mUI and the maximum value is measured as tERR(4per)rise, max reported
in mUl.

tERR(4 per) fall (P10) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges (negative pulses). It is set up to measure edges at intervals of 4. The minimum value is measured as
tERR(4per)fall, min reported in mUl and the maximum value is measured as tERR(4per)fall, max reported in
muUl.

tERR(5 per) r (P11) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the rising
edges (positive pulses). It is set up to measure edges at intervals of 5. The minimum value is measured as
tERR(5per)rise, min reported in mUI and the maximum value is measured as tERR(5per)rise, max reported
in mul.

tERR(5 per) fall (P12) is the TIE measure at Vref (0 mV) of Z1 (differential clock signal) on only the falling
edges (negative pulses). It is set up to measure edges at intervals of 5. The minimum value is measured as
tERR(5per)fall, min reported in mUl and the maximum value is measured as tERR(5per)fall, max reported in
muUl.
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Eye Diagram Tests on Write Bursts
DQ and DQS Eye

This is an informational only test that creates an eye diagram for DQ and DQS of all the Write bursts detected in the
acquisition. DQS is the timing reference for both eye diagrams and the reference point is shown on the center
screen.

At the completion of the test, the oscilloscope is in the following state:

Trigger Undo

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help ..-. 1@ ‘ E ‘ Setup Processing” 'l | B Default | ¢

status
imebase_ 0.00 psffTrigger
310 mv/div 200 mVidiv 2.00 psidiv Stop  100.0 mV/
69 ps/div 69 ps/div 800 kS 40 GSIs| Edge  Positive
5136 lat 5136 k#

Figure 11. Oscilloscope configuration after Write Bursts (Inputs) — DQ and DQS Eyes.
Shown on the screen:

e F6isthe DQS Eye diagram of the write bursts from the acquired signal. DQS is used as the timing reference
for this test which causes the eye to come to a “pin point” on the center grid. This math function is assigned
an alias based on the assigned DQS signal name. The number of bits contained in the eye diagram is
displayed in the bottom row of the F6 descriptor box. In this case there are 5,136 DQS bits in the eye.

e F7isthe DQ Eye diagram of the write bursts from the acquired signal. This math function is assigned an
alias based on the assigned DQ signal name. The number of bits contained in the eye diagram is displayed
in the bottom row of the F7 descriptor box. In this case there are 5,136 DQ bits in the eye.

In the Measure table:
e tBurst W (P2) displays the number of Write bursts detected in the acquisition.

e ClockFreq (P8) is the measured clock frequency from the acquired waveform.
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DQ Write Input Compliance Mask
This tests the DQ Write Eye against the mask defined in the specification. The mask is created from the TdIVW_total

and VdIVW_total limits for different speeds.
At the completion of the DQ Input Compliance Mask test, the oscilloscope is in the following state:

Default: U-':?

& Math | Analysis X Utilties @ Su

al + Timebase I Trigger & Di

3479 ps 278.3 ps 2087 ps 1392 ps 69,6 ps ks 696 ps 1392 ps 2088 ps 2783 ps 347905

1118V
494 my
126 mv
746 mv
1366V

-3147 9ps =278 3 ps 2087 ps -1392 ps -9 f ps = F9 6 ps 1399 ps 208 A ps 2783 ps 347 9ns

Measure P1---  iDQS2DQ s (DQSZDQ Ul P4:- - - P5.-- - P6:- - - P7--- Pg:- - - Pg- - - P10--- P11:--- P12:---
47.46711ps  114.307 mUl

value
status

4

DDR Eye EyeHeight MaskHits

View1 3955 mv 0
Bursts

DDR Meas. Num

View1 678

Figure 12. Oscilloscope configuration after DQ Write Input Compliance Mask test.
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VIHL_AC
VIHL_AC will test the peak-to-peak amplitude of the DQ signal for each Ul. The DQ signal must meet or exceed the
specified level at any point over the total Ul. It is measured as a peak-to-peak voltage centered at Vref.

At the completion of the VIHL_AC test, the oscilloscope is in the following state:

= o S5 ndo
Setup Processing: [l P Default ”_’—j

File  Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help ?.'“ @ 1@ ‘ E |

SRR R

Measure
value
mean
min

max

status 7

200 mV/divy 2.00 psfdiv Stop  100.0mV
69 ps/div 800 kS 40 GS/s| Edge Positive
5136 kit

Figure 13. Oscilloscope configuration after VIHL_AC test.

Shown on the screen: F7 is the DQ Eye diagram of the Write bursts from the acquired signal. The DQS signal is the
timing reference for this eye diagram. This math function is assigned an alias based on the assigned DQ signal
name. The number of bits contained in the eye diagram is displayed in the bottom row of the F7 descriptor box. In
this case there are 5,136 DQ bits in the eye.

In the Measure table:
e tBurst W (P2) displays the number of Write bursts detected in the acquisition.
e ClockFreq (P8) is the measured clock frequency from the acquired waveform.

e VIHL_AC (P11) calculates the minimum eye opening for each Ul. The measured value is reported as
VIHL_AC min.

tDQS2DQ (DDR4)

tDQS2DQ will measure the timing offset in Unit Intervals (DDR4) or pico-seconds (LPDDR4/4X) of the Rx Mask that
is set up. This is the DQS_t DQS_c crossing in reference to the position of the DQ Rx Mask center position. There is
an allowable range given by the JEDEC that is tested against to validate the timing offset is within the correct range.
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Eye Diagram Tests on Read Bursts
DQ and DQS Eye

This is an informational test that creates an eye diagram for DQ and DQS of all of the Read bursts detected in the
acquisition. DQS is the timing reference for both eyes and the reference point is shown on the second division.

At the completion of Read Bursts: DQ & DQS Eye, the oscilloscope is in the following state:

©. T = e Trigger .
File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help ?!'] @ 1@ ‘ B ‘ Sengp Processing ‘Bl P> Defau

T

imebase _0.00 psf Trigger

310 mvidiv 200 mVidiv 2.00ps/div |Stop  100.0mV!

69 ps/div 69 psidiv 800kS  40GSis|Edge  Positive
6.628 kit 6688 ki

Figure 14. Oscilloscope configuration after Read Bursts (Outputs) test.
Shown on the screen:

e Fo6isthe DQS Eye diagram of Read bursts from the acquired signal. DQS is used as the timing reference for
this test which causes the eye to come to a “pin point” on the second division. This math function is
assigned an alias based on the assigned DQS signal name. The number of bits contained in the eye
diagram is displayed in the bottom row of the F6 descriptor box. Here there are 7,000 DQS bits in the eye.

e F7isthe DQ Eye diagram of Read bursts from the acquired signal. This math function is assigned an alias
based on the assigned DQ signal name. The number of bits contained in the eye diagram is displayed in the
bottom row of the F7 descriptor box. Here there are 7,000 DQ bits in the eye.

In the Measure table:
e tBurst R (P2) displays the number of Read bursts detected in the acquisition.

e ClockFreq (P8) is the measured clock frequency from the acquired waveform.

tQW_total (LPDDR4/4X only)

tQW_total is a measurement that occurs on window time (think of it as the DQ Eye diagram width) of the read
packet, which is the output data of the DRAM to the controller. This occurs at a selected DQx pin and is also defined
by the JEDEC as when the Data Bus Inversion (DBI) is disabled.
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Eye Diagram Tests on CA/CS (LPDDR4/4X only)

Analysis on the Command Address (CA) or Chip Select (CS) lines is important for signal quality inspection. Testing
one or more signal lines is preferred, but the shortest and longest trace lengths will typically give you a good
approximation.

CA/CS Eye
This is an informational only test that creates an eye diagram for CA or CS signals of all the Write bursts (input
signals) detected in the acquisition. Vcent_CA is the timing reference for these eye diagrams.

CA/CS Mask
The test verifies no signal from the eye diagram goes through the JEDEC defined mask. The parameters for the
mask are created from the TdIVW and VdIVW limits that change based on the designated DQ signal speed.

VIHL_AC for CA/CS

VIHL_AC will test the peak-to-peak amplitude of the CA or CS signal for each Ul. The signal must meet or exceed the
specified level at any point over the total Ul. It is measured as a peak-to-peak voltage centered at Vcent_CA or
Veent_CS.
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tDVAC (DDR4 only)

The purpose of this test is to verify the allowed time before ringback for the differential CK signal. It is measured as
the time above the VIH(ac) level and below the VIL(ac) level. The clock signal is only measured when a Write burst
has been detected.

Note: Only tDVAC measured on above VIH(ac) will be discussed below. The measurement methodology is exactly
same for below VIL(ac).

At the completion of the tDVAC test, the oscilloscope is in the following state:

B = = = Trigger
File Vetical Timebase Trigger Display C Measure Math Analysis Utiliies  Help B : z o Processing |'l| P

eyl Default: '3

t@VACmin  P5

2.00 psidiv Step  100.0mV
800 ks 40 GS/s|[Edge  Positive

Figure 15. Oscilloscope configuration after the tDVAC test.

Shown on the screen: Z1 is a zoom of F1, the acquired CK signal after any probe deskew has been applied. The
zoom is positioned at the location of the “worst case” tDVAC measurement indicated by t@tVACmin. A label is
applied to this trace according to the signal name assigned to CK and placed at the VIH(ac) level.

In the Measure table:

e tVACvih (P1) is measuring the time above VIH(ac) for CK. VIH(ac) is indicated by the trace label “CK at
VIH(ac)”. The minimum value is the measured value for tDVAC min of CK. Because the limit is undefined by
the specification, this test is Informational only.

e tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Write bursts were in the acquired waveform.

e t@tVACmIn (P4) displays the location of where the minimum value of tDVAC occurred. This is used to
position the zoom traces at the location of the “worst case results”.

e Slew(z1) is measuring the slewrate on the rising edge of CK at t@tVACmin from Vref to VIH(ac). This value
is used to determine the appropriate limit for tDVAC.
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Electrical Tests on Write Bursts (Inputs)

Input Slewrate

The purpose of these tests is to characterize the slewrate on all the Write (input) signals. The tests are performed
on both rising and falling edges. By default the slewrate is measured on different signal types (DQ, DQS, CK, CA)
depending on the measurement standard and their defined thresholds.

SRIdiff (DQS and CK)
For DDR4, the input slewrate is measured only on DQS. It's measured on each Input packet using the reference level
of VIHdiff to VILdiff that is defined by the JEDEC per speed.

For LPDDR4/4X, the input slewrate is measured on DQS and CK. It's measured on each Input packet using the
reference level of VIHdIff to VILdiff that is defined by the JEDEC per speed.

The QualiPHY report will show the result of the slewrate measured between the VILdiff and VIHdIiff locations. The
result will also show a separate min/max value that is tested to the JEDEC's limit. Results are in volts per
nanoseconds (V/ns).

