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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-DDR5-SYS software option or
the DDR5 bundle that includes it.

Some of the images in this manual may show QualiPHY products other than QPHY-DDR5-SYS, 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-DDR5-SYS is an automated test package performing all the real-time oscilloscope system-level tests for
DDR5 designs in accordance with JEDEC Standard No. JESD79-5B. 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 QPHY-DDR5-SYS 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.




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
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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 QualiPHY software requires at least 13 GHz of bandwidth on a WaveMaster/SDA 8 Zi-B, WaveMaster/
SDA 8000HD or LabMaster 10 Zi-A oscilloscope for testing DDR5.

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.

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

e MAUI version 10.9.x.x minimum*
e QualiPHY version 10.9.x.x minimum* with an activated QPHY-DDR5-SYS 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 Optional, but highly recommended: DDR5 Debug Toolkit (for turn-on, pre-compliance, optimizing and
debugging compliance failures).

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

Note: VirtualProbe is included with SDAIII-CompletelLing and SDA Expert Complete.

Other Required Equipment

See the DDR5 System Testing section for other required test hardware.

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 uniguely 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. Usethe 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 SDA Expert NRZ. The
software is included with the latest firmware, you need only install your option key using the procedure above to
activate it.
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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 is 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. Onthe 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.




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 s 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.

@ OualiPHY - DDRS - CKdiff DOSdiff D
(€& QualiPHY - DDR5 - CKdiff, 3

" N TELEDYNE
LECROY

' Corfiguration:
[ DoRS i CKdif. DQSd, DA C\
& pogsasn (3 Probes) + Oﬂ
General b Standard: > > Start

Setup DDR5 ‘ _& Edit/View Configuration ‘

QualiPHY Product Version: 0.10.6.0. (Build 383217)

Script Version: 0.0.0.1299

Selected Technology: DDRS

Configuration Setup Name: CKdiff, DQSdiff, DQ DDR5-4300 (3 Probes) + HDA125

This configuration runs all the tests in which Clock, Strobe, and Data (3 probes) are required,using t

[T Pause on Failure
-

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. F the device has a DNS name then
enterthat 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 127.0.0.1 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 X
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 Results

(®) Replace Results

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.




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 after tests. Report
Generator
(®) Always generate a report after tests. (Overwrite)
Default
(O Create 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 “Ask to 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.”
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DDRS5 System 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 DDR5 tests:

e 310 4 DHXX-PA 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.

Preparing Oscilloscope

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-DDR5-SYS. 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 DDR5 specification is 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.




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
e PCF200 deskew fixture. The fixture has two signal paths:

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

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

e 50 Qterminator

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

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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3 = i
File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help ' s 5"99‘52’ Processing. Default

Undo

imebase _0.00 ng
2.00 ns/div Normal
8005 40 GSIs [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.

O = =3 Tri
File Verical Timepase Trigger Display Cursors Measure Math Analysis Utifties Help T e

imebase__ 0.0 psfTrigger (R
20.0 ps/div |Stop
8005 406S/s |Edge Posiive

Close

Bandwidth
ABandwidth
Ful = ]

InputB
s g - Prabe Cal-

(Lower)

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.
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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 DDRS5, there are three different methods for burst separation. Some are more reliable
based on the allowable variations of the JEDEC standards.

Phase Detection
In DDRS, we can separate Read and Write bursts using an algorithm that best approximates the packet type based
on skew relationship between the Data (DQ) and Strobe (DQS) signals.

Edit/View Configuration

Setup Configuration ~ Test Selector Variable Setup Limits

Protocol Selection
Protocol Version Burst Separation Levels Preamble/Postamble Settings
DDR5 v DQ/DQS Phase v vref Standard Write Preamble 2 tCK
Speed Grade Read Preamble  1tCK
4800 v | MTfs Write Postamble 0.5 tCK

Read Postamble 0.5 tCK

Measurement Selection
i Clock (CK
E Sl Clock Probe Setup Clock Pattern Burst Type To Measure
@ strobe (DQS) Differential v Continuous Write and Read
Data (DQ)
() cMD/Add (CA) Strobe Probe Setup Strobe Pattern
i | ~ Burst
@ Eye 8 Mask Differential ur
Acquisition Settings
Clock (CK) Strobe (DQS) Data (DQ)
© Acquire Live CH1 v CH2 v CH3
() Use Saved Waveforms WaveformPath:  D:\Waveforms\DDR5\4800

Curmrent Configuration :

CKdff, DQSdf, DQ DDR5-4800 (3 Probes) + HDA125 Bave SavEdes e

Figure 1. Setup for Phase Detection burst separation method.

12
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Command Address Detection (with HDA125)

For DDRS5, the most reliable solution for R/W burst separation is using the external MSO device, HDA125 High-speed
Digital Analyzer. By probing the Command Address (CA) lines, the software decodes the JEDEC's Command Truth
Table to exactly know when Read and Write information occurs. The QPHY-DDR5-SYS software uses this for packet
separation in order to overcome signal quality issues that might cause R/W burst algorithm challenges.

Choose the HDA125 Burst Separation method. Click the HDA125 button to set up your digital inputs. Be sure to
update the CAS Latency settings.

Edit/View Configuration X i
Setup Configuration ~ Test Selector Variable Setup Limits
Protocol Selection
Protocol Version Burst Separation Levels Preamble/Postamble Settings
DDRS HDA125 Vref  Standard Write Preamble 2 tCK
Speed Grade CAS Latency Read Preamble 1 tCK
4800 v o MIs oA 34 nCK Write Postamble 0.5 tCK
CWL 32 nCK Read Postamble 0.5 tCK
Measurement Selection
i Clock (CK]
& @ Clock Probe Setup Clock Pattern Burst Type To Measure
Strobe (DQS) Differential Continuous Write and Read v
B oata (DQ)
() cMD/Add (CA) Strobe Probe Setup Strobe Pattern
Eye &Mask Differential Burst |
Acquisition Settings
Clock (CK) Strobe (DQS) Data (DQ) Logic Channels
O Acquire Live  CH1 CH2 CH3 v HDA125
() Use Saved Waveforms Waveform Path:  D:\Waveforms\DDR514800
Cument Configuration :
CKdif, DQSdiff, DQ DDR5-4800 (3 Probes) + HDA125 Save Save As... Close

Figure 2. Setup for Command Address Detection burst separation method.

13



CA4 + Latency

The CA4 method detects the start of the burst, then subtracts the latency periods to look at the state of the CA4 line
in both cases. If using the CA4 line for separation, enter the number of clock cycles in the CAS Read Latency (CL)

and CAS Write Latency (CWL).

For this method, use a single-ended probe with >4 GHz bandwidth to probe the CA4 line. Enter this fourth analog
input channel in CMD/Address (CA). The DH Series probes can be used as single-ended probes in this case to input

the CA4 line.
Edit/View Configuration X
|
Setup Configuration ~ Test Selector Variable Setup Limits
Protocol Selection |
Protocol Version Burst Separation Levels Preamble/Postamble Settings
DDR5 v CA4+Latency i Vref Standard Write Preamble 2 tCK e
Speed Grade CAS Latency Read Preamble  1tCK v
4800 v MG 34 ek Write Postamble 0.5 tCK
CWL 32 nCK Read Postamble 0.5tCK
Measurement Selection
Clock (CI
8 Clok () Clock Probe Setup Clock Pattern Burst Type To Measure
@ strobe (DQS) Differential v Continuous Write and Read v
@pata (0Q)
® cMD/Add (CA) Strobe Probe Setup Strobe Pattern
@ Eye & Mask Differential N Burst
Acquisition Settings
Clock (CK) Strobe (DQS) Data (DQ)
O Acquire Live  CH1 CH2 CH3
CMD/Address (CA)
CH4 v
A
L Waveform Path:  D:\Waveforms\DDR 514800
[ Cument Configuration :
| CKdiff, DQSdiff, DQ DDR5-4800 (3 Probes) + HDA125 Save Save As.. Close

Figure 3. Setup for CA4 + Latency Detection burst separation method.

14
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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.

DDRS 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.

PASSMARK

MemTest
@ System (I)nfo a CPU

CPU Type: AMD Ryzen 5 6600H with Radeon
CPU Clock: 3289 MHz [Turbo: 4472.5 MHz]
CPU Temperature: B6C
(A)ddress Range # Logical Processors: 12 (6 enabled for testing)
L1 Cache: 12 x 64K (262016 MB/s)
. L2 cache: 12 x 512K (106648 MB/s)
= (C)PU Selection |3 gache: 1 x 16384K (114367 MB/s)

s‘ﬁ Memory

{T)est Selection

(S)tart Test
Total Physical Memory: 13074M (2508[} MB/S)

Memory latency: 78.082 ns
(R)AM Benchmark ECC Enabled: N/A
iMS Available: N/A

2 i
et el I11viei detalied RAM (SPD)  info
S
View memory usage

ECC Polling
r,.-y (Wpgrade to Pro

Figure 4. Memtest86+ software.

