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DDR3 Compliance Test Application — At A Glance

The Keysight D9030DDRC DDR3 Compliance Test is a DDR3 (Double Data Rate 3) test solution that
covers electrical, clock, and timing parameters of the JEDEC (Joint Electronic Device Engineering
Council) specifications. The software helps you in testing all the un-buffered DDR3 device under test
(DUT) compliance, with the Keysight Infiniium oscilloscopes.

There are 2 main categories of test modes:

Compliance Tests - These tests are based on the DDR3 JEDEC compliance specifications and are
compared to corresponding compliance test limits.

Custom Tests - These tests are not based on any compliance specification. The primary use of
these tests is to perform signal debugging.
The DDR3 Compliance Test:
Lets you select individual or multiple tests to run.
Lets you identify the device being tested and its configuration.
Shows you how to make oscilloscope connections to the device under test.
Automatically checks for proper oscilloscope configuration.
Automatically sets up the oscilloscope for each test.
Allows you to determine the number of trials for each test, with the new multi trial run capability.

Provides detailed information of each test that has been run. The result of maximum 64 worst
trials can be displayed at any one time.

Creates a printable HTML report of the tests that have been run.
The minimum number of probes required for the tests are:

Clock tests - 1 probe

Electrical tests - 3 probes

Timing tests - 3 probes

Custom tests - 3 probes

The tests performed by the DDR3 Compliance Test are intended to provide a quick check of the physical
layer performance of the DUT. These testing are not a replacement for an exhaustive test validation
plan.

DDR3 SDRAM electrical, clock and timing test standards and specifications are described in the
JEDEC document. For more information, please refer to the JEDEC web site at www.jedec.org.
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Required Equipment and Software

In order to run the DDR3 automated tests, you need the following equipment and software:
D9030DDRC DDRS3 Test Application software
Use one of the following Oscilloscope models:

Keysight DSO9000A-Series, DSO90000A-Series and DSOX90000A / Q / Z / V-Series
Oscilloscopes with a minimum bandwidth of 8.0 GHz (recommended) for accurate
measurements. For faster speed grade devices, a minimum bandwidth of 13.0 GHz
bandwidth is recommended.

Keysight UXR Oscilloscope
Keysight MXR Oscilloscope
The minimum version of Infiniium oscilloscope software (see the DI030DDRC test application
release notes).
D9030DDRC DDR3 Compliance Test Application software license
RAM reliability test software.
1169A/B, 1168A/B, 1134A/B, 1132A/B or 1131A/B InfiniiMax probe amplifiers.

N5381A/B or E2677A/B differential solder-in probe head, N5425A/B ZIF probe head or N5426A
ZIF tips, E2678A/B differential socketed probe head.

Any computer motherboard system that supports DDR3 memory.

Keyboard, gty = 1, (provided with the Keysight Infiniium oscilloscope)

Mouse, gty = 1, (provided with the Keysight Infiniium oscilloscope)

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

50-ohm Coax Cable with SMA Male Connectors - 24-inch or less RG-316/U or similar, gty = 2,
matched length
Keysight also recommends using a second monitor to view the compliance test application.

Keysight D9030DDRC DDR3 Compliance Test Application supports MXR
oscilloscope.

Below are the required licenses:
D9030DDRC DDR3 Compliance Test Application license.
E2688A Serial Data Analysis and Clock Recovery software license.

Following table displays the sampling rates for Keysight 90000 X-Series oscilloscope

and UXR-Series oscilloscope:
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Table 1 Sampling Rates for 90000X-Series Oscilloscope and UXR-Series Oscilloscope

Keysight 90000 X-Series Oscilloscope Sampling Rates Keysight UXR -Series Oscilloscope Sampling Rates
MAX (Default)* MAX (Default)*
128 GSa/s
80 GSa/s 64 GSa/s
40 GSa/s 32 GSa/s
20 GSa/s 16 GSa/s
10 GSa/s 08 GSa/s

* The MAX sampling rate values are different for 90000X-Series and UXR-Series oscilloscope. For
90000X-Series, the MAX value is 80 GSa/s, and for UXR-Series, the MAX value is 128 GSa/s.
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In This Book

This manual describes the tests that are performed by the DDR3 Compliance Test in more detail; it
contains information from (and refers to) the JEDEC specifications, and it describes how the tests are
performed.

Chapter 1, “Installing the DDR3 Compliance Test Application" shows how to install and license
the automated test application software (if it was purchased separately).

Chapter 2, “Preparing to Take Measurements" shows how to start the DDR3 Compliance Test and
gives a brief overview of how it is used.

Chapter 3, “Clock Plus Tests Group" describes the Vggy and Vg tests for Clock Plus signals and
the AC overshoot and undershoot tests probing and method of implementation.

Chapter 4, “Clock Minus Tests Group" describes the Vggy and Vgg| tests for Clock Minus signals
and the AC overshoot and undershoot tests probing and method of implementation.

Chapter 5, “Clock Plus and Minus Cross Point Tests Group" describes the V| test for Clock Plus
and Minus Point.

Chapter 6, “Clock Differential Tests Group" shows how to run various Electrical Test, Timing Tests
at AC Level, Timing Tests for Rising Edge Measurement and Timing Tests for Pulse Measurement.

Chapter 7, “Strobe Plus Tests Group" describes the Vg and Vgg| tests for Strobe Plus signals
and the AC overshoot and undershoot tests probing and method of implementation.

Chapter 8, “Strobe Minus Tests Group" describes the Vggy and Vg tests for Strobe Minus
signals and the AC overshoot and undershoot tests probing and method of implementation.

Chapter 9, “Strobe Plus and Minus Cross Point Tests Group" describes the V| test for strobe plus
and minus point.

Chapter 10, “Strobe Differential Tests Group" shows how to run various Electrical Test and Timing
Tests.

Chapter 11, “Data Tests Groups" shows how to run various Write Cycles and Read Cycles.
Chapter 12, “Data Mask Tests Group" describes how to run the data mask timing tests.

Chapter 13, “Command,Address Tests Group" describes the command and address timing tests
which include the address and control input setup time as well as the address and control input
hold time.

Chapter 14, “Chip Select Tests Group" describes how to run the chip select tests.
Chapter 15, “Clock Enable Tests Group" describes how to run the clock enable tests.
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See Also

The D9030DDRC DDR3 Compliance Test’s Online help, which describes:
D9030DDRC DDR3 Automated Testing—At a Glance
Starting the D9030DDRC DDR3 Test Application
Creating or Opening a Test Project
Setting Up the Test Environment
Selecting Tests
Configuring Tests
Verifying Physical Connections
Running Tests
Configuring Automation in the Test Application
Viewing Results
Viewing HTML Test Report
Exiting the Test Application
Additional Settings in the Test App
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

T Installing the DDR3
Compliance Test Application

Installing the Software / 18
Installing the License Key / 19

If you have purchased the D9030DDRC DDR3 Compliance Test Application separately, you need to
install the software and license key.

KEYSIGHT
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1 Installing the DDR3 Compliance Test Application

Installing the Software

1 Make sure you have the minimum version of Infiniium oscilloscope software (see the Keysight
D9030DDRC DDR3 Compliance Test Application release notes) by choosing Help > About
Infiniium... from the main menu.

2 To obtain the D9030DDRC, go to Keysight website: http://www.keysight.com/find/D9030DDRC.
The link for D9030DDRC will appear. Click on it and follow the instructions to download and
install the application software.
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Installing the DDR3 Compliance Test Application 1

Installing the License Key

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

Using Keysight License Manager 5

To view and copy the Host ID from Keysight License Manager 5:

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

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

values.
m Keysight License Manager
> @ Licenses on I (localhost) C,
o]
- : ) Py
Full t = I Lis.k ht.
3 ull computer name msr.is.keysight.com
8 [Host ID: PCSERNO,JBxxxxxxxx|
S
1]
Figure 1 Viewing the Host ID information in Keysight License Manager 5

To install one of the procured licenses using Keysight License Manager 5 application,
1 Save the license files on the machine, where you wish to run the Test Application and its features.

2 Launch Keysight License Manager.
3 From the configuration menu, use one of the options to install each license file.

?-I:le |

Why do I need these tools?

| Install License File... S ctri+1 |
Install License from Text... Ctrl+T
View License Alerts Ctri+L

Explore Transport URLs
About Keysight License Manager

Figure 2 Configuration menu options to install licenses on Keysight License Manager 5

For more information regarding installation of procured licenses on Keysight License Manager 5,
refer to Keysight License Manager 5 Supporting Documentation.
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Installing the DDR3 Compliance Test Application

Using Keysight License Manager 6

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

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

m Keysight License Manager 6

Home Licensing Version = Eeysight License Manager 1

Copyright ight Technolog:

Environment

SE Usage

Borro

Username

EATH C:\Program Files Common Files%Intel%Shared Libraries\redist‘intel&

Compact

Figure 3 Viewing the Host ID information in Keysight License Manager 6
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Installing the DDR3 Compliance Test Application 1

To install one of the procured licenses using Keysight License Manager 6 application,

—

Save the license files on the machine, where you wish to run the Test Application and its features.

N

Launch Keysight License Manager 6.
3 From the Home tab, use one of the options to install each license file.

m Keysight License Manager 6 SANC X

Home
Environment
View licenses
License usage

Borrow license

o Specify a remote floating license server

6 Add/remove a license on your local machine

(Administrators can set up a new licen rver here)

Close

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

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

2 Preparing to Take
Measurements

Calibrating the Oscilloscope / 24

Starting the DDR3 Compliance Test Application / 25
Correlation between Signal Group and PUT / 28
Signal requirements for test availability / 30

Before running the DDR3 automated tests, you should calibrate the oscilloscope and probe. No test
fixture is required for this DDR3 application. After the oscilloscope and probe have been calibrated,
you are ready to start the Keysight DS030DDRC DDR3 Compliance Test Application and perform the
measurements.

KEYSIGHT

TECHNOLOGIES



2 Preparing to Take Measurements

Calibrating the Oscilloscope

If you haven't already calibrated the Oscilloscope, refer to the documentation provided with the
Oscilloscope model being used to perform tests.

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

If you switch cables between channels or other oscilloscopes, it is necessary to perform cable and
probe calibration again. Keysight recommends that, once calibration is performed, you label the
cables with the channel on which they were calibrated.
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Starting the DDR3 Compliance Test Application

1

Preparing to Take Measurements

2

Ensure that the RAM reliability test software is running in the computer system where the Device

Under Test (DUT) is attached. This software performs tests to all unused RAM in the system by

producing a repetitive burst of read-write data signals to the DDR3 memory.
To start the Keysight D9030DDRC DDR3 Compliance Test Application: From the Infiniium

oscilloscope’s main menu, choose Analyze > Automated Test Apps > D9030DDRC DDR3 Test

App.

Analyze | Utilities Demos Help
Gallery...

| Quick Jitter

Quick Eye Diagrams
Histogram...

Mask Test...
Automated Test Apps

| Analysis Diagram...

Measurement Analysis (EZIIT)...
Jitter/Noise (EZIIT Complete)...

Real-Time Eye...
Equalization...
CrossTalk...
Phase Noise...

Figure 5 Infiniium oscilloscope’s main menu
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N8830A 100GBASE-CR4 Test App
D9030DDRC DDR3 Test App

D9050PCIC PCIEXpress Gen5 Test App
D9040PCIC PCIEXpress Test App

N5413B/N5413C DDR2(+LP) Test App
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Preparing to Take Measurements

¥ DDR3 Test —- New Devicel

File View Tools Help
Set Up | Select Tests | Configure

1.Test Mode

Compliance

2.SDRAM Type
B cor3L [ LPDDR3

3.Speed Grade

{) DDR3-800

@ DDR3-1066
@ DDR3-1333
@ DDR3-1600
@ DDR3-1866
@ DDR3-2133

Device Identifier:
(SELECT OR TYPE)

Comments:

Messages

2018-05-04 09:17:13:199 AM
2018-05-04 09:17:14:253 AM
2018-05-04 09:17:23:452 AM

0 Tests

Figure 6

If the Keysight D9030DDRC DDR3Test App does not appear in the Automated Test Apps menu,
(see Chapter 1, “Installing the DDR3 Compliance Test Application”)

then it has not been installed
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Connect | Run | Automate | Results | HTML Report

DDR3 Test Environment Setup

4.Burst Triggering Method 7.AC Levels

DQS-DQ Phase Difference | Y |

5.Live Signal/ Offline

LiveSignal

6.Rank Separation
B RankSeparation

Threshold Settings

DDR Debug Tool

8.Common Connection Setting

DQS0,/DQS0 IEI DQO,Gnd

Legend: m

9.Test Report Comments (Optional)

User Description:

LY (SELECT OR TYPE)

Connecting to Infiniium *
Connected to Infiniium |:|
Ready v

Default view of the DDR3 Compliance Test Application

IEI /Cs0,Gnd



Preparing to Take Measurements 2

Figure 5 and Figure 6 show the DDR3 Compliance Test Application main window. The task flow pane,
and the tabs in the main pane, show the steps you take in running the automated tests:

Tab Description
Set Up Lets you identify and set up the test environment, including information about the device under test.
Select Tests Lets you select the tests you want to run. The tests are organized hierarchically so you can select all tests in a

group. After tests are run, status indicators show which tests have passed, failed, or not been run, and there are
indicators for the test groups.

Configure Lets you configure test parameters. The information appears in the HTML report.
Connect Shows you how to connect the oscilloscope to the device under test for the tests to be run.
Run Tests Starts the automated tests. If the connections to the device under test need to be changed while multiple tests

are running, the tests pause, show you how to change the connection, and wait for you to confirm that the
connections have been changed before continuing.

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

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

HTML Report Shows a compliance test report that can be printed.
NOTE When you close the DDR3 application, each channel’s probe is configured as single-ended or
differential depending on the last DDR3 test that was run.
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Preparing to Take Measurements

Correlation between Signal Group and PUT

28

Among the various options available under the Set Up tab of the Keysight D9030DDRC DDR3
Compliance Test Application, which filter the list of tests in the Select Tests tab; one of the features is
the Common Connection Setting. Using this feature, when you select the Pin Under Test (PUT) that is
connected to each Oscilloscope Channel, the Test Application displays one or more tests/test
categories either as available or unavailable. Table 2 and Table 3 list the signal group for the
corresponding PIN that you select using the Common Connection Setting feature.
The signal groups that are required to run various DDR3/DDR3L/LPDDRS tests are:
- Clock Differential

Clock Plus

Clock Minus

Strobe Differential

Strobe Plus

Strobe Minus

Data

Data Mask

DDR3_CommandAddress

DDR3_CommandAddress_ChipSelect

LPDDR3_CommandAddress

LPDDR3_ChipSelect

LPDDR3_ClockEnable

Not in Use (if a Channel does not have any test signal)

The signal group “DDR3_CommandAddress_ChipSelect” is a subset of
“DDR3_Command_Address”.

To make all such tests available, which require the signal group “DDR3_CommandAddress”,
you may select either “DDR3_CommandAddress” or “DDR3_CommandAddress_ChipSelect”.

To make all such tests available, which require the signal group
“DDR3_Command_Address_ChipSelect” only, you must select only

“DDR3_CommandAddress_ChipSelect”. Selecting any other signal group will show such tests
as unavailable.
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Table 2

Common Connection Setting PUT
Not_In_Use
CKO,/CKO to CK2,/CK2
CKO,Gnd to CK2,Gnd
/CKO0,Gnd to /CK2,Gnd
DQS0,/DQS0 to DQS8,/DQS8
DQS0,Gnd to DQS8,Gnd
/DQS0,Gnd to /DQS8,Gnd
DQO,Gnd to DQ71,Gnd
DMO,Gnd to DM7,Gnd
/CS0,Gnd & /CS1,Gnd
BAO,Gnd to BA2,Gnd
/RAS,Gnd
/WE,Gnd
/CAS,Gnd
CKEO,Gnd & CKE1,Gnd
0DT0,Gnd & ODT1,Gnd

A0,Gnd to A15,Gnd

Signal Type
NA
Clock_DCKO to Clock_DCK2
Clock_SCKO to Clock_SCK2
Clock_NCKO to Clock_NCK2
Strobe_DDQSO to Strobe_DDQS8
Strobe_SDQSO0 to Strobe_SDQS8
Strobe_NDQSO to Strobe_NDQS8
Data_DQO to Data_DQ71
DM_DMO to DM_DM7
Control_NCSO0 & Control_NCS1
Control_BAO & Control_BA2
Control_NRAS
Control_NWE
Control_NCAS
Control_CKEO & Control_CKE1
Control_ODTO & Control_ODT1

Address_AQ to Address_A15

Preparing to Take Measurements 2

Correlation between Signal Group and selected PUT for DDR3/DDRS3L tests

Signal Group
NotinUse
Clock Differential
Clock Plus
Clock Minus
Strobe Differential
Strobe Plus
Strobe Minus
Data
Data Mask

DDR3_CommandAddress_ChipSelect

DDR3_CommandAddress

Table 3

Common Connection Setting PUT
Not_In_Use
CK_t,CK_c
CK_t,GND
CK_c,GND
DQS0_t,DQS0_C to DQS3_t,DQS3_c
DQS0_t,GND to DQS3_t,GND
DQSO0_c,GND to DQS3_c,GND
DQO,GND to DQ31,GND
DMO,GND to DM3,GND
CS_n,GND
CKE,GND

CAO,GND to CA9,GND

Correlation between Signal Group and selected PUT for LPDDRS3 tests

Signal Type
LP_NA_
LP_Clock_DCK
LP_Clock_SCK
LP_Clock_NCK
LP_Strobe_DDQSO0 to LP_Strobe_DDQS3
LP_Strobe_SDQSO to LP_Strobe_SDQS3
LP_Strobe_NDQSO to LP_Strobe_NDQS3
LP_Data_DQO to LP_Data_DQ31
LP_DM_DMO to LP_DM_DM3
LP_Control_NCS

LP_Control_CKE

LP_CommandAddress_CAO to LP_CommandAddress_CA9

Signal Group
NotinUse
Clock Differential
Clock Plus
Clock Minus
Strobe Differential
Strobe Plus
Strobe Minus
Data
Data Mask
LPDDR3_ChipSelect
LPDDR3_ClockEnable

LPDDR3_CommandAddress

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation
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2 Preparing to Take Measurements

Signal requirements for test availability

Table 4 displays a comprehensive list of the tests that are made available for one or more signals that
you can select in the Compliance Test Application, using the Common Connection Setting feature.

Table 4 Availability of tests based on required signals for SDRAM Types DDR3 & DDR3L
Test Group Name Test Group Category  Available tests Required signals
VSEH(Clock Plus) = Clock Plus
VSEL(Clock Plus) = Clock Plus
Overshoot Amplitude / Area for Clock Plus Tests = Clock Plus
Undershoot Amplitude / Area for Clock Plus Tests = Clock Plus
Clock Plus Electrical Tests
SlewR on Setup Region = Clock Plus
SlewF on Setup Region = Clock Plus
SlewR on Hold Region = Clock Plus
SlewF on Hold Region = Clock Plus
VSEH(Clock Minus) = Clock Minus
VSEL(Clock Minus) = Clock Minus
Overshoot Amplitude / Area (Clock Minus) = Clock Minus
Undershoot Amplitude / Area (Clock Minus) = Clock Minus
Clock Minus Electrical Tests
SlewR on Setup Region = Clock Minus
SlewF on Setup Region = Clock Minus
SlewR on Hold Region = Clock Minus
SlewF on Hold Region = Clock Minus
Clock Plus and = Clock Plus
Minus Cross Point ViKor Clock = Clock Minus
VIHdiff.CK(AC) = Clock Differential
VILdiff.CK(AC) = Clock Differential
Electrical Test
Clock Differential VIHdiff.CK = Clock Differential
VILdiff.CK = Clock Differential
Timing Tests at AC {DVAC(Clock) = Clock Differential

level
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Preparing to Take Measurements 2

Test Group Name Test Group Category  Available tests Required signals
tjit(CC) Rising Edge Measurement = Clock Differential
Timing Tests for tCK(avg) Rising Edge Measurement = Clock Differential
Rising Edge
Measurements tjit(per) Rising Edge Measurement = Clock Differential
tERR(nper) Rising Edge Measurement = Clock Differential
Clock Differential tCH(avg) Average High Measurement = Clock Differential
tCL(avg) Average Low Measurement = Clock Differential
Timing Tests for tJIT(duty-high/low) Jitter Average High/Low = Clock Differential
Pulse Measurements ~ Measurements
tCH(abs) Absolute clock HIGH pulse width = Clock Differential
tCL(abs) Absolute clock LOW pulse width = Clock Differential

= Strobe Plus
= Data

VSEH(Strobes Plus) «  DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
= Strobe Plus
= Data
VSEL(Strobes Plus) = DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
Overshoot Amplitude / Area (Strobes Plus) = Strobe Plus
Undershoot Amplitude / Area (Strobes Plus) = Strobe Plus

= Strobe Plus

SlewR on Setup Region * Dat
Strobe Plus Electrical Tests pReg = DDR3_CommandAddress_ChipSelect (If Rank

Separation is enabled)

= Strobe Plus

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewF on Setup Region

= Strobe Plus

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewR on Hold Region

= Strobe Plus

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewF on Hold Region
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2 Preparing to Take Measurements

Test Group Name Test Group Category  Available tests

VSEH(Strobes Minus)

VSEL(Strobes Minus)

Overshoot Amplitude/Area (Strobes Minus)

Undershoot Amplitude/Area (Strobes Minus)

SlewR on Setup Region

Strobe Minus Electrical Tests
SlewF on Setup Region
SlewR on Hold Region
SlewF on Hold Region
?/Itirr?:se (?:g:sa;t;jint ViXfor Strobe
VIHdiff.DQS(AC)
VILdiff.DQS(AC)
(S\/t\lr?i'?;(?yi Zflir)ential Electrical Tests
VIHdiff.DQS
VILdiff.DQS

Required signals

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Minus
Strobe Minus

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Plus

Strobe Minus

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

32 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Preparing to Take Measurements 2

Test Group Name Test Group Category  Available tests Required signals

= Clock Differential
= Strobe Differential
tDQSS = Data
= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data

» DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

tDQSH

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

tDQSL

= Clock Differential
= Strobe Differential
tDSS = Data
= DDR3_CommandAddress_ChipSelect (If Rank
Strobe Differential - Separation is enabled)
(Write Cycle) Timing Tests p
= Clock Differential
= Strobe Differential
tDSH « Data
= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

tWPRE

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

tWPST

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

tDVAC(Strobe)
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Preparing to Take Measurements

Test Group Name

Strobe Differential
(Read Cycle)

Test Group Category

Electrical Tests

Timing Tests

Available tests

VOH(diff(AC)

VOLdiff(AC)

SRQdiffR

SRQiffF

tLZ(DQS) /
tLZ(DQS) for Low Power /
tHZ(DQS) /
tHZ (DQS) for Low Power

tRPRE

tRPST

tQSH

tQSL

tDQSCK

Required signals

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Clock Differential

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Clock Differential

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
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Preparing to Take Measurements 2

Test Group Name Test Group Category  Available tests Required signals

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

VIH.DQ(AC)

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

VIH.DQ(DC)

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

VIL.DQ(AC)

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

VIL.DQ(DC)

Data (Write Cycle) Electrical Tests

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewR on Setup Region

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewF on Setup Region

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewR on Hold Region

= Strobe Differential

= Data

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

SlewF on Hold Region
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Preparing to Take Measurements

Test Group Name

Data (Write Cycle)

Data (Read Cycle)

Test Group Category

Timing Tests

Electrical Tests

Available tests

tDS(base)

tDH(base)

tDS-Diff(derate)

tDH-Diff(derate)

tDIPW

tVAC(Data)

VOH(AC)

VOH(DC)

VOL(AC)

VOL(DC)

SRQseR

SRQseF

Required signals

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

Strobe Differential

Data

DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
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Preparing to Take Measurements 2

Test Group Name Test Group Category  Available tests Required signals

= Clock Differential
= Strobe Differential
tHZ(DQ) « Data
= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Clock Differential
= Strobe Differential

tLZ(DQ) = Data
= DDR3_CommandAddress_ChipSelect (If Rank
Data (Read Cycle) Timing Tests Separation is enabled)

= Strobe Differential
= Data

tDQsQ = DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
= Strobe Differential
{QH = Data
= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
Data (Electrical Overshoot/Undershoot Overshoot Amplitude/Area (Data) * Data
Tests) Undershoot Amplitude/Area (Data) « Data

= Strobe Differential
User Defined Real-Time Eye Diagram Test For Read = Data
Cycle = DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
Data (Read/Write Eye-Diagram Tests)
= Strobe Differential
User Defined Real-Time Eye Diagram Test For Write = Data
Cycle = DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)
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2 Preparing to Take Measurements

Test Group Name Test Group Category  Available tests

VIH.DQ(AC)

VIH.DQ(DC)

VIL.DQ(AC)

VIL.DQ(DC)

Electrical Tests

Data Mask (Write

Cycle) SlewR on Setup Region

SlewF on Setup Region

SlewR on Hold Region

SlewF on Hold Region

Timing Tests tDIPW

Data Mask (Electrical Overshoot/Undershoot
Tests)

Overshoot Amplitude/Area (Data Mask)

Undershoot Amplitude/Area (Data Mask)

Required signals

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Strobe Differential

= Data Mask

= DDR3_CommandAddress_ChipSelect (If Rank
Separation is enabled)

= Data Mask

= Data Mask
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Preparing to Take Measurements 2
Test Group Name Test Group Category  Available tests Required signals
= DDR3_CommandAddress, or
VIH.CA(AC) DDR3_CommandAddress_ChipSelect
= DDR3_CommandAddress, or
VIH.CA(DC) DDR3_CommandAddress_ChipSelect
= DDR3_CommandAddress, or
VILCA(AC) DDR3_CommandAddress_ChipSelect
= DDR3_CommandAddress, or
VILCA(DC) DDR3_CommandAddress_ChipSelect
SlewR on Setun Redion = DDR3_CommandAddress, or
pReg DDR3_CommandAddress_ChipSelect
Electrical Tests
SlewF on Setup Redion = DDR3_CommandAddress, or
P Reg DDR3_CommandAddress_ChipSelect
. = DDR3_CommandAddress, or
SlewR on Hold Region DDR3_CommandAddress_ChipSelect
. = DDR3_CommandAddress, or
SlewF on Hold Region DDR3_CommandAddress_ChipSelect
. = DDR3_CommandAddress, or
Overshoot Amplitude/Area (Command, Address) DDR3_CommandAddress, ChipSelect
Command,Address . DDR3_CommandAddress, or
Undershoot Amplitude/Area (Command, Address) DDR3_CommandAddress ChipSelect
= Clock Differential
tIS(base) « DDR3_CommandAddress, or
DDR3_CommandAddress_ChipSelect
= Clock Differential
tIH(base) « DDR3_CommandAddress, or
DDR3_CommandAddress_ChipSelect
= Clock Differential
tIS(derate) = DDR3_CommandAddress, or
Timing Tests DDR3_CommandAddress_ChipSelect
= Clock Differential
tIH(derate) = DDR3_CommandAddress, or
DDR3_CommandAddress_ChipSelect
HPW = DDR3_CommandAddress, or
DDR3_CommandAddress_ChipSelect
= DDR3_CommandAddress, or
tVAC(CA) DDR3_CommandAddress_ChipSelect
) . . = Clock Differential
Eye-Diagram Tests gz;rn?:ggi%gf:;nme Eye Diagram Test For = DDR3_CommandAddress, or
DDR3_CommandAddress_ChipSelect
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2 Preparing to Take Measurements

Table 5 Availability of tests based on required signals for SDRAM Type LPDDR3
Test Group Name Test Group Category Available tests Required signals
VSEH(Clock Plus) = Clock Plus
VSEL(Clock Plus) = Clock Plus
Clock Plus Electrical Tests
Overshoot Amplitude / Area for Clock Plus Tests = Clock Plus
Undershoot Amplitude / Area for Clock Plus Tests = Clock Plus
VSEH(Clock Minus) = Clock Minus
VSEL(Clock Minus) = Clock Minus
Clock Minus Electrical Tests
Overshoot Amplitude / Area (Clock Minus) = Clock Minus
Undershoot Amplitude / Area (Clock Minus) = Clock Minus
Clock Plus and Minus = Clock Plus
Cross Point VIXCAfor Clock = Clock Minus
VIHdiff.CK(AC) = Clock Differential
VILdiff.CK(AC) = Clock Differential
Electrical Test
VIHdiff.CK(DC) = Clock Differential
VILdiff.CK(DC) = Clock Differential
Timing Tests at AC level ~ tDVAC(Clock) = Clock Differential
tCK(abs) Rising Edge Measurement = Clock Differential
tjit(CC) Rising Edge Measurement = Clock Differential
Timing Tests for Rising . . .
Clock Differential Edge Measurements tCK(avg) Rising Edge Measurement Clock Differential
tjit(per) Rising Edge Measurement = Clock Differential
tERR(nper) Rising Edge Measurement = Clock Differential
tCH(avg) Average High Measurement = Clock Differential
tCL(avg) Average Low Measurement = Clock Differential
Timing Tests for Pulse tJIT(duty-high/low) Jitter Average High/Low = Clock Differential
Measurements Measurements
tCH(abs) Absolute clock HIGH pulse width = Clock Differential
tCL(abs) Absolute clock LOW pulse width = Clock Differential
= Strobe Plus
= Data
VSEH(Strobes Plus) - LPDDR3_ChipSelect (If Rank Separation is
enabled)
= Strobe Plus
Strobe Plus Electrical Tests = Data
VSEL(Strobes Plus) «  LPDDR3_ChipSelect (If Rank Separation is
enabled)
Overshoot Amplitude / Area (Strobes Plus) = Strobe Plus
Undershoot Amplitude / Area (Strobes Plus) = Strobe Plus
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Test Group Name

Strobe Minus

Strobe Plus and Minus
Cross Point

Strobe Differential
(Write Cycle)

Test Group Category

Electrical Tests

Electrical Tests

Available tests

VSEH(Strobes Minus)

VSEL(Strobes Minus)

Overshoot Amplitude/Area (Strobes Minus)

Undershoot Amplitude/Area (Strobes Minus)

VIXDQ - Strobe Cross Point Voltage Test

VIHdiff.DQS(AC)

VILdiff.DQS(AC)

VIHdiff.DQS (DC)

VILdiff.DQS (DC)

Preparing to Take Measurements 2

Required signals

Strobe Minus

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Minus

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Minus
Strobe Minus

Strobe Plus

Strobe Minus

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)
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Preparing to Take Measurements

Test Group Name

Strobe Differential
(Write Cycle)

Test Group Category

Timing Tests

Available tests

tDQSS

tDQSH

tDQSL

tDSS

tDSH

tWPRE

tWPST

tDVAC(Strobe)

Required signals

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)
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Test Group Name Test Group Category Available tests

VOHdiff(AC)

VOLdiff(AC)

Electrical Tests

SRQiffR

SRQiffF

tLZ(DQS) for Low Power

Strobe Differential

(Read Cycle) tHZ(DQS)

tRPRE

Timing Tests

tRPST

tQSH

tQSL

tDQSCK

Preparing to Take Measurements

Required signals

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)
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Test Group Name

Data (Write Cycle)

Test Group Category

Electrical Tests

Timing Tests

Available tests

VIH.DQ(AC)

VIH.DQ(DC)

VIL.DQ(AC)

VIL.DQ(DC)

tDS(base)

tDH(base)

tDS-Diff(derate)

tDH-Diff(derate)

tDIPW

tVAC(Data)

Required signals

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)
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Test Group Name Test Group Category Available tests

VOH(AC)

VOH(DC)

VOL(AC)
Electrical Tests

VOL(DC)

SRQseR

Data (Read Cycle)
SRQseF

tHZ(DQ) for Low Power

tLZ(DQ) for Low Power

Timing Tests

tDQSQ

tQH

Overshoot Amplitude/Area (Data)
Data (Electrical Overshoot/Undershoot Tests)
Undershoot Amplitude/Area (Data)

User Defined Real-Time Eye Diagram Test For Read
Cycle
Data (Read/Write Eye-Diagram Tests)

User Defined Real-Time Eye Diagram Test For Write
Cycle

Preparing to Take Measurements

Required signals

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Clock Differential

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Data
Data

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data

LPDDR3_ChipSelect (If Rank Separation is
enabled)

2
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2 Preparing to Take Measurements

Test Group Name Test Group Category

Electrical Tests

Data Mask (Write
Cycle)

Timing Tests

Data Mask (Electrical Overshoot/Undershoot Tests)

Available tests

VIH.DQ(AC)

VIH.DQ(DC)

VIL.DQ(AC)

VIL.DQ(DC)

tDS(base)

tDH(base)

tDS-Diff(derate)

tDH-Diff(derate)

tDIPW

tVAC(Data Mask)

Overshoot Amplitude/Area (Data Mask)

Undershoot Amplitude/Area (Data Mask)

Required signals

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Strobe Differential

Data Mask

LPDDR3_ChipSelect (If Rank Separation is
enabled)

Data Mask

Data Mask
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Preparing to Take Measurements 2
Test Group Name Test Group Category Available tests Required signals
VIH.CA(AC) = LPDDR3_CommandAddress
VIH.CA(DC) = LPDDR3_CommandAddress
VIL.CA(AC) = LPDDR3_CommandAddress
Electrical Tests
VIL.CA(DC) = LPDDR3_CommandAddress
Overshoot Amplitude/Area (Command, Address) = LPDDR3_CommandAddress
Undershoot Amplitude/Area (Command, Address) = LPDDR3_CommandAddress
= Clock Differential
HSCA(base) - LPDDR3_CommandAddress
Command,Address {HCA(bass) « Clock Differential
= LPDDR3_CommandAddress
= Clock Differential
Timing Tests tISCA(derate) = LPDDR3_CommandAddress
= Clock Differential
tHCA(derate) = LPDDR3_CommandAddress
tIPWCA = LPDDR3_CommandAddress
tVAC(CA) = LPDDR3_CommandAddress
Eve-Diaaram Tests User Defined Real-Time Eye Diagram Test For = Clock Differential
Y 9 Command Address = LPDDR3_CommandAddress
Overshoot Amplitude/Area (Chip Select Tests) = LPDDR3_ChipSelect
Electrical Tests
Undershoot Amplitude/Area Chip Select Tests = LPDDR3_ChipSelect
= Clock Differential
tISCS(base) = LPDDR3_ChipSelect
= Clock Differential
Chip Select tHCS(base) . LPDDR3_ChipSelect
Timing Tests = Clock Differential
USCS(derate) . LPDDR3_ChipSelect
= Clock Differential
HHCS (derate) - LPDDR3_ChipSelect
tIPWCS = LPDDR3_ChipSelect
Overshoot Amplitude / Area) (Clock Enable) = LPDDR3_ClockEnable
Electrical Tests
Undershoot Amplitude / Area (Clock Enable) = LPDDR3_ClockEnable
e
Clock Enable -
. = Clock Differential
Timing Tests HSCKE - LPDDR3 ClockEnable
= Clock Differential
HHCKE - LPDDR3_ClockEnable
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

3  Clock Plus Tests Group

Prabing for Clock Plus Tests / 50
Electrical Tests / 52

This section provides the Methods of Implementation (MQOls) for Clocks Plus Tests using a Keysight
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A differential
solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ refer to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES
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Clock Plus Tests Group

Probing for Clock Plus Tests

50

When performing the Clock Plus tests for Clocks, the DDR3 Compliance Test Application will prompt
you to make the proper connections. The connection for the Clock Plus tests for Clocks may look
similar to the following diagram. Refer to the Connection tab in DDR3 Electrical Performance
Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

Figure 7 Probing for Clock Plus Tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 7 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Clock Plus Tests Group 3

Test Procedure

1

~N OO o1 W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDR3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests » 0

S1531 1D2$313S

O All DDR3 Tests
Clock Plus
Electrical Tests
VSEH({Clock Plus)
VSEL(Clock Plus)
Overshoot Amplitude (Clock Plus)
Overshoot Area {Clock Plus)
Undershoot Amplitude (Clock Plus)
Undershoot Area (Clock Plus)
Slewr({Clock Plus) on Setup Region
Slewf(Clock Plus) on Setup Region
Slewr(Clock Plus) on Hold Region
Slewf(Clock Plus) on Hold Region
B clock Minus
B Electrical Tests
B cClock Plus and Minus Cross Point
B vix for Clock
B clock Differential
B Electrical Test
B Timing Tests at AC Level
B Timing Tests for Rising Edge Measurement
B Timing Tests for Pulse Measurement
B strobe Plus
B Electrical Tests
B strobe Minus
B Electrical Tests
B strobe Plus and Minus Cross Point
B vix for Strobe
B strobe Differential

Figure 8 Selecting Clock Plus Tests
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Clock Plus Tests Group

Electrical Tests

52

VSEH(Clock Plus)

Test Overview

The purpose of this test is to verify that the maximum voltage of the high pulse must be within
the conformance limit of the Vg value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L, and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Clock Plus Tests Group

Test Definition Notes from the Specification

Table 6 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL# or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

3

Vsen Single-ended high level for clocks (Vpp/2) + 0.175 Note 32 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL,
DQSL#, DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 7 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units  Note

VseH(ac) Single-ended high level for CK_t, CK_c (Vppca/2) +0.220 Note 3¢ v 18,

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEHN SEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c,
DOS2.t, DOS2_c, DOS3.t, DGS3 o) use VIH/ViL(ac) of Ds.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac) ViL(ac) for DQs is based on VREFDG; VSEH(ac)VSEL(ac) for CAis based on VREFCA;ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,

July 2070 and
See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC

Standard JESD209-3, December 2071.
Measurement Algorithm

Precondition the oscilloscope.
Trigger on a rising edge of the clock signal under test.

3 Find all valid Clock positive pulses in the entire waveform. A valid Clock positive pulse starts at
the Vggr crossing on a valid Clock rising edge and ends at the Vggg crossing on the following

valid Clock falling edge.

4 For the first valid Clock positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Ty ax-

5 Measure Ve at the found Ty,ax to obtain the maximum voltage of the pulse. Consider the
Vime measurement result as the Vg value.

6 Continue the previous step with another nine valid positive pulses that were found in the
waveform.

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

Expected/Observable Results
The worst measured Vggy must be within the specification limit.
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Clock Plus Tests Group

VSEL(Clock Plus)

Test Overview

The purpose of this test is to verify that the minimum voltage of the low pulse must be within
the conformance limit of the Vgg| value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Clock Plus Tests Group 3

Test Definition Notes from the Specification

Table 8 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, and DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

VseL Single-ended low level for clocks Note 32 (Vpp/2) -0.175 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 9 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units Notes

VseLac) Single-ended low level for CK_t, Note 3¢ (Vppca/2) - 0.220 Vv 18,20
CK_c

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEHN SEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c,
DOS2.t, DOS2_c, DOS3.t, DGS3 o) use VIH/ViL(ac) of Ds.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac)/ViL(ac) for DQs is based on VREFDQ; VSEH(ac)/VSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References
See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 2011.

Measurement Algorithm

Precondition the oscilloscope.
Trigger on a rising edge of the clock signal under test.

3 Find all valid Clock negative pulses in the entire waveform. A valid Clock negative pulse starts
at the Vggr crossing on a valid Clock falling edge and ends at the Vggp crossing on the

following valid Clock rising edge.

4 For the first valid Clock negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Ty n-

5 Measure Ve at the found Ty, N to obtain the minimum voltage of the pulse. Consider the
Vme measurement result as the Vg value.

6 Continue the previous step with another nine valid negative pulses that were found in the
waveform.

7 Determine the worst result from the set of Vgg measured.

Expected/Observable Results

The worst measured Vgg must be within the specification limit.
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3 Clock Plus Tests Group

Overshoot Amplitude / Area for Clock Plus Tests

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

Figure 9 Clock Overshoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 10 AC Overshoot Specification for Clock and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 0.4V 04V 0.4V 0.4V 0.4V
allowed for overshoot area

Maximum overshoot area above 0.25V/ns 0.19 V/ns 0.15V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
Vbog
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Clock Plus Tests Group 3

Table 11 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 \Y
Maximum area above Vpp Max 0.12 0.10 V-ns

Test References
See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification, the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.
2 Sample/acquire signal data and then perform signal conditioning to maximize screen
resolution (vertical scale adjustment).

3 Find the Overshoot Region across acquired waveform. Overshoot Region start at rising VDDQ
(or VDDCA) crossing and end at falling VDDQ (or VDDCA) crossing.

4 Within Overshoot Region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDDQ (or VDDCA).

i Evaluate Area below VDDQ (or VDDCA) = (Overshoot Region End - Overshoot Region
Start) * VDDQ (or VDDCA).

i Evaluate Total Area above O volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

AT Ax AX Ax Ax

1 1 1
Area = —(p + ) )Az + 5':?'" +upldz + Sy + m)dr 4.

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

)

w
Area= Az( D+ Fya -ttt

Figure 10 Trapezoidal Rule

iv Calculate area above VDDQ (or VDDCA) = Total area above O volt - area below VDDQ (or
VDDCA).
v Store calculated result below for later worst case finding process:
Overshoot Amplitude
Area above VDDQ (or VDDCA)
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result.
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3 Clock Plus Tests Group

7 Compare the test result to the compliance test limit.
Overshoot Amplitude
Area above VDDQ (or VDDCA)

Expected/Observable Results

The measured maximum overshoot amplitude for the test signal must be less than or equal to
the maximum overshoot value.