V Measurement: SRICIF, min

Current Value: 2.883 V/ns Test Criteria:  x >=2.000 V/ns
Pass [Timestamp:  01/19/2023 20:22:17 | Limit Name: _ SRIdiff_CK_min
Description:  Differential Input Slew Rate, min (CK)

[ File 1 Vertical |+ Timebase = I Trigger & Display # Cu E Measure | @ Math = Ana X Utilities | @ Support 1o : Gestura | 490

832 mv

402 mv \

K a: VIH_dilf CK \ \
-28 I’H- CK gt VIL,_diff CK . :
/ [l / 1
- SRR Faik e < « 0l e
-888 My (5353845 s
“425ns A2 ns A15ns Al ns AS00 ps A500 ps Alns A5ns A2 ns A2 6ns
IDDR Cmd Bus_ Time ~Clocks - State ~Abbrev - Details (Cmd states) E
1 944,777 ns 8 ‘WR 2nd part WR CAS2 PRE ACT AC™-2 WR CAS2 |
908.716 ne 33 'RD 2nd part \RD CAS2 RD CAS-2RC CAS-2 RD CAS2 RD CAS-2 RD CAS-2 PRE

|
-841.897 ns 17 WR 2nd part WR CAS-2 ‘ACT ACT-2 WR CAS-2 WR CAS-2 WR CAS-2 |
|

‘WR 2nd part WR CAS-2 'PRE ACT ACT-2 WR CAS-2
Thase -24.0 ps|[Trigger (24 (08
5 5 Stop 300 mV
2 40 GS/s|Edge Positve

" Bursts SRIdiff_r SRIdiff_f SRIdiff_r SRIdiff_f SRIdiff_r SRIdiff_r SRIdiff_f SRIdff_f
DOR Meas. Num CK, Min CK, Min CK, Max CK, Max CK, Num CK, Mean CK, Num CK, Mean ‘
Viewl 437 2.883470 Vis 3105205 V/s _3.824306 \Us 4203774 Vis __ 52.448e+3  3.0037VJs __ 52.447e+3  3.5280 Vis
iew i 100208 iz CNE s, ddfe, S0

Figure 16. Oscilloscope configuration after SRIdiff_CK test.
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srr1 and srf1 (DDR4 only)

This test measures the slewrate on DQ for rising and falling edges during Write bursts. The srr1 and srf1 are
measuring the slew by dividing the voltage VDIVW(max) (speed-grade dependent) by the time found to traverse
Vref DQ(Write) +/- 0.5 * VDIVW(max). Both minimum and maximum values are measured for srr1 and srf1.

srr2 and srf2 (DDR4 only)
This test measures the slewrate on DQ for rising and falling edges during Write bursts above and below the mask
voltage. Both minimum and maximum values are measured for srr2 and srf2.

srr2 = (VIHL_AC(min) - VdIVW(max)) / (2*tr2)

srf2 = (VIHL_AC(min) - VdIVW(max)) / (2*tf2)

SRIN_dIVW and SRIN_cIVW (LPDDR4/4X only)

These tests measure the Input Slewrate Rise and Fall over the VdiVW_total for the DQ and CA signals. Being based

on the VdiVQ means that the high and low level of the Rx Mask (height) will define the upper and lower thresholds
for the slewrate in reference to the center at either Vcent_DQ or Vcent_CA.

V Measurement: SRIN_dIVW, max

Current Value: 5.441 Vins Test Criteria:  x <= 7.000 V/ns
Pass [Timestamp:  01/19/2023 20:22:33 | Limit Name:  SRIN_dIVW_max
Description:  Input Slew Rate over VdI\VW, max (DQ)

Bl File ¥ Vertical 4 Timebase I Trigger & Display & Cursors [ Measure & Math  |»* Analysis X Utilities = @ Support
80
P WM
[‘DMt\'cemDQNd\ finirz
DQ al VeenlDQ-VdIVNGZ
200my
4
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[DDRCmd Bus Time  -Clocks - State ~Abbrev - Details (Cmd states) B
T LoD ATTEN G B e YR PR Dt WRICAS . PREVCERACEIMRICNS Z v cocsmmtsssssm s 55 5 550 |
3 -908.716 ns FD 2ndpat RD CAS2  RD CAS-2RC CAS-2 RD CAS-2 RD CAS-2 RD CAS-2 PRE
[T 5. ) -] iR 200 pant WRCAS 2 ACTACT2WRCASZWRCASIWRCASZ | oo s st
4 _WR 2nd part WR CAS-2 PRE ACT ACT-2 WR CAS-2

Tbase  -24.0 ps|[Trigger (83148
5.00 ps/div| Stop 300 mV
2Ms 40 GS/s|Edge Positve
o SRINAIVWr  SRINDIVWF  SRINIVWr  SRINAIVW  SRINAIVWr  SRINAIVWr  SRINAIVWF  SRINDIVWI - N 1
ez DQ, Min DQ, Min DQ, Max DQ, Max DQ, Num Q, Mean DQ, Num DG, Mean
View1 437 605.847 mV/s  49.808 mV/s 5.441058 /s  4.585557 Vis 6.293e+3 2101 Vs 5.294¢+3 1.440 Vis

Figure 17. Oscilloscope configuration after SRIN_diVW, max test.

AC Over/Undershoot Peak and Area

The purpose of this test group is to characterize the overshoot above VDDQ and undershoot below VSSQ on DQ,
DQS, CK and CA/ADDR during Write bursts. Both peak amplitude and area are tested.

Note: Only DQ overshoot will be shown here. The measurement methodology is exactly same for the DQS, CK, and
CA/ADDR. The measurement methodology is also identical for undershoot and overshoot, except that VSSQ is used
for undershoot instead of VDDQ.

DQ

This test measures the overshoot/undershoot, peak and area measurements on DQ signals:
e VDOSP: Maximum peak amplitude above VDOS
e VDUSP: Maximum peak amplitude below VDUS
e ADOST: Maximum overshoot area per 1 Ul between VDDQ and VDOS
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¢ ADOS2: Maximum overshoot area per 1 Ul above VDOS
e ADUST: Maximum undershoot area per 1 Ul between VSSQ and VDUST
e ADUS2: Maximum undershoot area per 1 Ul below VDUS
At the completion of the DQ Peak Amplitude test, the oscilloscope is in the following state:

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilites Help - b = St‘agtg;’ Processing |l P Default | &5

310 mVidi
415 psidi
386m

2.00 ps/div Stop  100.0 MV,
800kS  40GSfs||Edge  Positive

j@ imebase 0.00 s Trigger (EES|
- , :

Figure 18. Oscilloscope configuration after Overshoot Peak Amplitude test.
Shown on the screen:

e Z2isazoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” Overshoot Peak Amplitude measurement indicated by
t@PeakMax. This signal is not measured in this test and is only provided as a visual reference.

e Z3is azoom of F3, the acquired DQ signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” Overshoot Peak Amplitude measurement indicated by t@PeakMax.
A trace label is applied on the pulse with the worst overshoot peak amplitude. This is the signal which is
measured in this test.

In the Measure table:

e OvershootPeak (P1) is measuring the overshoot peak amplitude above VDDQ for of each DQ pulse. The
VDDQ level is indicated by alternating dashed cursor and the peak amplitude level is indicator by the other
cursor. The peak amplitude is measured only 1 Ul after a transition. If the peak value does not exceed VDDQ
the measured value will return a negative result. The maximum value is the measured value for DQ
Overshoot peak amplitude Max. This test is considered passing if the measured value is less than 400 mV.

e t@PeakMax (P3) displays the location of where the maximum value of OvershootPeak occurred. This is
used to position the zoom traces at the location of the “worst case results”.

36



DDR4, LPDDR4 and LPDDR4x Compliance Testing Instruction Manual

DQS
This test measures the overshoot/undershoot, peak and area measurements on single-ended DQS_t and DQS_c
signals, using the methodology described above:

o VDOSP: Maximum peak amplitude above VDOS
e VDUSP: Maximum peak amplitude below VDUS
o ADOST: Maximum overshoot area per 1 Ul between VDDQ and VDOS
e ADOS2: Maximum overshoot area per 1 Ul above VDOS
e ADUST: Maximum undershoot area per 1 Ul between VSSQ and VDUST
e ADUS2: Maximum undershoot area per 1 Ul below VDUS
CK

This test measures the overshoot/undershoot, peak and area measurements on single-ended CK_t and CK_c
signals, using the methodology described above:

e VCOSP: Maximum peak amplitude above VCOS
e VCUS: Maximum peak amplitude allowed for undershoot
e ACOST: Maximum overshoot area per 1 Ul between VDD and VDOS
e ACOS2: Maximum overshoot area per 1 Ul above VCOS
e ACUS: Maximum undershoot area per 1 Ul below VSS
CA/ADDR

This test measures the overshoot/undershoot, peak and area measurements on single-ended Command and
Address signals, using the methodology described above:

e VAQOSP: Maximum peak amplitude above VAOS

e VAUS: Maximum peak amplitude allowed for undershoot

e AAOST: Maximum overshoot area per 1 tCK between VDD and VAOS
e AAO0S2: Maximum overshoot area per 1 tCK above VDOS

e AAUS: Maximum undershoot area per 1 tCK below VSS

Differential Amplitude and Levels: Vindiff, VIHdiff, VILdiff (LPDDR4 only)

Vindiff (CK or DQS)

The minimum differential voltage input (peak to peak) needed to satisfy the JEDEC requirement for input receiver
voltage is measured as Vindiff. The JEDEC specification sets out minimum pk-pk voltage ranges based on the
signal’s data rate and type. A (Max Peak Voltage — Minimum Peak Voltage) is performed and reported against all
test pulses, and if any differential signal is below the accepted limit, the test is reported as a failure.

VIHdiff (CK or DQS)
The differential input voltage for the CK or DQS is defined as the High point. This value is measured to the JEDEC
standard and used for making differential slewrate measurements.

VILdiff (CK or DQS)
The differential input voltage for the CK or DQS is defined as the Low point. This value is measured to the JEDEC
standard and used for making differential slewrate measurements.
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Single-ended Tests: Vinse
The Voltage Input Single-Ended test measures both the high limit and low limit in reference to the VrefDQ level.

CK_t, CK_c (DDR4 and LPDDR4/4X)
This measurement of the signal amplitude confirms no packets of the Clock (CK_t or CK_c) are outside their JEDEC
defined limits.

DQS_t, DQS_c (LPDDR4/4X only)
This measurement of the signal amplitude confirms no packets of the Strobe (DQS_t or DQS_c) are outside their
JEDEC defined limits.

Electrical Tests on Read Bursts (Outputs)

Output Slewrate

The purpose of these tests is to characterize the slewrate on DQ and DQS of all the Read bursts (output) in the
acquisition. This test is performed on the Slewrate (SR) of the Query Output (Q) for both Single-ended (SE) and
Differential (diff) setups (ie SRQse and SRQdiff). The rising and falling edges are measured against the minimum
and maximum values allowed by the JEDEC standard for its corresponding speed.