Figure 5. Making sure Memtest is generating enough data traffic.
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Initial Signal Checking

Before running QualiPHY to test DDR5, check the signals to verify that they make sense. This section covers some
of the basic things that should be verified by the operator before running QPHY-DDR5-SYS.

Expected Channels

By default, QPHY-DDR5-SYS 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 diagrams. The Input Channel variables 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% to 95% 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.

B File 3 Vetical ++ Timebase I Trigger & Display # Cursors [l Measure | @ Math | 1= Analysis X Utilities | @ Support

464mv

Timebase 86 ns|
100 ns/div Stop 0mvV
80 kS 80 GSis Edge Positive

Figure 6. Checking that the signals take up enough vertical space, but don't’ clip.

16



QPHY-DDRS5 Instruction Manual

Clock Frequency

By applying the Frequency measurement parameter to the CK signal, you can verify that the DDR5 system is
running at the expected speed (Data Rate = Clock Frequency * 2).

B File | T Vettical | & Timebase =P Trigger £ Display = # Cursors | Bl Measure @ Math | k2 Analysis | X Utiities | @ Support Flashb. _ |40

Y
400mv

300mv

200mv

100mv

oy

“100mv

200mv

300mv

-400mv
K 400 ns s 400ns
Measure

value
mean

2.394e+3
v

Thase 100 ns|
100 ns/div Stop 0mv
160 kS 160 GS/s Edge _Positive

Figure 7. Measuring the Clock Frequency.
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Presence of Read/Write Burst
In DDRS5, checks can evaluate the quality of the burst packets. One way to validate both packets are present is to
use the Decode capability of the DDR5 Debug Toolkit, as seen in Figure 4. Additionally, the signal amplitude can be
used to determine the presence of Read and Write bursts as seen in Figure 5. If probing at the memory BGA, you
can typically expect Read bursts will have a larger amplitude than Write bursts.

QL

Wl ¢ B

! r vttt s 1 P Tt et e

| | 11111 [TH Il
{1114 |||| (LT AT TR I

Figure 9. Amplitude can help validate if different burst packets are present.
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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

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 - DDRS - :<_-,I:L_: SE Clock Tests DDR5-4800 (2 Probes) (Modified) — X
" . TELEDYNE
LECROY
- } [ ’—‘MDE‘ I Corfiguration l
P] \@ LSS - |
OoorR () DisplayPort () HDMI () AUTO ENET () Ethernet
o 5 ~ Serial
mipic =)=
(Cimrpt C)mMosT () PaM4 556G () PCT-Express ()sas
SERIAL|
USB|

(ISATATSGRSG  (D)USB

() Pause on Failure

|

3. Select the memory type you wish to test (e.g., DDR5).

@a QualiPHY - DDR5 - CK_t CK_c SE Clock Tests DDR5-4800 {2 Probes) (Modified) — X
" N TELEDYNE

LECROY

= | | oadd| [ o ] [ o

| Tome 1 1| N1 || emseen | | MEEE] || [IEEE] |

o] || )] || [ || (o || o7

()DDR2 (O)LPDDR2 (ODOR3LLPDOR3  (DDDR3 (C)DDR4

md) || 7]
Oloorax ~ Ooo=s
(JSATATSGRSG () USB

] Pause on Failure

—1
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4. Onthe wizard, click the Configuration button and select the test configuration you wish to run. The standard
configurations are preset to run tests according to JEDEC test standards. Different configurations are
designed to set key variables as required for different probing setups or testing different types of DUTSs, etc.

@ QualiPHY - DDRS - CK_t CK_c SE Clock Tests DDRS-4800 (2 Probes) (Modified) — '

@ CK_t CK_c SE Clock Tests DDR5-4800 (2 Probes)

@ CKdiff, DQSdif, DQ DDR5-4800 (3 Probes)

g’ .m @ CKdiff, DQSdiff, DQ DDR5-4800 (3 Probes) + HDA125
General > Sta

Setup D

@ CHKdiff, DQSdiff, DQ, CA DDR5-4300 (4 Probes)

@ Chdiff-DQ5diff-DQ-A DDR5-4800 (4 Probes) + HDA125

QualiPHY Product Version: 10.5.0,

Script Version: 10.5.0.2 Empty Template
Selected Technology: DDRS

Configuration Setup Mame: CK_t
This configuration runs all t

5. Click Edit/View Configuration and modify any variables required on the Setup tab.
Tip: You can work back and forth between the Setup and Variable Setup tabs until all selections are made.

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

6. On the wizard, click the Configuration button and select the new, modified configuration.

7. click the Start button when ready to begin testing.

@

Start

8. As connection diagrams appear, follow the instructions to set up the test equipment.
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DDRS Test Configurations

Standard configurations have been created to provide a starting point for DDR5 testing. These configurations
include different probing setups, measurement selections, and variable and threshold settings. Click the
Configuration button on the wizard dialog to view the list of configurations from which you may choose.

To begin, load a test configuration that is closest to what you'll need, edit it for your desired setup, then save a copy
for future use. See DDR5 Test Descriptions and DDR5 Variables and Limits for more information about each.

Note: The configurations below are customized for different DDR and probing setups. For example, the
configuration named CK_t CK_c SE Clock Tests DDR5-4800 (2 Probes) will run Clock tests using two analog probes
at the 4800 MT/s speed grade. The descriptions here show the default channel and line assignments for each input,
however these defaults can be changed if necessary to match your actual probing configuration on the Edit/View
Configuration Setup tab.

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

Note: For the most part, the same tests within each configuration are conducted in the same manner. Exceptions
will be noted in the manual.

CK_t CK_c SE Clock Tests DDR5-4800 (2 Probes)

This configuration runs all the tests in which two, single-ended Clock inputs (2 probes) are required. A probe is
connected to each single-ended Clock line, the CK_t (True) to GND on CH1 and the CK_c (Complement) to GND on
CH2. The speed grade, measurements and JEDEC limits are set up for DDR5 4800 MT/s testing. No HDA125 is
used in this configuration.

DRAM

PCB
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Ckdiff, DQSdiff, DQ DDR5-4800 (3 Probes)

This configuration runs all the DDR5 system level tests in which Clock (CK), Strobe (DQS) and Data (DQ) inputs

(3 probes) are required. A probe is connected to the differential Clock (CK_t & CK_c) on CH1, the differential Strobe
(DQS_t & DQS_c) on CH2 and single-ended Data (DQ & GND) on CH3. The speed grade, measurements and JEDEC
limits are set up for DDR5 4800 MT/s testing. No HDA125 is used in this configuration.

DRAM

PCB
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ckdiff, DQSdiff, DQ DDR5-4800 (3 Probes) + HDA125

This configuration runs all the DDR5 system level tests in which Clock (CK), Strobe (DQS), and Data (DQ) inputs

(3 probes) are required. A probe is connected to the differential Clock (CK_t & CK_c) on CH1, the differential Strobe
(DQS_t & DQS_c) on CH2, and single-ended Data (DQ & GND) on CH3. The speed grade, measurements and JEDEC
limits are set up for DDR5 4800 MT/s testing.

This configuration is additionally set up to use the HDA125 to probe the Command Bus, which improves accuracy in
performing Read and Write packet separation, at these default settings: CS Line D9, CAO Line D10, CA1 Line D11,
CA2 Line D12, CA3 Line D13, CA4 Line D14, CA9 Line D15, CA10 Line D16, CA12 Line D17; HDA Read Latency 34,
HDA Write Latency 32, Default (logic) threshold -0.700 V.

HDA125

i DRAM i

PCB
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Ckdiff, DQSdiff, DQ, CA DDR5-4800 (4 Probes)

This configuration runs all the DDR5 system level tests in which Clock (CK), Strobe (DQS), Data (DQ) and Command
Address (CA) inputs (4 probes) are required. A probe is connected to the differential Clock (CK_t & CK_c) on CH1,
the differential Strobe (DQS_t & DQS_c) on CH2, single-ended Data (DQ & GND) on CH3, and single-ended Command
Address (CAx & GND) on CH4. The speed grade, measurements and JEDEC limits are set up for DDR5 4800 MT/s

testing. No HDA125 is used in this configuration.

BERl DRAM

PCB

24



QPHY-DDRS5 Instruction Manual

Ckdiff, DQSdiff, DQ, CA DDR5-4800 (4 Probes) + HDA125

This configuration runs all the DDR5 system level tests in which Clock (CK), Strobe (DQS), Data (DQ) and Command
Address (CA) inputs (4 probes) are required. A probe is connected to the differential Clock (CK_t & CK_c) on CH1,
the differential Strobe (DQS_t & DQS_c) on CH2, single-ended Data (DQ & GND) on CH3, and single-ended Command
Address (CAx & GND) on CH4. The speed grade, measurements and JEDEC limits are set up for DDR5 4800 MT/s
testing.

