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DDR2/LPDDR2 — Quick Reference
Table1 DDR2/LPDDR2 Cycles and Signals

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data D@ DQS CK ADD Ctrl Data [CS#

Mask Mask
Ctrl Ctrl

tJIT(per) \ N N Y12

tJIT(cc) \ \ N 1.2

tERR(nper) \/ \ N J12

tCH(avg) \ \ N 1.2

tCL(avg) \ \ N J12

tJIT(duty) v v N 1.2

tCK(avg) \ \ N Y12

rERR(13-50p | \ N 12

er)(Low

Power)

tCH(abs) \ \ N Y12

tCL(abs) \ \ N Y12

tCK(abs) \ \ N J12

ViHiac) N N e L i

ViH(pc) YA N A A Y AR V) SRY) 02N} BN A BN SN

ViLiac) N Y Y Y YT BT T T BT B

ViL(pc) N A Y Y Y L e A YL B & ) S

Slewp A N e N N N N S CEEEL R

Slewy S B N L L L L N

AC N N e L L e N N

Overshoot

AC T B N L e B R N I

Undershoot

ViHcA(Ac) v N NTRNT

ViLca(Ac) ol Y NI

ViHcA(DC) v Y NTRNT
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Table1 DDR2/LPDDR2 Cycles and Signals (continued)

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data |DQ DQS CK ADD Ctrl Data [CS#
Mask Mask

Ctrl Ctrl

ViLca(nc) v VoA VB

VlHDQ(AC) \/ \/ \/ \/1 \/1’2 \/1

VILDO(AC) \/ \/ \/ \/1 \/1’2 \/1

VIHDQ(DC) \/ \/ \/ \/1 \/1’2 \/1

VlLDQ(DC) \/ \/ \/ \/1 \/1’2 \/1

SRQseR V Y I 12

(RON =40

ohm +/- 30%)

SRQseF v v \ VyIo12

(RON = 40

ohm +/- 30%)

SRQseR v v N VI 12

(RON = 60

ohm +/- 30%)

SRQseF \ Y JIA12

(RON = 60

ohm +/- 30%)

VOH(AC) \/ \/ \/ \/1 \/1’2

VOH(DC) \/ \/ \/ \/1 \/1’2

VOL(AC) \/ \/ \/ \/1 \/1’2

VOL(DC) \/ \/ \/ \/1 \/1’2

VSEH(AC)' for \/ \/ \/1 \/1

strobes

VSEL(AC)' fOI' \/ \/ \/1 \/1

strobes

VSEH(AC)' for \/ \/ \/ \/1

clocks

VSEL(AC)' for \/ \/ \/ \/1

clocks
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Table1 DDR2/LPDDR2 Cycles and Signals (continued)

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data DO DQS CK ADD Ctrl Data [CS#
Mask Mask
Ctrl Ctrl
VIHCKE N V4 V4
VILCKE \ V4 V4
Vioiagy y VoA VB
Vixiacy v VoA NORCRR
Vixca v v v \3
Vixoa v v IR
ViHdiff(DC) v Voo VB2 42
ViLditi(pC) v VoA VB2 42
ViHdiff(AC) v VoA VE2 2
ViLdiff(Ac) v v VB2 42
SRQdiffR \ v Vb 42
(RON = 40
ohm +/- 30%)
SRQdiffF N v VI 42
(RON = 40
ohm +/- 30%)
SRQdiffR N \ VI 42
(RON = 60
ohm +/- 30%)
SRQdiffF \ v VI 42
(RON = 60
ohm +/- 30%)
VoHaiff(Ac) v v VE42
VoLdiff(ac) v v VA2
tAC v N N JI g2 12 N
tDQSCK \ v W I g2 12 \
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Table1 DDR2/LPDDR2 Cycles and Signals (continued)

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data D@ DQS CK ADD Ctrl Data [CS#
Mask Mask
Ctrl Ctrl

tDQSCK \ N NN N
(Low Power)
tDVAC \ \ N |2
(Clock)
tQHS \ N N JIoy2 12 J
tDQSCKDS \/ NN, YU 12 412 J
tDAQSCKDM \ NN J1 o y12 12 N
tHZ(DQ) v v N JU Y12 |12 J
tLZ(DQS) v N JUoy12 |12 J
tLZ(DQ) \ N N YU 12 412 J
tDQSQ v N JUoy12 J
tQH \ N JI L2 J
tDQSS v N JUoyL2 12 N
tDQSH v N YU 12 N
tDQSL \/ N U y12 J
tDSS v N, NI KRN N
tDSH \/ N, JIoyL2 12 N
tWPST ~ N YU 12 J
tWPRE ~ N YU 12 J
tRPRE v v JI L2 J
tRPST v v JUoy12 J
tHZ(DQ)Low | N N YU 12 412 J
Power
tHZ(DQS) v N U1z |12 J
Low Power
tLZ(DQ) Low | N N YU 12 412 J
Power
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Table1 DDR2/LPDDR2 Cycles and Signals (continued)

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data D@ DQS CK ADD Ctrl Data [CS#
Mask Mask
Ctrl Ctrl
tLZ(DQS) \ N NN N
Low Power
tQSH N, N YU 12 J
tasL v v NI J
tDASS Low v v oA YU 12 412 J
Power
tDVAC ~ N JU42 J
(Strobe)
tDS(base) R VoW 42 TR
tDS(derate) Voo N BN NI N
tDH(base) NN NN A2 TR Y
tDH(derate) VAR N YL S TR N
tDS1(base) VoY NI NI N
tDS1(derate) NN NI BV TR
tDH1(base) AN NN TR
tDH1(derate) Voo NI NI N
tVAC(Data) v o Y JU 12 N
tDIPW \ N JIo412 N
tQHP N, N Y1 12 J
tDS(Vref VR NN 42 TR
based)
tDH(Vref v o NN A2 TR
based)
tIS(base) \ NNy NI RN N
tIS(derate) \ NN A NTE NIRRT J
tIH(base) N NN J12ooyr oyt N
tIH(derate) \ NN A J12 1 N
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Table1 DDR2/LPDDR2 Cycles and Signals (continued)

NOTE: 1 = Single Ended signal; 2 = Differential signal; 3 = 2 x Single Ended signal; 4 = CKE only

TEST Cycle Based on Test Definition Required To Perform on Scope Opt.
Read Write DQ DQS CK ADD Ctrl Data DQ DQS CK ADD Ctrl Data [CS#
Mask Mask
Ctrl Ctrl

tVAC V Y Vbt
(CS,CA)
HPW v v NN iz g1 v
tISCKE \ \ V4 V1.2 4
tIHCKE v v V4 Y12 NZ
tISCKED v v VA 12 N
tIHCKED V V 4 12 4
Eye Diagram v v \ VyIo12
— Read
Eye Diagram \ \ \ VI 12
— Write
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DDR2(+LP) Compliance Test Application — At A Glance

The Agilent N5413B DDR2(+LP) Compliance Test Application is a DDR2
(Double Data Rate 2) and LPDDR2 (Low Power Double Data Rate 2) 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 DDR2/LPDDR2 device under test
(DUT) compliance, with the Agilent Infiniium oscilloscope.

There are 2 main categories of test modes:

¢ Compliance Tests — These tests are based on the DDR2/LPDDR2 JEDEC
compliance specifications and are compared to corresponding
compliance test limits.

e Custom Mode Tests — These tests are not based on any compliance
specification. The primary use of these tests is to perform non-JEDEC
specific speed signal testing.

The DDR2(+LP) Compliance Test Application:

e Lets you select individual or multiple tests to run.

e Lets you identify the device being tested and its configuration.

e Shows you how to make oscilloscope connections to the device under
test.

e 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.

¢ Allows you to customize the test limits in the application which
determines the pass or/and fail of each test.

¢ Provides detailed information of each test that has been run. The result
of maximum sixty four 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.

¢ Clock Timing tests — 3 probes.

e Custom Mode tests — 3 probes.

The tests performed by the DDR2(+LP) Compliance Test Application are intended to provide
a quick check of the physical layer performance of the DUT. These testing are not
replacement for an exhaustive test validation plan.
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DDR2(+LP) SDRAM electrical, clock and timing test standards and
specifications are described in the JESD79-2E, JESD20S, and JESD209-2B
documents. For more information, refer to JEDEC web site at
www.jedec.org.

Required Equipment and Software

In order to run the DDR2(+LP) automated tests, you need the following
equipment and software:

The minimum version of Infiniium oscilloscope software (see the
Nb5413B test application release notes).

N5413B DDR2(+LP) Compliance Test Application, version 1.00 and
higher.

RAM reliability test software.
1169A, 1168A, 1134A, 1132A or 1131A InfiniiMax probe amplifiers.

Nb5381A or E2677A differential solder-in probe head, N5382A or
E2675A differential browser probe head, N5425A ZIF probe head with
Nb5426A or N5451A ZIF tip accessories, E2678A differential socketed
probe head.

Any computer motherboard system that supports DDR2 memory.
Keyboard, qty = 1, (provided with the Agilent Infiniium oscilloscope).
Mouse, qty = 1, (provided with the Agilent Infiniium oscilloscope).

Below are the required licenses:

N5413B DDR2(+LP) Compliance Test Application license.

Nb5414A InfiniiScan software license.
E2688A Serial Data Analysis and Clock Recovery software license.
N5404A Deep memory option (optional).

DDR2(+LP) Compliance Testing Methods of Implementation
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In This Book

This manual describes the tests that are performed by the DDR2(+LP)
Compliance Test Application in more detail; it contains information from
(and refers to) the JESD79-2E, JESD20S, and JESD209- 2B and it describes
how the tests are performed.

Chapter 1, “Installing the DDR2(+LP) 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
DDR2(+LP) Compliance Test Application and gives a brief overview of
how it is used.

Chapter 3, “Measurement Clock Tests” describes the measurement clock
tests including clock period jitter, clock to clock period jitter, cumulative
error, average HIGH and LOW pulse width, half period jitter and
average clock period tests.

Chapter 4, “Single- Ended Signals Input/Output Parameters Tests” shows
how to run the single-ended signals AC input/output parameters tests.
This chapter includes input signal minimum slew rate (rising) tests,
input signal minimum slew rate (falling) tests, input/output logic HIGH
tests, input/output logic LOW tests, and output rising/falling slew rate
tests (40 ohm and 60 ohm).

Chapter 5, “Single-Ended Signals VIH/VIL (Address, Control) Tests”
describes the AC/DC input logic high/low tests (address, control).

Chapter 6, “Single- Ended Signals VIH/VIL (Data, Mask) Tests” describes
the AC/DC input logic high/low tests (data, mask).

Chapter 7, “Single-Ended Signals AC Parameters Tests for Strobe
Signals” describes the Vgppac) and Vggrac) tests for strobe signals.

Chapter 8, “Single-Ended Signals AC Parameters Tests for Clocks”
describes the Vgppac) and Vggrac) tests for clocks.

Chapter 9, “Single-Ended Signals Overshoot/Undershoot Tests” describes
the AC overshoot and undershoot tests probing and method of
implementation.

Chapter 10, “Differential Signals AC Input Parameters Tests” describes
the Vip AC differential input voltage tests and Vix AC differential cross
point voltage tests. The Vigqier and Vypqi¢r tests for both AC and DC are
also described.

Chapter 11, “Differential Signal AC Output Parameters Tests” contains
information on the Vox AC differential cross point voltage tests. It also
describes the SRQdiffR (40 and 60 ohm), SQRAiffF (40 and 60 ohm),
Vomuaiticacy and Voragitrcac) tests.

Chapter 12, “Differential Signals Clock Cross Point Voltage Tests”
describes the Vixca Clock Cross Point Voltage test.
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e Chapter 13, “Differential Signals Strobe Cross Point Voltage Tests”
describes the Vixpq Strobe Cross Point Voltage test.

e Chapter 14, “Clock Timing (CT) Tests” describes the clock timing
operating conditions of DDR2/LPDDR2 SDRAM as defined in the
specification.

e Chapter 15, “Data Strobe Timing (DST) Tests” describes various data
strobe timing tests including tHZ(DQ), tLZ(DQS), tLZ(DQ), tDQSQ, tQH,
tDQSS, tDQSH, tDQSL, tDSS, tDSH, tWPST, tWPRE, tRPRE, tRPST,
tHZ(DQ) Low Power, tHZ(DQS) Low Power, tLZ(DQS) Low Power,
tLZ(DQ) Low Power, tQSH, tQSL, tDQSS, and tDVAC (Strobe) tests.

e Chapter 16, “Data Timing Tests” describes the measurement clock tests
including clock period jitter, clock to clock period jitter, cumulative
error, average HIGH and LOW pulse width, half period jitter and
average clock period tests.

e Chapter 17, “Command and Address Timing (CAT) Tests” describes the
measurement clock tests including clock period jitter, clock to clock
period jitter, cumulative error, average HIGH and LOW pulse width, half
period jitter and average clock period tests.

e Chapter 18, “Custom Mode Read-Write Eye-Diagram Tests” describes
the user defined real-time eye-diagram test for read cycle and write
cycle.

e Chapter 19, “Calibrating the Infiniium Oscilloscope and Probe” describes
how to calibrate the oscilloscope in preparation for running the
DDR2(+LP) automated tests.

e Chapter 20, “InfiniiMax Probing” describes the probe amplifier and
probe head recommendations for DDR2(+LP) testing.

See Also

The DDR2(+LP) Compliance Test Application’s online help, which

describes:

e Starting the DDR2(+LP) compliance test application.
To view/minimize the task flow pane
To view/hide the toolbar

* Creating or Opening a Test Project

¢ Setting up DDR2(+LP) test environment.

¢ Selecting tests.

¢ Configuring tests.

e User-Defined compliance limits.

* Connecting the oscilloscope to the DUT.

¢ Running tests.

e Viewing test results.
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To delete trials from the results
To show reference images and flash mask hits
To change the display settings
To change the remote settings
To change the margin thresholds and trial report display
To change the user prompt option
* To change the auto-recovery option
» Viewing/printing the HTML test report.
* Understanding the HTML report.

e Saving test projects.

DDR2(+LP) Compliance Testing Methods of Implementation
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Contact Agilent

For more information on DDR2(+LP) Compliance Test Application or other
Agilent Technologies’ products, applications and services, contact your
local Agilent office. The complete list is available at:

www.agilent.com/find/contactus

14

Phone or Fax

United States:
(tel) 800 829 4444
(fax) 800 829 4433
Canada:

(tel) 877 894 4414
(fax) 800 746 4866
China:

(tel) 800 810 0189
(fax) 800 820 2816
Europe:

(tel) 31 20 547 2111

Japan:

(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:

(tel) (080) 769 0800
(fax) (080) 769 0900
Latin America:

(tel) (305) 269 7500
Taiwan:

(tel) 0800 047 866
(fax) 0800 286 331
Other Asia Pacific Countries:
(tel) (65) 6375 8100
(fax) (65) 6755 0042

E-mail: tm_ap@agilent.com
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation
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Installing the DDR2(+LP) Compliance
®. TestApplication

Installing the Software 39
Installing the License Key 39

If you purchased the N5413B DDR2(+LP) Compliance Test Application
separately, you need to install the software and license key.

Installing the Software

1

Make sure you have the minimum version of Infiniium oscilloscope
software (see the N5413B test application release notes) by choosing
Help>About Infiniium... from the main menu.

To obtain the DDR2(+LP) Compliance Test Application, go to Agilent
website: http://www.agilent.com/find/N5413B.
The link for DDR2(+LP) Compliance Test Application will appear.

Double-click on it and follow the instructions to download and install
the application software.

Installing the License Key

Request a license code from Agilent by following the instructions on the
Entitlement Certificate.

You will need the oscilloscope’s “Option ID Number”, which you can
find in the Help>About Infiniium... dialog box.

After you receive your license code from Agilent, choose
Utilities>Install Option License....

In the Install Option License dialog, enter your license code and click
Install License.

Click OK in the dialog that tells you to restart the Infiniium
oscilloscope application software to complete the license installation.

Click Close to close the Install Option License dialog.
Choose File>Exit.

39
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Installing the DDR2(+LP) Compliance Test Application

7 Restart the Infiniium oscilloscope application software to complete the
license installation.
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Preparing to Take Measurements

[ o
° ® o
* ] ‘ Calibrating the Oscilloscope 42
° Starting the DDR2(+LP) Compliance Test Application 43

Before running the DDR2(+LP) automated tests, you should calibrate the
oscilloscope and probe. No test fixture is required for this DDR2(+LP)
application. After the oscilloscope and probe have been calibrated, you are
ready to start the DDR2(+LP) Compliance Test Application and perform
the measurements.
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Preparing to Take Measurements

Calibrating the Oscilloscope

42

If you haven't already calibrated the oscilloscope and probe, see
Chapter 19, “Calibrating the Infiniium Oscilloscope and Probe”.

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. Agilent recommends that, once calibration is performed,
you label the cables with the channel on which they were calibrated.
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Starting the DDR2(+LP) Compliance Test Application

1 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 DDR2 memory.

2 To start the DDR2(+LP) Compliance Test Application: From the
Infiniium oscilloscope’s main menu, choose Analyze>Automated Test
Apps>DDR2(+LP) Test.

Utilities Demos Help
Math (FFT and more)...
Histogram...

Mask Test...

Jitter Setup...
Serial Data...
Equalization...

Apps Needing Upgrade 4
DDR2 2.50 Test
Vector Signal Analysis... DDR3 Test
GDDRS5 Test

PCI Express Test
Reference App
Reference App Stable

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help
U= H

Task Flow _| Setlp ]SelectTests I Configure I Connect] Run Tests] Results] Himl Report

Set Up DDR2(+LP) Test Environment Setup

Device Under Test (DUT)
Test Mode Device Identifier:

" Compliance :lv

Select Tests
400 !
| > | MTis] {* Custom User Description:
Q InfiniiSim Setup ’—Ll
Key in any value Set Mask Fil
ask File
Dierate Table File

[ Low Power

0Tests  Follow instructions to describe your test environment Connection: UNENOWN

Figure1 The DDR2(+LP) Compliance Test Application
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Preparing to Take Measurements

If DDR2(+LP) Test does not appear in the Automated Test Apps menu, the DDR2(+LP)
Compliance Test Application has not been installed (see Chapter 1, “Installing the
DDR2(+LP) Compliance Test Application”).

Figure 1 shows the DDR2(+LP) 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:

Set Up

Select Tests

Configure

Connect

Run Tests

Results

Html Report

Lets you identify and setup the test environment,
including information about the device under test.

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.

Lets you configure test parameters (like memory
depth). This information appears in the HTML report.

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

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

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

Shows a compliance test report that can be printed.

When you close the DDR2(+LP) application, each channel’s probe is configured as
single-ended or differential depending on the last DDR2(+LP) test that was run.

Online Help Topics

For information on using the DDR2(+LP) Compliance Test Application, see
its online help (which you can access by choosing Help>Contents... from
the application’s main menu).
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The DDR2(+LP) Compliance Test Application’s online help describes:
e Starting the DDR2(+LP) compliance test application.
To view/minimize the task flow pane
To view/hide the toolbar
e Creating or Opening a Test Project
* Setting up DDR2(+LP) test environment.
¢ Selecting tests.
¢ Configuring tests.
e User-Defined compliance limits.
e Connecting the oscilloscope to the DUT.
* Running tests.
e Viewing test results.
To delete trials from the results
To show reference images and flash mask hits
To change the display settings
To change the remote settings
To change the margin thresholds and trial report display
To change the user prompt option
¢ To change the auto-recovery option
e Viewing/printing the HTML test report.
e Understanding the HTML report.

e Saving test projects.

DDR2(+LP) Compliance Testing Methods of Implementation
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

ce0@® @03
Measurement Clock Tests

® o
° ® o
° ® ¢ Probing for Measurement Clock Tests 48
° Clock Period Jitter - tJIT(per) - Test 51

Cycle to Cycle Period Jitter - tJIT(cc) - Test 54
Cumulative Error - tERR(n per) - Test 57

Cumulative Error (across 13-50 cycles) - tERR(13-50 per) (Low Power) -
Test 61

Average HIGH Pulse Width - tCH(avg) - Test 63
Absolute HIGH Pulse Width - tCH(abs) - Test 66
Average Low Pulse Width - tCL(avg) - Test 68
Absolute Low Pulse Width - tCL(abs) - Test 71
Half Period Jitter - tJIT(duty) - Test 73

Average Clock Period - tCK(avg) - Test 76
Absolute Clock Period - tCK(abs) - Test 79

This section provides the Methods of Implementation (MOIs) for Rising
Edge and Pulse Measurements Clock tests using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test
Application.

47



3

Measurement Clock Tests

Probing for Measurement Clock Tests

48

When performing the Measurement Clock tests, the DDR2(+LP) Compliance
Test Application will prompt you to make the proper connections. The
connections for Rising Edge and Pulse Measurement Clock tests may look
similar to the following diagram. Refer to the Connection tab in DDR2
Electrical Performance Compliance application for the exact number of
probe connections.

~
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Infiniium Oscilloscope

Figure2  Probing for Measurement Clock Tests

You can use any of the oscilloscope channels as the Pin Under Test (PUT)
source channel. You can identify the channels used for each signal in the
Configuration tab of the DDR2(+LP) Compliance Test Application. (The
channel shown in Figure 2 is just an example.)

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform a test on all the unused RAM on
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the system by producing a repetitive burst of read- write data signals to
the DDR2 memory.

3 Connect the differential solder-in probe head to the PUT on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any of the oscilloscope channels.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For the DDR2 Measurement Clock tests,
you can select either DDR2-667, DDR2-800 and DDR2-1066 speed
grade. If another Speed Grade is selected, the Measurement Clock test
options will not be displayed at the Select Tests tab. For the LPDDR2
Measurement Clock tests, any of the available LPDDR2 Speed Grades
can be selected by checking the Low Power box in the Set Up tab to
display the LPDDR2 Speed Grades.

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.

DDR2(+LP) Test -- DDR2 Device 1 *
File View Tools Help

Ow & byt )_E T I i ]

Task Flow _| sSetUp SelectTests ]Conﬁgure l Connect] Run Tests] Results l Html Report

— —-[J© Al DDR2 Tests

= @0
+ ) Rising Edge Measurements
+  Falling Edge Measurements
- ) Pulse Measurements

M

et feons W] O tCH(avg) Average dock HIGH pulse width

[¥1

O tCL{ava) Average dodk LOW pulse width

O it{duty-high) Duty cyde jitter(Rising Edge)

O tit{dutydow) Duty cyde jitter{Falling Edge)
O C Electrical Tests

0 Timif L Tests
0o mmfy

B

Configure 3]
¥

}

Connect

]

Run Tests

Test Group: Clock Tests

Description: The dock tests are referenced to the spec parameters stated in Table 42 and Spedific Mote
35,36 of the JEDS75-2E document which apply to DDR2-667 and DDR2-800 OMLY. These tests also apply
to DDR 2-1066 based on spec parameters stated in Table 41 and Specific Note 30,31 of the JEDS203.

Figure 3  Selecting Measurement Clock Tests
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9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the test, and view the test results.

50 DDR2(+LP) Compliance Testing Methods of Implementation



Measurement Clock Tests 3

Clock Period Jitter - tJIT(per) - Test

This test is applicable to the Rising Edge Measurement and Falling 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. You can specify the rising and/or the falling
edge of your signal for this measurement.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:

* Clock Signal

e Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification

Table 2 Specific Note 35

Parameter Symbol DDR2-667 DDR2-800 Units |Notes

Min Max Min Max

Clock Period Jitter tJIT(per) [125 125 -100 100 ps 35

Table 3 Specific Note 30

Parameter Symbol DDR2-1066 Units [Notes
Min Max
Clock Period Jitter tJIT(per) [-90 90 ps 30

Table4 Table 103 - LPDDR2 AC Timing Table

Parameter Symbol  |min |min LPDDR2 Unit
max ek 1066 033 |so0 |667 |533 |466 |400 |333 |26 |200°5
Max. Frequency ~ 533|466 (400 (333 [266 (233 200 [166 (133 [100 |MHz
Clock Timing
Clock Period tyr(per), |min -90 |95 |-100 |-110 [-120 |-130 |-140 |-150 |-180 |-250
:;Eﬁ;émmen allowed | 90 95 [100 110 [120 [130 [1a0 [150 [180 [os0 [P

52

Test References

See Specific Note 35 in the JEDEC Standard JESD79-2E, Specific Note 30
in the JESD20S8, and Table 103 in the JESDZ209-2B.

Pass Condition

The tJIT(per) measurement value should be within the conformance limits
as specified in the JEDEC specification.

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.

2 (Calculate the average for periods 1 to 200.
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Measurement Clock Tests 3

3 Measure the difference between period #1 with the average and save
the answer as a measurement result.

4 Measure the difference between period #2 with the average and save
the answer as a measurement result.

b Continue with the same procedures until you complete the comparison
for period #200 with the average. By now, 200 measurement results are
generated.

6 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, #201. By now, 200 more measurement results
are added, with the total of 400 values.

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

9 Compare period #3 with the new average. Continue the comparison for
period #4, #5, ... #201, #202. By now, 200 more measurement results
are added, with the total of 600 values.

10 Check these 600 results for the smallest and largest values (worst cases
values).

11 Compare the test results against the compliance test limits.
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Measurement Clock Tests

Cycle to Cycle Period Jitter - tJIT(cc) - Test

54

This test is applicable to the Rising Edge Measurement as well as Falling
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. The tJIT(cc) Falling Edge
Measurement measures the clock period from the falling edge to falling

edge. The test will show a fail status if the total failed waveforms is
greater than 0.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ C(Clock Signal
¢ Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 5 Specific Note 35

Parameter Symbol DDR2-667 DDR2-800 Units |Notes
Min Max Min Max
Cycle to Cycle Period Jitter tJIT(cc) -250 250 -200 200 ps [3b

Table 6 Specific Note 30

Parameter Symbol DDR2-1066 Units [Notes
Min Max
Cycle to Cycle Period Jitter tJIT(cc) -180 180 ps |30

Table 7 Table 103 - LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max ftek lioes [933 |800 567 |533 |466° |400 |333 266 |200°
Max. Frequency ~ 533 466 [400 [333 [266 (233 [200 [166 [133 100 |MHz
Clock Timing
Maximum Clock  [tyr(cc), |max 180 [190 [200 [220 [240 [260 [280 (300 [360 (500 |ps
Jitter between allowed

two consecutive
clock cycles (with
allowed jitter)

Test References

See Specific Note 35 in the JEDEC Standard JESD79-2E, Specific Note 30
in the JESD20S8, and Table 103 in JESD209- 2B.

Pass Condition

The tJIT(cc) measurement value should be within the conformance limits
as specified in the JEDEC specification.

Measurement Algorithm

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

1 Measure the difference between every adjacent pair of periods.

2 Generate 201 measurement results.
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3 Measurement Clock Tests

3 Check the results for the smallest and largest values (worst case
values).

4 Compare the test results against the compliance test limits.
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Measurement Clock Tests 3

Cumulative Error - tERR(n per) - Test

This Cumulative Error (across “n” cycles) test is applicable to the Rising
Edge Measurement as well as the Falling 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"

cycle) where n>5 but less than 50.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ Clock Signal

e Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above
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Measurement Clock Tests

Test Definition Notes from the Specification
Table 8 Specific Note 35

Parameter Symbol DDR2-667 DDR2-800 Units |Notes
min max min max
Cumulative error across 2 cycles tERR(2per) -175 175 -150 150 ps 35
Cumulative error across 3 cycles tERR(3per) -225 225 -175 175 ps 35
Cumulative error across 4 cycles tERR(4per) -250 250 -200 200 ps 35
Cumulative error across b cycles tERR(5per) -250 250 -200 200 ps 35
Cumulative error across n cycles, tERR(6-10 per) -350 350 -300 300 ps 35
= 6...10, inclusive
Cumulative error across n cycles, tERR(11-50 per) -450 450 -450 450 ps 35
=11..50, inclusive
Table9 Specific Note 30
Parameter Symbol DDR2-1066 Units |Notes
min max
Cumulative error across 2 cycles tERR(2per) -132 132 ps 30
Cumulative error across 3 cycles tERR(3per) -157 157 ps 30
Cumulative error across 4 cycles tERR(4per) -175 175 ps 30
Cumulative error across 5 cycles tERR(bper) -188 188 ps 30
Cumulative error across n cycles, n =6....10, inclusive tERR(6-10 per) -250 250 ps 30
Cumulative error across n cycles, n =11...50, inclusive tERR(11-50 per) -425 425 ps 30
Table 10 Table 103 - LPDDR2 AC Timing Table
Parameter Symbol min |min LPDDR2 Unit
MK 1066 o33 [soo |667 533|466 400 333|266 200
Max. ~ 533 466 |400 [333 |266 |233 200 166 133 {100 |MHz
Frequency*4
Clock Timing
Cumulativeerror |t;r(2per), |min -132 |-140 |-147 |-162 |-177 |-191  |-206 |-221 |-265 |-368
across2cycles allowed | 132 [140 [147 [162 [177 (191 |06 [221 |[265 [368 |°°
Cumulativeerror [ty r(3per), |min -157 |-166 |-175 |-192 |-210 |-227 |-245 |-262 |-314 |-437
across3cycles \allowed | 157 [166 (175 [192 [210 [227 |45 [262 [314 [a37 [P
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3

Cumulativeerror |t r(4per), |min -175 |-185 |-194 |-214 |-233 |-263 |-272 |-291 |-350 |[-486
across deycles —jallowed | 175 185 [194 [214 [233 [253 [272 291 350 |486 |°°
Cumulative error  [tyr(5per), |min -188 |-199 |-209 |-230 |-251 |-272 |-293 |-314 |-377 |-524
acrossScycles jallowed 188|199 [209 [230 [251 [272 [293 [314 [377 |54 |P°
Cumulativeerror [ty r(6per), |min -200 |-211 |-222 |-244 |-266 |-288 |-311 |-333 |-399 |-555
across b cycles jallowed 200 [211 |22 [244 [266 [288 [311 [333 [399 |555 |P°
Cumulativeerror |ty r(7per), |min -209 |-221 |-232 |-256 [-279 |-302 |-325 |-248 |-418 |-581
across Teycles jallowed | 209 [221 [232 [256 [279 [302 325 (248 |418 [581 |"°
Cumulative error [ty r(8per), |min 217 |-229 |-241 |-256 |-290 |-314 |-338 |-362 |-435 |-604
across § cycles jallowed  f o> 217|229 [241 [256 [200 [314 [338 [362 [435 |604 |°°
Cumulativeerror [tyr(9per), |min -224 |-237 |-249 |-274 |-299 |-324 |-349 |-374 |-449 |-624
across 9 cycles jallowed 204 237 |249 [274 [299 [324 349 [374 |a49 |624 |P°
Cumulativeerror |t;r(10per), |min -231 |-244 |-257 |-282 |-308 |-334 |-359 |-385 |-462 |-641
across 10 cycles allowed — f° > 231|244 [257 [282 [308 [334 [359 [385 462 |64l |°°
Cumulative error  [tyir(11per), |min -237 |-250 |-263 |-289 |-316 |-342 |-368 |-395 |-474 |-658
across 11 cycles Jallowed 237 |250 [263 (289 [316 [342 |368 [395 [474 |658 |°°
Cumulativeerror [ty r(12per), |min -242 |-256 |-269 |-296 |[-323 |-350 |-377 |-403 |-484 |-672
across 12 cycles Jallowed 242|256 |269 [296 (323 [350 (377 [403 |484 |672 |"°

Test References

Pass Condition

Measurement Algorithm

See Specific Note 35 in the JEDEC Standard JESD79-2E, Specific Note 30
in the JESD20S8, and Table 103 in the JESD209-2B.

The tERR measurement value should be within the conformance limits as

specified in the JEDEC specification.

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

202.

1 tERR(Z2per) 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.

2 Calculate the average for periods 1 to 200.
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Measurement Clock Tests

10
"

12

13

Calculate the average for periods 1 and 2.

Measure the difference of these two averages and save the answer as a
measurement result.

Calculate the average of periods 2 and 3, and measure the difference
between this average and the big window average.

Continue with the same procedures until the average of periods 199
and 200 to the big window average is compared. By now, 199
measurement results are generated.

Slide the big window by one and start comparing the average of periods
2 and 3 with the new big window average until the comparison for
periods 200 and 201 with the big window is completed. By now, 199
more measurements are added, with the total of 398 measurement
values.

Slide the big window by one again and repeat the same procedures. By
now, 199 more measurements are added, with the total of 597
measurement values.

Check the 597 results for the smallest and largest values (worst case
values).

Compare the test results to the compliance test limits.

tERR(3per) is the same as tERR(2per) except the small window size is
three periods wide. tERR(4per) uses small window size of four periods,
and tERR(5per) uses five periods.

tERR(6- 10per) executes tERR(6per), tERR(7per), tERR(8per), tERR(9per)
and tERR(10per), combines all the measurement results together into
one big pool, and checks for the smallest and largest values.

tERR(11-50per) does the same for tERR(11per) through tERR(50per).
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Cumulative Error (across 13-50 cycles) - tERR(13-50 per) (Low Power) -

Test

Signals of Interest

This Cumulative Error (across 13-50 cycles) test is applicable to the Rising
Edge Measurement as well as the Falling 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 from 13

cycles to 50 cycles.