Note: Only slewrate measured on the rising edge of DQ is shown below. The measurement methodology is exactly
same for the falling edge, except the slewrate is measured from VOH(ac) to VOL(ac) instead of VOL(ac) to VOH(ac).
The measurement methodology is also identical for DQS.

SRQse
This test measures the slewrate of the single ended DQ output signals during Read bursts. Slew is measured
between VOH(AC) and VOL(AC). Both the max and min values are measured.

At the completion of the SRQse test, the oscilloscope is in the following state:

5. = = | = | | Tri .
File Verical Timebase Trigger Display Cursors Msasure Math Analysis Utifies Help i D s S slgtssr Processing’ |l | P Default | na”

imebase 0.00 psfTrigger E)EH)|

23]
[4] mV[d|J 200 mvidr 200 pys/div Stop  100.0mV

415 ps/dr 415 psidi 800 kS 40 GS/s| [Edge  Positive

Figure 19. Oscilloscope configuration after the SRQ test.
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Shown on the screen:

Z2 is a zoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” SRQ R measurement indicated by t@SRQ Rmin. This signal is
not measured and is only provided as a visual reference.

Z3is a zoom of F3, the acquired DQ signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” SRQ R measurement indicated by t@SRQ Rmin. This is the signal that is
measured in this test.

In the Measure table:

SRQ R (P1) is measuring the slewrate of DQ on the rising edges. The slewrate on the rising edge is
measured from VOL(ac) to VOH(ac). The minimum value is the measured value for SRQ R of DQ min. This
test is passed if the measured value is greater than 4 GV/s.

tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

t@SRQ Rmin (P4) displays the location of where the minimum value of SRQ R occurred. This is used to
position the zoom traces at the location of the “worst case results”.

P5: slew(Z3) displays the minimum value of SRQ R and is used to display the slewrate measurement
markers.

R/F Ratio (LPDDR4 only)
This test measures the Output slew-rate matching Ratio (Rise to Fall) for single-ended signals, as defined by the
JEDEC standard. The reference levels are the VOL(AC) = 0.2*VOH(DC) and VOH(AC) = 0.8*VOH(DC).

SRQiff
This test measures the slewrate of the differential DQS output signals during Read bursts. Slew is measured
between VOH.Diff(AC) and VOL.Diff(AC). Both the max and min values are measured.
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Timing Tests on Write Bursts

Timing Tests on Bits (not using interpolation)

tDQSS (DDR4 only)

This test characterizes the allowed range for a rising DQS edge relative to CK on Write bursts. This measures the
time from CK rising at Vref to the nearest DQS rising at Vref. Both the maximum and minimum values are
measured. This test is very similar to tDQSCK, which is measured on Read bursts.

At the completion of the tDQSS test, the oscilloscope is in the following state:

B = = [ = | Trigger o
File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help i s s | | Segtsp Processing ‘M| P> Default |5

Measure

imebase  0.00 psfTrigger
182 mVidiv 310 mV/div 200 psidiv Stop 1000 mV
415 ps/div 415 psidiv 800 kS 40 GS/s/|[Edge  Positive

Figure 20. Oscilloscope configuration after the tDQSS test.

Shown on the screen:

e Z1isazoom of F1, the acquired CK signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tDQSS measurement indicated by t@tDQSSmax. A trace label is applied
on this trace at Vref.

e Z2isazoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tDQSS measurement indicated by t@tDQSSmax. A trace label
is applied at Vref on this trace according to the signal name assigned to DQS.

In the Measure table:

e tDQSS (P1) is measuring the skew between CK and DQS. The skew is measured between CK rising at Vref
to the nearest DQS rising at Vref. Essentially the time between the two trace labels is measured. The
maximum value is the measured value for tDQSS max and is reported in mtCK(avg). This test is considered
informational only since the limit is undefined.

e tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Write bursts were in the acquired waveform.

o t@tDQSSmax (P3) displays the location of where the maximum value of tDQSS occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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tDQSH and tDQSL

These tests measure the high (tDQSH) and low (tDQSL) pulse widths of each DQS signal during a W burst. Both the

maximum and minimum tDQSH/tDQSL values are measured. This tests are very similar to tQSH and tQSL, which
are measured on Read bursts.

Note: Only tDQSH will be discussed below. The measurement methodology is the same for the tDQSL expect the
measurement is made on DQS from falling edge to a rising edge instead of a rising edge to a falling edge.

At the completion of the tDQSH test, the oscilloscope is in the following state:
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Figure 21. Oscilloscope configuration after the tDQSH test.

Shown on the screen: Z2 is a zoom of F2, the acquired DQS signal after any probe deskew has been applied. The
zoom is positioned at the location of the “worst case” tDQSH measurement indicated by t@tDQSHmin. A trace label
is applied at Vref on this trace according to the signal name assigned to DQS.

In the Measure table:

tDQSH (P1) is measuring the high time of DQS. The high time is determined by measuring the time DQS
crosses Vref on a rising edge at to the time DQS crosses the next associated falling edge at Vref. The
minimum value is the measured value for tDQSH min and is reported in mtCK(avg). This test is considered
informational only since the limit is undefined.

tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Write bursts were in the acquired waveform.

t@tDQSHmiIn (P4) displays the location of where the minimum value of tDQSH occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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TdIPW
This test measures the pulse widths of the DQ signal during the Write burst. The minimum value is measured on
both high and low pulses.

At the completion of the TdIPW test, the oscilloscope is in the following state:

- = = = Trigger o
File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help r s ‘ Q:Sp Processing B B pefaur | U

imebase 0.00 psffTrigger (B} GIN;

1
200 m\.’fd\j 200 psfdiv | Stop  100.0mV
i 800 kS 40 GS/s/|[Edge  Positivel

Figure 22. Oscilloscope configuration after the TdIPW test.
Shown on the screen:

e Z3isazoom of F3, the acquired DQ signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tDIPW measurement indicated by t@tDIPWmin. A trace label
is applied at Vref on this trace according to the signal name assigned to DQ.

In the Measure table:

e TdIPW (P1) is the high time of DQS. The high time is determined by measuring the time DQ crosses Vref on
a rising edge (centered on the screen) at to the time DQ crosses the next associated falling edge at Vref
(indicated by the trace label). The minimum value is the measured value for TdIPW min High and is reported
in mUI. This test is considered passing if the minimum value is greater than 0.58 Ul.

e tDQDAQS (P2) is the skew between DQ and DQS. Since this measurement is performed once per burst, this
shows how many Write bursts were in the acquired waveform.

e t@tDIPWmin (P4) displays the location of where the minimum value of TdIPW occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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tDSS and tDSH

These tests characterize the setup and hold time for a falling DQS edge to the rising CK edge on Write bursts. The
minimum value is measured for both tDSS and tDSH.

Note: Only tDSS will be discussed below. The measurement methodology is the same for the tDSH expect the hold
time is measured rather than the setup time.

At the completion of the tDSS test, the oscilloscope is in the following state:

®- = = = | Trigger
File Verlical Timebase Trigger Display Cursors Weasure Math Analysis Uliliies Help 4 ‘ = ‘ 99 Processing: | P

Selup Defal

Measure
value
mean
min

imebase  0.00 psfTrigger
32 mVidiv 310 mV/div. 200 psidiv Stop  100.0mV

15 ps/div 415 psidiv 800 kS 40 GSIs [Edge  Positive

Figure 23. Oscilloscope configuration after the tDSS test.

Shown on the screen:

Z1 is a zoom of F1, the acquired CK signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tDSS measurement indicated by t@tDSSmax. A trace label is applied on
this trace at Vref.

Z2 is a zoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tDSS measurement indicated by t@tDSSmax. A trace label is
applied at Vref on this trace according to the signal name assigned to DQS.

In the Measure table:

tDSS (P1) is measuring the setup time from when the DQS falling edge crossed Vref to when the Ck rising
edge crosses Vref. Essentially the time between the two trace labels is measured. The minimum value is
the measured value for tDSS min and is reported in mtCK(avg). This test is considered informational only
since the limit is undefined.

tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Write bursts were in the acquired waveform.

t@tDSSmin (P4) displays the location of where the minimum value of tDSS occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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Timing Tests on CA/ADDR

tIS (base) (DDR4 only)
This test measures the setup time between a command or address line at VIL(AC) and CK_t/CK_c crossing or at
CKdiff=0 V.

tIH (base) (DDR4 only)
This test measures the setup time between a command or address line at VIL(DC) and CK_t/CK_c crossing or at
CKdiff=0 V.

TcIPW (LPDDR4 only)
This test measures the Command Address input pulse width in reference to the Vcent_CA (pin mid). There are
different minimum pulse widths allowed by speed grade, and QPHY-DDR4 checks for this.

Timing Tests on Pre/Postamble (using interpolation)

tWPRE and tWPST
These tests characterize the Preamble and Postamble times for all Write bursts detected in the acquisition. Both
tests use an interpolation algorithm to determine the point where the signal begins, which depending upon the
signal shape can lead to some inaccuracies. Only tWPST is shown below.
e tWPRE measures the timing between when preamble starts (DQS comes out of idle) and where the
preamble ends (DQS at Vref).
e tWPST measures the timing between when the postamble starts (DQS at Vref) and where the postamble
ends (DQS begins to returns to idle).

At the completion of the tWPST test, the oscilloscope is in the following state:

O = = = Trigger B
File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help e, B 2 qjgp Processing: | ll| P Reset | v

imebase 000 psfTrigoer ()OI
310 mVv/div 200 mVidiv 200 psidiv Stop 1000 mV
415 ps/div 415 psldiv 800 kS 40 GSIs|[Edge  Positive

Figure 24. Oscilloscope configuration after the tWPST test.
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Shown on the screen:

e Z2isazoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tWPST measurement indicated by t@tWPSTmin. A trace label
is applied to indicate where the interpolation algorithm has determined where the device is no longer driving
and Vref.

In the Measure table:

e tWPST (P1) is measuring the time from DQS begins to return to idle to the last falling edge on DQS at Vref.
The low level quit time found through interpolation is marked by the trace label. Essentially the time
between the two trace labels is measured. The minimum value is the measured value for tWPST min
reported in mtCK(avg). This test is considered informational only since the limit is undefined.

e tDQDAQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Write bursts were in the acquired waveform.

o t@tWPSTmin (P4) displays the location of where the minimum value of tWPST occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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Timing Tests on Read Bursts (Outputs)

Timing Tests on Bits (not using interpolation)

tDQSQ

The tDQSQ is a timing test, defined as the total skew between the DQS crossing (DQS_t and DQS_c) and the widest
DQ edge of a Read output burst (in the same DQS group). The scope software measures the maximum skew
between DQS/DQ in the same DQS packet and determine if the value is within the max limit set by the JEDEC
standard.