This configuration is additionally set up to use the HDA125 to probe the Command Bus, which improves accuracy in
performing Read and Write packet separation, at these default settings: CS Line D9, CAO Line D10, CA1 Line D11,
CA2 Line D12, CA3 Line D13, CA4 Line D14, CA9 Line D15, CA10 Line D16, CA12 Line D17; HDA Read Latency 34;
HDA Write Latency 32, Default (logic) threshold -0.700 V.

HDA125

Empty Template

All tests are left deselected to allow creation of a custom configuration. All variables are set to their defaults.

25



Setup Tab Configuration

After making the initial configuration selection based on your probing, select Edit/View Configuration on the wizard
dialog and use the Setup tab to refine the test settings.

Edit/View Configuration

Setup Configuration ~ Test Selector Variable Setup Limits
Protocol Selection
Protocol Version Burst Separation Levels Preamble/Postamble Settings
DDR5 - HDA125 v Vref Standard Write Preamble 2 tCK
Speed Grade CAS Latency Read Preamble  1tCK
4800 v MTfs cL 34 nCK Write Postamble 0.5 tCK
CWL 32 nCK Read Postamble 0.5 tCK
Measurement Selection
E B Clock Probe Setup Clock Pattern Burst Type To Measure
Strobe (DQS) Differential . Continuous Write and Read
Data (DQ)
() cMD/Add (CA) Strobe Probe Setup Strobe Pattern
Eye &Mask Differential - Burst

Acquisition Settings
Clock (CK) Strobe (DQS) Data (DQ) Logic Channels

© Acquire Live CH1 v CH2 v CH3 - HDA125

O) )
_) Use Saved Waveforms oo Pt D:\Waveforms\DDR514800

|
Current Configuration :

CKdff, DQSdf, DQ DDR5-4800 (3 Probes) + HDA125 Bove SavEses 0se

Figure 10.The DDRS5 Setup tab contains all important variable selections.

Protocol Version: Select the version of the DDR standard to test for compliance. All the configurations will preset
this to DDR5, but you can choose an older version of the standard to test for backward compatibility.

Speed Grade: Choose the operating memory speed.

Note: Be sure the Limit Set that matches the Speed Grade is selected on the Limits tab (e.g., Speed Grade 4800
MT/s matches Limit Set DDR5-4800.)

Burst Separation: Choose to identify Read and Write burst using DQ/DQS Phase detection, the command bus
probed with the HDA125, or CA4 + Latency. See p.12 for a description of each.

Note: If using HDA125, click the Logic Channels HDA125 button to enter your line inputs (see below).

CAS Latency: Enter the number of nCKs latency for the CL (Read) and CWL (Write). This is especially important
when using the HDA125 or the CA4+Latency burst separation method.

Levels: Choose the Vref logic Level type. Custom allows you to enter a value in V. Standard defaults to the values
specified by the standard. Auto makes a best estimate of values based on an internal algorithm.

Preamble/Postamble Setup: Enter the number of tCKs in the Write/Read Preamble and the Write/Read Postamble.

Measurement Selection: Select all the types of tests to run. This will automatically make the required selections on
the Test Selector tab.

Clock Probe Setup and Strobe Probe Setup: Choose your probing configuration.
Clock Pattern and Strobe Pattern: Choose either Continuous or Burst(ed).

Burst Type To Measure: Choose Write only, Read only, or Write and Read.
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Acquire Live and Use Saved Waveforms: Select whether to run tests on newly acquired signals or on saved

waveform files.

Clock (CK), Strobe (DQS) and Data (DQ): Select the input channel used for each when acquiring live signals. If you
are using single-ended probing, a second field will appear for entering the clock and strobe inputs’ True (*_t) and

Complement (*_c) channels.

CMD/Address (CA4): If using the CA4 + Latency burst separation method, enter the CA4 line input channel.

Logic Channels: If using HDA125 burst separation method, click the HDA125 button and enter the Digital Channel
(lines DO-D17) used to input each command bus signal. Enter the logic voltage Threshold for each. If you have
connected any line with reversed polarity, you can use the checkbox to Invert the signal. Click OK to save these

values, then Close.

HDA125 Channel Setup
CA Channel Digital Channel Threshold Invert
cs D9 0.700 V @)

Ca0 D10 0.700 V O
CAl

D11 0.700 V O
CA2

S 0.700 V 0
e D13 0.700 V 0
CA4

D14 0.700 V 0
CAS

015 0.700 v @
CA10

s 0.700 Vv (@]
CA12

i 0.700 V 0

OK Close

Waveform Path: enter the full path to the waveform files when using saved waveforms.

When you have entered all Setup variables, click Save As if you're editing one of our standard configurations and
give the new configuration a name. If you're editing a custom configuration, you can either Save these changes to it,
or also Save As a new configuration.

Before testing, click the Configuration button on the wizard and select the modified configuration from the list.
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DDRS5 Test Descriptions

These are the DDR5 compliance tests. The required tests for each type of measurement selected on the Setup tab
are preselected, and you should rarely have to adjust these selections unless you are creating custom
configurations for internal testing.

Unless stated, tests are conducted in the same manner for all JEDEC memory standards.

Probe Auto Zero
Select this to perform a probe Auto Zero sequence at the beginning of the test sequence. This step should always
be performed when changing probes or for the first run after power up.

Note: If the Deskew test is also selected, the Auto Zero will be performed during the deskew procedure.

Deskew

Select this to perform a probe-to-probe deskew. A deskew should always be performed when changing the probe
configuration. Deskew settings are saved and re-used by default. Another important reason to perform deskew is to
correctly synchronize your analog channels to the digital HDA125 channels (if using). Being off a couple Clock
cycles can cause serial R/W separation issue once you've entered your CL/CWL Latencies.

Clock Tests

In DDRS5, the Clock tests are split into Single-Ended and Differential configurations. To properly perform Clock tests,
know which measurements you want to perform and make sure your probe connections are set up correctly. For
instance, VIX_CK_Ratio needs both the CK_t (True) and CK_c (Complement) signals and a Clock Probe Setup of
Single-Ended.

To add these tests, choose Clock (CK) from the Setup tab Measurements Selection, pick the probe setup used, then
go to the Acquisition Settings variables to confirm the channel inputs. This will automatically select the appropriate
Clock measurements from the Test Selector tab.
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tCK

JEDEC defines a set of input Clock jitter specifications. The tCK is called the “DRAM Reference Clock Frequency”
and is required to be measured within +/- 0.0007 MHz of the fundamental frequency f0. This is defined as f0 = (Data
Rate)/2.

For example, if fO = 3200/2 = 1,600 MHz, the JEDEC requires the Clock to frequency to be between 1,599.8 MHz and
1,601.6 MHz.

At the completion of the tCK test, the oscilloscope saves a screenshot of the waveforms and the frequency
measurements being performed for the report, similar to that below:

Wil

|
H

swans 55 e [

Measure CK Rise tCK Fall FP3--- P Fa--- PE- - - ICK_High Pulse_... ICK Low Pulsa_... Pg--- PID-- - P1-frealZ 1) P12---
valug 4180 o5 419.0 ps 207 3ps 210.7 ps 23301 GHz
mean 417 293 03 417 299 p3 205 836 ps 211437 o5 2 39645 GHz
min 411603 4114 ps 200.5 ps 205.5p8 2.3629 GHz
max 4237 o5 4735 pe 212 D ps MiGos 24281 GHz
sdav 2133 o2 22% pe 2031 ps 1813 ms 12.34 MHz
num 200 200 200 200 200

status s - L i & i
, ‘ Timeba ]

Clock Tests
Figure 11. Clock signal being measured for tCK.
As can be seen in the above picture, the Clock signal is present on Channel T and the measurement system is

validating the average frequency of the Clock signal to make sure there isn't too much variation in its frequency.
Then it compares that to the JEDEC standard’s tCK limits defined for the appropriate speed.
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tCK_Duty_UI_Error

JEDEC defines a set of input Clock jitter specifications. The tCK_Duty_UI_Error is called the “Duty Cycle Error”. It's
the absolute difference between average value of all Ul with that of average odd or even Uls. This is measured to the
max/min limits set in the DDRS JEDEC standard.

At the completion of the tCK_Duty_UI_Error test, the oscilloscope saves a Pass/Fail result of the measurement,
saves the test criteria and current value, along with a time-stamp of when the test was performed.

V Measurement: ¢CK_Duty UI_Error
Current Value: 13 mul Test Criteria:  x <= 50 mUI

Pass [Timestamp:  11/03/2023 12:47:37 | Limit Name: tCKDutyUiErrorLimit

Description:  Test is to measure the duty cycle error.

VIX_CK_Ratio

The Clock Differential Input Crossing Voltage Ratio (VIX_CK_Ratio) is designed to confirm the single-ended CK_t
(True) and CK_c (Complement) crossing point locations are within 50% of the RMS voltage range when referenced
to the mid reference level VIX_CK = (CK_t + CK_c)/2. The VIX_CK is the mean over 8 unit intervals.

This measurement requires that the setup includes two probes, one for the Clock True and another for the Clock
Complement. Make sure each probe is connected between the signal to the device ground.