Mode Supported: LPDDR2 only

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:

¢ Clock Signal

e Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification

Table 11 Table 103 - LPDDR2 AC Timing Table

Parameter Symbol min |min LPDDR2 Unit
M ek 1066 o33 [800 |667 [533 |46 [400 [333 |266 |200°
Max. ~ 533 |466 (400 333 |266 (233 200 (166 (133 |100 |MHz
Frequency*4
Clock Timing

Cumulative tegr(nper), |min tegr(nper).allowed,min = (1 + 0.68In(n)) * t;r(per).allowed,min
ir;%r?zrosz; allowed max tegr(nper).allowed,max = (1 + 0.68In(n)) * t,;r(per).allowed, max ps
50 cycles

Test References

See Table 103 in the JESD209-2B.

Pass Condition

The tERR measurement value from 13-cycle through 50-cycle should be
within the conformance limits as specified in the JEDEC specification.
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Measurement Algorithm

Example input test signal: Frequency: 1 KHz, Number of cycles acquired:
202. tERR(13-50per) executes tERR(13per) through tERR(50per). For
tERR(13per):

1
2
3

Calculate the average for periods 1-200.
Calculate the average for periods 1-13.

Measure the difference between these two averages and save the answer
as a tERR(13per) result.

Continue with the same procedures until the average of the last
thirteen periods (188-200) is compared to the average for periods
1-200.

Slide the window by one and start comparing the average of periods
2-14 and end by comparing the average of periods 189-201.

Slide the window by one again and repeat the same procedures.

Calculate the compliance upper and lower limits for tERR(13per):
Upper limit = (1 + 0.68In(n)) * tyr(per),max. (where n=13)

Lower limit = (1 + 0.68In(n)) * typ(per),min. (where n=13)

NOTE: typ(per),max and tyr(per),min vary depending on the speed
grade selected.

Check all tERR(13per) results for the smallest and largest values (worst
case values).

Compare the worst case tERR(13per) results to the compliance test
limit.

10 Perform the same procedure for tERR(14per) through tERR(50per).
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Average HIGH Pulse Width - tCH(avg) - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ (Clock Signal

Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 12 Timing Parameters by Speed Grade (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
Average clock HIGH pulse width tCH(avg) 0.48 0.52 0.48 0.52 tCK(avg) 35,36
Table 13 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
Average clock HIGH pulse width tCH(avg) 0.48 0.52 tCK(avg) 30,31
Table 14 Table 103 - LPDDR2 AC Timing Table
Parameter Symbol |min |min LPDDR2 Unit
t . P -
M ek 1066 933 (800 (667 (533 [466 |400 (333 2667 [200°
Max. . ~ 533 466 (400 (333 |266 (233 [200 [166 |133 |100 |MHz
Frequency 4
Clock Timing
Average high  [tgy(avg) |min 0.45 tek(ava)
pulse width
max 0.55

Test References

See Table 42 - Timing Parameters by Speed Grade (DDR2-667 and
DDR2-800) in the JEDEC Standard JESD79-2E, Table 41 - Timing
Parameters by Speed Grade (DDR2-1066) in the JESD208, and Table 103
in the JESD209-2B.

Pass Condition

64

The tCH measurement value should be within the conformance limits as
specified in the JEDEC specification.
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Measurement Algorithm

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

1
2

Measure the sliding “window” of 200 cycles.

Measure the width of the high pulses 1-200 and determine the average
value for this window. By now, one measurement result is generated.

Measure the width of the high pulses 2-201 and determine the average
value for this window. By now, one measurement result is generated,
with the total of two measurement results.

Measure the width of the high pulses 3-202 and determine the average
value for this window. By now, one measurement result is generated,
with the total of three measurement results.

Check the total 3 results for the smallest and largest values (worst case
values).

Compare the test results against the compliance test limits.
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Absolute HIGH Pulse Width - tCH(abs) - Test

The purpose of this test is to measure the absolute duty cycle of all the
positive pulse widths within a window of 202 consecutive cycles.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ (Clock Signal
¢ Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification

Table 15 Table 103 - LPDDR2 AC Timing Table

Parameter Symbol  |min |min LPDDR2 Unit
t P P .

MAC K 1066 933 (800|667 [533 |4665 400 (333 (266 |200°8
Max. . ~ 533 |466 400 333 |266 [233 |200 166 133 [100 |[MHz
Frequency4

Clock Timing

Average clock [tcy(abs), |min 0.43
HIGH pulse allowed tek(avg)
width (with max 0.57
allowed jitter)

Test References

See Table 103 in the JESD209- 2B.

Pass Condition

The absolute tCH measurement value should be within the conformance
limits as specified in the JEDEC specification.
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Measurement Clock Tests 3

Measurement Algorithm
Example input test signal: Frequency: 1 KHz, Number of cycles acquired:
202.
1 Find the average period, tCK(avg) for cycle 1-202.
Find the maximum high pulse width, PWysx(s) for cycle 1-202.
Find the minimum high pulse width, PWyn(s) for cycle 1-202.
Calculate PWy 4 x(tCK) = PWyax(s)/tCK(avg).
Calculate PWyn(tCK) = PWyn(s)/tCK(avg).
Check PWypx(tCK) and PWyn(tCK) for the worst case values.

Compare the test result to the compliance test limit.

N oo o1 AW N

DDR2(+LP) Compliance Testing Methods of Implementation 67



68

3 Measurement Clock Tests

Average Low Pulse Width - tCL(avg) - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ (Clock Signal

Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 16 Timing Parameters by Speed Grade (DDR2-667 and DDR2-800)

Measurement Clock Tests

Parameter Symbol DDR2-667 DDR2-800 Units Notes
Min Max Min Max
Average clock LOW pulse width tCL(avg) 0.48 0.52 0.48 0.52 tCK(avg) 35,36
Table 17 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units Notes
Min Max
Average clock LOW pulse width tCL(avg) 0.48 0.52 tCK(avg) 30,31
Table 18 Table 103 - LPDDR2 AC Timing Table
Parameter Symbol |min |min LPDDR2 Unit
max |tk 1066 o33 [800 |667 |533 4667 |s00 |333 |266° 200
Max. . ~ 533 466 (400 (333 |266 (233 [200 [166 |133 |100 |MHz
Frequency 4
Clock Timing
Average low tei(avg) |min 0.45
pulse width max 055 tek(avg)

Test References

See Table 42 - Timing Parameters by Speed Grade (DDR2-667 and
DDR2-800) in the JEDEC Standard JESD79-2E, Table 41 - Timing
Parameters by Speed Grade (DDR2-1066) in the JESD208, and Table 103
in the JESD209-2B.

Pass Condition

The tCL measurement value should be within the conformance limits as
specified in the JEDEC specification.
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Measurement Algorithm

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

1
2

Measure the sliding “window” of 200 cycles.

Measure the width of the low pulses 1-200 and determine the average
value for this window. By now, one measurement result is generated.

Measure the width of the low pulses 2-201 and determine the average
value for this window. By now, one measurement result is generated,
with the total of two measurement results.

Measure the width of the low pulses 3-202 and determine the average
value for this window. By now, one measurement result is generated,
with the total of three measurement results.

Check the total results (three values) for the smallest and largest values
(worst case values).

Compare results against the compliance test limits.
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Absolute Low Pulse Width - tCL(abs) - Test

Measurement Clock Tests

The purpose of this test is to measure the absolute duty cycle of all the

negative pulse widths within a window of 202 consecutive cycles.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
Clock Signal

Signals required to perform the test on the oscilloscope:

Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification

Table 19 Table 103 - LPDDR2 AC Timing Table

3

Parameter Symbol |min |min LPDDR2 Unit
t P P .

MAC K 1066 933 (800|667 [533 |4665 400 (333 (266 |200°8
Max. . ~ 533 |466 400 333 |266 [233 |200 166 133 [100 |[MHz
Frequency4

Clock Timing

Absolute clock |t¢ (abs), |min 0.43
LOW pulse allowed tek(avg)
width (with max 0.57
allowed jitter)

Test References

See Table 103 in the JESD209- 2B.

Pass Condition

The absolute tCL measurement value should be within the conformance
limits as specified in the JEDEC specification.
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Measurement Clock Tests

Measurement Algorithm
Example input test signal: Frequency: 1 KHz, Number of cycles acquired:
202.
1 Find the average period, tCK(avg) for cycle 1-202.
Find the maximum low pulse width, PWysx(s) for cycle 1-202.
Find the minimum low pulse width, PWyn(s) for cycle 1-202.
Calculate PWy 4 x(tCK) = PWyax(s)/tCK(avg).
Calculate PWyn(tCK) = PWyn(s)/tCK(avg).
Check PWypx(tCK) and PWyn(tCK) for the worst case values.

Compare the test result to the compliance test limit.

N oo o1 AW N
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Half Period Jitter - tJIT(duty) - Test

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. 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.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ C(Clock Signal
¢ Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 20 Specific Note 35

Parameter Symbol DDR2-667 DDR2-800 Units Notes
Min Max Min Max
Duty cycle jitter tJIT(duty) -125 125 -100 100 ps 35

Table 21 Specific Note 30

Parameter Symbol DDR2-1066 Units Notes
Min Max
Duty cycle jitter tJIT(duty) -75 75 ps 30

Table 22 Table 103 - LPDDR2 AC Timing Table

Parameter Symbol min |min LPDDR2 Unit
t - B -

M ek 106 933|800 [667 [533 |4667 |400 (333|266 [200°
Max. . ~ 533 |466 |400 333 266 233 (200 166 |133 {100 |MHz
Frequency4

Clock Timing
Duty cycle jitter |tyq(duty), |min min((tcy(abs).min - tcy(avg).min), (tg (abs).min - tg (avg).min))
(with allowed allowed teklavg) ps
jitt
itter) max max((tcy(abs),max - tgy(avg).max), (tc (abs),max - t (avg).max)) *
telavg)

Test References

See Specific Note 35 in the JEDEC Standard JESD79-2E, Specific Note 30
in the JESD20S8, and Table 103 in the JESD209-2B.

Pass Condition

The tJIT(duty) measurement value should be within the conformance limits
as specified in the JEDEC specification.

Measurement Algorithm

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

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

2 C(Calculate the average for high pulse widths 1 to 200.

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

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

b Continue the same procedures until the comparison for high pulse
width #200 with the average is completed. By now, 200 measurement
results are generated.

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

7 Compare high pulse width #2 with the new average. Continue the
comparison for high pulse width #3, #4, ... #200, #201. By now, 200
more measurement results are added, with the total of 400 values.

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

9 Compare high pulse width #3 with the new average. Continue the
comparison for high pulse width #4, #5, ... #201, #202. By now, 200
more measurement results are added, with the total of 600 values.

10 Check these 600 results for the smallest and largest values (worst cases
values).

11 Compare the test results against the compliance test limits.

tJIT(LH)

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

Average Clock Period - tCK(avg) - Test

76

This test is applicable to the Rising Edge Measurement as well as the
Falling 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. The tCK(avg) Falling Edge Measurements
measures from the falling edge to the falling edge.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ Clock Signal

e Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 23 Timing Parameters by Speed Grade (DDR2-667 and DDR2-800)

Measurement Clock Tests 3

Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
Average clock period tCK(avg) 3000 8000 2500 8000 ps 35,36
Table 24 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
Average clock period tCK(avg) 1875 7500 ps 30,31
Table 25 Table 103 - LPDDR2 AC Timing Table
Parameter Symbol |min |min LPDDR2 Unit
t . x -
max- ek liose (933 [s00 [667 [533 |466 |a00 (333|266 [200°8
Max. . ~ 533 466 (400 |333 |266 (233 200 (166 |133 {100 |MHz
Frequency 4
Clock Timing
Average Clock |[tck(avg) |min 1.875 215 |25 3 375 |43 5 6 15 10
Period ns
max 100

Test References

See Table 42 - Timing Parameters by Speed Grade (DDR2-667 and
DDR2-800) in the JEDEC Standard JESD79-2E, Table 41 - Timing
Parameters by Speed Grade (DDR2-1066) in the JESD208, and Table 103
in the JESD209-2B.

Pass Condition

The tCK(avg) measurement value should be within the conformance limits
as specified in the JEDEC specification.

DDR2(+LP) Compliance Testing Methods of Implementation
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Measurement Clock Tests

Measurement Algorithm

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

1
2

This measurement measures a sliding “window” of 200 cycles.

Calculate the average period value for periods 1-200. By now, one
measurement result is generated.

Calculate the average period value for periods 2-201. By now, one
measurement result is generated, with the total of two measurement
results.

Calculate the average period value for periods 3-202. By now, one
measurement result is generated, with the total of three measurement
results.

Check the results for the smallest and largest values (worst case
values).

Compare the test results against the compliance test limits.

DDR2(+LP) Compliance Testing Methods of Implementation



Absolute Clock Period - tCK(abs) - Test

Measurement Clock Tests

This test is applicable to the Rising Edge Measurement as well as the
Falling Edge Measurement. tCK(abs) is absolute clock period within 202
consecutive cycle window. The tCK(abs) Rising Edge Measurement
measures the period from the rising edge of a cycle to the next rising edge
within the waveform window. The tCK(abs) Falling Edge Measurements

measures from the falling edge to the falling edge.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ or WRITE

Signal(s) of Interest:
¢ Clock Signal

e Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification

Table 26 Table 103 - LPDDR2 AC Timing Table

3

Parameter

Symbol |min |min

LPDDR2 Unit
M ek 16 933 [s00 |667 [533 |46 400 [333 |266 [200°
Max. Frequency * ~ 533 |466 400 (333 [266 (233 (200 (166 (133 (100 |MHz
Clock Timing
Absolute Clock tck(abs) |min tek(avg).min + typ(per).min ps
Period

Test References

See Table 103 in the JESD209-2B.

Pass Condition

The tCK(abs) measurement value should be within the conformance limits

as specified in the JEDEC specification.

DDR2(+LP) Compliance Testing Methods of Implementation
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Measurement Clock Tests

Measurement Algorithm

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

1

2
3
4

Find the maximum period value for period 1-202.
Find the minimum period value for period 1-202.
Check these two results for the worst case values.

Compare the test result against the compliance test limit.

DDR2(+LP) Compliance Testing Methods of Implementation



N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

4
Single-Ended Signals Input/Qutput
Parameters Tests

Probing for Single-Ended Signals Input/Qutput Parameters Tests 83
VIH(AC) Test for DQ, DM 86
VIH(AC) Test for DQS 88

VIH(AC) Test for Address, Control 90
VIH(DC) Test for DQ, DM 92
VIH(DC) Test for DQS 94

VIH(DC) Test for Address, Control 96
VIL(AC) Test for DQ, DM 98
VIL(AC) Test for DQS 100

VIL(AC) Test for Address, Control 102
VIL(DC) Test for DQ, DM 104
VIL(DC) Test for DQS 106

VIL(DC) Test for Address, Control 108
SlewR Test for DQ, DM, DQS 110

SlewR Test for Address, Control, Clock 112
SlewF Test for DQ, DM, DQS 114
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VOH(AC) Test 126

VOH(DC) Test 128
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Single-Ended Signals Input/Qutput Parameters Tests

This section provides the Methods of Implementation (MOIs) for

Single- Ended Signals Input/Output tests using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xXA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test
Application.

DDR2(+LP) Compliance Testing Methods of Implementation



Single-Ended Signals Input/Output Parameters Tests 4

Probing for Single-Ended Signals Input/Qutput Parameters Tests

When performing the Single-Ended Signals Input/Output Parameters tests,
the DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for the Single-Ended Signals
Input/Output Parameters tests may look similar to the following diagram.
Refer to the Connection tab in DDR2(+LP) Electrical Performance
Compliance application for the exact number of probe connections.
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Figure 4  Probing for Single-Ended Signals Input/Qutput Parameters 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 4 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.
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Single-Ended Signals Input/Qutput Parameters Tests

Test Procedure

1

Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 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
DDR2 memory.

Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

Connect the oscilloscope probes to any channels of the oscilloscope.
In the DDR2(+LP) Test application, click the Set Up tab.

Select the Speed Grade options. For the Single-Ended Signals Input
Parameters Tests, you can select any DDR2 speed grade within the

selection. For Single-Ended Signals Output Parameter Tests, you can
select any LPDDR2 speed grade by checking the Low Power box to

display the LPDDR2 speed grades.

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.

DDR2(+LP) Compliance Testing Methods of Implementation



Single-Ended Signals Input/Output Parameters Tests 4

DDR2(+LP) Test -- DDR2(+LP) Device 1 *

File View Tools Help
D 2251 (@ @]
SetUp Select Tests | Configure | Connect | Run Tests | Results | Himl Report
=[O _AlDDR2 Tests -
=[] Electrical Tests
I_——_|D O Single-Ended Signals
EI ) AC input parameters
i O Input signal minimum rising slew rate, SLEWr
e O Input signal minimum falling slew rate, SLEWT
r
=B © Input Logic High, vih
) Manimum AC Input Logic High, Vih(ac)
% © Minimum DC Input Logic High, vih{dc) =
= ) Input Logic Low, Vil
O Minimurm AC Input Logic Low, Vil(ac)
C Maximum DC Input Logic Low, Vil(dc)
#-[JC Overshoot/Undershoot (Address, Control)
#-[J© Overshoot/Undershoot (Clack, Data, Strobe, Mask)
#--[© Cifferential Signals
=[] C Timing Tests =
#-[J O Clock Timing
-0 O Data Strobe Timing q
R
Test: (None Selected)
I Description: (Select a Single Test)
Limit Set: DDR.2-400 Test Limit

Figure 5  Selecting Single-Ended Signals Input Parameters Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Single-Ended Signals Input/Qutput Parameters Tests

VIH(AC) Test for DO., DM

86

ViHac) - Maximum AC Input Logic HIGH for DQ, DM.

The purpose of this test is to verify that voltage level of test signal at tDS
(DM and DQ input setup time in JEDEC specification) before DQS
midpoint is greater than the conformance lower limits of the Vigac) value
specified in the JEDEC specification.

The value of yggr Which directly affects the conformance lower limit is set
to 0.9V. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V. 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 Vppak.

The value of Vppq which directly affects the conformance upper limit is
set to 1.8V. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes
Signal(s) of Interest:

Data Signals (supported by Data Strobe Signals) OR
e Data Mask 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 = Data Strobe Signals

DDR2(+LP) Compliance Testing Methods of Implementation



Single-Ended Signals Input/Output Parameters Tests 4

Test Definition Notes from the Specification
Table 27 Input AC Logic Level

Symbol Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max
V|H(AC) IAC input |OgiC HIGH VREF +0.250 VDDO + VPEAK VREF +0.200 VDDO+ VPEAK v 1
Table 28 Input AC Logic Level (DDR2-1066)
Symbol Parameter DDR2-1066 Units  [Notes
Min Max
V|H(AC) AC input logic HIGH VREF +0.200 | \

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 20 - Input AC Logic Level in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The voltage level at at tDS (DM and DQ input setup time in JEDEC
specification) before DQS midpoint for the high level voltage shall be
greater than or equal to the minimum Vigac) value.

Measurement Algorithm

1

2
3
4

Acquire and split read and write bursts of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising DQ crossings that cross Vigac) in the burst.

For all DQ crossings found, locate all the following DQS crossings that
cross OV.
Calculate the time where the test result is taken. Calculation is

expressed as: TrgsrrEsuLT = Tpes mipont - tDS.
(tDS - DM and DQ input setup time in JEDEC specification which is

due to speed grade.)

Take voltage level of DQ signal at TrgsrresuLT @s the test result for
Viaac)-
Collect all VIH(AC)'

Determine the worst result from the set of Viyac) measured.
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Single-Ended Signals Input/Qutput Parameters Tests

VIH(AC) Test for DQS

88

ViHAc) - Maximum AC Input Logic HIGH for DQS.

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 Vigc) value specified in the JEDEC
specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V for the compliance limit set used. 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 Vpgak.

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only

Signal cycle of interest: WRITE

Require Read/Write separation: Yes

Signal(s) of Interest:

Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals

DDR2(+LP) Compliance Testing Methods of Implementation



Single-Ended Signals Input/Output Parameters Tests 4

Test Definition Notes from the Specification
Table 29 Input AC Logic Level

Symbol Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max
V|H(AC) AC input logic HIGH VREF +0.250 VDDO + VPEAK VREF +0.200 VDDO+ VPEAK \Y 1
Table 30 Input AC Logic Level (DDR2-1066)
Symbol Parameter DDR2-1066 Units  [Notes
Min Max
V|H(AC) AC input logic HIGH VREF +0.200 | \

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 20 - Input AC Logic Level in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The high level voltage of DQS shall be greater than or equal to the
minimum Vigac) value.

Measurement Algorithm

1

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

Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in the burst. A valid Strobe
positive pulse starts at Vref crossing at valid Strobe rising edge (See
notes on threshold) and end at Vref crossing at following valid Strobe
falling edge (See notes on threshold).

For valid Strobe positive pulse #1, zoom on the pulse so that it appears
on the oscilloscope main screen and perform a VIOP measurement.
Take result from the VTOP measurement as Vigac) value.

Continue the previous step with the rest of found valid Strobe positive
pulse in the burst.

Determine the worst result from the set of Vigac) measured.
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Single-Ended Signals Input/Qutput Parameters Tests

Viu(ac) Test for Address, Control

90

ViHac) - Maximum AC Input Logic HIGH for Address, Control.

The purpose of this test is to verify that the mode of histogram of the
high level voltage value of the test signal within a valid sampling window
is greater than the conformance lower limits of the Vi) value specified
in the JEDEC specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V for the compliance limit set used. 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 Vpgak.

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:

e Address Signals OR
* Control Signals OR
* Clock Signals

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

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

DDR2(+LP) Compliance Testing Methods of Implementation
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Test Definition Notes from the Specification

Table 31 Input AC Logic Level

Symbol Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max

V|H(AC) AC input logic HIGH VREF +0.250 VDDO + VPEAK VREF +0.200 VDDO+ VPEAK \Y 1

Table 32 Input AC Logic Level (DDR2-1066)

Symbol

Parameter

DDR2-1066 Units Notes
Min Max

ViH(ac)

AC input logic HIGH Vger +0.200 | \%

Test References

See Table 20 - Input AC Logic Level in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The mode value for the high level voltage shall be greater than or equal to
the minimum Vigac) value.

Measurement Algorithm

1
2

Sample/acquire signal data.

Find all valid positive pulses. A valid positive pulse starts at Vygp
crossing at valid rising edge and end at Vzgp crossing at the following
valid falling edge (See notes on threshold).

Zoom in on the first valid positive pulse and perform VTOP
measurement. Take the VTOP measurement results as Vigacy value.

Continue the previous step with another 9 valid positive pulses that
were found in the burst.

Determine the worst result from the set of Vigac) measured.
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Single-Ended Signals Input/Qutput Parameters Tests

VIH(DC) Test for DO., DM

92

ViHme) - Minimum DC Input Logic HIGH for DQ, DM.

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

within the conformance limits of the Vigpc) value specified in the JEDEC
specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes
Signal(s) of Interest:

Data Signals (supported by Data Strobe Signals) OR
e Data Mask 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 = Data Strobe Signals

DDR2(+LP) Compliance Testing Methods of Implementation
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Test Definition Notes from the Specification
Table 33 Input DC Logic Level

Symbol Parameter Min Max Units Notes
ViH(Dc) DC input logic HIGH VRee + 0125 Nppg+03 |V

Table 34 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
ViH(oc) DC input logic HIGH Veer +0.125 NVppg+03 |V

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2E
and Table 19 - Input DC Logic Level in the JESDZ20S.

PASS Condition

The minimum value of test signal from tDS before DQS midpoint to tDH
after DQS midpoint for the high level voltage shall be greater than or
equal to the minimum Vigmpc) value.

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 Vigac) in the burst.

4 For all DQ crossings found, locate all the following DQS crossings that

cross midpoint. (OV for differential DQS and Vgzgp for single ended DQS)

b Set up histogram function settings:
Ax: X-time position where tDS (DM and DQ input setup time in
JEDEC specification) before DQS crossing midpoint.
Bx: X-time position where tDH (DM and DQ input hold time in
JEDEC specification) after DQS crossing midpoint.
By: Y-position at VREF voltage level.
Ay: Top of the displaying window just to make sure it covers the
maximum level of the respective signal.

6 Take histogram 'Min' value as the test result for Vigqpe).

7 Collect all Vigmp().

8 Determine the worst result from the set of Vigpc) measured.
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Single-Ended Signals Input/Qutput Parameters Tests

VIH(DC) Test for DQS

9

ViHme) - Minimum DC Input Logic HIGH for DQS.

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 Vigpc,) value specified in the JEDEC
specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest
Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes
Signal(s) of Interest:
Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals

DDR2(+LP) Compliance Testing Methods of Implementation
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Test Definition Notes from the Specification
Table 35 Input DC Logic Level

Symbol Parameter Min Max Units Notes
ViH(Dc) DC input logic HIGH VRee + 0125 Nppg+03 |V

Table 36 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
ViH(oc) DC input logic HIGH Veer +0.125 NVppg+03 |V

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2E
and Table 19 - Input DC Logic Level in the JESDZ20S.

PASS Condition

The high level voltage of DQS shall be greater than or equal to the
minimum VIH(DC) value.

Measurement Algorithm

1

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

Take the first valid WRITE burst found.

Find all valid Strobe positive pulse in the said burst. A valid Strobe
positive pulse starts at Vref crossing at valid Strobe rising edge (See
notes on threshold) and end at Vref crossing at following valid Strobe
falling edge (See notes on threshold).

For valid Strobe positive pulse #1, zoom on the pulse so that it appears
on oscilloscope main screen and perform Vpgp measurement. Take
result from Vpgp measurement as VIH(DC)value.

Continue previous step with the rest of found valid Strobe positive
pulse in the said burst.

Determine the worst result from the set of Viypc) measured.

95



1

Single-Ended Signals Input/Qutput Parameters Tests

Viu(pc) Test for Address, Control

96

ViHme) - Minimum DC Input Logic HIGH for Address, Control.

The purpose of this test is to verify that the mode of histogram of the
high level voltage value of the test signal within a valid sampling window
is within the conformance limits of the Vigpc) value specified in the
JEDEC specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:

* Address Signals OR
* Control Signals OR
* Clock Signals

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

* Pin Under Test, PUT = any of the signal of interest defined above.
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Test Definition Notes from the Specification
Table 37 Input DC Logic Level

1

Symbol Parameter Min Max Units Notes
ViH(Dc) DC input logic HIGH VRee + 0125 Nppg+03 |V

Table 38 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
ViH(oc) DC input logic HIGH Veer +0.125 NVppg+03 |V

Test References

See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2E
and Table 19 - Input DC Logic Level in the JESDZ20S.

PASS Condition

The mode value for the high level voltage shall be greater than or equal to
the minimum Vigrpc) value.

Measurement Algorithm

1
2

Sample/acquire signal data.

Find all valid positive pulses. A valid positive pulse starts at Vygp
crossing at a valid rising edge and ends at Vggp crossing at the
following valid falling edge (See notes on threshold).

Zoom in on the first valid positive pulse and perform VTOP
measurement. Take the VTOP measurement results as Vigpc) value.

Continue the previous step with another 9 valid positive pulses that
were found in the burst.

Determine the worst result from the set of Vigpc) measured.

DDR2(+LP) Compliance Testing Methods of Implementation

97



1

Single-Ended Signals Input/Qutput Parameters Tests

VIL(AC) Test for DO., DM

98

ViLac) - Minimum AC Input Logic Low for DQ, DM.

The purpose of this test is to verify that voltage level of test signal at tDS
(DM and DQ input setup time in JEDEC specification) before DQS
midpoint is lower than the conformance maximum limits of the Vypac)
value specified in the JEDEC specification.

The value of Vgygpr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V for the compliance limit set used. 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 Vpgak.

The value of Vppq which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

The value of Vggq which directly affects the conformance upper limit is set
to OV for the compliance limit set used. 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 Vggq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Signals (supported by Data Strobe Signals) OR
* Data Mask Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:
e Pin Under Test, PUT = any of the signal of interest defined above.
e Supporting Pin = Data Strobe Signals

DDR2(+LP) Compliance Testing Methods of Implementation
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Test Definition Notes from the Specification

Table 39 Input AC Logic Level

Symbol |Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max

V|L(AC) AC input |OgiC Low VSSO- VPEAK VREF -0.250 VSSO- VPEAK VREF -0.200 \ 1

Table 40 Input AC Logic Level (DDR2-1066)

Symbol |Parameter DDR2-1066 Units [Notes
Min Max

V|L(AC) AC input |OgiC Low VREF -0.200 \

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 20 - Input AC Logic Level, in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The voltage level at tDS (DM and DQ input setup time in JEDEC
specification) before DQS midpoint for the low level voltage shall be less
than or equal to the maximum Vi ¢ value.

Measurement Algorithm

1

2
3
4

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid falling DQ crossings that cross Vysc) in the burst.

For all DQ crossings found, locate all the following DQS crossings that
cross Midpoint. (0V for differential DQS and Vgzgp for single ended DQS)
Calculate the time where the test result is taken. Calculation is

expressed as TrgsrresuLt = Tpgs MippomNt - tDS.
(tDS - DM and DQ input setup time in JEDEC specification which is

due to speed grade.)

Take voltage level of DQ signal at TrgsrresuLT @s the test result for
ViLac)
Collect all VIL(AC)'

Determine the worst result from the set of Vi, zc) measured.
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VIL(AC) Test for DAS

100

ViLac) - Minimum AC Input Logic Low for DQS.

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
maximum limits of the V¢ value specified in the JEDEC specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V for the compliance limit set used. 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 Vpgak.

The value of Vppg which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

The value of Vggq which directly affects the conformance upper limit is set
to OV for the compliance limit set used. 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 Vggq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
* Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
e Pin Under Test, PUT = Data Strobe Signals
e Supporting Pin = Data Signals
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Test Definition Notes from the Specification

Table 41 Input AC Logic Level

Symbol |Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max

V|L(AC) AC input |OgiC Low VSSO- VPEAK VREF -0.250 VSSO- VPEAK VREF -0.200 \ 1

Table 42 Input AC Logic Level (DDR2-1066)

Symbol |Parameter DDR2-1066 Units [Notes
Min Max

V|L(AC) AC input |OgiC Low VREF -0.200 \

DDR2(+LP) Compliance Testing Methods of Implementation

Test References

See Table 20 - Input AC Logic Level, in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The low level voltage of DQS shall be less than or equal to the maximum
VIL(AC) value.

Measurement Algorithm

1

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

Take the first valid WRITE burst found.

Find all valid Strobe negative pulse in the said burst. A valid Strobe

negative pulse starts at Vref crossing at valid Strobe falling edge (See
notes on threshold) and end at Vref crossing at following valid Strobe
rising edge (See notes on threshold).

For valid Strobe negative pulse #1, zoom on the pulse so that it appears
on oscilloscope main screen and perform VBASE measurement. Take
result from VBASE measurement as Vipac) value.

Continue previous step with the rest of found valid Strobe negative
pulse in the said burst.

Determine the worst result from the set of Vijzc) measured.
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Vi(ac) Test for Address, Control

102

ViLac) - Minimum AC Input Logic Low Address, Control.

The purpose of this test is to verify that the mode low level voltage value
of the histogram for the test signal is lower than the conformance
maximum limits of the Vi ¢y value specified in the JEDEC specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

The value of Vpgag which directly affects the conformance upper limit is
set to 0.5V for the compliance limit set used. 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 Vpgak.

The value of Vppg which directly affects the conformance upper limit is

set to 1.8V for the compliance limit set used. 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 Vppq.

The value of Vggq which directly affects the conformance upper limit is set
to OV for the compliance limit set used. 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 Vggq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:

* Address Signals OR
* Control Signals OR
* Clock Signals

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

* Pin Under Test, PUT = any of the signal of interest defined above.
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Single-Ended Signals Input/Output Parameters Tests 4

Table 43 Input AC Logic Level

Symbol |Parameter DDR2-400, DDR2-533 DDR2-667, DDR2-800 Units [Notes
Min Max Min Max

V|L(AC) AC input |OgiC Low VSSO- VPEAK VREF -0.250 VSSO- VPEAK VREF -0.200 \ 1

Table 44 Input AC Logic Level (DDR2-1066)

Symbol |Parameter DDR2-1066 Units [Notes
Min Max

V|L(AC) AC input |OgiC Low VREF -0.200 \

Test References

See Table 20 - Input AC Logic Level, in the JEDEC Standard JESD79-2E
and Table 20 - Input AC Logic Level in the JESDZ20S.

PASS Condition

The mode value for the histogram for the low level voltage shall be less
than or equal to the maximum Vi azc) value.

Measurement Algorithm

1
2

Sample/acquire signal data.

Find all valid negative pulses. A valid negative pulse starts at Vpgp

crossing at a valid falling edge and ends at Vigp crossing at the

following rising valid edge (See notes on threshold).

Zoom in on the first valid negative pulse and perform VBASE
measurement. Take the VBASE measurement results as Vypac) value.

Continue the previous step with another nine valid negative pulses.