L2.5ns A2 ns 415 ns 41 ns ABD0 ps AB00 ps Alns AlEns

Figure 25. Oscilloscope tDQSQ test — largest DQS to DQ skew.
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tQSH and tQSL

These tests measure the high time (tQSH) and low time (tQSL) for each valid DQS transition during an R burst. Both
maximum and minimum tQSH/tQSL values are measured. The tests are very similar to tDQSH and tDQSL, which
are measured on Write bursts. Only tQSH is shown here. The measurement methodology is the same for the tQSL
except the measurement is made on DQS from falling to rising edge instead of rising to falling edge.

At the completion of the tQSH test, the oscilloscope is in the following state:

Trigger o
Saglgp Processing: 'Ill| P Reset | ‘09

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

imebase 0.00 psfTrigger
310 mVWdiy 2.00 psidiv Stop  100.0mV
415 ps/div 800 kS 40 GSIs| [Edge  Positive

Figure 26. Oscilloscope configuration after the tQSH test.

Shown on the screen: Z2 is a zoom of F2, the acquired DQS signal after any probe deskew has been applied. The
zoom is positioned at the location of the “worst case” tQSH measurement indicated by t@tQSHmiIn. A trace label is
applied at Vref on this trace according to the signal name assigned to DQS.

In the Measure table:

e tQSH (P1) is measuring the high time of DQS. The high time is determined by measuring the time DQS
crosses Vref on a rising edge at to the time DQS crosses the next associated falling edge at Vref. The
minimum value is the measured value for tQSH min reported in mUI. This test is considered informational
only since the limit is undefined.

e tDQDAQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

e t@tQSHmIn (P4) displays the location of where the minimum value of tQSH occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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tQH
The purpose of this test is to characterize the earliest invalid transition of DQ. This measures the minimum time
from DQS at Vref to the next DQ transition at Vref.

At the completion of the tQH_total test, the oscilloscope is in the following state:

O = = = Trigger o
File Verical Timebase Trigger Display Cursors Measure Math Analysis Utliies Help 5 s | 2 Processing | 'll| Reset | wa”

Setup

=
Measure

imebase 0.00 psfTrigger
310 mVidiv 200 mvidiv 200 ps/div Stop  100.0mV
415 psidiv 415 psidiv 800 kS 40 GS/s/|[Edge  Positive

Figure 27. Oscilloscope configuration after the tQH_total test.
Shown on the screen:

e Z2isazoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tQH measurement indicated by t@tQHmin. A trace label is
applied at Vref on this trace according to the signal name assigned to DQS.

e Z3is azoom of F3, the acquired DQ signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tQH measurement indicated by t@tQHmin. A trace label is applied at Vref
on this trace according to the signal name assigned to DQ.

In the Measure table:

e tQH (P1) is measuring the hold time of DQ. The hold time is determined by measuring the time from DQs at
Vref to the next DQ transition at Vref. Essentially the time between the two trace labels is measured. The
minimum value is the measured value for tQH_total Min reported in mUI. This test is considered
informational only since the limit is undefined.

e tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

e t@tQHmIn (P4) displays the location of where the minimum value of tQH occurred. This is used to position
the zoom traces at the location of the “worst case results”.
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tDQSCK (DDR4 only)

The purpose of this test is to characterize the allowed range for a rising data strobe edge relative to CK on Read
bursts. This measures the time from CK rising at Vref to the nearest DQS rising at Vref. Both the maximum and
minimum values are measured. This test is very similar to tDQSS, which is measured on Write bursts.

At the completion of the tDQSCK test, the oscilloscope is in the following state:

Trigger ey
Setup Processing: |l b

imebase 0.00 psffiTrigger
310 mVi/div 2.00 psfdiv |Stop  100.0mV
415 ps/div 800 kS 40 GS/s| Edge Positive

Figure 28. Oscilloscope configuration after the tDQSCK test.
Shown on the screen:

e 71isazoom of F1, the acquired CK signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tDQSCK measurement indicated by t@tDQSCKmax. A trace label is
applied on this trace at Vref.

e Z2is azoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tDQSCK measurement indicated by t@tDQSCKmax. A trace
label is applied at Vref on this trace according to the signal name assigned to DQS.

In the Measure table:

e tDQSCK (P1) is measuring the skew between CK and DQS. The skew is measured between CK rising at Vref to
the nearest DQS rising at Vref. Essentially the time between the two trace labels is measured. The maximum

value is the measured value for tDQSCK max. This test is considered informational only since the limit is
undefined.

e tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

e t@tDQSCKmax (P4) displays the location of where the minimum value of tDQSCK occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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Timing Tests on Pre/Postamble (using interpolation)

tHZ(DQ) and tLZ(DQ), tHZ(DQS) and tLZ(DQS) (DDR4 only)

The purpose of these tests is to characterize the High and Low Impedance times. These tests measure the timing
between when the device quits driving (tHZ) or begins driving (tLZ) and the CK at Vref. All tests use an interpolation
algorithm to determine the point where the signal begins and depending upon the signal shape this can lead to
some inaccuracies. Only tHZ(DQ) is shown below.

e tHZ(DQ) and tHZ(DQS) test the maximum time from when DQ/DQS quits driving to CK.
e tLZ(DQ) and tLZ(DQS) test both minimum and maximum time from when DQ/DQS begins driving to CK.

At the completion of the tHZ(DQ) test, the oscilloscope is in the following state:

Trigger

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help sewp | Frocessng 'H( D Reset | 15

%
Measure
value
mean
min

& y Timebase 0.00 psfiTrigger  CA)EH)]
182 mVirdiv 310mVidiv 200 mV/di 2.00ps/div Stop 1000 mV
415 ps/div 415 ps/div | .425 psidiv 800kS  40GSks [Edge  Positive

Figure 29. Oscilloscope configuration after the tHZ(DQ) test.
Shown on the screen:

e Z1isazoom of F1, the acquired CK signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tHZ measurement indicated by t@tHZmax. A trace label is applied on this
trace at Vref.

e Z2is azoom of F2, the acquired DQS signal after any probe deskew has been applied. The zoom is
positioned at the location of the “worst case” tHZ measurement indicated by t@tHZmax. This signal is not
measured in this test and is only provided as a visual reference.

e Z3isazoom of F3, the acquired DQ signal after any probe deskew has been applied. The zoom is position
at the location of the “worst case” tHZ measurement indicated by t@tHZmax. A trace label is applied on this
trace according to the signal name assigned to DQ to indicate where the interpolation algorithm has
determined where the device is no longer driving. This is the signal measured in this test.
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In the Measure table:

tHZ (P1) is measuring the time from CK at Vref to the time DQ quits driving. This time is indicated by the
trace label which is found through interpolation. Essentially the time between the two trace labels is

measured. The maximum value is the measured value for tHZ(DQ) max. This test is considered
informational only since the limit is undefined.

tDQDQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

t@tHZmax (P3) displays the location of where the maximum value of tHZ occurred. This is used to position
the zoom traces at the location of the “worst case results”.
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tRPRE and tRPST

The purpose of these tests is to characterize the Preamble and Postamble times for all Read bursts detected in the
acquisition. Both tests use an interpolation algorithm to determine the point where the signal begins, which
depending upon the signal shape can lead to some inaccuracies. Only tRPRE is shown below.

e tRPRE measures the time between the preamble start (DQS comes out of idle) and end (DQS at Vref).
e tRPST measures the time between the postamble starts (DQS at Vref) and end (DQS begins return to idle).

At the completion of the tRPRE test, the oscilloscope is in the following state:

©= = = | =y | | Trigger .
File Vetical Timebase Trigger Display Cursors Measure Math Analysis Utilies Help 3 ‘ - Processing 'l P Default | 15

Setup

200 mVi/div 5.00 ps/div Step 100.0mV
470 psidiv 2.00MS 40 GSis [Edge  Positive

Figure 30. Oscilloscope configuration after the tRPRE test.

Shown on the screen: Z2 is a zoom of F2, the acquired DQS signal after any probe deskew has been applied. The
zoom is positioned at the location of the “worst case” tRPRE measurement indicated by t@tRPREmiIn. A trace label
is applied on this trace according to the signal name assigned to DQS to indicate where the interpolation algorithm
has determined where the device is no longer idle and Vref.

In the Measure table:

e tRPRE (P1) is measuring the time from when time DQS quits driving to the next rising edge on DQS at Vref.
The idle quit time is indicated by the trace label which is found through interpolation. Essentially the time
between the two trace labels is measured. The minimum value is the measured value for tRPRE min
reported in mtCK(avg). This test is considered informational only since the limit is undefined.

e tDQDAQS (P2) is measuring the skew between DQ and DQS. Since this measurement is performed once per
burst, this shows how many Read bursts were in the acquired waveform.

e t@tRPREmIn (P4) displays the location of where the minimum value of tRPRE occurred. This is used to
position the zoom traces at the location of the “worst case results”.
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DDR4 and LPDDR4/4X Variables

Main Settings

Speed Grade
Sets which DDR4 or LPDDR4 speed grade to use for testing. Default is DDR4-1600 and LPDDR4-1600. If Custom is
selected, enter the speed in Custom Speed Grade.

Custom Speed Grade
This variable allows you to define a custom speed grade to be used. Enter a string in the format DDR4-NNNN or
LPDDR4-NNNN, where NNNN is the custom speed grade.

Operating Mode
Select the probe configuration in use, Differential or Single-ended Differential.

Script Execution Variables

Read/Write Postamble
For each type of burst, select whether the burst contains postamble of 0.5 tCK or 1.5 tCK length.

Read/Write Burst Separation Method
Specifies whether to use the phase difference between DQ and DQS analog signals or HDA125 digital signals to
identify and separate read and write bursts. Default is DQ/DQS.

Use previously saved deskew values?
When set to Yes, QualiPHY will use deskew values previously saved during the manual channel deskew procedure.
When No, users are prompted to repeat the deskew procedure as part of the test. Default is No.

Pause after tests to review results?

When set to Yes, the script stops after each test allowing you to view the results. The setup is saved so the
oscilloscope settings can be modified to allow for further debug results. Upon completion of debugging, testing can
be seamlessly resumed with one click of a button. Default is No.

Prompt before signal acquisition?

Enables/disables a prompt at the beginning of the signal acquisition sequence. This will allow generation of
read/write bursts at the start of the acquisition or modify the trigger conditions before signal acquisition. The
default value for this variable is No.

Disable connection diagrams?
Disables/enables the display of connection diagrams when probe/cable setups require a change. When No, tests
are stopped while the diagrams are displayed; when Yes, diagrams are disabled. Default is No.
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Signal Settings

These variables give you control over the signals included in the tests.

CK(diff)?

Select "Yes” to include a CK(diff) signal in the set of signals to test.

DQ and DQS(diff)?
Select "Yes” to include DQ and DQS(diff) signals in the set of signals to test.

CA/ADDR?

Select "Yes" to include a Command/Address line in the set of signals to test.

DQS_t and DQS_c (single-ended)?

Select "Yes" to include single-ended DQS signals in the set of signals to test.

CK_t and CK_c (single-ended)?