The calculated overshoot area value must be less than or equal to the maximum overshoot
area allowed.
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Clock Plus Tests Group 3

Undershoot Amplitude / Area for Clock Plus Tests

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 11 Clock Undershoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 12 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600  DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 04V 0.4V 04V 04V 0.4V
allowed for undershoot area

Maximum undershoot area 0.25 V/ns 0.19V/ns 0.15 V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
below VSSQ
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3 Clock Plus Tests Group

Table 13 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot Max 0.35 v
area
Maximum area below Vgg Max 0.12 0.10 V-ns

Test References

See Table 37 and Figure 100 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 10)

il Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Undershoot Amplitude
Total area below O volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Clock Plus Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibjae) MIN - Veer
delta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results
The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Plus Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

W, -V max
Falling Slew =  mm—mlt@0
delta TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Plus Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Veer — ViLe)

Rising Slew = Jelta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal must meet the user defined limit.
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Clock Plus Tests Group

SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Plus Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dolta TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results
The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Clock Minus Tests Group

Prabing for Clock Minus Tests / 66
Electrical Tests / 68

This section provides the Methods of Implementation (MQls) for Clock Minus tests for Clocks using a
Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A
differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ refer to complement. Thus, CK# is the same as CK.
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Clock Minus Tests Group

Probing for Clock Minus Tests

66

When performing the Clock Minus tests for Clocks, the DDR3 Compliance Test Application will
prompt you to make the proper connections. The connection for the Clock Minus tests for Clocks
may look similar to the following diagram. Refer to the Connection tab in DDR3 Electrical
Performance Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

Figure 12 Probing for Clock Minus Tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 12 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation
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Test Procedure

1

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

3 Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.

4 Connect the oscilloscope probes to any channels of the oscilloscope.

5 Inthe DDR3 Test application, click the Set Up tab.

6 Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

7 Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests ~ 0

S1531 1D2$313S

O All DDR3 Tests
B clock Plus
Clock Minus
Electrical Tests
VSEH({Clock Minus)
VSEL(Clock Minus)

Overshoot Amplitude (Clock Minus)
Overshoot Area {Clock Minus)
Undershoot Amplitude (Clock Minus)
Undershoot Area (Clock Minus)
Slewr({Clock Minus) on Setup Region
Slewf(Clock Minus) on Setup Region
Slewr({Clock Minus) on Hold Region
Slewf(Clock Minus) on Hold Region
B cClock Plus and Minus Cross Point
B vix for Clock
B clock Differential
B Electrical Test
B Timing Tests at AC Level
B Timing Tests for Rising Edge Measurement
B Timing Tests for Pulse Measurement
B strobe Plus
B Electrical Tests
B strobe Minus
B Electrical Tests
B strobe Plus and Minus Cross Point

B vix for Strobe
B strobe Differential
B write Cycle

Figure 13 Selecting Clock Minus Tests
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Electrical Tests

VSEH(Clock Minus)

Test Overview

The purpose of this test is to verify that the maximum voltage of the high pulse must be within
the conformance limit of the Vg value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDRS. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Minus Signals

Signals required to perform the test on the oscilloscope
Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 14 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL# or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

Vsen Single-ended high level for clocks (Vpp/2) + 0.175 Note 3 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 15 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units Notes

Vsen(ag) Single-ended high level for CK_t, CK_c (Vppca/2) +0.220 Note 3° v 18,20

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEH/V SEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t,
DQS2_c, DQS3_t, DQS3_c) use ViV IL(ac) of DQs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. VIH(ac)/VIL(ac) for DQs is based on VREFDQ; VSEH(ac)/VSEL(ac) for CAis based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t,DQST_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.
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Clock Minus Tests Group 4

Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 2011.

Measurement Algorithm

Precondition the oscilloscope.

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

7

Find all valid Clock positive pulses in the entire waveform. A valid Clock positive pulse starts at
the Vgr crossing on a valid Clock rising edge and ends at the Vggg crossing on the following

valid Clock falling edge.

For the first valid Clock positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Tyax-

Measure Ve at the found Tyax to obtain the maximum voltage of the pulse. Consider the
V1ime Mmeasurement result as the Vggy value.

Continue the previous step with another nine valid positive pulses that were found in the
waveform.

Determine the worst result from the set of Vggy measured.

Expected/Observable Results

The worst measured Vggy must be within the specification limit.
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VSEL(Clock Minus)

Test Overview

The purpose of this test is to verify that the minimum voltage of the low pulse must be within
the conformance limit of the Vgg| value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDRS. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Minus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 16 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, and DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

Vsg Single-ended low level for clocks Note 32 (Vpp/2) - 0.175 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 17 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units Notes

VsEL(ac) Single-ended low level for CK_t, CK_c Note 3¢ (Vppca/2) - 0.220 v 12, 2P

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEH/V SEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t,
DOS2.c, DOS3_t, D0S3._c) use VIHViL(ac) of DGs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. VIH(ac)/VIL(ac) for Ds is based on VREFDQ; VSEH(ac)NSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.
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Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 2011.

Measurement Algorithm

Precondition the oscilloscope.

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

7

Find all valid Clock negative pulses in the entire waveform. A valid Clock negative pulse starts
at the Vggg crossing on a valid Clock falling edge and ends at the Vrgp crossing on the

following valid Clock rising edge.

For the first valid Clock negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Ty n.

Measure Ve at the found Ty to obtain the minimum voltage of the pulse. Consider the
V1ime measurement result as the Vgg value.

Continue the previous step with another nine valid negative pulses that were found in the
waveform.

Determine the worst result from the set of Vgg measured.

Expected/Observable Results

The worst measured Vgg must be within the specification limit.
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Overshoot Amplitude / Area (Clock Minus)

Test Overview

The Overshoot tests can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

Volts \{',Es’,gg

(V) I

Figure 14 Clock and Mask Overshoot

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Minus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 18 AC Overshoot Specification for Clock and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600  DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 04V 04V 0.4V 04V 0.4V

allowed for overshoot area

Maximum overshoot area 0.25V-ns 0.19 V-ns 0.15 V-ns 0.13 V-ns 0.11 V-ns 0.10 V-ns
above Vppg
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Table 19 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 \
Maximum area above Vpp Max 0.12 0.10 V-ns

Test References

See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification, JEDEC Standard
JESD79-3E, July 2010 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2011.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDDQ (or VDDCA) crossing
and ends at the falling VDDQ (or VDDCA) crossing.

4 Within Overshoot region #1, perform the following steps:
i Evaluate Overshoot Amplitude by performing the following steps:

Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of
the acquired waveform.

Calculate: Overshoot Amplitude = VMAX - VDDQ (or VDDCA).

i Evaluate Area below VDDQ (or VDDCA) = (Overshoot Region End - Overshoot Region
Start) *VDDQ (or VDDCA).

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

AT Ax AX Ax Ax

1 1 1
Area = —(p + ) )Az + 5':?'" +upldz + Sy + m)dr 4.

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

)

w
Area= Az( D+ Fya -ttt

Figure 15 Trapezoidal Rule
iv  Calculate area above VDDQ (or VDDCA) = Total area above 0 volt - area below VDDQ (or
VDDCA).
v Store calculated result below for later worst case finding process:
Overshoot Amplitude
Area above VDDQ (or VDDCA)
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.

6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
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Clock Minus Tests Group

Overshoot Amplitude
Area above VDDQ (or VDDCA)

Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Undershoot Amplitude / Area (Clock Minus)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

Volts Vssa
V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 16 Clock Undershoot

Modes Supported
DDR3, DDR3L, and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Minus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 20 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133

Maximum peak amplitude 0.4V 0.4V 0.4V 04V 0.4V 04V
allowed for undershoot area

Maximum undershoot area 0.25V-ns 0.19V-ns 0.15V-ns 0.13 V-ns 0.11 V-ns 0.10 V-ns
below Vggq
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Table 21 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 v
Maximum area below Vgg Max 0.12 0.10 V-ns

Test References

See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM in the JEDEC Standard
JESD79-3E, July 2010.

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2011.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 15)

i Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Undershoot Amplitude
Total area below 0 volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Minus Signals

Signals required to perform the test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.
Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 Forall valid rising edges, find the transition time, delta Tg which is time starts at VREF crossing
and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibjae) MIN - Veer
delta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Minus Signals

Signals required to perform the test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta T¢ which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

W, -V max
Falling Slew =  mm—mlt@0
delta TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Clock Minus Signals

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Veer — ViLe)

Rising Slew = Jelta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest
Clock Minus Signals

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dolta TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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b Clock Plus and Minus Cross
Point Tests Group

Probing for Clock Plus and Minus Cross Point Tests / 82
VIXfor Clock / 84
VIXCA for Clock / 86

This section provides the Methods of Implementation (MOls) for Clock Plus and Minus Cross Point
tests using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, E2677A differential solder-in probe head and the DDR3 Compliance Test Application.
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Clock Plus and Minus Cross Point Tests Group

Probing for Clock Plus and Minus Cross Point Tests

82

When performing the Clock Plus and Minus Cross Point tests, the DDR3 Compliance Test Application
will prompt you to make the proper connections. The connection for the Clock Plus and Minus Cross
Point tests may look similar to the following diagram. Refer to the Connection tab in DDR3 Electrical
Performance Compliance application for the exact number of probe connections.
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InfiniiMax solder-in probes

InfiniiMax solder-in probes
Figure 17 Probing for Clock Plus and Minus Cross Point Tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 17 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Test Procedure

1 Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform test on all unused RAM on the
system by producing repetitive burst of read-write data signals to the DDR3 memory.

3 Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
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Clock Plus and Minus Cross Point Tests Group 5

Connect the oscilloscope probes to any channels of the oscilloscope.
In the DDR3 Test application, click the Set Up tab.
Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

~N O o1

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

File View Tools Help
Set Up |Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

[ All DDR3 Tests

B clock Plus

B clock Minus

Clock Plus and Minus Cross Point
VIX for Clock

B clock Differential

B strobe Plus

B strobe Minus
Strobe Plus and Minus Cross Point
Strobe Differential

[ |
[ |
B bata
[ |
[ |

S1531 123138

Data Mask
Command,Address

Messages

2017-11-30 12:31:58:146 PM Connecting to Infiniium
2017-11-30 12:31:59:502 PM Connected to Infiniium
2017-11-30 12:31:59:688 PM Run in Demo Mode?
2017-11-30 12:32:09:843 PM Ready

Figure 18 Selecting Clock Plus and Minus Cross Point Tests
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5 Clock Plus and Minus Cross Point Tests Group

VIX for Clock

Test Overview

The purpose of this test is to verify crossing point voltage value of the input differential pair
test signals is within the conformance limits of the VIX (ac) as specified in the JEDEC
specification.

The value of VDDQ which directly affect the conformance upper limit is default to 1.5V for
typical DDR3 and 1.35V for DDR3L but users have the flexibility to change this value.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Plus Signals and Clock Minus Signals

Signals required to perform the test on the oscilloscope

Clock Plus Signals
Clock Minus Signals

Test Definition Notes from the Specification

Table 22 Cross Point Voltage for Differential Input Signals (CK, DQS)

Parameter DDR3-800/1066
/1333/1600/18
66/2133

Min Max

Vix(ck) Differential Input Cross Point Voltage relative to Vppca/2 for CK, CK# -150 150 mV
-175 175 mV

Table 23 Cross Point Voltage for Differential Input Signals (CK, DQS)

Parameter DDR3L-800,
1066, 1333 &
1600

Min Max

Vixe Differential Input Cross Point Voltage relative to Vppca/2 for CK, CK# -150 150 mV
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Clock Plus and Minus Cross Point Tests Group 5

Test References

See Figure 94 and Table 28 in Section 8 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Table 23 in Section 17of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010.

Measurement Algorithm

Sample/Acquire data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2 source input

Fine all differential CLK crossing that cross OV.

Use VTime to get the actual crossing point voltage value using the time stamp obtained

For each cross point voltage, calculate the final result. VIX(AC) = cross point voltage - VDD/2.
Determine the worst result from the set of VIX(AC) measured.

D o A W N -

Expected/Observable Results

The measured crossing point value for the differential test signals pair must be within the
conformance limit of the V|x(c) value.
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VIXCA for Clock

Test Overview

The purpose of this test is to verify crossing point voltage value of the input differential pair
test signals is within the conformance limits of the VIXCA as specified in the JEDEC
specification

Modes Supported
LPDDR3

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Plus Signals and Clock Minus Signals

Signals required to perform the test on the oscilloscope

Clock Plus Signals
Clock Minus Signal

Test Definition Notes from the Specification

Table 24 Cross point voltage for differential input signals (CK, DQS)

Parameter

Vixca Differential Input Cross Point Voltage relative -120 120 mV
to Vppcay for CK_t,CK_c

Test References

See Figure 123 and Table 41 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm

Sample/Acquire the data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2 source input

Find all the differential CLK crossing that cross OV.

Use VTime to get the actual crossing point voltage value using the timestamp obtained

For each cross point voltage, calculate the final result. VIXCA= cross point voltage - VDDCA/2
Determine the worst result from the set of V|yca measured.

o o A WON =

Expected/Observable Results

The measured crossing point value for the differential test signals pair must be within the
conformance limit of the VIXCA value.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

6  Clock Differential Tests Group

Probing for Clock Differential Tests / 88
Electrical Tests / 91

Timing Tests at AC Level / 102

Timing Tests for Rising Edge Measurement / 103
Timing Tests for Pulse Measurement / 115

This section provides the Methods of Implementation (MOIs) for Clock Differential tests using a
Keysight Infiniilum oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A
differential solder-in probe head and the DDR3 Compliance Test Application.

KEYSIGHT

TECHNOLOGIES



6 Clock Differential Tests Group

Probing for Clock Differential Tests

When performing the Clock Differential tests, the DDR3 Compliance Test Application will prompt you
to make the proper connections. The connection for the Clock Differential tests may look similar to
the following diagram. Refer to the Connection tab in DDRS3 Electrical Performance Compliance
application for the exact number of probe connections.
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Infinfiurn, QsgliRscone

DDR3 DIMM

DDR3 DIMM

InfiniiMax solder-in probes

InfiniiMax solder-in probes
Figure 19 Probing for Clock Differential Tests with Three Probes

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 19 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Test Procedure

1

~N OO o1 &~ W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform test on all unused RAM on the
system by producing repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.
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6 Clock Differential Tests Group

)DR3 Test — New Devicel

File View Tools Help
Set Up |Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B clock Minus
M clock Plus and Minus Cross Point
Clock Differential

Electrical Test

VIHdiff.CK(AC)
VILdiff.CK(AC)
VIHdiff.CK

VILdiff.CK

Timing Tests at AC Level
tDVAC(Clock)

Timing Tests for Rising Edge Measurement
fit{CC) Rising Edge Measurements
tCK(avg) Rising Edge Measurements
git{per) Rising Edge Measurements
terr(2per) Rising Edge Measurements
terr(3per) Rising Edge Measurements
terr(4per) Rising Edge Measurements
terr(5per) Rising Edge Measurements
terr(6per) Rising Edge Measurements

g Edge Measurements
g Edge Measurements
terr(Sper) Rising Edge Measurements
terr(10per) Rising Edge Measurements
terr(11per) Rising Edge Measurements
terr(12per) Rising Edge Measurements
terr(nper) Rising Edge Measurements
Timing Tests for Pulse Measurement
tCH Average High Measurements
tCL Average Low Measurements
fit{duty-high) Jitter Average High Measurements
fit(duty-low) Jitter Average Low Measurements
tCH(abs) Absolute clock HIGH pulse width
tCL(abs) Absolute clock LOW pulse width
Strobe Plus
Strobe Minus
Strobe Plus and Minus Cross Point

S1Ss31 123138

Messages
2017-11-29 08:29:31:221 AM Connecting to Infiniium *
2017-11-29 08:29:32:603 AM Connected to Infiniium
2017-11-29 08:29:32:822 AM Run in Demo Mode?

Figure 20 Selecting Clock Differential Tests

90 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Clock Differential Tests Group 6

Electrical Tests

VIHdiff.CK(AC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the Vigi(ac) value as
specified in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. You may choose to use the User Defined Limit
feature in the application to perform this test against a customized test limit set based on
different values of Vggp.

The value of Ve (which directly affects the conformance limit) is set according to the
JEDEC specification based on the selected Data Rate, Test Type, and AC Level. You may
choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of V|yac).

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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6 Clock Differential Tests Group

Test Definition Notes from the Specification

Table 25

Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600 Units

Min Max

ViHdiffAC) Differential input high AC for clock 2x (Vigac) - Vrer) Note 32 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 26

Differential AC and DC Input Levels

Parameter Unit Notes

VlHdif‘f(AC) Differential input hlgh AC 2x (VlH(AC) - VREF) Note 3b Vv 22

a: Refers to Note 2 in Table 36 of the JEDEC Standard JESD209-3. For CK_t - CK_c, use VIH/VIL(AC) of CAand VREFCA; for DQS_t - DQS_c, use VIH/VIL(AC) of DQs and

vREFDQ; if a reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5

“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2070 and

See Table 38 in Section 7 of the LPDDR3 and SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

6

Precondition the oscilloscope.
Trigger on a rising edge of the clock signal under test.

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

For the first valid Clock positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement

result as the Viygifrac) value.

Continue the previous step with another nine valid positive pulses that were found in the
waveform.

Determine the worst result from the set of V|ygifrac) measured.

Expected/Observable Results

92

The worst measured V|ygifrac) Must be within the specification limit.
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VILdiff.CK(AC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V gitr(ac) value as specified
in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. You may choose to use the User Defined Limit
feature in the application to perform this test against a customized test limit set based on
different values of Vggp.

The value of V| (ac) (which directly affects the conformance limit) is set according to the JEDEC
specification based on the selected Data Rate, Test Type, and AC Level. You may choose to
use the User Defined Limit feature in the application to perform this test against a customized
test limit set based on different values of V| (a0).-

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Test Definition Notes from the Specification

Table 27 Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600 Units

Min Max

ViLdiff(aC) Differential input low AC for clock Note 32 2x (Viyac) - Vrer) v

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 28 Differential AC and DC Input Levels

Parameter Unit Notes

VlLdiff(AC) Differential input low AC Note 3b 2x (V|L(AC) - VREF) Vv 28

a: Refers to Note 2 in Table 36 of the JEDEC Standard JESD209-3. For CK_t - CK_c, use VIH/VIL(AC) of CAand VREFCA; for DQS_t - DQS_c, use VIHNIL(AC) of DQs and
vREFDQ; if a reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5
“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD79-3E,July 2010 and

See Table 38 in Section 7 of the LPDDR3 and SDRAM in the JEDEC Standard JESD209-3,
December 20171.

Measurement Algorithm

Precondition the oscilloscope.
Trigger on a rising edge of the clock signal under test.

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

4 For the first valid Clock negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V) gifrac) value.

5 Continue the previous step with another nine valid negative pulses that were found in the
entire waveform.

6 Determine the worst result from the set of V)| gi(ac) measured.

Expected/Observable Results

The worst measured V) gissac) Mmust be within the specification limit.
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VIHdiff.CK(DC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V|gifrpc) value as
specified in the JEDEC specification.

The value of Vggr (which directly affects the conformance limit) is set to 0.6V for LPDDR3. You
may choose to use the User Defined Limit feature in the application to perform this test against
a customized test limit set based on different values of Vgg.

The value of V) (which directly affects the conformance limit) is set according to the
JEDEC specification based on the selected Data Rate, Test Type, and AC Level. You may
choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of V|-

Modes Supported
LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 29 Differential AC and DC Input Levels

Parameter

VlHdiff(DC) Differential input hlgh 2x (V|H(DC) - VREF) Note 3a Vv

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Table 38 in Section 7 of the LPDDR3 and SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm

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

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

4 For the first valid Clock positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement
result as the Viygifrpc) value.

5 Continue the previous step with another nine valid positive pulses that were found in the
waveform.

6 Determine the worst result from the set of V|gifrpc) measured.

Expected/Observable Results

The worst measured V|ygifrpc) Must be within the specification limit.
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VILdiff.CK(DC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a valid
sampling window must be within the conformance limit of the V) gifrpc) value as specified in the
JEDEC specification.

The value of Vgee (which directly affects the conformance limit) is set to 0.6V for LPDDRS. You
may choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of Vggr.

The value of V (p¢) (which directly affects the conformance limit) is set according to the JEDEC
specification based on the selected Data Rate, Test Type, and AC Level. You may choose to use
the User Defined Limit feature in the application to perform this test against a customized test

limit set based on different values of V| pg).

Modes Supported
LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 30 Differential AC and DC Input Levels

Parameter

V||_diff(DC) Differential input low Note 33 2x (V|L(DC) - VREF) v

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Table 38 in Section 7 of the LPDDR3 and SDRAM in the JEDEC Standard JESD209-3,
December 20171.
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Measurement Algorithm

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

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

4 For the first valid Clock negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V) gifrpc) value.

5 Continue the previous step with another nine valid negative pulses that were found in the
entire waveform.

6 Determine the worst result from the set of V| gifpc) measured.

Expected/Observable Results

The worst measured V) gitfpc) Must be within the specification limit.
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VIHdIiff.CK

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the Vg value as specified in
the JEDEC specification.

Modes Supported
DDR3 and DDR3L

Signal(s) cycle of Interest

Clock Signals

Signals of Interest
Read or Write

Signals required to perform the test on the oscilloscope
Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 31 Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600 Units Notes

Min Max

ViHdifrac) Differential input high AC for clock +0.200 Note 3 v 12

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010.

Measurement Algorithm

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

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

4 For the first valid Clock positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement
result as the Vpgis value.

5 Continue the previous step with another nine valid positive pulses found in the waveform.
Determine the worst result from the set of V|qif measured.

Expected/Observable Results
The worst measured V4 must be within the specification limit.
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VILdiff.CK

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V, 4 value as specified in
the JEDEC specification.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 32 Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600 Units Notes

Min Max

ViLdifr(ac) Differential input low AC for clock Note 3P -0.200 v 12

a: Refers to Note 1 in Table 36 of the JEDEC Standard JESD209-3. Used to define a differential signal slew rate. For CK_t - CK_c, use Vig/V IL(dc) of CAand VREFCA;
for DQS_t - DQS_c, use VIH/VIL(dc) of DQs and VREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5

“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD209-3, July 2010.
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Measurement Algorithm

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

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

4 For the first valid Clock negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V| 4if value.

5 Continue the previous step with another nine valid negative pulses found in the entire
waveform.

6 Determine the worst result from the set of V| q4i measured.

Expected/Observable Results

The worst measured V,_gir must be within the specification limit.
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Timing Tests at AC Level

tDVAC(Clock)

Test Overview

The purpose of this test is to verify that the time of the clock signal above Vgifrac) and below

ViLdifiac) Must be within the conformance limit as specified in the JEDEC specification.
Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signal

Signals required to perform the test on the oscilloscope
Clock Signal (CK)

Test References

See Figure 97 in Section 8 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD79-3F, July 2012.

Measurement Algorithm

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

1
2
3 Find all crossings on the rising/falling edge of the signal under test that crosses V)| gita0)-
4 Find all crossings on the rising/falling edge of the signal under test that crosses V|gifr(ac)-
5

tVAC(Clock) is the time starting from a rising V|pirac) cross point and ending at the following
fallmg v|Hdef(AC) Cross point.

B tVVAC(Clock) is the time starting from a falling V) gisac) cross point and ending at the
following rising V| gifac) Cross point.
Collect all tVAC(Clock).
Determine the worst result from the set of tVAC(Clock) measured.

9 Report the value of the worst tDVAC(Clock). No compliance limit check is performed on this
test.

Expected/Observable Results
The worst measured tVAC(Clock) value must be within the specification limit.
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Timing Tests for Rising Edge Measurement

tjit(CC) Rising Edge Measurement

Test Overview

This test is applicable to the Rising Edge Measurement. The purpose of this test is to measure
the difference in the clock period between two consecutive clock cycles. The tJIT(cc) Rising
Edge Measurement measures the clock period from the rising edge of a clock cycle to the next
rising edge.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 33 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units

Min Max Min Max Min Max

Cycle-to-Cycle Period Jitter tJIT(cc) 200 180 160 ps

Parameter Symbol DDR3-1866 DDR3-2133 Units

Min Max Min Max

Cycle-to-Cycle Period Jitter tJIT(cc) 120 100 ps

Table 34 AC Timing

Parameter Min/Max Data Rate

Maximum Clock Jitter Between tJIT(cc), allowed MAX 160 140 ps
Two Consecutive Clock Cycles
(with allowed jitter)
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6 Clock Differential Tests Group

Test References

See Table 68 and 69 in Section 13 of the DDR3 and SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Table 64 in Section 11 of the LPDDR3 and SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

Example input test signal

Frequency: 1 KHz, Number of cycles acquired: 202.

Measure the difference between every adjacent pair of periods.
Generate 201 measurement results.

Check the results for the smallest and largest values (worst case values).
Compare the test results against the compliance test limits.

N N -

Expected/Observable Results

The tjit(CC) measurement value must be within the conformance limits as specified in the
JEDEC specification.
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Clock Differential Tests Group 6

tCK(avg) Rising Edge Measurement

Test Overview

This test is applicable to the Rising Edge Measurement. tCK(avg) is average clock period within
200 consecutive cycle window. The tCK(avg) Rising Edge Measurement measures the period
from the rising edge of a cycle to the next rising edge within the waveform window.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification
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6 Clock Differential Tests Group

Table 35 DDR3-800 Speed Bins and Operating Conditions

Speed Bin DDR3-800D DDR3-800E
CL - nRCD - nRP 6-6-6
Parameter Symbol Min Max Min Max
CL=6 CWL=5 tCK(avg) 25 33 25 33 ns

Table 36 DDR3-1066 Speed Bins and Operating Conditions

Speed Bin DDR3-1066E DDR3-1066F DDR3-1066G
CL- nRCD - nRP 6-6-6 7-7-7 8-8-8
Parameter Symbol Min Max Min Max Min Max
CL=8 CWL=6 tCK(avg) 1.875 <25 1.875 <25 1.875 <25 ns

Table 37 DDR3-1333 Speed Bins and Operating Conditions

Speed Bin DDR3-1333F DDR3-1333G DDR3-1333H DDR3-1333J
(optional) (optional)
CL - nRCD - nRP 7-7-7 8-8-8 9-9-9 10-10-10
Parameter Symbol Min Max Min Max Min Max Min Max
CL=10 CWL=7  tCKavg) 1.5 < 15 <1875 15 <1875 15 <1.875 ns
1.875

Table 38 DDR3-1600 Speed Bins and Operating Conditions

Speed Bin DDR3-1600G DDR3-1600H DDR3-1600J DDR3-1600K
(optional) (optional)

CL-nRCD - nRP 8-8-8 10-10-10 11-11-11

Parameter Symbol Min Max Min Max Min Max Min Max

CL=11 CWL=8 tCK(avg) 1.25 <15 1.25 <15 1.25 <15 1.25 <15 ns

Table 39 DDR3-1866 Speed Bins and Operating Conditions

Speed Bin DDR3-1333F DDR3-1333G DDR3-1333H DDR3-1333J
(optional) (optional)

CL-nRCD - nRP 10-10-10 11-11-11 12-12-12 13-13-13

Parameter Symbol Min Max Min Max Min Max Min Max

CL=13  CWL=9 tCK(avg) 1.07 <125 1.07 <1.25 1.07 <1.25 1.07 <1.25 ns
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Table 40 DDR3-2133 Speed Bins and Operating Conditions

Speed Bin DDR3-1600G DDR3-1600H DDR3-1600J DDR3-1600K
(optional) (optional)

CL- nRCD - nRP 11-11-1 12-12-12 13-13-13 14-14-14

Parameter Symbol Min Max Min Max Min Max Min Max

CL=14 CWL=10  tCK(avg) 0938 <107 0938 <1.07 0938 <107 0938 <107 ns

Table 41 AC Timing

Parameter Min/Max Data Rate

MIN 15 1.25
Average Clock Period tCK(avg) ns

MAX 100

Test References

See Tables 62 to 67 in Section 12 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2070 and

See Table 63 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

Measurement Algorithm

N o N -

6

Example input test signal:
Frequency: 1 KHz, Number of cycles acquired: 202.

This measurement measures a sliding “window” of 200 cycles.
First, calculate the average period value for periods 1-200.
Calculate the average period value for periods 2-201.

Calculate the average period value for periods 3-202 (by now, 3 measurement results are
generated).

Check the results for the smallest and largest values (worst case values).
Compare the test results against the compliance test limits.

Expected/Observable Results

The tCK(avg) measurement value must be within the conformance limits as specified in the
JEDEC Specification.
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tjit(per) Rising Edge Measurement

Test Overview

This test is applicable to the Rising Edge Measurement. The purpose of this test is to measure
the difference between a measured clock period and the average clock period across multiple
cycles of the clock.

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signals of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 42 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333

Min Max i Max i Max

Clock Period Jitter tJIT(per) -100 100 -90 90 -80 80 ps

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

Clock Period Jitter tJIT(per) -70 70 -60 60 -50 50 ps

Table 43 AC Timing

Parameter Min/Max Data Rate

Clock Period Jitter (with tJIT(per), MIN -80 -70

supported jitter) allowed ps
MAX 80 70

Test References
See Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 63 in Section 11 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Clock Differential Tests Group 6

Measurement Algorithm
Example input test signal:
Frequency: 1 KHz, Number of cycles acquired: 202.

1 This measurement measures the difference between every period inside a 200 cycle window
with the average of the whole window.

First, calculate the average for periods 1-200.

Measure the difference between period #1 and the average. Save the result as a measurement
result.

Measure the difference between period #2 and the average. Save the answer.

5 Continue this same procedure until period #200 is compared to the average (200
measurements are generated).

Slide the window by one and measure the average of 2-201.

7 Compare period #2 with the new average. Continue the comparison for period #3, #4, .. #200,
#2017 (200 more measurements are generated, 400 total now).

Next, slide the window by one and measure the average of periods 3-202.

9 Compare period #3 with the new average. Continue the comparison for period #4, #5, #2071,
#202 (200 more measurements so now the total is 600 measurements).

10 Check these 600 measurements for the smallest and largest values (worst case values).
11 Compare test result to compliance test limit.

Expected/Observable Results

The tJIT(per) measurement value must be within the conformance limits as specified in the
JEDEC specification.
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6 Clock Differential Tests Group

tERR(nper) Rising Edge Measurement

Test Overview

«, »

This Cumulative Error (across “n” cycles) test is applicable to the Rising Edge Measurement.
The purpose of this test is to measure the difference between a measured clock period and the
average clock period across multiple cycles of the clock. Supported measurements include
multiple cycle windows with values of “n” (for “n” cycles) where n > 5 but less than 50.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 44 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 Units

Min Max Min Max Min Max Min Max

Cumulative error across 2 cycles tERR(2per) -147 147 -132 132 -118 118 -103 103 ps
Cumulative error across 3 cycles tERR(3per) -175 175 -157 157 -140 140 -122 122 ps
Cumulative error across 4 cycles tERR(4per) -194 194 -175 175 -155 155 -136 136 ps
Cumulative error across 5 cycles tERR(5per) -209 209 -188 188 -168 168 -147 147 ps
Cumulative error across 6 cycles tERR(Bper) -222 222 -200 200 -177 177 -155 155 ps
Cumulative error across 7 cycles tERR(7per) -232 232 -209 209 -186 186 -163 163 ps
Cumulative error across 8 cycles tERR(8per) =241 241 -217 217 -193 193 -169 169 ps
Cumulative error across 9 cycles tERR(9per) -249 249 -224 224 -200 200 -175 175 ps
Cumulative error across 10 cycles tERR(10per) -257 257 -231 231 -205 205 -180 180 ps
Cumulative error across 11 cycles tERR(11per) -263 263 -237 237 -210 210 -184 184 ps
Cumulative error across 12 cycles tERR(12per) -269 269 -242 242 -215 215 -188 188 ps
Cumulative error across n= 13, 14, 49, 50 cycles tERR(nper) tERR(nper)min = (1 + 0.68ln(n))*tJIT(per)min ps

tERR(nper)max = (1 + 0.68In(n))*tJIT(per)max
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Table 45 Timing Parameters by Speed Bin

Parameter DDR3-1866 DDR3-2133 Units
Max

Cumulative error across 2 cycles tERR(2per) -88 88 -74 74 ps
Cumulative error across 3 cycles tERR(3per) -105 105 -87 87 ps
Cumulative error across 4 cycles tERR(4per) -117 117 -97 97 ps
Cumulative error across 5 cycles tERR(5per) -126 126 -105 105 ps
Cumulative error across 6 cycles tERR(6per) -133 133 -1 m ps
Cumulative error across 7 cycles tERR(7per) -139 139 -116 116 ps
Cumulative error across 8 cycles tERR(8per) -145 145 -121 121 ps
Cumulative error across 9 cycles tERR(9per) -150 150 -125 125 ps
Cumulative error across 10 cycles tERR(10per) -154 154 -128 128 ps
Cumulative error across 11 cycles tERR(11per) -158 158 -132 132 ps
Cumulative error across 12 cycles tERR(12per) -161 161 -134 134 ps
Cumulative error across n=13, 14, 49, 50 cycles tERR(nper) tERR(nper)min = (1 + ps

0.68In(n))*tJIT(per)min

tERR(nper)max = (1 +

0.68In(n))*tJIT(per)max

Table 46 AC Timing

Parameter Min/Max Data Rate
1333

MIN -118 -103

Cumulative error across 2 cycles tERR(2per), allowed ps
MAX 118 103
MIN -140 -122

Cumulative error across 3 cycles tERR(3per), allowed ps
MAX 140 122
MIN -155 -136

Cumulative error across 4 cycles tERR(4per), allowed ps
MAX 155 136
MIN -168 -147

Cumulative error across 5 cycles tERR(5per), allowed ps
MAX 168 147
MIN =177 -155

Cumulative error across 6 cycles tERR(6per), allowed ps
MAX 177 155
MIN -186 -163

Cumulative error across 7 cycles tERR(7per), allowed ps
MAX 186 163
MIN -193 -169

Cumulative error across 8 cycles tERR(8per), allowed ps
MAX 193 169
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Clock Differential Tests Group

Parameter Min/Max Data Rate
1333

MIN -200 -175

Cumulative error across 9 cycles tERR(9per), allowed ps
MAX 200 175
MIN -205 -180

Cumulative error across 10 cycles tERR(10per), allowed ps
MAX 205 180
MIN -210 -184

Cumulative error across 11 cycles tERR(11per), allowed ps
MAX 210 184
MIN -215 -188

Cumulative error across 12 cycles tERR(12per), allowed ps
MAX 215 188
MIN tERR(nper), allowed MIN = (1 +

Cumulative error across n =13, 0.68In(n))*tJIT(per), allowed MIN

14 15..19. 20 ovcles tERR(nper), allowed ps

2 19 19, 20 Y MAX tERR(nper), allowed MAX = (1 +

0.68In(n))*tJIT(per), allowed MAX

Test References

See Table 68 and 69 in Section 13 of the DDR# and SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

Measurement Algorithm

o~ N

9
10
1

Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202.

tERR(2per) is similar to tJIT(per), except it makes a small 2-cycle window inside the big 200
cycle window and compares the average of the small window with the average of the big
window.

First, calculate the average for periods 1-200.
Calculate the average of periods 1-2.
Measure the difference between these two averages and save this as a measurement result.

Calculate the average of period 2-3 and measure the difference between this average and the
big window average.

Continue this same procedure until it compares the average of periods 199-200 to the big
window average (so far, 199 measurement result generated).

Next, slide the big window by one and repeat, starting by comparing the average of periods
2-3 with the new big window average until it finishes by comparing periods 200-201 with the
big window (by now 199 more measurements have been taken for a total of 398 measurements
so far).

Slide the big window by one again and repeat the same procedure (making a total of 597
measurement values).

Check the 597 results for the smallest and largest values (worst case values).
Compare the test result to the compliance limit.

tERR(3per) is the same as tERR(2per) except the small window size is 3 periods wide.
tERR(4per) uses small window size of 4 periods, and tERR(5per) uses 5 periods.
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Clock Differential Tests Group 6

12 tERR(6-10per) executes tERR(Bper), tERR(7per), tERR(8per), tERR(Sper) and tERR(10per),
combines all the measurement results together into one big pool and checks for the smallest
and largest value.

13 tERR(11-50per) does the same for tERR(11per) through tERR(50per).

Expected/Observable Results

The tERR measurement value must be within the conformance limits as specified in the JEDEC
Specification.
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tCK(abs) Rising Edge Measurement

Test Overview

tCK(abs) is absolute clock period within 200 consecutive cycle window. The purpose of this
test is to measures the period from the rising edge of a cycle to the next rising edge within the
waveform window.

Modes Supported
LPDDR3 only

Signal cycle of Interest

Read or Write cycle

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 47 AC Timing

Parameter Min/Max Data Rate

teK(abs) Absolute clock period MIN tek(avgMIN + tyiravgMIN Note 32 ns

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Table 64 in Section 17 of the LPDDR3 SDRAM Specification, JEDEC Standard JESD209-3,
December 2071.

Measurement Algorithm
Example input test signal:
Frequency: 1 kHz, Number of cycles acquired: 202.
1 First, calculate the maximum period value for periods 1-202.
2 Calculate the minimum period value for periods 1-202.
3 For above two result, check for the worst cases.
4 Compare the test result to the compliance limit.

Expected/Observable Results

The tCK(abs) measurement value must be within the conformance limits as specified in the
JEDEC specification.
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Timing Tests for Pulse Measurement

tCH(avg) Average High Measurement

Test Overview

The purpose of this test is to measure the average duty cycle of all the positive pulse widths
within a window of 200 consecutive cycles.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 48 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333

Min Max Min Max Min Max

Average High Pulse Width ~ tCH(avg) 0.47 053 0.47 0.53 0.47 0.53 tCK(avg)

Parameter Symbol DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max

Average High Pulse Width tCH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 tCK(avg)

Table 49 AC Timing

Parameter Symbol Min/Max Data Rate

MIN 0.45
Average High Pulse Width tCH(avg) tCK(avg)

MAX 0.55

Test References
See Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 64 in Section 11 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm
Example input test signal:
Frequency: 1 KHz, Number of cycles acquired: 202.
Measure the sliding “window” of 200 cycles.

2 Measure the width of the high pulses 1-200 and determine the average value for this window.
(generated 1 measurement result).

3 Measure the width of the high pulses 2-201 and determine the average value for this window.
(by now, generate a total of 2 measurement results).

4 Measure the width of the high pulses 3-202 and determine the average value for this window.
(by now, generate a total of 3 measurement results).

5 Check the total 3 results for the smallest and largest values (worst case values).
Compare the test results against the compliance test limits.

Expected/Observable Results

The tCH measurement value must be within the conformance limits as specified in the JEDEC
Specification.
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tCL(avg) Average Low Measurement

Test Overview

The purpose of this test is to measure the average duty cycle of all the negative pulse widths
within a window of 200 consecutive cycles.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 50 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333

Min Max Min Max Min Max

Average Low Pulse Width tCL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 tCL(avg)

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

Average Low Pulse Width tCL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 tCL(avg)

Table 51 AC Timing

Parameter Symbol Min/Max Data Rate

MIN 0.45
Average Low Pulse Width tCL(avg) tCK(avg)
MAX 0.55

Test References
See Table 68 and 69 in Section 13 of the DDR3 and SDRAM Specification in the JEDEC
Standard JESD79-3E July 2070 and

See Table 64 in Section 11 of the DDR3 and SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm
Example input test signal:
Frequency: 1 KHz, Number of cycles acquired: 202.
Measure the sliding “window” of 200 cycles.

2 Measure the width of the low pulses 1-200 and determine the average value for this window.
(generated 1 measurement result).

3 Measure the width of the low pulses 2-201 and determine the average value for this window.
(by now, generate a total of 2 measurement results).

4 Measure the width of the low pulses 3-202 and determine the average value for this window.
(by now, generate a total of 3 measurement results).

5 Check the total 3 results for the smallest and largest values (worst case values).
Compare results against the compliance test limits.

Expected/Observable Results

The tCL measurement value must be within the conformance limits as specified in the JEDEC
Specification.
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tJIT(duty-high/low) Jitter Average High/Low Measurements

Test Overview

The Half Period Jitter tJIT(duty) can be divided into tJIT(CH) Jitter Average High and tJIT(LH)
Jitter Average Low. The tJIT(CH) Jitter Average High Measurement measures between a
positive pulse width of a cycle in the waveform, and the average positive pulse width of all
cycles in a 200 consecutive cycle window.

The tJIT(LH) Jitter Average Low Measurement measures between a negative pulse width of a
cycle in the waveform and the average negative pulse width of all cycles in a 200 consecutive
cycle window.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 52 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
Duty Cycle Jitter tJIM(duty) - - - - - - ps
Parameter Symbol DDR3-1600 DDR3-1866 DDR3-2133 Units
Min Max Min Max Min Max
Duty Cycle Jitter tJIT(duty) - - - - - - ps
Due to the unavailability of limit values for this test parameter in the
NOTE e L . ; .
specification document, the limit for this test is left open by setting the

minimum and maximum to very large values (min = -99E36, max =
99E36).
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Table 53

AC Timing

Parameter Min/Max Data Rate

Duty Cycle

MIN min((tCH(abs), min - tCH(avg), min), (tCL(abs),
min - tCL(avg), min)) * tCK(avg)
Jitter (with supported jitter) t‘”l-ll- (du?j')’ S
atlowe MAX max((tCH(abs), max - tCH(avg), max), (tCL(abs),

max - tCL(avg), max)) * tCK(avg)

Test References

See Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard

JESD79-3E, July 2070 and

See Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

Measurement Algorithm

10
1

12

Example input test signal:
Frequency: 1 KHz, Number of cycles acquired: 202.
tJIT(CH):

This measurement measures the difference between every high pulse width inside a 200 cycle
window with the average of the whole window.

First calculate the average for high pulse width 1-200.

Measure the difference between high pulse width #1 and the average. Save the answer as a
measurement result.

Measure the difference between high pulse width #2 and the average. Save the answer as a
measurement result.

Continue this same procedure until high pulse #200 is compared to the average (200
measurements).

Slide the window by one and measure the average of 2-201.

Compare high pulse #2 with the new average. Continue the comparisons for high pulse width
#3, #4, #200, #2017 (200 more measurements so 400 total so far).

Slide the window by one and measure the average of 3-202.

Compare high pulse width #3 with the new average. Continue the comparisons for high pulse
width #4, #5, ... #2017, #202 (200 more measurements so 600 total measurements).

Check these 600 results for the smallest and largest values (worst case values).
Compare the test results against the compliance test limits.
tJIT(LH):

This measurement is similar to tJIT(CH) above except, instead of using high pulse widths, it
uses low pulse widths for testing comparison.