Run the QualiPHY test and at completion, the oscilloscope will save a screenshot with annotations of where the
measurement is being performed as seen in Figure 10 below.

Measurement. VIX_CK_Ratio
V Cumrent Value: 4.972 % Test Criteria:  x <= 50.000 %
Timestamp:  11/09/2023 14:43:33 | Limit Name: VIX_CK_Ratio_Limit

Description:  Test is to verify the differential input crosspoint voltage ratio, VIX_CK_Rafio parameter.

Pass

BIFile T Verica = Timebase [ Tigger =

800 mv

[TETTY] —

200 my

200 i e e

400 MV

L0864 ps 1408 ps A2 ps A105 s L1868 s A33% ps B4%E ps ABBE ps 2830 ps*
Piwsb edit P2 time @b 140) P3.imsF6) Pl--- P5..- PE-- . P7.pariodMd PEBwwebwdil  P9.meaniFS) P10 - P11--. P12 -.

20.6myV 23194870 us 450.9 my' 413703 ZATTIEET us -T4u¥
300 mv 21ns 480 9 my 417450 o2 2477H214 us Tduv
-239mV  -24T90678 us 450.9 my/ 3BT ps 24784435 ps -TAuv
2. 1my 25194810 us 480.9 my 435.3ps 2471887 us T4 UV
2161 my 1443 i o 4616 08 418.2 o8 =
1 97543 1 11.97de+3 T 1
[ L v L4 v

VIX_CK_Ratio

Figure 12. Annotated screenshot of the VIX_CK_Ratio measurement.
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AC Over/Undershoot Peak and Area

This test measures the overshoot/undershoot pk and area measurements on single-ended CK_t and CK_c signals.
The measurements performed are:

VCOSP: Maximum peak amplitude above VCOS

VCUS: Maximum peak amplitude allowed for undershoot

ACOS1T: Maximum overshoot area per 1 Ul between VDD and VDOS
ACOS2: Maximum overshoot area per 1 Ul above VCOS

ACUS: Maximum undershoot area per 1 Ul below VSS

Jitter Tests

1, 2, 3 Ul Rj, Dj, Tj (no BUj)

This test measures Random jitter (Rj), Deterministic jitter (Dj) and Total jitter (Tj) using the dual-Dirac jitter model,
where 1, 2 and 3 Ul measurements constitute the data set for the measurement. Rj, Dj and Tj are determined at a
BER configured by the user.

nUI Rj, Dj, Tj (no BUj)

This test measures Random jitter (Rj), Deterministic jitter (Dj) and Total jitter (Tj) using the dual-Dirac jitter model,
where nUl measurements constitute the data set for the measurement. Rj, Dj and Tj are determined at a BER and
number of Uls (nUl) configured by the user.

Eye Diagram Tests
CA/CS: VIHL_AC

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 to find how bad the worst case appears.

VIHL_AC is a measurement that tests the peak-to-peak amplitude of the CA or CS signal for each pulse during a
vertical alignment with a mask diagram. The amplitudes during this time are compared to the limits set by the
JEDEC based on the corresponding speed level.

Additionally, anytime a CA/CS line are measured =5200 MT/s, the JEDEC requires that users define the CA Package
Delay (Tpkg_Delay_CA) as being Option 1 (35ps), Option 2 (32ps) or Option 3 (29ps); and capacitance Cl_Max range
(0.50pF or 0.55pF). As these package settings alter the allowable minimum allowed amplitudes at higher speeds.

CA Eye Mask Test: TcIVW/VcIlVW

VelVW and TclVW define the voltage and timing margin for the CA input receiver mask. The receiver mask (Rx
Mask) defines the area that the signal must not encroach for the DRAM input receiver to successfully capture a
valid input signal.
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Electrical Tests on Write Bursts (Inputs)
Differential Amplitude and Levels: VIHdiff, VILdiff

VIHdiff (AC)_CK and VIHdiff (DC)_CK

These tests measure the min and max voltage of the high-level AC and DC levels of a differential clock signal. This
is referred as the Voltage Input High (VIHdIiff) and is reference measured from the 0 V position. The minimum and
maximum across all AC and DC locations of the clocks occur during the Input (Write) timings of packets.

Probing for this signal is with a differential probe across the CK_t (True) and CK_c (Complement) at the ball of the
DRAM (at the BGA).

This is an informational only test that is not required by the JEDEC but has been historically measured in DDR
standards to help users understand the ranges often used for slew rates and other measurements. Therefor there is
no pass/fail reported or test criterial limits.

VILdiff (AC)_CK and VILdiff (DC)_CK

These tests measure the min and max voltage of the low-level AC and DC levels of a differential clock signal. This is
referred as the Voltage Input High (VIHdiff) and is reference measured from the 0 V position. The minimum and
maximum across all AC and DC locations of the clocks occur during the Input (Write) timings of packets.

Probing for this signal is with a differential probe across the CK_t (True) and CK_c (Complement) at the ball of the
DRAM (at the BGA).

This is an informational only test that is not required by the JEDEC but has been historically measured in DDR
standards to help users understand the ranges often used for slew rates and other measurements. Therefore, there
is no pass/fail reported or test criterial limits.

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 only on Clock (CK) signals.

SRIdiff_DQS

This test measures the rising and falling slew rate of the differential input (write) strobe signals (DQS_t & DQS_c),
reporting the maximum and minimum value and validating if any rising or falling sew rates fall outside the limits set
by JEDEC. The thresholds are measured as the 25% to 75% for the corresponding VIH and VIL levels.

SRIdiff_CK

This test measures the rising and falling slew rate of the differentially acquired input clock signal. It requires a probe
to be connected to the (CK_t & CK_c) signals. It then measures the max and min values of all signals and validates if
any slew rate limits fall outside the JEDEC requirements. The thresholds are measured as the 25% to 75%

(<6800 MT/s) and 30% to 70% (>6400 MT/s) for the corresponding VIH and VIL threshold levels.

The QualiPHY report will show annotations of where the slewrate is measured between the VILdiff and VIHdiff
locations. The result will show a graph for the minimum vs. maximum value locations. Results are in volts per
nanoseconds (V/ns).

V Measurement: SRIdiff, min
Cument Value: 3234 Vins [ Test Criteria. x >= 2.000 Vins
Pass [Timesmmp.  11/16/2023 16.16.26 | Limit Name:  SRIdiff_CK_min
Description:  Differential Input Slew Rate, min (CK)
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Figure 13. SRIdiff, min test makes sure the minimum slew rate is >2 V//ns on the clock signal.

V Measurement SRIdIff, max
Current Value: 4.668 Vins [ Test Criteria:  x <= 14.000 Vins
Pass |Timestamp:  11/16/2023 16:16:28 | Limit Name:  SRIdiff CK_max
Description:  Differential Input Slew Rate, max (CK)
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SRIdiff, max

Figure 14. SRIdiff, max test makes sure the maximum slew rate is <14 V//ns on the clock signal.
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SRIN_clVW

The JEDEC defines “Input Slew Rate over VcIVW” for CA signals when measuring around the Rx Mask. The Rx Mask
is defined by the mask height (VcIVW) and width (TclVW_total) limits in the JEDEC specification. The mask is
centered around Vcent_CA (pin mid) and this reference point is used for the min/max slew rate measurements.

Note: If errors arise, go into DDR Debug and validate the VrefCA threshold is correct for the signal.

V Measurement: SRIN_cIVW, min

Current Value: 1.518 V/ns | Test Criteria:  x >=1.000 V/ns
Timestamp:  11/16/2023 16:16:34 | Limit Name:  SRIN_cIVW_min
Description:  Input Slew Rate over VclVW, min (CA)

Pass

g st otz
e Time  Meq Bruaable | Posimmble
+ wedu
x|
S B S SRV e e SN SN
X X A, N A, Mean A b P
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Figure 15. SRIN_cIVW, min test checks that the minimum CA slew is greater than 1 V/ns.

V Measurement: SRIN_cIVW, max

Current Value: 3.018 V/ns | Test Criteria:  x <=7.000 V/ns
Pass [Timestamp:  11/16/2023 16:16:36 | Limit Name:  SRIN_cIVW_max
Description:  Input Slew Rate over VelVW, max (CA)
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Figure 16. SRIN_cIVW, max test checks that the maximum CA slew is less than 7 V/ns.
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DQS Single-ended Tests

VIX_DQS_Ratio

The Differential Strobe Input Crossing Voltage Ratio (VIX_DQS_Ratio) is designed to confirm the single ended DQS_t
(True) and DQS _c (Compliment) crossing point locations are within 50% of the RMS voltage range when referenced
to the mid reference level VIX_DQS = (DQS _t + DQS _c)/2. The VIX_DQS is the mean over 8 unit intervals.

Electrical Tests on Read Bursts (Outputs)
VOH(AC)_DQ and VOH(DC)_DQ

These tests measure the min and max voltage of the high-level AC and DC thresholds of a data (DQ) signal. This is
referred as the Voltage Output High (VOH). The minimum and maximum across all AC and DC locations are
measured across all detected output (Read) packets.