Determine the worst result from the set of Vi zc) measured.

DDR2(+LP) Compliance Testing Methods of Implementation
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VIL(DC) Test for DO., DM

ViLme) - Maximum DC Input Logic Low for DQ, DM.

The purpose of this test is to verify that the max of histogram of the low
level voltage value of the test signal within a valid sampling window is
within the conformance limits of the Vi) value specified in the JEDEC
specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:

e Data Signals (supported by Data Strobe Signals) OR

* Data Mask Signals (supported by Data Strobe Signals)

Required Signals that are needed to perform this test on oscilloscope:
e Pin Under Test, PUT = any of the signal of interest defined above.
e Supporting Pin = Data Strobe Signals

Test Definition Notes from the Specification
Table 45 Input DC Logic Level

Symbol Parameter Min Max Units Notes

V|L(DC) DC input |OgiC Low 0.3 VREF -0125 |V

Table 46 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes

ViLog) DC input logic LOW 0.3 Vggr - 0125V

Test References

See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2E
and Table 19 - Input DC Logic Level in the JESDZ20S.
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PASS Condition

1

The maximum value of test signal from tDS before DQS midpoint to tDH
after DQS midpoint for the low level voltage shall be less than or equal to
the maximum Vi, e, value.

Measurement Algorithm

1

2
3
4

Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid falling DQ crossings that cross Vipac) in the burst.

For all DQ crossings found, locate all next DQS crossings that cross
Midpoint. (0V for differential DQS and Vgigr for single ended DQS.)

Set up histogram function settings:

Ax: X-time position where tDS (DM and DQ input setup time in
JEDEC specification) before DQS crossing midpoint.

Bx: X-time position where tDH (DM and DQ input hold time in
JEDEC specification) after DQS crossing midpoint.

Ay: Top of the displaying window just to make sure it covers the
maximum level of the respective signal.

By: Y-position at Vgygp voltage level.

6 Take histogram 'Max' value as the test result for Vi, ).

1 Collect all Vi ).

8 Determine the worst result from the set of Vi, pc) measured.

DDR2(+LP) Compliance Testing Methods of Implementation
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4  Single-Ended Signals Input/Output Parameters Tests

VIL(DC) Test for DQS

ViLme) - Maximum DC Input Logic Low for DQS.

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
maximum limits of the Vi pcy value specified in the JEDEC specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

Signals of Interest
Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes
Signal(s) of Interest:
Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals

Test Definition Notes from the Specification

Table 47 Input DC Logic Level

Symbol

Parameter Min Max Units Notes

ViLioc)

DC input logic LOW -0.3 VRep-0.125 V

Table 48 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
V|L(DC) DC input |OgiC Low 0.3 VREF -0.125 |V
Test References
See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2FE
and Table 19 - Input DC Logic Level in the JESD20S8.
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PASS Condition

The low level voltage of DQS shall be less than or equal to the maximum
VIL(DC) value.

Measurement Algorithm

1

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

Take the first valid WRITE burst found.

Find all valid Strobe negative pulse in the said burst. A valid Strobe

negative pulse starts at Vref crossing at valid Strobe falling edge (See
notes on threshold) and end at Vref crossing at following valid Strobe
rising edge (See notes on threshold).

For valid Strobe negative pulse #1, zoom on the pulse so that it appears
on oscilloscope main screen and perform VBASE measurement. Take
result from VBASE measurement as Vi, pc) value.

Continue previous step with the rest of found valid Strobe negative
pulse in the burst.

Determine the worst result from the set of Vi, pc) measured.
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ViL(pc) Test for Address, Control

ViLme) - Maximum DC Input Logic Low for Address, Control.

The purpose of this test is to verify that the mode of histogram of the low
level voltage value of the test signal within a valid sampling window is
within the conformance limits of the Vi) value specified in the JEDEC
specification.

The value of Vgygr which directly affects the conformance lower limit is set
to 0.9V for the compliance limit set used. 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 Vgpp

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:

e Address Signals OR

* Control Signals OR

* Clock 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 Definition Notes from the Specification
Table 49 Input DC Logic Level

Symbol Parameter Min Max Units Notes

V|L(DC) DC input |OgiC Low 0.3 VREF -0125 |V

Table 50 Input DC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes

ViLog) DC input logic LOW 0.3 Vggr - 0125V

Test References

See Table 19 - Input DC Logic Level, in the JEDEC Standard JESD79-2E
and Table 19 - Input DC Logic Level in the JESDZ20S.

108 DDR2(+LP) Compliance Testing Methods of Implementation




Single-Ended Signals Input/Output Parameters Tests 4

PASS Condition

The mode value for the histogram for the low level voltage shall be less
than or equal to the maximum Vi, pc,) value.

Measurement Algorithm

1 Sample/acquire signal data.

2 Find all valid negative pulses. A valid negative pulse starts at VREF
crossing at valid falling edge and end at VREF crossing at the following
rising valid edge (See notes on threshold).

3 Zoom in on the first valid negative pulse and perform VBASE
measurement. Take the VBASE measurement results as Vi, g value.

4 Continue the previous step with another nine valid negative pulses.

5 Determine the worst result from the set of Vi, pc) measured.
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Slewp, Test for DQ, DM, DQS

Signals of

Slewy - Input Signal Minimum Slew Rate (Rising) for DQ, DM, DQS.

The purpose of this test is to verify that the rising slew rate value of the
test signal is greater than or equal to the conformance limit of the input
SLEW value specified in the JEDEC specification.

Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE

Require Read/Write separation: Yes

Signal(s) of Interest:

Data Signals (supported by Data Strobe Signals) OR

e Data Strobe Signals (supported by Data Signals) OR
e Data Mask 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 = Data Strobe Signals if PUT is DQ,DM. Else Data
Signals if PUT is DQS

Test Definition Notes from the Specification
Table 51 AC Input Test Conditions

Symbol

Condition

Value Units Notes

SLEW

Input signal minimum slew rate 1.0 V/ns 2,3
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Figure 73 — AC input test signal waveform JCDLCC Standard No. 79-2C

————————————————————— Vbpa
t — - VIH(ac) min

— _ VlH(dC) min

v
SWING(MAX — _ VRer

- - V|L(df.‘) max
I V||_(ac} max

.—.—.—.—..— ) —_—— VSS

VRer - ViLac) max

V min -V,
Rising Slew= —1H@0) " "REF
ATF AlR

Falling Slew =
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Table 52 AC Input Test Conditions (DDR2-1066)

Symbol Condition Value Units Notes
SLEW Input signal minimum slew rate 1.0 V/ns 2,3
Figure 65 — AC input test signal waveform JEDEC Standard No. 208
————————————————————— Vbba
_____________ E — VIH(ac) min
Ve PN T - Vibdcy min
SWINGMAX)|_ _ N_ _  Vger
________ — VlL(dC} max
_______ - Viac) max
_______________ -V
ATF ‘;—I-‘ - Ss

Falling Slew =

Rising Slew =
ATF ATR

Test References

See Table 21 - AC Input Test Conditions in the JEDEC Standard
JESD79-2E and Table 21 - AC Input Test Conditions in the JESDZ20S.

PASS Condition

The calculated Rising Slew value for the test signal shall be greater than
or equal to the SLEW value.

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 DQ/DM/DQS rising edges in the burst. A valid rising edge
starts at Viac) crossing and ends at the following Vigsc) crossing.

4 For all valid rising edges, find the transition time, delta TR, which is
the time starting at Vggp crossing and ending at the following Vigac)
crossing.

5 Calculate the Rising Slew.

VinacMin—Veee

RisingSlew =
ATR

6 Determine the worst result from the set of Slewp measured.
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Slewp, Test for Address, Control, Clock

Slewy - Input Signal Minimum Slew Rate (Rising) for Address, Control,
Clock.

The purpose of this test is to verify that the rising slew rate value of the
test signal is greater than or equal to the conformance limit of the input
SLEW value specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:

e Address Signals OR
* Control Signals OR
* Clock 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 Definition Notes from the Specification
Table 53 AC Input Test Conditions

Symbol

Condition

Value

Units

Notes

SLEW

Input signal minimum slew rate 1.0

V/ns

2,3
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Figure 73 — AC input test signal waveform JCDLCC Standard No. 79-2C

————————————————————— Voba
VIH(ac) min
V|H(dC) min

A
SWING({MAX VREF

VIL(dc} max
ViL(ac) Mmax
———— , VSS

VReF - ViLag) Max

Falling Slew =

\ min -V,
Rising Slew= —1H@9  ° "REF
ATF AlR
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Table 54 AC Input Test Conditions (DDR2-1066)

Symbol Condition Value Units Notes
SLEW Input signal minimum slew rate 1.0 V/ns 2,3
Figure 65 — AC input test signal waveform JEDEC Standard No. 208
————————————————————— Vbba
_____________ E — VIH(ac) min
Ve PN T - Vibdcy min
SWINGMAX)|_ _ N_ _  Vger
________ — VlL(dC} max
_______ - Viac) max
_______________ -V
ATF Fa—‘ - sS
VREF - V|L(ac) MaX Vtiag) Min - V,
Faling Slew = —Rer _ 'lL@c) 777 Rising Slew= —H@c) " "REF
ATF ATR

Test References

See Table 21 - AC Input Test Conditions in the JEDEC Standard
JESD79-2E and Table 21 - AC Input Test Conditions in the JESDZ20S.

PASS Condition

The calculated Rising Slew value for the test signal shall be greater than
or equal to the SLEW value.

Measurement Algorithm

1 Acquire the signal.

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

3 For all valid rising edges, find the transition time, delta TR, which is
the time starting at Vggp crossing and end at the following Viyac)
crossing.

4 (Calculate the Rising Slew.

VinacMin—Veee

RisingSlew =
ATR

5 Determine the worst result from the set of Slewp measured.
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Slewg Test for DQ, DM, DQS

Slewp - Input Signal Minimum Slew Rate (Falling) for DQ, DM, DQS.

The purpose of this test is to verify that the falling slew rate value of the
test signal is greater than or equal to the conformance limit of the input
SLEW value specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2 only

Signal cycle of interest: WRITE

Require Read/Write separation: Yes

Signal(s) of Interest:

e Data Signals (supported by Data Strobe Signals) OR

e Data Strobe Signals (supported by Data Signals) OR

e Data Mask 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.

e Supporting Pin = Data Strobe Signals if PUT is DQ,DM. Else Data
Signals if PUT is DQS

Test Definition Notes from the Specification
Table 55 AC Input Test Conditions

Symbol

Condition

Value

Units

Notes

SLEW

Input sign

al minimum slew rate 1.0

V/ns

2,3
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Figure 73 — AC input test signal waveform JCDLCC Standard No. 79-2C

————————————————————— Vbpa
VIH(ac) min
V,H(dc) min
VREF
V"_(dc} max
ViL(ac) Mmax
g J Vss

YV SWING(MAX

VReF - ViLag) Max

\ min -V,
Rising Slew= —1H@9  ° "REF
ATF AlR

Falling Slew =
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Table 56 AC Input Test Conditions (DDR2-1066)

Symbol Condition Value Units Notes
SLEW Input signal minimum slew rate 1.0 V/ns 2,3
Figure 65 — AC input test signal waveform JEDEC Standard No. 208
————————————————————— Vbba
_____________ E — VIH(ac) min
Ve PN T - Vibdcy min
SWINGMAX)|_ _ N _ _  VRer
________ — VlL(dC} max
_______ - Viac) max
_______________ -V
ATF Fa—‘ - sS
VREE - ViL(ac) Max Viig(ag) MiN -V
Faling Slew = —Rer _ 'lL@c) 777 Rising Slew= —H@c) " "REF
ATF ATR

Test References

See Table 21 - AC Input Test Conditions, in the JEDEC Standard
JESD79-2E and Table 21 - AC Input Test Conditions in the JESDZ20S.

PASS Condition

The calculated Falling Slew value for the test signal shall be greater than
or equal to the SLEW value.

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 DQ/DM/DQS falling edges in the burst. A valid falling
edge starts at Viyac) crossing and ends at the following Vi ac)
crossing.

4 For all valid falling edges, find the transition time, delta TR, which is
time starting at Vygp crossing and ending at the following Vi sc)
crossing.

5 Calculate the Falling Slew.

VREF—VIL(AC)max
ATF

FallingSlew =

6 Determine the worst result from the set of Slewp measured.
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Slewg Test for Address, Control, Clock

Slewp - Input Signal Minimum Slew Rate (Falling) for Address, Control,
Clock.

The purpose of this test is to verify that the falling slew rate value of the
test signal is greater than or equal to the conformance limit of the input
SLEW value specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No
Signal(s) of Interest:

Address Signals OR
e Control Signals OR
e Clock 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 Definition Notes from the Specification
Table 57 AC Input Test Conditions

Symbol

Condition

Value

Units

Notes

SLEW

Input signal minimum slew rate

1.0

V/ns

2,3
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Figure 73 — AC input test signal waveform JCDLCC Standard No. 79-2C

————————————————————— Vbpa
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v
SWING(MAX — _ VRer

- - V|L(df.‘) max
I V||_(ac} max

.—.—.—.—..— ) —_—— VSS
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Table 58 AC Input Test Conditions (DDR2-1066)

Symbol

Condition Value Units Notes

SLEW

Input signal minimum slew rate 1.0 V/ns 2,3

Figure 65 — AC input test signal waveform JEDEC Standard No. 208

————————————————————— Vbba
_____________ E — VIH(ac) min

___________ - VIH(GC) min

Vewineax)| N _ VRer

________ — VlL(dC} max
_______ - Viac) max

_______________ -V
ATF Fa—‘ - sS

v -V max V min -V,
REF ~ ViL{ac) Rising Slew = IH{ac) REF
ATF ATR

Falling Slew =

Test References

See Table 21 - AC Input Test Conditions, in the JEDEC Standard
JESD79-2E and Table 21 - AC Input Test Conditions in the JESDZ20S.

PASS Condition

The calculated Falling Slew value for the test signal shall be greater than
or equal to the SLEW value.

Measurement Algorithm

1 Acquire the signal.

2 Find all valid falling edges in the whole acquisition. A valid falling edge
starts at Vigac) crossing and ends at the following Vipzc) crossing.

3 For all valid rising edges, find the transition time, delta TR, which is
the time starting at Vggp crossing and ending at the following Vi ac)
crossing.

4 (Calculate the Rising Slew.

VREF—VIL(AC)max

FallingSlew =
ATF

5 Determine the worst result from the set of Slewp measured.
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Single-Ended Signals Input/Qutput Parameters Tests

SRQseR(40o0hm) Test

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

SRQseR(40o0hm) - Single-ended Output Rising Slew Rate (40ohms).

The purpose of this test is to verify that the single-ended rising slew rate
value of the test signal must be within the conformance limit of the SRQse
value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

¢ Supporting Pin

Test Definition Notes from the Specification

Table 59 LPDDR2 Output Slew Rate (single-ended)

Parameter Symbol |[LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Single-ended Output Slew Rate (RON = 40ohms +/- 30%) | SRQse 1.5 35 V/ns
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Test References

See Table 85 - Output Slew Rate (single-ended) in the JESD209-2B.

PASS Condition

The worst measured SRQseR shall be within the specification limit.
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Measurement Algorithm

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

3 Find all valid signal rising edges in this burst. A valid signal rising edge
starts at the Vgpac) crossing and ends at the following Vogac)
crossing.

4 TFor all valid signal rising edges, find the transition time, Tk, which is
the time that starts at the Vgpsc) crossing and ends at the following
VOH(AC) Crossing. Then calculate SRQSGR = [VOH(AC) - VOL(AC)]/TR'

5 Determine the worst result from the set of SRQseR measured.
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Single-Ended Signals Input/Qutput Parameters Tests

SRQseF(40o0hm) Test

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

SRQseF(40ohm) - Single-ended Output Falling Slew Rate (40ohms).

The purpose of this test is to verify that the single-ended falling slew rate
value of the test signal must be within the conformance limit of the SRQse
value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

¢ Supporting Pin

Test Definition Notes from the Specification

Table 60 LPDDR2 Output Slew Rate (single-ended)

Parameter Symbol |[LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Single-ended Output Slew Rate (RON = 40ohms +/- 30%) | SRQse 1.5 35 V/ns
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Test References

See Table 85 - Output Slew Rate (single-ended) in the JESD209-2B.

PASS Condition

The worst measured SRQseF shall be within the specification limit.
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Measurement Algorithm

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

3 Find all valid signal falling edges in this burst. A valid signal falling
edge starts at the Vogac) crossing and ends at the following Voy,ac)
crossing.

4 TFor all valid signal falling edges, find the transition time, Tk, which is
the time that starts at the Vogac) crossing and ends at the following
VOL(AC) Crossing. Then calculate SRQSGF = [VOH(AC) - VOL(AC)]/TR'

5 Determine the worst result from the set of SRQseF measured.
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Single-Ended Signals Input/Qutput Parameters Tests

SRQseR(60ohm) Test

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

SRQseR(60ohm) - Single-ended Output Rising Slew Rate (60ohms).

The purpose of this test is to verify that the single-ended rising slew rate
value of the test signal must be within the conformance limit of the SRQse
value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

¢ Supporting Pin

Test Definition Notes from the Specification

Table 61 LPDDR2 Output Slew Rate (single-ended)

Parameter Symbol |[LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Single-ended Output Slew Rate (RON = 60ohms +/- 30%) | SRQse 1.0 25 V/ns
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Test References

See Table 85 - Output Slew Rate (single-ended) in the JESD209-2B.

PASS Condition

The worst measured SRQseR shall be within the specification limit.
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Measurement Algorithm

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

3 Find all valid signal rising edges in this burst. A valid signal rising edge
starts at the Vgpac) crossing and ends at the following Vogac)
crossing.

4 TFor all valid signal rising edges, find the transition time, Tk, which is
the time that starts at the Vgpsc) crossing and ends at the following
VOH(AC) Crossing. Then calculate SRQSGR = [VOH(AC) - VOL(AC)]/TR'

5 Determine the worst result from the set of SRQseR measured.
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Single-Ended Signals Input/Qutput Parameters Tests

SRQseF(60ohm) Test

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

SRQseF(60ohm) - Single-ended Output Falling Slew Rate (60ohms).

The purpose of this test is to verify that the single-ended falling slew rate
value of the test signal must be within the conformance limit of the SRQse
value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

¢ Supporting Pin

Test Definition Notes from the Specification

Table 62 LPDDR2 Output Slew Rate (single-ended)

Parameter Symbol |[LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Single-ended Output Slew Rate (RON = 60ohms +/- 30%) | SRQse 1.0 25 V/ns
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Test References

See Table 85 - Output Slew Rate (single-ended) in the JESD209-2B.

PASS Condition

The worst measured SRQseF shall be within the specification limit.
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Measurement Algorithm

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

3 Find all valid signal falling edges in this burst. A valid signal falling
edge starts at the Vogac) crossing and ends at the following Voy,ac)
crossing.

4 TFor all valid signal falling edges, find the transition time, Tk, which is
the time that starts at the Vogac) crossing and ends at the following
VOL(AC) Crossing. Then calculate SRQSGF = [VOH(AC) - VOL(AC)]/TR'

5 Determine the worst result from the set of SRQseF measured.
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VOH(AC) Test

Single-Ended Signals Input/Qutput Parameters Tests

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

Voncac) - Single-ended AC Output Logic High Voltage.

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 Voyac) value as specified in the JEDEC
specification.

The value of Viygpr (which directly affects the conformance limit) is set to
0.6V for the compliance limit set used. 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 Vgygp

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
* Pin Under Test, PUT - any signal of interest, as defined above

* Supporting Pin

Test Definition Notes from the Specification
Table 63 LPDDR2 Single-ended AC and DC Output Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-200 |Units | Notes
VoH(ac) AC output high measurement level (for output VRerpq + 0.12 v
slew rate)
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Test References

See Table 82 - Single-ended AC and DC Output Levels in the JESD209-2B.
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PASS Condition

The worst measured Vopac) shall be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all valid signal positive pulses in this burst. A valid signal positive
pulse starts at the Vggp crossing on a valid signal rising edge and ends
at the Vygp crossing on the following valid signal 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 VIOP
measurement. Take the VTOP measurement result as the Vopac) value.

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

Determine the worst result from the set of Voyac) measured.
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VOH(DC) Test

Single-Ended Signals Input/Qutput Parameters Tests

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,

VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.
Voumc) - Single-ended DC Output Logic High Voltage.

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 Voppc) value as specified in the JEDEC
specification.

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
* Pin Under Test, PUT - any signal of interest, as defined above

* Supporting Pin

Test Definition Notes from the Specification
Table 64 LPDDR2 Single-ended AC and DC Output Levels

Symbol

Parameter LPDDR2-1066 to LPDDR2-200 |Units |Notes

VoH(pc)

DC output high measurement level (for IV 0.9x Vppqg v 1
curve linearity)
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Test References

See Table 82 - Single-ended AC and DC Output Levels in the JESD209-2B.
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PASS Condition

The worst measured Voppc) shall be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all valid signal positive pulses in this burst. A valid signal positive
pulse starts at the Vggp crossing on a valid signal rising edge and ends
at the Vygp crossing on the following valid signal 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 VIOP
measurement. Take the VTOP measurement result as the Voppc,) value.

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

Determine the worst result from the set of Vo) measured.
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VOL(AC) Test

Single-Ended Signals Input/Qutput Parameters Tests

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,
VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.

Vorcac) - Single-ended AC Output Logic Low Voltage.

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 ac) value as specified in the JEDEC
specification.

The value of Viygr (which directly affects the conformance limit) is set to
0.6V for the compliance limit set used. 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 Vgygp

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
* Pin Under Test, PUT - any signal of interest, as defined above

* Supporting Pin

Test Definition Notes from the Specification

Table 65 LPDDR2 Single-ended AC and DC Qutput Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-200 |Units | Notes
Vovac) AC output low measurement level (for output VRerpg - 012 \
slew rate)
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Test References

See Table 82 - Output Slew Rate (single-ended) in the JESD209-2B.
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PASS Condition

The worst measured Vo sc) shall be within the specification limit.

Measurement Algorithm

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

3 Find all valid signal negative pulses in this burst. A valid signal
negative pulse starts at the Vpgp crossing on a valid signal falling edge
and ends at the Vpgp crossing on the following valid signal rising edge.

4 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 Vgp,ac) value.

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

6 Determine the worst result from the set of Vg zc) measured.
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VOL(DC) Test

Single-Ended Signals Input/Qutput Parameters Tests

AC Output Parameter Tests can be divided into 8 subtests: SRQseR(40o0hm)
test, SRQseF(40ohm) test, SRQseR(60ohm) test, SRQseF(60ohm) test,

VOH(AC) test, VOH(DC) test, VOL(AC) test, and VOL(DC) test.
VoLc) - Single-ended DC Output Logic Low Voltage.

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 pc) value as specified in the JEDEC
specification.

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
* Pin Under Test, PUT - any signal of interest, as defined above

* Supporting Pin

Test Definition Notes from the Specification

Table 66 LPDDR2 Single-ended AC and DC Qutput Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-200 |Units | Notes
Vorpc) DC output low measurement level (for IV curve 0.1 xVppa \ 2
linearity)
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Test References

See Table 82 - Output Slew Rate (single-ended) in the JESD209-2B.
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PASS Condition

The worst measured Vo, pc) shall be within the specification limit.

Measurement Algorithm

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

3 Find all valid signal negative pulses in this burst. A valid signal
negative pulse starts at the Vpgp crossing on a valid signal falling edge
and ends at the Vpgp crossing on the following valid signal rising edge.

4 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 Vo, pc) value.

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

6 Determine the worst result from the set of Vg, pc) measured.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

ce0@® @o0°¢-5)
Single-Ended Signals V|y/V, (Address,

.* @ °_  Control) Tests

Probing for Single-Ended Signals VIH/VIL (Address, Control) Tests 136
VIHCA(AC) Test 138
VIHCA(DC) Test 140
VILCA(AC) Test 142
VILCA(DC) Test 144

This section provides the Methods of Implementation (MOIs) for
Single-Ended Signals Viy/Vy;, (Address, Control) tests using an Agilent
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, differential solder-in probe head and the DDR2(+LP)
Compliance Test Application.
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Single-Ended Signals VIH/VIL (Address, Control) Tests

Probing for Single-Ended Signals V\,;/V,; (Address, Control) Tests

136

When performing the Single-Ended Signals Vyy/Vy;, (Address, Control)
tests, the DDR2(+LP) Compliance Test Application will prompt you to
make the proper connections. The connection for the Single-Ended Signals
Vig/ Vi1, (Address, Control) tests may look similar to the following diagram.
Refer to the Connection tab in DDR2(+LP) Electrical Performance
Compliance application for the exact number of probe connections.
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Infiniium Oscilloscope

Figure 6 Probing for Single-Ended Signals V,4/V, (Address, Control) 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 6 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the LPDDR2 Device Under Test (DUT) is
attached. This software will perform a test on all unused RAM on the
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system by producing a repetitive burst of read- write data signals to the
LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For the Single-Ended Signals Vyy/ Vi,
(Address, Control) tests, you can select any LPDDR2 speed grade within
the selection. To see the LPDDR2 Speed Grades, check the Low Power
box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

D= H 'y i |6
Task Flow _| setup SelectTests lConﬁgure] Connect] Run Tests ] Results] Html Report
= Al DDR2 Tests
Set Up O A =S |
- Clock Tests
+ D () Rising Edge Measurements

4 +--[© Falling Edge Measurements
+-[]C Pulse Measurements
eI - Electrical Tests

-0 © SingleEnded Signals
- ) VIHf VIL (Address,Contral)

0

O AC Input Logic High (Address,Contral), VIHCA{AC)
Configure ' DC Input Logic High {Address,Control), VIHCA{DC)
| () AC Input Logic Low (Address,Contral), VILCA{AC)
O DC Input Logic Low {Address,Contral), VILCA{DC)
+-[]© VIHJ VIL (Data, Mask)
Connect +-[© AC Output Parameter
+-[© Overshoot/Undershoot {Address, Control, Clack, Chip Select, Clock Enable)
; | ; +-[J© Overshoot/Undershoot (Data, Strobe, Mask)
+-[© Single Ended Signal Tests for Strobe
Run Tests +-[© Single Ended Signal Tests for Clock \
[ I - 1A 1

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: LPDDR 2-400 Test Limit

Figure 7  Selecting Single-Ended Signals V|/V,_(Address, Control) Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Vinca(ac) Test

Vig Input Logic HIGH (Address, Control) test can be divided into two
subtests: VIHCA(AC) test and VIHCA(DC) test.

ViHcacac) - AC Input Logic HIGH (Address, Control).

The purpose of this test is to verify that the histogram mode high level
voltage value of the test signal within a valid sampling window is greater
than the conformance lower limits of the Vigcacac) value specified in the
JEDEC specification.

The value of Vgygr (which directly affects the conformance lower limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Command/Address Signals
e Chip Select Signals

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification
Table 67 Single-ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|HCA(AC) AC input |OgiC HIGH VREF +0.220 Note 2 VREF +0.300 Note 2 \Yi 1,2

Test References
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See Table 74 - Single-ended AC and DC Input Levels for CA and CS_n
Inputs in the JESD209- 2B.
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PASS Condition

The mode value for the high level voltage must be greater than or equal to
the minimum Vigcacac) value.

Measurement Algorithm

1 Sample/acquire signal data.

2 Find all valid positive pulses. A valid positive pulse starts at Vygp
crossing at valid rising edge and end at Vigp crossing at the following
valid falling edge (See notes on threshold).

3 Zoom in on the first valid positive pulse and perform VTOP
measurement. Take the VTOP measurement results as Vi cacac) value.

4 Continue the previous step with another nine valid positive pulses.

5 Determine the worst result from the set of Vi cacac) measured.
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Vinca(pc) Test

Vig Input Logic HIGH (Address, Control) test can be divided into two sub
tests: VIHCA(AC) test and VIHCA(DC) test.

VIHCA(DC) - DC Input LOgiC HIGH (AddreSS, COHtrOl).

The purpose of this test is to verify that the histogram mode high level
voltage value of the test signal within a valid sampling window is greater
than the conformance lower limits of the Vigcapc) value specified in the
JEDEC specification.

The value of Vgygr (which directly affects the conformance lower limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

The value of Vppga (Which directly affects the conformance lower limit) is
set to 1.2V for the compliance limit set used. 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 Vppca.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Command/Address Signals
e Chip Select Signals

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification
Table 68 Single-ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
Vincapc)  [PCinputlogic HIGH — Vgee+0.130  Vppea VRer +0.200  Nppca v L

Test References
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See Table 74 - Single-ended AC and DC Input Levels for CA and CS_n
Inputs in the JESD209- 2B.
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PASS Condition

The mode value for the high level voltage must be greater than or equal to
the minimum Vigcampc) value.

Measurement Algorithm

1 Sample/acquire signal data.

2 Find all valid positive pulses. A valid positive pulse starts at Vygp
crossing at valid rising edge and end at Vigp crossing at the following
valid falling edge (See notes on threshold).

3 Zoom in on the first valid positive pulse and perform VTOP
measurement. Take the VTOP measurement results as Vig capc) value.

4 Continue the previous step with another nine valid positive pulses.

5 Determine the worst result from the set of Vi capc) measured.
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ViLca(Ac) Test

Vi Input Logic Low (Address, Control) test can be divided into two sub
tests: VILCA(AC) test and VILCA(DC) test.

ViLcacac) - AC Input Logic Low (Address, Control).

The purpose of this test is to verify that the histogram mode low level
voltage value of the test signal within a valid sampling window is lower
than the conformance lower limits of the Vijcaac) value specified in the
JEDEC specification.

The value of Vggr (which directly affects the conformance upper limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Command/Address Signals
e Chip Select Signals

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification
Table 69 Single-ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|LCA(AC) AC input |OgiC LOW Note 2 VREF - 0220 Note 2 VREF - 0300 V 1,2

Test References
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See Table 74 - Single-ended AC and DC Input Levels for CA and CS_n
Inputs in the JESD209- 2B.
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Single-Ended Signals VIH/VIL (Address, Control) Tests 5

PASS Condition

The mode value for the high level voltage must be less than or equal to
the maximum Vijcacac) value.

Measurement Algorithm

1 Obtain sample or acquire signal data.

1 Find all valid negative pulses. A valid negative pulse starts at Vgygp
crossing at a valid falling edge and ends at Vgygp crossing at the
following valid rising edge.

2 Zoom in on the first valid negative pulse and perform VBASE
measurement. Take the VBASE measurement results as Vi, cacac) value.

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

4 Determine the worst result from the set of Vi, caac) measured.
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b  Single-Ended Signals VIH/VIL (Address, Control) Tests

ViLca(pc) Test

Vi Input Logic Low (Address, Control) test can be divided into two sub
tests: VILCA(AC) test and VILCA(DC) test.

ViLcamc) - DC Input Logic Low (Address, Control).

The purpose of this test is to verify that the histogram mode low level
voltage value of the test signal within a valid sampling window is lower
than the conformance lower limits of the Vi capc) value specified in the
JEDEC specification.

The value of Vggr (which directly affects the conformance upper limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

The value of Vggca (Which directly affects the conformance lower limit) is
set to OV for the compliance limit set used. 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 Vggca.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Command/Address Signals
e Chip Select Signals

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

Test Definition Notes from the Specification
Table 70 Single-ended AC and DC Input Levels for CA and CS_n Inputs

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|LCA(DC) DC input |OgiC LOW VSSCA VREF -0.130 VSSCA VREF -0.200 \ 1

Test References
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See Table 74 - Single-ended AC and DC Input Levels for CA and CS_n
Inputs in the JESD209- 2B.
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Single-Ended Signals VIH/VIL (Address, Control) Tests 5

PASS Condition

The mode value for the histogram of the low level voltage must be less
than or equal to the maximum Vi capc) value.

Measurement Algorithm

1 Obtain sample or acquire signal data.

1 Find all valid negative pulses. A valid negative pulse starts at Vgygp
crossing at a valid falling edge and ends at Vgygp crossing at the
following valid rising edge.

2 Zoom in on the first valid negative pulse and perform VBASE
measurement. Take the VBASE measurement results as Vi, capc) value.

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

4 Determine the worst result from the set of Vi, copc) measured.
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b  Single-Ended Signals VIH/VIL (Address, Control) Tests
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

6
Single-Ended Signals V,y/V,, (Data,

Mask) Tests

Probing for Single-Ended Signals VIH/VIL (Data, Mask) Tests 148
VIHDQ(AC) Test 151
VIHDQ(DC) Test 153
VILDQ(AC) Test 155
VILDQ(DC) Test 157

This section provides the Methods of Implementation (MOIs) for

Single- Ended Signals Viy/Vy, (Data, Mask) tests using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test

Application.
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6

Single-Ended Signals VIH/VIL (Data, Mask) Tests

Probing for Single-Ended Signals V/V,, (Data, Mask) Tests

148

When performing the Single-Ended Signals Vig/Vy, (Data, Mask) tests, the
DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for the Single-Ended Signals Vig/Vy,
(Data, Mask) tests may look similar to the following diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.
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Figure 8  Probing for Single-Ended Signals V,4/V,,_(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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 8 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.
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Single-Ended Signals VIH/VIL (Data, Mask) Tests 6

Test Procedure

1

Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

Ensure that the RAM reliability test software is running on the
computer system where the LPDDR2 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
LPDDR2 memory.

Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

Connect the oscilloscope probes to any channels of the oscilloscope.
In the DDR2(+LP) Test application, click the Set Up tab.

Select the Speed Grade options. For the Single-Ended Signals Vig/VyL
(Data, Mask) Tests, you can select any LPDDR2 speed grade within the
selection. To see the LPDDR2 Speed Grades, check the Low Power box.

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  Single-Ended Signals VIH/VIL (Data, Mask) Tests

DDRZ(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

D@ HE| 2201 |@ =@

Task Flow _| Setup SelectTests | Configure | Connect | Run Tests | Results | Himi Report

=[] Al DDR2 Tests ‘
=[O Clock Tests =
&[] Rising Edge Measurements
O < Faling Edge Measurements
[+ Pulse Measurements
=[] Electrical Tests
=[O SingleEnded Signals
#-[JC VIH/ VIL {Address, Contral)
—-[#] © VIHf VIL {Data, Mask)
. O AC Input Logic High (Data, Mask), VIHDQ(AC)
O DC Input Logic High (Data, Mask), VIHDQ(DC)
) AC Input Logic Low {Data, Mask), VILDQ(AC)
O DC Input Logic Low {Data, Mask), VILDQ(DC)

O © AC Qutput Parameter
-0 © oOvershoot/Undershoot (Address, Control, Clock, Chip Select, Clock Enable)

Cvershoot/Undershoot (Data, Strobe, Mask)

-0 O single Ended Signal Tests for Strobe
[ © Single Ended Signal Tests for Clack ]
—_— L B 0 1

Test: (None Selected)

Select Tests

O
O

Description: (Select a Single Test)
Limit Set: LPDDR.2-400 Test Limit

Figure 9  Selecting Single-Ended Signals V|4/V,_(Data, Mask) Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.

150 DDR2(+LP) Compliance Testing Methods of Implementation



Viupa(ac) Test

Signals of Interest

Test Definition Notes from the Specification

Single-Ended Signals VIH/VIL (Data, Mask) Tests

Vig Input Logic High (Data, Mask) test can be divided into two sub tests:
Vinpgeac) test and Vigpgne) test.

VIHDQ(AC) - AC Input LOgiC ngh (Data, MaSk).

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) before the

DQS midpoint is greater than the conformance lower limits of the

Viapqac) value specified in the JEDEC specification.

The value of Vgygr (which directly affects the conformance lower limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signals (supported by Data Strobe Signals) OR
e Data Mask Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above

e Supporting Pin - Data Strobe Signals

Table 71 Single-ended AC and DC Input Levels for DQ and DM

6

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|HDQ(AC) AC input |OgiC HIGH VREF +0.220 Note 2 VREF +0.300 Note 2 \"a 1,2,5

Test References

See Table 76 - Single-ended AC and DC Input Levels for DQ and DM in
the JESDZ209-2B.
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152

Single-Ended Signals VIH/VIL (Data, Mask) Tests

PASS Condition

The voltage level at tDS (DM and DQ input setup time in JEDEC
specification) before the DQS midpoint for the high level voltage shall be
greater than or equal to the minimum Vigpgac) value.

Measurement Algorithm

1

2
3
4

Acquire and split read and write bursts of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising DQ crossings that cross Vigc) in the burst.

For all DQ crossings found, locate all the following DQS crossings that
cross OV.
Calculate the time where the test result is taken. Calculation is

expressed as: TrgsrrESULT = Tpos mipPOINT — tDS.
(tDS - DM and DQ input setup time in JEDEC specification which is

due to speed grade.)

Take voltage level of DQ signal at Trrsrresurr @s the test result for
VIHDQAC)-
Collect all VIHDQ(AC)'

Determine the worst result from the set of Vigpgac) measured.
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Single-Ended Signals VIH/VIL (Data, Mask) Tests 6

Viupa(pc) Test

Vig Input Logic High (Data, Mask) test can be divided into two sub tests:
Vinpgeac) test and Vigpgne) test.

VIHDQ(DC) - DC Input LOgiC ngh (Data, MaSk).

The purpose of this test is to verify that the histogram min high level
voltage value of the test signal within a valid sampling window is within
the conformance limits of the Vyypc) value specified in the JEDEC
specification.

The value of Vgygr (which directly affects the conformance lower limit) is
set to 0.6V for the compliance limit set used. 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 Vgyppr

The value of Vppq (which directly affects the conformance lower limit) is
set to 1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signals (supported by Data Strobe Signals) OR

e Data Mask Signals (supported by Data Strobe Signals)
Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - any signal of interest, as defined above

e Supporting Pin - Data Strobe Signals
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6 Single-Ended Signals VIH/VIL (Data, Mask) Tests

Test Definition Notes from the Specification
Table 72 Single-ended AC and DC Input Levels for DQ and DM

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|HDQ(DC) DC input logic HIGH VREF +0.130 VDDO VREF +0.200 VDDQ \ 1

Test References

See Table 76 - Single-ended AC and DC Input Levels for DQ and DM in
the JESD209- 2B.

PASS Condition

The minimum value of the test signal from tDS before the DQS midpoint
to tDH after the DQS midpoint for the high level voltage shall be greater
than or equal to the minimum Vigpgpc) value.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid rising DQ crossings that cross Vigac) in the burst.
4

For all DQ crossings found, locate all the following DQS crossings that
cross midpoint. (0V is for differential DQS and Vypgp is for single ended
DQS.)

b Set up histogram function settings.

Ax: X-time position where tDS (DM and DQ input setup time in
JEDEC specification) before DQS crossing midpoint.

Bx: X-time position where tDH (DM and DQ input hold time in
JEDEC specification) after DQS crossing midpoint.

Ay: Top of the displaying window just to make sure it covers the
maximum level of the respective signal.

By: Y-position at the Vggp voltage level.
6 Take the 'Min' value of the histogram as the test result for Vigpqmc).
7 Collect all VIHDQ(DC)'

8 Determine the worst result from the set of Viypqgpc) measured.
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Vipa(ac) Test

Single-Ended Signals VIH/VIL (Data, Mask) Tests 6

Vi, Input Logic Low (Data, Mask) test can be divided into two sub tests:
VILDQ(AC) test and VILDQ(DC) test.

VILDQ(AC) - AC Input LOgiC Low (Data, MaSk).

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) before the
DQS midpoint is lower than the conformance lower limits of the Vi pqcac)
value specified in the JEDEC specification.

The value of Vggr (which directly affects the conformance upper limit) is
set to 0.6V for the compliance limit set used. 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 Vgypp

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
e Data Signals (supported by Data Strobe Signals) OR
e Data Mask Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope:
¢ Pin Under Test, PUT - any signal of interest, as defined above

e Supporting Pin - Data Strobe Signals

Test Definition Notes from the Specification
Table 73 Single-ended AC and DC Input Levels for DQ and DM

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|LDQ(AC) AC input |OgiC LOW Note 2 VREF - 0220 Note 2 VREF - 0300 V 1,2,5

Test References

See Table 76 - Single-ended AC and DC Input Levels for DQ and DM in
the JESDZ209-2B.
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Single-Ended Signals VIH/VIL (Data, Mask) Tests

PASS Condition

The voltage level at tDS (DM and DQ input setup time in JEDEC
specification) before the DQS midpoint for the low level voltage shall be
less than or equal to the maximum Vypqac) value.

Measurement Algorithm

1

2
3
4

Acquire and split read and write bursts of the acquired signal.
Take the first valid WRITE burst found.
Find all valid falling DQ crossings that cross Vi,ac) in the burst.

For all DQ crossings found, locate all the following DQS crossings that
cross midpoint. (0V is for differential DQS and Vypgp is for single ended
DQS.)

Calculate the time where the test result is taken. Calculation is

expressed as: TrgstreEsuLT = Tps MppoNT — tDS.
(tDS - DM and DQ input setup time in JEDEC specification which is

due to speed grade.)

Take voltage level of DQ signal at TrggrresurT @s the test result for
VILDQeAC):
Collect all VILDQ(AC)‘

Determine the worst result from the set of Vi pgac) measured.
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Single-Ended Signals VIH/VIL (Data, Mask) Tests 6

Vipa(pc) Test

Vi, Input Logic Low (Data, Mask) test can be divided into two sub tests:
VILDQ(AC) test and VILDQ(DC) test.

ViLpemce) - DC Input Logic Low (Data, Mask).

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

the conformance limits of the Vi pqmpc) value specified in the JEDEC
specification.

The value of Vggr (which directly affects the conformance upper limit) is
set to 0.6V for the compliance limit set used. 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 Vgyppr

The value of Vggq (which directly affects the conformance lower limit) is
set to OV for the compliance limit set used. 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 Vggq.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
e Data Signals (supported by Data Strobe Signals) OR
e Data Mask Signals (supported by Data Strobe Signals)

Signals required to perform the test on the oscilloscope:
¢ Pin Under Test, PUT - any signal of interest, as defined above

e Supporting Pin - Data Strobe Signals
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6 Single-Ended Signals VIH/VIL (Data, Mask) Tests

Test Definition Notes from the Specification
Table 74 Single-ended AC and DC Input Levels for DQ and DM

Symbol Parameter LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200 (Units |Notes
Min Max Min Max
V|LDQ(DC) DC input |0giC Low VSSQ VREF -0.130 VSSO VREF -0.200 \ 1

Test References

See Table 76 - Single-ended AC and DC Input Levels for DQ and DM in
the JESD209- 2B.

PASS Condition

The maximum value of the test signal from tDS before the DQS midpoint
to tDH after the DQS midpoint for the low level voltage shall be less than
or equal to the maximum Vypopc) value.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid falling DQ crossings that cross Vi sc) in the burst.
4

For all DQ crossings found, locate all the following DQS crossings that
cross midpoint. (0V is for differential DQS and Vypgp is for single ended
DQS.)

b Set up histogram function settings.

Ax: X-time position where tDS (DM and DQ input setup time in
JEDEC specification) before DQS crossing midpoint.

Bx: X-time position where tDH (DM and DQ input hold time in
JEDEC specification) after DQS crossing midpoint.

Ay: Top of the displaying window just to make sure it covers the
maximum level of the respective signal.

By: Y-position at the Vggp voltage level.
6 Take the 'Max' value of the histogram as the test result for Vi pqmc)-
7 Collect all VILDQ(DC)'

8 Determine the worst result from the set of Vi pgpc) measured.
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

7
Single-Ended Signals AC Parameters
Tests for Strobe Signals

Probing for Single-Ended Signals AC Input Parameters Tests for Strobe
Signals 160

VSEH(AC) (strobe) Test 163
VSEL(AC) (strobe) Test 165

This section provides the Methods of Implementation (MOIs) for
Single- Ended Signals AC tests for Strobe Signals using an Agilent
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, differential solder-in probe head and the DDR2(+LP)
Compliance Test Application.
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7  Single-Ended Signals AC Parameters Tests for Strobe Signals

Probing for Single-Ended Signals AC Input Parameters Tests for Strobe

Signals

160

When performing the Single-Ended Signals AC Input Parameters tests for
Strobe Signals, the DDR2(+LP) Compliance Test Application will prompt
you to make the proper connections. The connection for the Single- Ended
Signals AC Input Parameters tests may look similar to the following
diagram. Refer to the Connection tab in DDR2(+LP) Electrical Performance
Compliance application for the exact number of probe connections.
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Figure 10 Probing for Single-Ended Signals AC Input Parameters Tests for Strobe Signals
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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 10 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.
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Single-Ended Signals AC Parameters Tests for Strobe Signals 7

Test Procedure

1

Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

Ensure that the RAM reliability test software is running on the
computer system where the LPDDR2 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
LPDDR2 memory.

Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

Connect the oscilloscope probes to any channels of the oscilloscope.
In the DDR2(+LP) Test application, click the Set Up tab.

Select the Speed Grade options. For the Single-Ended Signals AC Input
Parameters Tests for Strobe Signals, you can select any LPDDR2 speed
grade within the selection. To see the LPDDR2 Speed Grades, check the
Low Power box.

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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7  Single-Ended Signals AC Parameters Tests for Strobe Signals

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

Dl 2 |25l

Task Flow _| setup SelectTests | Configure | Connect | Run Tests | Resuits | Himl Report

=0 Al DDR2 Tests y
=[O Clock Tests =
O Rising Edge Measurements
OO Faling Edge Measurements
#-[J© Pulse Measurements
= © Electrical Tests
EID ) Single-Ended Signals
) WIH{ VIL (Address,Control)

) VIHf VIL (Data, Mask)

1 AC Qutput Parameter

) OvershootfUndershoot (Address, Control, Clock, Chip Select, Clock Enable)
) Owershoot/Undershoot (Data, Strobe, Mask)

) Single Ended Signal Tests for Strobe

O Single-ended High Level Voltage, WSEH{AC)

) Single-ended Low Level Voltage, VSEL{AC)

D ) Single Ended Signal Tests for Clock

Select Tests

#-[© Differential Signals
= © Timing Tests ]
PR o [ =S L G,

Test: (None Selected)

Description: {(Select a Single Test)
Limit Set: LPDDR 2-400 Test Limit

Figure 11 Selecting Single-Ended Signals AC Input Parameters Tests for Strobe Signals

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Single-Ended Signals AC Parameters Tests for Strobe Signals 7

VSEH(AC) (Stl’ObE) Test

Single-ended Signal Tests for Strobe Tests can be divided into two

subtests: VSEH(AC) and VSEL(AC)'

Vsgn(ac) - Single-ended High Level Voltage.

The purpose of this test is to verify that the maximum high pulse voltage
must be within the conformance limit of the Vgppyac) value as specified in

the JEDEC specification.

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Data Strobe Signal (supported by Data Signals)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification

Table 75 LPDDR2 Single-ended Levels for CK_t, DQS_t, CK ¢, and DQS_c

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 Units |Notes
Min Max Min Max
Vsen(ac) |Single-ended high  [(Vppg/2) +0.220 Note 3 (Vppa/2) + 0.300 Note 3 v 1,2
level for strobes

Test References

See Table 79 - Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c in

the JESD209- 2B.

PASS Condition

The worst measured Vggyac) shall be within the specification limit.

DDR2(+LP) Compliance Testing Methods of Implementation
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164

Single-Ended Signals AC Parameters Tests for Strobe Signals

Measurement Algorithm

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

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

For the first valid strobe positive pulse, zoom in on the pulse so that it
appears on the oscilloscope’s display and perform TMAX. Then perform
VTIME at the found TMAX to get the maximum voltage of the pulse.
Take the VTIME measurement result as the Vggpyac) 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 Vgppac) measured.
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VSEL(AC) (Stl’DbE) Test

Single-ended Signal Tests for Strobe Tests can be divided into two

subtests:

Single-Ended Signals AC Parameters Tests for Strobe Signals 7

Vsencac) and Vgsgrac)-

Vserac) - Single-ended Low Level Voltage.

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

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s)

of Interest:

* Data Strobe Signal (supported by Data Signals)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification

Table 76 LPDDR2 Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 Units |Notes
Min Max Min Max
Vserac) | Single-ended low Note 3 (Vppa/2) - 0.220 Note 3 (Vppa/2)-0.300 | V 1,2
level for strobes

Test References

See Table 79 - Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c in
the JESD209- 2B.

PASS Condition

The worst measured Vggrac) shall be within the specification limit.

DDR2(+LP) Compliance Testing Methods of Implementation
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Measurement Algorithm

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

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

4 TFor the first valid strobe negative pulse, zoom in on the pulse so that it
appears on the oscilloscope’s display and perform TMIN. Then perform
VTIME at the found TMIN to get the minimum voltage of the pulse.
Take the VTIME measurement result as the Vgpyac) value.

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

6 Determine the worst result from the set of Vgg,sc) measured.
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Probing for Single-Ended Signals AC Input Parameters Tests for
Clocks 168

VSEH(AC) (clock) Test 170
VSEL(AC) (clock) Test 172
VIHCKE Test - Input Logic High (Clock Enable) Test 174
VILCKE Test - Input Logic Low (Clock Enable) Test 176

This section provides the Methods of Implementation (MOIs) for

Single- Ended Signals AC tests for Clocks using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test
Application.
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Probing for Single-Ended Signals AC Input Parameters Tests for Clocks

168

When performing the Single-Ended Signals AC Input Parameters tests for
Clocks, the DDR2(+LP) Compliance Test Application will prompt you to
make the proper connections. The connection for the Single-Ended Signals
AC Input Parameters tests for Clocks may look similar to the following
diagram. Refer to the Connection tab in DDR2(+LP) Electrical Performance
Compliance application for the exact number of probe connections.
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Figure 12 Probing for Single-Ended Signals AC Input Parameters Tests for Clocks 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 12 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the LPDDR2 Device Under Test (DUT) is

DDR2(+LP) Compliance Testing Methods of Implementation
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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
LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For the Single-Ended Signals AC Input
Parameters Tests for Clocks, you can select any LPDDR2 speed grade
within the selection. To see the LPDDR2 Speed Grades, check the Low
Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

0w 3 = i T |0
Task Flow _| SetUp SelectTests lCnnﬁgure ] Connect] RUn Tests] Results ] Html Report
—-[QC Al DDR2 Tests P
setUp Z-[© Clock Tests
+ D () Rising Edge Measurements
N +--[] © Falling Edge Measurements
+--[] O Pulse Measurements
Select Tests - © Electrical Tests
---[ © Single-Ended Signals
¢ +--[] © VIHf VIL (Address,Control)
+--[]© VIH/ VIL (Data, Mask)
Configure +--[]© AC Output Parameter
+--[] © Overshoot/Undershoot (Address, Contral, Clock, Chip Select, Clock Enable)
;l; +--[ O Overshoot/Undershoot (Data, Strobe, Mask)
+--[] O Single Ended Signal Tests for Strobe
Connect - ) Single Ended Signal Tests for Clock

O Single-ended High Level Voltage, VSEH{AC)
; | ; ) Single-ended Low Level Voltage, VSEL{AC)
+-[0 J%Difﬁarential Signals
Run Tests - © Timing Tests d
—_— o

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: LPDDR.2-400 Test Limit

Figure 13 Selecting Single-Ended Signals AC Input Parameters Tests for Clocks

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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VSEH(AC) (ClOCk) Test

Single- ended Signal Tests for Clock Tests can be divided into two subtests:
Vsencac) and Vsgrac)-

Vsgncac) - Single-ended High Level Voltage (clock).

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

must be within the conformance limit of the Vgppyac) value as specified in
the JEDEC specification.

The value of Vppca (Which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppca.

Signals of Interest
Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:
* Clock Signals

Signals required to perform the test on the oscilloscope:

¢ Pin Under Test, PUT - Clock Signals

Test Definition Notes from the Specification

Table 77 LPDDR2 Single-ended Levels for CK_t, DQS_t, CK ¢, and DQS_c

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 Units |Notes
Min Max Min Max
VSEH(AC) Single-ended high  |(Vppca/2) +0.220 Note 3 (Vppca’2) +0.300 Note 3 Vv 1.2
level for CK_t, CK_c
Test References
See Table 79 - Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c in
the JESD209- 2B.
PASS Condition
The worst measured Vggyac) shall be within the specification limit.
170
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Measurement Algorithm

1 Pre-condition the oscilloscope.
2 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 Vipp crossing on a valid Clock rising
edge and ends at the Vgpgp 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 TMAX. Then perform
VTIME at the found TMAX to get the maximum voltage of the pulse.
Take the VTIME measurement result as the Vggyac) value.

5 Continue the previous step for the rest of the valid Clock positive
pulses that were found in the waveform.

6 Determine the worst result from the set of Vggyac) measured.
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VSEL(AC) (ClOCk) Test

Single- ended Signal Tests for Clock Tests can be divided into two subtests:
Vsencac) and Vsgrac)-

Vserac) - Single-ended Low Level Voltage (clock).

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

The value of Vppca (Which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppca.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Clock Signals

Signals required to perform the test on the oscilloscope:
¢ Pin Under Test, PUT - Clock Signals

Test Definition Notes from the Specification

Table 78 LPDDR2 Single-ended Levels for CK_t, DQS_t, CK ¢, and DQS_c

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 Units |Notes
Min Max Min Max
VSEL(AC) Single-ended low Note 3 (VDDCA/Z) -0.220 Note 3 (VDDCA/Z) -0.300 Vv 1,2
level for CK_t, CK_c
Test References
See Table 79 - Single-ended Levels for CK_t, DQS_t, CK_c, and DQS_c in
the JESD209- 2B.
PASS Condition
The worst measured Vggrac) shall be within the specification limit.
172
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Measurement Algorithm

1 Pre-condition the oscilloscope.
2 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 Vppp 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 perform TMIN. Then perform
VTIME at the found TMIN to get the minimum voltage of the pulse.
Take the VTIME measurement result as the Vgprac) value.

5 Continue the previous step for the rest of the valid Clock negative
pulses that were found in the waveform.

6 Determine the worst result from the set of Vgg,ac) measured.
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VIHCKE Test - Input Logic High (Clock Enable) Test

174

The purpose of this test is to verify that the mode of histogram of the
high level voltage value of the test signal within a valid sampling window
is greater than the conformance lower limits of the VIHCKE value
specified in the JEDEC specification.

The value of VDDCA which directly affect the conformance lower limit is
set to 1.2V for the compliance limit set used. 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 VDDCA.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
e Clock Enable Signal

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

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

Test Definition Notes from the Specification

Table 79 LPDDR2 Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Units | Notes

Vincke | CKE Input High Level 0.8 * VDDCA Note 1 v 1

Test References

See Table 75 - Single-Ended AC and DC Input Levels for CKE in the
JESD209- 2B.

PASS Condition

The mode value for the high level voltage shall be greater than or equal to
the minimum VIHCKE value.
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Measurement Algorithm

1 Sample/acquire signal data.

2 Find all valid positive pulses. A valid positive pulse starts at Vgygp
crossing at valid rising edge and end at Vzgp crossing at the following
valid falling edge (See notes on threshold).

3 Zoom in on the first valid positive pulse and perform VTOP
measurement. Take the VTOP measurement results as VIHCKE wvalue.

4 Continue the previous step with another 9 valid positive pulses.

5 Determine the worst result from the set of VIHCKE measured.
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VILCKE Test - Input Logic Low (Clock Enable) Test

176

The purpose of this test is to verify that the mode of histogram of the low
level voltage value of the test signal within a valid sampling window is
lower than the conformance maximum limits of the VILCKE value
specified in the JEDEC specification.

The value of VDDCA which directly affect the conformance maximum limit
is set to 1.2V for the compliance limit set used. 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 VDDCA.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
e Clock Enable Signal

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

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

Test Definition Notes from the Specification

Table 80 LPDDR2 Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Units | Notes

V\Lcke CKE Input Low Level Note 1 0.2 * VDDCA v 1

Test References

See Table 75 - Single-Ended AC and DC Input Levels for CKE in the
JESD209- 2B.

PASS Condition

The mode value for the low level voltage shall be less than or equal to the
maximum VILCKE value.
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Measurement Algorithm

1 Sample/acquire signal data.

1 Find all valid negative pulses. A valid negative pulse starts at VREF
crossing at valid falling edge and end at VREF crossing at the following
rising valid edge (See notes on threshold).

2 Zoom in on the first valid negative pulse and perform VBASE
measurement. Take the VBASE measurement results as VILCKE value.

3 Continue the previous step with another 9 valid negative pulses.

4 Determine the worst result from the set of VILCKE measured.
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This section provides the Methods of Implementation (MOIs) for
Single- Ended Signals Overshoot/Undershoot tests using an Agilent
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, differential solder-in probe head and the DDR2(+LP)
Compliance Test Application.
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Single-Ended Signals Overshoot/Undershoot Tests

Probing for Overshoot/Undershoot Tests

180

When performing the Single-Ended Signals Overshoot/Undershoot tests,
the DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections as shown in the following diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.
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Figure 14 Probing for Single-Ended Signals Overshoot/Undershoot 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 DDR2(+LP) Compliance Test Application. (The
channel shown in Figure 14 is just an example).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform test on all unused RAM on the
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system by producing repetitive burst of read-write data signals to the
DDR2Z/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Single- Ended Signals
Overshoot/Undershoot tests, you can select any speed grade within the
selection. To select one of the LPDDR2 speed grades, check the Low
Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
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Figure 15 Selecting Single-Ended Signals Overshoot/Undershoot Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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AC Overshoot Test

The Overshoot test can be divided into two subtests: Overshoot amplitude
and overshoot area. The purpose of this test is to verify that the overshoot
value of the test signal from all region is lower than or equal to the
conformance limit of the maximum peak amplitude allowed for overshoot
test as specified in the JEDEC specification.

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

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:

e Data Signal OR

e Data Strobe Signal OR

e Address Signal OR

e Control Signal OR

e Data Mask Control Signal OR
* Clock Signal

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 81 AC Overshoot Specification for Address and Control Pins

A0-A15, BA0-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter Specification

DDR2-400 [DDR2-533 |DDR2-667 [DDR2-800
Maximum peak amplitude allowed for overshoot area 0.5(0.9)1 v 0.5(0.9)1 v 0.5(0.9)1 v 0.5(0.9)1 v
Maximum overshoot area above Vpp 1.33V-ns  [1.0V-ns 0.8 V-ns 0.66 V-ns

Table 82 AC Overshoot Specification for Clock, Data, Strobe and Mask Pins

DQ, (U/L/R)DAS, (U/L/R)DQS, DM, CK, CK

Parameter Specification
DDR2-400 [DDR2-533 [DDR2-667 |[DDR2-800
Maximum peak amplitude allowed for overshoot area 05V 05V 0.5V 0.5V
Maximum overshoot area above Vppq 038V-ns [0.28V-ns 0.23V-ns  [0.23 V-ns
iucmism Ampliuce MLECETRETY AMilinace Oreprshoot Aren
1 Croprshioot Anea
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s Y22 o Vess
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Maiieruam Arpiuoe Hrerehiot Area LI ATrpiude Hrdershest Area
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Figure 7% — AC owershoot and undershoot definition for address and control ping Figure T =— AC overshoot and undershoot definition for clock. data, strobe. and mask pins

Table 83 AC Overshoot Specification for Address and Control Pins (DDR2-1066)

A0-A15, BA0-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter Specification
DDR2-1066

Maximum peak amplitude allowed for overshoot area (].5((].9)1 v

Maximum overshoot area above Vpp 0.5V-ns
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Table 84 AC Overshoot Specification for Clock, Data, Strobe and Mask Pins (DDR2-1066)

DQ, (U/L/R)DQS, {U/L/R)DQS, DM, CK, CK

Parameter Specification
DDR2-1066
Maximum peak amplitude allowed for overshoot area 05V
Maximum overshoot area above Vppq 0.19 V-ns
Maximum Amplitude Overshoot Area Maximum Amplitude Overshoot Area
Voo I Volts Vo '2,0 I
e I e Vs I
:%rshoot Area . ) Undershoot Area
Maximum Amplitude Maximum Amplitude
Ti Time (ns})
ime (ns)
Figure 67 — AC overshoot and undershoot definition for address and control pins Figure 68 — AC overshoot and undershoot definition for clock, data, strobe, and mask pins

Table 85 Table 88 - LPDDR2 AC Overshoot/Undershoot Specification

Parameter 1066 | 933 |800 |667 |533 (466 |400 |333 |266 |200 |Units

Maximum peak amplitude Max 0.35 v
allowed for overshoot area

Maximum peak amplitude Max 0.35 v
allowed for undershoot area

Maximum area above Vpp Max |0.15 |(0.17 |0.20 |0.24 |0.30 (0.35 |0.40 |0.48 |0.60 [0.80 | V-ns

Maximum area below Vgg Max (015 [0.17 |0.20 [0.24 |0.30 |0.35 |(0.40 |0.48 |0.60 [0.80 |V-ns

Test References

See Table 24 - AC Overshoot/Undershoot Specification for Address and
Control Pins and Table 25 - AC Overshoot/Undershoot Specification for
Clock, Data, Strobe and Mask Pins in the JEDEC Standard JESD79-2FE.

Also See Table 24 - AC Overshoot/Undershoot Specification for Address
and Control Pins and Table 25 - AC Overshoot/Undershoot Specification
for Clock, Data, Strobe and Mask Pins in the JESDZ20S.

Also see Table 88 - AC Overshoot/Undershoot Specification in the
JESD209- 2B.

PASS Condition

The measured maximum voltage value of the test signal should be less
than or equal to the maximum overshoot value.
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The calculated overshoot area value should be less than or equal to the
maximum overshoot area allowed.

Measurement Algorithm

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

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

3 Use TMAX, VMAX to get a timestamp of the maximum voltage on all
regions of acquired waveform.

4 Perform manual zoom on waveform to maximize peak area.

b Find the edges before and after the Overshoot Point at the Supply
Reference Level in order to calculate the maximum overshoot length
duration. The table below shows the supply reference level for each pin

group.
Pin Supply Reference Level
DDR2 Address and Control Pin Vop
DDR2 Clock, Data, Strobe, and Mask Pin Vbbb

LPDDR2 Address, Control, Clock, Chip Select, Vppca
and Clock Enable

LPDDR2 Data, Strobe, Mask Vbbb

6 Calculate the overshoot amplitude.
Overshoot amplitude = VMAX - supply reference level
(Refer to the table above.)

7 Calculate the overshoot area (V-ns)

a Area of calculation is based on the area of calculation of a triangle
where the overshoot width is used as the triangle base and the
overshoot amplitude is used as the triangle height.

b Area = 0.5 * base * height.

8 Compare the test results with the compliance test limits.
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AC Undershoot Test

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 from all region is lower than or
equal to the conformance limit of the maximum peak amplitude allowed
for undershoot test as specified in the JEDEC specification.

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

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ or WRITE

Signal(s) of Interest:

e Data Signal OR

e Data Strobe Signal OR

e Address Signal OR

e Control Signal OR

e Data Mask Control Signal OR
* Clock Signal

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above
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Test Definition Notes from the Specification
Table 86 AC Undershoot Specification for Address and Control Pins

A0-A15, BA0-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter Specification

DDR2-400 [DDR2-533 |DDR2-667 [DDR2-800
Maximum peak amplitude allowed for undershoot area 0.5(0.9)1 v 0.5(0.9)1 v 0.5(0.9)1 v 0.5(0.9)1 v
Maximum undershoot area below Vgg 1.33V-ns  [1.0V-ns 0.8 V-ns 0.66 V-ns

Table 87 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins

DQ, (U/L/R)DAS, (U/L/R)DQS, DM, CK, CK

Parameter Specification
DDR2-400 [DDR2-533 [DDR2-667 |[DDR2-800
Maximum peak amplitude allowed for undershoot area 05V 05V 05V 05V
Maximum undershoot area below Vggq 0.38V-ns [0.28V-ns 0.23V-ns  [0.23 V-ns
(LR TS r!'-m..m'pc e vershoot A MLECETRETY AMilinace Oreprshoot Aren
n_.l » L-[ e
o e v :
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Tirewe s} T (1)
Figure 7% — AC owershoot and undershoot definition for address and control ping Figure T =— AC overshoot and undershoot definition for clock. data, strobe. and mask pins

Table 88 AC Undershoot Specification for Address and Control Pins (DDR2-1066)

A0-A15, BA0-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter Specification
DDR2-1066

Maximum peak amplitude allowed for undershoot area 0.5(0.9)1 v

Maximum undershoot area below Vgg 0.5V-ns
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Table 89 AC Undershoot Specification for Clock, Data, Strobe and Mask Pins (DDR2-1066)

DQ, (U/L/R)DAQS, {U/L/R)DQS, DM, CK, CK

Parameter Specification
DDR2-1066
Maximum peak amplitude allowed for undershoot area 05V
Maximum undershoot area below Vggq 0.19 V-ns
Maximum Amplitude Overshoot Area Maximum Amplitude Overshoot Area
Voo I Volts \2 '2,0
e I e Vs I
:%rshoot Area Undershoot Area
Maximum Amplitude Maximum Amplitude
Time (ns) Time (ns)
Figure 67 — AC overshoot and undershoot definition for address and control pins Figure 68 — AC overshoot and undershoot definition for clock, data, strobe, and mask pins

Table 90 Table 88 - LPDDR2 AC Qvershoot/Undershoot Specification

Parameter 1066 | 933 |800 |667 |533 (466 |400 |333 |266 |200 |Units

Maximum peak amplitude Max 0.35 v
allowed for overshoot area

Maximum peak amplitude Max 0.35 v
allowed for undershoot area

Maximum area above Vpp Max |0.15 |0.17 020 |0.24 |0.30 |0.35 |0.40 |0.48 |0.60 |0.80 [ V-ns

Maximum area below Vgg Max |0.15 |0.17 020 |0.24 |0.30 |0.35 |0.40 |0.48 |0.60 |0.80 [ V-ns

Test References

See Table 24 - AC Overshoot/Undershoot Specification for Address and
Control Pins and Table 25 - AC Overshoot/Undershoot Specification for
Clock, Data, Strobe and Mask Pins, in the JEDEC Standard JESD79-2E.