Expected/Observable Results

- The tJIT(duty) measurement value must be within the conformance limits as specified in the

JEDEC Specification.
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tCH(abs) Absolute clock HIGH pulse width

Test Overview

The purpose of this test is to measure the absolute duty cycle of all the positive pulse widths
within a window of 200 consecutive cycles.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 54 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333

Min Max Min Max Min Max Units

Absolute Clock High Pulse tCH(abs) 0.43 - 0.43 - 0.43 - tCK(avg) 25
Width

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max Units

Absolute Clock High Pulse tCH(abs) 0.43 - 0.43 - 0.43 - tCK(avg) 25
Width

Table 55 AC Timing

Parameter Symbol Min/Max Data Rate

1333 1600 1866 2133

Absolute Clock High Pulse Width MIN 0.43
tCH(abs) tCK(avg)
MAX 0.57

Test References
See Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3F July 2072 and

See Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3B, August 2013.
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6 Clock Differential Tests Group

Measurement Algorithm

Example input test signal:

Frequency: 1 KHz, Number of cycles acquired: 202.

Find the average period, tCK(avg) for cycle 1-202.

Find the maximum high pulse width, PWMAX(s) for cycle 1-202.
Find the minimum high pulse width, PWMIN(s) for cycle 1-202.
Calculate PWMAX(tCK)= PWMAX(s)/ tCK(avg).

Calculate PWMIN(CK)= PWMIN(s)/ tCK(avg).

Check PWMAX(tCK) and PWMIN(tCK) for the worst cases values.
Compare test result to compliance test limit.

~N O o AW NN -

Expected/Observable Results

The absolute tCH measurement value must be within the conformance limits as specified in
the JEDEC Specification.
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Clock Differential Tests Group 6

tCL(abs) Absolute clock LOW pulse width

Test Overview

The purpose of this test is to measure the absolute duty cycle of all the negative pulse widths
within a window of 200 consecutive cycles.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signals of Interest
Clock Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 56 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333

Min Max Min Max Min Max Units Notes

Absolute Clock Low Pulse Width tClLabs) 043 - 0.43 - 0.43 - tCK(avg) 262

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max Units Notes

Absolute Clock Low Pulse Width tCL(abs) 0.43 - 0.43 - 0.43 - tCK(avg) 262

a: Refers to Note 26 in Table 68 of the JEDEC Standard JESD79-3F. tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to
the following rising edge.

Table 57 AC Timing

Parameter Symbol Min/Max Data Rate

1333 1600 1866 PAKE]

MIN 0.43

Absolute Clock Low Pulse Width tCL(abs) tCK(avg)
MAX 0.57

Test References
See Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3F July 2012 and
See Table 64 in Section 117 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3B, August 2013.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 123



6 Clock Differential Tests Group

Measurement Algorithm

Example input test signal:

Frequency: 1 KHz, Number of cycles acquired: 202.

Find the average period, tCK(avg) for cycle 1-202.

Find the maximum low pulse width, PWMAX(s) for cycle 1-202.
Find the minimum low pulse width, PWMIN(s) for cycle 1-202.
Calculate PWMAX(tCK)= PWMAX(s)/ tCK(avg).

Calculate PWMIN(CK)= PWMIN(s)/ tCK(avg).

Check PWMAX(tCK) and PWMIN(tCK) for the worst cases values.
Compare test result to compliance test limit.

~N O o AW NN -

Expected/Observable Results

The absolute tCL measurement value must be within the conformance limits as specified in the
JEDEC Specification.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

Strobe Plus Tests Group

Probing for Strobe Plus Tests / 126
Electrical Tests / 128

This section provides the Methods of Implementation (MOls) for Strobe Plus tests for Strobe Signals
using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
E2677A differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZi# and XYZ refer to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES



7

Strobe Plus Tests Group

Probing for Strobe Plus Tests

126

When performing the Strobe Plus tests for Strobe Signals the DDR3 Compliance Test Application will
prompt you to make the proper connections. The connection for the Strobe Plus tests for Strobes
may look similar to the following diagram. Refer to the Connection tab in the DDR3 Electrical
Performance Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

InfiniiMax solder-in probe

Figure 21 Probing for strobe plus tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 21 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Strobe Plus Tests Group 7

Test Procedure

1

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

3 Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.

4 Connect the oscilloscope probes to any channels of the oscilloscope.

5 Inthe DDR3 Test application, click the Set Up tab.

6 Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

7 Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests ~ 0

S1531 1D2$313S

B VLX for Clock
B clock Differential
Strobe Plus
Electrical Tests
VSEH(Strobes Plus)
VSEL(Strobes Plus)
Overshoot Amplitude (Strobe Plus)
Overshoot Area {Strobe Plus)
Undershoot Amplitude (Strobe Plus)
Undershoot Area (Strobe Plus)
Slewr(Strobe Plus) on Setup Region
Slewf(Strobe Plus) on Setup Region
Slewr(Strobe Plus) on Hold Region
Slewf(Strobe Plus) on Hold Region
B strobe Minus
B Electrical Tests
B strobe Plus and Minus Cross Point
B vix for Strobe
B strobe Differential
B write Cycle
B Rread cycle
B Data
B write Cycle
B Rread cycle
B Electrical Overshoot/Undershoot Tests
B Read/write Eye-Diagram Tests
B Data Mask
B write Cycle
B Electrical Overshoot/Undershoot Tests

Figure 22 Selecting Strobe Plus Tests
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7 Strobe Plus Tests Group

Electrical Tests

VSEH(Strobes Plus)

Test Overview

The purpose of this test is to verify that the maximum voltage of the high pulse must be within
the conformance limit of the Vg value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ
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Strobe Plus Tests Group 7

Test Definition Notes from the Specification
Table 58 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL# or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

Vsen Single-ended high level for strobes (Vpp/2) + 0.175 Note 32 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 59 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units Notes

Vsenac) Single-ended high level for strobes (Vppg/2) +0.220 Note 3¢ v 18,20

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEHN SEL(ac) of CA,; for strobes (DQS0_t, DQSO0_c, DQS1_t, DQS1_c, DQS2._t,
DQS2_c, DQS3_t, DQS3_c) use VIH/VIL(ac) of DQs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac)/ViL(ac) for Ds is based on VREFDQ; VSEH(acy VSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DRS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 207 1.

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

Find all valid strobe positive pulses in this burst. A valid strobe positive pulse starts at the Vygr
crossing on a valid strobe rising edge and ends at the Vggr crossing on the following valid
strobe falling edge.

4 For the first valid strobe positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Tyax-

5 Measure Ve at the found Ty ax to get the maximum voltage of the pulse. Consider Ve
measurement result as the Vgg value.

6 Continue the previous step for the rest of the valid strobe positive pulses that were found in the
burst.

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

Expected / Observable Results

The worst measured Vggy must be within the specification limit.
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7 Strobe Plus Tests Group

VSEL(Strobes Plus)

Test Overview

The purpose of this test is to verify that the minimum voltage of the low pulse must be within
the conformance limit of the Vgg| value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ
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Strobe Plus Tests Group 7

Test Definition Notes from the Specification

Table 60 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

VseL Single-ended low level for strobes Note 32 (Vpp/2) - 0.175 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 61 Single-ended Levels for CK_t, DQS_t, CK_c, DQS_c

Parameter Units Note

S

VsELag) Single-ended low level for strobes Note 3¢ (Vppg/2) - 0.220 v 18,20

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEH/V SEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t,
DQS2_c, DQS3_t, DQS3_c) use VIH/VIL(ac) of DQs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac)/ViL(ac) for Ds is based on VREFDQ; VSEH(acy VSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DRS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm
Acquire and split read and write bursts of the acquired signal.

2 Take the first valid WRITE burst found.

Find all valid strobe negative pulses in this burst. A valid strobe negative pulse starts at the
VRer crossing on a valid strobe falling edge and ends at the Vggg crossing on the following
valid strobe rising edge.

4 For the first valid strobe negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Tyn.

5 Measure Ve at the found Ty N to get the minimum voltage of the pulse. Consider the Ve
measurement result as the Vgg value.

6 Continue the previous step for the rest of the valid strobe negative pulses that were found in
the burst.

7 Determine the worst result from the set of Vgg measured.

Expected/Observable Results

The worst measured Vgg must be within the specification limit.
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7 Strobe Plus Tests Group

Overshoot Amplitude / Area (Strobes Plus)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

Figure 23 Strobe Overshoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 62 AC Overshoot Specification for Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 = DDR3-1333  DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 0.4V 04V 04V 04V 0.4V

allowed for overshoot area

Maximum overshoot area 0.25 V/ns 0.19V/ns 0.15V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
above VDDQ
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Strobe Plus Tests Group 7

Table 63 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 \
Maximum area above Vpp Max 0.12 0.10 V-ns

Test References
See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDDQ crossing and ends at
the falling VDDQ crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDDQ.

i Evaluate Area below VDDQ = (Overshoot Region End - Overshoot Region Start) * VDDQ.

i Evaluate Total Area above O volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

AT Ax AX Ax Ax

1 1 1
Area = —(p + ) )Az + 5':?'" +upldz + Sy + m)dr 4.

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

)

w
Area= Az( D+ Fya -ttt

Figure 24 Trapezoidal Rule

iv Calculate area above VDDQ = Total area above O volt - area below VDDQ.
v Store calculated result below for later worst case finding process;
Overshoot Amplitude
Area above VDDQ
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Overshoot Amplitude
Area above VDDQ
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7 Strobe Plus Tests Group

Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Strobe Plus Tests Group 7

Undershoot Amplitude / Area (Strobes Plus)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 25 Strobe Undershoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 64 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600  DDR3-1866  DDR3-2133

Maximum peak amplitude 04V 04V 0.4V 04V 04V 0.4V
allowed for undershoot area
Maximum undershoot area 0.25 V/ns 0.19 V/ns 0.15V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
below VSSQ
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Strobe Plus Tests Group

Table 65 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 v
Maximum area below Vgg Max 0.12 0.10 V-ns

Test References

See Figure 100 and Table 37 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1;

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 24)

i Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Undershoot Amplitude
Total area below 0 volt
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Strobe Plus Tests Group 7

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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7 Strobe Plus Tests Group

SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Test Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid WRITE burst found.

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibjae) MIN - Veer
delta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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Strobe Plus Tests Group 7

SlewF on Setup Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest:
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest:
Data Strobe Plus Signals(supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

Vaer - ViLrac) Max
Falling SIew = e E8)
delta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Strobe Plus Tests Group

SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VIL(DC)
crossing and end at following VREF crossing. Then calculate Rising Slew.

Veer — Vivoe)

Rising Slew =
1ing Stew delta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VIH(DC)
crossing and end at following VREF crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dolta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Strobe Minus Tests Group

Probing for Strobe Minus Tests / 144
Electrical Tests / 146

This section provides the Methods of Implementation (MOls) for Strobe Minus tests for Strobe Signals
using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
E2677A differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ are referring to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES
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Strobe Minus Tests Group

Probing for Strobe Minus Tests

144

When performing the Strobe Minus tests for Strobe Signals, the DDR3 Compliance Test Application
will prompt you to make the proper connections. The connection for the Strobe Minus tests for
Strobes may look similar to the following diagram. Refer to the Connection tab in the DDRS Electrical
Performance Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

InfiniiMax solder-in probe

Figure 26 Probing for strobe plus tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 26 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Strobe Minus Tests Group 8

Test Procedure

1

~N OO o1 &~ W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests » 0
B VLX for Clock

B clock Differential
B strobe Plus
Strobe Minus
Electrical Tests
VSEH({Strobes Minus)
VSEL(Strobes Minus)
Overshoot Amplitude (Strobe Minus)
Overshoot Area {Strobe Minus)
Undershoot Amplitude (Strobe Minus)
Undershoot Area (Strobe Minus)
Slewr(Strobe Minus) on Setup Region
Slewf(Strobe Minus) on Setup Region
Slewr(Strobe Minus) on Hold Region
Slewf(Strobe Minus) on Hold Region
B strobe Plus and Minus Cross Point
B vix for Strobe
B strobe Differential
B write Cycle
B Rread cycle
B Data
B write Cycle
B Rread cycle
B Electrical Overshoot/Undershoot Tests
B Read/write Eye-Diagram Tests
B Data Mask
B write Cycle
B Electrical Overshoot/Undershoot Tests
B command,Address

[P uE I e

S1531 1D2$313S

Figure 27 Selecting Strobe Minus Tests
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Electrical Tests

VSEH(Strobes Minus)

Test Overview

The purpose of this test is to verify that the maximum voltage of the high pulse must be within
the conformance limit of the Vg value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ
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Strobe Minus Tests Group 8

Test Definition Notes from the Specification

Table 66 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL# or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

Vsen Single-ended high level for strobes (Vpp/2) +0.175 Note 32 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, vIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 67 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Parameter Units Notes

VseHac) Single-ended high level for strobes (Vppg/2) +0.220 Note 3¢ v 18,20

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEHN SEL(ac) of CA,; for strobes (DQS0_t, DQSO0_c, DQS1_t, DQS1_c, DQS2._t,
DQS2_c, DQS3_t, DQS3_c) use VIH/VIL(ac) of DQs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac)/ViL(ac) for Ds is based on VREFDQ; VSEH(acy VSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DRS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References
See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 207 1.

Measurement Algorithm

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

Find all valid strobe positive pulses in this burst. A valid strobe positive pulse starts at the Vygr
crossing on a valid strobe rising edge and ends at the Vggr crossing on the following valid
strobe falling edge.

4 For the first valid strobe positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Tyax-

5 Measure Ve at the found Ty ax to get the maximum voltage of the pulse. Consider Ve
measurement result as the Vgg value.

6 Continue the previous step for the rest of the valid strobe positive pulses that were found in the
burst.

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

Expected / Observable Results

The worst measured Vggy must be within the specification limit.
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8 Strobe Minus Tests Group

VSEL(Strobes Minus)

Test Overview

The purpose of this test is to verify that the minimum voltage of the low pulse must be within
the conformance limit of the Vgg| value as specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDR3. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vpp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ
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Strobe Minus Tests Group 8

Test Definition Notes from the Specification

Table 68 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL#, or DQSU#

Parameter DDR3-800/1066/1333/1600

Min Max

VseL Single-ended low level for strobes Note 32 (Vpp/2) - 0.175 v

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Table 69 Single-ended Levels for CK_t, DQS_t, CK_c, DQS_c

Parameter Units Note

S

VseLag) Single-ended low level for strobes Note 3¢ (Vppg/2) - 0.220 v 18,20

a: Refers to Note 1 in Table 39 of the JEDEC Standard JESD209-3. For CK_t, CK_c, use VSEH/V SEL(ac) of CA; for strobes (DQS0_t, DQSO0_c, DQS1_t, DQS1_c, DQS2_t,
DQS2_c, DQS3_t, DQS3_c) use VIH/VIL(ac) of DQs.

b: Refers to Note 2 in Table 39 of the JEDEC Standard JESD209-3. ViH(ac)/ViL(ac) for Ds is based on VREFDQ; VSEH(acy VSEL(ac) for CA s based on VREFCA; ifa
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

c: Refers to Note 3 in Table 39 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS0_t, DQS0_c,
DQS1_t, DQS1_c, DQS2_t, DQS2_c, DRS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 27 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070 and

See Figure 124 and Table 40 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 207 1.

Measurement Algorithm
Acquire and split read and write bursts of the acquired signal.

2 Take the first valid WRITE burst found.

Find all valid strobe negative pulses in this burst. A valid strobe negative pulse starts at the
VRer crossing on a valid strobe falling edge and ends at the Vggg crossing on the following
valid strobe rising edge.

4 For the first valid strobe negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and measure Tyn.

5 Measure Ve at the found Ty N to get the minimum voltage of the pulse. Consider the Ve
measurement result as the Vgg value.

6 Continue the previous step for the rest of the valid strobe negative pulses that were found in
the burst.

7 Determine the worst result from the set of Vgg measured.

Expected/Observable Results

The worst measured Vgg must be within the specification limit.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 149



8 Strobe Minus Tests Group

Overshoot Amplitude/Area (Strobes Minus)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

Figure 28 Strobe Overshoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Data Strobe Minus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 70 AC Overshoot Specification for Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333 DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 0.4V 0.4V 0.4V 0.4V 0.4V
allowed for overshoot area

Maximum overshoot area above 0.25 V/ns 0.19V/ns 0.15V/ns 0.13V/ns 0.11 V/ns 0.10 V/ns
Vbpg
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Table 71 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 \
Maximum area above Vpp Max 0.12 0.10 V-ns

Test References
See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification n in the JEDEC
Standard JESD209-3E, December 2011.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDDQ crossing and ends at
the falling VDDQ crossing.

4 Within Overshoot region #1:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDDQ.

i Evaluate Area below VDDQ = (Overshoot Region End - Overshoot Region Start) * VDDQ.

i Evaluate Total Area above O volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

AT Ax AX Ax Ax

1 1 1
Area = —(p + ) )Az + 5':?'" +upldz + Sy + m)dr 4.

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

)

w
Area= Az( D+ Fya -ttt

Figure 29 Trapezoidal Rule

iv Calculate area above VDDQ = Total area above O volt - area below VDDQ.
v Store calculated result below for later worst case finding process:
Overshoot Amplitude
Area above VDDQ
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Overshoot Amplitude
Area above VDDQ
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Strobe Minus Tests Group

Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Strobe Minus Tests Group 8

Undershoot Amplitude/Area (Strobes Minus)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ
VOItS VSSQ
\%

<

Undershoot Area
Maximum Amplitude
Time (ns)

Figure 30 Strobe Undershoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Data Strobe Minus Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Test Definition Notes from the Specification

Table 72 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 DDR3-1333  DDR3-1600  DDR3-1866  DDR3-2133

Maximum peak amplitude 04V 04V 04V 0.4V 0.4V 04V
allowed for undershoot area

Maximum undershoot area 0.25V/ns 0.19V/ns 0.15V/ns 0.13V/ns 0.11 V/ns 0.10 V/ns
below Vggq

Table 73 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 \
Maximum area below Vgg Max 0.12 0.10 V-ns

Test References
See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 29)

il Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below 0 volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result.
7 Compare test result to the compliance test limit.
Undershoot Amplitude
Total area below 0 volt.

154 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Strobe Minus Tests Group 8

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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8 Strobe Minus Tests Group

SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest:
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibiae) M0 - Veer
delta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

W, -V max
Falling Slew =  mm—mlt@0
delta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is de-
finable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

3 Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VIL(DC)
crossing and end at following VREF crossing. Then calculate Rising Slew.

Veer — ViLe)

Rising Slew = Jelta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Modes Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Minus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VIH(DC)
crossing and end at following VREF crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dolta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

Strobe Plus and Minus Cross
Point Tests Group

Probing for Strobe Plus and Minus Cross Point Tests / 162
VIX for Strobe / 164
VIXDQ - Strobe Cross Point Voltage Test / 166

This section provides the Methods of Implementation (MOls) for Strobe Plus and Minus Cross Point
tests using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, E2677A differential solder-in probe head and the DDR3 Compliance Test Application .

KEYSIGHT

TECHNOLOGIES



9 Strobe Plus and Minus Cross Point Tests Group

Probing for Strobe Plus and Minus Cross Point Tests

DDR3 DIMM

DDR3 DIMM

162

When performing the Strobe Plus and Minus Cross Point tests, the DDR3 Compliance Test
Application will prompt you to make the proper connections. The connection for the Strobe Plus and
Minus Cross Point tests may look similar to the following diagram. Refer to the Connection tab in
DDRS Electrical Performance Compliance application for the exact number of probe connections.
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InfiniiMax solder-in probes

InfiniiMax solder-in probes
Figure 31 Probing for Strobe Plus and Minus Cross Point Tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test

Application. (The channels shown in Figure 31 are just examples).
For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Test Procedure

1

~N OO o1 &~ W

i

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform test on all unused RAM on the
system by producing repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

DDR3 Test -- New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

S1531 123138

[ All DDR3 Tests
B clock Plus
B clock Minus
B cClock Plus and Minus Cross Point
B clock Differential
B strobe Plus
B strobe Minus
Strobe Plus and Minus Cross Point
VIX for Strobe
B strobe Differential
B bata

B Data Mask

B command,Address

Messages

2017-11-30 12:31:58:146 PM Connecting to Infiniium
2017-11-30 12:31:59:502 PM Connected to Infiniium
2017-11-30 12:31:59:688 PM Run in Demo Mode?
2017-11-30 12:32:09:843 PM Ready

Figure 32 Selecting Strobe Plus and Minus Cross Point Tests
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VIX for Strobe

Test Overview

The purpose of this test is to verify the crossing point voltage value of the input differential pair
test signals is within the conformance limits of the V|xpq as specified in the JEDEC
specification.

The value of VDDQ which directly affect the conformance upper limit is default to 1.5 V for

typical DDR3 and 1.35V for DDR3L but users have the flexibility to change this value.
Modes Supported

DDR3 and DDR3L

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals and Data Strobe minus Signals (supported by Data Signals) OR

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Strobe Plus Signal.
Pin Under Test, PUT = Data Strobe Minus Signals
Supporting Pin = Data Signals

Test Definition Notes from the Specification

Table 74 Cross Point Voltage for Differential Input Signals (CK, DQS)

Parameter DDR3-800/1066/1333/1600/1866/2133 Units Notes

Min Max

Vix(pgs) Differential Input Cross Point Voltage relative -150 150 mV 18,20
to VDDQ/Z for DQS_t, DQS_c

a: Refers to Note 1 in Table 40 of the JEDEC Standard JESD209-3. The typical value of VIX(AC) is expected to be about 0.5x VDD of the transmitting device, and
vIX(AC) is expected to track variation in VDD. VIX(AC) indicates the voltage at which differential input signals must cross.

b: Refers to Note 2 in Table 40 of the JEDEC Standard JESD209-3. For CK_t and CK_c, VRef = VRefCA(DC). For DGS_t and DGS_c, VRef = VRefDQ(DC).

Table 75 Cross Point Voltage for Differential Input Signals (CK, DQS)

Parameter DDR3L-800, 1066, 1333 & 1600 Units Notes

Min Max

Vix Differential Input Cross Point Voltage relative -150 150 mV 13,20
to Vppg/2 for DQS_t, DQS_c

a: Refers to Note 1 in Table 40 of the JEDEC Standard JESD209-3. The typical value of VIX(AC) is expected to be about 0.5xVpp of the transmitting device, and
VIX(AC) is expected to track variation in Voo. VIX(AC) indicates the voltage at which differential input signals must cross.

b: Refers to Note 2 in Table 40 of the JEDEC Standard JESD209-3. For CK_t and CK_c, VRef = VRefCA(DC). For DQS_t and DGS_c, VRef = VRefDQ(DC).
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Test References

See Figure 94 and Table 28 in Section 8 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Table 23 in Section 11 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010.

Measurement Algorithm

Sample and acquire the data waveforms.

Use the Subtract FUNC to generate the differential waveform from the two source inputs.
Split the read and write burst of the acquired signal.

Take down the first valid WRITE burst.

Find all differential DQS crossings that cross OV.

Use VTime to get the actual crossing point voltage value using the timestamps obtained.
For each cross point voltage, calculate the final result:

Vixpg = cross point voltage - Vpp/2

©O© 00 4 OO o » W N -/

Determine the worst result from the set of Vixpg measured.

Expected/Observable Results

The measured crossing point value for the differential test signals pair must be within the
conformance limit of the V|xpg value.
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VIXDQ - Strobe Cross Point Voltage Test

Test Overview

The purpose of this test is to verify crossing point voltage value of the input differential pair
test signals is within the conformance limits of the VIXDQ as specified in the JEDEC
specification.

Mode Supported
LPDDR3 only

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Plus Signals and Data Strobe Minus Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = Data Strobe Plus Signals
Pin Under Test, PUT = Data Strobe Minus Signals
Supporting Pin = Data Signals

Test Definition Notes from the Specification

Table 76 Single-ended Levels for CK, DQS, DQSL, DQSU, CK#, DQS#, DQSL# or DQSU#

Parameter DDR3-800/1066/1333/1600
Min Max
Vixpo Differential Input Cross Point Voltage relative -120 120 v
to VDDQ/2

a: Refers to Note 3 in Table 27 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Figure 123 and Table 41 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 2011.

Measurement Algorithm

Sample/Acquire data waveforms.

Use Subtract FUNC to generate the differential waveform from the 2 source input

Split read and write burst of the acquired signal.

Take the first valid WRITE burst found.

Find all differential DQS crossing that cross OV.

Use VTime to get the actual crossing point voltage value using the timestamp obtained

For each cross point voltage, calculate the final result. VIXDQ = cross point voltage - VDDQ/2.

O N OO o AN -

Determine the worst result from the set of VIXDQ measured.
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Expected/Observable Results

The measured crossing point value for the differential test signals pair must be within the
conformance limit of the VIXDQ value.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

Strobe Differential Tests
Group

Probing for Strobe Differential Tests / 170
Write Cycle Electrical Tests / 172

Write Cycle Timing Tests / 184

Read Cycle Electrical Tests / 199

Read Cycle Timing Tests / 207

This section provides the Methods of Implementation (MOls) for Strobe Differential tests using a
Keysight Infiniilum oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A
differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ refer to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES



10  Strobe Differential Tests Group

Probing for Strobe Differential Tests

When performing the Data Strobe Timing tests, the DDR3 Compliance Test Application will prompt

you to make the proper connections. The connection for Strobe Differential tests may look similar to
the following diagram. Refer to the Connection tab in DDR3 Electrical Performance Compliance Test

application for the exact number of probe connections. Typically, you need minimum three probe
connections to run the tests.
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Infiniiurn, OeglRsEoRe

DDR3 DIMM

DDR3 DIMM

InfiniiMax solder-in probes

InfiniiMax solder-in probes
Figure 33 Probing for Strobe Differential Tests with Three Probes

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 33 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Test Procedure

1 Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3

Device Under Test (DUT) is attached. This software will perform test on all the unused RAM on
the system by producing repetitive burst of read-write data signals to the DDR3 memory.
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Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Speed Grade, Test Mode, SDRAM Type, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

~N O o AW

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group to
check all the available tests within the group.

* DDR3 Test -- New Devicel

File View Tools Help
Set Up [ Select Tests | Configure | Connect | Run | Automate | Results
strobe Differential
Write Cycle
Electrical Tests
VIHdiff.DQS(AC)
VILdiff.DQS(AC)
VIHdiff.DQS
VILdiff.DQS
Timing Tests
tDQSS
tDQSH
tDQSL
tDSs
tDSH
tWPRE
tWPST
tDVAC(Strobe)
Read Cycle
Electrical Tests
VOHff(AC)
VOLiff(AC)
SRQdiffR
SRQiffF
Timing Tests
HZDQS
tRPRE

123138

S1S31

e to see [ts des
Messages
2017-11-30 12:31:58:146 PM Connecting to Infiniium || 4
2017-11-30 12:31:59:502 PM Connected to Infiniium
2017-11-30 12:31:59:688 PM Run in Demo Mode?
2017-11-30 12:32:09:843 PM Ready

Figure 34 Selecting Strobe Differential Tests
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Write Cycle Electrical Tests

VIHdiff. DQS(AC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V|qifr(ac) value as
specified in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. You may choose to use the User Defined Limit
feature in the application to perform this test against a customized test limit set based on
different values of Vggp.

The value of Ve (which directly affects the conformance limit) is set according to the
JEDEC specification based on the selected Data Rate, Test Type, and AC Level. You may
choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of V|yac).

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 77 Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600 Units

Min Max

ViHdiffAC) Differential input high AC for strobe 2x (Vingac) - Vrer) Note 32 Vv

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.
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Table 78 Differential AC and DC Input Levels

Parameter Units Notes

V|Hdiff(AC) Differential input hlgh AC 2x (VlH(AC) - VREF) Note 3b Vv 23

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E,July 2010 and

See Table 38 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

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

Find all valid Strobe positive pulses in this burst. A valid Strobe positive pulse starts at the OV

crossing on a valid Strobe rising edge and ends at the OV crossing on the following valid Strobe
falling edge.

4 For the first valid Strobe positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement
result as the Viygifrac) value.

5 Continue the previous step for the rest of the valid Strobe positive pulses found in the burst.
Determine the worst result from the set of V|gifrac) measured.

Expected/Observable Results

The worst measured Vgifrac) Must be within the specification limit.
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VILdiff. DQS(AC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V gir(ac) value as specified
in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. You may choose to use the User Defined Limit
feature in the application to perform this test against a customized test limit set based on
different values of Vggp.

The value of V| (ac) (which directly affects the conformance limit) is set according to the JEDEC
specification based on the selected Data Rate, Test Type, and AC Level. You may choose to
use the User Defined Limit feature in the application to perform this test against a customized
test limit set based on different values of V| (a0).-

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 79 Differential AC and DC Input Levels

Parameter DDR3-800/1066/1333/1600

Min Max

ViLdiff(AC) Differential input low AC for strobe Note 32 2x(Vijqac) - VRer) v

a: Refers to Note 3 in Table 25 of the JEDEC Standard JESD79-3E. These values are not defined, however.the single-ended signals CK, CK#, DQS, DQS#, DQSL, DQSL#,
DQSU, DQSU# need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer
to section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification document.
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Table 80 Differential AC and DC Input Levels

Parameter

ViLdiffac) Differential input low AC for strobe 2x (Vi (ac) - VRer) Note 3° v 22

a: Refers to Note 2 in Table 36 of the JEDEC Standard JESD209-3. For CK_t - CK_c, use VIH/VIL(AC) of CAand VREFCA; for DQS_t - DQS_c, use vIH/VIL(AC) of DQs
and VREFDQ; if a reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, vIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5
“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2070 and

See Table 38 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

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

Find all valid Strobe negative pulses in this burst. A valid Strobe negative pulse starts at the OV
crossing on a valid Strobe falling edge and ends at the OV crossing on the following valid
Strobe rising edge.

4 For the first valid Strobe negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V) gifrac) value.

5 Continue the previous step for the rest of the valid Strobe negative pulses found in the burst.
Determine the worst result from the set of V)| gi(ac) measured.

Expected/Observable Results

The worst measured V) gissac) Mmust be within the specification limit.
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VIHdiff.DQS (DC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V|gifrpc) value as
specified in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.6V for the typical
LPDDR3 test type. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vggp.

The value of V) (which directly affects the conformance limit) is set according to the
JEDEC specification based on the selected Data Rate, Test Type, and AC Level. You may
choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of V|-

Modes Supported

LPDDR3 only

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 81 Differential AC and DC Input Levels

Parameter

VlHdiff(DC) Differential input hlgh DC 2x (VlH(DC) - VREF) Note 3b Vv 12

a: Refers to Note 1 in Table 36 of the JEDEC Standard JESD209-3. Used to define a differential signal slew rate. For CK_t - CK_c, use VIH/V IL(dc) of CAand VREFCA;
for DQS_t - DQS_c, use VIH/VIL(dc) of DQs and VREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5
“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 38 in Section 7 of the LPDDR3 SDRAM Specification, JEDEC Standard JESD209-3,
December 2011.
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Measurement Algorithm
Acquire and split read and write bursts of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in this burst. A valid Strobe positive pulse starts at the OV
crossing on a valid Strobe rising edge and ends at the OV crossing on the following valid Strobe
falling edge.

4 For the first valid Strobe positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement
result as the Viygifrpc) value.

5 Continue the previous step for the rest of the valid Strobe positive pulses found in the burst.
Determine the worst result from the set of V|gifrpc) measured.

Expected/Observable Results

The worst measured V|ygifrpc) Must be within the specification limit.
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VILdiff.DQS (DC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V| girrpc) value as specified
in the JEDEC specification.

The value of Vger (which directly affects the conformance limit) is set to 0.6V for the typical
LPDDR3 test type. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vggp.

The value of V) (p¢) (which directly affects the conformance limit) is set according to the
JEDEC specification based on the selected Data Rate, Test Type, and AC Level. You may
choose to use the User Defined Limit feature in the application to perform this test against a
customized test limit set based on different values of V| p).

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 82 Differential AC and DC Input Levels

Parameter Units Notes

ViLdif(pc) Differential input low Note 3° 2 x (Vii(pg) - Veee) v 12

a: Refers to Note 1 in Table 36 of the JEDEC Standard JESD209-3. Used to define a differential signal slew rate. For CK_t - CK_c, use VIH/V IL(dc) of CAand VREFCA;
for DQS_t - DQS_c, use VIH/VIL(dc) of DQs and vREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the reduced level applies also here.

b: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5
“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 38 in Section 7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm
Acquire and split read and write bursts of the acquired signal.
2 Take the first valid WRITE burst found.

Find all valid Strobe negative pulses in this burst. A valid Strobe negative pulse starts at the OV
crossing on a valid Strobe falling edge and ends at the OV crossing on the following valid
Strobe rising edge.

4 For the first valid Strobe negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V) gifrpc) value.

5 Continue the previous step for the rest of the valid Strobe negative pulses found in the burst.
Determine the worst result from the set of V| giffpc) measured.

Expected/Observable Results

The worst measured V) gisspc) Must be within the specification limit.
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VIHdiff.DQS

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the Vg value as specified in
the JEDEC specification.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest

Write cycle

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 83 Differential AC and DC Input Levels

Parameter

Vikdirac) Differential input high AC for strobe +0.200 Note 32 \

a: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and
DQS_c need to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot.
Refer to section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 SDRAM Specification, JEDEC Standard JESD79-3E,
July 2070.

Measurement Algorithm

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

3 Find all valid Strobe positive pulses in this burst. A valid Strobe positive pulse starts at the OV
crossing on a valid Strobe rising edge and ends at the OV crossing on the following valid Strobe
falling edge.

4 For the first valid Strobe positive pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VTOP measurement. Take the VTOP measurement
result as the Vgqis value.

5 Continue the previous step for the rest of the valid Strobe positive pulses found in the burst.
Determine the worst result from the set of V|qi measured.
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Expected/Observable Results

The worst measured V| qiss must be within the specification limit.
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VILdiff.DQS

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the V, 4 value as specified in
the JEDEC specification.

Modes Supported
DDR3 and DDR3L only

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 84 Differential AC and DC Input Levels

Parameter

ViLdiff(ac) Differential input low ac for strobe Note 32 -0.200 v 12

a: Refers to Note 3 in Table 36 of the JEDEC Standard JESD209-3. These values are not defined, however.the single-ended signals CK_t, CK_c, DQS_t and DQS_c need
to be within the respective limits (VIH(dc) max, VIL(dc) min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 8.5
“Overshoot and Undershoot Specifications” on page 92 of the specification document.

Test References

See Table 25 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3 July 2010.

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

Find all valid Strobe negative pulses in this burst. A valid Strobe negative pulse starts at the OV
crossing on a valid Strobe falling edge and ends at the OV crossing on the following valid
Strobe rising edge.

4 For the first valid Strobe negative pulse, zoom in on the pulse so that it appears on the
oscilloscope’s display and perform the VBASE measurement. Take the VBASE measurement
result as the V| g value.

5 Continue the previous step for the rest of the valid Strobe negative pulses found in the burst.
Determine the worst result from the set of V| 4y measured.
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Expected/Observable Results

The worst measured V,_gi must be within the specification limit.
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Write Cycle Timing Tests

tDQSS

Test Overview

The purpose of this test is to verify that the time interval from the data strobe output (first DQS

rising edge) access time to the reference clock which is the previous of the associated clock

(crossing point) must be within the conformance limit as specified in the JEDEC specification.
Modes Supported

DDR3, DDR3L [for LPDDRS, refer to the tDQSS-Low Power test]

Signal cycle of Interest
Write

Require Read/Write separation

- Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)
Clock Signal

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal
Test Definition Notes from the Specification

Table 85 - Timing Parameters by Speed Bin

Parameter DDR3-800/1066/1333

Max

tDOSS DQS, DQS# rising edge to CK, CK# -0.25 0.25 tck(avg)
rising edge

Table 86 - Timing Parameters by Speed Bin

Parameter DDR3-1600/1866/2133

Max

tDQSS DQS, DQS# rising edge to CK, CK# -0.27 0.27 tck(avg)
rising edge

Test References

See Figure 44 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification JEDEC
Standard JESD79-3E, July 2010.
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Measurement Algorithm

N o N -

8

Acquire and split the Read and Write bursts of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising DQS middle crossings in the said burst.

Find the first DQS rising edge by searching the earliest rising cross point among all found DQS
cross points. Take the found point (first DQS rising edge) as the tDQSS strobe point.

Find the closest Clock - DQS; the Clock middle rising cross point that is closest to the first DQS
rising edge.

Find the tDQSS Clock point which is the Clock middle rising cross point that is located at the
one cycle before the closest Clock - DQS. Compare the tDQSS strobe point to the tDQSS
Clock point as a test result. Mathematically, the test result = tDQSS strobe point - tDQSS
Clock point.

Display the test result by locating the marker to the tDQSS strobe point and the tDQSS clock
point at the measurement location on the waveform.

Compare the test result to the compliance test limit.

Expected/Observable Results

The worst measured tDQSS value must be within the specification limit.
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tDQSH

Test Overview

The purpose of this test is to verify that the width of the high level of the data strobe signal is
within the conformance limit as specified in the JEDEC Specification.
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Figure 35 DQS Input High Pulse Width

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
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Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test Definition Notes from the Specification

Table 87 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333
Min Max Min Max Min Max
DQS, DQS# differential input tDQSH 0.45 0.55 0.45 0.55 0.45 0.55 tCK(avg)
high pulse width

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

DQS, DQS# differential input high tDQSH 0.45 0.55 0.45 0.55 0.45 0.55 tCK(avg)
pulse width

Table 88 AC Timing

Parameter Min/Max Data Rate

DQS input high level width tDQSH MIN 0.4 tCK(avg)

Test References

See Figure 44 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2070 and

See Figure 127 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm

1 Acquire and split the Read and Write bursts of the acquired signal.
2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQS crossings in the said burst.

4

tDQSH is the time starting from a rising edge of the DQS and ending at the following falling
edge.

Collect all tDQSH.
6 Determine the worst result from the set of tDQSH measured.

Expected/Observable Results

- The measured p-width of the data strobe signal must be within specification limit.
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tDQSL

Test Overview

The purpose of this test is to verify that the width of the low level of the clock signal is within
the conformance limit as specified in the JEDEC Specification.
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Figure 36 D@S Input Low Pulse Width

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
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Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test Definition Notes from the Specification

Table 89 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333
Min Max Min Max Min Max
DQS, DQSt# differential input low tDQSL 0.45 0.55 0.45 0.55 0.45 0.55 tCK(avg)
pulse width

Parameter DDR3-1600 DDR3-1866 DDR-2133

Min Max Min Max Min Max

DQS, DQSt# differential input low tDQSL 0.45 0.55 0.45 0.55 0.45 0.55 tCK(avg)
pulse width

Table 90 AC Timing

Parameter Symbol Min/Max Data Rate

DQS input low level width tDQSL MIN 0.4 tCK(avg)

Test References

See Figure 44 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 127 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.
Measurement Algorithm

1 Acquire and split the Read and Write bursts of the acquired signal.
2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQS crossings in the said burst.

4

tDQSL is the time starting from a falling edge of the DQS and ending at the following rising
edge.

Collect all tDQSL.
6 Determine the worst result from the set of tDQSL measured.

Expected/Observable Results

- The measured n-width of the clock signal must be within specification limit.
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tDSS

Test Overview

The purpose of this test is to verify that the time interval from the falling edge of the data
strobe (DQS falling edge) output access time to the clock setup time, is within the
conformance limit as specified in the JEDEC Specification.
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Figure 37 DQS Falling Edge to CK Setup Time

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)
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Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test Definition Notes from the Specification

Table 91 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333

Max i Max Min Max

DQS, DQS# falling edge setup time tDSS 0.2 - 0.2 - 0.2 - tCK(avg)
to CK, CK# rising edge

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

DQS, DQS# falling edge setup tDSS 0.18 - 0.18 - 0.18 - tCK(avg)
time to CK, CK# rising edge

Table 92 AC Timing

Parameter Symbol  Min/Max Data Rate

DQS falling edge to CK setup tDSS MIN 0.2 tCK(avg)
time

Test References

See Figure 44 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 122 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

1 Acquire and split the Read and Write bursts of the acquired signal.

2 Take the first valid WRITE burst found.

3 Find all valid falling DQS crossings in the said burst.

4 For all falling DQS crossings found, locate all nearest next rising Clock edges.

5 1tDSS is the time between falling DQS crossings and the Clock rising edges found.
6 Collect all tDSS.
7 Determine the worst result from the set of tDSS measured.

Expected/Observable Results

- The measured time interval between the falling edge of the data strobe access output to the
associated clock setup time must be within the specification limit.
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tDSH

Test Overview

The purpose of this test is to verify that the time interval from the falling edge of the data
strobe output access time to the hold time of the clock, must be within the conformance limit
as specified in the JEDEC Specification.
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Figure 38 DQS Falling Edge Hold Time

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal
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Test Definition Notes from the Specification

Table 93 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333

Max Min Max Min Max

DQS, DQS# falling edge hold time tDSH 0.2 - 0.2 - 0.2 - tCK(avg)
from CK, CK# rising edge

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

DQS, DQS# falling edge hold time tDSH 0.18 - 0.18 - 0.18 - tCK(avg)
from CK, CK# rising edge

Table 94 AC Timing

Parameter Min/Max Data Rate

DQS falling edge hold time from tDSH MIN 0.2 tCK(avg)
CK

Test References

See Figure 44 and Table 68 and 69 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E July 2070 and

See Figure 122 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.

Take the first valid WRITE burst found.

Find all the valid falling DQS crossings in the said burst.

For all falling DQS crossings found, locate all nearest prior rising Clock edges.

tDSH is the time between falling DQS crossings and the Clock rising edges’ crossing point
found.