Select "Yes” to include single-ended clock signals (CK_t, CK_c) in the set of signals to test.

Analog Signal Channel Assignments

<Signal> Input Channel
For each analog signal (CK_c, CK_t, CK(differential), etc.), select the input channel, C1-C4, to which it is connected.

HDA125 Digital Signal Assignments

These variables assign different signals and properties to the digital lines.

<Signal> Line
For each digital signal (CS_n, WE_n, RAS_n, etc.), select the HDA125 line over which it is input, or select Not
Connected if it is not in use.

HDA Read Latency

Enter the number of bits from the Read Command to the start of the Read burst. This variable, along with the HDA
Write Latency setting, determines what horizontal offsets to apply in order to get the correct decoding from the
acquired Command Bus signals.

HDA Write Latency

Enter the number of bits from the Write Command to the start of the Write burst. This variable, along with the HDA
Write Latency setting, determines what horizontal offsets to apply in order to get the correct decoding from the
acquired Command Bus signals.

Default Threshold (volts)
Default logic threshold for all lines.

Individual Thresholds (volts)
For digital lines that are not using the default threshold level, enter individual thresholds in comma-delimited pairs
(e.g,, D0:0.5D1:0.2,03:-0.2).
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Analog Signal Names
CMD/ADDR

Enter a name for the Command Address signals to distinguish between different pinouts. The suffix will be included
in saved waveform files and in the report. Default is AQ.

CK

Enter a name for the Clock signal to distinguish between different pairs. The suffix will be included in saved
waveform files and in the report. Default is CK.

DQ
Enter a name for the Data signal to distinguish between different signals. The suffix will be included in saved
waveform files and in the report. Default is DQO.

DQS
Enter a name for the Strobe signal to distinguish between different signals. The suffix will be included in saved
waveform files and in the report. Default is DQSO0.

Analog Probe Settings

These variables allow you to specify the probe tip use for each input.

Probe Tip, <Channel N>
Tip installed on the probe connected to the respective channel number, C1-C4. Default is SI.
Analog Probe Location Corrections

<Channel> Probe Location Correction (ps)
Time in picoseconds to shift the waveform on the respective channel, C1-C4, in addition to the deskew value.

Analog Signal Channel Inversion

Invert <channel> signal?
Select "Yes” to invert the waveform on the respective channel, C1-C4. Default is No.

Digital Signal Inversion

Invert <signal>?
Select "Yes” to invert the respective digital signal (CS, WE, RAS, etc.). Default is No.

Save/Recall Waveforms

Use stored waveforms?
Select "Yes” to use previously stored waveform in the Waveform Path folder will be used.

Waveform Path

Full path to the folder in which to save waveform files, or from which to recall files when Use stored waveforms? is
“Yes”. When running normally, Waveform Path is the root path, with subfolders defined by the DUT name entered on
the Operator dialog and the incrementing Run number. When running on stored waveforms (“Demo Mode”),
waveform files are recalled from this folder.
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Recalled Waveform File Index
5-digit index number of the waveform file to recall when running the script on previously stored waveforms.

Virtual Probe Setup

This group of variables enables you to apply virtual probing to the acquired signals and conduct the DDR
measurements on the compensated waveforms.

Virtual Probe Control
Select the type of bursts (Read, Write or Both) to which to apply virtual probe compensation. Select Off to turn off
VP compensation.

Virtual Probe Tool Selection
Select the Virtual Probe tool to use.

VP@Receiver math functions simulate the waveform at termination. Use this tool if you are seeing reflections that
are too large to get good measurements. When creating the math functions, use F9-F12 for sources C1-C4, in order.
Place the saved setup files in the VirtualProbe Path folder.

VirtualProbe utilizes the Virtual Probe toolkit. Use this tool if you have good models of the circuit in .s2p (single-
ended) or .s4p (differential) touchstone files. When creating VP setups, use SetupA-SetupD for sources C1-C4, in
order. Place the saved setup file in the VirtualProbe Path folder.

Advanced uses custom panel setups saved from a WebEditor processor to apply virtual probing to the acquired
signals. When creating the processing web, output math functions F9-F12 for sources C1-C4, in order. Place the
saved setup file in the VirtualProbe Path folder.

VP@Receiver Settings

These settings are applied when the Virtual Probe Tool Selection is VP@Receiver.

VP@Receiver Path
Full path to the location of the setup files for channels with VP@Receiver functions.

<channel> VP@Receiver Setup File Name
Enter the name of the setup file to be used when applying VP@Receiver to the respective channel, C1-C4. The setup
file name should include the .Iss extension.

VirtualProbe Settings

These settings are applied when the Virtual Probe Tool Selection is VirtualProbe or Advanced.

VirtualProbe Setup Path
Full path to the location the setup file.

VirtualProbe Setup File Name
Name of the setup file that will be used to generate all signals under test. The setup file name should include the .Iss
extension.
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Advanced Settings

These variables are designed to give advanced users more control over the QualiPHY script.

Time per division for Acquisition
Enter the Time/div in exponential notation (e.g., 5e-3 for 5 ms/div).

Jitter BER Level
Enter the BER level used to calculate total and deterministic tJIT(per)/tJIT(cc) in SDA, this is setup as the power of
10. Default is-12.

Timing Reference Horizontal Shift (DDR4 only)
Override horizontal shift value that will shift all signals relative to the timing reference in DDR Debug Toolkit views.
Enter value in seconds.

Custom Level Settings

Auto, Standard or Custom Levels
Select the type of levels to apply:

e Auto uses levels QualiPHY calculates from the top and base of the acquired waveform.
e Standard uses the levels defined by the JEDEC specification.
e Custom uses the VIH/VIL AC/DC levels defined by the custom level variables.

VDD and VDDQ Level
Enter a custom voltage level for VDD and VDDQ.

VOH(AC) Level for DQ, DQS(se)

Enter a custom voltage level for VOH(AC).

VOL(AC) Level for DQ, DQS(se)

Enter a custom voltage level for VOL(AC).

VREF.CA Level
Enter a custom voltage level for VREF.CA.

VREF.DQ Level for Writes (Inputs)
Enter a custom voltage level for VREF.DQ, Writes (Inputs).

AC Threshold
Select an AC threshold for DQ and single-ended DQS signals. This value sets the delta from VREF.DQ for many
measurements.

Input DC Threshold
Enter a custom DC threshold voltage.

AC Threshold (CA)
Select an AC threshold for control, clock and address signals. This value sets the delta from VREF.CA for many
measurements.
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High/Low Levels Delta
Used to assist with preamble identification, it sets thesholds at + and - the selected value in the DQS signal.

DQS Read/Write Threshold (%)
Enter the hysteresis threshold for DQS read/write signals. Value is the % of the DQS peak-peak voltage.

Speed Bin Settings (DDR4 only)

Setting the correct DRAM configuration for CL, CWL and Speed Bin will allow the QPHY-DDR4 scripts to more
closely alter the limits for certain measurements as outlined in the JEDEC spec. One example is tCK(avg), which
derates as you change these three variables.

CL
Select a CAS Latency (CL) value (number of bits).

CWL
Select a CAS Write Latency (CWL) value (number of bits).

Speed Bin
Select the speed and memory letter associated with your DRAM. (ie. DDR4-2666T, DDR4-2666U, DDR4-2666V,
DDR4-2666W)

DDR4 and LPDDR4/4X Limit Sets

The limits in use by the DDR4 tests are defined in the JEDEC DDR4 specification, JESD79-4D. The software includes
limit sets for DDR4-1600, DDR4-1866, DDR4-2133, DDR4-2400, DDR4-2666, DDR4-2933 and DDR4-3200. DDR4-
1600 is used by default.

The limits in use by the LPDDR4 and LPDDR4X tests are defined in the JEDEC JESD208-4D and JESD209-4-1A
specifications. The software includes limit sets for LPDDR4-1600, LPDDR4-1866, LPDDR4-2133, LPDDR4-2400,
LPDDR4-2666, LPDDR4-2933 and LPDDR4-3200. LPDDR4-1600 is used by default.

For those testing LPDDR4X, the limit sets are defined with a -D for differential or -S for single-ended configuration.
It's important to know that the specification allows the signal to run only with the DQS and CK True, not the
Complement portion of the signal, to conserve power when running at speeds <1600 MT/s. Configuring QualiPHY
to match this is important for measurement limits.
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Using QualiPHY

This section provides an overview of the QualiPHY user interface and general procedures.

QualiPHY Test Process

1. Before beginning any test or data acquisition, warm the oscilloscope for at least 20 minutes and perform
any other required set up.

2. Launch the QualiPHY wizard and working from left to right, select your Standard, technology Component
and test Configuration.

@ QualiPHY - DDR4 - Ckdiff-DQSdiff-DQse DDR4-1600 (3 Probes) - X

”‘ TELEDYNE
LECROY

Configuration:

D, '@ Ckdii-DASAf-Dase @
. DDR4-1600 (3 Probes) v/

General > Standard: » > Start

Setup DDR4 1}& Edit/View Configuration

IQualiPHY Product Version: 0.10.3.0. (Build 367944)
Script Version: 0.0.0.1209

Selected Technology: DDR4

IConfiguration Setup Name: Ckdiff-DQSdiff-DQse DDR4-1600 (3 Probes)

This configuration runs all the tests in which 3 probes are required. A probe must be connected
to the differential clock, the differential strobe, and the single-ended data. All variables are set
to their defaults. The limit set in use is DDR4-1600.

Pause on Failure
S =

3. May any required settings on the Setup tab, then click Start.

4. Follow the connection diagrams/dialog prompts to connect the oscilloscope to the DUT and other test
equipment. As you work, continue to follow the software prompts to change cabling, DUT output test
patterns, etc. and continue.

When all tests are successfully completed, both progress bars on the wizard dialog are completely green
and the message “All tests completed successfully” appears.

5. If you have Pause on Failure checked, you'll be prompted to restart failed tests after correcting errors.
If problems are encountered, choose to:
e Retry the test from the latest established point defined in the script
e Ignore and Continue with the next test

e Abort Session
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Generating Reports

The QualiPHY software automates report generation. On the wizard dialog, go to General Setup > Report to pre-
configure reporting behavior. You can also manually launch the Report Generator from the wizard dialog after a test
is completed.

The Report Generator offers the same selections as the Report tab, only applied to each report individually, rather
than as a system setting. There are also options to link a custom style sheet (.xslt) to the report, or to Exclude
Informative Results.

The Test Report includes a summary table with links to the detailed test result pages.