Also See Table 24 - AC Overshoot/Undershoot Specification for Address
and Control Pins and Table 25 - AC Overshoot/Undershoot Specification
for Clock, Data, Strobe and Mask Pins in the JESDZ20S.

Also see Table 88 - LPDDR2 AC Overshoot/Undershoot Specification in the
JESD209- 2B.

PASS Condition

The measured minimum voltage value for the test signal should be less
than or equal to the maximum undershoot value.
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The calculated undershoot area value should be less than or equal to the
maximum undershoot area allowed.

Measurement Algorithm

1
2

Set the number of sampling points to 2M samples.

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

Use TMAX, VMAX to get a timestamp of the minimum voltage on all
regions of acquired waveform.

Perform manual zoom on waveform to minimum peak area.

Find the edges before and after the Undershoot Point at the GND (T0V)
Level in order to calculate the maximum undershoot length duration.

Calculate Undershoot amplitude.
Undershoot amplitude = 0 - VMIN.

Calculate the undershoot area (V-ns)

a Area of calculation is based on the area of calculation of a triangle
where the undershoot width is used as the triangle base and the
undershoot amplitude is used as the triangle height.

b Area = 0.5 * base * height.

Compare the test results with the compliance test limits
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

10
Differential Signals AC Input
Parameters Tests

Probing for Differential Signals AC Input Parameters Tests 192
VID(AC), AC Differential Input Voltage - Test for DQS 194

VID(AC), AC Differential Input Voltage - Test for Clock 196

VIX(AC), AC Differential Input Cross Point Voltage - Test for DS 198
VIX(AC), AC Differential Input Cross Point Voltage - Test for Clock 200
VIHdiff(AC) Test for DQS 202

VIHdiff(AC) Test for Clock 204

VIHdiff(DC) Test for DQS 206

VIHdiff(DC) Test for Clock 208

VILdiff(AC) Test for DQS 210

VILdiff(AC) Test for Clock 212

VILdiff(DC) Test for DQS 214

VILdiff(DC) Test for Clock 216

This section provides the Methods of Implementation (MOIs) for
Differential Signals AC Input tests using an Agilent Infiniium oscilloscope,
recommended InfiniiMax 116xA or 113xA probe amplifiers, differential
solder-in probe head and the DDR2(+LP) Compliance Test Application.
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Probing for Differential Signals AC Input Parameters Tests

When performing the Differential Signals AC Input Parameters tests, the
DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for the Differential Signals AC Input
Parameters tests may look similar to the following diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.

| DE =

'-\,/\, «.r\, ~r\, «./\,‘
© © © ©

D B> @@B@@:

-

Infiniium Oscilloscope

InfiniiMax solder-in probes

Figure 16 Probing for Differential Signals AC Input Parameters 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 16 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure
1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform test on all unused RAM on the
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system by producing repetitive burst of read-write data signals to the
DDR2Z/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Differential Signals AC Input
Parameters Tests that support DDR2, you can select any speed grade
within the selection. To select a LPDDR2 Speed Grade (for tests that
support LPDDR2), check the Low Power box.

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.

DDR2Z(+LP) Test -- DDRZ(+LP) Device 1 *
File View Tools Help

D@ '\ % &[0

Task Flow _| setup SelectTests lConﬁgure] Connect] Run Tests I Results] Html Report
- alCDR2 Tests

setup | -0 ClockTests
+ D () Rising Edge Measurements

\ f +-[]© Faling Edge Measurements
+--[]© Pulse Measurements

ki1 - © Electrical Tests

+-[]© Single-Ended Signals

¢ -1--[J © Differential Signals

- ) AC input parameters
Configure O AC differential input valtage, Vid

O AC differential input cross point voltage, Vix
:‘l; +[0© ACoutput parameters
- Timing Tests
Connect + ) Clodk Timing

Oc«
+-[] © Data Strobe Timing
;l; +-[] © Data Timing
+ D )

Command Address Timing
Run Tests

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2-800 Test Limit

Figure 17 Selecting Differential Signals AC Input Parameters Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Vip(ac)- AC Differential Input Voltage - Test for DQS

The purpose of this test is to verify that magnitude differences between
the input differential signal pairs value of the test signals is within the
conformance limits of the Vipac) as specified in the JEDEC specification.

The value of Vppq which directly affects the conformance lower limit is set
to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals

Test Definition Notes from the Specification

Table 91 Differential Input AC Logic Level

Symbol Parameter Min Max Units Notes
Vip(ac) AC differential input voltage 0.5 Vooa v 1.3
_______ Yoo
ViR
. Crossing point
_____ AVix o Vox
Vep or Y0
Figure 74 — Differential signal levels
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Table 92 Differential Input AC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
Vip(ac) AC differential input voltage 0.5 Vppg+06 |V 1
Figure 66 — Differential signal levels JEDEC Standard No. 208
Vbba
V1R T
e _X_ IVio_
Y
Vep

Test References

See Table 22 - Differential Input AC Logic Level in the JEDEC Standard
JESD79-2E and Table 22 - Differential Input AC Logic Level in the
JESDZ20S.

PASS Condition

The calculated magnitude of the differential voltage of the test signals pair
shall be within the conformance limits of the Vipc) value.

Measurement Algorithm

1 Sample/acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

Split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all differential DQS crossing that cross OV.

o o1 A W

Within the first and second DQS crossing regions, perform VITOP on
DQS,Gnd or /DQS,Gnd depending on which one is the positive pulse in
current region. Next, perform VBASE on DQS,Gnd or /DQS,Gnd
depending on which one is the negative pulse in the current region.
Calculate Vipacy = VTOP- VBASE.

7 Perform the previous step on all pairs of DQS crossing.

8 Determine the worst result from the set of Vipsc) measured.
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Vip(ac)- AC Differential Input Voltage - Test for Clock

The purpose of this test is to verify that magnitude differences between
the input differential signal pairs value of the test signals is within the
conformance limits of the Vipac) as specified in the JEDEC specification.

The value of Vppq which directly affects the conformance lower limit is set
to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signals

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification

Table 93 Differential Input AC Logic Level

Symbol Parameter Min Max Units Notes
Vip(ac) AC differential input voltage 0.5 Vooa v 1.3
_______ Yoo
ViR
. Crossing point
_____ AVix o Vox
Vep or Y0
Figure 74 — Differential signal levels
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Table 94 Differential Input AC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
Vip(ac) AC differential input voltage 0.5 Vppa+06 |V 1
Figure 66 — Differential signal levels JEDEC Standard No. 208
Vbba

VIR T Crosene sont

______ A \'jD_ _ __:__:_—-_ I'(iSSII"Ig poine

y Y Vix or Viox

CP

Test References

See Table 22 - Differential Input AC Logic Level in the JEDEC Standard
JESD79-2E and Table 22 - Differential Input AC Logic Level in the
JESDZ208.

PASS Condition

The calculated magnitude of the differential voltage for the test signals
pair shall be within the conformance limit of the Vipc) value.

Measurement Algorithm

1 Sample/acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

3 Find the first 10 differential CLK crossing that cross OV.

4 Within first and second CLK crossing region, perform VTOP on
CLK,GND OR /CLK,GND depending on which one is the positive pulse
in the current region. Next, perform VBASE on CLK,GND OR /CLK,GND
depending on which one is the negative pulse in the current region.
Calculate VID(AC) = VTOP - VBASE.

5 Perform the previous step on all pairs of CLK crossing until 10
measurement results are collected.

6 Determine the worst result from the set of Vipzc) measured.
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Vix(ac)- AC Differential Input Cross Point Voltage - Test for DQS

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

The value of Vppq which directly affects the conformance lower limit is set
to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)
Required Signals that are needed to perform this test on oscilloscope:

* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals

Test Definition Notes from the Specification
Table 95 Differential Input AC Logic Level

Symbol Parameter Min Max Units Notes

Vixiac)  AC differential cross point voltage 05*Vppg-0175  05"Vppg+0.175 V 2

Figure 74 — Differential signal levels
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Table 96 Differential Input AC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
Vixiac)  AC differential cross point voltage 0.5 Vppg-0.175 05*Vppg+0175 V 2
Figure 66 — Differential signal levels JEDEC Standard No. 208

_________ Yoo _____.

VIR [

L _X_ Vi

\
Vep ]

Test References

See Table 22 - Differential Input AC Logic Level in the JEDEC Standard
JESD79-2E and Table 22 - Differential Input AC Logic Level in the
JESDZ20S.

PASS Condition

The measured crossing point value for the differential test signals pair
shall be within the conformance limit of the Vix,.) value.

Measurement Algorithm

1 Sample/acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

Split read and write bursts of the acquired signal.
Take the first valid WRITE burst found.
Find all differential DQS crossing that cross OV.

o o1 A W

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

7 Determine the worst result from the set of Vixzc) measured.
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Vix(ac)- AC Differential Input Cross Point Voltage - Test for Clock

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

The value of Vppq which directly affects the conformance lower limit is set
to 1.8V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signals

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification
Table 97 Differential Input AC Logic Level

Symbol Parameter Min Max Units Notes

Vixiac)  AC differential cross point voltage 05*Vppg-0175  05"Vppg+0.175 V 2

Figure 74 — Differential signal levels
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Table 98 Differential Input AC Logic Level (DDR2-1066)

Symbol Parameter Min Max Units Notes
Vixiac)  AC differential cross point voltage 0.5*Vppq-0.175 05*Vppg+0.175 V 2
Figure 66 — Differential signal levels JEDEC Standard No. 208
Vbba

VIR k Crosene sont

______ AV A

y Y Vix or Viox

CP

Test References

See Table 22 - Differential Input AC Logic Level in the JEDEC Standard
JESD79-2E and Table 22 - Differential Input AC Logic Level in the
JESDZ208.

PASS Condition

The measured crossing point value for the differential test signals pair
shall be within the conformance limit of the Vixsc) value.

Measurement Algorithm

1 Sample/acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

3 Find the first 10 differential CLK crossing that cross OV.

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

5 Determine the worst result from the set of Vixsc) measured.
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VIHdiﬁ(AC) Test for DQS

202

VIHdiff(AC) - Differential AC Input LOgiC ngh VOltage Test for DQS

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 Viyqifrac) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 VREF.

The value of Viyac) (Which directly affect the conformance limit) is set to
0.9V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.82V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals
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Test Definition Notes from the Specification
Table 99 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200  |Units | Notes
Min Max Min Max
VlHdiff(AC) Differential input 2x (VlH(AC) - VREF) Note 3 2x (VlH(AC) - VREF) Note 3 Vv 2
high AC

Test References

See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

PASS Condition

The worst measured Viggirrac) shall be within the specification limit.

Measurement Algorithm

1

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

Take the first valid WRITE burst found.

Find all valid Strobe positive pulses in the burst. A valid Strobe
positive pulse starts at 0 Volt crossing at valid Strobe rising edge (see
notes on threshold) and ends at the OV crossing on the following valid
Strobe falling edge (see notes on threshold).

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 Viggisrac)
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 Viygirrac) measured.
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VIHdiﬁ(AC) Test for Clock

VIHdiff(AC) - Differential AC Input LOgiC ngh VOltage Test for Clock.

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 Viyqifrac) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vpgp

The value of Viyac) (Which directly affect the conformance limit) is set to
0.9V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.82V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signal

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification
Table 100 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 (Units | Notes
Min Max Min Max
V|Hdiff(AC) Differential input 2x (V|H(AC) - VREF) Note 3 2 x (V|H(AC) - VREF) Note 3 V 2
high AC

Test References
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See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

DDR2(+LP) Compliance Testing Methods of Implementation



Differential Signals AC Input Parameters Tests 10

PASS Condition

The worst measured Viggirrac) shall be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all valid Clock positive pulses in the triggered waveform. A valid
Clock positive pulse starts at the OV crossing on a valid Clock rising
edge (see notes on threshold) and ends at the OV crossing on the
following valid Clock falling edge (see notes on threshold).

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

Continue the previous step for the rest of the valid Clock positive
pulses.

Determine the worst result from the set of Viggirac) measured.
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VIHdiﬁ(DC) Test for DAS

206

VIHdiff(DC) - Differential DC Input LOgiC ngh VOltage Test for DQS

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 Viyqifrpc) value as specified in the JEDEC
specification.

The value of Viygpr (which directly affects the conformance limit) is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Viypc)y which directly affects the conformance limit is set to
0.8V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.73V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals
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Test Definition Notes from the Specification
Table 101 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200  |Units | Notes
Min Max Min Max
VlHdiff(DC) Differential input 2x (VlH(DC) - VREF) Note 3 2x (VlH(DC) - VREF) Note 3 Vv 1
high DC

Test References

See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

PASS Condition

The worst measured Viggirrpc) shall be within the specification limit.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulses in the burst. A valid Strobe
positive pulse starts at the OV crossing on a valid Strobe rising edge
(see notes on threshold) and ends at the OV crossing on the following
valid Strobe falling edge (see notes on threshold).

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 Viggisrpc)
value.

5 Continue the previous step for the rest of the valid Strobe positive
pulse in the burst.

6 Determine the worst result from the set of Viygippc) measured.
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VIHdiﬁ(DC) Test for Clock

VIHdiff(DC) - Differential DC Input LOgiC ngh VOltage Test for Clock.

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 Viyqifrpc) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Viypc)y which directly affects the conformance limit is set to
0.8V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.73V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signal

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification
Table 102 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 (Units | Notes
Min Max Min Max
V|Hdiff(DC) Differential input 2x (V||-|(DC) - VREF) Note 3 2 x (V|H(DC) - VREF) Note 3 Vv 1
high DC

Test References

208

See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

DDR2(+LP) Compliance Testing Methods of Implementation



Differential Signals AC Input Parameters Tests 10

PASS Condition

The worst measured Viggirgpc) shall be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all valid Clock positive pulses in the triggered waveform. A valid
Clock positive pulse starts at the OV crossing on a valid Clock rising
edge (see notes on threshold) and ends at the OV crossing on the
following valid Clock falling edge (see notes on threshold).

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

Continue the previous step for the rest of the valid Clock positive
pulses.

Determine the worst result from the set of Viggirpc) measured.
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VILdiff(AC) Test for DQS

210

ViLaitiac) - Differential AC Input Logic Low Voltage Test for DQS.

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 Vi qifrac) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Vi acy which directly affects the conformance limit is set to
0.3V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.38V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals
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Test Definition Notes from the Specification
Table 103 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 |Units |Notes
Min Max Min Max
V|Ldif‘f(AC) Differential input Note 3 2x (VREF - V|L(AC)) Note 3 2x (VREF - VlL(AC)) Vv 2
low AC

Test References

See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

PASS Condition

The worst measured Vi girrac) shall be within the specification limit.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 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
(see notes on threshold) and ends at the OV crossing on the following
valid Strobe rising edge (see notes on threshold).

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 Vygisrcac)
value.

b Continue the previous step for the rest of the valid Strobe negative
pulses in the burst.

6 Determine the worst result from the set of Vypgisracy measured.
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VILdiff(AC) Test for Clock

ViLaitiac) - Differential AC Input Logic Low Voltage Test for Clock.

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 Vi qifrac) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Vi acy which directly affects the conformance limit is set to
0.3V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.38V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signal

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification
Table 104 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 |Units | Notes
Min Max Min Max
V||.diff(AC) Differential input Note 3 2x (VREF - V|L(AC)) Note 3 2Xx (VREF - V|L(AC)) Vv 2

low AC

Test References
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See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.
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PASS Condition

The worst measured Vipgirrac) shall be within the specification limit.

Measurement Algorithm

1
2
3

Pre-condition the oscilloscope.
Triggered on a rising edge of the clock signal under test.

Find all valid Clock negative pulses in the triggered waveform. A valid
Clock negative pulse starts at the OV crossing on a valid Clock falling
edge (see notes on threshold) and ends at the OV crossing on the
following valid Clock rising edge (see notes on threshold).

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 Vigisrac)
value.

Continue the previous step for the rest of the valid Clock negative
pulses.

Determine the worst result from the set of Vi girrac) measured.
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VILdiﬂ(DC) Test for DQS

214

VILaittpoy - Differential DC Input Logic Low Voltage Test for DQS.

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 Vi qifrpc) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Vi, pcy which directly affects the conformance limit is set to
0.4V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.47V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:
e Data Strobe Signals (supported by Data Signals)

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Data Strobe Signals
* Supporting Pin = Data Signals
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Test Definition Notes from the Specification
Table 105 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 |Units | Notes
Min Max Min Max
VlLdiff(DC) Differential input Note 3 2x (VREF - VlL(DC)) Note 3 2x (VREF - V|L(DC)) Vv 1
low DC

Test References

See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.

PASS Condition

The worst measured Vi gifrpc) shall be within the specification limit.

Measurement Algorithm

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

2 Take the first valid WRITE burst found.

3 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
(see notes on threshold) and ends at the OV crossing on the following
valid Strobe rising edge (see notes on threshold).

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 Vypgisrpc)
value.

b Continue the previous step for the rest of the valid Strobe negative
pulses in the burst.

6 Determine the worst result from the set of Vypqisrpc) measured.
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VILdiﬂ(DC) Test for Clock

ViLaittpcy - Differential DC Input Logic Low Voltage Test for Clock.

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 Vi qifrpc) value as specified in the JEDEC
specification.

The value of Viygpr which directly affects the conformance limit is set to
0.6V for the compliance limit set used. 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 Vgpp

The value of Vi, pcy which directly affects the conformance limit is set to
0.4V for Speed Grades from LPDDR2-200 to LPDDR2-400 or 0.47V for
Speed Grades from LPDDR2-466 to LPDDR2- 1066 for the compliance limit
set used. 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 Vigpc).

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Signal

Required Signals that are needed to perform this test on oscilloscope:
* Pin Under Test, PUT = Clock Signals.

Test Definition Notes from the Specification
Table 106 LPDDR2 Differential AC and DC Input Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 |Units | Notes
Min Max Min Max
V|Ldiff(DC) Differential input Note 3 2 X (VREF - V|L(DC)) Note 3 2x (VREF - V||.(DC)) Vv 1
low DC

Test References
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See Table 77 - Differential AC and DC Input Levels in the JESD209-2B.
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PASS Condition

The worst measured Vipgirpc) shall be within the specification limit.

Measurement Algorithm

1
2
3

Pre-condition the oscilloscope.
Triggered on a rising edge of the clock signal under test.

Find all valid Clock negative pulses in the triggered waveform. A valid
Clock negative pulse starts at the OVolt crossing on a valid Clock falling
edge (see notes on threshold) and ends at the OV crossing on the
following valid Clock rising edge (see notes on threshold).

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 Vi qispc)
value.

Continue the previous step for the rest of the valid Clock negative
pulses.

Determine the worst result from the set of Vi gipc) measured.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

o0 @ Qo 11
Differential Signal AC Output
> ©® °  Parameters Tests

Probing for Differential Signals AC Output Parameters Tests 220
VOX, AC Differential Output Cross Point Voltage - Test 222
SRQdiffR(400hm) Test 224

SRQdiffF(40ohm) Test 226

SRQdiffR(60ohm) Test 228

SRQdiffF(60ohm) Test 230

VOHdiff(AC) Test 232

VOLdiff(AC) Test 234

This section provides the Methods of Implementation (MOIs) for
Differential Signals AC Output tests using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test
Application.
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Probing for Differential Signals AC Output Parameters Tests

When performing Differential Signals AC Input Parameters tests, the
DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for Differential Signals AC Output
Parameters tests may look similar to below diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.

C——— 1) OE |
) CSETT ""!.;\—\
e go@ - ;.)
@@ v
~./\, NN w"\l NN

@ © © ©
® 6 0 0

@ IBP ® IBPEO:

5L 13603

Infiniium Oscilloscope

InfiniiMax
solder-in probes

Figure 18 Probing for Differential Signals AC Output Parameters 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 18 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure
1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform test on all the unused RAM on the
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system by producing repetitive burst of read-write data signals to the
DDR2/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Differential Signals AC Output
Parameters Tests that support DDR2, you can select any DDR2 speed
grade within the selection. For Differential Signals AC Output
Parameters Tests that support LPDDR2, you can select any LPDDR2
speed grade within the selection. To see the LPDDR2 Speed Grades,
check the Low Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

D& @] '»° X0
Task Flow _| setup SelectTests lConﬁgurE ] Connect] Run Tests ] Results ] Html Report

-~ O AlDDR2 Tests
SetU
- S [0©O ClockTests

+ D () Rising Edge Measurements

b Py +--[© Falling Edge Measurements
+-[J© Pulse Measurements
Seeel feas -0 © Electrical Tests
+--[© SingleEnded Signals
¢ - © Differential Signals
+-[] O ACinput parameters
Configure - ) AC output parameters
(O AC differential output cross point voltage, Vox
¢ -0 © Timing Tests
+--[J© Clock Timing
Connect +-[J© Data Strobe Timing
+--[J© Data Timing
¢ +-[J© Command Address Timing
Run Tests

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2-800 Test Limit

Figure 19 Selecting Differential Signals AC Output Parameters Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Vox,

AC Differential Output Cross Point Voltage - Test

The purpose of this test is to verify the crossing point of the output
differential test signals pair is within the conformance limits of the
Voxcac) as specified in the JEDEC specification.

The value of Vppq which directly affects the conformance lower limit is set
to 1.8V. 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 the different values of Vppq.

Signals of Interest

Mode Supported: DDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - any signal of interest, as defined above

e Supporting Pin - a corresponding DQ signal

Test Definition Notes from the Specification

Table 107 Differential AC Output Parameters

Symbol

Parameter Min Max Units Notes

Vox(ac)

AC differential cross point voltage 0.5 Vppg-0.125 05*Vppg+0125 NV 1

Figure 74 — Differential signal levels

Table 108 Differential AC Output Parameters (DDR2-1066)

Symbol |Parameter Min Max Units Notes
Vox(ac) |AC differential cross point voltage 0.5*Vppq-0.125 05*Vppg+0.125 |V 1
222
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Figure 66 — Differential signal levels JEDEC Standard No. 208
Vbpa
VTR
X A
Y
Vep

Test References

See Table 23 - Differential AC Output Logic Level in the JEDEC Standard
JESD79-2FE and Table 23 - Differential AC Output Logic Level in the
JESDZ20S.

PASS Condition

The measured crossing point value for the differential test signals pair
should be within the conformance limits of Voxac) value.

Measurement Algorithm

1 Obtain sample or acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

Split read and write bursts of the acquired signal.
Take the first valid READ burst found.
Find all differential DQS crossings that cross OV.

o 61 A W

Use VTIME to get the actual crossing point voltage value by using the
timestamp obtained.

7 Determine the worst result from the set of Voxac) measured.
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SRQdiffR(400hm) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

SRQdiffR(40ohm) - Differential Output Rising Slew Rate (40ohms).

The purpose of this test is to verify that the differential rising slew rate
value of the test signal must be within the conformance limit of the
SRQdiff value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification
Table 109 LPDDR2 Output Slew Rate (differential)

Parameter Symbol |LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Single-ended Output Slew Rate (RON = 40ohms +/- 30%) | SRQdiff 3.0 7.0 V/ns

Test References

See Table 87 - Output Slew Rate (differential) in the JESD209-2B.

PASS Condition

The worst measured SRQdiffR shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid READ burst found.
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3 Find all valid Strobe rising edges in this burst. A valid Strobe rising
edge starts at the Vorgirrac) crossing and ends at the following

VOHdiff(AC) crossing.
4 For all valid Strobe rising edges, find the transition time, Tk, which is

the time that starts at the Vgp,qgirrac) crossing and ends at the following
VOHdiff(AC) Crossing. Then calculate SRleffR = [VOHdiff(AC) -

Vovraittcac)l/ Tr-
5 Determine the worst result from the set of SRQdiffR measured.
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SRQdiffF(40ohm) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

SRQdiffF(40ohm) - Differential Output Falling Slew Rate (40ohms).

The purpose of this test is to verify that the differential falling slew rate
value of the test signal must be within the conformance limit of the
SRQdiff value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:
e Data Strobe Signal (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification
Table 110 LPDDR2 Output Slew Rate (differential)

Parameter Symbol |LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Differential Output Slew Rate (RON = 400hms +/- 30%) SRQdiff 3.0 7.0 V/ns

Test References

See Table 87 - Output Slew Rate (differential) in the JESD209-2B.

PASS Condition

The worst measured SRQJiffF shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid READ burst found.
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3 Find all valid Strobe falling edges in this burst. A valid Strobe falling
edge starts at the Vopgirrac) crossing and ends at the following

VOLdiff(AC) crossing.
4 For all valid Strobe falling edges, find the transition time, Ty, which is

the time that starts at the Vopgisrac) crossing and ends at the following
VOLdiff(AC) crossing. Then calculate SRleffF = [VOHdiff(AC) -

Vovraittcac)l/ Tr-
5 Determine the worst result from the set of SRQAiffF measured.

DDR2(+LP) Compliance Testing Methods of Implementation 227



11 Differential Signal AC Output Parameters Tests

SRQdiffR(600hm) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

SRQdiffR(60ohm) - Differential Output Rising Slew Rate (60ohms).

The purpose of this test is to verify that the differential rising slew rate
value of the test signal must be within the conformance limit of the
SRQdiff value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signals (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification
Table 111 LPDDR2 Output Slew Rate (differential)

Parameter Symbol |LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Differential Output Slew Rate (RON = 60ohms +/- 30%) SRQdiff 2.0 5.0 V/ns

Test References

See Table 87 - Output Slew Rate (differential) in the JESD209-2B.

PASS Condition

The worst measured SRQdiffR shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid READ burst found.
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3 Find all valid Strobe rising edges in this burst. A valid Strobe rising
edge starts at the Vorgirrac) crossing and ends at the following

VOHdiff(AC) crossing.
4 For all valid Strobe rising edges, find the transition time, Tk, which is

the time that starts at the Vgp,qgirrac) crossing and ends at the following
VOHdiff(AC) Crossing. Then calculate SRleffR = [VOHdiff(AC) -

Vovraittcac)l/ Tr-
5 Determine the worst result from the set of SRQdiffR measured.
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SRQdiffF(60ohm) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

SRQdiffF(60ohm) - Differential Output Falling Slew Rate (60ohms).

The purpose of this test is to verify that the differential falling slew rate
value of the test signal must be within the conformance limit of the
SRQdiff value as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signals (supported by Data Signal)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supporting Pin - Data Signals

Test Definition Notes from the Specification
Table 112 LPDDR2 Output Slew Rate (differential)

Parameter Symbol |LPDDR2-1066 to LPDDR2-200 |Units
Min Max
Differential Output Slew Rate (RON = 60ohms +/- 30%) SRQdiff 2.0 5.0 V/ns

Test References

See Table 87 - Output Slew Rate (differential) in the JESD209-2B.

PASS Condition

The worst measured SRQJiffF shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid READ burst found.
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3 Find all valid Strobe falling edges in this burst. A valid Strobe falling
edge starts at the Vopgirrac) crossing and ends at the following

VOLdiff(AC) crossing.
4 For all valid Strobe falling edges, find the transition time, Ty, which is

the time that starts at the Vopgisrac) crossing and ends at the following
VOLdiff(AC) crossing. Then calculate SRleffF = [VOHdiff(AC) -

Vovraittcac)l/ Tr-
5 Determine the worst result from the set of SRQAiffF measured.
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Vonditi(ac) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

VOHdiff(AC) - Differential AC Output LOgiC ngh VOltage.

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 Vopgisrac) value as specified in the JEDEC
specification.

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals

* Supporting Pin - Data Signals

Test Definition Notes from the Specification
Table 113 LPDDR2 Differential AC and DC Output Levels

Symbol Parameter LPDDR2-1066 to LPDDR2-200 |Units | Notes
Vonhdiff(Ac) AC differential output high measurement level 0.25 x Vppq v
(for output SR)

Test References

See Table 83 - Differential AC and DC Output Levels in the JESD209-2B.

PASS Condition
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Measurement Algorithm

1 Acquire and split read and write bursts of the acquired signal.
2 Take the first valid READ 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 TFor the first valid positive pulse, zoom in on the pulse so that it
appears on the oscilloscope’s display and perform the VIOP
measurement. Take the VTOP measurement result as the Vopaqirrac)
value.

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

6 Determine the worst result from the set of Vopgisac) measured.
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VoLditi(ac) Test

AC Output Parameter Tests can be divided into six subtests:
SRQdiffR(40ohm) test, SRQdiffF(40ohm) test, SRQdiffR(60ohm) test,
SRleffF(GOOhm) test, VOHdiff(AC) test, and VOLdiff(AC) test.

Vovraiffcac) - Differential AC Output Logic Low Voltage.

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 girrac) value as specified in the JEDEC
specification.

The value of Vppq (which directly affects the conformance limit) is set to
1.2V for the compliance limit set used. 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 Vppq.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals

* Supporting Pin - Data Signals

Test Definition Notes from the Specification

Table 114 LPDDR2 Differential AC and DC Output Levels

Symbol

Parameter LPDDR2-1066 to LPDDR2-200 |Units |Notes

VoLdifr(ac)

AC differential output low measurement level -0.25 x Vppa \
(for output slew rate)

Test References

See Table 83 - Output Slew Rate (differential) in the JESD209-2B.

PASS Condition
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The worst measured Vopgifacy shall be within the specification limit.
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Measurement Algorithm

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

3 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 TFor 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 Vopgisrac)
value.

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

6 Determine the worst result from the set of Vg girac) measured.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

o0 @ Q@oec: 12
Differential Signals Clock Cross Point
* @& ¢ \Voltage Tests

Probing for Differential Signals Clock Cross Point Voltage Tests 238
VIXCA, Clock Cross Point Voltage - Test 240

This section provides the Methods of Implementation (MOIs) for
Differential Signals Clock Cross Point Voltage tests using an Agilent
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, differential solder-in probe head and the DDR2(+LP)
Compliance Test Application.
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Probing for Differential Signals Clock Cross Point Voltage Tests

238

When performing the Differential Signals Clock Cross Point Voltage tests,
the DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for the Differential Signals AC Input
Parameters tests may look similar to the following diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.
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Figure 20 Probing for Differential Signals Clock Cross Point Voltage 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 20 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the

computer system where the LPDDR2 Device Under Test (DUT) is
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Differential Signals Clock Cross Point Voltage Tests 12

attached. This software will perform test on all unused RAM on the
system by producing repetitive burst of read-write data signals to the
LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Differential Signals Clock Cross
Point Voltage Tests, you can select any LPDDR2 speed grade within the
selection. To see the LPDDR2 Speed Grades, check the Low Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

D& d| @ ® &[0

Task Flow _| setup SelectTests lConﬁgure] Connect | Run Tests ] Results] Html Report

- [ AllDDR2 Tests

setup | S5-[0O ClockTests
+ D () Rising Edge Measurements

\ / +-[]© Faling Edge Measurements
+--[]© Pulse Measurements

ki1 - © Electrical Tests

+-[]C Single-Ended Signals

¢ -1--[J © Differential Signals

- O Clock Cross Point Voltage Test
Configure O Clock Cross Point Voltage Test, VIXCA

| +--[J © Strobe Cross Point Voltage Test
+[© ACInput parameters
+-[© AC Output Parameter

Connect -1 © Timing Tests

+-[]© Clock Timing

;l; +--[]© Data Strobe Timing
+--[© Data Timing
+

Run Tests O command Address Timing

A7

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: LFDDR 2-400 Test Limit

Figure 21 Selecting Differential Signals Clock Cross Point Voltage Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Vixca- Clock Cross Point Voltage - Test

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

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:
¢ Clock Signal

Signals required to perform the test on the oscilloscope:

e Pin Under Test, PUT - Clock Signals

Test Definition Notes from the Specification
Table 115 Cross Point Voltage for Differential Input Signals (CK, DQS)

Symbol Parameter LPDDR2-1066 to LPDDR2-200 Units Notes
Min Max
Vixca Differential input cross point voltage -120 120 mV 1,2

relative to Vppga/2 for CK_t, CK_c

Test References

See Table 80 - Cross Point Voltage for Differential Input Signals (CK, DQS)
in the JESD209-2B.

PASS Condition

The measured crossing point value for the differential Clock signals pair
should be within the conformance limits of Vixca value.

Measurement Algorithm

1 Obtain sample or acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

3 Find the first 10 differential CLK crossing that cross OV.
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4 Use VTIME to get the actual crossing point voltage value by using the
timestamp obtained.