Collect all tDSH.
7 Determine the worst result from the set of tDSH measured.

o N W0Nn -
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Expected/Observable Results

The measured time interval between the falling edge of the data strobe hold time from the
associated clock crossing edge must be within the specification limit.
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tWPRE

Test Overview

The purpose of this test is to verify that the time when the DQS starts to drive low (preamble
behavior) to the first DQS signal crossing for the Write cycle, is within the conformance limit as
specified in the JEDEC Specification.
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Figure 39 tWPRE Transitions and Endpoints Calculation

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal

194 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Strobe Differential Tests Group 10

Test Definition Notes from the Specification

Table 95 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333

Max Min Max Min Max

DQS, DQS# falling edge hold time ~ tWPRE 0.9 - 0.9 - 0.9 - tCK(avg)
from CK, CK# rising edge

Parameter DDR3-1600 DDR3-1866 DDR3-2133

Min Max Min Max Min Max

DQS, DQS# falling edge hold time ~ tWPRE 0.9 - 0.9 - 0.9 - tCK(avg)
from CK, CK# rising edge

Parameter Min/Max Data Rate

Write preamble twere MIN 0.8 tCK(avg)

Test References
See Figure 45 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 127 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2011.

Measurement Algorithm

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

Take the first valid WRITE burst found.

Find tLZBeginPoint of the said burst. (See notes on Find tLZBeginPoint (DQS))

Find the first rising edge on DQS of the found burst.

tWPRE is the time interval of the found rising DQS edge to the tLZBeginPoint found.
Report tWPRE.

D o1~ WON =

Expected/Observable Results

The measured tWPRE must be within the specification limit.
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tWPST

Test Overview

The purpose of this test is to verify that the time when the DQS is no longer driving (from
high/low state to high impedance) from the last DQS signal crossing (last bit of the write data
burst) for the Write cycle, is within the conformance limit as specified in the JEDEC
Specification.
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Figure 40 tWPST Transitions and Endpoints Calculation

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal
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Test Definition Notes from the Specification

Table 96 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333
Min Max Min Max Min Max
DQS, DQS# differential WRITE tWPST 0.3 - 0.3 - 0.3 - tCK(avg)
Postamble

Parameter DDR3-1600 DDR3-1866 DDR3-2133
Min Max Min Max Min Max
DQS, DQS# differential WRITE tWPST 0.3 - 0.3 - 0.3 - tCK(avg)
Postamble

Table 97 AC Timing

Parameter Min/Max Data Rate

WRITE Postamble tWPST MIN 0.4 tCK(avg)

Test References

See Figure 46 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 127 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.

Take the first valid WRITE burst found.

Find tHZEndPoaint of the said burst.

Find the last falling edge on DQS prior to the tHZEndPoint found.

tWPST is the time between the falling DQS edge’s crossings and the tHZEndPoint found.
Report tWPST.

D o N WON =

Expected/Observable Results

- The measured time interval between the last DQS signal crossing point and the point where
the DQS starts to transit from high/low state to high impedance must be within the
specification limit.
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tDVAC(Strobe)

Test Overview

The purpose of this test is to verify that the time of the strobe signal above Vygirac) and below

ViLdifitac) Must be within the conformance limit as specified in the JEDEC specification.
Modes Supported

DDR3, DDR3L, and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)

Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test References

See Figure 917 in Section 8 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3F, July 2012.

Measurement Algorithm
Acquire and split the Read and Write bursts of the acquired signal.

2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQS crossings at the V|ygifrac) and Vi giracy levels in the said
burst.

4 tDVAC(Strobe) is the time starting from a DQS rising Vgiteac) Cross point and ending at the
following DQS falling V|ygiffac) Cross point.

5 tDVAC(Strobe) is the time starting from a DQS falling V| gi(ac) cross point and ending at the
following DQS rising V| giffac) Cross point.
Collect all tDVAC(Strobe).
Determine the worst result from the set of tDVAC(Strobe) measured.
Report the value of the worst tDVAC(Strobe).

Expected/Observable Results

The worst measured tDVAC(Strobe) value must be within the specification limit.
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Read Cycle Electrical Tests

VOHdiff(AC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the Vougifrac) value as
specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDRS. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 98 Differential AC and DC Output Levels

Parameter DDR3-800/1066/1333/1600

Vomdiffac) AC differential output high measurement level +0.2x Vppg %

Table 99 Differential AC and DC Output Levels

Symbol Parameter Value Unit Notes
VoHdiff(ac) AC differential output high measurement level +0.2xVppg v 12
(for output SR)

a: Refers to Note 1 in Table 43 of the JEDEC Standard JESD209-3. lon = -0.TmA.

Test References

See Table 31 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 44 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.
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Measurement Algorithm

6

Acquire and split read and write bursts of the acquired signal.
Take the first valid READ burst found.
Find all valid Strobe positive pulses in this burst. A valid Strobe positive pulse starts at the OV

crossing on a valid Strobe rising edge and ends at the OV crossing on the following valid Strobe
falling edge.

For the first valid positive pulse, zoom in on the pulse so that it appears on the oscilloscope’s
display and perform the VTOP measurement. Take the VTOP measurement result as the
vOHdif‘f(AC) value.

Continue the previous step for the rest of the valid Strobe positive pulses that were found in
the burst.

Determine the worst result from the set of Vopgifrac) measured.

Expected/Observable Results

The worst measured Vougifac) Mmust be within the specification limit.
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VOLdiff(AC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window must be within the conformance limit of the Vg gifac) value as
specified in the JEDEC specification.

The value of Vpp (which directly affects the conformance limit) is set to 1.5V for DDR3 and
1.2V for LPDDRS. You may choose to use the User Defined Limit feature in the application to
perform this test against a customized test limit set based on different values of Vp.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

- Yes

Signal(s) of Interest
Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 100 Differential AC and DC Output Levels

Symbol Parameter DDR3-800/1066/1333/1600 Units

VoLdife(ac) AC differential output low measurement level -0.2xVppq v

Table 101 Differential AC and DC Output Levels

Symbol Parameter Value Units Notes
VoLdiff(ac) AC differential output low measurement level -0.2xVppq v 22
(for output SR)

a: Refers to Note 2 in Table 43 of the JEDEC Standard JESD209-3. loL = 0.TmA.

Test References

See Table 31 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 44 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.
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Strobe Differential Tests Group

Measurement Algorithm

6

Acquire and split read and write bursts of the acquired signal.
Take the first valid READ burst found.
Find all valid Strobe negative pulses in this burst. A valid Strobe negative pulse starts at the OV

crossing on a valid Strobe falling edge and ends at the OV crossing on the following valid
Strobe rising edge.

For the first valid negative pulse, zoom in on the pulse so that it appears on the oscilloscope’s
display and perform the VBASE measurement. Take the VBASE measurement result as the
vOLdif‘f(AC) value.

Continue the previous step for the rest of the valid Strobe negative pulses that were found in
the burst.

Determine the worst result from the set of Vg giffac) Measured.

Expected/Observable Results

The worst measured Vg gifac) Must be within the specification limit.
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SRQdiffR

Test Overview

The purpose of this test is to verify that the differential output slew rate for rising edge of the
test signal must be within the conformance limit of the SRQdiff value as specified in the JEDEC
specification.

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

- Yes

Signal(s) of Interest

Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 102 Differential Output Slew Rate

Parameter ~ Symbol DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600 DDR3-1866  DDR3-2133

Min Max  Min Max Min  Max Min Max Min Max Min  Max

Differential ~ SRQiff 5 10 5 10 5 10 5 10 5 12 5 12 V/ns
Output
Slew Rate

Table 103 Differential AC and DC Output Levels

Parameter

Differential output slew rate (RON = 40Q + 30%) SRQdiff 40 8.0 V/ns

Test References

See Figure 97 and Table 35 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3F July 2072 and

See Figure 127 and Table 48 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 203



10  Strobe Differential Tests Group

Measurement Algorithm

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

Find all valid Strobe rising edges in this burst. A valid Strobe rising edge starts at the Vo gitfac)
crossing and ends at the following Vopgitfac) Crossing.

4 For all valid Strobe rising edges, find the transition time, Tg, which is the time that starts at the
VoLdifiiac) Crossing and ends at the following Vougifrac) crossing. Then calculate SRQIfR =
[Voraiffac) - VoLdifrac)l/ Tr-

5 Determine the worst result from the set of SRQdiffR measured.

Expected/Observable Results

The worst measured SRQdIffR must be within the specification limit.
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Strobe Differential Tests Group 10

SRQiffF

Test Overview

The purpose of this test is to verify that the differential output slew rate for falling edge of the
test signal must be within the conformance limit of the SRQdiff value as specified in the JEDEC
specification.

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

- Yes

Signal(s) of Interest
Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope
Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQ

Test Definition Notes from the Specification

Table 104 Differential Output Slew Rate

Parameter ~ Symbol DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600  DDR3-1866  DDR3-2133

Min Max Min Max Min Max Min Max Min Max  Min Max

Differential ~ SRQdiff 5 10 5 10 5 10 5 10 5 12 5 12 V/ns
Output
Slew Rate

Table 105 Differential Output Slew Rate

Parameter

Differential output slew rate (RON = 40W =+ 30%) SRQdiff 3.0 8.0 V/ns

Test References
See Figure 97 and Table 35 in Section 8.3 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3F July 2072 and

See Figure 127 and Table 48 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 20171.
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Measurement Algorithm

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

Find all valid Strobe falling edge in this burst. A valid Strobe falling edge starts at the
VoHdifiac) crossing and ends at the following Vo giffac) crossing.

4 For all valid Strobe falling edges, find the transition time, Tg, which is the time that starts at
the Vongifrac) crossing and ends at the following Vo gifrac) crossing. Then calculate SRQiffF
= [Voaifrac) - VoLdiac)l/ Tr-

5 Determine the worst result from the set of SRQdiffF measured.

Expected/Observable Results

The worst measured SRQdiffF must be within the specification limit.
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Strobe Differential Tests Group 10

Read Cycle Timing Tests

tHZ(DQS)

Test Overview

tHZ(DQS) Test - DQS high-Z from clock.
The purpose of this test is to verify that the time when DQS no longer driving (*from Low state
to the High-impedance state) to the reference clock signal crossing must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported

DDR3 and DDR3L; for LPDDRS, please refer to the “tHZ(DQS) for Low Power” test

Signal Cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal) OR
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal (CK)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal
Test Definition Notes from the Specification

Table 106 AC Timing - DDR3 and DDR3L

Parameter Symbol Min/Max Data Rate

800 1066 1333 1600 1866 2133

DQS and DQS#
high-impedance time tHZ(DQS)  MAX 400 300 250 225 195 180 ps
(Referenced from RL + BL/2)

Test References

See Table 68 and 69 in Section 13.7 and 13.2, respectively, of the DDR3 SDRAM Specification
in the JEDEC Standard JESD79-3F, July 2012 Revision.
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Measurement Algorithm

Acquire and split read and write bursts of the acquired signal.

Validate the read and write bursts obtained in the previous step. Invalid bursts are disregarded.
Take the first valid READ burst found.

Find tHZEndPoint on the DQS signal of the said burst.

Find the nearest Clock rising edge.
tHZ(DQS) is the time interval between Clock rising edge's crossing point and tHZEndPoint.
6 Report tHZ(DQS).

o M~ W N -

Expected/Observable Results

The measured tHZ(DQS) value must be within the specification limit.
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Strobe Differential Tests Group 10

tHZ(DQS) for Low Power

Test Overview

tHZ(DQS) Test (Low Power)- DQS high-Z from clock.
The purpose of this test is to verify that the time when DQS no longer driving (*from Low state
to the High-impedance state) to the reference clock signal crossing must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported

LPDDRS; for DDR3 and DDR3L, please refer to the “tHZ(DQS)” test

Signal Cycle of Interest
Read

Require Read/Write separation

- Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal) OR
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal (CK)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal
Test Definition Notes from the Specification

Table 107 AC Timing - LPDDR3

Parameter Symbol Min/Max Data Rate

DQS High-Z from Clock tHZ(DQS) MAX tDQSCK (MAX) - 100 ps
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Strobe Differential Tests Group

Test References

See Table 64 in Section 11.4 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3B, August 2013.

Measurement Algorithm

N o N -

9

Acquire and split Read and Write burst of the acquired signal.
Take the first valid Read burst found.
Find the Strobe tLZ start point of the said burst.
Find the RL Clock Edge (tDQSCK clock edge reference):
i Find all DQS middle rising cross point in the said burst.(See notes on threshold).
i Find first DQS rising edge by search the earliest rising cross point among all found DQS
middle cross point.
il Find the closest Clock - DQS : the Clock middle cross point that closest to first DQS rising
edge.

iv. Find RL Clock Edge (tDQSCK clock edge reference) which clock middle crosspoint that
before closest Clock - DQS at tDQSCK Delay (cycle). By default, tDQSCK Delay is three
cycle. In example, for tDQSCK Delay = 3, tDQSCK clock point is clock middle crosspoint
that three clock before closest Clock - DQS . For tDQSCK Delay = 5, tDQSCK clock point
is clock middle crosspoint that five clock before closest Clock — DQS . tDQSCK Delay is
configurable in configuration page.

Define BL (Bit Length) = the number of strobe middle crosspoint.

Find "RL+BL/2" Clock Edge: Clock middle rising cross point that BL/2 cycle after RL Clock
Edge.

Compare Strobe tHZ end point to "RL+BL/2"Clock Edge point as test result. Mathematically:
test result= Strobe tHZ end point - "RL+BL/2"Clock Edge point.

Display the test result by spot to measurement location on waveform and locate the marker to
Strobe tHZ end point and Clock middle cross point of test result.

Compare test result to compliance test limit.

Expected/Observable Results

The measured tHZ(DQS) value must be within the specification limit.
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tLZ(DQS)

Test Overview

tLZ(DQS) Test DQS low-impedance time from CK#/CK.
The purpose of this test is to verify that the time when DQS start driving(*from tristate to
High/Low state) to the clock signal crossing must be within the conformance limit as specified
in the JEDEC specification.

Modes Supported

DDR3, DDR3L [for LPDDRS, refer to the tLZ(DQS) (Low Power) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal) OR
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal (CK)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal

Test Definition Notes from the Specification

Table 108 Timing Parameters by Speed Bin

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
Parameter Symbol Min Max Min Max Min Max Min Max
DQS and DQS# -800 400 -600 300 -500 250 -450 255 ps
low-impedance time tLZ(DQS)

(Referenced from RL - 1)

Table 109 Timing Parameters by Speed Bin

DDR3-1866 DDR3-2133 Units
Parameter Symbol Min Max Min Max
DQS and DQS# low-impedance time -390 195 -360 180 ps

(Referenced from RL - 1) tLz(DQs)

Test References

See Figure 30 and Table 68 & 69 in Section 13 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010.
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Strobe Differential Tests Group

Measurement Algorithm

o M~ W N -

6

Acquire and split Read and Write burst of the acquired signal.

Take the first valid READ burst found.

Find tLZBeginPoint of the said burst. (See notes on Find tLZBeginPoint (DQS))
Find the nearest Clock rising edge.

tLZ(DQS) is the time interval of the found Clock rising edge's crossing point to the
tLZBeginPoint found.

Report tLZ(DQS).

Expected/Observable Results

The measured tLZ(DQS) value must be within the specification limit.
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tLZ(DQS) for Low Power

Test Overview

tLZ(DQS) Test (Low Power) - DQS low-Z from clock.
The purpose of this test is to verify that the time when DQS starts driving (*from the tri-state to
the Low state) to the reference clock signal crossing must be within the conformance limit as
specified in the JEDEC specification.

Modes Supported

LPDDR3 [for DDR3 and DDR3L, refer to the tLZ(DQS) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal (CK)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal
Test Definition Notes from the Specification

Table 110 AC Timing

Parameter Symbol Min/Max Data Rate

DQS Low-Z from Clock tLZ(DQS) MIN tDQSCK (MIN) - 300 ps

Test References

See Figure 119 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2011.
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Measurement Algorithm

N o N -

8

Acquire and split Read and Write burst of the acquired signal.
Take the first valid Read burst found.

Find the Strobe tLZ start point of the said burst.

Find the RL Clock Edge (tDQSCK clock edge reference):

Find all DQS middle rising cross points in the said burst.

Find the first DQS rising edge by searching the earliest rising cross point among all found
DQS middle cross points.

Find the closest Clock - DQS; the Clock middle cross point that is closest to the first DQS
rising edge.

Find the RL Clock Edge (tDQSCK clock edge reference) which is the Clock middle cross
point that is before the closest Clock - DQS at the tDQSCK Delay (cycle). By default, the
tDQSCK Delay consists of three cycles. For example, when the tDQSCK Delay = 3, the
tDQSCK Clock point is the Clock middle cross point that is located at the three clocks
before the closest Clock - DQS. When the tDQSCK Delay = 5, the tDQSCK Clock point is
the Clock middle cross point that is located at the five clocks before the closest Clock -
DQ@S. The tDQSCK Delay can be configured at the Configure page.

Find “RL-1" Clock Edge; the previous Clock middle rising cross point of the RL Clock Edge.

Compare the Strobe tLZ start point to the “RL-1" Clock Edge point as a test result.
Mathematically, the test result = Strobe tLZ start point - “RL-1" Clock Edge point.

Display the test result by locating the marker to the Strobe tLZ start point and the Clock
middle cross point of the test result at the measurement location on the waveform.

Compare the test result to the compliance test limit.

Expected/Observable Results

The measured tLZ(DQS) value must be within the specification limit.
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Strobe Differential Tests Group 10

tRPRE

Test Overview

The purpose of this test is to verify that the time when the DQS start driving low (*preamble
behavior) to the first DQS signal crossing for the Read cycle must be within the conformance
limit as specified in the JEDEC Standard specification.

CK

pas
Single ended signal, provided
as background information

Single ended signal, provided
as background information 4

t1
IRPRE begin
o ; faene

DQS-DAs  » —_-— P

Resulting differential signal,
relevant for fees {RPRE end
speciication

-
—

Figure 41 tRPRE Transitions and Endpoints Calculation

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)
Data Signal (DQ as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal (CS as additional signal, which requires additional channel)
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Test Definition Notes from the Specification

Table 111 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQS, DQS# differential READ Pre- tRPRE 0.9 Note 0.9 Note 0.9 Note tCK(avg)
amble 192 192 192

Parameter DDR3-1600 DDR3-1866 DDR3-2133
Min Max Min Max Min Max
DQS, DQS# differential READ Pre- tRPRE 0.9 Note 0.9 Note 0.9 Note tCK(avg)
amble 192 192 192

a: Refers to Note 19 in Table 69 of the JEDEC Standard JESD79-3E. The maximum read preamble is bound by tLZ(DQS)min on the left side and tDQSCK(max) on the
right side.See Figure 28 — “Clock to Data Strobe Relationship” on page 58 of the specification document.

Table 112 AC Timing

Parameter Symbol Min/Max Data Rate

READ Preamble tRPRE MIN 0.9 tCK(avg)

Test References
See Figure 31 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 119 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.

Take the first valid READ burst found.

Find tLZBeginPoint of the said burst.

Find the first rising edge on DQS of the found burst.

tRPRE is the time between the rising DQS edge and the tLZBeginPoint found.
Report tRPRE.

D o1~ 0NN =

Expected/Observable Results

The measured time interval of the point where the DQS starts to transit from tristate (high
impedance state to low state) to the DQS signal crossing point for the Read cycle must be
within the specification limit.
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tRPST

Test Overview

Strobe Differential Tests Group 10

The purpose of this test is to verify that the time when the DQS is no longer driving (from
high/low state to high-impedance) to the last DQS signal crossing (last bit of the data burst)
for the Read cycle is within the conformance limit as specified in the JEDEC Specification.

DQas

Single ended signal, provided
as background infarmation

b ——

Single ended signal, provided
as background infarmation

= TT-——~-

DQ5- DQS

Resufting differential signal,
relevant for lyper

specification

t1

tRPST_begin

i

Figure 42 tRPST Transitions and Endpoints Calculation

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest

Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)

2
tRPST_end

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS as Pin Under Test Signal)

Data Signal (DQ as Supporting Signal)

TD_TRPST_DEF

Optional signal required to separate the DQ signals for the different ranks of memory

Chip Select Signal (CS as additional signal, which requires an additional channel)
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Test Definition Notes from the Specification

Table 113 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQS, DQS# differential READ tRPST 0.3 Note 0.3 Note 0.3 Note tCK(avg)
Postamble 112 112 112

Parameter DDR3-1600 DDR3-1866 DDR3-2133
Min Max Min Max Min Max
DQS, DQS# differential READ tRPST 0.3 Note 0.3 Note 0.3 Note tCK(avg)
Postamble 112 112 112

a: Refers to Note 11 in Table 68 and 69 of the JEDEC Standard JESD79-3E. The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and
tHZ(DQS)max on the right side. See Figure 28 — “Clock to Data Strobe Relationship” on page 58 of the specification document.

Table 114 AC Timing

Parameter Symbol  Min/Max Data Rate

READ Postamble tRPST MIN 0.3 tCK(avg)

Test References
See Figure 32 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010 and

See Figure 119 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.

Take the first valid READ burst found.

Find tHZEndPoint of the said burst.

Find the last falling edge on DQS prior to the tHZEndPoint found.

tRPST is the time between the falling DQS edge’s crossings and the tHZEndPoint found.
Report tRPST.

D o1 N 0N =

Expected/Observable Results

The measured time interval between the last DQS signal crossing point to the point where the
DQS starts to transit from high/low level to high impedance for the Read cycle must be within
the specification limit.
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tQSH

Test Overview

The purpose of this test is to verify that the width of the high level of the Data Strobe signal
must be within the conformance limit as specified in the JEDEC specification.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope
Data Strobe Signal (DQS)
Data Signal (DQ)

Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test Definition Notes from the Specification

Table 115 AC Timing

Parameter Symbol Min/Max Data Rate

DQS output high pulse width tQSH MIN tCH(abs) - 0.05 tCK(avg)

Test References

See Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.
Take the first valid READ burst found.

Find all valid rising and falling DQS crossings in the said burst.

tQSH is the time starting from a rising edge of the DQS and ending at the following falling
edge.

5 Collect all tQSH.
6 Determine the worst result from the set of tQSH measured.

N w0 N -

Expected/Observable Results

- The worst measured tQSH value must be within the specification limit.
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tQSL

Test Overview

The purpose of this test is to verify that the width of the low level of the Data Strobe signal
must be within the conformance limit as specified in the JEDEC specification.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)

Optional signal required to separate the DQS signals for the different ranks of memory
Chip Select Signal

Test Definition Notes from the Specification

Table 116 AC Timing

Parameter Symbol Min/Max Data Rate

DQS output low pulse width tQSL MIN tCL(abs) - 0.05 tCK(avg)

Test References

See Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3, December 2011.

Measurement Algorithm

Acquire and split the Read and Write bursts of the acquired signal.
Take the first valid READ burst found.
Find all valid rising and falling DQS crossings in the said burst.

tQSL is the time starting from a falling edge of the DQS and ending at the following rising
edge.

Collect all tQSL.
6 Determine the worst result from the set of tQSL measured.

N w0 N -

Expected/Observable Results

The worst measured tQSL value must be within the specification limit.
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Test Overview

The purpose of this test is to verify that the time interval from data strobe output (DQS Rising
Edge) access time to the nearest rising/falling edge of the clock must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
DDR3, DDR3L [for LPDDRS3, refer to the tDQSCK (Low Power) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Strobe Signal (DQS)
Data Signal (DQ)
Clock Signal (CK)

Optional signal required to separate the DQS signals for the different ranks of memory

Chip Select Signal

Test Definition Notes from the Specification

Table 117 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333

Min Max Min Max Min Max

DQS,DQS# rising edge output ~ tDQSCK) -400 400 -300 300 -255 255 ps
access time from rising CK,
CK#

Table 118 Timing Parameters by Speed Bin

Parameter DDR3-1866 DDR3-2133

Min Max Min Max

DQS,DQSH# rising edge output tDQSCK) -195 195 -180 180 ps
access time from rising CK,
CK#
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Test References

See Figure 28 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E July 2010.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid READ burst found.
Find all valid rising DQS crossings at Vref in the said burst. (See notes on threshold)

For all DQS crossings found, locate the nearest rising Clock crossing at OV. (See notes on
threshold)

5 Take the time different from DQS crossing to the corresponding Clock crossing as the tDQSCK.
6 Determine the worst result from the set of tDQSCK measured.

Expected/Observable Results

The measured tDQSCK value must be within the specification limit.
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Keysight D9030DDRC DDR3 Compliance Test Application
Methods of Implementation

Data Tests Groups

Probing for Data Tests / 224

Write Cycle Electrical Tests / 227

Write Cycle Timing Tests / 247

Read Cycle Electrical Tests / 268

Read Cycle Timing Tests / 280

Electrical Overshoot/Undershoot Tests / 292
Read/Write Eye-Diagram Tests / 297

This section provides the Methods of Implementation (MOls) for Data tests using a Keysight Infiniium
oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A differential solder-in
probe head and the DDR3 Compliance Test Application.

KEYSIGHT

TECHNOLOGIES



1 Data Tests Group

Probing for Data Tests

When performing the Data tests, the DDR3 Compliance Test Application will prompt you to make the
proper connections. The connection for the Data tests may look similar to the following diagram.
Refer to the Connection tab in the DDR3 Electrical Performance Compliance application for the exact
number of probe connections.

. A

& ame ABE ©©s

M

Infiniium Oscilloscope

DOR3 DIMM

e

Figure 43 Probing for Data Tests with Two Probes

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 43 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Data Tests Group 1

Test Procedure

1

~N OO o1 &~ W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.

Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.
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Te
File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results
W DOSCK
Data
Write Cycle
Electrical Tests
VIH.DQ(AC)
VIH.DQ(DC)
VIL.DQ(AC)
VIL.DQ(DC)
Timing Tests
tDS(base)
tDH(base)
tDS-Diff(derate)
tDH-Diff(derate)
tDIPW
tVAC(Data)
Read Cycle
Electrical Tests
VOH(AC)
VOH(DC)
VOL(AC)
VOL(DC)
SRQseR
SRQseF
Timing Tests
tHZDQ
tLzDQ
tDQSQ
tQH

[ T PR ar Sy S S SRRy T TS PR S ar S,

S1531 123138

Messages

2018-01-16 10:08:47:102 AM Connecting to Infiniium
2018-01-16 10:08:49:079 AM Connected to Infiniium
2018-01-16 10:08:49:905 AM Run in Demo Mode?
2018-01-16 10: 1:235 AM Ready

2018-01-16 10:30:00:107 AM Save Changes?
2018-01-16 10:30:11:367 AM Project Resetting
2018-01-16 10:30:47:941 AM Project Reset

Unsaved Changes | 24 Tests

.

Figure 44 Selecting Data Tests
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Write Cycle Electrical Tests

VIH.DQ(AC)

Test Overview

The purpose of this test is to verify that the voltage level of the test signal at tDS (DM and DQ
input setup time in JEDEC specification) with reference to the DQS signal is greater than the
conformance lower limits of the V yac) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User

Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 119 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133 Units
Min Max Min
Vi po(ac 175) AC input logic high VRer +0.175 Note 22 - - v
ViHpQ(AC 150) AC input logic high Vger +0.150 Note 22 - - \Y
Vi po(ac 135) AC input logic high - - Vrer +0.135 Note 22 v

a: Refers to Note 2 in Table 24 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification
document.
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Table 120 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3-1333/1600
Min Max Min Max
ViH Do(AC 160) AC input logic high VRer + 0.160 Note 22 - - \%
ViH Do(AC 135) AC input logic high VRer +0.135 Note 22 Vger +0.135 Note 22 %

a: Refers to Note 2 in Table 5 of the JEDEC Standard JESD79-3-1. See section 9.6.2 of “Overshoot and Undershoot Specifications” of the JEDEC Standard JESD79-3E.

Table 121 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes
ViHDoAC) AC input logic high Vger +0.150 Note 2° v 18, gb,
5

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = VRefDQ(DC).

b: Refers to Note 2 in Table 35 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

c: Refers to Note 5 in Table 35 of the JEDEC Standard JESD209-3. For reference: VODTR/2 +/- 12mV.

Test References

See Table 24 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid rising DQ crossings that cross Vyac) in the said burst.

4 For all DQ crossings found, locate all next DQS crossings that cross OV.

5 Calculate the time where the test result is taken. Calculation is expressed as TtgsTreSULT =

Tpgs mippoinT — tDS.
(tDS - DM and DQ input setup time in JEDEC specification which due to speed grade.)

6 Take voltage level of DQ signal at TresTresuiT @s the test result for Viyae).
Collect all Viac).

Determine the worst result from the set of Vjyac) measured.

Expected/Observable Results

The voltage level of the test signal at tDS with reference to the DQS signal must be greater
than or equal to the minimum Vyac) value.

228 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Data Tests Group 1

VIH.DQ(DC)

Test Overview

The purpose of this test is to verify that the histogram minimum value of the test signal within
the sampling window (from signal tDS to tDH with reference to the DQS signal) is within the
conformance limits of the V| pc) value specified in the JEDEC specification.

The value of Vg which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

The value of VDD which directly affects the conformance lower limit is set to 1.50V for typical
DDRS3, 1.35V for DDR3L and 1.2V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customize test limit set
based on different values of VDD.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS
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Test Definition Notes from the Specification

Table 122 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max Min Max

V|H,DQ(DC 100) DC input lOgiC hlgh VREF +0.100 VDD VREF +0.100 VDD Y

Table 123 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3L-1333/1600

Min Max Min Max

V|H,DQ(DC 90) DC input lOgiC hlgh VREF +0.09 VDD VREF +0.09 VDD v

Table 124 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes
V|HDQ(DC) DC input lOgiC hlgh VREF +0.100 VDDQ vV 12

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRe= vRefDQ(DC).

Test References

See Table 24 in Section 8.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 37 in Section 7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid rising DQ crossings that cross V| (pc) in the said burst.

4

For all DQ crossings found, locate all next DQS crossings that cross midpoint. (OV for
differential DQS and Vgee for single ended DQS.)

Setup the histogram function settings.

o1

6 Set the histogram window as follows:

i Ax: X-time position of tDS (DM and DQ input setup time in JEDEC specification) before
DQS crossing midpoint.

i Bx: X-time position of tDH (DM and DQ input hold time in JEDEC specification) after DQS
crossing midpoint.

il By: Y-position at Vggg voltage level.

iv - Ay: Top of the displaying window to make sure it covers the maximum level of the
respective signal.

7 Use histogram ‘Minimum’ value as the test result for Vi pg).
8 Collect all VlH (DC)-

9 Determine the worst result from the set of V| (pcy measured.
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Expected/Observable Results

The histogram minimum value of the test signal within the sampling window (from signal tDS
to tDH with reference to the DQS signal) must be within the specification limits.
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VIL.DQ(AC)

Test Overview

The purpose of this test is to verify that the voltage level of the test signal at tDS (DM and DQ
input setup time in JEDEC specification) with reference to the DQS signal is lower than the
conformance lower limits of the V| (ac) value specified in the JEDEC specification.

The value of Vg which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS
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Test Definition Notes from the Specification

Table 125 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066 DDR3-1333/1600 DDR3-1866/2133 Units
Max i Min Max

V|L,DQ(AC 175) AC input lOgiC low NO:E VREF -0.175 - - - - Y
2

VlL,DQ(AC 150) AC input lOgiC low No:e VREF -0.150 No:e VREF -0.150 - - v
2 2

V|L,DQ(AC 135) AC input lOgiC low - - - - Note VREF - Y

22 0.135

a: Refers to Note 2 in Table 24 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification

document.

Table 126 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3L-1333/1600 Units
Min Max Min Max
ViLpg(AC 160) AC input logic low Note 22 Vper - 0.160 - - v
ViLpg(ac 135) AC input logic low Note 22 Vper - 0.135 Note 22 Vper - 0.135 Vv

a: Refers to Note 2 in Table 5 of the JEDEC Standard JESD79-3-1. See section 9.6.2 of “Overshoot and Undershoot Specifications” of the JEDEC Standard JESD79-3E.

Table 127 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes

ViLpoic) AC input logic low Note 2° Vger - 0.150 v 12,25 5¢

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = VRefDQ(DC).

b: Refers to Note 2 in Table 35 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

c: Refers to Note 5 in Table 35 of the JEDEC Standard JESD209-3. For reference: VODTR/2 +/- 12mV.

Test References
See Table 24 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 233



1 Data Tests Group

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid falling DQ crossings that cross V) _(ac) in the said burst.
4

For all DQ crossings found, locate all next DQS crossings that cross midpoint. (OV for
differential DQS and Vggr for single ended DQS.)

5 Calculate the time where the test result is taken. Calculation is expressed as TrgsTRESULT =

Tpgs mippoinT — tDS.
(tDS - DM and DQ input setup time in the JEDEC specification due to speed grade.)

6 Take voltage level of DQ signal at TrestresuLT as the test result for
ViLac)-
7 Collect all v|L(AC)'

8 Determine the worst result from the set of V| (3c) measured.

Expected/Observable Results

The voltage level of the test signal at tDS with reference to the DQS signal must be less than or
equal to the maximum V) (ac) value.
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VIL.DQ(DC)

Test Overview

The purpose of this test is to verify that the histogram maximum value of the test signal within
the sampling window (from signal tDS to tDH with reference to the DQS signal) is within the
conformance limits of the V| (pc) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 128 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max i Max

V|L,DQ(DC 100) DC input lOgiC low VSS VREF -0.100 VSS VREF -0.100 v

Table 129 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3-1333/1600

Min Max i Max

V|L,DQ(DC 90) DC input lOgiC low VSS VREF -0.09 VSS VREF -0.09 Vv

Table 130 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes

vlL,DQ(DC) DC input lOgiC low VSSQ VREF -0.100 Vv 12

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = vRefDQ(DC).
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Test References

See Table 24 in Section 8.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1 July 2070 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid falling DQ crossings that cross V (pc) in the said burst.

4

For all DQ crossings found, locate all next DQS crossings that cross midpoint. (OV for
differential DQS and Vg for single ended DQS.)

Setup the histogram function settings.
6 Set the histogram window as follows:

i Ax: X-time position of tDS (DM and DQ input setup time in JEDEC specification) before
DQ@S crossing midpoint.

i Bx: X-time position of tDH (DM and DQ input hold time in JEDEC specification) after DQS
crossing midpoint.

il By: Y-position at Vggg voltage level.

ivAy: Top of the displaying window to make sure it covers the maximum level of the
respective signal.

7 Use histogram ‘Minimum’ value as the test result for Vy pc).
8 Collect all V|L(DC)'

9 Determine the worst result from the set of V|| (pc) measured.

Expected/Observable Results

The histogram maximum value of the test signal within the sampling window (from signal tDS
to tDH with reference to the DQS signal) must be within the specification limits.
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SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation:

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid WRITE burst found.

3 Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew =  —oiblag W0~ Veer
delta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region
Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is de-
finable by the customers for their evaluation tests usage.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin
Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.
Measurement Algorithm

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

3 Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

W, -V max
Falling Slew =  mm—mlt@0
delta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

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

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VIL(DC)
crossing and end at following VREF crossing. Then calculate Rising Slew.

Veer — ViLoey

Rising Slew = dela TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region
Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is de-
finable by the customers for their evaluation tests usage.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

3 Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VIH(DC)
crossing and end at following VREF crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dolta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Write Cycle Timing Tests

tDS(base)

Test Overview

The purpose of this test is to verify that the time interval from the data (DQ rising/falling Edge)
setup time to the associated DQS crossing edge is within the conformance limits as specified
in the JEDEC Specification.

Maote: Clock and Stobe are dranan
on a different time scale.

CK

CK# = =
DQS#------I-\

Das

L N

region

nominal
slew rate

VREFdg - -——T—-————"—"F-——"—TFT——————
nominal

/slew rate

»

VlL(dC}I max - —

V|L[3C) Max = — 4= —

Ves - — — | _ _ | e __

ATF ATR

Setup Slew Rate _ VReF(de) - ViagMaX_ Setup Slew Rate _ ViHagMiN - VREF(dg)
Falling Signal ATF Rising Signal  ~ TR

Figure 45 Nominal Slew Rate and tyac for Setup Time tpg (for DQ with respect to strobe) and t;g (for ADD/CMD with
respect to clock)
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Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal, DQ
Data Strobe Signal, (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks:

Chip Select Signal (@ as additional signal, which requires additional channel)
Test Definition Notes from the Specification

Table 131 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 Units

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 75 - 25 - - - - - ps
referenced to Vih(ac), Vil(ac) levels AC 175

Data setup time to DQS, DQS# tDS(base) 125 - 75 - 30 - 10 - ps
referenced to Vih(ac), Vil(ac) levels AC 150

Parameter DDR3-1866 DDR3-2133 Units
Min Max Min Max
Data setup time to DQS, DQS# referenced to VIH(AC)/ tDS(base) TBD TBD ps
VIL(AC) levels AC 150
Data setup time to DQS, DQS# referenced to VIH(AC)/ tDS(base) TBD TBD ps
VIL(AC) levels AC 135

Table 132 Timing Parameters by Speed Bin

Parameter DDR3L-800 DDR3L-1066 DDR3L-1333 DDR3L-1600

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 90 - 40 - - - - - ps
referenced to Vih(ac), Vil(ac) AC 160
levels
Data setup time to DQS, DQS# tDS(base) 140 - 90 - 45 - 25 - ps
referenced to Vih(ac), Vil(ac) AC 135
levels

242 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Data Tests Group 1

Table 133 Data Setup and Hold Base-Values

Data Rate Reference

tDS(base) 75 100 VIH/L(AC) = VREF(DC) & 150mV

Test References

- See Figure 115 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010,

- See Table 6 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

- See Figure 129 to 132 and Table 68 in Section 11 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD209-3E, December 20171.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising D@ crossings that cross Vih(ac) in the said burst.

Find all valid falling DQ crossings that cross Vil(ac) in the same burst.

For all DQ crossings found, locate all next DQS crossings that cross OV.

tDS is defined as the time between the DQ crossing and the DQS crossing.

Collect all tDS.

Find the worst tDS among the measured values and report the value as the test result.

0 N OO o A WON

Expected/Observable Results

- The worst measured tDS must be within the specification limit.
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tDH(base)

Test Overview

The purpose of this test is to verify that the time interval from the data (DQ rising/falling edge)
hold time to the associated DQS crossing edge is within the conformance limits as specified in
the JEDEC Specification.

Mote: Clock and Strobe are drasn
on a different time scalke,
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slew rate ——

ViLag max —
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ATR ATF

Hold Slew Rate _ VRer(ds) - ViLagMaX  1oid Slew Rate _ Yir(ae™in - VREF(s)
Rising Signal ATR Falling Signal  ~ ATF

Figure 46 Nominal Slew Rate for Hold Time tpy (for DQ with respect to strobe) and ;4 (for ADD/CMD with respect
to clock)

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write
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Require Read/Write separation

Yes

Signal(s) of Interest

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
Test Definition Notes from the Specification

Table 134 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600

Min Max Min Max Min Max Min  Max

Data setup time to DQS, DQS# tDH(base) 150 - 100 - 65 - 45 - ps
referenced to VIH(DC)/ VIL(DC) levels DC 100

Parameter DDR3-1866 DDR3-2133

Min Max Min Max

Data setup time to DQS, DQS# referenced to tDH(base) TBD TBD ps
VIH(DC)/VIL(DC) levels DC 100

Table 135 Timing Parameters by Speed Bin

Parameter DDR3L-800  DDR3L-1066  DDR3L-1333  DDR3L-1600

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 160 - 110 - 75 - 55 - ps
referenced to VIH(DC)/VIL(DC) levels DC 90

Table 136 Data Setup and Hold Base-Values

Data Rate Reference

tDH(base) 100 125 VIH/L(DC) = VREF(DC) = 100mV

Test References
See Figure 116 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010,

See Table 6 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Figure 129 to 132 and Table 68 in Section 11 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD209-3E, December 2011.
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Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross V| (pc) in the said burst.
Find all valid falling DQ crossings that cross V|(pc) in the same burst.

For all DQ crossings found, locate all next DQS crossings that cross OV.

tDH is defined as the time between the DQ crossing and the DQS crossing.

Collect all tDH.

Find the worst tDH among the measured values and report the value as the test result.

0 N OO o AW N -

Expected/Observable Results

The worst measured tDH must be within the specification limit.
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tDS-Diff(derate)

Test Overview

The purpose of this test is to verify that the time interval from data (DQ rising/falling edge)
setup time to the associated DQS crossing edge must be within the conformance limit as
specified in the JEDEC Specification.