‘/ | ERR(40per)fall, max
5u|-|-|mary Table | Gument Value: 33 ps [ TestCrteria:._x<=246ps
Pass | Timesamp:  11/07/2017 14:56:40 | Limit Name: tERR(13-E0per]_limit_max
S Description: _Clock Period Cumulatve Error over [N periods, faling edge. max
?ﬁ!u: | Current Value Test Criteria
1| Clock i Speed Grad 1.067e+08 Tis Informational Only L]
[0 [1] Cloox Jicwa rise 1878ns. Informational Only |”635“m tERR(<41per)rise, min
(@[ co= SvaL Bl TE78rs Tnformaions] Gnly Pass [ Gument Value: 48 p= [ restCrteria: x>=247p=
" 1| Cio o) e TS e |nmes|amp: 11/07/2017 14:56:51 | Limit Name: __tERR(13-50per)_limit_min
X T oo i s e — Description: _Clock Period Cumulative Error over {N] periods, fising edge, min
W 1| Clock hioKiabs), tail, min 188108 x>=1.180ns [Up]
[ [1[ Clocx abe) ol ma: 601 ns. x<=1570ns T T g
v 1| clock Jictiav 503.8 mCH(avg) 470.0 miCK(avg) <=x <= 530.0 V | Cument Value: 44 | Test Crtesiz: _x<=247 ps
micKi Pass [T T -
TS T EwD mestamp 1 VDF/3017 14 5051 | Lmit Name _IERRI(13-50per)_bmi_mox
W 1| cloex hoiug 496.2 mCK(avg) plvin) Desoription: _ Clok Period Cumulative Error over {N) pefiods, rising edge, max
W [1] Clock }iGhlabs) min 495.3 mCKiavg) x >= 430.0 meCK{avg) e
o [1] Clock_fici(aps) mn 4658 mCK(avg) x>= 430.0 mCK(avg)
[ @ 1] Clock [umCHlmn 16 ps Informational Only I ERR(41per)fall, min
[0 |1 ook DL max 16 ps Informational Only Pass |C””9"““[* Alps . | Test Crteria: _x>=-247ps
M@ 1 oo oL, min oS romasonal Oy [ T\me‘slar.np, 11/D7/2017 14:50:51 _ | Limit Name: |E??R(|3—5.ﬂpe(} limit _min
[ @7 Clook famicl mae i€ ps Irformational Only eserpior Dat it periods s o exge. win
0 1] Clock [uTiduy). min 20ps Informational Only up]
[ || Clock [uiiousy] max o ps nformasonal Only Thicss T parial, m
/1] Ciook | iTipedee min S8ps x>= T0ps v [[Cument Value: 41 ps [TestCaters_w<=247p5
o [1] Clock Jiiiperivise max s x<=T0ps Pass |[Timecamp  11/07/2017 145651 | Limit Name: _ERR{13-60per]_limit_max
S 1| Clock [ulTiperjiall min -17ps x>=T0ps Descriplion: _ Clock Penod Cumulatve Error over {N] periods, faling 2dge, max
1| Clock [uTiperifal ma 23 ps x==70ps
o/ |1 Clock |uTicckise 38 ps <= 140 ps iup)
(87 1] Clock luTtemial Zps <= 140 ps V I tERR(d2per)rise, min
O [1| Cox 3 Tee0 éormational Only | Coment Vave: 4 ps [ TesiCreia_x>= 298 ps
v [1| Clock ERR 25 ps %>= 103 ps Pass | Timesamp:  11/07/2017 14:5662 | Limit Name: tERR(13-50per)_imit_min
7 [ Ciok 0 s = 1B ps Description: _Clock Penod Cumiative Ermor over (N] periods, rising edge. min
W |1 Clock 23ps % >=-103 ps
v [1[ Ciook [ErREmerial ma B = im e Lol
AN = P m—
- jue: 42 ps. = w==248ps
S : 2:: = _2;7":; :;';:Z Pass |Tieswmp  11/D7/2017 14:56:52 | Limit Name: _tERR 13-50par]_limit_max
i e o e Description: _Clock Period Cumulative Error over {N] pefiods. fising edge. max
(v [1] 22ps =18 ps Up]
V1 Z2ps w<=13ps V T ERR(42per)fall, min
i -HMps x>=-136ps | Cument Valse: a7 | TestCrteria: _x>=248ps
W |1 28 ps x <= 136 ps. Pass |Timesamp  11/07/2017 14.5662_| Lim Name: _{ERR(13-50per)_lmi_min
W |1 30 ps x >= 147 ps. Description: __Clock. i ‘over [N} periods, falling edge. min
(v 1] T ps <= 17 ps
v ETT o= a7 ps Luel
4 s =T ps | tERR(42per)fall, max
V] T T P | Cument Vaiue: 42 | TestCrteria:_x<=248 ps
rd > T ass | T\me‘slar.np: 11/07/2017 14:56:52_| Limit Name: IEFRU?:-S.CIDQ(} limit_max.
rd e P Description: _Clock ver [N periods, falling edge, max
S 1 30 ps x<= 155 ps ue]
0 ET o= 18308 Py ™
v |1 27 ps x<=163 ps V I Cument Value: 48 ps | Test Ciiteria:_x >=-248 ps. I
v |1 -30ps. x>=-183ps Pass |[Timesomp.  11/07/2017 14.6662_| Lime Name. {ERR(13-50per)_imiL_min |

Reports are output to the folder D:\QPHY\Reports, or C:\LeCroy\QPHY\Reports if QualiPHY is installed on a remote
PC.

You can add your own logo to the report by replacing the file *\QPHY\StyleSheets\CustomerLogo.jpg.

The recommended maximum size is 250x100 pixels at 72 ppi, 16.7 million colors, 24 bits. Use the same file name
and format.
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Customizing QualiPHY

The pre-loaded configurations cannot be modified. However, you can create your own test configurations by
copying one of the pre-loaded configurations and modifying it.

Copy Configuration

Access the QualiPHY wizard dialog and select a Standard.

2. Click Edit/View Configuration and select the configuration upon which to base the new configuration. This
can be a pre-loaded configuration or another copy.

3. Click Copy and enter a name and description. Once a custom configuration is defined, it appears on the
Configuration tab followed by “(Copy).”

Setup Configuration  Test Selector  Variable Setup Limits

% ADD/CTRL tests DDR4-1600 (4 Probes)

% Ckdiff-DQSdiff-DQse DDR4-1600 (3 Probes)

G] Chdiff-DQ5diff-DQse DDR4-1600 (3 Probes) (Copy) Copy

4. Select the new, custom configuration and follow the procedures below to continue making changes.

Note: If any part of a configuration is changed, the Save As button becomes active on the bottom of the
dialog. If a custom configuration is changed, the Save button will also become active to apply the changes
to the existing configuration, rather than create a new one.

Select Tests

On the Test Selector tab, check the tests that make up the configuration. Each test is defined by the JEDEC
standard. A description of each test is displayed when it is selected.

Edit/View Configuration X

Setup Configuration ~ Test Selector  Variable Setup Limits

[ER W fo0r o Test Tree
<[] Probe auto-zero
@ Deskew
=[] Clok Tests
- [v] textava), tokiabs)
. EJ tCH{ava), tCH(abs), tCL{ava), tCL(abs)
EJ HIT(duty)
[ tirT(pen), Total 8.0
[v] urme) v

Cument Corfiguration :
Ckdiff-DQSdif-DAse DDR4-1600 (3 Probes) Save Save As... Close
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Edit Variables

The Variable Setup tab contains a list of test variables. To modify a variable:
1. Select the variable on the Variable Setup tab, then click Edit Variable. (You can also choose to Reset to
Default at any time.)
2. The conditions of this variable appear on a pop-up. Select or enter the new condition to apply.

Setup Configuration  Test Selector  Variable Setup Limits

~
B _// DDRéx script Edit Variable
B[ __J Main Settings

if Speed Grade: DDR-1600
et \—Bgei to Defauit

Selectwhether to use the phase difference hetween DO and DOS analog signals or
HDA125 digital signals ta identify and separate read and write bursts,

DQ/DQS Phase HDA125

Select whether to use the phase difference between DQ and DQS analog signals or
HDA 125 digital signals to identify and separate read and write bursts.

| Cument Configuration

Chdiff-DQSdiff-DQse DDR4-1600 (3 Probes) Save Save As.. Close

Edit Test Limits

The Limits Manager shows the settings for every test limit in a limit set. Those in the default set are the limits
defined by the standard. To create a custom limit set:

1. Onthe Limits tab, click Limits Manager.

2. With the default set selected, click Copy Set and enter a name for the new limit set.

3. Double click the limit to be modified, and in the pop-up enter the new values.

Selected Limit Set:

DDR4-1600 -
Copy Set Rename Set Delete Set
This is 2 parent Set!
List of avalable Limits for the selected set:
Name Set Comparison Method  Reeference Unit  Grain 2
Eye_Mask_Hits DDR4-1600 x=A 0 hits  1.000000-+000
InfaOrhM: DDR4-1600 ionareal = 1
Define Limit
Name Set Compare Method Refersnce A Reference B Unk  Grain
==
Table104_SRQAFF_min DDR4-1600 x>=A 8.00E-+09 vjs  1.000000e+006
Table132_133_tCH(abs) min  DDR4-1600 x3=A 0.45 fC...  1.000000e-004
Table132 133 tCH(ava) range DDR4-1600 Ac=x<=B 0.4810.52 fC...  1.000000e-004 ©
|
Import Limits Export Limits Edit Limit |

|
Close |

You can also Import Limits from a .csv file. Navigate to the file location after clicking the Import Limits button.

Tip: Likewise, Export Limits creates a .csv file from the current limit set. You may wish to do this and copy it to
format the input .csv file.
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X-Replay Mode

The X-Replay mode window is an advanced (“developer”) view of QualiPHY. The tree in the upper-left frame enables
you to navigate to processes in the test script, in case you need to review the code, which appears in the upper-right
frame.

Two other particularly useful features are:

o Alist of recent test sessions in the lower-left frame. While you can only generate a report of the current test
session in the QualiPHY wizard, in X-Replay Mode you can generate a report for any of these recent
sessions. Right-click on the session and choose Create Report from context menu.

e The QualiPHY log in the bottom-right frame. The frame can be split by dragging up the lower edge. The
bottom half of this split frame now shows the raw Python output, which can be useful if ever the script
needs debugging.