5 Determine the worst result from the set of Vixcay measured.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

ce0 @ @o0c- 13
Differential Signals Strobe Cross Point
* @& ¢ \Voltage Tests

Probing for Differential Signals Strobe Cross Point Voltage Tests 244
VIXDAQ, Strobe Cross Point Voltage - Test 246

This section provides the Methods of Implementation (MOIs) for
Differential Signals Strobe Cross Point Voltage tests using an Agilent
Infiniium oscilloscope, recommended InfiniiMax 116xA or 113xA probe
amplifiers, differential solder-in probe head and the DDR2(+LP)
Compliance Test Application.
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Probing for Differential Signals Strobe Cross Point Voltage Tests

244

When performing the Differential Signals Strobe Cross Point Voltage tests,
the DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections. The connection for the Differential Signals AC Input
Parameters tests may look similar to the following diagram. Refer to the
Connection tab in DDR2(+LP) Electrical Performance Compliance
application for the exact number of probe connections.
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-

Infiniium Oscilloscope

InfiniiMax solder-in probes

Figure 22 Probing for Differential Signals Strobe Cross Point Voltage 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 22 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the

computer system where the LPDDR2 Device Under Test (DUT) is
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attached. This software will perform test on all unused RAM on the
system by producing repetitive burst of read-write data signals to the
LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Differential Signals Strobe Cross
Point Voltage Tests, you can select any LPDDR2 speed grade within the
selection. To see the LPDDR2 Speed Grades, check the Low Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help
e | ' w0

Task Flow _| setUp SelectTests lConﬁgure] Connect] Run Tests I Results] Html Report

- JC AlDDR2Tests
SetU)
— S0 Clock Tests

+ D () Rising Edge Measurements

\ f +-[]© Faling Edge Measurements
+-[]C Pulse Measurements
Select Tests - Electrical Tests
% +-[]© Single-Ended Signals
¢ =[] Differential Signals
+-[J© Clock Cross Point Yoltage Test
Configure - O Strobe Cross Point Voltage Test

() Strobe Cross Point Voltage Test, VIXDQ
+-[J© AC Input parameters

+-[© AC Output Parameter
Connect = Timing Tests

+--[QC Clock Timing
; | ; O © Data Strobe Timing
O © Data Timing

Run Tests O © command Address Timing

][

Test: (None Selected)

Description: {(Select a Single Test)
Limit Set: LPDDR 2-400 Test Limit

Figure 23 Selecting Differential Signals Strobe Cross Point Voltage Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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Vixpo. Strobe Cross Point Voltage - Test

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

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signals (supported by Data Signals)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - Data Strobe Signals
e Supported Pin - Data Signals

Test Definition Notes from the Specification
Table 116 Cross Point Voltage for Differential Input Signals (CK, DQS)

Symbol Parameter LPDDR2-1066 to LPDDR2-200 Units Notes
Min Max
Vixoa Differential input cross point voltage -120 120 mV 1,2

relative to Vppga/2 for CK_t, CK_c

Test References

See Table 80 - Cross Point Voltage for Differential Input Signals (CK, DQS)
in the JESD209-2B.

PASS Condition

The measured crossing point value for the differential Strobe signals pair
should be within the conformance limits of Vixpq value.

Measurement Algorithm

1 Obtain sample or acquire data waveforms.

2 Use Subtract FUNC to generate the differential waveform from the two
source inputs.

3 Split read and write bursts of the acquired signal.
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4 Take the first valid WRITE burst found.
b Find all differential DQS crossings that cross OV.

6 Use VTIME to get the actual crossing point voltage value by using the
timestamp obtained.

7 Determine the worst result from the set of Vixpqg measured.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

ce0@® @o°- 14
Clock Timing (CT) Tests

® o
° ® o
° ® ¢ Probing for Clock Timing Tests 250
. tAC, DQ Output Access Time from CK/CK# - Test 252

tDQASCK, DAS Output Access Time from CK/CK# - Test 254

tDASCK (Low Power), DAS Output Access Time from CK_t, CK_c -
Test 258

tDVAC (Clock), Time Above VIHdiff(AC)/below VILdiff(AC) - Test 261
tQHS, Data Hold Skew Factor - Test 264

tDQSCKDS Test - DASCK Delta Short Test 266

tDQSCKDM Test - DASCK Delta Medium Test 269

This section provides the Methods of Implementation (MOIs) for Clock
Timing tests using an Agilent Infiniium oscilloscope, recommended

InfiniiMax 116xA or 113xA probe amplifiers, differential solder-in probe

head and the DDR2(+LP) Compliance Test Application.

Both XYZ# and XYZ are referring to compliment. Thus, CK# is the same as CK.
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Probing for Clock Timing Tests

250

When performing the Clock Timing tests, the DDR2(+LP) Compliance Test
Application will prompt you to make the proper connections. The
connection for Clock Timing tests may look similar to the following
diagram. Refer to the Connection tab in DDR2(+LP) 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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Infiniium Oscilloscope

InfiniiMax solder-in probes

Figure 24 Probing for Clock Timing 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 24 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform test on all the unused RAM on the
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system by producing repetitive burst of read-write data signals to the
DDR2/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
b In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Clock Timing Tests that support
DDR2, you can select any speed grade within the selection: DDR2-400,
DDR2-533, DDR2-667, DDR2-800, DDR2- 1066. For tests that support
LPDDR2, check the Low Power box to see the LPDDR2 Speed Grade
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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

O=H ! e i I |0
Task Flow _| setUp SelectTests ]Conﬁgure I Connect] Run Tests] Results I Htrnl Report

=-[]© AlDDR2 Tests
setup —-[J©O Clock Tests

+ D () Rising Edge Measurements

\f +--[ © Faling Edge Measurements
+--[] O Pulse Measurements
el feee - © Electrical Tests
+--[ O Single-Ended Signals
¢ +--[ © Differential Signals
- © Timing Tests
Configure - O Clock Timing

HA o tac
[ O tDgsck

+--[ © Data Strobe Timing
Connect +--[] © Data Timing
T +--[] © Command Address Timing

Run Tests

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2-800 Test Limit

Figure 26 Selecting Clock Timing Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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tAC, DQ Output Access Time from CK/CK# - Test

The purpose of this test is to verify that the time interval from data
output (DQ rising and falling edge) access time to the nearest rising or
falling edge of the clock must be within the conformance limit as specified
in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
* Clock Signal (CK as Reference Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory.)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Table 117 Timing Parameters by Speed Grade (DDR2-400 and DDR-533) & (DDR2-667 and DDR2-800)

Clock Timing (CT) Tests

14

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
DQ output access time from CK/CK tAC -600 +600 -500 +500 ps
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
DQ output access time from CK/CK tAC 450 450 400 400 ps 40
Table 118 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
DQ output access time from CK/CK tAC 350 350 ps 35

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

PASS Condition

The worst measured tAC shall be within the specification limit.

Measurement Algorithm

1

2
3
4

DDR2(+LP) Compliance Testing Methods of Implementation

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

Find all valid rising and falling DQ crossings at Vgzgp in the burst.

For all DQ crossings found, locate the nearest rising Clock crossing at

ov.

Take the time difference from DQ crossing to the corresponding Clock

crossing as the tAC.

Determine the worst result from the set of tAC measured.
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tDQSCK, DQS Output Access Time from CK/CK# - Test

254

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 nearest
rising or falling edge of the clock is within the conformance limit as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, for LPDDR2, refer to tDQSCK Test (Low
Power)

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
¢ Clock Signal (CK as Reference Signal)
Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory.)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* Clock Signal, CK

e Chip Select Signal, CS (optional)
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Clock Timing (CT) Tests

Table 119 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

14

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

DQS output access time from CK/CK tDQSCK 500 +500 450 +450 ps

Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes

DQS output access time from CK/CK tDQSCK 400 400 350 350 ps 40

Figure 33 — Burst read operation: RL=5 (AL=2,CL=3,BL=4)

JEDEC Standard No. 79-2E
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Figure 34 — Burst read operation: RL=3 (AL=0and CL =3, BL =8§)
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Table 120 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units (Specific
Notes

Min Max

DQS output access time from CK/CK tDQSCK 325 325 ps 35

Figure 25 — Burstread operation: RL=5 (AL=2,CL=3,BL=4) Standard No. 208
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Figure 26 — Burst read operation: RL=3 (AL=0and CL =3, BL=8) Standard No. 208

e

/ / \
CMD-{. READ A = NOP i NOP { . { i
ey { ey { ey { ey ey £ Ay £ Ny
. .
| T
.
T

|
| |

| f iy \ Y i \f \ |

I { tomh | voursy | oourwy | oowrsg | ooure :I: OUTA; :II 0T A | DOUT A7 I—'—|—~
:II il : il i f | i} |

DQs

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

PASS Condition

The worst measured tDQSCK shall be within the specification limit.
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Measurement Algorithm

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

Find all valid rising and falling DQS crossings at Vigp in the said burst.

=W N

For all DQS crossings found, locate the nearest rising Clock crossing at
ov.

b Take the time difference from DQS crossing to the corresponding Clock
crossing as the tDQSCK

6 Determine the worst result from the set of tDQSCK measured.
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tDQSCK (Low Power), DQS Output Access Time from CK_t, CK_c - Test

258

The purpose of this test is to verify that the time interval from the data
strobe output’s (DQS rising edge) first rising edge to the rising edge of the
clock that is before the nearest rising edge of the clock delayed tDQSCK
Delay cycles, is within the conformance limit as specified in the JEDEC

specification.

Signals of Interest

Mode Supported: LPDDR2, for DDR2, refer to tDQSCK Test
Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
¢ Clock Signal (CK as Reference Signal)
Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory.)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 121 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max | %K fos [933 [800 |667 |533 |4667 |400 |333 [266°° 12005
Read Parameters*!*
DQS output ~ {tDASCK | min 2500 ps
fro?cglzjtt/"g;_c max 5500

JEDEC Standard No. 209-2B
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Figure 23 — Data output (read) timing (tpqsckmax)
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Figure 24 — Data output (read) timing (tpqsckmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tDQSCK should be within the specification limit.
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Measurement Algorithm

ol B W N

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

Find all DQS middle cross points at Vigp in the burst.

Find all Clock middle cross points at Vzgp in the burst.

Find the first DQS rising edge in the READ burst by searching for the
earliest rising cross point among all the DQS middle cross points. Take
the first DQS rising edge as the tDQSCK strobe point.

Find the closest Clock-DQS (the Clock rising middle crossing point that
is closest to the first DQS rising edge).

Find the tDQSCK clock point. It is the Clock middle crossing point right
before the closest Clock-DQS at tDQSCK Delay (cycle). By default,
tDQSCK Delay is one cycle. For example, if tDQSCK Delay = 1, then the
tDQSCK clock point is the Clock middle crossing point right before the
closest Clock-DQS. If tDQSCK Delay = 3, then the tDQSCK clock point is
the Clock middle crossing point three clock cycles before the closest
Clock-DQS. tDQSCK Delay is configurable in the configuration page.

Compare the tDQSCK strobe point to the tDQSCK clock point as the
test result. Mathematically, test result = tDQSCK strobe point - tDQSCK
clock point.

Display the test result by going to the measurement location on the
waveform and locate the marker to tDQSCK strobe point and tDQSCK
clock point.

10 Compare the test result against the compliance test limit.
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tDVAC (ClOCk), Time Above V|Hdiﬂ(Ac)/be|0W VILdiﬂ(AC) - Test

The purpose of this test is to verify that the time the clock signal is above

Vinairf(AC) and below Vi 4iff(AC) must be within the conformance limit as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ or WRITE
Signal(s) of Interest:

¢ C(Clock Signals

Signals required to perform the test on the oscilloscope:
¢ C(Clock Signal, CK
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Test Definition Notes from the Specification
Table 122 Allowed time before ringback (tDVAC) for CK_t-CK_s and DQS_t-DQS ¢

Slew Rate tDVAC [ps] tDVAC [ps]
@ | Vin/wLdifiac) | = 440 mV @ |Vin/Laitiiac) | = 600 mV

min min

>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
14 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

JEDEC Standard No. 209-2B
differential

tovac
voltage
A
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Figure 108 — Definition of differential ac-swing and “time above ac-level” tpyse
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Test References

See Table 78 - Allowed Time Before Ringback (tDVAC) for CK_t-CK_s and
DQS_t-DQS_c in the JESD209-2B.

PASS Condition

The worst measured tDVAC(Clock) shall be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all crossings on rising/falling edges of the signal under test that
Cross VILdiff(AC)'

Find all crossings on rising/falling edges of the signal under test that
cross Viggir(AC).

tDVAC(Clock) is the time interval starting from a rising Vigqis(AC)
crossing point and ending at the following falling Vyyqis(AC) crossing
point.

tDVAC(Clock) is also the time interval starting from a falling Vi 4;¢(AC)
crossing point and ending at the following rising Vi 4is(AC) crossing
point.

Collect all tDVAC(Clock) results.
Determine the worst result from the set of tDVAC(Clock) measured.

Report the worst result from the set of tDVAC(Clock) measured. No
compliance limit checking is performed for this test. You need to
manually check the test status (pass/fail) of this test based upon the
worst tDVAC(Clock) and slew rate reported.
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tQHS, Data Hold Skew Factor - Test

The purpose of this test is to verify that the time interval from the data
output (DQ rising and falling edge) associated with a falling clock edge
access time to the nearest falling edge of the clock must be within the
conformance limits as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signals (supported by Data Strobe Signal)
* Clock Signal (CK as Reference Signal)

Optional Signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* Clock Signal, CK

* Chip Select Signal, CS (*Optional)

Test Definition Notes from the Specification

Table 123 LPDDR2 AC Timing Table

Parameter |Symbol |[min | min LPDDR2 Unit
max | %k liogs [933 [800 |667 |533 |466° |400 |333 |266%5 [200°5
Read Parameters*!*
Data hold tQHS  |max 230 |260 |280 |340 (400 | 450 |480 (600 | 750 |1000 ps
skew factor

Test References

264

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.
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PASS Condition

The worst measured tQHS shall be within the specification limit.

Measurement Algorithm

1

2
3
4

Acquire and split the read and write bursts of the acquired signal.
Take the first valid READ burst found.
Find all of the Data middle crossing points at Vgygp in the burst.

For the first found Data middle crossing point, find the Clock middle
crossing point that is closest to the first Data middle crossing point. If
the closest clock crossing point is a falling edge then compare these two
crossing points and store as a measurement result in a result list. If the
closest clock crossing point is a rising edge then disregard the found
points as measurement results.

Perform the previous step for the rest of the found Data middle
crossing points.

Find the worst measurement among all values in the result list. Take
the worst measurement as the test result.

Display the test result by going to the measurement location on the
waveform and locate the marker to Data middle crossing point and
Clock middle crossing point.

Compare the worst result against the compliance test limit.
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tDQSCKDS Test - DOSCK Delta Short Test

266

The purpose of this test is to verify that the DQSCK difference within
160 ns must be within the conformance limit as specified in the JEDEC
specification. Each individual DQSCK is defined as time interval from data
strobe output (DQS Rising) first rising edge of sub-burst to the rising edge

of the clock that before tDQSCK delay (cycle) before nearest rising edge of
the clock.

Signals of Interest

Mode Supported: LPDDR2
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)

Required Signals that are needed to perform this test on oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS
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Test Definition Notes from the Specification

Table 124 LPDDR2 AC Timing Table

Parameter Symbol min | min LPDDR2 Unit
max | ek logg [933 [800 |667 |533 |466 |00 |333 |266°° |200°5
Read Parameters*"*
DOSCKDelta (tDQSCKDS |max 330 [380 |450 |540 [670 | 770 |900 (1080 [1350 [1800 | ps

Short

n Tn+1  Tn+2 Tn+3 Tn+d  Tn+5  Tn+6  Tn+f TN+

— ' '
ecves [TV TN
L |I

CAO-9 (N;XWI |
emdl {Re ) o

Tm+1 Tm+2 Tm+3 Tm+d  Tm+5 Tm+6 Tm+7  Tm+8

mx* mumm

DQs_c
DQS_t

| | r—‘l r r—*ﬁ f_.
\ |
DQs NI -
\ |
[ I

L

tDQSCKDS = | tDQSCKn - tDQSCKm |
Flgure 31 — LPDDR2: tDQSCKDS t|m|ng

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The worst measured tDQSCKDS shall be within the specification limit.

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

2 Gather all tDQSCKm value in all valid READ bursts found in
acquisition. Here is the sub-procedure to measure tDQSCKm value;

3 Evaluate all the sub-burst in the current burst by checking with Chip
Select signal.

4 Find all DQS middle cross point at Vref in the said burst. (See notes on
threshold)
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10

1"

12
13

14

Find all Clock middle cross point at Vref in the said burst. (See notes
on threshold)

For sub-burst # 1, find the first DQS rising edge by search the earliest
rising cross point among all found DQS middle cross point within
current sub-burst. Take the found point (first DQS rising edge) as
tDQSCKm strobe point.

Find the closest Clock - DQS : the Clock rising middle cross point that
closest to first DQS rising edge.

Find tDQSCKm clock point which clock middle crosspoint that before
closest Clock - DQS at tDQSCK Delay (cycle). By default, tDQSCK Delay
is one cycle. In example, for tDQSCK Delay = 1, tDQSCKm clock point is
clock middle crosspoint that previous of closest Clock - DQS. For
tDQSCK Delay = 3, tDQSCKm clock point is clock middle crosspoint that
three clock before with closest Clock - DQS. tDQSCK Delay is
configurable in configuration page.

Compare these tDQSCKm strobe point to tDQSCKm clock point as a
tDQSCKm value. Mathematically, tDQSCKm = tDQSCKm strobe point -
tDQSCKm clock point.

Repeat procedure (d) to (g) for the rest of sub-burst in the current
burst.

Perform checking of tDQSCKm #1 value with tDQSCKm #2 value. If the
distance of clock reference of these two measured tDQSCKm is within
160 ns, then compare tDQSCKm #1 value and tDQSCKm #2 value.
Mathematically, tDQSCKDS #1 = [tDQSCKm #1 - tDQSCKm #2]|.
Otherwise, if the distance of clock reference of these two measured
tDQSCKm is more than 160ns, disregard to perform any comparison.
Perform this procedure to all possible cross check of gathered
tDQSCKm.

The largest tDQSCKDS value found will be taken as test result.

Display the test result by spot to measurement location on waveform
and locate the marker to tDQSCKm strobe point and tDQSCKm clock
point for pair of worst tDQSCKm.

Compare test result to compliance test limit.
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tDASCKDM Test - DOSCK Delta Medium Test

The purpose of this test is to verify that the DQSCK difference within
1.6 us must be within the conformance limit as specified in the JEDEC
specification. Each individual DQSCK is defined as time interval from data
strobe output (DQS Rising) first rising edge of sub-burst to the rising edge
of the clock that before tDQSCK delay (cycle) before nearest rising edge of
the clock.

Signals of Interest

Mode Supported: LPDDR2

Signal cycle of interest: READ
Require Read/Write separation: Yes
Signal(s) of Interest:

Data Strobe Signal (supported by Data Signal)
e Clock Signal (CK as Reference Signal)

Optional Signal(s):

Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

Required Signals that are needed to perform this test on oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* C(Clock Signal, CK

e Chip Select Signal, CS
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Test Definition Notes from the Specification

Table 125 LPDDR2 AC Timing Table

Parameter Symbol min | min LPDDR2 Unit
t .
max | K 4066 |933 (800 |667 |533 |466° |400 (333 [266*5 [200°5
Read Parameters*'*
DQSCK tDAQSCKDM | max 680 (780 |900 (1050 (1350 |1550 {1800 (1900 |2000 (2100 | ps
Delta
Medium

n+1 n+2 n+3 n+4 n+5 n+6 m Tm+1  Tm+2  Tm+3 Tm+4 Tm+5 Tm+6 Ter?‘r Tm+8

e DO T D D
oo RO LT INAENERE]
[Cmd] '{MXNOD}{NOD}{NW}{NOD}{Nup}(NopXNup : : cpIXNcI){NcpxNop)(‘Ncpl}{Nop)(Non}

DQS_c
DQS_t

|
|
DQs |
|
|

tDQSCKDM = | tDQSCKn - tpasckm |
Figure 30 _— LPDDR2 tDQSCKDM t|m|ng

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The worst measured tDQSCKDM shall be within the specification limit.

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

2 Gather all tDQSCKm value in all valid READ bursts found in
acquisition. Here is the sub-procedure to measure tDQSCKm value;

3 Evaluate all the sub-burst in the current burst by checking with Chip
Select signal.
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4 Find all DQS middle cross point at Vref in the said burst. (See notes on
threshold)

5 Find all Clock middle cross point at Vref in the said burst. (See notes
on threshold)

6 For sub-burst # 1, find the first DQS rising edge by search the earliest
rising cross point among all found DQS middle cross point within
current sub-burst. Take the found point (first DQS rising edge) as
tDQSCKm strobe point.

7 Find the closest Clock - DQS : the Clock rising middle cross point that
closest to first DQS rising edge.

8 Find tDQSCKm clock point which clock middle crosspoint that before
closest Clock - DQS at tDQSCK Delay (cycle). By default, tDQSCK Delay
is one cycle. In example, for tDQSCK Delay = 1, tDQSCKm clock point is
clock middle crosspoint that previous of closest Clock - DQS. For
tDQSCK Delay = 3, tDQSCKm clock point is clock middle crosspoint that
three clock before with closest Clock - DQS. tDQSCK Delay is
configurable in configuration page.

9 Compare these tDQSCKm strobe point to tDQSCKm clock point as a
tDQSCKm value. Mathematically, tDQSCKm = tDQSCKm strobe point -
tDQSCKm clock point.

10 Repeat procedure (d) to (g) for the rest of sub-burst in the current
burst.

11 Perform checking of tDQSCKm #1 value with tDQSCKm #2 value. If the
distance of clock reference of these two measured tDQSCKm is within
1.6us, then compare tDQSCKm #1 value and tDQSCKm #2 value.
Mathematically, tDQSCKDM #1 = [tDQSCKm #1 - tDQSCKm #2|.
Otherwise, if the distance of clock reference of these two measured
tDQSCKm is more than 1.6us, disregard to perform any comparison.
Perform this procedure to all possible cross check of gathered
tDQSCKm.

12 The largest tDQSCKDM value found will be taken as test result.

13 Display the test result by spot to measurement location on waveform
and locate the marker to tDQSCKm strobe point and tDQSCKm clock
point for pair of worst tDQSCKm.

14 Compare test result to compliance test limit.
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

15
Data Strobe Timing (DST) Tests

Probing for Data Strobe Timing Tests 275

tHZ(DQ), DQ Out HIGH Impedance Time From CK/CK# - Test 277
tLZ(DQS), DAS Low-Impedance Time from CK/CK# - Test 280
tLZ(DQ), DQ Low-Impedance Time from CK/CK# - Test 283

tDQOSAQ, DAS-DQ Skew for DAS and Associated DQ Signals - Test 286
tQH, DQ/DAQS Output Hold Time From DQS - Test 290

tDQSS, DAS Latching Transition to Associated Clock Edge - Test 294
tDASH, DAS Input HIGH Pulse Width - Test 299

tDASL, DAS Input Low Pulse Width - Test 303

tDSS, DQS Falling Edge to CK Setup Time - Test 307

tDSH, DAS Falling Edge Hold Time from CK - Test 311

tWPST, Write Postamble - Test 315

tWPRE, Write Preamble - Test 319

tRPRE, Read Preamble - Test 323

tRPST, Read Postamble - Test 328

tHZ(DQ) Test (Low Power), DQ Out HIGH Impedance Time From Clock -
Test 333

tHZ(DQS) Test (Low Power), DAS Out HIGH Impedance Time From Clock -
Test 336

tLZ(DQS) Test (Low Power), DQS Low-Impedance Time from Clock -
Test 339

tLZ(DQ) Test (Low Power), DQ Low-Impedance Time from Clock -
Test 342

tQSH, DQS Output High Pulse Width - Test 345
tQSL, DQS Output Low Pulse Width - Test 348

tDQSS Test (Low Power), DQS Latching Transition to Associated Clock
Edge - Test 351

tDVAC (Strobe), Time Above VIHdiff(AC)/below VILdiff(AC) - Test 354

This section provides the Methods of Implementation (MOIs) for Data
Strobe Timing tests using an Agilent Infiniium oscilloscope, recommended
InfiniiMax 116xA or 113xA probe amplifiers, differential solder-in probe
head and the DDR2(+LP) Compliance Test Application.
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NOTE Both XYZ# and XYZ are referring to compliment. Thus, CK# is the same as CK.
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Probing for Data Strobe Timing Tests

When performing the Data Strobe Timing tests, the DDR2(+LP) Compliance
Test Application will prompt you to make the proper connections. The
connection for Data Strobe Timing tests may look similar to the following
diagram. Refer to the Connection tab in DDR2(+LP) Electrical Performance
Compliance Test application for the exact number of probe connections.
Typically, you need minimum three probe connections to run the tests.

C—————— PAEE® ® =

(-w—""""—\ T 1
- BE TR (é) '4)
~‘ . (u ae a.b c-j) C-i) v
~.l\, PN/ % 'v.'\/ NN
© @ © ©

J

© <=p ® aepoe: |E=l (= 2 L)

Infiniium Oscilloscope

InfiniiMax solder-in probes

Figure 26 Probing for Data Strobe Timing 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 26 are just examples).

For more information on the probe amplifiers and differential probe heads,

see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is
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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
DDR2/LPDDR2 memory.

Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

Connect the oscilloscope probes to any channels of the oscilloscope.
In the DDR2(+LP) Test application, click the Set Up tab.

Select the Speed Grade options. For Clock Timing Tests that support
DDR2, you can select any speed grade within the selection: DDR2-400,
DDR2-533, DDR2-667, DDR2-800, DDR2- 1066. To access the LPDDR2
Speed Grade options (for tests that support LPDDR2), check the Low
Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

O H| ' = |
Task Flow _| setUp SelectTests lCDnﬁgure] Cnnnect] Run Tests I Results] Html Report
=-[J© AlDDR2 Tests P
Set L
=ake - C Clock Tests

+--[] © Electrical Tests

b g - © Timing Tests

+--[J O Clock Timing
Select Tests <[ O Data Strobe Timing
\I/ F O 0gsQ
EC toH
[E O tgss
Configure ) 0SS
[ tosH
;l; FE O tHDg
E O g
Connect O tLZDQs %
[F O twerE
;l; [E O twesT
[F © tRPRE
Run Tests O tRPST 3
—

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2-800 Test Limit

Figure 27 Selecting Data Strobe Timing Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the

configuration options, run the tests and view the tests results.
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tHZ(DQ), DQ Out HIGH Impedance Time From CK/CK# - Test

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

stage), to the clock signal crossing, is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, for LPDDR2, refer to the tHZ(DQ) Test (Low
Power)

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
¢ Clock Signal (CK as Reference Signal)
Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 126 Timing Parameter By Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol |DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
Data-out high-impedance time from CK/CK  [tHZ X tAC max [x tAC max |ps 18
Parameter Symbol |DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
Data-out high-impedance time from CK/CK  [tHZ X tAC max [x tAC max |ps 18, 40

Figure 97 — Method for calculating transitions and endpoints
JEDEC Standard No. 79-2E

VIT+2xmy — — — —

VIT+xmY == e
iz

- _tRFRE begin peint

T1 T2 T1 T2
tHZ,tRPST end point = 2 x T1 - T2 {LZ tRPRE begin point = 2 x T1 - T2

Table 127 Timing Parameter By Speed Grade (DDR2-1066)

Parameter Symbol |DDR2-1066 Units Specific
3 Notes
Min Max
Data-out high-impedance time from CK/CK  tHZ X tAC max |ps 15,35
Figure 85 — Method for calculating transitions and endpoints
Standard No. 208
‘E — — — — WOH - xmV VIT+2xmV — — — — Z
{-" — — —WVOH-2xmV VIT+emd — — —
tHZ e
RPST end paint " {RPRE begin paint
\\ — — — WVOL+2ZxmV VIT-xmV — — —
‘7 — e VOL+xmV VTT-ZxmV — — — — i
T T2 T T2
HHZIRPSTend point =2 x T1 -T2 tLZ tRPRE beginpoint=2xT1 -T2
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ208S.

PASS Condition

The measured tHZ(DQ) shall be within the specification limit.

Measurement Algorithm

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

3 Find tHZEndPoint(DQ) of the burst.

4 Find the nearest rising Clock crossing.

5

tHZ(DQ) is the time interval of the rising Clock edge’s crossing point to
the tHZEndPoint.

6 Report tHZ(DQ)

Some designs do not have tri-state at Vg (for example, 0.9V). This test is not guaranteed
when this scenario happens, as there is no significant point of where the driver has been
turned-off.
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tLZ(DQS), DQS Low-Impedance Time from CK/CK# - Test

The purpose of this test is to verify that the time when the DQS starts
driving (from tri-state to HIGH/LOW state) to the clock signal crossing, is
within the conformance limit as specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, for LPDDR2, refer to tLZ(DQS) Test (Low
Power)

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
* Clock Signal (CK as Reference Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)

280 DDR2(+LP) Compliance Testing Methods of Implementation



Data Strobe Timing (DST) Tests 15

Test Definition Notes from the Specification
Table 128 Timing Parameter By Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Not
Min Max Min Max otes
DQS/(DQS) low-impedance time from CK/CK  tLZ(DQS) tACmin [tAC max [FACmin [AC max ps 18
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Not
Min Max Min Max otes
DQS/(DQS) low-impedance time from CK/CK  tLZ(DQS) tACmin [tAC max [FACmin [AC max ps 18, 40
Figure 97 — Method for calculating transitions and endpoints
JEDEC Standard No. 79-2E
———————— VTT + 2 m e e o
- — e VOH - 2 mY WVIT+HxmY — — —
L B
tRPET end point - _tRFRE bagin point
\\ - = = WOL + 2xmV WTT - xm\
‘ —_— e = VOL + x mWV WTT -2 ml = ==
T T2 ™ T2
tHZ,tRPST end point = 2 X T1 - T2 tLZ tRPRE begin point = 2 x T1 - T2
Table 129 Timing Parameter By Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units (Specific
Not
Min Max otes
DQS/(DQS) low-impedance time from CK/CK  tLZ(DQS)  tAC min FAC max s 15,35
Figure 85 — Method for calculating transitions and endpoints
Standard No. 208
‘3 - — — —WOH-xmV VTT+2xmé — — — — /
/ — — —WOH - 2x mV VIT+xmV — — —
tLZ
"~ {RFRE begin point
\\ — — — WOL+ 2z mV VIT-x2mV — — —
‘ — — — VOL+xmV VTT-2amy — — — —
T1 T2 T T2
tHZ tRPST end point =2 x T1 - T2 tL7 tRPRE beginpeint=2xT1 -T2
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15 Data Strobe Timing (DST) Tests

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ208S.

PASS Condition

The measured tLZ(DQS) shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid READ burst found.
3 Find tLZBeginPoint(DQS) of the burst.
4 Find the nearest Clock rising edge.
5

tLZ(DQS) is the time interval of the rising Clock edge’s crossing point
to the tLZBeginPoint(DQS).

6 Report tLZ(DQS)
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Data Strobe Timing (DST) Tests 15

tLZ(DQ), DA Low-Impedance Time from CK/CK# - Test

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.

Signals of Interest

Mode Supported: DDR2, for LPDDR2, refer to the tLZ(DQ) Test (Low
Power)

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
¢ Clock Signal (CK as Reference Signal)
Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 130 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter

Symbol DDR2-400

DDR2-533 Units Specific

Min

Max Min Max Notes

DQ LOW impedance time from CK/CK  tLZ(DQ) 2 x tAC min

tACmax [2xtACmin tACmax |ps 18

Parameter

Symbol DDR2-667

DDR2-800 Units Specific

Min

Max Min Max Notes

DQ LOW impedance time from CK/CK  tLZ(DQ) 2 x tAC min

tACmax [2xtACmin tACmax |ps 18, 40

Figure 97 — Method for calculating
JEDEC Standard No. 79-2E

tRPST end point
AY

AY
T1 T2

tHZIRPST endpaint =2 X T1-T2

- = = WOL + ZxmV

— — = VOL+xm¥

transitions and endpoints

VTT + 2 m e e o

WIT+xmV — — —
iz

- _tRFRE begin point

™ T2
tLZ tRPRE beginpoint =2 x T1 -T2

Table 131 Timing Parameters by Speed Grade (DDR2-1066)

Parameter

Symbol DDR2

-1066 Units (Specific

Min

Not
Vax otes

DQ LOW impedance time from CK/CK  tLZ(DQ) 2 x tAC min

tAC max |ps 15,35
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Figure 85 — Method for calculating transitions and endpoints

Standard No. 208

‘3 - — — —WOH-xmV

£ — — —VOH-ZzmV

W\ — — — WOL+ 2z mV

— — = VOL +xmV

T1 T2
tHZ tRPST end point =2 x T1 - T2

—

tLz

VIT+2ZemV — — — —

VIT+axmV — — —

"~ {RFRE begin point
VIT-x2mV — — —
WTT -2xmy — — — —

T T2
tL7 tRPRE beginpeint=2xT1 -T2
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Data Strobe Timing (DST) Tests 15

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ208S.

PASS Condition

The measured tLZ(DQ) shall be within the specification limit.

Measurement Algorithm

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

3 Find tLZBeginPoint(DQ) of the said burst.

4 Find the nearest Clock rising edge.
5

tLZ(DQ) is the time interval of the rising Clock edge’s crossing point to
the tLZBeginPoint(DQ).

6 Report tLZ(DQ)
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tDQSQ, DAS-DQ Skew for DQS and Associated DQ Signals - Test

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 specification.