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

- Yes

Signal(s) of Interest
Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ) or Data Mask Signal (DM)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires additional channel)

Test Definition Notes from the Specification

Table 137 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-1066 DDR3-1333 DDR3-160 DDR3-1866 DDR3-2133 Reference
1]
tDS (base) AC 75 25 s ViH/Lac)
175
tDS (base) AC 75 - ViH/Liac)
150
tDS (base) AC Vin/Liac)
135
tDH (base) DC 150 100 65 45 TBD TBD VIH/L(DC)
100
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Table 138 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 175 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AdDS AtDH

DQ Slew Rate V/ns 2.0 88 50 88 50 88 50 - -
15 59 34 59 34 59 34 67 42
10 0 0 0 0 0 0 8 8
09 - - -2 -4 -2 -4 6 4
08 - - - - -6 -10 2 -2
0.7 - - - - - - -3 -8
06 - - - - - - - -
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH ADS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 14 12 22 20 - - - -
0.8 10 6 18 14 26 24 - -
0.7 5 0 13 8 21 18 29 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 - - -1 -16 -2 -6 5 10
0.4 - - - - -30 -26 -22 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 139 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 150 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AdDH AiDS AdDH AtDS AtDH

DQ Slew Rate V/ns 2.0 75 50 75 50 75 50 - -
15 50 34 50 34 50 34 58 42
1.0 0 0 0 0 0 0 8 8
0.9 - - 0 -4 -0 -4 8 4
0.8 - - - - -0 -10 8 -2
0.7 - - - - - - 8 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
0.4 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH AdDS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

1.5 - - - - - - - -
1.0 16 16 - - - - - -
0.9 16 12 24 20 - - - -
0.8 16 6 24 14 32 24 - -
0.7 16 0 24 8 32 18 40 34
0.6 -15 -10 23 -2 31 8 39 24
0.5 - - 14 -16 22 -6 30 10
0.4 - - - - 7 -26 15 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 140 Derating Values DDR3-1866/2133 tDS/DH - AC/DC based Alternate AC 135 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AdDS AtDH

DQ Slew Rate V/ns 2.0 68 50 68 50 68 50 - -
15 45 34 45 34 45 34 53 42
10 0 0 0 0 0 0 8 8
0.9 - - -2 -4 -2 -4 10 4
08 - - - - 3 -10 1 -2
0.7 - - - - - - 14 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AdDS AtDH ADS ADH ADS ADH

DQ Slew Rate V/ns 20 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 12 26 20 - - - -
0.8 19 6 27 14 35 24 - -
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 41 8 49 24
0.5 - - 29 -16 37 -6 45 10
0.4 - - - - 30 -26 38 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 141 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106 DDR3-133 DDR3-160 Reference
6 3 0

tDS (base) AC 150 90 40 ViH/Liac)

tDS (base) AC 135 140 90 V|H/L(AC)

tDH (base) DC 90 160 110 75 55 VinLo)

Table 142 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 160 Threshold

ADS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AdDH AiDS AdDH AiDS AtDH

DQ Slew Rate V/ns 2.0 80 45 80 45 80 45 - -
15 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
09 - - -1 -3 -1 -3 7 5
08 - - - - -3 -8 5 1
07 - - - - - - 3 5
06 - - - - - - - -
05 - - - - - - - -
0.4 - - - ; . - - ;

NOTE 1. Empty cell contents are defined as not supported.
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AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

ADS AmdDH ADS ADH AdDS AtDH AtDS ADH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 15 13 23 21 - - - -
0.8 13 9 21 17 29 27 - -
0.7 1" 3 19 1" 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
0.5 - - 4 -6 12 4 20 20
0.4 - - - - -8 -1 0 5

NOTE 1. Empty cell contents are defined as not supported.

Table 143 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 135 Threshold

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH ADS ADH AtDS AtDH ADS AtDH

DQ Slew Rate V/ns 2.0 68 45 68 45 68 45 - -
15 45 30 45 30 45 30 53 38
10 0 0 0 0 0 0 8 8
09 - - 2 -3 2 -3 10 5
08 - - - - 3 -8 1 1
0.7 - - - - - - 14 -5
06 - - ; ; ; . - .
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AdS AdDH AiDS AdDH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 13 26 21 - - - -
0.8 19 9 27 17 35 27 - -
0.7 22 3 30 il 38 21 46 37
0.6 25 -4 33 4 41 14 49 30
0.5 - - 29 -6 37 4 45 20
0.4 - - - - 30 -1 38 5

NOTE 1. Empty cell contents are defined as not supported.

Table 144 Data Setup and Hold Base-Values

Data Rate Reference

tDS(base) 75 100 VIH/L(AC) = VREF(DC) £ 150mV

Table 145 Derating Values LPDDR3 tDS/DH - AC/DC based AC 150

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns
AtIS AtIH AIS  AtH  AdS  AtH  AdS  AtlH
DQ,DMSlew Rate 4.0 38 25 38 25 38 25 - -
V/ns

35 32 21 32 21 32 21 32 21

3.0 25 17 25 17 25 17 25 17

25 - - 15 10 15 10 15 10

2.0 - - - - 0 0 0 0

15 - - - - - - -25 -17

1.0 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns

AtIS AtIH AtIS AtIH AtIS AtIH

DQ, DM Slew Rate 40 - - - - - -

V/ns
35 - - - - - -
30 25 17 - - - -
25 15 10 15 10 - -
2.0 0 0 0 0 0 0
15 -25 -17 -25 -17 -25 -17
1.0 -75 -50 -75 -50 -75 -50

NOTE 1. Empty cell contents are defined as not supported.

Test References

See Figure 115 & 117 and Table 76, to 79 in Section 13 of the DDR3 SDRAM Specification in
the JEDEC Standard JESD79-3E July 2010,

See Table 11, 12 & 13 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1July 2070 and

See Figure 129 to 132 and Table 68 & 69 in Section 11 of the LPDDR3 SDRAM Specification in
the JEDEC Standard JESD209-3E, December 2011.
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Figure 47 Tangent Line for Setup Time tpg (for DQ with respect to strobe) and tig (for ADD/CMD with respect to
clock)

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross VIH(AC) in the said burst.

Find all valid falling DQ crossings that cross VIL(AC) in the same burst.

For all DQ crossings found, locate all next DQS crossings that cross OV.

tDS is defined as the time between the DQ crossing and the DQS crossing.

Collect all tDS.

Find the worst tDS among the measured values and report the value as the test result.
Measure the mean slew rate for all the DQ and DQS edges.

O 0 N OO o N W N =

10 Use the mean slew rate for DQ and DQS to determine the AtDS derating value based on the
derating tables.

11 The test limit for tDS test = tDS(base) + AtDS.

Expected/Observable Results

The worst measured tDS must be within the specification limit.
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tDH-Diff(derate)

Test Overview

The purpose of this test is to verify that the time interval from data (DQ rising/falling edge)
hold time to the associated DQS crossing edge must be within the conformance limit as
specified in the JEDEC Specification.

Modes Supported

DDRS3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

- Yes

Signal(s) of Interest

Data Signal (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope
Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
Test Definition Notes from the Specification

Table 146 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106 DDR3-133 DDR3-160 DDR3-186 DDR3-213 Reference
6 3 0 6 3

tDS (base) AC 175 75 25 - - VikLac)

tDS (base) AC 150 125 75 10 Vi)

tDS (base) AC 135 - - 5 -

ViH/L(ac)

tDH (base) DC 100 150 100 65 45 TBD TBD ViHLoo)
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Table 147 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 175 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AmdS AdDH AiDS AtDH AdDS ADH

DQ Slew Rate V/ns 2.0 88 50 88 50 88 50 - -
15 59 34 59 34 59 34 67 42
1.0 0 0 0 0 0 0 8 8
09 - - -2 -4 ) -4 6 4
08 - - - - -6 -10 2 -2
07 - - - - - - -3 -8
06 - - - - - - - -
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH ADS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 14 12 22 20 - - - -
0.8 10 6 18 14 26 24 - -
0.7 5 0 13 8 21 18 29 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 - - -1 -16 -2 -6 5 10
0.4 - - - - -30 -26 -22 -10

NOTE 1. Empty cell contents are defined as not supported.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 257



11

258

Data Tests Group

Table 148

DQ Slew Rate V/ns

2.0

15

1.0

0.9

0.8

0.7

0.6

0.5

0.4

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

4.0V/ns
ADS  AtDH
75 50
50 34
0 0

NOTE 1. Empty cell contents are defined as not supported.

Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 150 Threshold

DQS, DQS# Differential Slew Rate

3.0V/ns
AtDS  AtDH
75 50
50 34
0 0
0 -4

2.0V/ns
AtDS  AtDH
75 50
50 34
0 0
-0 -4
-0 -10

1.8V/ns

ADS

AtDH

DQ Slew Rate V/ns

2.0

15

1.0

0.9

0.8

0.7

0.6

0.5

0.4

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

1.6V/ns

AtDS

16

16

16

16

AtDH

NOTE 1. Empty cell contents are defined as not supported.

DQS, DQS# Differential Slew Rate

1.4V/ns

AtDS

24
24
24
23

14

AtDH

20

14

1.2V/ns

AtDS

32
32
31

22

1.0V/ns

AtDH  AtDS

40

39

30

AtDH

34
24

10
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Table 149 Derating Values DDR3-1866/2133 tDS/DH - AC/DC based Alternate AC 135 Threshold

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AwdDS AtDH

DQ Slew Rate V/ns 2.0 68 50 68 50 68 50 - -
15 45 34 45 34 45 34 53 42
1.0 0 0 0 0 0 0 8 8
0.9 - - -2 -4 -2 -4 10 4
08 - - - - 3 -10 1 -2
0.7 - - - - - - 14 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtDS AtDH AiDS AtDH ADS AtDH ADS ADH
DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 12 26 20 - - - -
0.8 19 6 27 14 35 24 - -
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 41 8 49 24
0.5 - - 29 -16 37 -6 45 10
0.4 - - - - 30 -26 38 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 150 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106  DDR3-133 DDR3-160 Reference
6 3 0

tDS (base) AC 150 90 40 ViH/Liac)

tDS (base) AC 135 90

ViH/Liac)

tDH (base) DC 90 160 110 75 55 Vi oo)

Table 151 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 160 Threshold

AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AdDH AdDS AdDH AiDS ADH AdDS ADH

DQ Slew Rate V/ns 2.0 80 45 80 45 80 45 - -
15 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
0.9 - - -1 -3 -1 -3 7 5
0.8 - - - - -3 -8 5 1
0.7 - - - - - - 3 -5
0.6 - - - - - - - -
05 - - - - - - - -
0.4 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AiDS AtDH AdDS AdH AiDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 15 13 23 21 - - - -
0.8 13 9 21 17 29 27 - -
0.7 n 3 19 " 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
05 - - 4 -6 12 4 20 20
0.4 - - - - -8 -1 0 5

NOTE 1. Empty cell contents are defined as not supported.

Table 152 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 135 Threshold

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AtDH ADS ADH ADS ADH

DQ SlewRate V/ns 2.0 68 45 68 45 68 45 - -
15 45 30 45 30 45 30 53 38
10 0 0 0 0 0 0 8 8
09 - - 2 -3 2 -3 10 5
08 - - - - 3 -8 1 1
0.7 - - - - - - 14 -5
06 - - - . - ] ) .
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH AdDS ADH AdDS AdH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 13 26 21 - - - -
0.8 19 9 27 17 35 27 - -
0.7 22 3 30 n 38 21 46 37
0.6 25 -4 33 4 41 14 49 30
0.5 - - 29 -6 37 4 45 20
0.4 - - - - 30 -1 38 5

NOTE 1. Empty cell contents are defined as not supported.

Table 153 Data Setup and Hold Base-Values

Data Rate Reference

tDH(base) 100 125 VIH/L(DC) = VREF(DC) £ 100mV

Table 154 Derating Values LPDDR3 tDS/DH - AC/DC based AC 150

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns
AfIS AttH  AuS  AaH  Ads AdH  AdS  AtH
DQ,DM Slew Rate 4.0 38 25 38 25 38 25 - -
V/ns

35 32 21 32 21 32 21 32 21

3.0 25 17 25 17 25 17 25 17

25 - - 15 10 15 10 15 10

2.0 - - - - 0 0 0 0

1.5 - - - - - - -25 17

1.0 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns

AtIS AtIH AtIS AtIH AtIS AtIH

DQ, DM Slew Rate 4.0 - - - - - -

V/ns
35 - - - -
30 25 17 - - - -
25 15 10 15 10 - -
20 0 0 0 0 0 0
1.5 -25 -17 -25 -17 -25 -17
1.0 -75 -50 -75 -50 -75 -50

NOTE 1. Empty cell contents are defined as not supported.

Test References
See Figure 116 & 118 and Table 76, 77, 78 & 79 in Section 13 of the DDR3 SDRAM
Specification in the JEDEC Standard JESD79-3E July 2010,

- See Table 11,12 & 13 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Figure 129,130, 131 & 132 and Table 68 & 69 in Section 11 of the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3E, December 2011.
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Figure 48 Tangent Line for Hold Time tpy (for DQ with respect to strobe) and t; (for ADD/CMD with respect to clock)

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross V| (pc) in the said burst.

Find all valid falling DQ crossings that cross V|y(pc) in the same burst.

For all DQ crossings found, locate all next DQS crossings that cross OV.

tDH is defined as the time between the DQ crossing and the DQS crossing.

Collect all tDH.

Find the worst tDH among the measured values and report the value as the test result.
Measure the mean slew rate for all the DQ and DQS edges.

= O 00 N O o »h wWuwNn —

0 Use the mean slew rate for DQ and DQS to determine the AtDH derating value based on the
derating tables.

11 The test limit for tDH test = tDH(base) + AtDH.

Expected/Observable Results

The worst measured tDH must be within the specification limit.
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tDIPW

Test Overview

The purpose of this test is to verify that the width of the high or low level data signal is within
the conformance limit as specified in the JEDEC specification.

Modes Supported
DDR3, DDR3L and LPDDR3

Signals of Interest
Based on the test definition (Write cycle only):
Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ)
Data Strobe Signal (DQS; must use a differential DQS connection)

Optional signal required to separate the signals for the different Ranks:

Chip Select Signal (CS as additional signal, which requires an additional channel)

Table 155 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQ and DM Input pulse width for tDIPW 600 - 490 - 400 - ps
each input

Parameter DDR3-1600 DDR3-1866 DDR3-2133 Units
Min Max Min Max Min Max
DQ and DM Input pulse width for tDIPW 360 - 320 - 280 - ps
each input

Table 156 AC Timing

Parameter Symbol  Min/Max DECRIE

DQ and DM input pulse width tDIPW MIN 0.35 tCK(avg)

Test References

See Tables 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 64 in Section 17 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm

1
2
3
4

6

Acquire and split Read and Write bursts in the acquired signal.
Take the first valid WRITE burst found.

Find all valid rising and falling DQ crossings at Vggr in the said burst.

tDIPW is the time starting from a rising/falling edge of the DQ and ending at the following
falling/rising (the following edge must not be in the same direction) edge.

Collect all tDIPW.
Determine the worst result from the set of tDIPW measured.

Expected/Observable Results

The worst measured tDIPW must be within the specification limit.
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tVAC(Data)

Test Overview

The purpose of this test is to verify that the time of the data signal above V)yac) and below

ViLac) must be within the conformance limit as specified in the JEDEC specification.
Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ)
Data Strobe Signal (DQS)

Optional signal required to separate the DQS signals from different ranks of memory
Chip Select Signal)

Test References
See Figures 110, 111 & 112 in Section 13 of the DDR3 and SDRAM Specification in the
JESD79-3F, July 2012.

Measurement Algorithm

1 Acquire and split Read and Write bursts in the acquired signal.

2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQ crossings at the Vi) and Vyac) levels in the said burst.
4

tVAC (Data) is the time starting from a DQ rising V|ij(ac) cross point and ending at the following
DQ falling V(ac) cross point.

5 tVAC (Data) is the time starting from a DQ falling V (ac) cross point and ending at the
following DQ rising V) (ac) cross point.
Collect all tVAC (Data).
Determine the worst result from the set of tVAC (Data) measured.

Report the value of the worst tVAC (Data). No compliance limit checking is performed for this
test.

Expected/Observable Results

The worst measured tVAC (Data) value must be within the specification limit.
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Read Cycle Electrical Tests

VOH(AC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window is greater than the conformance limits of the Vo ac) value specified in
the JEDEC specification.

The value of V1t which directly affects the conformance lower limit is defaulted to 0.75V for
typical DDRS, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the User
Defined Limit feature in the application to perform this test against a customized test limit set
based on different values of V7.

The value of Vppq which directly affects the conformance lower limit is defaulted to 1.50V for
typical DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. User may choose to use the User
Defined Limit feature in the application to perform this test against a customized test limit set
based on different values of Vppg.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification

Table 157 Single-Ended AC and DC Output Levels

Parameter DDR3-800, DDR3-1066, Units Notes

DDR3-1333, DDR3-1600

Vonac)  AC output logic high measurement level (for output SR) Vrr+0.1x Vppg v 12

a: Refers to Note 1 in Table 30 of the JEDEC Standard JESD79-3E. The swing of + 0.1 x vDDQ is based on approximately 50% of the static single-ended output high or
low swing with a driver impedance of 40Q and an effective test load of 25Q to VTT = VDDQ/Z.

Table 158 Single-Ended AC and DC Output Levels

Symbol Parameter Value Unit Notes

VoHac) AC output logic high measurement level Vrerpg + 0.12 v -
(output slew rate)
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Test References

See Table 30 in Section 9.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2070 and

See Table 43 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm
Acquire and split read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid positive pulses. A valid positive pulse starts at Vggr crossing at valid rising edge
and ends at Vrgr crossing at the following valid falling edge.

4 Zoom in on the first valid positive pulse and perform Vgp measurement. Take the Vrgp
measurement result as Vopac) value.

5 Continue the previous step with the rest of the valid positive pulses that were found in the
burst.

6 Determine the worst result from the set of Vgpyac) measured.

Expected/Observable Results

The high level voltage value of the test signal must be greater than or equal to the Vopac)
value in the specification.
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VOH(DC)

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window is greater than the conformance limits of the V(pc) value specified in
the JEDEC specification.

The value of Vppg which directly affects the conformance upper limit is defaulted to 1.50V for
typical DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customize test limit set
based on different values of Vppg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification

Table 159 Single-Ended AC and DC Output Levels

Parameter DDR3-800, DDR3-1066,

DDR3-1333, DDR3-1600

VoH(pe) DC output logic high measurement level (for IV curve linearity) 0.8 xVppg \

Table 160 Single-Ended AC and DC Output Levels

Symbol Parameter Value Unit Notes

VoH(po) DC output logic high measurement level 0.9 X Vppg % 12
(for IV curve linearity)

a: Refers to Note 1 in Table 30 of the JEDEC Standard JESD209-3. I0H =-0.1 mA.

Test References

See Table 30 in Section 9.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010 and

See Table 43 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm

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

Find all valid positive pulses. A valid positive pulse starts at Vggr crossing at valid rising edge
and ends at Vggg crossing at the following valid falling edge.

4 Zoom in on the first valid positive pulse and perform Vgp measurement. Take the Vigp
measurement result as Vopypc) value.

5 Continue the previous step with the rest of the valid positive pulses that were found in the
burst.

6 Determine the worst result from the set of Vgpc) measured.

Expected/Observable Results

The high level voltage value of the test signal must be greater than or equal to the V(e
value in the specification.
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VOL(AC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window is lower than the conformance lower limits of the Vg (a0) value
specified in the JEDEC specification.

The value of V1t which directly affects the conformance lower limit is defaulted to 0.75V for
typical DDRS3, 0.675V for DDR3L and 0.6V for LPDDR3. Users may choose to use the User
Defined Limit feature in the application to perform this test against a customized test limit set
based on different values of V7.

The value of Vppq which directly affects the conformance lower limit is defaulted to 1.50V for
typical DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. Users may choose to use the User
Defined Limit feature in the application to perform this test against a customized test limit set
based on different values of Vppg.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification

Table 161 Single-Ended AC and DC Output Levels

Parameter DDR3-800, DDR3-1066, DDR3-1333, Units

DDR3-1600

Vouac)  AC output low measurement level (for output slew rate) Vrr-0.1xVppg v 12

a: Refers to Note 1 in Table 30 of the JEDEC Standard JESD79-3E. The swing of + 0.1 x VDDQ is based on approximately 50% of the static single-ended output high or
low swing with a driver impedance of 40Q and an effective test load of 25Q to VTT = VDDQ/Z.

Table 162 Single-Ended AC and DC Output Levels

Symbol Parameter Value Unit Notes

Voo AC output logic low measurement level VRerpg - 0.12 Y -
(for output slew rate)
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Test References

See Table 30 in Section 9.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2070 and

See Table 43 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
Measurement Algorithm

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

3 Find all valid negative pulses. A valid negative pulse starts at Vrgp crossing at valid falling edge
and ends at Vrgr crossing at the following valid rising edge.

4 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take the Vgage
measurement result as Vg (ac) value.

Continue the previous step with the rest of the valid negative pulses that were found in the burst.
Determine the worst result from the set of Vg (ac) measured.

Expected/Observable Results

The low level voltage value of the test signal must be lower than or equal to the minimum
VOL(AC) value.
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VOL(DC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window is lower than the conformance lower limits of the Vg (pc) value
specified in the JEDEC specification.

The value of Vppg which directly affects the conformance lower limit is defaulted to 1.50V for
typical DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customize test limit set
based on different values of Vppg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification

Table 163 Single-Ended AC and DC Output Levels

Parameter DDR3-800, DDR3-1066, DDR3-1333, Units

DDR3-1600

Vouo) DC output low measurement level (for IV curve linearity) 0.2 xVppg v

Table 164 Single-Ended AC and DCput Levels

Symbol Parameter Value Unit Notes
VoL(g) DC output logic low measurement level 0.1 xVppg v 22
(ODT disabled) (for output slew rate)

a: Refers to Note 2 in Table 42 of the JEDEC Standard JESD209-3. I0L =01 mA.

Test References

See Table 30 in Section 9.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010 and

See Table 43 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm

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

2 Take the first valid READ burst found.
Find all valid negative pulses. A valid negative pulse starts at Vggg crossing at valid falling edge
and ends at Vg crossing at the following valid rising edge.

4 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take the Vgage
measurement result as Vg pc) value.

5 Continue the previous step with the rest of the valid negative pulses that were found in the burst.
Determine the worst result from the set of Vg (pc) measured.

Expected/Observable Results

The low level voltage value of the test signal must be lower than or equal to the minimum
VOL(DC) value.
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SRQseR

Test Overview

The purpose of this test is to verify that the rising slew rate value of the test signal is within the
conformance limit of the SRQser value specified in the JEDEC specification.
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Figure 49 SRQseR

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals)

Test Definition Notes from the Specification

Table 165 Single-ended Output Slew Rate Definition

Description Measured Defined by

Single-ended output slew rate for rising edge VoLac) VoH(ac)
VOH(AC)7VOL(AC)

ATRse
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Table 166 Output Slew Rate (Single-Ended))

Parameters Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133  Units

Min Max Min Max Min Max Min Max Min Max Min Max

Single-ended SRQse 25 5 25 5 25 5 TBD 5 25 5 25 5 V/ns
Output Slew
Rate

Table 167 Output Slew Rate (Single-ended)

Parameter

Single-ended Output Slew Rate SRQse 2 4.0 V/ns
(RON = 40W + 30%)

Test References

See Figure 96 and Table 32 & 33 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 128 and Table 46 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm
Acquire and split read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid rising edges in the said burst. A valid rising edge starts at Vg (ac) crossing and
end at following Vo (ac) Crossing.

4 For all valid rising edges, find the transition time, ATR which is time starts at Vg (ac) crossing
and end at following Vo (ac)crossing. Then calculate SRQseR.

SRQseR = VOH(AC)_VOL(AC)
TR
5 Determine the worst result from the set of SRQseR measured.

Expected/Observable Results

- The calculated Rising Slew/SRQseR value for the test signal must be within the specification
limit.
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SRQseF

Test Overview

The purpose of this test is to verify that the falling slew rate value of the test signal is within the

conformance limit of the SRQseF value specified in the JEDEC specification.
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Figure 50 SRQseF

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Pin Under Test, PUT = Data Signals
Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification

Table 168 Single-ended Output Slew Rate Definition

Description Measured

Defined by

Single-ended output slew rate for falling edge Voh(ac)

Vouiacoy VoL

ATFse
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Table 169 Output Slew Rate (Single-Ended))

Parameters Symbo DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133 Units
l

Min Max  Min Max  Min Max Min Max Min Max  Min Max

Single-ended SRQse 25 5 25 5 2.5 5 TBD 5 25 5 25 5 V/ns
Output Slew
Rate

Table 170 Output Slew Rate (Single-ended)

Parameter

Single-ended Output Slew Rate SRQse 2 4.0 V/ns
(RON = 40W =+ 30%)

Test References

See Figure 96 and Table 32 & 33 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 128 and Table 46 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm
Acquire and split read and write burst of the acquired signal.

2 Take the first valid READ burst found.

3 Find all valid falling edges in the said burst. A valid falling edge starts at Vg (ac) crossing and
end at following Vg (ac) crossing.

4 For all valid falling edges, find the transition time, ATR which is time starts at Vg (AC) Crossing
and end at following Vg (acycrossing. Then calculate SRQseF.

SRQseF = VOH(AC)_VOL(AC)
TR
5 Determine the worst result from the set of SRQseF measured.

Expected/Observable Results

- The calculated Falling Slew/SRQseF value for the test signal must be within the specification
limits.
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Read Cycle Timing Tests

tHZ(DQ)

Test Overview

tHZ(DQ) Test - DQ out high-impedance time from CK#/CL

The purpose of this test is to verify that the time when the DQ is no longer driving (from high
state OR low state to the high impedance state), to the clock signal crossing, is within the
conformance limits as specified in the JEDEC Specification.

tHHZ (D05, tHZ (D) with BLE: CK - CK# nsing crossing at AL +4 nik
HHZ (D), tHE (DQ) with BCA:CK - Ck# nising crosang at BL + 2 nCK

........... WOH-=xmY

R eeme YOH = B mY
tHZ(DGE), tHZD)

oy

tHEDOS), tHZDO) endpoint =24 T1 -T2

Figure 51 D@ Out High Impedance Time From CK/CK#

Modes Supported
DDR3 and DDR3L [For LPDDRS3, refer to the tHZ(DQ) (Low Power) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
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Test Definition Notes from the Specification

Table 171 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQ high impedance time from tHZ(DQ) - 400 - 300 - 250 ps
CK/CK

Parameter Symbol DDR3-1600 DDR3-1866 DDR3-2133 Units
Min Max Min Max Min Max
DQ high impedance time from tHZ(DQ) - 225 - 195 - 180 ps
CK/CK

Test References

See Figure 30 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.
Take the first valid READ burst found.

Find tHZEndPoint of the said burst.

Find the nearest Clock rising crossing.

tHZ(DQ) is the time interval between the found Clock rising edge’s crossing point and the
tHZEndPoaint.

6 Report tHZ(DQ).

o M~ W N -

Expected/Observable Results
- The measured tHZ(DQ) must be within the specification limit.

Some designs do not have tristate at Vpgr (for example, 0.9V). This test is not guaranteed when this
NOTE . . o . .
scenario happens, as there is no significant point of where the driver has been turned-off.
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tLZ(DQ)

Figure 52

282

Test Overview

tLZ(DQ) Test - DQ low-impedance time from CK#/CK

The purpose of this test is to verify that the time when the DQ starts driving (from high
impedance state to high/low state), to the clock signal crossing, is within the conformance
limit as specified in the JEDEC Specification.

tLE[DCE): CK - CK# naing crossing st BL -1
TLE[DC): OK - CE# rising arossing at BL
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D@ Low-Impedance Time from CK/CK#

Modes Supported
DDR3 and DDR3L [for LPDDR3, refer to the tLZ(DQ) (Low Power) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
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Test Definition Notes from the Specification

Table 172 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQ low impedance time from tLZ(DQ) -800 400 -600 300 -500 250 ps
CK/CK#

Parameter Symbol DDR3-1600 DDR3-1866 DDR3-2133 Units
Min Max Min Max Min Max
DQ low impedance time from tLZ(DQ) -450 225 -390 195 -390 180 ps
CK/CK#

Test References

See Figure 30 and Table 68 & 69 in Section 13 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.
Take the first valid READ burst found.

Find tLZBeginPoaint of the said burst.

Find the nearest Clock rising crossing.

tLZ(DQ) is the time interval between the found Clock rising edge’s crossing point and the
tLZBeginPoint.

6 Report tLZ(DQ).

o M~ W N -

Expected/Observable Results
- The measured tLZ(DQ) must be within the specification limit.
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tHZ(DQ) for Low Power

Test Overview

tHZ(DQ) Test (Low Power) - DQ high-Z from clock.

The purpose of this test is to verify that the time when DQ no longer driving (*from High state
OR Low state to the High-impedance state) to the reference clock signal crossing must be
within the conformance limit as specified in the JEDEC specification

Modes Supported
LPDDR3, [for DDR3 and DDR3L, refer to the tHZ(DQ) test]

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the signals for the different Ranks:

Chip Select Signal (CS as additional signal, which requires an additional channel)
Test Definition Notes from the Specification

Table 173 Timing Parameters by Speed Bin

Parameter Symbol Min/Max Data Rate

DQ High-Z from Clock tHZ(DQ) MAX tDQSCK (MAX) +(1.4 x tDQSQ (MAX)) ps

Test References

See Figure 119 & 120 and Table 64 in Section 11 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD209-3, December 20171.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid READ burst found.

3 Find tHZEndPoint of the said burst. (See notes on Find tHZEndPoint (DQ))
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4 Find RL Clock Edge (tDQSCK clock edge reference);

i Find all DQS middle rising cross point in the said burst.(See notes on threshold).

i Find first DQS rising edge by search the earliest rising cross point among all found DQS
middle cross point.

il Find the closest Clock - DQS : the Clock middle cross point that closest to first DQS rising
edge.

iv Find RL Clock Edge (tDQSCK clock edge reference) which clock middle crosspoint that
before closest Clock - DQS at tDQSCK Delay (cycle). By default, tDQSCK Delay is three
cycle. In example, for tDQSCK Delay = 3, tDQSCK clock point is clock middle crosspoint
that three clock before closest Clock - DQS . For tDQSCK Delay = 5, tDQSCK clock point
is clock middle crosspoint that five clock before closest Clock — DQS . tDQSCK Delay is
configurable in configuration page.

5 Define BL (Bit Length) = the number of DQS middle cross point.
Find “RL+BL/2" Clock Edge: Clock middle rising cross point that BL/2 cycle after RL Clock
Edge.

7 Compare Data tHZ end point to “RL+BL/2” Clock Edge point as test result. Mathematically:
test result= Data tHZ end point - “RL+BL/2” Clock Edge point.

8 Display the test result by spot to measurement location on waveform and locate the marker to
Data tHZ end point and Clock middle cross point of test result.

9 Compare test result to compliance test limit.

Expected/Observable Results
The measured tHZ(DQ) must be within the specification limit.
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tLZ(DQ) for Low Power

Test Overview

tLZ(DQ) Test (Low Power) — DQ low-Z from clock

The purpose of this test is to verify that the time when the DQ starts driving (from high
impedance state to high/low state), to the clock signal crossing, is within the conformance
limit as specified in the JEDEC Specification.

Modes Supported

LPDDRS [for DDR3 and DDR3L refer to the tLZ(DQ) test]

Signal cycle of Interest

Read

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)
Clock Signal (CK as Reference Signal)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
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Test Definition Notes from the Specification

Table 174 Timing Parameters by Speed Bin

Parameter Symbol Min/Max Data Rate

DQ Low-Z from Clock tLZ(DQ) MIN tDQSCK (MIN) -300 ps

Test References

- See Figure 119 & 120 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD209-3, December 20171.

Measurement Algorithm
1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid READ burst found.
Find Data tLZ begin point of the said burst. (See notes on Find tLZBeginPoint (DQ))
Find RL Clock Edge (tDQSCK clock edge reference);
i Find all DQS middle rising cross point in the said burst.(See notes on threshold).

i Find first DQS rising edge by search the earliest rising cross point among all found DQS
middle cross point.

il Find the closest Clock - DQS : the Clock middle cross point that closest to first DQS rising
edge.

iv Find RL Clock Edge (tDQSCK clock edge reference) which clock middle crosspoint that
before closest Clock - DQS at tDQSCK Delay (cycle). By default, tDQSCK Delay is three
cycle. In example, for tDQSCK Delay = 3, tDQSCK clock point is clock middle crosspoint
that three clock before closest Clock — DQS . For tDQSCK Delay = 5, tDQSCK clock point
is clock middle crosspoint that five clock before closest Clock — DQS . tDQSCK Delay is
configurable in configuration page.

5 Compare Data tLZ begin point to RL Clock Edge point as test result. Mathematically: test
result= Data tLZ begin point - RL Clock Edge point.

6 Display the test result by spot to measurement location on waveform and locate the marker to
Data tLZ begin point and Clock middle cross point of test result.

7 Compare test result to compliance test limit.

Expected/Observable Results
- The measured tLZ(DQ) must be within the specification limit.
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tDQSQ
Test Overview
The purpose of this test is to verify that the time interval from the data strobe output (DQS
rising and falling edge) access time to the associated data (DQ rising and falling) signal is
within the conformance limit as specified in the JEDEC Standard.
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Figure 53 DQS-DQ Skew for DQS and Associated D@ Signals

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes
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Signal(s) of Interest

Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)

Test Definition Notes from the Specification

Table 175 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333
Min Max Min Max Min Max
DQS, DQS# to DQ skew, per group, tDQSQ - 200 - 150 - 125 ps
per access

Parameter DDR3-1600 DDR3-1866 DDR3-2133
Min Max Min Max Min Max
DQS, DQS# to DQ skew, per group, tDQSQ - 100 - 85 - 75 ps
per access

Table 176 AC Timing

Parameter Min/Max Data Rate

DQS-DQ skew tDQSQ MAX 165 135 ps

Test References

See Figure 27 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2010 and

See Figure 119 and Table 64 in Section 17 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at Vggr in the said burst.

For all DQ crossings found, locate the nearest DQS crossing (rising and falling).
Take the time difference between the DQ crossing and DQS crossing as the tDQSQ.
Determine the worst result from the set of tDQSQ measured.

D o~ W N -

Expected/Observable Results

- The worst measured tDQSQ must be within the specification limit.
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tQH

Test Overview

The purpose of this test is to verify that the time interval from the data output hold time (DQS
rising and falling edge) from the DQS (rising and falling edge) is within the conformance limit
as specified in the JEDEC Specification.
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Figure 54 DQ/DQS Output Hold Time From DQS

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read

Require Read/Write separation

Yes

Signal(s) of Interest
Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Signal (DQ as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal)
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Optional signal required to separate the signals for the different Ranks:

Chip Select Signal (CS as additional signal, which requires an additional channel)

Test Definition Notes from the Specification

Table 177 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333
Min Max Min Max Min Max
DQ output hold time from DQS, tQH 0.38 - 0.38 - 0.38 - tCK(avg)
DQS#
Parameter DDR3-1600 DDR3-1866 DDR3-2133
Min Max Min Max Min Max
DQ output hold time from DQS, tQH 0.38 - 0.38 - 0.38 - tCK(avg)
DQS#

Table 178 AC Timing

Parameter Min/Max Data Rate

DQ/DQS output hold time from DQS tQH MIN MIN (tQSH, tQSL) ps

Test References

See Figure 27 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 119 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at Vggr in the said burst.

For all DQ crossings found, locate the nearest DQS rising crossing.

Using the found DQS rising crossing, locate the DQS rising crossing prior.

Take the time difference between the DQ crossing and DQS crossing as the tQH.

~N OO oW NN =

Determine the worst result from the set of tQH measured.

Expected/Observable Results

- The measured time interval between the data output hold time and the associated data strobe
signal must be within specification limit.
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Electrical Overshoot/Undershoot Tests

Overshoot Amplitude/Area (Data)

Test Overview

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

VDDQ
V)

Figure 55 Data Overshoot

Modes Supported
DDRS, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Data Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 179 AC Overshoot Specification for Data and Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude allowed 04V 04V 04V 04V 04V 04V
for overshoot area

Maximum overshoot area above 0.25V/ns 0.19 V/ns 0.15V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
Vg

292 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Data Tests Group 1

Table 180 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 \
Maximum area above Vpp Max 0.12 0.10 V/ns

Test References
See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDDQ crossing and ends at
the falling VDDQ crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDDQ.

i Evaluate Area below VDDQ = (Overshoot Region End - Overshoot Region Start) * VDDQ.

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

AT Ax AX Ax Ax

1 1 1
Area = —(p + ) )Az + 5':?'" +upldz + Sy + m)dr 4.

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

)

w
Area= Az( D+ Fya -ttt

Figure 56 Trapezoidal Rule

iv  Calculate area above VDDQ = Total area above O volt - area below VDDQ.
v Store calculated result below for later worst case finding process:
Overshoot Amplitude

Area above VDDQ
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Overshoot Amplitude
Area above VDDQ
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Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Undershoot Amplitude/Area (Data)

Test Overview

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum

undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Data Undershoot
Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Data Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 181 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter Specification
DDR3-800 DDR3-1066  DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133
Maximum peak amplitude 0.4V 04V 0.4V 0.4V 0.4V 04V
allowed for undershoot area
Maximum undershoot area 0.25V/ns 0.19 V/ns 0.15 V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
below Vggq
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Table 182 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 v
Maximum area below Vgg Max 0.12 0.10 V/ns

Test References

See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 20710 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 56)

il Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Undershoot Amplitude
Total area below O volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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Read/Write Eye-Diagram Tests

User Defined Real-Time Eye Diagram Test For Read Cycle

Test Overview

The purpose of this test is to automate all the required setup procedures required in order to
generate an eye diagram for the DDR3 data READ cycle.

The additional feature of having a mask test is allow users to perform evaluations and
debugging on the eye diagram created.

Mode Supported
DDR3, DDR3L and LPDDR3

Signal cycle of interest
READ

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = DQ Signals
Supporting Pin = DQS Signals

Test References

There is no available test specification on eye testing in JEDEC specifications. Mask testing is
definable by the customers for their evaluation tests usage.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

Gather the list of start time of each Read Burst.

Gather the list of end time of each Read Burst.

Save acquired DQS into new waveform file in BIN format. Name it “DQS.bin”.

Measure VMInDQS which is the minimum voltage of DQS for the whole acquisition.

Modify “DQS.bin” waveform file to ignore unwanted region. It is done where within each of the
region below, set the sampling voltage at VMIinDQS.

D o1 N W N

Region #1:from start of acquisition to start time of Read burst #1.

Region #2:from end time of Read burst #1 to start time of Read burst #2. Continue this
until from end time of Read burst #n-1 to start time of Read burst #n. note n=number of
Read burst.
Region #3:from end time of the last Read burst to the end of acquisition.

Rename modified “DQS.bin” into “DQSEyeFilt.bin”.

8 Load acquired data signal into WMemory?2. Then use Function3 as “Magnify/Duplicate” of
Loaded Waveform Memory.

9 Load “DQSEyeFilt.bin” into WMemory4. Then use Function2 as “Magnify/Duplicate” of Loaded
Waveform Memory.
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10 Setup Clock Recovery settings on SDA.
:Explicit clock, Source = Function2(DQSEyeFilt), Rise/Fall Edge

11 Setup measurement threshold values for the Function3(Data) and the Function2(DQSEyefFilt).
12 Setup fix time scale and time position values for Function3(Data) and Function2(DQSEyeFilt).
13 Turn ON Color Grade Display option.

14 Identify the X1 value for re-adjustment of selected test mask.

15 Setup Mask Test settings. (Load default Test Mask on screen)

16 Turn ON Real Time Eye on SDA.

17 Start mask test until eye diagram folded.

18 Return total failed Unitinterval as a test result.

Expected/Observable Results

Generation of an eye diagram for the DDR3 data READ cycle and loading of a default test
mask pattern.

The test will show a fail status if the total failed Unitinterval is greater than 0.
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User Defined Real-Time Eye Diagram Test For Write Cycle

Test Overview

The purpose of this test is to automate all the required setup procedures required in order to
generate an eye diagram for the DDR3 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations and
debugging on the eye diagram created.

Mode Supported
DDR3, DDR3L and LPDDR3

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest

Data Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = DQ Signals
Supporting Pin = DQS Signals

Test References

There is no available test specification on eye testing in JEDEC specifications. Mask testing is
definable by the customers for their evaluation tests usage.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

Gather the list of start time of each Write Burst.

Gather the list of end time of each Write Burst.

Save acquired DQS into new waveform file in BIN format. Name it “DQS.bin”.

Measure VMIinDQS which is the minimum voltage of DQS for the whole acquisition.

D o1~ W N

Modify “DQS.bin” waveform file to ignore unwanted region. It is done where within each of the
region below, set the sampling voltage at VMIinDQS.

Region #1:from start of acquisition to start time of Write burst #1.

Region #2:from end time of Write burst #1 to start time of Write burst #2. Continue this
until from end time of Write burst #n-1 to start time of Write burst #n. note n=number of
Write burst.

Region #3:from end time of the last Write burst to the end of acquisition.
Rename modified “DQS.bin” into “DQSEyeFilt.bin”.

Load acquired data signal into WMemaory2. Then use Function3 as “Magnify/Duplicate” of
Loaded Waveform Memory.

9 Load “DQSEyeFilt.bin” into WMemory4. Then use Function2 as “Magnify/Duplicate” of Loaded
Waveform Memory.

10 Setup Clock Recovery settings on SDA.
- Explicit clock, Source = Function2(DQSEyeFilt), Rise/Fall Edge
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11 Setup measurement threshold values for the Function3(Data) and the Function2(DQSEyeFilt).
12 Setup fix time scale and time position values for Function3(Data) and Function2(DQSEyeFilt).
13 Turn ON Color Grade Display option.

14 Identify the X1 value for re-adjustment of selected test mask.

15 Setup Mask Test settings. (Load default Test Mask on screen)

16 Turn ON Real Time Eye on SDA.

17 Start mask test until eye diagram folded.

18 Return total failed Unitinterval as a test result.

Expected/Observable Results

Generation of an eye diagram for the DDR3 data WRITE cycle and loading of a default test
mask pattern.

The test will show a fail status if the total failed Unitinterval is greater than O.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

12 Data Mask Tests Group

Probing for Data Mask Tests / 302

Electrical Tests / 304

Timing Tests / 316

Electrical Overshoot/Undershoot Tests / 343

This section provides the Methods of Implementation (MOls) for Data Mask tests using a Keysight
Infiniilum oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A differential
solder-in probe head and the DDR3 Compliance Test Application.

KEYSIGHT

TECHNOLOGIES



12 Data Mask Tests Group

Probing for Data Mask Tests

When performing the Data Mask tests, the DDR3 Compliance Test Application will prompt you to
make the proper connections. The connection for the Data Mask tests may look similar to the
following diagram. Refer to the Connection tab in the DDRS3 Electrical Performance Compliance
application for the exact number of probe connections.

. A

& ame ABE ©©s

M

Infiniium Oscilloscope

DOR3 DIMM

e

Figure 57 Probing for Data Mask Tests with Two Probes

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 57 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

302 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Data Mask Tests Group 12

Test Procedure

1

~N OO o1 &~ W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

¥ DDR3 Test —- New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

[ Al DDR3 Tests

B clock Plus

B clock Minus

B clock Plus and Minus Cross Point

B clock Differential

B strobe Plus

B strobe Minus

B strobe Plus and Minus Cross Point

O strobe Differential

B pata

Data Mask

write Cycle

Electrical Tests
VIH.DQ(AC)
VIH.DQ(DC)
VIL.DQ(AC)
VIL.DQ(DC)

Electrical Overshoot/Undershoot Tests
Overshoot amplitude (Data Mask)
Overshoot area (Data Mask)
Undershoot amplitude (Data Mask)
Undershoot area (Data Mask)

B command,Address

Messages

2017-11-30 12:31:58:146 PM Connecting to Infiniium
2017-11-30 12:31:59:502 PM Connected to Infiniium
2017-11-30 12:31:59:688 PM Run in Demo Mode?
2017-11-30 12:32:09:843 PM Ready

2017-12-01 04:18:45:350 PM Save Changes?