& CA\Lecroy\QPH\DDRADDRAIRT - X-Replay - O %
File Edit Sequence Resultlog Report Options Devices View Help

ClEL LRI
& sigsdtest_10_CK_diff_only: Ne | Variable group for HDATZ5 digal signals and seftings

..... 5 sigs2test_20_CKdiff_DO_DQS:
2 sigs2test 30 ADDR: No

..... % sigs2test_40_DQS _se: No
% sigs2test 50_CK se: No

s XrvariabTes[ HDAaLTnes J[ Cs_n_Iine’] = xreplay.variables.get( HDA 10 C5 N )
- & Analeg Signal Channel As |xRvariables[ HpaLines J['we_n_line'] = xreplay.variables.get( HDA 11 we n')
E chanmap_100_CK_c: C4 xRvariables[ 'HDaLines"J['ras n_Tline'] = xreplay.variables.get('HDA 12 RrAS n')
& e xRvariables[ 'HDaLines"]J['cas_n_line'] = xreplay.variables.get('HDA_13_CAS_n')
""" chanmap_200_CK t: C1 XRvariables[ HDALines ]J['ACT_n_line’] = xreplay.variables.get( HDA_14_ACT_n’)
chanmap_300_CKDiff: C1 XRvariables[ HpaLines ][ ckE “1ine’ ] = xreplay.variables.get( 'HDA_15_CKE")
& chanmap_400_DQ: C3 XrRvariables[ 'HpaLines ][ 'cLk_1ine'] = xreplay.variables.get( HDA 16 _CLK')
..... # chanmap 500 D05 e C4 |op
& chanmap_600_DOS_t: C2 XRvariables['HDAvars']['HDAReadLatency'] = int(xreplay.variables.get('HDA_20_ReadLatency'))
_____ & chanmap_700_DOSDff: ¢ XRvariables[ 'Hpavars']['HDawriteLatency'] = ‘mt(xrep'\ay variables. gst( HDA_22_writeLatency'))

Rvariables[ 'HDavars']['HDA_Threshold_Global'] = float(xreplay.variables.get( HpDA_30_Threshold_clabal’))
valueerror:

eplay. logs. Tog_to_wizard('Error parsing numeric variables in HDA125 Digital signal settings; aborting’, RED)
aise Ex:ept‘ion% User Requested Abort')

&* chanma 800 A c4
P!

vaar‘iab'IEs['HDAvars J['HpA_Ind_thresholds_string'] = xreplay.variables.get("HDA_40_Ind_thresholds")
Try

& HDA_11_WE_n: DS

" indThresh_dict = {}

----- % HDA_12_RAS_n: D3 if XRvariables[ HDAvars']['HDA_Ind_thresholds_string’] <

5 HDA_13_CAS.n: D1 E = t(vaar‘wgb'les[ HDAvars '] ["HDA_Ind_thresholds_string ] rep'lace( T splieC, )

H or item in H

..... 4 HDA_14_ACT_n: D2 © = qtem.split(’':")

#* HDA_15_CKE: Not Conne ‘dehrEsh d‘\ct[([u]] = ﬂuat([[l])

. vaar“'\amEs[ Hpavars '] ["indiv_Thresh’] = dindThresh_dict

..... 4 HDA_16_CLK: Not Conne

4 HDA_20 ReadLatency: 14
..... 4 HDA_22_ WriteLatency: 1

5 HDA_30_Threshold_Glob
..... 4# HDA_40_Ind_thresholds:
R ) Analog Signal Narmes

int 'HDA125 variables: exception found'
eplay. logs. log_to_wizard('Error parsing Individual Thresholds in HDA125 Digital signal settings; aborting; aborting’,RED)
aise Except'inn% user Requested Abort')

v
< > < >
OperatorMame DUT  Set  Time  Tem. ™ | Timestamp Command Explanation Model Opti.. # R "
= DDR4... 2017/.. 0.0°C =] 2017/05/... Python Entering tiH WMB... ASD.. 4 0
= DDR4... 2017/.. 0.0°C =] 2017/05/... LogToReport Test Fail: Timing - tiH (base) min... WMS.. ASD.. 4. 0
= DDR4... 2017/.. 0.0°C ?’]2017/05!..‘ ScreenDump tIH (base) min WMB... ASD.. 4 0
= DDR4... 2017/.. 0.0°C v “2017/05!..‘ EndScope Total Steps Executed : 75 UUT tim... WMS.. ASD.. 4. 0
& = nent gt nne ¥ 2017/05/... TestFinished WMB... ASD.. 4 0 v
DDRéx script\DDRdx Test Tree\Main Settings\Signal Settings\HDA125 Digital Signal Assi Mode: Runtime _ Set: DDR4-1600  Net WMB20Z1-B on 127.00.1  Timeout 10
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Appendix A: Virtual Probing Setup and Dependencies

Because the JEDEC electrical specifications are defined at the balls of the DDR DRAM, it is often necessary to use
the virtual probing capabilities of the oscilloscope to get the best representations of the signals to be analyzed with
DDR Debug Toolkit.

Also, if DDR Debug Toolkit and QPHY-DDR* are used together on the same device, it is good practice to ensure your
DDR Debug virtual probing setup can also be used when you perform compliance testing using QualiPHY. QualiPHY
has specific requirements for virtual probing that you will want to observe in the setup files you save and the
selections you make in DDR Debug Toolkit.

The virtual probing capabilities described here become available with the installation of the SDAIII-CompletelLinQ or
VirtualProbe software options.

Virtual Probing Methods

There are three methods for using virtual probing in DDR Debug Toolkit:

Method 1—Apply the VirtualProbe@Rcvr math processor to the input signals, then use the resulting math functions
as inputs for DDR Debug. This math processor will apply the termination network parameters to the acquired
signals.

Method 2—Use Virtual Probe software to apply S-parameter models to the input signals, then use the resulting
VPOut* waveforms as inputs for DDR Debug. This method is good for using .s2p and .s4p files to deembed effects.

Method 3—Use WebEditor to apply the VirtualProbe math processor to the input signals, then use the resulting math
functions as inputs for DDR Debug. This is an advanced approach that may be used to represent more complex S-
parameters, such as interposer models.

Method 1-VirtualProbe@Rcvr Math Functions

The VirtualProbe@Rcvr math processor is recommended if the difference between the signal being probed and the
desired signal can be defined as a simple RLC termination model with some transmission line delay, as shown in
the following figure. Here, the probe point is the input (In) of the termination model and the desired signal is the
output (Out) of the model.

Create Math Functions
For each signal that you will analyze in DDR Debug Toolkit, apply the VirtualProbe@Rcv math processor to the
acquired signals. For interoperability of DDR Debug Toolkit and QualiPHY, best practice is to use:

e CLKonC1 =source for F9

e DQSon C2 = source for F10

e DQon C3=source for F11

e Other (e.g., ADDR) on C4 = source for F12
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For example, to apply the VirtualProbe@Rcv math function to DQ on C3:

1. Open the oscilloscope F11 setup dialog and choose C3 as Sourcel and VirtualProbe@Rcvr as Operator1.
On the Model subdialog, choose Term(ination) mode.

Math

.....
dual

Summary

a(f(x)) VP@

Reframe

Add / Edit Output

Name

Zoom VP@Receiver Model More._. 6 CLOSE

Mode

Reframe
Output

For more information on using the VirtualProbe@Rcvr math processor, see the white paper.

Using the Virtual Probe at Receiver Math Operator to Eliminate Reflections

3. As you create each math function, go to the SaveRecall subdialog and Save Setup to an .Iss file for each
input signal.

Model Line SaveRecall More._. 6 CLOSE

Browse

C3_F11_VPAtRec

Recall Default Save Setup Load Setup

Tip: It will be easier to select files in QualiPHY if you include the input channel in the filename, for example,
C3_F11_VPAtReceiver.lss.

4. Copy all files to an oscilloscope folder that QualiPHY can access. The default is
D:\Applications\VPAtReceiver.
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Configure DDR Debug Toolkit

When setting up your DDR Debug Toolkit Views, select the VirtualProbe@Rcvr math functions you created as the
inputs for the signals, rather than the channels.

In this example, DQ is probed on C3 and DQS is probed on C2 of the oscilloscope. F11 and F10 are the
VirtualProbe@Rcv math functions that were applied to the probed signals, respectively.

View1 View?2 View3 Viewd e 6 CLOSE

Enable

A s
Al

DQ-Read

Copy
Store to Ref &

Using VirtualProbe@Rcvr with QualiPHY

QualiPHY expects specific math functions to represent specific inputs when using the VirtualProbe@Rcvr method.
When creating your math functions, use:

e (1 =Source for F9

e (2= Source for F10
e (C3=Source for F11
e (C4=Source for F12

1. Onthe QualiPHY wizard, after selecting the configuration to use, choose View/Edit Configuration, then open
the Variable Setup tab and:

2. Turn "Virtual Probe Control” to “Read”, “Write” or “Both” types of bursts (it is Off by default)

3. Choose “"VP@Receiver” as the “Virtual Probe Tool Selection”:

Setup Configuration  Test Selector  Variable Setup Limits

= /) Virtual Probe Setup Edt Variable

e (" Vil Probe Cortro:Botn

e #-"‘ Virtual Probe Tool Selection: VP @Receiver

= /) YP@Receiver Reset to Default
e \f VP@Receiver Path: D:\ApplicationsVP At Receiver

i \f C1VP@Receiver Setup Filename: C1_YPAtReceiverlss

e \f C2 WP@Receiver Setup Fllename: C2_WPAtReceiverlss

\f C3 WP@Receiver Setup Fllename: C3_WPAtReceiverlss

\f C4 VP@Receiver Setup Filename: C4_VPAtReceiver lss
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4. Inthe VP@Receiver variable group, change:
“VP@Receiver Path” to the folder containing the saved setup files
“Cn VP@Receiver Setup File” to the names of the files representing compensated input channels

Setup Corfiguration ~ Test Selector Variable Setup Limits
o (¢ Witual Probe Control: Both "
nual Frobe Lontrol Edit Variable
e g Virtual Probe Tool Selection: VP@Receiver

S /) VP@Receiver
- & WP@Receiver Path: D:\Applications\VP AtReceiver Reset to Defauit

- ﬁ C1YP@&Receiver Setup Filename: C1_YPAtReceiverlss

[ w C2 VP@Receiver Setup Filename: C2_YPAtReceiverlss

= f C3 VP@Receiver Setup Filename: C3_F11_WPAtReceiverlss

e ‘f C4 VP@Receiver Setup Filename: C4_VPAtReceiverlss

Note: You will need to save these changes to a new configuration, which will then be ready for selection whenever
you wish to apply VirtualProbe@Rcvr to this setup.
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Method 2-Virtual Probe Software

The Virtual Probe method can be used if the difference between the signal being probed and the desired signal can
be defined by one or more S-parameter touchstone files (.s2p for single-ended and .s4p for differential).

Configure Virtual Probe Setups
In the Virtual Probe software, S-parameters can be used to define multiple stages of the input/output signal flow.
For interoperability of DDR Debug Toolkit and QualiPHY, best practice is to use:

e CLKon C1 = source for SetupA
e DQSon C2 = source for SetupB
e DQon C3 = source for SetupC
e Other (e.g., ADDR) on C4= source for SetupD
For example, to apply Virtual Probe Setup C to the DQ signal on C3:
1. Open the SetupC dialog and choose C3 as the Data Source.

Inactive

2. Onthe C2 dialog (or at whichever block of the circuit you wish to deembed), select “Remove effects caused
by clock” and import the .s2p file representing the fixture you want deembedded (here, the interposer):

Browse | View ! =) File =p ?

Note: In this example, C2 has nothing to do with the signal input channel, but represents the order of
processing in the Virtual Probe “circuit”. Setups A, B and D have similar blocks A2, B2 and D2.