Signals of Interest

Mode Supported: DDR2 and LPDDR2

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 132 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Data Strobe Timing (DST) Tests 15

Parameter Symbol |DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
DQS-DQ skew for DQS and associated DQ signals  tDASQ K 350 X 300 ps 13
Parameter Symbol |DDR2-667 DDR2-800 Units Specific
Not
Min Max Min Max otes
DQS-DQ skew for DAS and associated DQ signals  tDASQ K 240 200 ps 13
= 1 = l -
=
DOSDOS T T - J'r L
DQ LT‘.'“‘{T D
_____:_.__u.{‘_a R L :E —
Figure 32 — Data output (read) timing
cwck -‘__'___ 4 T T W AN ¢
S
Dos/Bas T D D I
Figure 84 — Data output (read) timing
Table 133 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol |DDR2-1066 Units Specific
Min Max Notes
DQAS-DQ skew for DQS and associated DQ signals  tDQSQA 175 ps 11
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Figure 24 — Data output (read) timing Standard No. 208
— o | oL
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Figure 76 — Data output (read) timing Standard No. 208
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Table 134 LPDDR2 AC Timing Table

Parameter |[Symbol |[min | min LPDDR2 Unit
max | %k logs [933 |800 |667 |533 4667 |400 |333 [266°° |200°°
Read Parameters*!*
DQS-DQ tDASQ  |[max 200 |220 |240 |280 (340 |370 |400 |500 |600 | 700 ps
skew

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in JESD209-2B.

PASS Condition

The worst measured tDQSQ shall be within the specification limit.
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Data Strobe Timing (DST) Tests 15

Measurement Algorithm

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

Find all valid rising and falling DQ crossings at Viygp in the said burst.

=W N

For all DQ crossings found, locate the nearest DQS crossing (rising and
falling).

b Take the time difference from DQ crossing to DQS crossing as the

tDQSQ.

6 Determine the worst result from the set of tDQSQ measured.
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tQH, DQ/DQS Output Hold Time From DQS - Test

The purpose of this test is to verify that the time interval from the data
output hold time (DQ rising and falling edge) from the DQS (rising and
falling edge) is within the conformance limit as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2 and LPDDR2

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 135 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Data Strobe Timing (DST) Tests

15

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
DQ/DAS output hold time from DQS tQH tHP-tQHS tHP-tQHS  |x ps
Parameter Symbol DDR2-667 DDR2-800 Units Spe-
. . cific
Min Max Min Max Notes
DQ/DAS output hold time from DQS tQH tHP-tQHS  x tHP-tQHS  |x ps 39
= i | i
=
DOS00S T T - Ar
T VoW Vo
o — __;\;,Tf\;’_f 2 e
Figure 32 — Data output (read) timing
CKICK —= ;r "‘,_ — — =) \.«— — — I T TN ‘,—
S
DCS/DaS e ) R D
Do

Figure 84 — Data output (read) timing

Table 136 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
DQ/DAS output hold time from DQS tQH tHP-tQHS ps 34

DDR2(+LP) Compliance Testing Methods of Implementation
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15 Data Strobe Timing (DST) Tests

Figure 24 — Data output (read) timing Standard No. 208
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Figure 76 — Data output (read) timing Standard No. 208
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Table 137 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |tk 1066 933 |800 |67 |533 }466*5 400 (333 [266*° 200*°
Read Parameters*'*
DQ/DAS output hold | tQH  |min tanp - tans ps
time from DQS

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in JESD209-2B.

PASS Condition

The worst measured tQH shall be within the specification limit.
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Data Strobe Timing (DST) Tests 15

Measurement Algorithm

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

Find all valid rising and falling DQ crossings at Viygp in the said burst.

=W N

For all DQ crossings found, locate the nearest DQS rising/falling
crossing.

b Using the found DQS rising/falling crossing, locate the DQS rising/falling
crossing prior to it.

6 Take the time difference from DQ crossing to DQS crossing as the tQH.

7 Determine the worst result from the set of tQH measured.
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15 Data Strobe Timing (DST) Tests

tDQSS, DQS Latching Transition to Associated Clock Edge - Test

294

The purpose of this test is to verify that the time interval from the data
strobe output (DQS falling edge) access time to the associated clock
(crossing point) is within the conformance limit as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2, for LPDDR2, refer to the tDQSS Test (Low
Power)

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
* Clock Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory.)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specific

Table 138 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

ation

Data Strobe Timing (DST) Tests 15

Parameter Symbol |DDR2-400 DDR2-533 Units Specific
. . Notes
Min Max Min Max
DQS latching rising transitions to associated clock ~ tDASS  10.25  [0.25 -0.25  [0.25 tCK
edges
Parameter Symbol |DDR2-667 DDR2-180 Units Specific
. . Notes
Min Max Min Max
DQS latching rising transitions to associated clock  tDAQSS  10.25  [0.25 -0.25  [0.25 tCK(avg) [30
edges
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Case ) (OS] | e !
S S STV P B N S W S e ey
| ' I . 0 T . | i . ....—-I
Do | : r . | , I:M, .I.'M,Ju_::ﬁl.l f'.' |
Case 2| with DQSHmin), | :-'_'v'z_'ﬂ_u:_'-u OIS 0 ! | : |
posbEE 4—0>L I e I e T S S
bt | WR-1pd et e oy ] T o N 1. LAY | N
Dt . : . IJ".Ill,rJu_.i | B - 2 ——
Figure 3% — Burst write operation: RL = 5 (AL=2, CL=3), WL =4, BL=4
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Figure 40 — Burst write operation: RL = 3 (AL=0, CL=3), WL=2 BL=4
DDR2(+LP) Compliance Testing Methods of Implementation 295



15 Data Strobe Timing (DST) Tests

Data Mask Timing
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Data Mask Function, WL=3, AL=0 BL = 4 shown
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Figure 44 — Write data mask

Table 139 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol |DDR2-1066 Units Specific
Min Max Notes

DQS latching rising transitions to associated clock edges tDQSS  -0.25 0.25 tCK(avg) 25

Figure 31 — Burst write operation: RL =5 (AL=2, CL=3), WL=4,BL =4 Standard No. 208
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Figure 32 — Burst write operation: RL = 3 (AL=0, CL=3), WL =

Data Strobe Timing (DST) Tests

2,BL=4 Standard No. 208
TO T1 T2 T3 T4 TS Tm Tm+1 Tn
Y e | L i L ¥ e ¥ e ¥ e Ve ¥ ff —r ST
CKCKy % (% v % R /A S
'Ig J e o il U R 7||Ilg'k ) I'IL _n'lel‘I.' =
| - o - Lol Lo 1 Lo 1-.|' !
eMD/| wrms AT poP e omoe N woe 14 mop 1l mop ||:4 Pracharge | NOP 1 I:; Bank & 1)
| . | bor |Compitionof] — \| [ . ol |cwm.
' 7 ‘pass ' the Bumstwriz || ' Al
el | '.". | 1 | il
. \ . |
AN), [ R I B
L b leewe
\

Data Mask Function, WL=3, AL=0, BL = 4 shown
Case 1 : min toass

Standard No. 208

commanp ) Wijte  { L — I

T.I?GI!B-'— _ —
P =, \

DQS/DOS - :\_/___;\ )i

o XA

om S\

Case 2 : max toass foase - = Y

DasiDas NN N

DQ (XX KX

DM VAR /

Figure 36 — Write data mask

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667

and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters
the JESDZ20S.

PASS Condition

by Speed Grade (DDR2-1066) in

The worst measured tDQSS shall be within the specification limit.

Measurement Algorithm

1

2
3
4

DDR2(+LP) Compliance Testing Methods of Implementation

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

Find all valid rising DQS crossings in the said burst.

For all DQS crossings found, locate the nearest Clock rising crossing.

297
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15 Data Strobe Timing (DST) Tests

b Take the time difference from DQS crossing to Clock crossing as the
tDQSS.

6 Determine the worst result from the set of tDQSS measured.
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Data Strobe Timing (DST) Tests 15

tDQASH, DAS Input HIGH Pulse Width - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory.)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 140 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

DQS input HIGH pulse width tDQSH 0.35 X 0.35 X tCK

Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes

DQS input HIGH pulse width tDQSH 0.35 X 0.35 X tCK(avg)

pas! Tl
DQs

DG

DM

DOSf T
DGs

DG

DM

Figure 83 — Data Input (Write) Timing

Table 141 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min  Max Notes
DQS input HIGH pulse width tDQSH 0.35 X tCK(avg)
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Figure 30 — Data input (write) timing Standard No. 208
o= Ipazs oasL
posf T T T T —

DQs

Table 142 LPDDR2 AC Timing Table

15

DDR2(+LP) Compliance Testing Methods of Implementation

Parameter |Symbol |[min | min LPDDR2 Unit
t P
max | 'K 1066 | 933 |800 | 667 |533 [466° |400 | 333 [266*5 |200°5
Write Parameters*'?
DQAS input | tDASH | min 0.4 tek(avg)
high-level
width
JEDEC Standard No. 209-2B
Das_ e tpask tpasL
DAS cEE
DQS_t
DQ
DM
Figure 40 — Data input (write) timing
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ208S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The worst measured tDQSH shall be within the specification limit.

Measurement Algorithm

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

Find all valid rising and falling DQS crossings in the said burst.

=2 W N -

tDQSH is the time interval 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.

(L}
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tDQSL, DQS Input Low Pulse Width - Test

The purpose of this test is to verify that the width of the low level of the
Data Strobe signal is within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 143 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

DQS input LOW pulse width tDASL 0.35 X 0.35 X tCK

Parameter Symbol DDR2-667 DDR2-800 Units Specific

Min Max Min Max Notes

DQS input LOW pulse width tDQSL 0.35 X 0.35 X tCK(avg)
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Figure 83 — Data Input (Write) Timing

Table 144 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min  Max Notes
DQS input LOW pulse width tDQSL 0.35 X tCK(avg)
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Figure 30 — Data input (write) timing Standard No. 208
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Table 145 LPDDR2 AC Timing Table

15

DDR2(+LP) Compliance Testing Methods of Implementation

Parameter |Symbol |[min | min LPDDR2 Unit
t P
max | 'K 1066 | 933 |800 | 667 |533 [466° |400 | 333 [266*5 |200°5
Write Parameters*'?
DQS input tDASL | min 0.4 tek(avg)
low-level
width
JEDEC Standard No. 209-2B
Das_ e tpask tpasL
DAS cEE
DQS_t
DQ
DM
Figure 40 — Data input (write) timing
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ208S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The worst measured tDQSL shall be within the specification limit.

Measurement Algorithm

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

Find all valid rising and falling DQS crossings in the said burst.

=2 W N -

tDQSL is the time interval 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.

(L}
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tDSS, DQS Falling Edge to CK Setup Time - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
* Clock Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 146 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Not
Min Max Min Max otes
DQS falling edge to CK setup time tDSS 0.2 X 0.2 X tCK(avg)
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Not
Min Max Min Max otes
DQS falling edge to CK setup time tDSS 0.2 X 0.2 X tCK(avg) [30
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Flgure 39 — Burst write operation: RL = 5 (AL=2, CL=3). WL=4 BL=4

Table 147 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
) Notes
Min Max
DQS falling edge to CK setup time tDSS 0.2 X tCK(avg) [25
Figure 31 — Burst write operation: RL = 5 (AL=2, CL=3), WL =4, BL=4 Standard No. 208
T0 T1 T2 T3 T4 5 T6 T7 Tn

P e L L L T T e T i T ."l."' Sy

CK‘rCK.."I,_ _.“._-"I\_ R \ / I\ ) / \ / / b

\ / ! \ /! if |
IV VSR | CAND (U)W U SN | ), N | ) U W
| .

CMD'ZWV;;"TS"‘S‘-%; por U noe lj_;" NOP !":_;j" NOP !.':_;j NOP !":-_;j nor '\ Nop
| [
Case 13 with tDQSH(max] |

— Prechargs b—
\ i,

v
! ' Cdmpletion of |
|t3’133: IDS-5|'30’35: tDSS‘/"I’iEurs:CVrite i |

|

DOSTE ‘ I e e e e R (W

T T — ' ' — |
P I | WL = RLl- 1=4! | Tl : e : _.},_}_.a . =".WR IIII___l
i ! f ! | | ' — 1 I‘.'ﬂ |

L L & | oM | ok i oowg L L
bes T T T AR T
Case 2]wn.h 1DQSY(min)! | | DOSHDSH 'tDASY OSH ! | ' | ' ‘II\ |
pasias ——L | N Y N S S N Iy
| ] | WL=RL-1p4 B il {— il - / | == tvR ! ||$4
DQs ! ! 1 I 1 " W [' e j I I.:' oh ‘ | ! ! ! I

308 DDR2(+LP) Compliance Testing Methods of Implementation




Data Strobe Timing (DST) Tests 15

Table 148 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max tCK

1066 (933 (800 |667 |533 }466*5 400 |333 [266*° 200*°
14

Write Parameters”

DQSfallingedge | tDSS  |min 0.2
to CK setup time

tek(avg)

JEDEC Standard No. 209-2B
Tx+1 Ty+

CKt;‘CKc
L -4 \_ —h (. I'\_.\_ _.'

| —
Bark A Ill BakA
CAQ-9 Cde ) CdeH H ||: ‘ :‘ :! H [\ Rowhd %ﬁ?ﬂ \ }
[Cmd] { Write >< Nop >< Nop Nop M Nc|H H Precharge X
: LDQ !

SDRAM TU

\_ .J

Case 1: with t[;?ss {""3’5)

! ‘ tDﬂSSmax : (_j | tosg ||| COmDhTT.IOﬂ cfEursl V\1me|‘ E |

DQS ¢ | : |“ ’| ‘i— [ ‘n | Hi |
pas_t | wi=1 \ . R
| 1 | |

|

|
DQs : : ]M) N, ( %: ; 1 ll:l‘lll
1 : i
\ f :
| X
f

: , ! o
-~ ; | ! . ;
Das mL'JqL e |
PELLLLEN L SN
DQs m\ m i H i : \ H
0 ! ! : ‘

|
Flgure 41 — LPDDRZ SX Burst write : WL = 1,BL=4

|
| )
Case 2: with tp
ase 2: wi cl (miny
|

DQS_c

Test References
See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

DDR2-533) and Timing Parameters by Speed Grade (DDR2-667 and
DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in JESD209-2B.

PASS Condition

The worst measured tDSS shall be within the specification limit.

Measurement Algorithm

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

b tDSS 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.
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tDSH, DQS Falling Edge Hold Time from CK - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
* Clock Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 149 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Not
Min Max Min Max otes
DQS falling edge hold time from CK tDSH 0.2 X 0.2 X tCK
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Not
Min Max Min Max otes
DQS falling edge hold time from CK tDSH 0.2 X 0.2 X tCK(avg) [30
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Flgure 39 — Burst write operation: RL = 5 (AL=2, CL=3). WL=4 BL=4

Table 150 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
3 Notes
Min Max
DQS falling edge hold time from CK tDSH 0.2 X tCK(avg) 25
Figure 31 — Burst write operation: RL = 5 (AL=2, CL=3), WL=4,BL=4 Standard No. 208
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Table 151 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |tk

1066 |933 (800 |667 |533 |466*5 400 [333 266 [200*°
14

Write Parameters®

DQS falling edge | tDSH  |min 0.2
hold time from CK

tek(ava)

JEDEC Standard No. 209-2B
Tx+1 Ty+

CKt;‘CKc
L -4 \_ —h (. I'\_.\_ _.'

| —
Bark A Ill BakA
CAQ-9 Cde ) CdeH H ||: ‘ :‘ :! H [\ Rowhd %ﬁ?ﬂ \ }
[Cmd] { Write >< Nop >< Nop Nop M Nc|H H Precharge X
: LDQ !

SDRAM TU

\_ .J

Case 1: with t[;?ss {""3’5)

! ‘ tDﬂSSmax : (_j | tosg ||| COmDhTT.IOﬂ cfEursl V\1me|‘ E |

DQS ¢ | : |“ ’| ‘i— [ ‘n | Hi |
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Case 2: with tp
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|
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Test References
See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The worst measured tDSH shall be within the specification limit.

Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal.
2 Take the first valid WRITE burst found.
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3 Find all valid falling DQS crossings in the said burst.

4 For all falling DQS crossings found, locate all nearest prior rising Clock
edges.

b tDSH is the time between falling DQS crossings and the Clock rising
edges found.

6 Collect all tDSH.

7 Determine the worst result from the set of tDSH measured.
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tWPST, Write Postamble - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 152 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
WRITE Postamble tWPST 0.4 0.6 0.4 0.6 tCK 10
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Notes

Min Max Min Max

WRITE Postamble tWPST 0.4 0.6 0.4 0.6 tCK(avg) [10

pas! Tl
DQs

DG

DM

DOSf T
DGs

DG

DM

Figure 83 — Data Input (Write) Timing

Table 153 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min  Max Notes
WRITE Postamble tWPST 0.4 0.6 tCK(avg) [10
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Figure 30 — Data input (write) timing

DO Tmeal

DQs

0as

O T

oasL

—— ==

Table 154 LPDDR2 AC Timing Table

Data Strobe Timing (DST) Tests 15

Standard No. 208

Parameter

Symbol

min
max

min
tex

LPDDR2

Unit

1066

933

667

533

466°

400

333

266"

200*°

Write Parameters*’

4

Write
postamble

tWPST

min

0.4

tek(avg

DQS_c
DQS t

DQ

DM

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

Das_e

toasw

tast

Figure 40 — Data input (write) timing

JEDEC Standard No. 209-2B

DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.
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Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tWPST shall be within the specification limit.

Measurement Algorithm

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

Find the tHZEndPoint(DQS) of the said burst.

Find the last falling edge on DQS prior to the tHZEndPoint(DQS).

tWPST is the time interval between the found falling DQS edge’s
crossing to the tHZEndPoint(DQS).

6 Report tWPST.

ST AW N -
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tWPRE, Write Preamble - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 155 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

WRITE Preamble tWPRE 0.35 X 0.35 X tCK

Parameter Symbol DDR2-667 DDR2-800 Units Specific

Min Max Min Max Notes

WRITE Preamble tWPRE 0.35 X 0.35 X tCK(avg)

pas! Tl
DQs

DG

DM

DOSf T
DGs

DG

DM

Figure 83 — Data Input (Write) Timing

Table 156 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min  Max Notes
WRITE Preamble tWPRE 0.35 X tCK(avg)
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Table 157 LPDDR2 AC Timing Table

Figure 30 — Data input (write) timing

DO Tmeal
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Data Strobe Timing (DST) Tests

Standard No. 208

15

Parameter

Symbol

min
max

min
L

LPDDR2

1066

933

667

533

4660

400

333

266*°

200*°

Unit

Write Parameters*!

4

Write
Preamble

tWPRE

min

0.35

tek(avg

DQS_c
DQS t

DQ

DM

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

Das_e

toasw

tast

Figure 40 — Data input (write) timing

JEDEC Standard No. 209-2B

DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667

and DDR2-800), in the JEDEC Standard JESD79-2E.
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Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tWPRE shall be within the specification limit.

Measurement Algorithm

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

Find the tLZBeginPoint(DQS) of the said burst.

Find the first rising edge on DQS of the found burst.

ST AW N -

tWPRE is the time interval between the found rising DQS edge’s
crossing to the tLZBeginPoint(DQS).

6 Report tWPRE.
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tRPRE, Read Preamble - Test

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 specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 158 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Not
Min Max Min Max otes
READ Preamble tRPRE 0.9 1.1 0.9 1.1 tCK 19
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
READ Preamble tRPRE 0.9 1.1 0.9 1.1 tCK(avg) {19, 41
= L R
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Figure 32 — Data output (read) timing
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Figure 84 — Data output (read) timing

Figure 97 — Method for calculating transitions and endpoints
JEDEC Standard No. 79-2E
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Table 159 Timing Parameters by Speed Grade (DDR2-1066)

Data Strobe Timing (DST) Tests

Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
READ Preamble tRPRE 0.9 1.1 tCK(avg) {16,36

DDR2(+LP) Compliance Testing Methods of Implementation

Figure 24 — Data output (read) timing
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Figure 76 — Data output (read) timing

Standard No. 208

NN X

o o
[« - -
PR S L] N ) L N Y S

pasPas_— | o

/
Ioasama | — tncsamar- |
L]

Figure 85 — Method for calculating transitions and endpoints
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Table 160 LPDDR2 AC Timing Table

Parameter [Symbol [min |min LPDDR2 Unit
max |%ck 1066 | 933 |800 | 667 |533 |466° |400 | 333 266 |200°F
Read Parameters*'*
Read tRPRE  |min 0.9 tek(avy)
preamble

JEDEC Standard No. 209-2B

RL + BL/2

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B
RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESD20S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209- 2B.

PASS Condition

The measured tRPRE shall be within the specification limit.
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Measurement Algorithm

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

Find the tLZBeginPoint(DQS) of the said burst.

Find the first rising edge on DQS of the found burst.

ol B W N

to the tLZBeginPoint(DQS).
6 Report tRPRE.

DDR2(+LP) Compliance Testing Methods of Implementation
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tRPRE is the time interval between the found rising DQS edge’s crossing
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tRPST, Read Postamble - Test

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.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: READ

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 161 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
. . Notes
Min Max Min Max
READ Postamble tRPST 0.4 0.6 0.4 0.6 tCK 19
Parameter Symbol DDR2-667 DDR2-800 Units Specific
. . Notes
Min Max Min Max
READ Postamble tRPST 0.4 0.6 0.4 0.6 tCK(avg) (19,42
= LR T
cK . }F S L A
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L
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farng
)
oz
Figure 32 — Data output (read) timing
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Figure 84 — Data output (read) timing
Figure 97 — Method for calculating transitions and endpoints
JEDEC Standard No. 79-2E
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Table 162 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific
Min Max Notes
READ Postamble tRPST 0.4 0.6 tCK(avg) {16,37

Figure 24 — Data output (read) timing Standard No. 208
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Figure 76 — Data output (read) timing Standard No. 208
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Figure 85 — Method for calculating transitions and endpoints
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Table 163 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |tk o6 933 |s00 |667 |533 |46 |400 |333 [266%° |200°
Read Parameters*'*
Read*ﬁ)gic?mble tRPST  |min tcL(abs) - 0.05 teklavg)

JEDEC Standard No. 209-2B

RL + BL/2

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B
RL + BLI2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800), in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 103 - LPDDR2 AC Timing Table in the JESD209- 2B.

PASS Condition

The measured tRPST shall be within the specification limit.
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Measurement Algorithm

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

Find the tHZEndPoint(DQS) of the said burst.

Find the last falling edge on DQS prior to the tHZEndPoint(DQS).

tRPST is the time interval between the found falling DQS edge’s
crossing to the tHZEndPoint(DQS).

6 Report tRPST.

ol B W N
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tHZ(DQ) Test (Low Power), DQ Out HIGH Impedance Time From Clock - Test

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
stage), to the reference clock signal crossing, is within the conformance
limits as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2, for DDR2, refer to the tHZ(DQ) Test
Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
* Clock Signal (CK as Reference Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)

DDR2(+LP) Compliance Testing Methods of Implementation 333



15 Data Strobe Timing (DST) Tests

Test Definition Notes from the Specification

Table 164 LPDDR2 AC Timing Table

Parameter |Symbol |[min |[min LPDDR2 Unit
max |tk liogg (933 |800 |667 |533 |466° |400 |333 |266°5 |200°5

Read Parameters*'*

DQ high-g tHZ(DQ) |max tpasck(max) + (1.4 * tpggg(max)) ps
from clock 1°

JEDEC Standard No. 209-2B

RL + BL/2

trere

DQ e a
tbasamax

tzpa) [ o |

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B

RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tHZ(DQ) should be within the specification limit.
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Measurement Algorithm

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

Find Data tHZEndPoint of the said burst.

Find RL Clock edge (tDQSCK clock edge reference).

a Find all DQS rising middle crossing points in the burst.

=W N

b Find the first DQS rising edge by searching for the earliest rising
crossing point in all of the found DQS middle crossing points.

¢ Find the closest Clock-DQS (the Clock middle crossing point that is
closest to the first DQS rising edge).

d Find the RL Clock edge (tDQSCK clock edge reference) which is the
Clock middle crossing point immediately before the closest
Clock-DQS to tDQSCK Delay (cycle). By default, tDQSCK Delay is one
cycle. For example, if tDQSCK Delay = 1 then the tDQSCK Clock
point is the Clock middle crossing point that is prior to the closest
Clock-DQS. If tDQSCK Delay = 3 then the tDQSCK Clock point is the
Clock middle crossing point three clock cycles before the closest
Clock-DQS. tDQSCK Delay is configurable in the configuration page.

5 Define BL (bit length) to be the number of DQS middle crossing points.

6 Find “RL+BL/2” Clock edge (Clock rising middle crossing point that is
BL/2 cycles after the RL Clock edge.

7 Compare the Data tHZ end point to the “RL+BL/2” Clock edge as the
test result. Mathematically, the test result = Data tHZ end point -
“RL+BL/2” Clock edge point.

8 Display the test result by going to the measurement location on the
waveform and locate the marker to Data tHZ end point and Clock
middle cross point of the test result.

9 Compare the test result against the compliance test limit.

Some designs do not have tri-state at Vg (for example, 0.9V). This test is not guaranteed
when this scenario happens, as there is no significant point of where the driver has been
turned-off.
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tHZ(DQS) Test (Low Power), DQS Out HIGH Impedance Time From Clock -
Test

The purpose of this test is to verify that the time when the DQS is no
longer driving (from LOW state to the high impedance stage), to the
reference clock signal crossing, is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
¢ Clock Signal (CK as Reference Signal)
Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 165 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |tk lLogs 933 |800 |667 |533 |466° |400 |333 1266 |200°°

Read Parameters*'*

DQS high;Z tHZ(DQS) |max tpasck(max) - 100 ps
from clock 1°

JEDEC Standard No. 209-2B

RL + BL/2

trere

DQ e a
tbasamax

tzpa) [ o |

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B

RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tHZ(DQS) should be within the specification limit.
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338

Measurement Algorithm

=W N

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

Find the Strobe tHZEndPoint of this burst.

Find RL Clock edge (tDQSCK clock edge reference).

a Find all DQS rising middle crossing points in the burst.

b Find the first DQS rising edge by searching for the earliest rising
crossing point in all of the found DQS middle crossing points.

¢ Find the closest Clock-DQS (the Clock middle crossing point that is
closest to the first DQS rising edge).

d Find the RL Clock edge (tDQSCK clock edge reference) which is the
Clock middle crossing point immediately before the closest
Clock-DQS to tDQSCK Delay (cycle). By default, tDQSCK Delay is one
cycle. For example, if tDQSCK Delay = 1 then the tDQSCK Clock
point is the Clock middle crossing point that is prior to the closest
Clock-DQS. If tDQSCK Delay = 3 then the tDQSCK Clock point is the
Clock middle crossing point three clock cycles before the closest
Clock-DQS. tDQSCK Delay is configurable in the configuration page.

Define BL (bit length) to be the number of DQS middle crossing points.

Find “RL+BL/2” Clock edge (Clock rising middle crossing point that is
BL/2 cycles after the RL Clock edge).

Compare the Strobe tHZ end point to the “RL+BL/2” Clock edge as the
test result. Mathematically, the test result = Strobe tHZ end point -
“RL+BL/2” Clock edge point.

Display the test result by going to the measurement location on the
waveform and locate the marker to Strobe tHZ end point and Clock
middle cross point of the test result.

Compare the test result against the compliance test limit.

DDR2(+LP) Compliance Testing Methods of Implementation



Data Strobe Timing (DST) Tests 15

tLZ(DQS) Test (Low Power), DQS Low-Impedance Time from Clock - Test

The purpose of this test is to verify that the time when the DQS starts
driving (*from tri-state to LOW state) to the reference clock signal
crossing, is within the conformance limit as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: LPDDR2, for DDR2, refer to tLZ(DQS) Test
Signal cycle of interest: READ

Signal(s) of Interest:

* Data Strobe Signal (supported by Data Signal)
* Clock Signal (CK as Reference Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 166 LPDDR2 AC Timing Table

Parameter |Symbol |min | min LPDDR2 Unit
max |tk 066 [933 |800 |667 |533 |466° |400 |333 |266'5 |200°

Read Parameters*'*

DAS low-Z  tLZ(DAS) |min tpasck(min) - 300 ps
from clock '

JEDEC Standard No. 209-2B

RL + BL/2

trere

DQ e a
tbasamax

tzpa) [ o |

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B

RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tLZ(DQS) should be within the specification limit.
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Measurement Algorithm

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

Find the Strobe tLZBeginPoint of this burst.

Find RL Clock edge (tDQSCK clock edge reference).

=W N

a Find all DQS rising middle crossing points in the burst.

b Find the first DQS rising edge by searching for the earliest rising
crossing point in all of the found DQS middle crossing points.

¢ Find the closest Clock-DQS (the Clock middle crossing point that is
closest to the first DQS rising edge).

d Find the RL Clock edge (tDQSCK clock edge reference) which is the
Clock middle crossing point immediately before the closest
Clock-DQS to tDQSCK Delay (cycle). By default, tDQSCK Delay is one
cycle. For example, if tDQSCK Delay = 1 then the tDQSCK Clock
point is the Clock middle crossing point that is prior to the closest
Clock-DQS. If tDQSCK Delay = 3 then the tDQSCK Clock point is the
Clock middle crossing point three clock cycles before the closest
Clock-DQS. tDQSCK Delay is configurable in the configuration page.

b Find “RL-1" Clock edge (previous Clock rising middle crossing point of
RL Clock edge).

6 Compare the Strobe tLZ begin point to the “RL-1" Clock edge as the
test result. Mathematically, the test result = Strobe tLZ begin point -
“RL-1" Clock edge point.

7 Display the test result by going to the measurement location on the
waveform and locate the marker to Strobe tLZ begin point and Clock
middle cross point of the test result.

8 Compare the test result against the compliance test limit.
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tLZ(DQ) Test (Low Power), DQ Low-Impedance Time from Clock - Test

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 reference
clock signal crossing, is within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2, for DDR2, refer to the tLZ(DQ) Test
Signal cycle of interest: READ

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
* Clock Signal (CK as Reference Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

¢ C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 167 LPDDR2 AC Timing Table

Parameter |Symbol |min | min LPDDR2 Unit
max | tck 1066 |933 |800 |667 |533 |466° |400 |333 [266"° |200°°

Read Parameters*'?

DQlow-Z  |tLZ(DQ) |min tpasck(min) - (144 ™ taus(max) ps
from clock '°

JEDEC Standard No. 209-2B

RL + BL/2

tapPre

DQ i Q
tbasamax

)
tzpa) [ o |

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B

RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The measured tLZ(DQ) should be within the specification limit.
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Measurement Algorithm

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

Find the Data tLZBeginPoint of this burst.

Find RL Clock edge (tDQSCK clock edge reference).

a Find all DQS rising middle crossing points in the burst.

=W N

b Find the first DQS rising edge by searching for the earliest rising
crossing point in all of the found DQS middle crossing points.

¢ Find the closest Clock-DQS (the Clock middle crossing point that is
closest to the first DQS rising edge).

d Find the RL Clock edge (tDQSCK clock edge reference) which is the
Clock middle crossing point immediately before the closest
Clock-DQS to tDQSCK Delay (cycle). By default, tDQSCK Delay is one
cycle. For example, if tDQSCK Delay = 1 then the tDQSCK Clock
point is the Clock middle crossing point that is prior to the closest
Clock-DQS. If tDQSCK Delay = 3 then the tDQSCK Clock point is the
Clock middle crossing point three clock cycles before the closest
Clock-DQS. tDQSCK Delay is configurable in the configuration page.

b Compare the Data tLZ begin point to the RL Clock edge as the test
result. Mathematically, the test result = Data tLZ begin point - RL Clock
edge point.

6 Display the test result by going to the measurement location on the
waveform and locate the marker to Data tLZ begin point and Clock
middle cross point of the test result.

7 Compare the test result against the compliance test limit.
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tQSH, DQS Output High Pulse Width - Test

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.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 168 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |'ck 066 933 |800 |667 |533 |46 |400 |333 [266"° |200°
Read Parameters*'*
DAS outputhigh | tQSH  |[min tcy(abs) - 0.05 tek(ava)
pulse width

JEDEC Standard No. 209-2B
RL + BL/2

DQ

trere

\& a
tbasamax

tzpa)

[ [

Figure 23 — Data output (read) timing (tpqsckmax)

Test References

JEDEC Standard No. 209-2B
RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard

JESD209- 2B.

PASS Condition

346

The worst measured tQSH should be within the specification limit.
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Measurement Algorithm

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

Find all valid rising and falling DQS crossing in this burst.

=W N

tQSH is the time interval starting from a rising edge of the DQS and
ending at the following falling edge.

Collect all tQSH.

(L}

6 Determine the worst result from the measured tQSH.

DDR2(+LP) Compliance Testing Methods of Implementation 347



15 Data Strobe Timing (DST) Tests

tQSL, DQS Output Low Pulse Width - Test

The purpose of this test is to verify that the width of the low level of the
Data Strobe signal is within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)

348 DDR2(+LP) Compliance Testing Methods of Implementation



Data Strobe Timing (DST) Tests 15

Test Definition Notes from the Specification

Table 169 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max %K Loge (933 |800 |667 |533 |466 |400 |333 |[266'5 |200°°

Read Parameters*"*

DQS outputlow | tQSL  [min tcr(abs) - 0.05 teklava)
pulse width

JEDEC Standard No. 209-2B

RL + BL/2

trere

DQ e a
tbasamax

tzpa) [ o |

Figure 23 — Data output (read) timing (tpqsckmax)
JEDEC Standard No. 209-2B

RL + BL/2

thzpg)

Figure 24 — Data output (read) timing (tpqscKmin)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tQSL should be within the specification limit.
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Measurement Algorithm

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

Find all valid rising and falling DQS crossing in this burst.