Figure 58 Selecting Data Mask Tests
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Electrical Tests

VIH.DQ(AC)

Test Overview

The purpose of this test is to verify that the voltage level of the test signal at tDS (DM input
setup time in JEDEC specification) with reference to the DQS signal is greater than the
conformance lower limits of the V yac) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 183 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133
Min Max Min
Vi Do(AC 175) AC input logic high Vrer +0.175 Note 22 - - v
ViH,Do(AC 150) AC input logic high Vger +0.150 Note 22 - - \
ViH,Do(AC 135) AC input logic high - - Vger +0.135 Note 22 v

a: Refers to Note 2 in Table 24 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification
document.
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Table 184 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3-1333/1600
Min Max Min Max
ViH Do(AC 160) AC input logic high VRer + 0.160 Note 22 - - Vv
Vi DQ(AC 135) AC input logic high Vger + 0.135 Note 22 Vger +0.135 Note 22 v

a: Refers to Note 2 in Table 5 of the JEDEC Standard JESD79-3-1. See section 9.6.2 of “Overshoot and Undershoot Specifications” of the JEDEC Standard JESD79-3E.

Table 185 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes
Vi pgiaAC) AC input logic high Vge +0.150 Note 2° v 12,20, 5¢
a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = VRefDQ(DC).

b: Refers to Note 2 in Table 35 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

c: Refers to Note 5 in Table 35 of the JEDEC Standard JESD209-3. For reference: VODTR/2 +/- 12mV.

Test References

See Table 24 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid rising DM crossings that cross Viac) in the said burst.

4 For all DM crossings found, locate all next DQS crossings that cross OV.

5 Calculate the time where the test result is taken. Calculation is expressed as T1gstresULT =

Tpgs mippoinT — tDS.
(tDS - DM input setup time in JEDEC specification which due to speed grade.)

6 Take voltage level of DM signal at TrestresyiT @s the test result for Vigac-
7 Collect all Viya0)-

8 Determine the worst result from the set of V|yac) measured.

Expected/Observable Results

The voltage level of the test signal at tDS with reference to the DQS signal must be greater
than or equal to the minimum Vyac) value.
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VIH.DQ(DC)

Test Overview

The purpose of this test is to verify that the histogram minimum value of the test signal within
the sampling window (from signal tDS to tDH with reference to the DQS signal) is within the
conformance limits of the V|ypc) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

The value of VDD which directly affects the conformance lower limit is set to 1.50V for typical
DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customize test limit set
based on different values of VDD.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 186 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max Min Max

VlH,DQ(DC 100) DC ianIt lOgiC hlgh VREF +0.100 VDD VREF +0.100 VDD v

Table 187 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3L-1333/1600

Min Max Min Max

V|H,DQ(DC 90) DC input lOgiC hlgh VREF +0.09 VDD VREF +0.09 VDD '
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Table 188 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes
VIHDQ(DC) DC input lOgiC hlgh VREF +0.100 VDDQ \ 18

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef= VRefDQ(DC).

Test References

See Table 24 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid rising DM crossings that cross Vi (pc) in the said burst.

4

For all DM crossings found, locate all next DQS crossings that cross midpoint. (QV for
differential DQS and Vger for single ended DQS.)

Setup the histogram function settings.
6 Set the histogram window as follows:

Ax: X-time position of tDS (DM input setup time in JEDEC specification) before DQS
crossing midpoint.

Bx: X-time position of tDH (DM input hold time in JEDEC specification) after DQS crossing
midpoint.

By: Y-position at Vggr voltage level.

Ay: Top of the displaying window to make sure it covers the maximum level of the
respective signal.

7 Use histogram ‘Minimum’ value as the test result for Vi pc).
8 Collect all V|H (DC)-

9 Determine the worst result from the set of V| (pc) measured.

Expected/Observable Results

The histogram minimum value of the test signal within the sampling window (from signal tDS
to tDH with reference to the DQS signal) must be within the specification limits.
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VIL.DQ(AC)

Test Overview

The purpose of this test is to verify that the voltage level of the test signal at tDS (DM input
setup time in JEDEC specification) with reference to the DQS signal is lower than the
conformance lower limits of the V| (sc) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 189 Single-Ended AC and DC Input Levels for DQ and DM

DDR3-800/1066 DDR3-1333/1600

Parameter

DDR3-1866/2133

Min Max Min Max Min Max

V|L,DQ(AC 175) AC input lOgiC low Note VREF - - - - -
28 0.175
V|L,DQ(AC15O) AC input lOgiC low Note VREF - Note VREF - - -
2 0.150 2 0.150
V|L,DQ(AC 135) AC input lOgiC low - - - - Note VREF -
22 0.135

a: Refers to Note 2 in Table 24 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification

document.
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Table 190 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3L-1333/1600
Min Max Min Max
ViLDo(AC 160) AC input logic low Note 22 Vger - 0.160 - - v
ViLpo(ac 135) AC input logic low Note 22 Vper - 0.135 Note 22 Vrer - 0135 v

a: Refers to Note 2 in Table 5 of the JEDEC Standard JESD79-3-1. See section 9.6.2 of “Overshoot and Undershoot Specifications” of the JEDEC Standard JESD79-3E.

Table 191 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max Unit Notes
ViLDoiAC) AC input logic low Note 2° Vger - 0.150 v 18, gb,
5

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = VRefDQ(DC).

b: Refers to Note 2 in Table 35 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

¢: Refers to Note 5 in Table 35 of the JEDEC Standard JESD209-3. For reference: VODTR/2 +/- 12mV.

Test References

See Table 24 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid falling DM crossings that cross V) _(ac) in the said burst.
4

For all DM crossings found, locate all next DQS crossings that cross midpoint. (OV for
differential DQS and Vggr for single ended DQS.)

5 Calculate the time where the test result is taken. Calculation is expressed as TrgsTReSULT =

Toos mippoInT — tDS.
(tDS - DM input setup time in the JEDEC specification due to speed grade.)

6 Take voltage level of DM signal at Tregtresuit @S the test result for
ViLac)-
7 Collect all Vi (ac).

8 Determine the worst result from the set of V| (3c) measured.

Expected/Observable Results

The voltage level of the test signal at tDS with reference to the DQS signal must be less than or
equal to the maximum V) (ac) value.
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VIL.DQ(DC)

Test Overview

The purpose of this test is to verify that the histogram maximum value of the test signal within
the sampling window (from signal tDS to tDH with reference to the DQS signal) is within the
conformance limits of the V| (pc) value specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Supporting Pin = DQS

Test Definition Notes from the Specification

Table 192 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max Min Max

V|L,DQ(DC 100) DC input lOgiC low VSS VREF -0.100 VSS VREF -0.100 Vv

Table 193 Single-Ended AC and DC Input Levels for DQ and DM

Parameter DDR3L-800/1066 DDR3-1333/1600

Min Max

VIL,DQ(DC 90) DC input lOgiC low VSS VREF -0.09 VSS VREF -0.09 v

Table 194 Single-Ended AC and DC Input Levels for DQ and DM

Symbol Parameter Min Max

VlL,DQ(DC) DC input lOgiC low VSSQ VREF -0.100 v 18

a: Refers to Note 1 in Table 35 of the JEDEC Standard JESD209-3. For DQ input only pins. VRef = VRefDQ(DC).
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Test References

See Table 24 in Section 8.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 5 in Section 3.2 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2070 and

See Table 37 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid falling DM crossings that cross V| pc) in the said burst.

4

For all DM crossings found, locate all next DQS crossings that cross midpoint. (QV for
differential DQS and Vger for single ended DQS.)

Setup the histogram function settings.
6 Set the histogram window as follows:

Ax: X-time position of tDS (DM input setup time in JEDEC specification) before DQS
crossing midpoint.

Bx: X-time position of tDH (DM input hold time in JEDEC specification) after DQS crossing
midpoint.

By: Y-position at Vggr voltage level.

Ay: Top of the displaying window to make sure it covers the maximum level of the
respective signal.

7 Use histogram ‘Minimum’ value as the test result for Vy pc).
8 Collect all V|L(DC)'

9 Determine the worst result from the set of V|| (pc) measured.

Expected/Observable Results

The histogram maximum value of the test signal within the sampling window (from signal tDS
to tDH with reference to the DQS signal) must be within the specification limits
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SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQS

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibjae) MIN - Veer
delta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results
The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest:
Data Mask Signals (supported by Data Strobe Signal)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQS

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)

2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

Vaer - ViLrac) Max
Falling SIew = e E8)
delta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Required Signals that are needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQS

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid rising edges in the said burst. A valid rising edge starts at VIL (ac) crossing and
end at following VIH (ac) crossing.

4 For all valid rising edges, find the transition time, delta TR which is time starts at VIL(DC)
crossing and end at following VREF crossing. Then calculate Rising Slew.

Veer — ViLe)

Rising Slew = Jelta TR

5 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signals (supported by Data Strobe Signal)

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQS

Test References

There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal. (See notes on DDR read/write
separation)
2 Take the first valid WRITE burst found.

Find all valid falling edges in the said burst. A valid falling edge starts at VIH (ac) crossing and
end at following VIL (ac) crossing.

4 For all valid falling edges, find the transition time, delta TF which is time starts at VIH(DC)
crossing and end at following VREF crossing. Then calculate Falling Slew.

Vinioey) — Vrer

Falling Slew = delta TF

5 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Timing Tests

tDS(base)

Test Overview

The purpose of this test is to verify that the time interval from the data mask (DM rising/falling
Edge) setup time to the associated DQS crossing edge is within the conformance limits as
specified in the JEDEC Specification.

Maote: Clock and Stobe are dranan
on a different time scale.

CK

CK# = =
DQS#------I-\

Das

L N

region

nominal
slew rate

VREFdg -
nominal

/slew rate

»

VlL(dC}I max - —

V|L[3C) Max = — 4= —

Ves - — — | _ _ | e __

ATF ATR

Setup Slew Rate _ VReF(de) - ViagMaX_ Setup Slew Rate _ ViHagMiN - VREF(dg)
Falling Signal ATF Rising Signal  ~ TR

Figure 59 Nominal Slew Rate and tyac for Setup Time tpg (for DQ with respect to strobe) and t;g (for ADD/CMD with
respect to clock)
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Modes Supported
LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Mask Signal, DM
Data Strobe Signal, (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (@ as additional signal, which requires additional channel)
Test Definition Notes from the Specification

Table 195 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 Units

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 75 - 25 - - - - - ps
referenced to VIH(AC)/VIL(AC) levels AC 175

Data setup time to DQS, DQS# tDS(base) 125 - 75 - 30 - 10 - ps
referenced to VIH(AC)/VIL(AC) levels AC 150

Parameter DDR3-1866 DDR3-2133 Units
Min Max Min Max
Data setup time to DQS, DQS# referenced to tDS(base) TBD TBD ps
VIH(AC)/VIL(AC) levels AC 150
Data setup time to DQS, DQS# referenced tDS(base) TBD TBD ps
toVIH(AC)/VIL(AC) levels AC 135

Table 196 Timing Parameters by Speed Bin

Parameter Symbol DDR3L-800 DDR3L-1066 DDR3L-1333 DDR3L-1600

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 90 - 40 - - - - - ps
referenced to VIH(AC)/VIL(AC) AC 160

levels
Data setup time to DQS, DQS# tDS(base) 140 - 90 - 45 - 25 - ps
referenced to VIH(AC)/VIL(AC) AC 135

levels
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Table 197 Data Setup and Hold Base-Values

Data Rate Reference

tDS(base) 75 100 VIH/L(AC) = VREF(DC) + 150mV

Test References

See Figure 129 to 132 and Table 68 in Section 11 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD209-3E, December 2071.

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DM crossings that cross Vih(ac) in the said burst.

Find all valid falling DM crossings that cross Vil(ac) in the same burst.

For all DM crossings found, locate all next DQS crossings that cross OV.

tDS is defined as the time between the DM crossing and the DQS crossing.

Collect all tDS.

Find the worst tDS among the measured values and report the value as the test result.

0 N OO o A0 N -

Expected/Observable Results

- The worst measured tDS must be within the specification limit.
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tDH(base)

Test Overview

The purpose of this test is to verify that the time interval from the data mask (DM rising/falling
edge) hold time to the associated DQS crossing edge is within the conformance limits as
specified in the JEDEC Specification.

Mote: Clock and Strobe are drasn
on a different time scalke,

CK

CK#--‘
DOS#= == ==+ ==

DOS —0¥ | SR R

ViHagmin ==~ —7|——~~—— -

ViHgg ™M — — — — L — — — —
norminal —_]
slew rate

VREFg- —N———F————-—-t - -—————-— - - -
norminal
slew rate ——

ViLag max —

'\-"”_(a o) max ~

ATR ATF

Hold Slew Rate _ VRer(ds) - ViLagMaX  1oid Slew Rate _ Yir(ae™in - VREF(s)
Rising Signal ATR Falling Signal  ~ ATF

Figure 60 Nominal Slew Rate for Hold Time tpy (for DQ with respect to strobe) and ;4 (for ADD/CMD with respect
to clock)

Modes Supported
LPDDR3

Signal cycle of Interest
Write
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Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signal (DM)

Signals required to perform the test on the oscilloscope

Data Mask Signal (DM)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
Test Definition Notes from the Specification

Table 198 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600

Min Max Min Max Min Max Min  Max

Data setup time to DQS, DQS# tDH(base) 150 - 100 - 65 - 45 - ps
referenced to VIH(DC)/ VIL(DC) levels DC 100

Parameter Symbol DDR3-1866 DDR3-2133

Min Max Min Max

Data setup time to DQS, DQS# referenced to VIH(DC)/ tDH(base) TBD TBD ps
VIL(DC) levels DC 100

Table 199 Timing Parameters by Speed Bin

Parameter Symbol DDR3L-800  DDR3L-1066  DDR3L-1333  DDR3L-1600

Min Max Min Max Min Max Min Max

Data setup time to DQS, DQS# tDS(base) 160 - 110 - 75 - 55 - ps
referenced to VIH(DC)/ VIL(DC) DC 90
levels

Table 200 Data Setup and Hold Base-Values

Data Rate Reference

tDH(base) 100 125 VIH/L(DC) = VREF(DC) £ 100mV

Test References

See Figure 129 to 132 and Table 68 in Section 11 of the LPDDR3 SDRAM Specification in the
JEDEC Standard JESD209-3E, December 20171.
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Measurement Algorithm

1 Acquire and split Read and Write bursts in the acquired signal.

2 Take the first valid WRITE burst found.

3 Find all valid rising DM crossings that cross V) (pc) in the said burst.

4 Find all valid falling DM crossings that cross V ypc) in the same burst.

5 For all DM crossings found, locate all next DQS crossings that cross OV.

6 tDH is defined as the time between the DM crossing and the DQS crossing.

7 Collect all tDH.

8 Find the worst tDH among the measured values and report the value as the test result.

Expected/Observable Results

The worst measured tDH must be within the specification limit.
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tDS-Diff(derate)

Test Overview

The purpose of this test is to verify that the time interval from data mask (DM rising/falling
edge) setup time to the associated DQS crossing edge must be within the conformance limit
as specified in the JEDEC Specification.

Modes Supported

LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Mask Signal (DM)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires additional channel)

Test Definition Notes from the Specification

Table 201 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-1066 DDR3-1333 DDR3-160 DDR3-1866 DDR3-2133 Reference
tDS (base) AC 75 25 ViH/Lac)
175
tDS (base) AC ViH/Liac)
150
tDS (base) AC Vin/Liac)
135
tDH (base) DC 150 100 65 45 TBD TBD VIH/L(DC)
100
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Table 202 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 175 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AdDS AtDH

DQ Slew Rate V/ns 2.0 88 50 88 50 88 50 - -
15 59 34 59 34 59 34 67 42
10 0 0 0 0 0 0 8 8
09 - - -2 -4 -2 -4 6 4
08 - - - - -6 -10 2 -2
0.7 - - - - - - -3 -8
06 - - - - - - - -
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH ADS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 14 12 22 20 - - - -
0.8 10 6 18 14 26 24 - -
0.7 5 0 13 8 21 18 29 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 - - -1 -16 -2 -6 5 10
0.4 - - - - -30 -26 -22 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 203 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 150 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AdDH AiDS AdDH AtDS AtDH

DQ Slew Rate V/ns 2.0 75 50 75 50 75 50 - -
15 50 34 50 34 50 34 58 42
1.0 0 0 0 0 0 0 8 8
0.9 - - 0 -4 -0 -4 8 4
0.8 - - - - -0 -10 8 -2
0.7 - - - - - - 8 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
0.4 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH AdDS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

1.5 - - - - - - - -
1.0 16 16 - - - - - -
0.9 16 12 24 20 - - - -
0.8 16 6 24 14 32 24 - -
0.7 16 0 24 8 32 18 40 34
0.6 -15 -10 23 -2 31 8 39 24
0.5 - - 14 -16 22 -6 30 10
0.4 - - - - 7 -26 15 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 204 Derating Values DDR3-1866/2133 tDS/DH - AC/DC based Alternate AC 135 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AdDS AtDH

DQ Slew Rate V/ns 2.0 68 50 68 50 68 50 - -
15 45 34 45 34 45 34 53 42
10 0 0 0 0 0 0 8 8
0.9 - - -2 -4 -2 -4 10 4
08 - - - - 3 -10 1 -2
0.7 - - - - - - 14 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AdDS AtDH ADS ADH ADS ADH

DQ Slew Rate V/ns 20 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 12 26 20 - - - -
0.8 19 6 27 14 35 24 - -
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 41 8 49 24
0.5 - - 29 -16 37 -6 45 10
0.4 - - - - 30 -26 38 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 205 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106 DDR3-133 DDR3-160 Reference
6 3 0

tDS (base) AC 150 90 40 ViH/Liac)

tDS (base) AC 135 140 90 V|H/L(AC)

tDH (base) DC 90 160 110 75 55 VinLo)

Table 206 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 160 Threshold

ADS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AdDH AiDS AdDH AiDS AtDH

DQ Slew Rate V/ns 2.0 80 45 80 45 80 45 - -
15 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
09 - - -1 -3 -1 -3 7 5
08 - - - - -3 -8 5 1
07 - - - - - - 3 5
06 - - - - - - - -
05 - - - - - - - -
0.4 - - - ; . - - ;

NOTE 1. Empty cell contents are defined as not supported.
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AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

ADS AmdDH ADS ADH AdDS AtDH AtDS ADH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 15 13 23 21 - - - -
0.8 13 9 21 17 29 27 - -
0.7 1" 3 19 1" 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
0.5 - - 4 -6 12 4 20 20
0.4 - - - - -8 -1 0 5

NOTE 1. Empty cell contents are defined as not supported.

Table 207 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 135 Threshold

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH ADS ADH AtDS AtDH ADS AtDH

DQ Slew Rate V/ns 2.0 68 45 68 45 68 45 - -
15 45 30 45 30 45 30 53 38
10 0 0 0 0 0 0 8 8
09 - - 2 -3 2 -3 10 5
08 - - - - 3 -8 1 1
0.7 - - - - - - 14 -5
06 - - ; ; ; . - .
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AdS AdDH AiDS AdDH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 13 26 21 - - - -
0.8 19 9 27 17 35 27 - -
0.7 22 3 30 il 38 21 46 37
0.6 25 -4 33 4 41 14 49 30
0.5 - - 29 -6 37 4 45 20
0.4 - - - - 30 -1 38 5

NOTE 1. Empty cell contents are defined as not supported.

Table 208 Data Setup and Hold Base-Values

Data Rate Reference

tDS(base) 75 100 VIH/L(AC) = VREF(DC) £ 150mV

Table 209 Derating Values LPDDR3 tDS/DH - AC/DC based AC 150

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns
AtIS AtIH AIS  AtH  AdS  AtH  AdS  AtlH
DQ,DMSlew Rate 4.0 38 25 38 25 38 25 - -
V/ns

35 32 21 32 21 32 21 32 21

3.0 25 17 25 17 25 17 25 17

25 - - 15 10 15 10 15 10

2.0 - - - - 0 0 0 0

15 - - - - - - -25 -17

1.0 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns

AtIS AtIH AtIS AtIH AtIS AtIH

DQ, DM Slew Rate 40 - - - - - -

V/ns
35 - - - - - -
30 25 17 - - - -
25 15 10 15 10 - -
2.0 0 0 0 0 0 0
15 -25 -17 -25 -17 -25 -17
1.0 -75 -50 -75 -50 -75 -50

NOTE 1. Empty cell contents are defined as not supported.

12

Test References

See Figure 129 to 132 and Table 68 & 69 in the JEDEC Standard JESD209-3E, December
2011.
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Figure 61 Tangent Line for Setup Time tpg (for DQ with respect to strobe)
and tjg (for ADD/CMD with respect to clock)
Measurement Algorithm
1 Acquire and split Read and Write bursts in the acquired signal.
2 Take the first valid WRITE burst found.
3 Find all valid rising DM crossings that cross VIH(AC) in the said burst.
4 Find all valid falling DM crossings that cross VIL(AC) in the same burst.
5 For all DM crossings found, locate all next DQS crossings that cross OV.
6 tDS is defined as the time between the DM crossing and the DQS crossing.
7 Collect all tDS.
8 Find the worst tDS among the measured values and report the value as the test result.
9 Measure the mean slew rate for all the DM and DQS edges.

10 Use the mean slew rate for DM and DQS to determine the AtDS derating value based on the
derating tables.

11 The test limit for tDS test = tDS(base) + AtDS.

Expected/Observable Results

The worst measured tDS must be within the specification limit.
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tDH-Diff(derate)

Test Overview

The purpose of this test is to verify that the time interval from data mask (DM rising/falling
edge) hold time to the associated DQS crossing edge must be within the conformance limit as
specified in the JEDEC Specification.

Modes Supported

LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Mask Signal (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope

Data Mask Signal (DM as Pin Under Test Signal)
Data Strobe Signal (DQS as Supporting Signal). Use differential connection (DQS+ and DQS-)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (CS as additional signal, which requires an additional channel)
Test Definition Notes from the Specification

Table 210 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106 DDR3-133 DDR3-160 DDR3-186 DDR3-213 Reference
6 3 0

tDS (base) AC 175 75 25 - - VikLac)

tDS (base) AC 150 125 75 30 10 Vi)

tDS (base) AC 135 - - 5 -

ViH/L(ac)

tDH (base) DC 100 150 100 65 45 TBD TBD ViHLoo)
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Table 211 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 175 Threshold

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AmdS AdDH AiDS AtDH AdDS ADH

DQ Slew Rate V/ns 2.0 88 50 88 50 88 50 - -
15 59 34 59 34 59 34 67 42
1.0 0 0 0 0 0 0 8 8
09 - - -2 -4 ) -4 6 4
08 - - - - -6 -10 2 -2
07 - - - - - - -3 -8
06 - - - - - - - -
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH ADS ADH AtDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 14 12 22 20 - - - -
0.8 10 6 18 14 26 24 - -
0.7 5 0 13 8 21 18 29 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 - - -1 -16 -2 -6 5 10
0.4 - - - - -30 -26 -22 -10

NOTE 1. Empty cell contents are defined as not supported.

332 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Table 212

DQ Slew Rate V/ns

2.0

15

1.0

0.9

0.8

0.7

0.6

0.5

0.4

ADS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

4.0V/ns
ADS  AtDH
75 50
50 34
0 0

NOTE 1. Empty cell contents are defined as not supported.

Data Mask Tests Group 12

Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 150 Threshold

DQS, DQS# Differential Slew Rate

3.0V/ns
AtDS  AtDH
75 50
50 34
0 0
0 -4

2.0V/ns
AtDS  AtDH
75 50
50 34
0 0
-0 -4
-0 -10

1.8V/ns

ADS

AtDH

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtDS AtDH AtDS AmH AtDS AdH ADS ADH
DQ Slew Rate V/ns 2.0 - - - - - - - -
15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 16 12 24 20 - - - -
0.8 16 6 24 14 32 24 - -
0.7 16 0 24 8 32 18 40 34
0.6 -15 -10 23 -2 31 8 39 24
0.5 - - 14 -16 22 -6 30 10
0.4 - - - - 7 -26 15 -10
NOTE 1. Empty cell contents are defined as not supported.
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Table 213 Derating Values DDR3-1866/2133 tDS/DH - AC/DC based Alternate AC 135 Threshold

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS ADH AdDS AdDH AiDS AtDH AwdDS AtDH

DQ Slew Rate V/ns 2.0 68 50 68 50 68 50 - -
15 45 34 45 34 45 34 53 42
1.0 0 0 0 0 0 0 8 8
0.9 - - -2 -4 -2 -4 10 4
08 - - - - 3 -10 1 -2
0.7 - - - - - - 14 -8
0.6 - - - - - - - -
0.5 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtDS AtDH AiDS AtDH ADS AtDH ADS ADH
DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 12 26 20 - - - -
0.8 19 6 27 14 35 24 - -
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 41 8 49 24
0.5 - - 29 -16 37 -6 45 10
0.4 - - - - 30 -26 38 -10

NOTE 1. Empty cell contents are defined as not supported.
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Table 214 Data Setup and Hold Base-Values

Units (ps) DDR3-800 DDR3-106  DDR3-133 DDR3-160 Reference
6 3 0

tDS (base) AC 150 90 40 ViH/Liac)

tDS (base) AC 135 90

ViH/Liac)

tDH (base) DC 90 160 110 75 55 Vi oo)

Table 215 Derating Values DDR3-800/1066 tDS/DH - AC/DC based Alternate AC 160 Threshold

AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AdDH AdDS AdDH AiDS ADH AdDS ADH

DQ Slew Rate V/ns 2.0 80 45 80 45 80 45 - -
15 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
0.9 - - -1 -3 -1 -3 7 5
0.8 - - - - -3 -8 5 1
0.7 - - - - - - 3 -5
0.6 - - - - - - - -
05 - - - - - - - -
0.4 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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AtDS, AtDH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AiDS AtDH AdDS AdH AiDS AtDH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 15 13 23 21 - - - -
0.8 13 9 21 17 29 27 - -
0.7 n 3 19 " 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
05 - - 4 -6 12 4 20 20
0.4 - - - - -8 -1 0 5

NOTE 1. Empty cell contents are defined as not supported.

Table 216 Derating Values DDR3-800/1066/1333/1600 tDS/DH - AC/DC based Alternate AC 135 Threshold

AtDS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns

AtDS AtDH AdDS AtDH ADS ADH ADS ADH

DQ SlewRate V/ns 2.0 68 45 68 45 68 45 - -
15 45 30 45 30 45 30 53 38
10 0 0 0 0 0 0 8 8
09 - - 2 -3 2 -3 10 5
08 - - - - 3 -8 1 1
0.7 - - - - - - 14 -5
06 - - - . - ] ) .
05 - - - - - - - -
04 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtDS AtDH AtDS AtDH AdDS ADH AdDS AdH

DQ Slew Rate V/ns 2.0 - - - - - - - -

15 - - - - - - - -
1.0 16 16 - - - - - -
0.9 18 13 26 21 - - - -
0.8 19 9 27 17 35 27 - -
0.7 22 3 30 n 38 21 46 37
0.6 25 -4 33 4 41 14 49 30
0.5 - - 29 -6 37 4 45 20
0.4 - - - - 30 -1 38 5

NOTE 1. Empty cell contents are defined as not supported.

Table 217 Data Setup and Hold Base-Values

Data Rate Reference

tDH(base) 100 125 VIH/L(DC) = VREF(DC) £ 100mV

Table 218 Derating Values LPDDR3 tDS/DH - AC/DC based AC 150

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns
AfIS AttH  AuS  AaH  Ads AdH  AdS  AtH
DQ,DM Slew Rate 4.0 38 25 38 25 38 25 - -
V/ns

35 32 21 32 21 32 21 32 21

3.0 25 17 25 17 25 17 25 17

25 - - 15 10 15 10 15 10

2.0 - - - - 0 0 0 0

1.5 - - - - - - -25 17

1.0 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.
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ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns
AtIS AtTH AtIS AtTH AS AtTH

DQ, DM Slew Rate 4.0 - - - - - -

V/ns
35 - - - - - -
30 25 17 - - - -
25 15 10 15 10 - -
20 0 0 0 0 0 0
1.5 -25 -17 -25 -17 -25 -17
1.0 -75 -50 -75 -50 -75 -50

NOTE 1. Empty cell contents are defined as not supported.

Test References

See Figure 129,130, 137 & 132 and Table 68 & 69 in Section 170f the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3E, December 2071.
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Morte: Ulock and Strobe are drawn
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Figure 62 Tangent Line for Hold Time tpy (for DQ with respect to strobe) and t; (for ADD/CMD with respect to clock)

Measurement Algorithm

Acquire and split Read and Write bursts in the acquired signal.

Take the first valid WRITE burst found.

Find all valid rising DM crossings that cross V, (pc) in the said burst.

Find all valid falling DM crossings that cross V ypc) in the same burst.

For all DM crossings found, locate all next DQS crossings that cross OV.

tDH is defined as the time between the DM crossing and the DQS crossing.

Collect all tDH.

Find the worst tDH among the measured values and report the value as the test result.
Measure the mean slew rate for all the DM and DQS edges.

= O 00 N O o »h LWvN =

0 Use the mean slew rate for DM and D@S to determine the AtDH derating value based on the
derating tables.

11 The test limit for tDH test = tDH(base) + AtDH.

Expected/Observable Results

The worst measured tDH must be within the specification limit.
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tDIPW

Test Overview

The purpose of this test is to verify that the width of the high or low level data mask signal is
within the conformance limit as specified in the JEDEC specification.

Modes Supported
DDRS, DDR3L, and LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest

Data Mask Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Mask Signal (DM)
Data Strobe Signal (DQS; must use a differential DQS connection)

Optional signal required to separate the signals for the different Ranks

Chip Select Signal (E as additional signal, which requires an additional channel)

Table 219 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 Units
Min Max Min Max Min Max
DQ and DM Input pulse width for tDIPW 600 - 490 - 400 - ps
each input

Parameter DDR3-1600 DDR3-1866 DDR3-2133 Units
Min Max Min Max Min Max
DQ and DM Input pulse width for tDIPW 360 - 320 - 280 - ps
each input

Table 220 AC Timing

Parameter Min/Max Data Rate

DQ and DM input pulse width tDIPW MIN 0.35 tCK(avg)

Test References
See Tables 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E July 2010 and

See Table 64 in Section 17 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
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Measurement Algorithm

1
2
3
4

6

Acquire and split Read and Write bursts in the acquired signal.
Take the first valid WRITE burst found.

Find all valid rising and falling DM crossings at Vggr in the said burst.

tDIPW is the time starting from a rising/falling edge of the DM and ending at the following
falling/rising (the following edge must not be in the same direction) edge.

Collect all tDIPW.
Determine the worst result from the set of tDIPW measured.

Expected/Observable Results

The worst measured tDIPW must be within the specification limit.
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tVAC(Data Mask)

Test Overview

The purpose of this test is to verify that the time of the data mask signal above V sy and

below V) (acy must be within the conformance limit as specified in the JEDEC specification.
Modes Supported

LPDDR3

Signal cycle of Interest
Write

Require Read/Write separation

Yes

Signal(s) of Interest
Data Mask Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope

Data Mask Signal (DM)
Data Strobe Signal (DQS)

Optional signal required to separate the DQS signals from different ranks of memory

Chip Select Signal (this signal is used to separate DQS signals from different rank of memory)

Test References
See Figures 79 & 81 in Section 11 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

1 Acquire and split Read and Write bursts in the acquired signal.

2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DM crossings at the V|acy and V) ac) levels in the said burst.
4

tVAC (Data) is the time starting from a DM rising Viy(ac) cross point and ending at the
following DQ falling Vpac) cross point.

5 tVAC (Data) is the time starting from a DM falling V| ac) cross point and ending at the
following DM rising V| (ac) cross point.

Collect all tVAC (Data).
Determine the worst result from the set of tVAC (Data) measured.

Report the value of the worst tVAC (Data). No compliance limit checking is performed for this
test.

Expected/Observable Results

The worst measured tVAC (Data) value must be within the specification limit.
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Electrical Overshoot/Undershoot Tests

Overshoot Amplitude/Area (Data Mask)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

VDDQ
V)

Figure 63 Data Mask Overshoot

Modes Supported
DDR3, DDR3L, and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Data Mask Control Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Test Definition Notes from the Specification

Table 221 AC Overshoot Specification for Data Mask Pins

Parameter Specification

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133

Maximum peak amplitude 0.4V 04V 0.4V 04V 04V 0.4V

allowed for overshoot area

Maximum overshoot area 0.25V/ns 0.19V/ns 0.15 V/ns 0.13V/ns 0.11V/ns 0.10V/ns
above Vppg

Table 222 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 v
Maximum area above Vpp Max 0.12 0.10 V/ns

Test References

See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2070

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 20171.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDDQ crossing and ends at
the falling VDDQ crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDDQ.

i Evaluate Area below VDDQ = (Overshoot Region End - Overshoot Region Start) * VDDQ.

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:
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The Trapezoidal Rule

Yo| Fuf ¥a| ¥3 ¥af ¥s

Ax Ax Ax Ax Ax

1 1 1
Area = EI;.-- + A + ?;" wlAr 4 E:_u'_. + ps)dz

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

Area .A/['l: TRt TR TR J,]

Figure 64 Trapezoidal Rule

iv Calculate area above VDDQ = Total area above O volt - area below VDDQ
v Store calculated result below for later worst case finding process:
Overshoot Amplitude
Area above VDDQ
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Overshoot Amplitude
Area above VDDQ@

Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Undershoot Amplitude/Area (Data Mask)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 65 Data Mask Undershoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest
Data Mask Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 223 AC Undershoot Specification for Data Mask Pins

Parameter Specification

DDR3-800  DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude allowed 04V 04V 0.4V 0.4V 0.4V 04V
for undershoot area

Maximum undershoot area below 0.25V/ns 0.19V/ns 0.15V/ns 0.13 V/ns 0.11 V/ns 0.10 V/ns
Vssg
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Table 224 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 v
Maximum area below Vgg Max 0.12 0.10 V/ns

Test References

See Figure 100 and Table 37 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3E, July 2010 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 64)

il Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below 0 volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Undershoot Amplitude
Total area below O volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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Keysight D9030DDRC DDR3 Compliance Test Application
Methods of Implementation

13 Command,Address Tests
Group

Probing for Command, Address Tests / 350
Electrical Tests / 352

Timing Tests / 369

Eye-Diagram Tests / 403

This section provides the Methods of Implementation (MOls) for Command, Address tests using a
Keysight Infiniilum oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers, E2677A
differential solder-in probe head and the DDR3 Compliance Test Application DDR3 Compliance Test
Application.

KEYSIGHT

TECHNOLOGIES
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Probing for Command, Address Tests

When performing the Command, Address tests, the DDR3 Compliance Test ApplicationDDR3
Compliance Test Application will prompt you to make the proper connections. The connection for the
Command, Address tests may look similar to the following diagram. Refer to the Connection tab in
the DDR3 Electrical Performance Compliance application for the exact number of probe connections.

-~ T
r ] |
rl’ ™
L )
® aBp ® BB ®os
.

Infiniium Oscilloscope

DDR3 DIMM

) InfiniiMax solder-in probes
_%h_ o %

:‘—Llj;:-j_im: I E— __——j_'__::-):/—f-/

Figure 66 Probing for Command, Address with Two Probes

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
ApplicationDDR3 Compliance Test Application.DDR3 Compliance Test Application (The channels
shown in Figure 66 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Test Procedure

1 Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

3 Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.
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5 Inthe DDR3 Test application, click the Set Up tab.
Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options

7 Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

¥ DDR3 Test -- New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

VIL.DQ(DC)

Electrical Overshoot/Undershoot Tests
Overshoot amplitude (Data Mask)
Overshoot area (Data Mask)
undershoot amplitude (Data Mask)
Undershoot area (Data Mask)

Command,Address

Electrical Tests

VIH.CA(AC)

VIH.CA(DC)

VIL.CA(AC)

VIL.CA(DC)

Overshoot Amplitude {Command,Address)
Overshoot Area (Command,Address)
Undershoot Amplitude (Command,Address)
Undershoot Area (Command,Address)

Timing Tests
tS(base)
tIH(base)
tis(derate)
tIH(derate)
tPwW
tVAC(Command,Address)

T -

Messages

2017-11-30 12:31:58:146 PM Connecting to I ium
2017-11-30 1 59:502 PM Connected to Infiniium
2017-11-30 1 59:688 PM Run in Demo Mode?
2017-11-30 1 09:843 PM Ready

2017-12-01 04:18:45:350 PM Save Changes?

Figure 67 Selecting Command, Address Tests
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Electrical Tests

VIH.CA(AC)

352

Test Overview

The purpose of this test is to verify that the high level voltage value of the test signal within a
valid sampling window is greater than the conformance lower limits of the V|4 ca(ac) value
specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Address Signals OR
Control Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 225 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133
Min Max Min Max
ViH CA(AC 175) AC input logic high Vper +0.175 Note 22 - - v
VIH,CA(AC 150) AC input logic high Vrer +0.150 Note 22 - - v
Vi CAMC 135) AC input logic high - - Vper +0.135 Note 22 Vv
ViH ca(ac 125) AC input logic high - - Vger +0.125 Note 22 v

a: Refers to Note 2 in Table 23 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification
document.
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Table 226 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3L-800/1066 DDR3L-1333/1600 Units
Min Max Min Max
ViH CA(AC 160) AC input logic high VRer + 0.160 Note 22 Vrer +0.160 Note 22 v
Vi cAAC 135) AC input logic high Vger +0.135 Note 22 VRer +0.135 Note 22 v

a: Refers to Note 2 in Table 4 of the JEDEC Standard JESD79-3-1. See section 9.6.1 of “Overshoot and Undershoot Specifications” of JEDEC Standard JESD79-3E.

Table 227 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter Min Max Unit Notes
Vi cAAC) AC input logic high Vgeg + 0.150 Note 2° v 12 b
a: Refers to Note 1 in Table 33 of the JEDEC Standard JESD209-3. For CA and CS_n input only pins. VRef = VRefCA(DC).

b: Refers to Note 2 in Table 33 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

Test References

See Table 23 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 4 in Section 3.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 35 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.
Measurement Algorithm

Obtain sample or acquire signal data.
2 Find all valid positive pulses. A valid positive pulse starts at Vggr crossing at valid rising edge
and ends at Vrgr crossing at the following valid falling edge.

3 Zoom in on the first valid positive pulse and perform Vygp measurement. Take the Vigp
measurement result as V| caac) value.

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

Expected/Observable Results

The high level voltage value of the test signal must be greater than or equal to the minimum
ViH.cA(ac) value.
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VIH.CA(DC)

Test Overview

The purpose of this test is to verify that the histogram mode value of the test signal within a
valid sampling window is within the conformance limits of the V|ypc) value specified in the
JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

The value of VDD which directly affect the conformance lower limit is set to 1.50V for typical
DDR3, 1.35V for DDR3L and 1.2V for LPDDR3. User may choose to use the UDL (User Defined
Limit) feature in the application to perform this test against a customize test limit set based on
different values of VDD.

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Address Signals OR
Control Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 228 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max Min Max

V|H,CA(DC100) DC input lOgiC hlgh VREF +0.100 VDD VREF +0.100 VDD v

Table 229 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3L-800/1066 DDR3L-1333/1600

Min Max Min Max

V|H,CA(DC 90) DC input lOgiC hlgh VREF +0.09 VDD VREF +0.09 VDD Vv
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Table 230 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter Min Max Unit Notes
V|H,CA(DC) DC input logic hlgh VREF +0.100 VDDCA v 18

a: Refers to Note 1 in Table 33 of the JEDEC Standard JESD209-3. For CA and CS_n input only pins. VRef= VRefCA(DC).

Test References

See Table 23 in Section 8.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 4 in Section 3.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 35 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

Obtain sample or acquire signal data.

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

3 Zoom in on the first valid positive pulse and perform Vygp measurement. Take the Vigp
measurement result as V| capc) Value.

4 Continue the previous step with another nine valid positive pulses that were found in the burst.

5 Determine the worst result from the set of V|, capc) measured.

Expected/Observable Results

The high level voltage value of the test signal must be greater than or equal to the minimum

ViH.ca(pe) value.
The high level voltage value of the test signal also must not be greater than maximum
Vin.ca (oc) value which is VDD for DDR3/DDR3L or VDDCA for LPDDRS3.
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VIL.CA(AC)

Test Overview

The purpose of this test is to verify that the low level voltage value of the test signal within a
valid sampling window is lower than the conformance lower limits of the VIL(AC) value
specified in the JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. Users may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Address Signals OR
Control Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)

Test Definition Notes from the Specification

Table 231 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133
Min Max Min Max
VILCAGC 175) AC input logic low Note 22 Vper - 0175 - - v
VILCA(AC 150) AC input logic low Note 22 Vper - 0.150 - - v
ViLCAAC 135) AC input logic low - - Note 22 Vper - 0.135 v
ViLcAAC 125) AC input logic low - - Note 22 VRer - 0.125 v

a: Refers to Note 2 in Table 23 of the JEDEC Standard JESD79-3E. See section 9.6 “Overshoot and Undershoot Specifications” on page 126 of the specification
document.