3. Onthe Virtual Probe dialog, select block C2 (Deembed File):

Virtual Probe XTalk SetupC c1 c2 c3 C4 C5 C6 lesponse SaveRecall

SetupA Apply Inactive

St 1; cz. o
Ideal Deembed ‘

C4: Ch2

SetupC Termination u File Ideal Thru Ideal Thru u Ideal Thru

Termination

SetupD A_.DDR4_96B S| P..

4. Do the same for the other inputs that require virtual probing, following the conventions as to which Virtual
Probe Setup to use for which input.

5. Open the SaveRecall dialog and save the Virtual Probe setup to an .Iss file in an oscilloscope folder that
QualiPHY can access. The default folder is oscilloscope D:\Applications\VirtualProbe.

68



DDR4, LPDDR4 and LPDDR4x Compliance Testing Instruction Manual

Virtual Probe XTalk etupC C c2 ox] C4 C5 Cé e SaveRecall

Setup.... Browse

Recall Default | Save Setup | Load Setup

Note: With this method, there is only one setup file, vs. four setup files for the VirtualProbe@Rcvr method.

Configure DDR Debug Toolkit

Select the VPOut* waveforms corresponding to each Virtual Probe Setup you created as the inputs for DDR Debug
Toolkit views. Setup A will output VPOutA, and so forth.

In the example below, the DQ signal with the interposer deembedded is represented by VPOutC, so that waveform is
selected as the DQ input in DDR Debug Toolkit, rather than the probed input C3:

Select Source

Main Category Sub Category Source

Main Al D ' Mo

EDrClock VPOUtA VPOuiB VPQutC VPOUtD

Other Channels

Eye
Doctor
. Timebase 0 nsfTrigger 30 XY
50.0 ns/div Stop 0.0 mV|
Math 20kS 40 GS/s Edge Positive

View?2 View3 Viewd Ref g CLOSE

Memories

Zoom

Copy

Store to Ref
Cancel

10/9/2020 11:45:37 AM

Note: VPOut* waveforms are in the Eye Doctor selector menu.
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When Using Virtual Probe with QualiPHY

The Virtual Probe setups should correspond to the oscilloscope input channels as follows:
e C1 = Source for SetupA (VPOUtA)
e (2 =Source for SetupB (VPOuUtB)

VPOutC)

VPOutD)

1. Onthe QualiPHY wizard, after selecting the configuration to use, choose View/Edit Configuration, then open
the Variable Setup tab and:

2. Turn "Virtual Probe Control” to “Read”, “Write” or “Both” types of bursts (it is Off by default)

3. Choose “VirtualProbe” as the “Virtual Probe Tool Selection”:

e (3= Source for SetupC (
e (C4=Source for SetupD (

Edit/View Configuration X
Setup Configuration ~ Test Selector  Variable Setup Limits
~
o) Vitual Prebe Setup v

- d“' Virtual Prabe Control: Both

o ﬁj Wirtual Probe Tool Selection: VitualProbe

| VP@Receiver Reset to Defauit

=] __j VitualProbe

\&’ VirtualProbe Setup Path: D-\Applications\VitualProbe

d’ VitualProbe Setup Filename: VP_Setup_testing lss

4. Inthe VirtualProbe variable group, change:
e "VirtualProbe Setup Path” to the full path to your setup file folder

e “VirtualProbe Setup Filename” to the saved .Iss file

Setup Corfiguration ~ Test Selector  Vanable Setup Limits
A
=] __j Virtual Probe Setup Edit Variable
d" Virtual Probe Control: Bath
= \g Virtual Probe Tool Selection: VitualProbe
B J VP@Recsiver Reset to Default

B J VirtualProbe

g VirtualProbe Setup Path: D-\Applications'\VitualProbe

| Ef VittualProbe Setup Filename: DDR4_DRAM_Interposer_VP_Setup_

Note: You will need to save these changes to a new configuration, which will then be ready for selection whenever
you wish to apply Virtual Probe to this setup.
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Method 3-WebEditor

Some interposers use more sophisticated S-parameters than the 2- or 4-port models, such as .s3p and .s6p. For
these cases, the netlist of the interposer can be defined using the oscilloscope WebEditor tool. The WebEditor will
output math functions corresponding to the compensated channels, which will be used as inputs in DDR Debug
Toolkit, similar to the VirtualProbe@Rcvr method. For interoperability of DDR Debug Toolkit and QualiPHY, best
practice is to use:

e CLKonC1 =source for F9

e DQSon C2 =source for F10

e DQon C3=source for F11

e Other (e.g., ADDR) on C4 = source for F12

Define Netlist in WebEditor

In this example, the probed DQS and DQ signals are input on C2 and C3. These inputs will undergo the processing
web to deembed the interposer from the signal.

1. To begin, open the F10 dialog and select web edit, then Show Processing Web.

5 5
x1.00 . X100 .
Add / Edit Reset
Name Zoom ?\ cg\ 9\ cg\

This will take you to a screen like that below where you create a processing web that inputs C2 and C3,
passes them through the VirtualProbe math processor, and outputs F10 and F11. The VirtualProbe
processor allows you to configure the characteristics of the interposer, including applying signal filters and
manually mapping input to output pins.
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2. Do the same for C3-F11 and other inputs that require virtual probing, following the conventions below as to
which math functions to use for which channels. Both F10 and F11, and any other math functions needed,
can be placed on the same processing web.

3. Save the configuration to an .Iss file in an oscilloscope folder where QualiPHY can access it.
Note: With this method, there is only one setup file, vs. the four setup files for VirtualProbe@Rcvr math functions.

Contact Teledyne LeCroy support for more information about creating and saving your processing web.

Configure DDR Debug Toolkit

Choose the math functions resulting from the processing web as the inputs for the DDR Debug Toolkit views:

View1

Ena
DQ, F11
F10

Store to Ref &
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Using WebEditor with QualiPHY

The math functions output by the WebEditor processing web should correspond to the following oscilloscope input
channels:

e (1 =Source for F9

e (2 =Source for F10
e (3 =Source for F11
e (C4=Source for F12

1. Onthe QualiPHY wizard, after selecting the configuration to use, choose View/Edit Configuration, then open
the Variable Setup tab and:

2. Turn "Virtual Probe Control” to “Read”, “Write” or “Both” types of bursts (it is Off by default)

3. Choose “Advanced” as the “Virtual Probe Tool Selection”:

Setup Configuration ~ Test Selector  Variable Setup Limits

= —_j Virtual Probe Setup Edit Variable

d? Virtual Probe Control: Both

ﬁ‘} Vitual Probe Tool Selection: Advanced

|| vP@Receiver Reset to Defauit

=] /) VitualProbe

[ d’ VirtualProbe Setup Path: D\ Applications\VirtualProbe

o d’ VirtualProbe Setup Filename: VP_Setup_testing lss

4. Inthe Virtual Probe variable group, change:
e “VirtualProbe Setup Path’ to the full path to your setup file folder

e “VirtualProbe Setup Filename” to the saved .Iss file.

Setup Corfiguration ~ Test Selector  Variable Setup Limits

B /) Vitual Probe Setup Edit Variable

- (" Vitua Probe Conto: Ectn
o da Wirtual Probe Tool Selection: Advanced
e /J VP@Receiver Reset to Defauit

b /_) VitualProbe

= & VitualProbe Setup Path: D:\Applications\VitualProbe

e ﬁ, VirtualProbe Setup Filename: WP_Processing_Web Iss

Note: You will need to save these changes to a new configuration, which will then be ready for selection whenever
you wish to apply the processing web to this setup.
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Appendix B: File Name Conventions for Saved Waveforms

QPHY-DDR4 saves the waveforms from each acquisition using a specific file name convention. This specific
waveform name definition allows you to re-run any acquisition to recreate specific test results. When running QPHY-
DDR4 in demo mode, the variables need to be set up appropriately to let QPHY know which waveform should be
recalled.

Here is a typical QPHY-DDR4 waveform name: C2_CKDQODQS3_DQS3 _00014.trc

C2: This is the channel used to acquire the signal. In this case C2 was used. When running in Demo mode this
portion of the waveform must match the <Signal> Input Channel variable. Possible values: C1, C2, C3, C4

CKDQODQSS3: This is the probe setup used during the acquisition. When running in Demo mode this portion of the
waveform must match the probe setup for the test group being run. Possible Values: CK (CK diff probe Setup),
CKDQxDQSx (CK-DQ-DQS 3 probe setup), CKDQxDQSxAx (CK-DQ-DQS-Add 4 probe setup), etc.

DQS3: This is the signal name for this trace as it was set using the Analog Signal Name variable. When running in
Demo mode this portion of the waveform must match the Signal Name variable. Possible values: DQ0-63, DQS0-15,
etc.

00014: This is the file index. QPHY will automatically increment this by one on each run. When running in Demo
mode this portion of the waveform must match the Recalled Waveform File Index variable. Possible values: Any five
digit number.

Portion of Trace Name Meaning
C2 Channel Index
CKDQODQS3 Probe Setup
DQS3 Signal Name
00014 File Index
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Appendix C: Common Warning Messages

Clock Speed Grade
At the beginning of each run, QualiPHY measures the clock speed to verify that the appropriate limit set is used.

This warning message occurs when the measured speed grade is greater than 10% different than the selected
speed grade. When attempting to run on saved waveforms, if the displayed data rate is zero, this is an indication
that the waveforms were not properly loaded by QualiPHY.

- _ .
fEse = i T ——
I

WARNING: The DUT measured Data Rate value is 2408.0 MT/s. The ditference compare to
the selected value for Data Rate (1600.0 MT/s) is more than 10.0%.Do you want to
continue the test ?

‘ OK ‘ ‘ Abort Session ‘

Solution: Check to make sure the appropriate limit set has been selected, or if using a custom speed grade, set the
Custom Speed Grade variable.

Read/Write Burst
At the beginning of each run, QualiPHY checks if enough Read or Write bursts are captured in the acquisition.

This warning appears when less than 10 R or W bursts are detected. When there are fewer than 10 bursts, the
measurements will not have much statistical significance. If only R burst tests are selected, the script will only
check for R bursts, and likewise with W bursts.

e —

WARNING: Not enough write bursts acquired (0 write bursts)
1) Check that you hawe captured enough transitions on DAS and DA,
21 Refine deskew between DOS and DO until these signals are centered.
Do you want to continue the test 7

‘ 0K ‘ ‘ Abart Session ‘

Solution: Verify that the device has enough DQ and DQS transitions. Either the acquisition length or the burst density
can be increased. To increase the acquisition length, adjust the Time per division for Acquisition variable.

DUT Name
When running in Demo mode, QualiPHY warns if the DUT name is not “Demo’. The DUT name entered should match
the name of the folder containing the saved waveforms.

-
M F—
essage A ' e

You are launching a demonstration session, howewver
the DUT nare used to retrieve saved waveforms is not
setto "Dema” butto "DDR4-2400"

Do wou wish to continue ?

Solution: Ensure the DUT name matches the folder in which you have saved waveforms. If it does, press “OK".
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