This is an informational only test that is not required by the JEDEC but has been historically measured in DDR
standards and serves to help users understand the range of this threshold that is often used for slew rates and
other measurements. Therefor there is no pass/fail reported or test criterial limits.

VOL(AC)_DQ and VOL(DC)_DQ

These tests measure the min and max voltage of the low-level AC and DC thresholds of a data (DQ) signal. This is
referred as the Voltage Output Low (VOL). The minimum and maximum across all AC and DC locations are
measured across all detected output (Read) packets.

This is an informational only test that is not required by the JEDEC but has been historically measured in DDR
standards and serves to be helpful for users to understand the range of this threshold that is often used for slew
rates and other measurements. Therefor there is no pass/fail reported or test criterial limits.

VOH(diff(AC)_DQS and VOLdiff(AC)_DQS

These tests measure the min and max voltage of the high-level and low-level AC thresholds of the strobe (DQS)
signal. This is referred as the Voltage Output High Differential (VOHdiff) and Voltage Output Low Differential
(VOLAdiff). The minimum and maximum across all AC locations are measured across all detected output (Read)
packets of the strobe.

Probing for these signals is done using a differential probe across the DQS_t (True) and DQS_c (Complement) at the
ball of the DRAM.

This is an informational only test that is not required by the JEDEC but has been historically measured in DDR
standards and serves to help users understand the range of this threshold that is often used for slew rates and
other measurements. Therefore, there is no pass/fail reported or test criterial limits.

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 (i.e., 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 edge of a DQ is shown in the images below. The measurement methodology
is exactly the same for both the rising and falling edge.

SRQse
The “single-ended output slew rate” SRQse is defined as the rising and falling edges measured between VOH and
VOL across the Strobes DQS_t (True) and DQS_c (Complement) signals, each with its own probe.

The slew rate VOH and VOL thresholds are measured at the 25% to 75% for speeds <6800 MT/s. For >6400 MT/s
speeds, this is set to 30% and 70% threshold ranges.
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At the completion of the SRQse test, the oscilloscope will display a min and max edge in the following state:

V Measurement: SRQse, max
Current Value: 4.348 Vins Test Criteria:  x <= 24.000 Vins
Pass |Timestamp:  11/30/2023 101846 | Limit Name:  SRQse_max
Description:  Single ended output slew rate (DQ), max

| e
Bursts e 1 4R i SRl s SROss { SAdee1 SRidea_f $Hds_r SRoso_f
e e [ DG, Mia DG, Mih DO, Mix D0, Ma 0. Medn 00, Meah Q. N 00, N
i 1 TR01 Vs 520820 Viz 1 2 4

Mirwt 5485 iy 2 5061 Vi 24

Figure 17. Measurement display after the SRQse test.

Shown in the report:
e Atitle, description of the current measurement
e Apass or fail result with the current value and expected test criteria outlined by JEDEC
e The acquired DQ signal positioned at the location of the max SRQse falling or rising measurement
e Annotations showing where the current VOH(AC) and VOL(AC) thresholds are located
In the DDR Measure table:
e  Burst Num shows the number of Read bursts that were detected.

e SRQse_r min, SRQse_f min, SRQse_r max, SRQse_r min are measuring the slewrate of DQ on the rising and
falling edges. This test is passed if the max measured value is less than 24 V/ns.
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SRQdiff

The “differential output slew rate” SRQiff is defined as the rising and falling edges measured between VOH(AC) and
VOL(AC) across the Strobes DQS_t (True) and DQS_c (Complement) signals, using one differential probe across

both signals.

This test is performed identically to the SRQse process listed above, except it's occurring on a differential signal.

V Measurement: SRQdIff, max
Current Value: 12.667 Vins Test Criteria:  x <=48.000 V/ns
Pass |[Timestamp:  11/30/2023 10:18:55 | Limit Name:  SRQiff_max
Description:  Differential output slew rate (DQS), max

Bursts SROG_¢ SROGI_1 SRUGH_ RO | SHOA ;. SROM_E
Num DS, Min DOS, Min DA, Max DQS, Max DA, Mean 0QS, Mesn
.} LAz VI 4720381 Vis 12.556630 VT8 1161521V 1390 vis A=Y

SROMIT
DQS, Num
3

SRQdiff, max

Figure 18. Measurement display after the SRQiff test.

37



Timing Tests
Tests on CA

TclPW

This test measures the CA input pulse width in reference to the Vcent_CA and checks for the minimum pulse width.

V Measurement: TclPW min, CA
Current Value: 3.536 Ul Test Criteria:  x >= 580 mUI
Pass | Timestamp: 07/18/2024 13:43:06 | Limit Name:  TclPW_min
Description:  Minimum input pulse width of CA signal (on positive and negative pulse)
[l File 3 Vertical ++ Timebase [ Trigger @& Display # Cursors E] Measure B Math | Analysis X Utilities @ Support = Q-Single  Default: ”."{“
117V
1.056 v
942 mv /
" ENUAYAV \
SN 7 SN
‘\ /
828 mV ‘/ \ /
CAat Veont | haer /
S
)
714 mvV / /
I |
600 mV ; ; : / y
V.4 "
AN 2\ \ /
486 mV |- > f \ =
/ /N / s /
-~ s
\/ S T R‘\/‘ /o o A
372mv
258 @l
“589.757 ns 590.757 ns 591.757 ns 592.757 ns 593.757 ns 594.757 ns
A Timebase 0 ns Trigger G368
114 mV/§ 50.0 ns/div|Stop 0.0mV|
500 ps/ 80 kS 180 GS/s|Edge Positive
Bursts TelPW TclPW TclPW TclPW
DDR Meas. Num A, Min A, Max A,Mean A, Num
View1 75 739.7ps 318044 ns 2033 ns 243343
TELEDYNE LECROY HD

TcIPW min, CA

Tests on Write Bursts
Timing Tests on Bits (not using interpolation)

tDQSS
tDQSS defines the system related drift between DQS to CK.

The min/max limits are set by +/-0.25*tWPRE_EN_ntCK(min), where tWPRE_en is defined by the tCK clock pattern
of the pre-amble window, outlined in the JEDEC specification.

At the completion of the tDQSS test, the report will save both a min and max values.
tDQS2DQ

The purpose of this measurement is to measure the offset between the DQ and the DQS signals during the write
bursts.

The value is measured between the start of the DQS signal (after the preamble) and first valid bit of DQ.

Note: To obtain a valid measurement result, this test requires a transitioning bit at the first valid bit in the DQ bus.
Otherwise, this test uses the first transition bit found, which may yield undesirable results.
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Timing Tests on Pre/Postamble (using interpolation)

tDSS
The purpose of this test is to characterize the setup time for a falling DQS edge to the rising clock (CK) edge on
Write bursts. The minimum value is measured.

tDSH
The purpose of this test is to characterize the hold time for a falling DQS edge to the rising clock (CK) edge on Write
bursts. The minimum value is measured.

twPST

The purpose of this test is to characterize the Postamble time during all Write bursts detected in the acquisition.
tWPST measures the timing between when the postamble starts and where the postamble ends. The test uses an
interpolation algorithm to improve accuracy in determining the point where the signal begins and signal shape.

tWPRE

The purpose of this test is to characterize the Preamble time during all Write bursts detected in the acquisition.
tWPRE measures the timing between when preamble starts and the preamble ends. The test uses an interpolation
algorithm to improve accuracy in determining the point where the signal begins and signal shape.
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Timing Tests on Read Bursts
Timing Tests on Bits (not using interpolation)
tDQSCK

The purpose of this test is to characterize the allowed range for a rising Data Strobe edge relative to CK on Read
bursts. It is measured using a single-ended (DQS_t, DQS_c or DQSdiff signal) rising edge Strobe (DQS) Read packet

and is time referenced to the corresponding single-ended rising Clock (CK_t, CK_c or CKdiff signal). The min/max
values tCK cycle range is measured to the JEDEC specification.

At the completion of the tDQSCK test, the report will save both a min and max in the following state:

V Measurement. ¢tDQSCK min
Current Value: -255.0 miCK | Test Criteria: ~ x >=-300.0 mtCK
Timestamp:  11/30/2023 16:52:41 | Limit Name:  Table132_133_tDQSCK_DLL_on_min

D .. DQS_t, DQS_c [or DQSdIff] nsing edge output access time timing location from rising CK_t, CK_c [or CKdiff] with
escription: -
DLL On mode, Min

Pass

DDR Meas.