Table 232 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3L-800/1066 DDR3L-1333/1600
Min Max Min Max
VILCAC 160) AC input logic low Note 22 Vper - 0.160 Note 2 Ve - 0.160 Vv
ViLcAAC 135) AC input logic low Note 22 Vper - 0.135 Note 22 Vper - 0.135 Vv

a: Refers to Note 2 in Table 4 of the JEDEC Standard JESD79-3-1. See section 9.6.1 of “Overshoot and Undershoot Specifications” of JEDEC Standard JESD79-3E.
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Table 233 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter Min Max Unit Notes
ViLcanc) AC input logic low Note 2° Vper - 0.150 v 12, 20
a: Refers to Note 1 in Table 33 of the JEDEC Standard JESD209-3. For CA and CS_n input only pins. VRef= VRefCA(DC).

b: Refers to Note 2 in Table 33 of the JEDEC Standard JESD209-3. See section 8.5 “Overshoot and Undershoot Specifications” on page 92 of the specification
document.

Test References

See Table 23 in Section 8.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 4 in Section 3.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 35 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

Obtain sample or acquire signal data.
2 Find all valid negative pulses. A valid negative pulse starts at Vggg crossing at valid falling
edge and ends at Vggr crossing at the following valid rising edge.

3 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take the Vgage
measurement result as V|| ca (ac) value.

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

Expected/Observable Results

The histogram mode value of the test signal must be less than or equal to the maximum Vi ac)
value.
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VIL.CA(DC)

Test Overview

The purpose of this test is to verify that the histogram mode value of the test signal within a
valid sampling window is within the conformance limits of the V|| pc) value specified in the
JEDEC specification.

The value of Vggr which directly affects the conformance lower limit is set to 0.75V for typical
DDR3, 0.675V for DDR3L and 0.6V for LPDDR3. User may choose to use the UDL (User
Defined Limit) feature in the application to perform this test against a customized test limit set
based on different values of Vggg.

Modes Supported

DDRS3, DDR3L, and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Address Signals OR
Control Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 234 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3-800/1066/1333/1600 DDR3-1866/2133

Min Max Min Max

V".,CA(DC 100) DC input lOgiC low VSS VREF -0.100 VSS VREF -0.100 Vv

Table 235 Single-Ended AC and DC Input Levels for Command and Address

Parameter DDR3L-800/1066 DDR3L-1333/1600

Min Max

VIL,CA(DC 90) DC input lOgiC low VSS VREF -0.09 Vss VREF -0.09 v

Table 236 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter Min

V|L,CA(DC) DC input lOgiC low VSSCA VREF -0.100 v 18

a: Refers to Note 1 in Table 33 of the JEDEC Standard JESD209-3. For CA and CS_n input only pins. VRef = VRefCA(DC).
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Test References

See Table 23 in Section 8.1 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3E, July 2010,

See Table 4 in Section 3.7 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1, July 2010 and

See Table 35 in Section 7 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3E, December 2011.

Measurement Algorithm

Obtain sample or acquire signal data.

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

3 Zoom in on the first valid negative pulse and perform Vgage measurement. Take the Vgage
measurement result as V|| capc) value.

4 Continue the previous step with another nine valid negative pulses.

5 Determine the worst result from the set of V||_capc) measured.

Expected/Observable Results

The low level voltage value of the test signal must be less than or equal to the maximum
V|L.CA (DC) value.

b.The high level voltage value of the test signal also shall be not greater than maximum
VIH.CA (DC) value which is VDD for DDR3/DDR3L or VDDCA for LPDDR3.
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SlewR on Setup Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 For all valid rising edges, find the transition time, delta TR which is time starts at VREF
crossing and end at following VIH (ac) crossing. Then calculate Rising Slew.

Rising Slew = Vibjae) MIN - Veer
delta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Setup Region
Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is de-
finable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta TF which is time starts at VREF
crossing and end at following VIL (ac) crossing. Then calculate Falling Slew.

W, -V max
Falling Slew =  mm—mlt@0
delta TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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SlewR on Hold Region

Test Overview

The purpose of this test is to calculate the rising slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid rising edges in the whole acquisition. A valid rising edge starts at VIL (ac)
crossing and end at following VIH (ac) crossing.

3 For all valid rising edges, find the transition time, delta TR which is time starts at VIL(DC)
crossing and end at following VREF crossing. Then calculate Rising Slew.

Veer — ViLe)

Rising Slew = Jelta TR

4 Determine the worst result from the set of SlewR measured.

Expected/Observable Results

The calculated Rising Slew value for the test signal shall meet the user defined limit.
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SlewF on Hold Region

Test Overview

The purpose of this test is to calculate the falling slew rate value of the test signal. The limit is
definable by the customers for their evaluation tests usage.

Select Custom from the Test Mode drop-down options under the Set
Up tab for this test to appear in the Select Tests tab.

Mode Supported
DDR3 and DDR3L

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Required Signals that are needed to perform this test on oscilloscope

Pin Under Test, PUT = any of the signal of interest defined above.

Test References
There is no available test specification limit of Input Signal Minimum Slew Rate in JEDEC
specifications.

Measurement Algorithm

Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge starts at VIH (ac)
crossing and end at following VIL (ac) crossing.

3 For all valid falling edges, find the transition time, delta TF which is time starts at VIH(DC)
crossing and end at following VREF crossing. Then calculate Falling Slew.

Vinwey — Veer

Falling Slew = dela TF

4 Determine the worst result from the set of SlewF measured.

Expected/Observable Results

The calculated Falling Slew value for the test signal shall meet the user defined limit.
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Overshoot Amplitude/Area (Command, Address)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

VDDQ

V)

Figure 68 Command Address Overshoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
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Test Definition Notes from the Specification

Table 237 AC Overshoot Specification for Address and Control Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333 DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude allowed 0.4V 04V 0.4V 0.4V 0.4V 04V
for overshoot area
Maximum overshoot area above 0.67 V/ns 0.5V/ns 0.4 V/ns 0.33 V/ns 0.28 V/ns 0.25V/ns
Voo

Table 238 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 v
Maximum area above Vpp Max 0.12 0.10 V-ns

Test References
See Figure 99 and Table 36 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3-1, July 2070 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.
2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDD (or VDDCA) crossing
and ends at the falling VDD (or VDDCA) crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the
acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDD (or VDDCA).

i Evaluate Area below VDD (or VDDCA) = (Overshoot Region End - Overshoot Region Start)
*VDD (or VDDCA).

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:
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The Trapezoidal Rule

Yo| Fuf ¥a| ¥3 ¥af ¥s

Ax Ax Ax Ax Ax

1 1 1
Area = EI;.-- £y A 4 W va)aT + E:_u'.- + ws)dz
Wi can simplify this to give us the Trapezoidal Rule, for n trapezoids:

Area .A/['l: TRt TR TR J,]

Figure 69 Trapezoidal Rule
iv Calculate area above VDD (or VDDCA) = Total area above 0 volt - area below VDD (or
VDDCA).
v Store calculated result below for later worst case finding process:
Overshoot Amplitude
Area above VDD (or VDDCA)
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Overshoot Amplitude
Area above VDD (or VDDCA)

Expected/Observable Results

The measured maximum voltage value must be less than or equal to the maximum overshoot
value.

The calculated Overshoot area value must be less than or equal to the maximum Overshoot
area allowed.
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Undershoot Amplitude/Area (Command, Address)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 70 Command, Address Undershoot

Modes Supported
DDR3, DDR3L and LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write separation
No

Signal(s) of Interest

Command, Address Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 239 AC Undershoot Specification for Address and Control Pins

Parameter Specification

DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600 DDR3-1866  DDR3-2133

Maximum peak amplitude 0.4V 04V 0.4V 04V 04V 0.4V
allowed for undershoot area
Maximum undershoot area 0.67 V/ns 0.5V/ns 0.4 V/ns 0.33 V/ns 0.28 V/ns 0.25 V/ns
below VSS
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Table 240 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot area Max 0.35 v
Maximum area below Vgg Max 0.12 0.10 V/ns

Test References

See Figure 99 and Table 36 in Section 9 of the DDR3 SDRAM Specification in the JEDEC
Standard JESD79-3-1, July 2010 and

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0 - VMIN

i Evaluate total area below 0 volt by using Trapezoidal Method Area Calculation (refer to
Figure 69)

il Store Calculated result below for later worst case finding process;
Undershoot Amplitude
Total area below 0 volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Undershoot Amplitude
Total area below O volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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Timing Tests

tIS(base)

Test Overview

The purpose of this test is to verify that the time interval from the address or control (rising or
falling edge) setup time to the associated clock crossing edge is within the conformance limits
as specified in the JEDEC Specification.

hote: Clock and Sirobe are drawn
on a diffsrert time scale. . s ..l- tiH
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* >
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slew rate
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Setup Slew Rate _ YREF(d) - ViLaoMEX  Setup Slew Rate _ ViHeg™IN - VREF(@g
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Figure 71 Nominal Slew Rate and tyac for Setup Time tpg (for DQ with respect to strobe) and t;g (for ADD/CMD with
respect to clock)

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Keysight D9O30DDRC DDR3 Compliance Test Application Methods of Implementation 369



13 Command,Address Tests Group

Require Read/Write separation
No

Signal(s) of Interest
Address or Control Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Address or Control Signal
Clock Signal

Test Definition Notes from the Specification

Table 241 Timing Parameters by Speed Bin

Parameter DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600

Symbol

Min Max Min Max Min Max Min Max

Command and Address setuptimeto  tIS(base) 200 - 125 - 65 - 45 - ps
CK, CK# referenced to Vih(ac)/Vil(ac) AC 175

levels
Command and Address setuptimeto  tIS(base) 350 - 275 - 190 - 170 - ps
CK, CKi# referenced to Vih(ac)/Vil(ac) AC 150

levels

DDR3-2133

Parameter DDR3-1866

Min Max Min Max

Command and Address setup time to CK, CK# referenced to tIS(base) TBD TBD ps
Vih(ac)/Vil(ac) levels AC 150

Command and Address setup time to CK, CKi referenced to tIS(base) TBD TBD ps
Vih(ac)/Vil(ac) levels AC 125

Table 242 Timing Parameters by Speed Bin

Parameter

Command and Address setup time to
CK, CK# referenced to Vih(ac)/Vil(ac)
levels

Command and Address setup time to
CK, CK# referenced to Vih(ac)/Vil(ac)
levels

tIS(base)
AC 160

tIS(base)
AC 135

DDR3L-800 DDR3L-1066
Min Max Min Max
215 - 140 -
365 - 290 -

DDR3L-1333
Min Max
80 -
205 -

DDR3L-1600

Min Max

60 - ps
185 - ps

Test References

See Figure 117 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010 and

See Table 6 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard

JESD79-3-1 July 2010.
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Measurement Algorithm

Precondition the oscilloscope.
Trigger on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross Vo).

Find all crossings on falling edge of the signal under test that cross Vi (ac).

For all crossings found, locate the nearest clock crossing that crosses OV.

D oA W N =

Take the time difference between the signal under test's crossing and the corresponding clock
crossing as tlS.

Collect all measured tIS.

o

Report the worst tIS measured as the test result.
Compare the test result against the compliance test limit.

Expected/Observable Results

The measured time interval between the address/control setup time and the respective clock
crossing point must be within the specification limit.
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tIH(base)

Test Overview

tIH(base) - Address and Control Input Hold Time. The purpose of this test is to verify that the
time interval from the address or control (Addr/Ctrl rising or falling edge) hold time to the
associated clock crossing edge is within the conformance limits as specified in the JEDEC
Specification.

N i Tt s, U5 | uH RERRLN
cK g ey |
/ A\ \;\_ A4
’ \ ’ \
CK#t - — v o _/\---.
DQ% ------ - ————
A \ r
\ FAA
Das | S —— —
DS 10H t0s | tDH
Voo o T T -
ViHeyMin - — — — — b —
fee) VREF to ac
region
Viggmin __ | _
nominal
slew rate
VREFdg - -——1t-————F-——--—7-—————— -
nominal
/slewrate
Viggmac —— XN — - %
WREF to ac
ViLag) MBX - — - — — S —— [EQiy
Veg o p o — ] e
— «— — “«—
ATF ATR
Setup Slew Rate _ VREFEdc] - V\L;aqma" Setup Slew Rate _ ViH(agMN - VREF(g
Falling Signal ATF Rising Signal  ~ _‘-Jﬁﬁ-“

Figure 72 Nominal Slew Rate and tyac for Setup Time tpg (for DQ with respect to strobe) and t;g (for ADD/CMD with
respect to clock)

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Address or Control Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Address or Control Signal
Clock Signal
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Test Definition Notes from the Specification

Table 243 Timing Parameters by Speed Bin

Parameter Symbol DDR3-800 DDR3-1066  DDR3-1333  DDR3-1600  Units

Min Max Min Max Min Max Min Max

Command and Address setup time from tIH(base) 275 - 200 - 140 - 120 - ps
CK, CK# referenced to Vih(dc)/Vil(dc) DC 100
levels

Parameter DDR3-1866 DDR3-2133 Units
Min Max Min Max
Command and Address setup time from tIH(base) TBD TBD ps
CK, CK# referenced to Vih(dc)/Vil(dc) DC 100
levels

Table 244 Timing Parameters by Speed Bin

Parameter Symbol DDR3L-800 DDR3L-1066  DDR3L-1333  DDR3L-1600  Units

Min Max Min Max Min Max Min Max

Command and Address setup time tIH(base) 285 - 210 - 150 - 130 - ps

from CK, CKi# referenced to DC 90
Vih(dc)/Vil(dc) levels

Test References

See Figure 117 and Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2070 and

See Table 6 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1 July 2010.

Measurement Algorithm

oD o A WON =

[Ce RN

9

Precondition the oscilloscope.
Trigger on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross V) (pg).

Find all crossings on falling edge of the signal under test that cross Vypc).

For all crossings found, locate the nearest Clock crossing that crosses QV.

Take the time difference between the signal under test’s crossing and the corresponding clock
crossing as tIH.

Collect all measured tIH.
Report the worst tIH measured as the test result.
Compare the test result against the compliance test limit.

Expected/Observable Results

The measured time interval between the address/control (Add/Ctrl) hold time and the
respective clock crossing point must be within the specification limit.
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tIS(derate)

Test Overview

The purpose of this test is to verify that the time interval from address or control
(Address/Control rising/falling edge) setup time to the associated clock crossing edge must be
within the conformance limit as specified in the JEDEC Specification.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Address or Control Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Address or Control Signal
Clock Signal

Test Definition Notes from the Specification

Table 245 ADD/CMD Setup and Hold Base-Value for 1V/ns

Units (ps) DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866  DDR3-2133 Reference

tIS (base) AC 175 200 125 65 45 - - VIH/L(AC)
tIS (base) AC 150 350 275 VIH/L(AC)
tIS (base) AC 135 - VIH/L(AC)

tIS (base) AC 125 VIH/L(AC)

tIH (base) DC 100 275 200 140 120 - - ViHLo0)
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Table 246 Derating Values DDR3-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 175 Threshold

DtIS, DtIH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
DtIS DtiH DtIS DtiH DtIS DtiH DtIS DtiH
CMD/ADD Slew 2.0 88 50 88 50 88 50 96 58
Rate V/ns
15 59 34 59 34 59 34 67 42
1.0 0 0 0 0 0 0 8 8
0.9 -2 -4 -2 -4 -2 -4 6 4
0.8 -6 -10 -6 -10 -6 -10 2 -2
0.7 -1 -16 -1 -16 -1 -16 -3 -8
0.6 -17 -26 -17 -26 -17 -26 -9 -18
0.5 -35 -40 -35 -40 -35 -40 -27 -32
0.4 -62 -60 -62 -60 -62 -60 -54 -52

DtIS, DtIH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.4V/ns 1.2V/ns 1.0V/ns
DtIS DtIH DtIS DtIH DtIS DtIH
CMD/ADD Slew 20 104 66 12 74 120 84 128 100
Rate V/ns
15 75 50 83 58 91 68 99 84
1.0 16 16 24 24 32 34 40 50
0.9 14 12 22 20 30 30 38 46
0.8 10 6 18 14 26 24 34 40
0.7 5 0 13 8 21 18 29 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 -19 -24 -1 -16 -2 -6 5 10
0.4 -46 -44 -38 -36 -30 -26 -22 -10

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 375



13 Command,Address Tests Group

Table 247 Derating Values DDR3-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 150 Threshold

AMIS, AtTH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  AusS  AdaH  Ads  AaH  Ads  AtH
CMD/ADD Slew 2.0 75 50 75 50 75 50 83 58
Rate V/ns
1.5 50 34 50 34 50 34 58 42
1.0 0 0 0 0 0 0 8 8
0.9 0 -4 0 -4 0 -4 8 4
0.8 0 -10 0 -10 0 -10 8 -2
0.7 0 -16 0 -16 0 -16 8 -8
0.6 -1 -26 -1 -26 -1 -26 7 -18
0.5 -10 -40 -10 -40 -10 -40 -2 -32
0.4 -25 -60 -25 -60 -25 -60 -17 -52

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtS AtIH AtIS AtH AdS  AdH  AuS  AtH

CMD/ADD Slew 20 91 66 99 74 107 84 115 100
Rate V/ns
15 66 50 74 58 82 68 90 84
1.0 16 16 24 24 32 34 40 50
0.9 16 12 24 20 32 30 40 46
038 16 6 24 14 32 24 40 40
0.7 16 0 24 8 32 18 40 34
0.6 -15 -10 23 -2 31 8 39 24
0.5 - - 14 -16 22 -6 30 10
0.4 - - - - 7 -26 15 -10
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Table 248 Derating Values DDR3-1866/2133 IS/tlH - AC/DC based Alternate AC 135 Threshold

AMIS, AtTH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  Aus  AgaH  AdS  AdH  AdS  AtIH
CMD/ADD Slew 2.0 68 50 68 50 68 50 76 58
Rate V/ns
1.5 45 34 45 34 45 34 53 42
1.0 0 0 0 0 0 0 8 8
0.9 2 -4 2 -4 2 -4 10 4
0.8 3 -10 3 -10 3 -10 1 -2
0.7 6 -16 6 -16 6 -16 14 -8
0.6 9 -26 9 -26 9 -26 17 -18
0.5 5 -40 5 -40 5 -40 13 -32
0.4 -3 -60 -3 -60 -3 -60 6 -52

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtIS AtIH AtIS  AtH AaS  AdH  AdS  AtlH

CMD/ADD Slew 2.0 84 66 92 74 100 84 108 100
Rate V/ns
1.5 61 50 69 58 77 68 85 84
1.0 16 16 24 24 32 34 40 50
0.9 18 12 26 20 34 30 42 46
0.8 19 6 27 14 35 24 43 40
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 41 8 49 24
0.5 21 -24 29 -16 37 -6 45 10
0.4 14 -44 22 -36 30 -26 38 -10
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Table 249 Derating Values DDR3-1866/2133 1S/tiH - AC/DC based Alternate AC 125 Threshold

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 125 Threshold -> VIH(AC) = VREF(DC) + 125 mV, VIL(AC) = VREF(DC) - 125 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AtH  Ats AtH  Ads  AtH  AdS  AtIH
CMD/ADD Slew 2.0 63 50 63 50 63 50 71 58
Rate V/ns
15 42 34 42 34 42 34 50 42
1.0 0 0 0 0 0 0 8 8
0.9 4 -4 4 -4 4 -4 12 4
0.8 6 -10 6 -10 6 -10 14 -2
0.7 1 -16 " -16 1" -16 19 -8
0.6 16 -26 16 -26 16 -26 24 -18
0.5 15 -40 15 -40 15 -40 23 -32
0.4 13 -60 13 -60 13 -60 32 -52

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 125 Threshold -> VIH(AC) = VREF(DC) + 125 mV, VIL(AC) = VREF(DC) - 125 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtIS AtIH AtIS  AtH Aas  AdH  AdS  AtlH

CMD/ADD Slew 2.0 79 66 87 74 95 84 103 100
Rate V/ns
1.5 58 50 66 58 74 68 82 84
1.0 16 16 24 24 32 34 40 50
0.9 20 12 28 20 36 30 44 46
0.8 22 6 30 14 38 24 46 40
0.7 27 0 35 8 43 18 51 34
0.6 32 -10 40 -2 48 8 56 24
05 31 -24 39 -16 47 -6 55 10
0.4 29 -44 37 -36 45 -26 53 -10

Table 250 ADD/CMD Setup and Hold Base-Value for 1V/ns

Units (ps) DDR3L-800 DDR3L-1066 DDR3L-1333 DDR3L-1600 Reference

IS (base) AC 150 215 140 80 60 Vi)

S (base) AC 135 365 290 205 Vi)

tIH (base) DC 100 285 210 150 130 ViHALoo)
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Table 251 Derating Values DDR3-800/1066 tIS/tIH - AC/DC based Alternate AC 160 Threshold

AMIS, AtTH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
At AtH  Aus AuH  Ads  AtH  AdS  AdH
DQ Slew Rate V/ns 2.0 80 45 80 45 80 45 - -
1.5 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
0.9 -1 -3 -1 -3 -1 -3 7 5
0.8 -3 -8 -3 -8 -3 -8 5 1
0.7 -5 -13 -5 -13 -5 -13 3 -5
0.6 -8 -20 -8 -20 -8 -20 0 -12
05 -20 -30 -20 -30 -20 -30 -12 -22
0.4 -40 -45 -40 -45 -40 -45 -32 -37

AtIS, AtIH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtS AtIH AIS AUH AuS AdH  AuS  AtH

DQ Slew Rate V/ns 2.0 96 61 104 69 112 79 120 95
15 69 46 77 54 85 64 93 80
1.0 16 16 24 24 32 34 40 50
0.9 15 13 23 21 31 31 39 47
0.8 13 9 21 17 29 27 37 43
0.7 " 3 19 M 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
0.5 -4 -14 4 -6 12 4 20 20
0.4 -24 -29 -16 -21 -8 -1 0 5
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Table 252

DQ Slew Rate V/ns

0.9

0.8

0.7

0.6

0.5

0.4

AMIS, AtTH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

4.0V/ns
AtIS AtIH

68 45
45 30
0 0

2 3
3 -8
6 -13
9 -20
5 -30
3 -45

Derating Values DDR3-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 135 Threshold

DQS, DQS# Differential Slew Rate

3.0V/ns
AtIS  AtH

68 45
45 30
0 0

2 -3
3 -8
6 -13
9 20
5 -30
-3 -45

2.0V/ns
AtIS  AtlH

68 45
45 30
0 0

2 -3
3 -8
6 -13
9 -20
5 -30
-3 -45

1.8V/ns
AtIS  AtlH
53 38
8 8
10 5
11 1
14 -5
17 -12
13 -22
6 -37

DQ Slew Rate V/ns

2.0

15

1.0

0.9

0.8

0.7

0.6

0.5

0.4

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

1.6V/ns
AtS AtTH
84 61
61 46
16 16
18 13
19 9
22 3
25 -4
21 14
14 -29

DQS, DQS# Differential Slew Rate

1.4V/ns
AtS  AtH
92 69
69 54
24 2%
26 21
27 17
30 1
33 4
29 6
22 -21

1.2V/ns
AtS  AtdH
100 79
77 64
32 34
34 31
35 27
38 21
41 14
37 4
30 -11

1.0V/ns
Ats  AgH
108 9%
85 80
40 50
42 47
43 43
46 37
49 30
45 20
38 5

Test References

See Figure 117 & 113 and Table 70 to 74 in Section 13 of the DDR3 SDRAM Specification in
the JEDEC Standard JESD79-3E, July 2070 and

See Table 7 to 9 in Section 4 of the DDR3 SDRAM Specification in the JEDEC Standard

JESD79-3-1 July 2010.
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Figure 73 Tangent Line for Setup Time tpg (for DQ with respect to strobe) and t;g

(for ADD/CMD with respect to clock)

Measurement Algorithm

o o A WON =

7
8
9

Precondition the oscilloscope.
Trigger on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross Vyac)-

Find all crossings on falling edge of the signal under test that cross Vjjac).

For all crossings found, locate the nearest Clock crossing that crosses OV.

13

Take the time difference between the signal under test’s crossing and the corresponding clock

crossing as tIS.

Collect all measured tIS.

Report the worst tIS measured as the test result.

Measure the mean slew rate for all the ADD/CMD and CK edges.

10 Use the mean slew rate for ADD/CMD and CK to determine the AtlS derating value based on

the derating table.

11 The test limit for tIS test = tIS(base) + AtlS.

Expected/Observable Results

The measured time interval between address/control (Add/Ctrl) setup time to respective clock

crossing point must be within the specification limit.
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tIH(derate)

Test Overview

The purpose of this test is to verify that the time interval from address or control (Add/Ctrl
rising/falling edge) hold time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC Specification.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Address or Control Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Address or Control Signal
Clock Signal

Test Definition Notes from the Specification

Table 253 ADD/CMD Setup and Hold Base-Value for 1V/ns

Units (ps) DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 DDR3-1866 DDR3-2133 Reference

tIS (base) AC 200 125 65 45 = - ViH/Lac)
175

tlS (base) AC 350 275 190 VikLac)
150

tIS (base) AC ViH/Lac)
135

IS (base) AC ViH/ac)
125

tiH (base) DC 275 200 140 120 - - Vin/uoe)
100

382 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Table 254

CMD/ADD Slew
Rate V/ns

0.9

0.8

0.7

0.6

0.5

0.4

Command,Address Tests Group

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

4.0V/ns
AtIS AtIH
88 50
59 34
0 0
-2 -4
-6 -10
-1 -16
17 -26
-35 -40
-62 -60

Derating Values DDR3-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 175 Threshold

DQS, DQS# Differential Slew Rate

3.0V/ns
AS  AtIH
88 50
59 34
0 0
-2 -4
-6 -10
-11 -16
17 -26
-36 -40
-62 -60

2.0V/ns
AtIS  AtlH
88 50
59 34
0 0
2 -4
6 -10
-1 -16
17 -26
-35 -40
-62 -60

1.8V/ns
AS  AtIH

9 58
67 42
8 8
6 4
2 -2
-3 -8
-9 -18
27 -32
-54 -52

13

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 175 Threshold -> VIH(AC) = VREF(DC) + 175 mV, VIL(AC) = VREF(DC) - 175 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtS AtTH Ats  AUH  AdS  AdH  AdS  AtH
CMD/ADDSlew 2.0 104 66 112 74 120 84 128 100
Rate V/ns
15 75 50 83 58 91 68 99 84
1.0 16 16 24 2% 32 34 40 50
09 14 12 22 20 30 30 38 46
0.8 10 6 18 14 26 2% 34 40
0.7 5 0 13 8 21 18 29 34
06 -1 -10 7 -2 15 8 23 2%
05 -19 24 -1 -16 -2 -6 5 10
0.4 -46 -4k -38 -36 -30 -26 -22 -10
383
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Table 255 Derating Values DDR3-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 150 Threshold

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  Aus AuH  AdS  AdH  Ads  AtH
CMD/ADD Slew 2.0 75 50 75 50 75 50 83 58
Rate V/ns
1.5 50 34 50 34 50 34 58 42
1.0 0 0 0 0 0 0 8 8
0.9 0 -4 0 -4 0 -4 8 4
0.8 0 -10 0 -10 0 -10 8 -2
0.7 0 -16 0 -16 0 -16 8 -8
0.6 -1 -26 -1 -26 -1 -26 7 -18
0.5 -10 -40 -10 -40 -10 -40 -2 -32
0.4 -25 -60 -25 -60 -25 -60 -17 -52

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtIS AtIH AIS  AtH  AuS  AUH  AtS  AtH

CMD/ADD Slew 2.0 91 66 99 74 107 84 115 100
Rate V/ns
15 66 50 74 58 82 68 90 84
1.0 16 16 24 24 32 34 40 50
0.9 16 12 24 20 32 30 40 46
08 16 6 24 14 32 24 40 40
0.7 16 0 24 8 32 18 40 34
0.6 -15 -10 23 -2 31 8 39 24
05 - - 14 -16 22 -6 30 10
0.4 - - - - 7 -26 15 -10
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Table 256 Derating Values DDR3-1866/2133 IS/tlH - AC/DC based Alternate AC 135 Threshold

AMIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AtH  AdS  AuH  Aas  AtH  AdS  AdH
CMD/ADD Slew 2.0 68 50 68 50 68 50 76 58
Rate V/ns
1.5 45 34 45 34 45 34 53 42
1.0 0 0 0 0 0 0 8 8
0.9 2 -4 2 -4 2 -4 10 4
0.8 3 -10 3 -10 3 -10 M -2
0.7 6 -16 6 -16 6 -16 14 -8
0.6 9 -26 9 -26 9 -26 17 -18
0.5 5 -40 5 -40 5 -40 13 -32
0.4 -3 -60 -3 -60 -3 -60 6 -52

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
A4S AtTH AtIS  AgH A4S AtH  AtSs  AtH
CMD/ADD Slew 2.0 84 66 92 74 100 84 108 100
Rate V/ns
15 61 50 69 58 77 68 85 84
1.0 16 16 2% 24 32 34 40 50
0.9 18 12 26 20 34 30 42 46
0.8 19 6 27 14 35 24 43 40
0.7 22 0 30 8 38 18 46 34
0.6 25 -10 33 -2 4 8 49 24
05 21 -24 29 -16 37 6 45 10
0.4 14 -4k 22 -36 30 -26 38 -10
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Table 257 Derating Values DDR3-1866/2133 1S/tiH - AC/DC based Alternate AC 125 Threshold

AMIS, AtTH derating in [ps] AC/DC based
Alternate AC 125 Threshold -> VIH(AC) = VREF(DC) + 125 mV, VIL(AC) = VREF(DC) - 125 mV

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  Aus  AdaH  AdS  AdH  AdS  AtIH
CMD/ADD Slew 2.0 63 50 63 50 63 50 7 58
Rate V/ns
1.5 42 34 42 34 42 34 50 42
1.0 0 0 0 0 0 0 8 8
0.9 4 -4 4 -4 4 -4 12 4
0.8 6 -10 6 -10 6 -10 14 -2
0.7 1 -16 1 -16 1" -16 19 -8
0.6 16 -26 16 -26 16 -26 24 -18
0.5 15 -40 15 -40 15 -40 23 -32
0.4 13 -60 13 -60 13 -60 32 -52

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 125 Threshold -> VIH(AC) = VREF(DC) + 125 mV, VIL(AC) = VREF(DC) - 125 mV

DQS, DQS# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtIS AtIH AtIS  AtH  AuS  AtH  AdS  AdH

CMD/ADD Slew 2.0 79 66 87 74 95 84 103 100
Rate V/ns
15 58 50 66 58 74 68 82 84
1.0 16 16 24 24 32 34 40 50
0.9 20 12 28 20 36 30 44 46
0.8 22 6 30 14 38 24 46 40
0.7 27 0 35 8 43 18 51 34
0.6 32 -10 40 -2 48 8 56 24
0.5 31 -24 39 -16 47 -6 55 10
0.4 29 -44 37 -36 45 -26 53 -10

Table 258 ADD/CMD Setup and Hold Base-Value for 1V/ns

Units (ps) DDR3L-800  DDR3L-106  DDR3L-133  DDR3L-160 Reference
6 3 0

tIS (base) AC 150 215 140 80 60 VIH/L(AC)

tIS (base) AC 135 365 290 185 VIH/L(AC)

tiH (base) DC 100 285 210 150 130 VIH/L(DC)
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Table 259 Derating Values DDR3-800/1066 tIS/tIH - AC/DC based Alternate AC 160 Threshold

AMIS, AtTH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  Aus  AgaH  AdS  AdH  AdS  AtIH
CMD/ADD Slew 2.0 80 45 80 45 80 45 - -
Rate V/ns
1.5 53 30 53 30 53 30 58 38
1.0 0 0 0 0 0 0 8 8
0.9 -1 -3 -1 -3 -1 -3 7 5
0.8 -3 -8 -3 -8 -3 -8 5 1
0.7 -5 -13 -5 -13 -5 -13 3 -5
0.6 -8 -20 -8 -20 -8 -20 0 -12
0.5 -20 -30 -20 -30 -20 -30 -12 -22
0.4 -40 -45 -40 -45 -40 -45 -32 -37

AMIS, AtIH derating in [ps] AC/DC based
AC 160 Threshold -> VIH(AC) = VREF(DC) + 160 mV, VIL(AC) = VREF(DC) - 160 mV

CK, CK# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtS AtTH AtIS AtIH  AdS AtIH A4S AtIH

CMD/ADD Slew 20 96 61 104 69 112 79 120 95
Rate V/ns
15 69 46 77 54 85 64 93 80
1.0 16 16 24 24 32 34 40 50
0.9 15 13 23 21 31 31 39 47
08 13 9 21 17 29 27 37 43
0.7 1" 3 19 1" 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
0.5 -4 -14 4 -6 12 4 20 20
0.4 -24 -29 -16 -21 -8 -1 0 5
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Table 260 Derating Values DDR3L-800/1066/1333/1600 tIS/tIH - AC/DC based Alternate AC 135 Threshold

AMIS, AtTH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

CK, CK# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtIS AttH  Aus  AaH  Aus  AdaH  AuS  AdH
CMD/ADD Slew 2.0 68 45 68 45 68 45 - -
Rate V/ns
15 45 30 45 30 45 30 53 38
1.0 0 0 0 0 0 0 8 8
0.9 2 -3 2 -3 2 -3 10 5
0.8 3 -8 3 -8 3 -8 n 1
0.7 6 -13 6 -13 6 -13 14 -5
0.6 9 -20 9 -20 9 -20 17 -12
0.5 5 -30 5 -30 5 -30 13 -22
0.4 -3 -45 -3 -45 -3 -45 6 -37

AtIS, AtIH derating in [ps] AC/DC based
Alternate AC 135 Threshold -> VIH(AC) = VREF(DC) + 135 mV, VIL(AC) = VREF(DC) - 135 mV

CK, CK# Differential Slew Rate

1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns

AtIS AtIH AtIS AUH AauSs  AtH  AdS  AtH

CMD/ADD Slew 2.0 84 61 92 69 100 79 108 95
Rate V/ns
15 61 46 69 54 77 64 85 80
1.0 16 16 24 24 32 34 40 50
0.9 18 13 26 21 34 31 42 47
0.8 19 9 27 17 35 27 43 43
0.7 22 3 30 1 38 21 46 37
0.6 25 -4 33 4 41 14 49 30
0.5 21 -4 29 -6 37 4 45 20
0.4 14 -29 22 -21 30 -1 38 5

Table 261 CA and CS_n Setup and Hold Base-Values for 2V/ns

Data Rate Reference

tiH(base) 100 125 VIH/L(DC) = VREF(DC) = 100mV
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Table 262 Derating Values tIS/tIH - AC/DC based AC 150

AUSCA, AtTHCA, AtISCS, AtTHCS derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

CK_t, CK_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns

AtIS AtIH AtIS  AtIH A4S AtIH AdS  AdH

CA,CS_nSlewRate 4.0 38 25 38 25 38 25 - -
V/ns

3.5 32 21 32 21 32 21 32 21
3.0 25 17 25 17 25 17 25 17
2.5 - - 15 10 15 10 15 10
2.0 - - - - 0 0 0 0
1.5 - - - - - - -25 -17
1.0 - - - - - - - -

NOTE 1. Empty cell contents are defined as not supported.

AMISCA, AtIHCA, AtISCS, AtIHCS derating in [ps] AC/DC based
AC 150 Threshold > VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

CK_t, CK_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns
AMIS AtIH AtIS AtIH AtIS AtIH

CA, CS_n Slew Rate 4.0 - - - - - -

V/ns
35 - - - - - -
3.0 25 17 - - - -
25 15 10 15 10 - -
2.0 0 0 0 0 0 0
15 -25 -17 -25 -17 -25 -17
1.0 -75 -50 -75 -50 -75 -50

NOTE 1. Empty cell contents are defined as not supported.

Test References

See Figure 112 &114 and Table 70 to 74 in Section 13 of the DDR3 SDRAM Specification in the
JEDEC Standard JESD79-3E, July 2010 and

See Table 4 in Section 7 to 9 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3-1 July 2010.
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Note: Ulock 3nd Strobe are drawn
on a different time scale.
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Measurement Algorithm

Precondition the oscilloscope.

Triggered on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross Vil(dc).

Find all crossings on falling edge of the signal under test that cross Vih(dc).

For all the crossings found, locate the nearest Clock crossings that cross OV.

o o A WON =

Take the time different of the signal under test’s crossings to the corresponding clock crossing
as tiH.

Collect all measured tIH.

[Ce RN

Report the worst tIH measured as test result.
9 Measure the mean slew rate for all the ADD/CMD and CK edges.

Expected/Observable Results

Use the mean slew rate for ADD/CMD and CK to determine the AtlH derating value based on
the derating tables.

The test limit for tIH test = tIH(base) + AtIH.
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tISCA(base)

Test Overview

The purpose of this test is to verify that the time interval from command/address
(command/address rising/falling edge) setup time to the associated clock crossing edge must
be within the conformance limit as specified in the JEDEC specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Command/Address Inputs Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Command/Address Inputs Signal
Clock Signal

Test Definition Notes from the Specification

Table 263 CA Setup and Hold Base Values

unit [ps] Data Rate reference

1333 1600 1866

tisca(base) 100 75 - - Vik/Liac) = VRer(de) +/- 150mV

tiscAbase) - - 625 475 ViH/L(ac) = VREF(dc) +/- 135mV

Test References

See Figure 5, 77, 78, 79 & 80 and Table 65 in the Section 11 of the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3B, August 2013.

Measurement Algorithm

Precondition the oscilloscope.

Trigger on either rising or falling edge of the command/address signal under test.
Find all crossings on rising edge of the signal under test that cross Viyac).

Find all crossings on falling edge of the signal under test that cross Vi (ac).

For all the crossings found, locate the nearest Clock crossing that crosses OV.

Take the time difference between the signal under test’s crossing and the corresponding clock
crossing as tISCA.

Collect all measured tISCA.
8 Report the worst tISCA measured as the test result.
Compare the test result against the compliance test limit.

o o A ON =

~l
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Expected/Observable Results

The measured time interval between the command/address setup time to respective clock
crossing point must be within the specification limit.
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tIHCA(base)

Test Overview

The purpose of this test is to verify that the time interval from command/address
(command/address rising/falling edge) hold time to the associated clock crossing edge must
be within the conformance limit as specified in the JEDEC specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Command/Address Inputs Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Command/Address Inputs Signal
Clock Signal

Test Definition Notes from the Specification

Table 264 CA Setup and Hold Base Values

unit [ps] Data Rate Reference

1333 1600 1866 2133

tIHCA(base) 1 25 1 OO 80 65 V|H/|_(d 0 = VREF(dC) +/- 1 OOmV

Test References

See Figure 5, 77, 78, 79 & 80 and Table 65 in the Section 11 of the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3B, August 2013.

Measurement Algorithm

Precondition the oscilloscope.

Trigger on either rising or falling edge of the command/address signal under test.
Find all crossings on rising edge of the signal under test that cross V (pc).

Find all crossings on falling edge of the signal under test that cross Vypc).

For all the crossings found, locate the nearest Clock crossing that crosses OV.

Take the time difference between the signal under test’s crossing and the corresponding clock
crossing as tIHCA.

Collect all measured tIHCA.
Report the worst tIHCA measured as the test result.

o o A O N =

[Ce RN

9 Compare the test result against the compliance test limit.
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Expected/Observable Results

The measured time interval between the command/address hold time to respective clock
crossing point must be within the specification limit.
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tISCA(derate)

Test Overview

The purpose of this test is to verify that the time interval from Command/Address
(Command/Address rising/falling edge) setup time to the associated clock crossing edge must
be within the conformance limit as specified in the JEDEC Specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Command/Address Inputs Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Command/Address Inputs Signal
Clock Signal

Test Definition Notes from the Specification

Table 265 CA Setup and Hold Base Values

unit [ps] Data Rate reference

1333 1600 1866

tISCA(base) 100 75 - - VIH/L(ac) = VREF(dc) +/-150mV

tisca(base) - - 625 475 VikLiac) = VRer(de) +/- 135mV

Table 266 Derating values tIS/tIH - ac/dc based AC15

Atiscar Atiea Atises Atypes derating in [ps] AC/DC based
AC 150 Threshold -> VIH(ac) = VREF(dC) + 150 Ill\/, VIL(ac) = VREF(dC) - 150 mV
DC 100 Threshold -> VIH(dC) = VREF(DC) + 100 nl\/, VIL(dC) = VREF(dC) -100 mV

CK_t, CK_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AtIS AtIH AtS  AaH  Ads  AuH  AdS AttH AtS  AdH  Ads  AtlH
CA,CS_n 40 38 25 38 25 38 25 38 25 38 25 - -
Slew Rate
V/ns 3.0 - - 25 17 25 17 25 17 25 17 38 29
2.0 - - - - 0 0 0 0 0 0 13 13
15 - - - - - - -25 -17 -25 17 -12 -4

NOTE 1. Empty cell contents are defined as not supported.
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Table 267 Derating values tIS/tiH - ac/dc based AC135

Atigens Atiea Atiscs, Atpes derating in [ps] AC/DC based
AC 135 Threshold -> VIH(&C) = VREF(dC) + 135 mV, VIL(ac) = VREF(dC) -135mV
DC 100 Threshold -> VIH(dC) = VREF(DC) + 100 Il'l\/, VIL(dC) = VREF(dC) - 100 mV

CK_t, CK_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AtIS AttH AtSs AaH  Ads  AuH  AdS AtH  AtS AdH  Ads  AtlH
CA,CS_n 40 34 25 34 25 34 25 34 25 34 25 - -
Slew Rate
V/ns 3.0 - - 23 17 23 17 23 17 23 17 34 29
2.0 - - - - 0 0 0 0 0 0 11 13
15 - - - - - - -23 17 23 17 12 -4

NOTE 1. Empty cell contents are defined as not supported.

Test References
See Figure b, 77, 78, 79 & 80 and Table 65, 67 & 68 in the Section 11 of the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3B, August 20138.

Measurement Algorithm

Precondition the oscilloscope.
Trigger on either rising or falling edge of the Command/Address signal under test.
Find all crossings on rising edge of the signal under test that cross Vyac)-

Find all crossings on falling edge of the signal under test that cross Vi (ac).

For all the crossings found, locate the nearest Clock crossing that crosses OV.

D oA W N =

Take the time difference between the signal under test’s crossing and the corresponding clock
crossing as tISCA.

7 Collect all measured tISCA.
8 Report the worst tISCA measured as the test result.
9 Measure the mean slew rate for Command/Address and CK edges.

10 Use the mean slew rate for Command/Address and CK to determine the AtlS derating value
based on the derating tables.

11 The test limit for tISCA test - tISCA (base) + AtIS

Expected/Observable Results

The measured time interval between the command/address setup time to respective clock
crossing point must be within the specification limit.
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tIHCA(derate)

Test Overview

The purpose of this test is to verify that the time interval from Command/Address
(Command/Address rising/falling edge) hold time to the associated clock crossing edge must
be within the conformance limit as specified in the JEDEC Specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest

Command/Address Inputs Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Command/Address Inputs Signal
Clock Signal

Test Definition Notes from the Specification

Table 268 CA Setup and Hold Base Values

unit [ps] Data Rate reference

1333 1600 1866 2133

tiHcA(base) 125 100 80 65 Vin/Lide) = VRer(de) +/- 100mV

Table 269 Derating values tIS/tH - ac/dc based AC150

Atiscnr Atiea Atiscs, Atyes derating in [ps] AC/DC based
AC 150 Threshold -> VIH(&C) = VREF(dC) + 150 Il'l\/, VIL(ac) = VREF(([C) o 150 mV
DC 100 Threshold -> VIH(dC) — VREF(C‘L‘) + 100 I'Il\/, VIL(dC) = VR_EF(dC) - 100 mV

CK_t, CK_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AtIS AttH Ats AaH  Ads  AuH  AdS AttH AtS AdH  Ads  AtH
CA,CS_n 40 38 25 38 25 38 25 38 25 38 25 - -
Slew Rate
V/ns 3.0 - - 25 17 25 17 25 17 25 17 38 29
2.0 - - - - 0 0 0 0 0 0 13 13
15 - - - - - - -25 -17 -25 17 -12 -4

NOTE 1. Empty cell contents are defined as not supported.
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Table 270 Derating values tIS/tiH - ac/dc based AC135

Atigens Atiea Atiscs, Atpes derating in [ps] AC/DC based
AC 135 Threshold -> VIH(&C) = VREF(dC) + 135 mV, VIL(ac) = VREF(dC) -135mV
DC 100 Threshold -> VIH(dC) = VREF(dC) + 100 rnV, VIL(dC) = VREF(dC) - 100 mV

CK_t, CK_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AtIS AttH AtSs AaH  Ads  AuH  AdS AtH  AtS AdH  Ads  AtlH
CA,CS_n 40 34 25 34 25 34 25 34 25 34 25 - -
Slew Rate
V/ns 3.0 - - 23 17 23 17 23 17 23 17 34 29
2.0 - - - - 0 0 0 0 0 0 11 13
15 - - - - - - -23 17 23 17 12 -4

NOTE 1. Empty cell contents are defined as not supported.

Test References
See Figure b, 77, 78, 79 & 80 and Table 65, 67 & 68 in the Section 11 of the LPDDR3 SDRAM
Specification in the JEDEC Standard JESD209-3B, August 20138.

Measurement Algorithm

Precondition the oscilloscope.
Trigger on either rising or falling edge of the Command/Address signal under test.
Find all crossings on rising edge of the signal under test that cross V) (pc).

Find all crossings on falling edge of the signal under test that cross V ypc).

For all the crossings found, locate the nearest Clock crossing that crosses OV.

D oA W N =

Take the time difference between the signal under test’s crossing and the corresponding clock
crossing as tIHCA.

7 Collect all measured tIHCA.
8 Report the worst tIHCA measured as the test result.
9 Measure the mean slew rate for Command/Address and CK edges.

10 Use the mean slew rate for Command/Address and CK to determine the AtlH derating value
based on the derating tables.

11 The test limit for tIHCA test - tIHCA (base) + AtIH

Expected/Observable Results

The measured time interval between the command/address hold time to respective clock
crossing point must be within the specification limit.
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tIPW

Test Overview

The purpose of this test is to verify that the width of the high or low level of address or control
signal must be within the conformance limit as specified in the JEDEC Specification.

Modes Supported
DDR3 and DDR3L

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest
Address Signal or Control Signal

Signals required to perform the test on the oscilloscope

Address Signal or Control Signal
Test Definition Notes from the Specification

Table 271 Timing Parameters by Speed Bin (Cont'd)

Parameter Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 Units

Min Max Min Max Min Max Min Max

Control and Input pulse tIPW 900 - 780 - 620 - 560 - ps 28
width for each input

Table 272 Timing Parameters by Speed Bin (Cont'd)

Parameter Symbol DDR3-1866 DDR3-2133 Units

Min Max Min Max

Control and Input pulse width for each input tIPW 535 - 470 - -ps 28

Test References

See Table 68 & 69 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3F July 2012.

Measurement Algorithm

1 Precondition the oscilloscope.

2 Trigger on either rising or falling edge of the address or control signal under test.
3 Find all crossings on rising/falling edge of the signal under test that cross Vref.
4

tIPW is the time started from a rising/falling edge of the signal under test and ended at the
following falling/rising (following edge should not be in the same direction) edge.

Collect all tIPW.
6 Determine the worst result from the set of tIPW measured.
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Expected/Observable Results

The worst measured tIPW must be within the specification limit.
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Test Overview

The purpose of this test is to verify that the width of the high or low level of Command/Address
signal must be within the conformance limit as specified in the JEDEC Specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write separation
No

Signal(s) of Interest
Command/Address Signal

Signals required to perform the test on the oscilloscope

Command/Address Inputs Signal

Test Definition Notes from the Specification

Table 273 AC Timing (cont'd)

Parameter Symbol Min/Max Data Rate

1333 1600 1866 2133

Command Address Input
Parameters®

Address and Control Input tipwea MIN 0.35 teK(avg)
Pulse Width

Test References

See Table 64 in the Section 11 of the LPDDR3 SDRAM Specification in the JEDEC Standard
JESD209-3B, August 2013.

Measurement Algorithm

Precondition the oscilloscope.
Trigger on either rising or falling edge of the Command/Address signal under test.
Find all crossings on rising/falling edge of the signal under test that cross Vref.

N o N -

tIPWCA is the time started from a rising/falling edge of the signal under test and ended at the
following falling/rising (following edge should not be in the same direction) edge.

Collect all tIPWCA.
6 Determine the worst result from the set of tIPWCA measured.

Expected/Observable Results

The worst measured tIPWCA must be within the specification limit.
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tVAC(CA)

Test Overview

The purpose of this test is to verify that the time of the command/address signal above Va0

and below V| (ac) must be within the conformance limit as specified in the JEDEC

specification.

Modes Supported

DDR3, DDR3L and LPDDR3

Signals of Interest

Command/Address Signal or Control Signal

Signals required to perform the test on the oscilloscope

Command/Address Signal or Control Signal

Test References

See Figure 110 to 112 in Section 13 of the DDR3 SDRAM Specification in the JEDEC Standard
JESD79-3F, July 2012.

Measurement Algorithm

1
2
3
4
5

Precondition the oscilloscope.

Trigger on either the rising or falling edge of the command/address/control signal under test.
Find all crossings on the rising/falling edge of the signal under test that crosses V) ac).

Find all crossings on the rising/falling edge of the signal under test that crosses V,ya0)-
tVAC(CA) is the time starting from a rising V|jyac) cross point and ending at the following
falling Viyac) cross point.

tVAC(CA) is the time starting from a falling V| (ac) cross point and ending at the following rising
Vi(ac) cross point.

Collect all tVAC(CA).

Determine the worst result from the set of tVAC(,CA) measured.

Report the value of the worst tVAC(CA). No compliance limit checking is performed for this
test. You need to check the test status (pass/fail) manually based on worst tVAC(CA) and slew
rate reported.

Expected/Observable Results

402

The worst measured tVAC(CA) value must be within the specification limit.
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Eye-Diagram Tests

User Defined Real-Time Eye Diagram Test For Command Address

Test Overview

The purpose of this test is to automate all the required setup procedures required in order to
generate an eye diagram for the Command Address signal.

The additional feature of having a mask test is allow users to perform evaluations and
debugging on the eye diagram created.

Mode Supported
DDR3, DDR3L and LPDDR3

Signal cycle of interest
WRITE

Require Read/Write separation
No

Signal(s) of Interest

Command Address Signal (Supported by Clock Signal)

Required Signals that are needed to perform this test on oscilloscope

Command Address Signal
Clock Signal

Test References

There is no available test specification on eye testing in JEDEC specifications. Mask testing is
definable by the customers for their evaluation tests usage.

Measurement Algorithm

—

Acquire the Clock and CommandAddress signal.

N

Load acquired CommandAddress signal into WMemory4. Then use Function4 as
“Magnify/Duplicate” of Loaded Waveform Memory.

3 Load Clock signal into WMemory1. Then use Function1 as “Magnify/Duplicate” of Loaded
Waveform Memory.

4 Setup Clock Recovery settings on SDA.
:Explicit clock, Source = Clock, Rise/Fall Edge

5 Setup measurement threshold values for the Function4(CommandAddress) and the
Function1(Clock).

6 Setup fix time scale and time position values for Function4(CommandAddress) and
Function1(Clock).

7 Turn ON Color Grade Display option.

8 Identify the X1 value for re-adjustment of selected test mask.
9 Setup Mask Test settings. (Load default Test Mask on screen)
10 Turn ON Real Time Eye on SDA.

11 Start mask test until eye diagram folded.

12 Return total failed Unitinterval as a test result.
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Expected/Observable Results

Generation of an eye diagram for the Command Address signal and loading of a default test
mask pattern.

The test will show a fail status if the total failed Unitinterval is greater than O.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

Chip Select Tests Group

Probing for Chip Select Tests / 406
Electrical Test / 408
Timing Test / 412

This section provides the Methods of Implementation (MOls) for Chip Select tests for Chip Select
Signals using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, E2677A differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ refer to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES
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Probing for Chip Select Tests

When performing the Chip Select tests for Chip Select Signals, the DDR3 Compliance Test
Application will prompt you to make the proper connections. The connection for the Chip Select tests
may look similar to the following diagram. Refer to the Connection tab in the DDR3 Electrical
Performance Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

Figure 75 Probing for Chip Select tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can

identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 75 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.
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Test Procedure

1

~N OO o1 &~ W

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.
Connect the oscilloscope probes to any channels of the oscilloscope.

In the DDRS3 Test application, click the Set Up tab.

Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests - 0

S1§31 103138

B Dpata
B write Cycle
B Read Cycle
B clectrical Overshoot/Undershoot Tests
B RrRead/write Eye-Diagram Tests
B Data Mask
B write Cycle
B Electrical Tests
B 1iming Tests
B clectrical Overshoot/Undershoot Tests
B command,Address
B clectrical Tests
B Timing Tests
B Eye-Diagram Tests
Chip Select
Electrical Tests
Overshoot amplitude (Chip Select)
Overshoot area (Chip Select)
Undershoot amplitude (Chip Select)
Undershoot area (Chip Select)
Timing Tests
tISCS(base)
tIHCS(base)
tISCS(derate)
tIHCS(derate)
HPWCS
B clock Enable
i B Electrical Tests
I B Timing Tests

-omplianc

Figure 76 Selecting Chip Select Tests
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Electrical Test

Overshoot Amplitude/Area (Chip Select Tests)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

VDDQ

V)

Figure 77 Clock Overshoot

Modes Supported
LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest

Chip Select Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 274 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 v
Maximum area above Vpp Max 0.12 0.10 V/ns
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Test References

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.
2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDD (or VDDCA) crossing
and ends at the falling VDD (or VDDCA) crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the

acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDD (or VDDCA).

i Evaluate Area below VDD (or VDDCA) = (Overshoot Region End - Overshoot Region Start)
*VDD (or VDDCA).

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

Yo| Fuf ¥a| ¥3 ¥af ¥s

AT AX AX Ax AX

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

Area Az["J TRt TR TR J.]

Figure 78 Trapezoidal Rule
v Calculate Area above VDD (or VDDCA) = Total area above O volt - area below VDD (or
VDDCA).
v Store Calculated result below for later worst case finding process;
Overshoot Amplitude
Area above VDD (or VDDCA)
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Overshoot Amplitude
Area above VDD (or VDDCA)

Expected/Observable Results

The measured maximum overshoot amplitude for the test signal must be less than or equal to
the maximum overshoot value.

The calculated overshoot area value must be less than or equal to the maximum overshoot
area allowed.
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Undershoot Amplitude/Area Chip Select Tests

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 79 Clock Undershoot

Modes Supported
LPDDR3 only

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Chip Select Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 275 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot Max 0.35 v
area
Maximum area below Vgg Max 0.12 0.10 V/ns

Test References

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.
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Measurement Algorithm

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

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below O volt by using Trapezoidal Method Area Calculation (refer to
Figure 78)

il Store Calculated result below for later worst case finding process:
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Undershoot Amplitude

Total area below 0 volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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Timing Test

tISCS(base)

Test Overview

The purpose of this test is to verify that the time interval from Chip Select (Chip Select
rising/falling edge) setup time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Signal
Chip Select Signal

Signals required to perform the test on the oscilloscope

Clock Signal
Chip Select Signal

412 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Chip Select Tests Group 14

Test Definition Notes from the Specification

Table 276 cs_n Setup and Hold Base Values

Data Rate References
1333 1600 1866 PAKK]
tiscs(base) 215 195 - - Vinsiac) = VRer(pc) +/-150 mV
tiscs(base) - - 162.5 13.75 Vigniac) = VRerpg) +/-135 mV

Test References

See Figure 5, 77,78,79 & 80 and Table 66 in Section 11 of the LPDDR3 SDRAM Specification,
JEDEC Standard JESD209-3B, August 2013.

Measurement Algorithm

Pre-condition the scope.

Triggered on either rising or falling edge of the Chip Select signal.

Find all the crossings on rising edge of the signal under test that cross VIH(AC).
Find all the crossings on falling edge of the signal under test that cross VIL(AC).
For all the crossings found, locate the nearest Clock crossings that cross O V.

oD o A WON —

Take the time difference of the signal under test’s crossings to the corresponding clock
crossing as tISCS.

Collect all the measured tISCS.
8 Report the worst tISCS measured as test result.
Compare the test result to the compliance test limit

~l

Expected/Observable Results

The measured time interval between Chip Select setup time to respective clock crossing point
must be within the specification limit.
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tIHCS(base)

Test Overview

The purpose of this test is to verify that the time interval from Chip Select (Chip Select
rising/falling edge) hold time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Chip Select Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Chip Select Signal
Clock Signal
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Test Definition Notes from the Specification

Table 277 cs_n Setup and Hold Base Values

Data Rate References

1333 1600 1866 2133

tiHCS(base) 240 220 180 155 Vin/ue) = VRerpe) +/-100 mv

Test References

See Figure 5, 77, 78, 79 & 80 and Table 66 in Section 110f the LPDDR3 SDRAM Specification,
JEDEC Standard JESD209-3B, August 2013.

Measurement Algorithm

1 Pre-condition the scope.

2 Triggered on either rising or falling edge of the Chip Select signal.

3 Find all the crossings on rising edge of the signal under test that cross VIL(DC).
4 Find all crossings on falling edge of the signal under test that cross VIH(DC).

5 For all the crossings found, locate the nearest Clock crossings that cross O V.

6

Take the time difference of the signal under test’s crossings to the corresponding clock
crossing as tIHCS.

Collect all the measured tIHCS.
Report the worst tIHCS measured as test result.
9 Compare the test result to the compliance test limit.

o

Expected/Observable Results

- The measured time interval between Chip Select hold time to respective clock crossing point
must be within the specification limit.
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tISCS(derate)

Test Overview

The purpose of this test is to verify that the time interval from Chip Select (Chip Select
rising/falling edge) setup time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Signal
Chip Select Signal

Signals required to perform the test on the oscilloscope

Clock Signal
Chip Select Signal
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Test Definition Notes from the Specification

Table 278

cs_n Setup and Hold Base Values

14

Data Rate References
1333 1600 1866 2133
tiscsibase) 215 195 - - Vinaiac) = Vreriog) +/-150 mV
tiscs(base) - - 162.5 13.75 Vigniac) = VRerpg) +/-135 mV
Table 279

Derating Values LPDDR3 tIS/tIH - AC/DC based AC 150

AtDS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AIS AuH Aus AaH AuS AdH  AuS AdaH  AuS  AdH  AdS  AdH
CA,CS-nSlewRate 4.0 38 25 38 25 38 25 38 25 38 25 - -
V/ns
3.0 25 17 25 17 25 17 25 17 25 17 38 29
2.0 - - - - 0 0 0 0 0 0 13 13
15 - - - - - - -25 17 -25 17 12 -4

NOTE 1. Empty cell contents are defined as not supported.

Table 280 Derating Values LPDDR3 tDS/DH - AC/DC based AC 135

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns
AUS AudH Adus AaH AaS AdH  AuS AaH  AaS AdH  AdaS  AdH
CA,CS-nSlewRate 4.0 34 25 34 25 34 25 34 25 34 25 - -
V/ns
3.0 - - 23 17 23 17 23 17 23 17 34 29
20 - - - - 0 0 0 0 0 0 n 13
15 - - - - - - -25 17 -25 17 12 -4

NOTE 1. Empty cell contents are defined as not supported.
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Chip Select Tests Group

Test References

See Figure b, 77,78,79 & 80 and Table 66, 67 & 68 in Section 11 of the LPDDR3 SDRAM
Specification, JEDEC Standard JESD209-3B, August 2013.

Measurement Algorithm

D o N WON =

7
8
9

Pre-condition the scope.

Triggered on either rising or falling edge of the Chip Select signal.

Find all the crossings on rising edge of the signal under test that cross VIH(AC).
Find all the crossings on falling edge of the signal under test that cross VIL(AC).
For all the crossings found, locate the nearest Clock crossings that cross 0 V.

Take the time difference of the signal under test’s crossings to the corresponding clock
crossing as tISCS.

Collect all the measured tISCS.
Report the worst tISCS measured as test result.
Measure the mean slew rate for all the Chip Select and CK edges.

10 Use the mean slew rate for Chip Select and CK to determine the AtIS derating value based on

the derating tables.

11 The test limit for tISCS test = tISCS (base) + AtIS.

Expected/Observable Results

The measured time interval between Chip Select setup time to respective clock crossing point
must be within the specification limit.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Chip Select Tests Group 14

tIHCS(derate)

Test Overview

The purpose of this test is to verify that the time interval from Chip Select (Chip Select
rising/falling edge) hold time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Chip Select Signal
Clock Signal

Signals required to perform the test on the oscilloscope

Chip Select Signal
Clock Signal
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Test Definition Notes from the Specification

Table 281 cs_n Setup and Hold Base Values

Data Rate References

1333 1600 1866 2133

tiHCS(base) 240 220 180 155 Vin/ue) = VRerpe) +/-100 mv

Table 282 Derating Values LPDDR3 tIS/tIH - AC/DC based AC 150

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns

AIS AuH Adus AaH AuS AaH  AuS AdaH  AaS AdH  AdS  AdH

CA,CS-nSlewRate 4.0 38 25 38 25 38 25 38 25 38 25 - -
vine 3.0 25 17 25 17 25 17 25 17 25 17 38 29

2.0 - - - - 0 0 0 0 0 0 13 13

15 - - - - - - -25 -17 -25 -17 -12 -4

NOTE 1. Empty cell contents are defined as not supported.

Table 283 Derating Values LPDDR3 tDS/DH - AC/DC based AC 135

ADS, AtDH derating in [ps] AC/DC based
AC 150 Threshold -> VIH(AC) = VREF(DC) + 150 mV, VIL(AC) = VREF(DC) - 150 mV
DC 100 Threshold -> VIH(DC) = VREF(DC) + 100 mV, VIL(DC) = VREF(DC) - 100 mV

DQS_t, DQS_c Differential Slew Rate

8.0V/ns 7.0V/ns 6.0V/ns 5.0V/ns 4.0V/ns 3.0V/ns

AtIS AtH AuS AuH AuS AaH  AtS AdH  AuS  AdH  AdS  AdH

CA,CS-nSlewRate 4.0 34 25 34 25 34 25 34 25 34 25 - -
vine 3.0 - - 23 17 23 17 23 17 23 17 34 29

2.0 - - - - 0 0 0 0 0 0 n 13

15 - - - - - - -25 -17 -25 -17 -12 -4

NOTE 1. Empty cell contents are defined as not supported.

Test References

See Figure 5, 77, 78, 79 & 80 and Table 66, 67 & 68 in Section 170of the LPDDR3 SDRAM
Specification, JEDEC Standard JESD209-3B, August 2013.
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Measurement Algorithm

D o N WON =

7
8
9

Pre-condition the scope.

Triggered on either rising or falling edge of the Chip Select signal.

Find all the crossings on rising edge of the signal under test that cross VIL(DC).
Find all crossings on falling edge of the signal under test that cross VIH(DC).
For all the crossings found, locate the nearest Clock crossings that cross 0 V.

Take the time difference of the signal under test’s crossings to the corresponding clock
crossing as tIHCS.

Collect all the measured tIHCS.
Report the worst tIHCS measured as test result.
Measure the mean slew rate for all the Chip Select and CK edges.

14

10 Use the mean slew rate for Chip Select and CK to determine the AtIH derating value based on

the derating tables.

11 The test limit for tIHCS test = tIHCS (base) + AtIH

Expected/Observable Results

The measured time interval between Chip Select hold time to respective clock crossing point

must be within the specification limit.
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tIPWCS

Test Overview

The purpose of this test is to verify that the width of the high or low level of Chip Select signal
must be within the conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest
Chip Select Signals

Signals required to perform the test on the oscilloscope

Chip Select Signals
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Test Definition Notes from the Specification

Table 284 cs_n Setup and Hold Base Values

Parameter Symbol MIN/MAX Data Rate

1333 1600 1866 2133

Command Address Input
Parameter

CS_n input pUlSe width t|PWCS MIN 0.7 tCK(an)

Test References
See Table 64 in Section 11 of the LPDDR3 SDRAM Specification, JEDEC Standard
JESD209-3B, August 2013.

Measurement Algorithm

Pre-condition the scope.

Triggered on either rising or falling edge of the Chip Select signal.

Find all crossings on rising/falling edge of the Chip Select signal that cross Vref.

N o N -

tIPWCS is time started from a rising/falling edge of the Chip Select signal and ended at the
following falling/rising (following edge should not same direction) edge.

Collect all tIPWCS.
6 Determine the worst result from the set of tIPWCS measured

Expected/Observable Results

- The worst measured tIPWCS must be within the specification limit.
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Keysight D9030DDRC DDR3 Compliance Test Application

Methods of Implementation

Clock Enable Tests Group

Probing for Clock Enable Tests / 426
Electrical Test / 428
Timing Tests / 432

This section provides the Methods of Implementation (MOIs) for Clock Enable tests for Clock Enable
Signals using a Keysight Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, E2677A differential solder-in probe head and the DDR3 Compliance Test Application.

Both XYZ# and XYZ refer to complement. Thus, CK# is the same as CK.

KEYSIGHT

TECHNOLOGIES
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Clock Enable Tests Group

Probing for Clock Enable Tests

426

When performing the Clock Enable tests for Clock Enable Signals, the DDR3 Compliance Test
Application will prompt you to make the proper connections. The connection for the Clock Enable
tests for clocks may look similar to the following diagram. Refer to the Connection tab in the DDR3
Electrical Performance Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

Figure 80 Probing for strobe plus tests

You can use any of the oscilloscope channels as Pin Under Test (PUT) source channel. You can
identify the channels used for each signal in the Configuration tab of the DDR3 Compliance Test
Application. (The channels shown in Figure 80 are just examples).

For more information on the probe amplifiers and differential probe heads, refer to the respective
user guide for Probes.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



Clock Enable Tests Group 15

Test Procedure

1

Start the automated test application as described in “Starting the DDR3 Compliance Test
Application" on page 25.

2 Ensure that the RAM reliability test software is running on the computer system where the DDR3
Device Under Test (DUT) is attached. This software will perform a test on all unused RAM on the
system by producing a repetitive burst of read-write data signals to the DDR3 memory.

3 Connect the differential solder-in probe head to the PUTs on the DDR3 DIMM.

4 Connect the oscilloscope probes to any channels of the oscilloscope.

5 Inthe DDR3 Test application, click the Set Up tab.

6 Select the Test Mode, SDRAM Type, Speed Grade, and AC Levels options.

7 Type in or select the Device Identifier as well as User Description from the drop-down list. Enter
your comments in the Comments text box.

8 Click the Select Tests tab and check the tests you want to run. Check the parent node or group
to check all the available tests within the group.

Select Tests ~ 0

S1531 1D2$313S

B vixpq
B strobe Differential
B write Cycle
B Rread cycle
B Data
B write Cycle
B Rread cycle
B Electrical Overshoot/Undershoot Tests
B Read/write Eye-Diagram Tests
B Data Mask
B write Cycle
B Electrical Tests
B Timing Tests
B Electrical Overshoot/Undershoot Tests
B command,Address
B Electrical Tests
B Timing Tests
B Eye-Diagram Tests
B chip select
Clock Enable
Electrical Tests
Overshoot amplitude (Clock Enable}
Overshoot area (Clock Enable)
Undershoot amplitude {Clock Enable)
Undershoot area (Clock Enable)
Timing Tests
tCKE
tISCKE
tIHCKE

Test: Und ot Amplitud

Li Indershoot amplitud

Figure 81 Selecting Clock Enable Select Tests
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Electrical Test

Overshoot Amplitude / Area) (Clock Enable)

Test Overview

The Overshoot test can be divided into two sub-tests: Overshoot amplitude and Overshoot
area.

The purpose of this test is to verify that the overshoot value of the test signal found from all
regions of the acquired waveform is lower than or equal to the conformance limit of the
maximum peak amplitude allowed for overshoot as specified in the JEDEC specification.

When there is an overshoot, the area is calculated based on the overshoot width and
overshoot amplitude. The Overshoot area should be lower than or equal to the conformance
limit of the maximum overshoot area allowed as specified in the JEDEC specification.

Maximum Amplitude Overshoot Area

VDDQ

V)

Figure 82 Clock Overshoot

Modes Supported
LPDDR3

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Enable Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 285 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for overshoot area Max 0.35 v
Maximum area above Vpp Max 0.12 0.10 V-ns
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Test References

See Figure 126 and Table 49 Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.

Measurement Algorithm

Set the number of sampling points to 2M samples.
2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the overshoot region. Overshoot region starts at the rising VDD (or VDDCA) crossing
and ends at the falling VDD (or VDDCA) crossing.

4 Within Overshoot region #1, perform the following steps:

i Evaluate Overshoot Amplitude by performing the following steps:
a. Use TMAX and VMAX to get time stamp of maximum voltage on overshoot region of the

acquired waveform.
b. Calculate: Overshoot Amplitude = VMAX - VDD (or VDDCA).

i Evaluate Area below VDD (or VDDCA) = (Overshoot Region End - Overshoot Region Start)
*VDD (or VDDCA).

il Evaluate Total Area above 0 volt by using Trapezoidal Method Area Calculation as shown
in following figure:

The Trapezoidal Rule

Yo| Fuf ¥a| ¥3 ¥af ¥s

AT AX AX Ax AX

yr + ws)Az

b3 -

1 1

Area = EI;.-. wi)ax 4 Rl va)Ax

Wa can simplfy this to give us the Trapezoidal Rule, for n Irapezods:
o

Area = Ax( 3 Tttt J_.]

Figure 83 Trapezoidal Rule
iv Calculate area above VDD (or VDDCA) = Total area above 0 volt - area below VDD (or
VDDCA).
v Store calculated result below for later worst case finding process;
Overshoot Amplitude
Area above VDD (or VDDCA)
5 Repeat the previous step for the rest Overshoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Overshoot Amplitude
Area above VDD (or VDDCA)

Expected/Observable Results

The measured maximum overshoot amplitude for the test signal must be less than or equal to
the maximum overshoot value.

The calculated overshoot area value must be less than or equal to the maximum overshoot
area allowed.
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Undershoot Amplitude / Area (Clock Enable)

Test Overview

The Undershoot Test can be divided into two sub-tests: Undershoot amplitude and
Undershoot area.

The purpose of this test is to verify that the undershoot value of the test signal found from all
regions of the acquired waveform is less than or equal to the conformance limit of the
maximum peak amplitude allowed for undershoot as specified in the JEDEC specification.

When there is an undershoot, the area is calculated based on the undershoot width. The
Undershoot area should be less than or equal to the conformance limit of the maximum
undershoot area allowed as specified in the JEDEC specification.

VDDQ -

V)

Undershoot Area

Maximum Amplitude
Time (ns)

Figure 84 Clock Undershoot

Modes Supported
LPDDR3 only

Signal cycle of Interest
Read or Write

Require Read/Write Separation
No

Signal(s) of Interest
Clock Enable Signals

Signals required to perform the test on the oscilloscope

Pin Under Test (PUT is any of the signals of interest defined above)
Test Definition Notes from the Specification

Table 286 AC Overshoot/Undershoot Specification

Parameter Min/Max 1333 1600 Units
Maximum peak amplitude allowed for undershoot Max 0.35 v
area
Maximum area below Vgg Max 0.12 0.10 V-ns

Test References

See Figure 126 and Table 49 in Section 8 of the LPDDR3 SDRAM Specification in the JEDEC
Standard JESD209-3E, December 2071.
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Measurement Algorithm

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

2 Obtain sample or acquire signal data and perform signal conditioning to maximize the screen
resolution (vertical scale adjustment).

3 Obtain the undershoot region. Undershoot Region starts at falling O volt crossing and end at
rising O volt crossing.

4 Within Undershoot region #1, perform the following steps:

i Evaluate Undershoot Amplitude by performing the following steps:
a. Use TMIN and VMIN to get time stamp of maximum voltage on undershoot region of
the acquired waveform.
b. Calculate: Undershoot Amplitude = 0- VMIN

i Evaluate total area below O volt by using Trapezoidal Method Area Calculation (refer to
Figure 83)

il Store Calculated result below for later worst case finding process;
Undershoot Amplitude
Total area below O volt
5 Repeat the previous step for the rest Undershoot Region found in acquired waveform.
6 Find the worst result below from stored result. Compare test result to the compliance test
limit.
Undershoot Amplitude

Total area below 0 volt

Expected/Observable Results

The measured minimum voltage value for the test signal must be less than or equal to the
maximum undershoot value.

The calculated undershoot area value must be less than or equal to the maximum undershoot
area allowed.
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Timing Tests

tCKE

Test Overview

The purpose of this test is to verify that the pulse width of CKE signal must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported
LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest
CKE Signal

Signals required to perform the test on the oscilloscope

CKE Signal
Clock Signal
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Test Definition Notes from the Specification

Table 287 AC Timing

Parameter Symbol MIN/MAX Data Rate

1333 1600

CKE minimum pulse width (HIGH and LOW pulse Width) toke MIN max (7.5 ns, 3nCK) ns

Test References

See Figure 137 and Table 64 in Section 11 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3, December 2071.

Measurement Algorithm

Pre-condition the scope.

Triggered on either rising or falling edge of the command/address/control signal under test.
Find all the crossings on rising/falling edge of the CKE signal that cross Vref.

Find all the crossings on rising edge of the Clock signal that cross Vref.

If CKE crossing count is more than one then perform this action

o~ W NN -

i Find rising edge of Clock(ClkEdge1) which is nearest on the right side of first rising/falling
edge of the CKE signal. Then, find rising edge of Clock (ClkEdge?2) which is nearest on the
right side of second rising/falling edge of the CKE signal. Calculate tCKE= ClkEdge2-
ClkEdgeT.

i Repeat previous step for all found CKE crossing.
6 If CKE crossing count is equal to one then perform this action

i Find rising edge of Clock(ClkEdge1) which is nearest on the right side of first rising/falling
edge of the CKE signal. Then, find rising edge of Clock (ClkEdge?2) which is the last rising
edge of clock signal. Calculate tCKE= ClkEdge2- ClkEdgel.

Determine the worst result from the set of tCKE measured.
8 Report the value of worst tCKE

Expected/Observable Results

The worst measured tCKE must be within the specification limit.
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tISCKE

Test Overview

The purpose of this test is to verify that the time interval from Clock Enable (Clock Enable
rising/falling edge) setup time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Enable Signals
Clock Signals

Signals required to perform the test on the oscilloscope

Clock Enable Signals
Clock Signals
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Clock Enable Tests Group 15

Test Definition Notes from the Specification

Table 288 AC Timing (con’d)

Parameter Symbol MIN/MAX Data Rate

1333 1600 1866 2133

CKE Input Parameter

CKE input setup time tiscke MIN 0.25 teK(avg)

Test References

See Figure 6 and Table 64 in Section 171 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3B, August 2013.

Measurement Algorithm

Pre-condition the scope.

Triggered on either rising or falling edge of the Clock Enable signal.

Find all the crossings on rising edge of the signal under test that cross VIH(AC).
Find all crossings on falling edge of the signal under test that cross VIL(AC).
For all the crossings found, locate the nearest Clock crossings that cross 0 V.

D o1~ W0 N =

Take the time difference of the signal under test’s crossings to the corresponding clock
crossing as tISCKE.

Collect all the measured tISCKE.
Report the worst tISCKE measured as test result.

o

Compare the test result to the compliance test limit.

Expected/Observable Results

- The measured time interval between Clock Enable setup time to respective clock crossing
point must be within the specification limit.
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tIHCKE

Test Overview

The purpose of this test is to verify that the time interval from Clock Enable (Clock Enable
rising/falling edge) hold time to the associated clock crossing edge must be within the
conformance limit as specified in the JEDEC specification.

Modes Supported

LPDDR3 only

Signal cycle of Interest
Write

Require Read/Write Separation
No

Signal(s) of Interest

Clock Enable Signals
Clock Signals

Signals required to perform the test on the oscilloscope

Clock Enable Signals
Clock Signals
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Test Definition Notes from the Specification

Table 289 cs_n Setup and Hold Base Values

Parameter Symbol MIN/MAX Data Rate

1333 1600 1866 2133

CKE Input Parameter

CKE il'lpUt hold time tISCKE MIN 0.25 tCK(an)

Test References

See Figure 6 and Table 64 in Section 171 of the LPDDR3 SDRAM Specification, JEDEC
Standard JESD209-3B, August 2013.

Measurement Algorithm

Pre-condition the scope.

Triggered on either rising or falling edge of the Clock Enable signal.

Find all crossings on rising edge of the signal under test that cross VIL(DC).

Find all crossings on falling edge of the signal under test that cross VIH(DC).
For all the crossings found, locate the nearest Clock crossings that cross OV.

D o1~ 0N =

Take the time different of the signal under test’s crossings to the corresponding clock crossing
as tIHCKE.

Collect all measured tIHCKE.
Report the worst tIHCKE measured as test result.

o

Compare the test result to the compliance test limit.

Expected/Observable Results

- The measured time interval between Clock Enable hold time to respective clock crossing point
must be within the specification limit.

Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation 437



15 Clock Enable Tests Group

438 Keysight D9030DDRC DDR3 Compliance Test Application Methods of Implementation



	DDR3 Compliance Test Application — At A Glance
	Required Equipment and Software

	In This Book
	See Also

	Contents
	Installing the DDR3 Compliance Test Application
	Installing the Software
	Installing the License Key
	Using Keysight License Manager 5
	Using Keysight License Manager 6


	Preparing to Take Measurements
	Calibrating the Oscilloscope
	Starting the DDR3 Compliance Test Application
	Correlation between Signal Group and PUT
	Signal requirements for test availability

	Clock Plus Tests Group
	Probing for Clock Plus Tests
	Test Procedure

	Electrical Tests
	VSEH(Clock Plus)
	VSEL(Clock Plus)
	Overshoot Amplitude / Area for Clock Plus Tests
	Undershoot Amplitude / Area for Clock Plus Tests
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region


	Clock Minus Tests Group
	Probing for Clock Minus Tests
	Test Procedure

	Electrical Tests
	VSEH(Clock Minus)
	VSEL(Clock Minus)
	Overshoot Amplitude / Area (Clock Minus)
	Undershoot Amplitude / Area (Clock Minus)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region


	Clock Plus and Minus Cross Point Tests Group
	Probing for Clock Plus and Minus Cross Point Tests
	Test Procedure

	VIX for Clock
	VIXCA for Clock

	Clock Differential Tests Group
	Probing for Clock Differential Tests
	Test Procedure

	Electrical Tests
	VIHdiff.CK(AC)
	VILdiff.CK(AC)
	VIHdiff.CK(DC)
	VILdiff.CK(DC)
	VIHdiff.CK
	VILdiff.CK

	Timing Tests at AC Level
	tDVAC(Clock)

	Timing Tests for Rising Edge Measurement
	tjit(CC) Rising Edge Measurement
	tCK(avg) Rising Edge Measurement
	tjit(per) Rising Edge Measurement
	tERR(nper) Rising Edge Measurement
	tCK(abs) Rising Edge Measurement

	Timing Tests for Pulse Measurement
	tCH(avg) Average High Measurement
	tCL(avg) Average Low Measurement
	tJIT(duty-high/low) Jitter Average High/Low Measurements
	tCH(abs) Absolute clock HIGH pulse width
	tCL(abs) Absolute clock LOW pulse width


	Strobe Plus Tests Group
	Probing for Strobe Plus Tests
	Test Procedure

	Electrical Tests
	VSEH(Strobes Plus)
	VSEL(Strobes Plus)
	Overshoot Amplitude / Area (Strobes Plus)
	Undershoot Amplitude / Area (Strobes Plus)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region


	Strobe Minus Tests Group
	Probing for Strobe Minus Tests
	Test Procedure

	Electrical Tests
	VSEH(Strobes Minus)
	VSEL(Strobes Minus)
	Overshoot Amplitude/Area (Strobes Minus)
	Undershoot Amplitude/Area (Strobes Minus)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region


	Strobe Plus and Minus Cross Point Tests Group
	Probing for Strobe Plus and Minus Cross Point Tests
	Test Procedure

	VIX for Strobe
	VIXDQ - Strobe Cross Point Voltage Test

	Strobe Differential Tests Group
	Probing for Strobe Differential Tests
	Test Procedure

	Write Cycle Electrical Tests
	VIHdiff.DQS(AC)
	VILdiff.DQS(AC)
	VIHdiff.DQS (DC)
	VILdiff.DQS (DC)
	VIHdiff.DQS
	VILdiff.DQS

	Write Cycle Timing Tests
	tDQSS
	tDQSH
	tDQSL
	tDSS
	tDSH
	tWPRE
	tWPST
	tDVAC(Strobe)

	Read Cycle Electrical Tests
	VOHdiff(AC)
	VOLdiff(AC)
	SRQdiffR
	SRQdiffF

	Read Cycle Timing Tests
	tHZ(DQS)
	tHZ(DQS) for Low Power
	tLZ(DQS)
	tLZ(DQS) for Low Power
	tRPRE
	tRPST
	tQSH
	tQSL
	tDQSCK


	Data Tests Groups
	Probing for Data Tests
	Test Procedure

	Write Cycle Electrical Tests
	VIH.DQ(AC)
	VIH.DQ(DC)
	VIL.DQ(AC)
	VIL.DQ(DC)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region

	Write Cycle Timing Tests
	tDS(base)
	tDH(base)
	tDS-Diff(derate)
	tDH-Diff(derate)
	tDIPW
	tVAC(Data)

	Read Cycle Electrical Tests
	VOH(AC)
	VOH(DC)
	VOL(AC)
	VOL(DC)
	SRQseR
	SRQseF

	Read Cycle Timing Tests
	tHZ(DQ)
	tLZ(DQ)
	tHZ(DQ) for Low Power
	tLZ(DQ) for Low Power
	tDQSQ
	tQH

	Electrical Overshoot/Undershoot Tests
	Overshoot Amplitude/Area (Data)
	Undershoot Amplitude/Area (Data)

	Read/Write Eye-Diagram Tests
	User Defined Real-Time Eye Diagram Test For Read Cycle
	User Defined Real-Time Eye Diagram Test For Write Cycle


	Data Mask Tests Group
	Probing for Data Mask Tests
	Test Procedure

	Electrical Tests
	VIH.DQ(AC)
	VIH.DQ(DC)
	VIL.DQ(AC)
	VIL.DQ(DC)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region

	Timing Tests
	tDS(base)
	tDH(base)
	tDS-Diff(derate)
	tDH-Diff(derate)
	tDIPW
	tVAC(Data Mask)

	Electrical Overshoot/Undershoot Tests
	Overshoot Amplitude/Area (Data Mask)
	Undershoot Amplitude/Area (Data Mask)


	Command,Address Tests Group
	Probing for Command, Address Tests
	Test Procedure

	Electrical Tests
	VIH.CA(AC)
	VIH.CA(DC)
	VIL.CA(AC)
	VIL.CA(DC)
	SlewR on Setup Region
	SlewF on Setup Region
	SlewR on Hold Region
	SlewF on Hold Region
	Overshoot Amplitude/Area (Command, Address)
	Undershoot Amplitude/Area (Command, Address)

	Timing Tests
	tIS(base)
	tIH(base)
	tIS(derate)
	tIH(derate)
	tISCA(base)
	tIHCA(base)
	tISCA(derate)
	tIHCA(derate)
	tIPW
	tIPWCA
	tVAC(CA)

	Eye-Diagram Tests
	User Defined Real-Time Eye Diagram Test For Command Address


	Chip Select Tests Group
	Probing for Chip Select Tests
	Test Procedure

	Electrical Test
	Overshoot Amplitude/Area (Chip Select Tests)
	Undershoot Amplitude/Area Chip Select Tests

	Timing Test
	tISCS(base)
	tIHCS(base)
	tISCS(derate)
	tIHCS(derate)
	tIPWCS


	Clock Enable Tests Group
	Probing for Clock Enable Tests
	Test Procedure

	Electrical Test
	Overshoot Amplitude / Area) (Clock Enable)
	Undershoot Amplitude / Area (Clock Enable)

	Timing Tests
	tCKE
	tISCKE
	tIHCKE