DQSCK. DOSCK DASCK
Min Mean Hum

m
2 83815 -106.2ps 48T8ps 160
TELEDYNE LECRIV_HD

tDQSCK min
Figure 19. Measurement display after the tDQSCK min test.
Shown in the report:

e Atitle, description of the current measurement

e A pass or fail result with the current value and expected test criteria outlined by JEDEC

e Theacquired DQS and CK signals positioned at the location of the minimum location of a tDQSCK
measurement

¢ Annotations showing where the current 0 V differential thresholds crossing are for the skew between the
DQS and CK

In the DDR Measure table:

e Burst Num shows the number of Read bursts that were detected.

tDQSCK max, tDQSCK min are measuring the time between the DQ and CK rising edges. This test is passed
if the minimum time is greater than or equal to -300mtCK.
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Timing Tests on Pre/Postamble (using interpolation)

tLZ(DQS) and tHZ(DQS)

The purpose of these tests is to characterize the Low Impedance time (tLZ) and High Impedance time (tHZ). The
tests measure the time between when the device quits driving the respective line and CK at Vref. The tests use an
interpolation algorithm to improve the positioning of where the signal begins.

Both a minimum and a maximum value are reported.

tLZ(DQS)

The purpose of this test is to verify the time when DQS starts driving (*from High-impedance state to
High/Low state) to the nearest rising clock signal crossing.

tLZ tests both a minimum and a maximum value. The test uses an interpolation algorithm to improve the
positioning of where the signal begins.

tHZ(DQS)

The purpose of this test is to verify the time when DQS is no longer driving (from High state OR Low
state to the High-impedance state) to the reference clock signal crossing.

tHZ tests, both the minimum and maximum value. The test uses an interpolation algorithm to improve the
positioning of where the signal begins.

tRPRE and tRPST

The purpose of these tests is to measure the Preamble (tRPRE) and Postamble (tRPST) times for all Read bursts
detected in the acquisition. Both tests use an interpolation algorithm to improve accuracy in determining the point
where the signal begins and signal shape (as defined by the JEDEC). The minimum times across multiple bursts are
captured and displayed as an informative (no JEDEC limits) measurement.

e tRPRE measures the time from the preamble start to end.
e tRPST measures the time from the postamble start to end.

At the completion of the tRPRE and tRPST tests, the report shows the following screenshots, with annotated
measurement locations:
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Measurement. tRPRE min

Current Value: 1.048 iCK Test Crteria-  Informational Only
Timestamp: 11/30/2023 16:52:47 | Limit Name:  InfoOniytCK
Description:  DQS_t, DQS_c differential READ Preamble
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Figure 20. Measurement display after the tRPRE min test.

Measurement: ¢RPST min

6 Current Value: 426 mtCK Test Criteria:  Informational Only
Timestamp: 11/30/2023 16:52:52 | Limit Name:  InfoOniytCK
Description:  DQS_t, DQS_c differential READ Postamble
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Figure 21. Measurement display after the tRPST min test.
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DDR5 Test Variables

Main Settings

Speed Grade
Sets which DDR5 speed grade to use for testing. Default is DDR5-4800. If Custom is selected, in Custom Speed
Grade enter the maximum speed that the signal can go up to.

Script Execution Variables

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, you will be 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.

Signal Settings

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

CAPackageDelayOption
Select the package delay option to use for the CA line.

Cl Max

Cl max variable is added to handle different reference voltage level for different value.

Clock Probe Selection Setup
Select the clock signal probing method, Single-Ended or Differential.

Strobe Probe Setup

Select the clock strobe signal probing method, Single-Ended or Differential.

Signal to Test <signal>
For each signal, select “Yes” to include it in the set of signals to test.

Signal to Test Eye and Mask
Select/Unselect the Eye & Mask signal to test.
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Analog Signal Channel Assignments

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

HDA125 Digital Signal Assignments

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

<Digital Signal> Line
For each digital signal (CS, CAQ, CAT, CA2, CAS, etc.), select the HDA125 line over which it is input, or select Not
Connected if it is not in use.

HDA Read Latency
Refer to the CAS Read Latency section below.

HDA Write Latency
Refer to the CAS Write Latency section below.

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

<Digital Signal> Threshold (volts)
For digital signals that are not using the default threshold level, enter individual thresholds in the respective field.

Analog Signal Names
CMD/ADDR

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

CK

Select the name to use 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
Select the name to use 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
Select the name to use 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

Probe Tip, <Channel N>
Specify the tip installed on the probe connected to the respective channel number, C1-C4. Default is Sl.

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.
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Analog Signal Channel Inversion

Invert <signal> Signal
Select "Yes” to invert the waveform on the respective input channel, Channel 1-Channel 4. Default is No.

Digital Signal Channel Inversion

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

Probe and Pattern Setup

Clock and Strobe Pattern Selection Setup
Choose whether the signal is operating in Continuous or Bursted mode.

Read Preamble and Write Preamble
Enter the number of tCKs in the preamble.

Read Postamble and Write Postamble
Enter the number of tCKs in the postamble.

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, waveform files are
recalled from this folder.

Recalled Waveform File Index
5-digit index number of the waveform file to recall when running the script on previously stored waveforms.
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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.

46



QPHY-DDRS5 Instruction Manual

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 set up as the power of
10. Default is -12.

Timing Reference Horizontal Shift
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.

High/Low Levels Delta
Used to assist with preamble identification, it sets thesholds at + and - the selected value in the DQS signal.
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DQS Read/Write Threshold (%)
Enter the hysteresis threshold for DQS Read/Write signals. Value is the % of the DQS peak-peak voltage.

DDR5 Limit Sets

The limits in use by the DDR5 tests are defined in the JEDEC DDR5 specification, JESD79-5B. The software includes
limit sets for:

DDR5-3200, DDR5-3600, DDR5-4000, DDR5-4400, DDR5-4800, DDR5-5200, DDR5-5600, DDR5-6000, DDR5-6400,
DDR5-6800, DDR5-7200, DDR5-7600, DDR5-8000, DDR5-8400.

DDR5-4800 is used by default in the included configurations.
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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 select your Standard, then Edit/View Configuration.

it

(€& QualiPHY - DDR5 - CKdiff, DQSdiff, DQ DDR5-4800 (2 Probes) + HDA125

2 gt

) ’ Corfiguration:
. DoRS CKdif. DQSdF. DQ C\
D’ L DDR5-4800 (3 Probes) + c:q
General » Standard: P P Start

Setup DDR5

\‘\}%‘; Edit./View Corfiguration ‘

QualiPHY Product Version: 0.10.6.0. (Build 383217)

Script Version: 0.0.0,1298

Selected Technology: DDRS

Configuration Setup Name: CKdiff, DQSdiff, DQ DDR5-4800 (3 Probes) + HDA125

This configuration runs all the tests in which Clock, Strobe, and Data (3 probes) are required.using t

8 Pause on Failure

3. Use the Setup and Variables tabs to make your individual test settings. Once you're happy with the all the
settings, click Save As. Select your new Configuration, then click Start.

4. The connection diagrams and dialogs prompt you to connect the oscilloscope to the DUT. As you work,
continue to follow the software prompts to confirm all signals are meeting the requirements for analysis.

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 take action upon a failure. During this time, you

may switch over to MAUI and use the DDR Debug Toolkit to analyze the failure.
Once back to the QualiPHY wizard after a pause, 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.

P # | Messuement ¢ERR(40per)fall, max
5ummary Table | Coment Vane: 33ps [ TestCrteria:_x<=248ps
Pass | Timesamp:  11/07/2017 14:56:40 | Limit Name: tERR(13-50par]_imit_max
e Table] Description: _Clock Period Cumulstive Exror over [N] periods, falling =dge, max
assi# Test | Current Value Test Criteria
1| Clock [Clock Spaad Grads 1.067e+00 Tis Informasonal Only e]
® |1| Clock Jick rise 1878 s Informasonal Only | Measurement_¢ERR{41perjrise, min
@ 1] Clock_froravan a1 7878 s Informaonal Oy Pass | Cument Vaue: 46 ps [TestCrienia: wo=-ZdTps
W T oo o s O ——E | Timestamp: 110772017 14:56:51 | Limit Name: _tERRY 13-50per)_imit_min
Description: _Clook Period Cumlative Error awer {N] pariods, fising edge, min
X 1] clock 18000 x<=1.570ns
W [1] Clock [iCKisbs), fallmin BT s x>= 1180ns o
X [1[ Clook Jrciiane: =l mas 1.001 ns ATDDnn::Ka‘Wf-MK-EDD /| Measuement tERR(41peririse, max
v |1 Clock iCHiavg) 503.8 mCK(avg) 5 mt;:\'fc) ')' = | Cument vaue: 44ps | TestCrtena: _x<=247ps
T :’f“_&” Pass |Timesamp:  11/07/2017 14:56:61 | Limit Name: tERR(13-50per]_limit_max
W 1| Clock fictavg) 488.2 mCHavg) i) 3 Description: _Clock Pariod Cumulative Error over [N} pariods, fising edgs, max
o |1 Clock |iCHiabs). min 485.3 mCH{avg) *>=430.0 meCK(avg) U
W |1 Clock [Cliobe) mo 485 8 miCK(avg) 5= 430.0 micK (avg)
M@ 1 coo T =T ; Gor Oy V | Messurement tERR{41per)tatl, min
(@ [ Cost LT me 15 ! sl Only Pass If’weTaw* -:::nmm'rmsnu Ilﬂ‘u(r:lz :E:Rﬁn}g; 7 it
= - Tmestamp: z imit Name: pr)_imit_min,
%+_2:: WM B :m""“""'jz: Deseription: _Clock Period Cumulstive Error ower (1] periods, faing sdge, min
Ps
[ 1] Clock [uTidwy. min T Informasonal Only .
[0 [1] Clock [LiTiuivl ma Tops Irformatonal Only T
. Messurement tERR{41per)fall, max
v 1] Ciock iTipenioee. win 8ps x>= T0ps v [ Gumerne Value: 41 p= [ TestCens_we=24755
v 1| Clock |tiMiperinse max 2 ps x<=T0ps Pass |Timesamp:  11/07/2017 145651 | Limit Name: _tERR13-50par]_limit_max
W [1] Clock luipental miny “7ps x>=70ps Description: _Clock Pariod Cumulative Error over ] periods, falling sdge, max
W 1] Clock fumpental max 23ps %==T0ps
7 |1| Clock [Wiieoriss 328 ps x<= 140 ps. [up]
o |1 Clock [umicoran 29ps x <= 140 p5 V | Messuement tERR(42perjrise, min
(@ [ Cox 2 1580 rformasonal Only [ Cument Value: 24 ps [ TestCrteria: _x>=-246ps
" |1 Clock 25 ps x>= 103 ps. Pass |Timesmmp:  11/07/2017 14:58:52_| Limit Name: _tERR(13-50per) imit_min
7 |1 Ciock BT o= i pe Description: _Clock Period Cumulative Ermor ower {N] pefiods, fsing edge. min
o |1] Clock 23ps x>=-103 ps.
o [1] Clock 2 ps x<=103 ps L]
W 1] clock T = 122ps [ Measuement tERR{42perjrise, max
FTH | CumentVaue: 42ps [ TestCrena: _x<=248ps
0 Tips w<=122ps Pass
Fd = | Timeswmp:  11/07/2017 14:56:52 | Limit Name: tERR(13-50par]_imit_max
g : ':Z” "( “5 ps Description: _ Clock Period Cumlative Eror over {N) pariods, Aising edge, max
vs w<=122ps
i -22ps >=-130ps up
Vi Rps ie=13ps P # | Measuement tERR(42per)fall, min
dil 24ps x>=130ps Curent Vaus: 37 | TestCmena: x>=-248ps
W |1 20 ps x<= 138 ps. Pass |Timesmmp:  11/07/2017 1456:52 | Limit Name: tERRi{13-50per)_limit_min
W |1 30 ps x =147 ps. Description: __Clock Period C i ‘ower [N} periods. falling edge. min
V| Taps <= 147 ps
V[ 20ps =147 ps Lol
W |1 30 ps o= 147 ps V | Measurement tERR{42per)fall, max
i i o= 1505 | Cumrent Vaive: 42ps | TestCotera: _x<=248ps
V1 T o= TS pe Pass |Timesamp:  11/07/2017 14:56:62 | Limit Name: tERR(13-50per]_limit_max
i = P Description: _Clock Pariod Ci over N} periods, falling edge, max
V1| Dps o= 1% ps o1
T BT xr=-183 05 min ]
i 2 ps w<=183ps V [ Gomentvave: 48ps Test Crtria %= 24005 |
v 1] -30ps x>=-183ps Pass [Timesamp:  11/07/2017 14:56-52 | Limit Name: _tERR(13-50par)_imit_min ]

Figure 22. QualiPHY report Summary table and details.

Reports are output to the folder D:\QPHY\Reports, or else 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\CustomerlLogo.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

1. 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 Corfiguration  Test Selector  Variable Setup Limits

[ﬂ CK_t CK_c SE Clock Tests DDR5-4800 (2 Probes)

[!,] CKdiff, DQSdiff, DQ DDR5-4800 (3 Probes)

@ CKeliff, DQSdiff, DQ DDR5-4800 (3 Probes) +HDA125

m CKdiff, DOSdiff, DO DDR5-4800 Brian

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.

Setup Corfiguration  Test Selector  Variable Setup Limit

= /] DDRS Test Tree
v [+7] Probe Auto-zer

[v] Deskew
5 E] Clock Tests

E] oK
@ CK_Duty UL Error
@ WIX_CK_Ratio
B[] Eve Diagram Tests

- [+7] cajcs: vin_ac

JEDEC defines a set of input clock jitter specifications. The tCK is called the "DRAM Reference Clock Frequency” and is required to be
measured within +/- 0.0007 MHz of the fundamental f0 frequency. This is defined as f0 = (Data Rate)/2. (For example. if {0 = 3200/2 = 1,600
MHz the JEDEC requires the clock to frequency to be between 1.539.8 MHz to 1,601.6 MHz)

Curent Carfiguration
Empty Template {Modified) 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

= /) Signal Settings Edit Variable

\d? CAPackageDelayOption: Option’ (<=35p3)

3
&-(‘ Clmax: 0.5pF
o m e e ecacoaa Raset to Defauit

ease select a value

Cl maxvariable is added to handle different reference voltage level for different value.

0.50F 0.55F

-

CI max variable is added to handle different reference voltage level for different value.

Curent Corfiguration

Empty Template (Modfied) 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:
DDRS5-4800 ~
Copy Set Rename Set Delete Set
This is a parent Set!
List of avaiable Limits for the selected set:
Name Set Comparison Method ~ Reference Unit  Grain
Tablexx_VIHGIff(AC)_CK_min  DDR5-4800 x>=A 2x (VIH(AC) -VR... V 1.000000e-03
Define Limit
Name Set Compare Method Reference A Reference B Unit Grain
Tablesxee_VILfF(AC)_CK_max DDR5-480 x<=A w | 2% (VIH(AC) - Vie Vv 0.001
OK Cancel ‘
Table8s_ADUS2_DQ_max DDR5-4800 ignoreall thd Vs 1,000000e-14
Table37_AACS2Z_ADDR_max DDR 5-4800 X <=A thd Vs 1.000000e-14
Tableds ACOSZ CK max DDR 5-4800 X<=A thd Vs 1.000000e-14
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:

A list 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.

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.

A& Ci\Lecroy\QPHY\DDRA\DDRAIRT - X-Replay

File Edit Sequence Resultlog

FELIEIEEE

Report  Options

Devices View Help

<

3 sigs2test_10_CK_diff_only: Nc
..... % sigs2test_20_CKdiff_DQ_DQS:
#f sigs2test 30 ADDR: No
..... % sigs2test_40_DQS_se No
3 sigs2test 50_CK se: No

# chanmap 500 DOS_c: C4
3# chanmap_600_DOS_t: C2
..... 4 chanmap_700_DOSDiff: ¢
38 chanmap_800_A: C4
..... Vi Read Input Signal Sett
T
..... 4 HDA_10_CS_n: DO
& HDA_11_WE_n: DS
..... 4 HDA_12_RAS_n: D3
& HDA_13_CAS.n: D1
..... 4 HDA_14 ACT_n: D2
4# HDA_15_CKE: Not Conne
..... 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 ) Anslog Signal Names

>

~

v

Variable aroup for HDAT25 digital signals and saftings

- xrvariabTes[ HDaLTnes J[ Cs_n_Iine’] = xreplay.variables.get( HDA_ 10 C5 N )
-V & Analeg Signal Channel As vaarwaE]lesE HDALines " %E WE_n 1:|Ime 1= xr’ep'\_lay var"labg?s get((HD,Lll WE_n") 5
& chanmap_100_CK_c: C4 XRvariables['HDALines’ RAS_n_line xreplay.variables.get( HDA_12 RAS n

variables nes —_n_l1ne = Xreplay. variables. ge n
& ; XR) bles['HDAL "1 cAs_n_line'] 1 bl 't ('HDA_13_CAS_n')
""" chanmap_200_CK_t: C1 XRvariables['HDALines ']['ACT_n_line'] = xreplay.variables.get('HDA_14_ACT_n')
-né“ chanmap_300_CKDiff: C1 XrRvariables[ 'HDaLines ][ 'cke_line'] = xreplay.variables.get( HDA_15_CKE')
_____ % chanmap_400_D0: C3 xrvariables[ HDaLines ' J['CLk_Tine’] = xreplay.variables.get('HDA_16_CLK')

Tr
vaar‘\ab'Ies[ HDAvVars']['HDAReadLatency'] = int(xreplay.variables.get ('HDA_20_ReadLatency'))
xRvariables[ 'Hpavars']['HpawriteLatency'] = ‘mt(xrep'\ay variables. get({ 'HDA_22_writeLatency ))
XRvariables[ 'Hpavars']['HDA_Threshold_Global’'] = float(xreplay.variables.get( HDA_30_threshold_clobal’))
valueError:
ay. logs. Tog_to_wizard('Error parsing numeric variables in HDA125 Digital signal settings; aborting’, RED)
Except'iom% user Requested Abort')

xrvariables[ HDavars']["HDA_Tnd_thresholds_string’] = xreplay.variables.get( 'HDA_40_Ind_thresholds")
try:

'dehr'esh dict = {}
r XRvariables['HDAvars']['HDA_Ind_thresholds_string’] <
i = (XRvariables['HDAvars’]['HDA_Ind_thresholds_string ] rep]ace(
i for dtem in b:

c = jtem.split(’:")
i ‘dehresh d‘\ct[([u]] = f'luat(([l])
vaar"\akﬂes[ Hpavars']["indiv_Thresh’] =

2 )esplie (L)

indThresh_dict

t 'HDA125 variables: exception found'
ay. Togs. log_to_wizard('Error parsing Individual Thresholds in HDA125 Digital signal settings; aborting; aborting',RED)
raise Ex(ept‘imn% user Requested Abort')

<

<

DDRéx script\DDRdx Test Tree\Main Settings\Signal Settings\HDA125 Digital Signal

Operator Name

DutT Set Time  Tem. ™ | Timestamp Command Explanation Model  Opti.. # R 2
DDR4... 2017/.. 00°C Entering tiH WME... ASD.. 4 0
DDR4.. 20 0.0°¢ Test Fail: Timing - tIH (basg) min ... WM. ASD.. 4. 0
DDR4.. 20 0.0°¢ tIH (base) min WME... ASD.. 4 0
DDR4... 2017/.. 00°C Total Steps Executed : 73 UUT tim...  WM8E.. ASD.. 4. 0
nnna anews anee WMe... ASD.. 4 0

Mode: Runtime  Set: DDR4-1600  Net WMB20ZI-B on 127.0.0.1 Timeout 10s
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Appendix A: Virtual Probing Set Up 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
For example, to apply the VirtualProbe@Rcv math function to DQ on C3:

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

‘O
= Term

Summary
Sim

f(x) VP@Rewi(C3)
grap

Reframe

Add / Edit Output

Name

AR

2. Open the VP@Receiver subdialog and input the termination network parameters:
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3.

Zoom VP@ ive Maore.. 6 CLOSE

Mode

Term

Sim

Reframe
Qutput

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

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

Model aveRec: More.. 6 CLOSE

C3_F11_VPAtReceive Ewms

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.

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.

View View2 View3 Viewd

I Enabi

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 (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 “VP@Receiver” as the “Virtual Probe Tool Selection”:

Setup Configuration ~ Test Selector  Variable Setup Limits

B _J Virtual Probe Setup

d" Virtual Probe Control: Both

I E‘) Virtual Probe Tool Selection: VP@Receiver

/) VP@Receiver Reset to Default

Edt Variable

- \di VP @Receiver Path: D:\Applications\VP At Receiver
e \f C1VP@Recsiver Setup Filename: C1_YPAtReceiverlss
e \j C2 WP@Recsiver Setup Filename: C2_YPAtReceiverlss

e \j C3 WP@Receiver Setup Filename: C3_WPAtReceiverlss

e \f C4 WP@Receiver Setup Fllename: C4_WPAtReceiverlss
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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
' Viual Probe Control: Both ~
rtual Frobe Control Edit Variable
- d’ Virtual Probe Tool Selection: VP@Receiver
= D WP@Receiver
H Reset to Default

- d’ WP@Receiver Path: D:'\Applications\VF AtReceiver
- ﬁ C1YP@Receiver Setup Filename: C1_YPAtReceiverlss

[ J C2 WP@Receiver Setup Filename: C2_WPAtReceiverlss

[ f C3 VP@Receiver Setup Filename: C3_F11_VPAtReceiverlss

- & 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 DQS on 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.

omC ! SaveRecall

Measurement Filter

Max Length
20 ns

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):

Virtual Probe XTalk SetupC C c2 c3 C4 C5 C6 3 SaveRecall

A e File Touchstone File Port Mapping

Browse = View ! =) File = ?

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. On the Virtual Probe dialog, select block C2 (Deembed File):

Virtual Probe XTalk SetupC c1 c2 €3 C4 C5 Cb ZoomC Response SaveRecall

SetupA Inactive

ST 1 c2

- = ~d- C5
cal Deembed & £E o:

SetupC Termination [l vProbs File rube RS Wl vProbe W vrrose e Wl vProbe e M vProbe  Termination

SetupD A_DDR4_96B_SI 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.
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Virtual Probe ) SetupC C c2 c3 C4 C6 00 Res SaveRecall

Virtual ecall

: VP_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 VPOuUtA, and so forth.

In the example below, the DQ signal with the interposer deembedded is represented by VPOuUtC, so that waveform is

selected as the DQ input in DDR Debug Toolkit, rather than the probed input C3:

Viewd
Select Source

Main Category Sub Category Source

Jjiin i Jiil "

EDrClock VPOuA VPOuiB VPOUC Nizelilin]

[ET All

Other Channels

Eye
Doctor

50.0 ns/div Stop
Math

View1 View2 iew3 Viewd Ref

Memories

Zoom VPOu

| << <

Cancel

Note: VPOut* waveforms are in the Eye Doctor selector menu.

Timebase 0 nsfTrigger 10 148

20 kS 40 GS/s Edge Positive
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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 (VPOutB)
e (3= Source for SetupC (VPOutC
(

)
e (4 =Source for SetupD (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”:

Edit/View Configuration X

Setup Configuration ~ Test Selector  Variable Setup Limits

= —_j Virtual Probe Setup Edit Variable

\d? Virtual Prabe Control: Both

gf‘ Vitual Probe Tool Selection: VitualProbe

| vP@Receiver Reset to Defauit

=] _/) VitualProbe

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

o dﬁ VirtualProbe 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  Variable Setup Limits

=] _J Virtual Probe Setup Edit Variable
- d’ Virual Probe Cartro: Both
- ﬁ Virtual Probe Tool Selection: VirtualProbe

B /J VP@Receiver Reset to Default

=] _J VirtualProbe

‘dd' VittualProbe Setup Path: D\ Applications\VirtualFrobe

E"" VirtualProbe 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.

60



QPHY-DDRS5 Instruction Manual

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 DQSonC2 =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.
Math m Zoom

n "Web E

web edit

() | 9(f(x)

Add [ Edit Reset
Name Zoom mq

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.

[ File | I Vertical ++Timebase [ Trigger G Display | # El Measure & Math | == Analy X Utilites @ Support

F10

WebEditorProc: Virtual Probe *

Browse Open

20.0000 GHz ut P nments Qutput P gn s View Log
1000 GHz o
s Compile

Web Editor Math
Add

+ Math

+ Meas.

Delete:

+ PMath

TELEDYNE LECROY

Close
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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:

En

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 forF11
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

@ wal Prse Conta: Btn
L-"‘ Vitual Probe Tool Selection: Advanced
_/) \VP@Receiver Reset to Defaut

=] _/) VitualProbe

[ \dé VirtualProbe Setup Path: D\ Applications\VirtualProbe

- \f 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

= /) Vitual Probe Setup Edit Variable
- (" Vitua Probe Conto: Ectn
e \f Wirtual Probe Tool Selection: Advanced

[ /) YP@Receiver Reset to Default

b /_) VitualProbe

- \f VitualProbe Setup Path: D:\Applications'VitualProbe

- L—" 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-DDR5-SYS saves the waveforms from each acquisition using a specific file name convention. This specific
waveform name definition must be used in order to re-run any acquisition to recreate specific test results.

The waveform naming convention is: <Channel> <Probe Setup> <Analog Signal Name> <File Index>

Here are examples of working waveform names loaded by QualiPHY when choosing to Use Saved Waveforms:
- C1_CKDQODQS3_CK_00014.trc
- £2_CKDQODQS3_DQ0 _00014.trc
- (C3_CKDQODQS3_DQS3_00014.trc

<Channel> (example: C2): This is the input channel used to acquire the signal. In this case C2 was used. This portion
of the name must match the <Signal> Input Channel variable. Possible values: C1, C2, C3, C4.

Note: The channel setup must match the file name. In the above example C1=CK, C2=DQ, C3=DQS.

Acquisition Settings
Clock (CK) Strobe (DQS) Data (DQ)

() AcquireLive  €H1 ~ CH3 ~ CHz ~

!
O Use Saved Waveforms Waveform Path:  C:\testdats\DDRSTESTING

<Probe Setup> (example: CKDQODQS3): This is the probe setup used during the acquisition. This will change
depending on whether there are 1, 2, 3 or 4 signals being analyzed.

<Analog Signal Name> (example: DQS3): This is the signal name for this trace as it was set using the Analog Signal
Name variable tab. The waveform must match the Signal Name variable. Possible values: DQ0-63, DQS0-15.

= _“J Analog Signal Mames

<File Index> (example: 00014): This is the file number. Each new acquisition saved typically adds to this count and
QPHY will automatically increment this by one on each run. When running in Use Saved Waveforms, the recalled
Waveform File Index variable. Possible values: Any five-digit number.
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