=W N

tQSL is the time interval starting from a falling edge of the DQS and
ending at the following rising edge.

Collect all tQSL.

(L}

6 Determine the worst result from the measured tQSL.
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tDQSS Test (Low Power), DQS Latching Transition to Associated Clock Edge
- Test

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 before the associated clock (crossing point) is within the
conformance limit as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2, for DDR2, refer to the tDQSS Test
Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
* Clock Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory.)

* Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

* C(Clock Signal, CK

e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification

Table 170 LPDDR2 AC Timing Table

Parameter |Symbol |min |min LPDDR2 Unit
t .
max | "¢k 1066 |933 |800 |667 |533 (466 |400 |333 [266*° [200°8
Write Parameters*'*
Write tDASS | min 0.75 tek(avg)
command
to first DQS
latching max 1.25
transition
JEDEC Standard No. 209-2B
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Test References

See Table 103 - LPDDR2 AC Timing Table in the JESD209-2B.

PASS Condition

The measured tDQSS should be within specification limit.

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 DQS middle crossings in this burst.
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4 Find the first DQS rising edge by searching for the earliest rising
crossing point in all of the found DQS middle crossing points. Take the
found point (first DQS rising edge) as the tDQSS strobe point.

5 Find the closest Clock-DQS (the Clock middle crossing point that is
closest to the first DQS rising edge).

6 Find the tDQSS Clock point which is the rising clock middle crossing
point one cycle before the closest Clock-DQS.

7 Compare the tDQSS strobe point to the tDQSS clock point as the test
result. Mathematically, the test result = tDQSS strobe point - tDQSS
clock point.

8 Display the test result by going to the measurement location on the
waveform and locate the marker to tDQSS strobe point and tDQSS clock
point.

9 Compare the test result against the compliance test limit.
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tDVAC (Strobe), Time Above V|Hdiﬂ(Ac)/be|0W VILdiff(AC) - Test

The purpose of this test is to verify that the time the strobe signal is

above Vigqirf(AC) and below Vi 4is(AC) is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Strobe Signal (supported by Data Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory.)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CK (*optional)
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Test Definition Notes from the Specification
Table 171 Allowed time before ringback (tDVAC) for CK_t-CK_s and DQS_t-DQS ¢

Slew Rate tDVAC [ps] tDVAC [ps]
@ | Vin/wLdifiac) | = 440 mV @ | vin/Laifi(ac)| = 600 mV

min min

>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
14 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

JEDEC Standard No. 209-2B
differential

tovac
voltage
A

VihoiFr@agMIN. - — — - N — — — — — — — — — — — — — — — — — — — — -

VibpirrpeMIN- - £ — — — > N
N
[~ CK_t-CK_c

00 DQst-DAS_c

ViLpirrpc)MAX

v}
ViLoirrac)MAX

half cycle

tovac

» time

Figure 108 — Definition of differential ac-swing and “time above ac-level” tpyse
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Test References

See Table 78 - Allowed Time Before Ringback (tDVAC) for CK_t-CK_s and
DQS_t-DQS_c in the JESD209-2B.

PASS Condition

The worst measured tDVAC(Strobe) should be within the specification
limit.

Measurement Algorithm

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

3 Find all of the rising/falling DQS crossings at the Vipqis(AC) and
VILaiftf(AC) levels in this burst.

4 tDVAC(Strobe) is the time interval starting from a DQS rising Vigqi(AC)
crossing point and ending at the following DQS falling Vigqie(AC)
crossing point.

5 tDVAC(Strobe) is also the time interval starting from a DQS falling
ViLairf(AC) crossing point and ending at the following DQS rising
ViLaift(AC) crossing point.

6 Collect all tDVAC(Strobe) results.
7 Determine the worst result from the set of tDVAC(Strobe) measured.

8 Report the worst result from the set of tDVAC(Strobe) measured. No
compliance limit checking is performed for this test. You need to
manually check the test status (pass/fail) of this test based on the
worst tDVAC(Strobe) and the slew rate reported.
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

16
Data Timing Tests

Probing for Data Timing Tests 358
tDS(base), Differential DQ and DM Input Setup Time - Test 361
tDH(base), Differential DQ and DM Input Hold Time - Test 366

tDS(derate), Differential DQ and DM Input Setup Time with Derating
Support - Test 371

tDH(derate), Differential DQ and DM Input Hold Time with Derating
Support - Test 384

tDS1(base), Single-Ended DQ and DM Input Setup Time - Test 397
tDH1(base), Single-Ended DQ and DM Input Hold Time - Test 399

tDS1(derate), Single-Ended DQ and DM Input Setup Time with Derating
Support - Test 401

tDH1(derate), Single-Ended DQ and DM Input Hold Time with Derating
Support - Test 406

tVAC (Data), Time Above VIH(AC)/below VIL(AC) - Test 411

tDIPW, DQ and DM Input Pulse Width - Test 414

tQHP, Data Half Period - Test 416

tDS, DQ and DM Input Setup Time (Differential - Vref based) Test 418
tDH, DQ and DM Input Hold Time (Differential - Vref based) Test 420

This section provides the Methods of Implementation (MOIs) for Data Mask
Timing tests using an Agilent Infiniium oscilloscope, recommended
InfiniiMax 116xA or 113xA probe amplifiers, differential solder-in probe
head and the DDR2(+LP) Compliance Test Application.

Both XYZ# and XYZ are referring to compliment. Thus, CK# is the same as CK.
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Probing for Data Timing Tests

358

When performing the Data Timing tests, the DDR2(+LP) Compliance Test
Application will prompt you to make the proper connections. The
connection for Data Timing tests may look similar to the following
diagrams. Refer to the Connection tab in DDR2(+LP) Electrical
Performance Compliance Test application for the exact number of probe
connections. Typically, you need minimum three probe connections to run
the tests.

3
N‘\/ '\,'\, 'v'\, ~/\,
© © © ©
O & 0 O ~
® <o ®aeboe: |#a (&) (a) L

n5413e02

Infiniium Oscilloscope

InfiniiMax solder-in probes

Figure 28 Probing for Data Timing 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 28 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is

DDR2(+LP) Compliance Testing Methods of Implementation
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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
DDR2/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Data Timing Tests that support
DDR2, you can select any speed grade within the selection: DDR2-400,
DDR2-533, DDR2-667, DDR2-800, DDR2-1066. To select a LPDDR2
Speed Grade option (for tests that support LPDDR2), check the Low
Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *

0@ H

File View Tools

Help
i T |0

SetUp

Task Flow _| sSetUp SelectTests ]Conﬁgure] Connect] Run Tests I Results ] Html Report

WV

Select Tests

v

Configure

2

Connect

22

Run Tests

=[] O AllDDR2 Tests
---[ © Electrical Tests
+--[ O Single-Ended Signals

+--[ O Differential Signals
- © Timing Tests
+--[] © Clock Timing
+--[© Data Strobe Timing
= O Data Timing
O tDS(base)- Differential
) tDH{base)- Differential
) D5 1{base)- Single Ended
) tDH1{base) - Single Ended
O Command Address Timing

Test: (None Selected)

Description: (Select a Single Test)
Limit 5et: DDR.2-533 Test Limit

Figure 29 Selecting Data Timing Tests

DDR2(+LP) Compliance Testing Methods of Implementation
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9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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tDS(base), Differential DQ and DM Input Setup Time - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) setup time to the associated DQS
crossing edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a differential DQS connection)
e Chip Select Signal, CS (optional)

DDR2(+LP) Compliance Testing Methods of Implementation 361
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Test Definition Notes from the Specification
Table 172 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units [Specific
. . Notes
Min Max Min Max
DQ and DM input setup time (differential strobe)  {tDS(base) {150 X 100 X ps 6.7,8,20,28
Parameter Symbol DDR2-667 DDR2-800 Units [Specific
. . Notes
Min Max Min Max
DQ and DM input setup time tDS(base) (100 X 50 X ps 6.7.8.20,28.31
[izix
bas! T §-— =
DaQ }{D
DM T
Figure 38 — Data input (write) timing
Data Mask Timing
=SNG G
DM "'*'**\\“5&5*'*'@‘*5@%( -':*"*--'WW- e
W A P
tos tor tDs! toH

Figure 44 — Write data mask

DQSY e
Das

DG

DM

Figure 83 — Data Input (Write) Timing
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Figure 99 — Differential input waveform timing = t15 and tlH

Table 173 Timing Parameters by Speed Grade (DDR2-1066)

Data Timing Tests 16

Parameter

Symbol DDR2-1066 Units [Specific Notes
Min Max
DQ and DM input setup time tDS(base) [0 X ps 6.7,8.17,23,26

DQS! T

Das

DQ

Das/
Das

DQ

DM

Titmel

Figure 75 — Data Input (Write) Timing

Standard No. 208

@&

o v T

inef Vi

‘;F{X - "#L

tDHl tDs

tDH

Figure 36 — Write data mask

— — = Vifag) Min

— — ViHjdg) min

— - VREF(&)

—————— — ViLjgg) Max

——————— — Vi jzg) Max

__________________ Vas

Figure 86 — Differential input waveform timing — tDS and tDH
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Table 174 Data Setup and Hold Base-Values

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tDS(base) -10 15 50 130 210 230 ps VinsL(ac) = VRer(ac) +/- 220mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tDS(base) 180 300 450 700 ps Vin/Lac) = VRer(ac) +/- 300mV

JEDEC Standard No. 209-2B

DQS_c
DQS_t

DQ

DM

Figure 40 — Data input (write) timing

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 108 - Data Setup and Hold Base-Values in the JESD209-2B.

PASS Condition

The worst measured tDS shall be within the specification limit.

Measurement Algorithm

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

Find all valid rising DQ crossings that cross Vigc) in the burst.

2w N -

Find all valid falling DQ crossings that cross Viazc) in the same burst.
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b For all DQ crossings found, locate all next DQS crossings that cross OV.

6 tDS is defined as the time between the DQ 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 nominal slew rate on the DQ and DQS edges where the
worst tDS was found.

a For DQ Falling, Slew Rate = (VREF - VIL(AC)) / tF

b For DQ RiSing, Slew Rate = (VIH(AC) - VREF) / tR
tF and tR are the transition time respectively.

¢ For DQS Rising, Slew Rate = (VHITHRES - 0V) / tR

d For DQS Falling, Slew Rate = (0V - VLOTHRES) / tF
tF and tR are the transition time respectively.

10 Report the nominal slew rate for DQ and DQS.

11 Measure the tangent slew rate on the DQ and DQS edges where the
worst tDS was found. The measurement is similar to nominal slew rate,
except the transition time is broken into ten parts and the slew rate is
measured from a pivot point (Vggr or 0V) to each of the ten points.
Tangent slew rate is the maximum slew rates measured.

12 Report tangent slew rate for DQ and DQS.

DDR2(+LP) Compliance Testing Methods of Implementation 365
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tDH(base), Differential DQ and DM Input Hold Time - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) hold time to the associated DQS
crossing edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a differential DQS connection)
e Chip Select Signal, CS (optional)
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Test Definition Notes from the Specification
Table 175 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes
DQ and DM input hold time (differential strobe) tDH(base) 275 X 225 X ps 6.7,8,21,28
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min Max Min Max Notes
DQ and DM input setup time tDH(base) (175 X 125 X ps 6.7.8.21,28.31
DS T PR
Das k&__. Das

Figure 38 — Data input (write) timing

Data Mask Timing

DaQs/
DQs

DQ

DM

Figure 83 — Data Input (Write) Timing
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Figure 98 — Differential input waveform timing —tDS and tDH

Table 176 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific Notes
Min Max
DQ and DM input hold time tDH(base) [75 X ps 6.7,8,18,23,26

Standard No. 208

DQS! T

Das

[ ——]

D, @9, |

windiV L T
o ne Vi v, Vi1

tDHl tos! toH

DQ

DM

Figure 36 — Write data mask

toaek foa
DQs/
DQs
DaQ
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Figure 75 — Data Input (Write) Timing v E{Ensgf)
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Figure 86 — Differential input waveform timing — tDS and tDH
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Table 177 Data Setup and Hold Base-Values

Data Timing Tests 16

DQS t

DQ

DM

Test References

Figure 40 — Data input (write) timing

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tDH(base) 80 105 140 220 300 320 ps VIH/L(DC) = VREF(DC) +/-130mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tDH(base) 280 400 550 800 ps VIH/L(DC) = VREF(DC) +/-200mV
JEDEC Standard No. 209-2B
Das_c tpasH IpasL
DQS_c

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in

the JESDZ20S.

Also see Table 108 - Data Setup and Hold Base-Values in the JESD209- 2B.

PASS Condition

The worst measured tDH shall be within the specification limit.

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 Vi,pc) in the burst.
4

Find all valid falling DQ crossings that cross Vigpc) in the same burst.

DDR2(+LP) Compliance Testing Methods of Implementation
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For all DQ crossings found, locate all prior 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 nominal slew rate on the DQ and DQS edges where the
worst tDH was found.

a For DQ Falling, Slew Rate = (VREF - VIL(DC)) / tF

b For DQ RiSing, Slew Rate = (VIH(DC) - VREF) / tR
tF and tR are the transition time respectively.

¢ For DQS Rising, Slew Rate = (VHITHRES - 0V) / tR

d For DQS Falling, Slew Rate = (0V - VLOTHRES) / tF
tF and tR are the transition time respectively.

Report the nominal slew rate for DQ and DQS.

Measure the tangent slew rate on the DQ and DQS edges where worst
tDH was found. The measurement is similar to nominal slew rate,
except the transition time is broken into ten parts and the slew rate is
measured from a pivot point (Vggr or 0V) to each of the ten points.
Tangent slew rate is the maximum slew rates measured.

Report tangent slew rate for DQ and DQS.

DDR2(+LP) Compliance Testing Methods of Implementation
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tDS(derate), Differential DQ and DM Input Setup Time with Derating

Support - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) setup time to the associated DQS
crossing edge is within the conformance limits as specified in the JEDEC

specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:
e Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from

different rank of memory)

* Signals required to perform the test on the oscilloscope:

e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a differential DQS connection)

e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification

Table 178 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units [Specific
Min  Max Min  Max fotes
DQ and DM input setup time (differential strobe)  tDS(base) (150 X 100 X ps 6.7,8.20,28
Parameter Symbol DDR2-667 DDR2-800 Units [Specific
Min  Max Min  Max fotes
DQ and DM input setup time tDS(base) {100 X 50 X ps 6.7,8.20,28,31

DDR2(+LP) Compliance Testing Methods of Implementation
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Table 179 DDR2-400/533 tDS/tDH derating with differential data strobe

AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)

DQS, DOS Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDS AtDH Atws AtDH Atws AtDH AtwS AtDH
DQ Slew Rate V/ns 2.0 125 45 125 45 125 45

1.5 83 21 83 21 83 21 95 33
1.0 0 0 0 0 0 0 12 12
0.9 - - -1 -14 -1 -14 1 -2
0.8 - - - - -25 -31 -13 -19
0.7 - - - - - - -31 -42
0.6

0.5

0.4

ADS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH

DQ Slew Rate V/ns 2.0

1.5

1.0 24 24

0.9 13 10 25 22

0.8 -1 -1 11 5 23 17

0.7 -19 -30 -7 -18 5 -6 17 6

0.6 -43 -59 -31 -47 -19 -35 -7 -23 5 -1

0.5 - - -74 -89 -62 -77 -50 -65 -38 -b3

0.4 - - - - -127 | -140 | -115 | -128 | -103 | -116
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Data Timing Tests 16

AtDS, AtDH derating values for DDR2-667, DDR2-800 (All units in ‘ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDS AtDH Atws AtDH Atws AtDH AtwS AtDH
DQ Slew Rate V/ns 2.0 100 45 100 45 100 45
1.5 67 21 67 21 67 21 79 33
1.0 0 0 0 0 0 0 12 12
0.9 -5 -14 -5 -14 7 -2
0.8 -13 -31 -1 -19
0.7 -10 -42
0.6
0.5
0.4
AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)
DQS, DAS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtH |AwDS |AtDH |AwDS |AtDH |AwDS |AtDH |AtDS |AtDH
DQ Slew Rate V/ns 2.0
1.5
1.0 24 24
0.9 19 10 31 22
0.8 " -1 23 5 35 17
0.7 2 -30 14 -18 26 -6 38 6
0.6 -10 -59 2 -47 14 -35 26 -23 38 -1
0.5 -24 -89 -12 -77 0 -65 12 -3
0.4 -52 -140 -40 -128 -28 -116

DDR2(+LP) Compliance Testing Methods of Implementation
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DQS === == ==n
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tDH

tDs
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Figure 85 — lllustration of nominal slew rate for tDS (differential DQS, DQS)
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Figure 87 — lllustration of tangent line for tDS (differential DQS, DQS)

Table 181 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units [Specific Notes
Min Max
DQ and DM input setup time tDS(base) {0 X ps 6.7.8.17,23.26
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Table 182 DDR2-1066 tDS/tDH derating with differential data strobe

AtDS, AtDH derating values for DDR2-1066 (All units in ‘ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDs AtDH AtDS AtDH AtDS AtDH AtDS AtDH
DQ Slew Rate V/ns 2.0 100 45 100 45 100 45

1.5 67 21 67 21 67 21 79 33
1.0 0 0 0 0 0 0 12 12
0.9 - - -5 -14 -5 -14 7 -2
0.8 - - - - -13 -31 -1 -19
0.7 - - - - - - -10 -42
0.6

0.5

0.4

AtDS, AtDH derating values for DDR2-1066 (All units in ‘ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH

DQ Slew Rate V/ns 2.0

1.5

1.0 24 24

0.9 19 10 31 22

0.8 11 -1 23 5 35 17

0.7 2 -30 14 -18 26 -6 38 6

0.6 -10 -59 2 -47 14 -35 26 -23 38 -1

0.5 - - -24 -89 -12 -77 0 -65 12 -53

0.4 - - - - -52 -140 -40 -128 -28 -116

376 DDR2(+LP) Compliance Testing Methods of Implementation



D—(:S-------‘ g ——— -

Das

VH,:M] min

WiH{de) Min

VREF(de)

VIL{dc] max

VIL[ac} max

ATF ATR

Setwp Slew Rate _ ng;;—\ﬁliachﬂx Setup Slew Rate  _ \t[achﬁ—VBEw

Falling Signal ATF Rising Signal ATR

Figure 7T — lllustration of nominal slew rate for tDS (differential DQS, DQS)
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Figure T8 — lllustration of tangent line for tDS (differential DQS, DQS)

Table 183 Data Setup and Hold Base-Values

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tDS(base) -10 15 50 130 210 230 ps Vin/L(ac) = VRer(ac) +/- 220mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tDS(base) 180 300 450 700 ps Vin/Lac) = VRer(ac) +/- 300mV
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Table 184 Derating Values LPDDR2 tDS/tDH - AC/DC based AC220

Data Timing Tests
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AtDS, AtDH derating in [ps] AC/DC based
AC220 Threshold -> VlH(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> VlH(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

DQS_t, DQS_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDS AtDH Atws AtDH Atws AtDH AtwS AtDH
DQ, DM Slew Rate 2.0 110 65 110 65 110 65
v/ns 15 74 43 73 43 73 43 89 59
1.0 0 0 0 0 0 0 16 16
0.9 - - -3 -5 -3 -5 13 11
0.8 - - - - -8 -13 8 3
0.7 2 -6
0.6
0.5
0.4
NOTE 1. Empty cell contents are defined as not supported.
AtDS, AtDH derating in [ps] AC/DC based
AC220 Threshold -> Vyyyac) = Vaering) * 220mV, Vi ac) = Veer(oc) - 220mV
DC130 Threshold -> Vi) = Vagroe) *+ 130mV, Vi pg) = VRerpg) - 130mV
DQS_t, DQS_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtDS AtDH Atws AtDH AtwS AtDH AtwS AtDH
DQ. DM Slew Rate 2.0
V/ns 15
1.0 32 32
0.9 29 27 45 43
0.8 24 19 40 35 56 55
0.7 18 10 34 26 50 46 66 78
0.6 10 -3 26 13 42 33 58 65
0.5 - - 4 -4 20 16 36 483
0.4 - - - - -7 2 17 34

NOTE 1. Empty cell contents are defined as not supported.

DDR2(+LP) Compliance Testing Methods of Implementation
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Table 185 Derating Values LPDDR2 tDS/tDH - AC/DC based AC300

AtDS, AtDH derating in [ps] AC/DC based
AC300 Threshold -> VlH(AC) = VREF(DC) + 300mV. V|L(AC) = VREF(DC) -300mV
DC200 Threshold -> VlH(DC) = VREF(DC) + ZOOmV, V|L(DC) = VREF(DC) -200mV

DQS_t, DQS_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDS AtDH ADS AtDH ADS AtDH AtDS AtDH
DQ, DM Slew Rate 2.0 150 100 150 100 150 100
v/ns 1.5 100 67 100 67 100 67 116 83
1.0 0 0 0 0 0 0 16 16
0.9 - - -4 -8 -4 -8 12 8
0.8 - - - - -12 -20 4 -4
0.7 : : - - - - -3 18
0.6
0.5
0.4

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
AC300 Threshold -> VlH(AC) = VREF(DC) + 300mV. V|L(AC) = VREF(DC) -300mV
DC200 Threshold -> VlH(DC) = VREF(DC) + ZOOmV, V|L(DC) = VREF(DC) -200mV

DQS_t, DQS_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
AtDS AtDH Atws AtDH AtwS AtDH AtwS AtDH
DQ. DM Slew Rate 2.0
V/ns 15
1.0 32 32
0.9 28 24 44 40
0.8 20 12 36 28 52 48
0.7 13 -2 29 14 45 34 61 66
0.6 2 -21 18 -5 34 15 50 47
0.5 - - -12 -32 4 -12 20 20
0.4 - - - - -35 -40 -1 -8

NOTE 1. Empty cell contents are defined as not supported.
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Figure 124 — lllustration of nominal slew rate and ty, for setup time tpg
for DQ with respect to strobe
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Figure 126 — lllustration of tangent line for setup time tgg

for DQ with respect to strobe

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

See Table 43 - DDR2-400/533 tDS/tDH Derating with Differential Data
Strobe and Table 44 - DDR2-667/800 tDS/tDH Derating with Differential
Data Strobe in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) and
Table 42 - DDR2-1066 tDS/tDH Derating with Differential Data Strobe in
the JESDZ20S.

Also see Table 108 - Data Setup and Hold Base-Values, Table 109 -
Derating Values LPDDR2 tDS/tDH - AC/DC Based AC220 and Table 110 -
Derating Values LPDDR2 tDS/tDH - AC/DC Based AC300 in the
JESD209- 2B.
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PASS Condition

The worst measured tDS shall be within the specification limit.

Measurement Algorithm

1

2
3
4
5
6

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vigac) in the burst.

Find all valid falling DQ crossings that cross Vi 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.

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.
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tDH(derate), Differential DQ and DM Input Hold Time with Derating Support
- Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) hold time to the associated DQS
crossing edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

* Signals required to perform the test on the oscilloscope:

e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a differential DQS connection)
e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification
Table 186 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min  Max Min  |Max fotes
DQ and DM input hold time (differential strobe) tDH(base) 275 X 225 X ps 6.7,8.21,28
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min  Max Min  |Max fotes
DQ and DM input setup time tDH(base) (175 X 125 X ps 6.7,8.21,28,31
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AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)

DQS, DAS Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDs AtDH AtDS AtDH AtDS AtDH AtDS AtDH
DQ Slew Rate V/ns 2.0 125 45 125 45 125 45
1.5 83 21 83 21 83 21 95 33
1.0 0 0 0 0 0 0 12 12
0.9 -1 -14 -1 -14 1 -2
0.8 -25 -31 -13 -19
0.7 -31 -42
0.6
0.5
0.4
AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)
DQS, DAS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtDH |AwDS |AtDH |AwDS |AtDH |AwDS |AtDH |AtDS |AtDH
DQ Slew Rate V/ns 2.0
1.5
1.0 24 24
0.9 13 10 25 22
0.8 -1 -1 " 5 23 17
0.7 -19 -30 -7 -18 5 6 17 6
0.6 -43 -b9 -31 -47 -19 -35 -7 -23 5 -1
0.5 -14 -89 -62 -77 -50 -65 -38 -b3
0.4 -127 -140 -115 -128 -103 -116
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Table 188 DDR2-667/800 tDS/tDH derating with differential data strobe

AtDS, AtDH derating values for DDR2-667, DDR2-800 (Al units in ‘ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDs AtDH AtDS AtDH AtDS AtDH AtDS AtDH
DQ Slew Rate V/ns 2.0 100 45 100 45 100 45

1.5 67 21 67 21 67 21 79 33
1.0 0 0 0 0 0 0 12 12
0.9 - - -5 -14 -5 -14 7 -2
0.8 - - - - -13 -31 -1 -19
0.7 - - - - - - -10 -42
0.6

0.5

0.4

AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in “ps’; the note applies to the entire table.)

DQS, DQS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH

DQ Slew Rate V/ns 2.0

1.5

1.0 24 24

0.9 19 10 31 22

0.8 11 -1 23 5 35 17

0.7 2 -30 14 -18 26 -6 38 6

0.6 -10 -59 2 -47 14 -35 26 -23 38 -1

0.5 - - -24 -89 -12 -77 0 -65 12 -53

0.4 - - - - -52 -140 -40 -128 -28 -116
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Figure 89 — lllustration of nominal slew rate for tDH (differential DQS, DQS)
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Figure 91 — llustration tangent line for tDH (differential DQS, DQS)

Table 189 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific Notes
Min Max
DQ and DM input hold time tDH(base) |75 X ps 6,7,8,18,23,26
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Data Timing Tests 16

AtDS, AtDH derating values for DDR2-1066 (All units in ‘ps’; the note applies to the entire table.)

DQS, DAS Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
Ats AtDH AYON AtDH Aws AtDH Aws AtDH
DQ Slew Rate V/ns 2.0 100 45 100 45 100 45
1.5 67 21 67 21 67 21 79 33
1.0 0 0 0 0 0 0 12 12
0.9 -5 -14 -5 -14 7 -2
0.8 -13 -31 -1 -19
0.7 -10 -42
0.6
0.5
0.4
AtDS, AtDH derating values for DDR2-1066 (All units in ‘ps’; the note applies to the entire table.)
DQS, DQS Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns 0.8V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH
DQ Slew Rate V/ns 2.0
1.5
1.0 24 24
0.9 19 10 31 22
0.8 11 -7 23 5 35 17
0.7 2 -30 14 -18 26 -6 38 6
0.6 -10 -59 2 -47 14 -35 26 -23 38 -1
0.5 -24 -89 -12 -77 0 -65 12 -53
0.4 -52 -140 -40 -128 -28 -116
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Figure 79 — lllustration of nominal slew rate for tDH (differential DQS, DQS)
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Figure 80 — lllustration tangent line for tDH (differential DQS, DGS)

Table 191 Data Setup and Hold Base-Values

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466

tDH(base) 80 105 140 220 300 320 ps V|H/L(DC) = VREF(DC) +/-130mV

Symbol LPDDR2 Unit Reference
400 333 266 200

tDH(base) 280 400 550 800 ps V|H/L(DC) = VREF(DC) +/-200mV
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Table 192 Derating Values LPDDR2 tDS/tDH - AC/DC based AC220

AtDS, AtDH derating in [ps] AC/DC based
ACZZO Threshold -> V|H(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> V|H(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

DQS _t, DQS_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDs AtDH AtDS AtDH AtDS AtDH AtDS AtDH
DQ, DM Slew Rate 2.0 110 65 110 65 110 65
v/ns 1.5 74 43 73 13 73 13 89 59
1.0 0 0 0 0 0 0 16 16
0.9 - - -3 -5 -3 -5 13 1"
0.8 - - - - -8 -13 8 3
0.7 - - - - - - 2 -6
0.6
0.5
0.4

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
AC220 Threshold -> VlH(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> VlH(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

DQS_t, DQS_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Ats AtDH Aws AtDH Aws AtDH Aws AtDH
DQ. DM Slew Rate 2.0
V/ns I 5
1.0 32 32
0.9 29 27 45 43
0.8 24 19 40 35 56 55
0.7 18 10 34 26 50 46 66 78
0.6 10 -3 26 13 42 33 58 65
0.5 - - 4 -4 20 16 36 43
0.4 - - - - -7 2 17 34

NOTE 1. Empty cell contents are defined as not supported.
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Table 193 Derating Values LPDDR2 tDS/tDH - AC/DC based AC300

AtDS, AtDH derating in [ps] AC/DC based
AC300 Threshold -> V|H(AC) = VREF(DC) + 300mV, V|L(AC) = VREF(DC) - 300mV
DC200 Threshold -> V|H(DC) = VREF(DC) + 200mV, V|L(DC) = VREF(DC) -200mV

DQS _t, DQS_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
AtDs AtDH AtDS AtDH AtDS AtDH AtDS AtDH
DQ, DM Slew Rate 2.0 150 100 150 100 150 100
v/ns 1.5 100 67 100 67 100 67 116 83
1.0 0 0 0 0 0 0 16 16
0.9 - - -4 -8 -4 -8 12 8
0.8 - - - - -12 -20 4 -4
0.7 - - - - - - -3 -18
0.6
0.5
0.4

NOTE 1. Empty cell contents are defined as not supported.

AtDS, AtDH derating in [ps] AC/DC based
AC300 Threshold -> VlH(AC) = VREF(DC) + 300mV. V|L(AC) = VREF(DC) -300mV
DC200 Threshold -> VlH(DC) = VREF(DC) + 200mV, V|L(DC) = VREF(DC) -200mV

DQS_t, DQS_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Ats AtDH Aws AtDH Aws AtDH Aws AtDH
DQ. DM Slew Rate 2.0
V/ns I 5
1.0 32 32
0.9 28 24 44 40
0.8 20 12 36 28 52 48
0.7 13 -2 29 14 45 34 61 66
0.6 2 -21 18 -5 34 15 50 47
0.5 - - -12 -32 4 -12 20 20
0.4 - - - - -35 -40 -1 -8

NOTE 1. Empty cell contents are defined as not supported.
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Figure 125 — lllustration of nominal slew rate for hold time tpy
for DQ with respect to strobe
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

See Table 43 - DDR2-400/533 tDS/tDH Derating with Differential Data
Strobe and Table 44 - DDR2-667/800 tDS/tDH Derating with Differential
Data Strobe in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) and
Table 42 - DDR2-1066 tDS/tDH Derating with Differential Data Strobe in
the JESDZ20S.

Also see Table 108 - Data Setup and Hold Base-Values, Table 109 -
Derating Values LPDDR2 tDS/tDH - AC/DC Based AC220 and Table 110 -
Derating Values LPDDR2 tDS/tDH - AC/DC Based AC300 in the
JESD209- 2B.
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PASS Condition

The worst measured tDH shall be within the specification limit.

Measurement Algorithm

1

2
3
4
5
6

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vi,pc) in the burst.

Find all valid falling DQ crossings that cross Viypc) in the same burst.
For all DQ crossings found, locate all prior 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.

10 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.
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tDS1(base), Single-Ended DQ and DM Input Setup Time - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) setup time to the associated DQS
edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a single-ended DQS connection)
e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification
Table 194 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Notes

Min Max [Min Max

DQ and DM input setup time (single-ended strobe)  [tDS1(base) 25 X -25 X ps 6.7,8,25

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) in the JEDEC Standard JESD79-2E.

PASS Condition

The worst measured tDS1 shall be within the specification limit.
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Measurement Algorithm

ol B W N

10

"
12

13

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vigac) in the burst.

Find all valid falling DQ crossings that cross Vi ac) in the same burst.

For all DQ crossings found, locate all next DQS falling crossings that
cross Vigpc) and all next DQS rising crossing that cross Vi, ().

tDS1 is defined as the time between the DQ crossing and the DQS
crossing.

Collect all tDS1.

Find the worst tDS1 among the measured values and report the value
as the test result.

Measure the nominal slew rate on the DQ and DQS edges where worst
tDS1 was found.

For DQ/DQS Falling, Slew Rate = (VREF - VIL(AC)) / tF

e For DQ Rising, Slew Rate = (VIH(AC) - VREF) / tR
tF and tR are the transition time respectively.

Report the nominal slew rate for DQ and DQS.

Measure the tangent slew rate on the DQ and DQS edges where worst
tDS1 was found. The measurement is similar to nominal slew rate,
except the transition time is broken into ten parts and the slew rate is
measured from a pivot point (Vggr or 0V) to each of the ten points.
Tangent slew rate is the maximum slew rates measured.

Report tangent slew rate for DQ and DQS.
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tDH1(base), Single-Ended DQ and DM Input Hold Time - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) hold time to the associated DQS
edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:

* Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

¢ Signals required to perform the test on the oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a single-ended DQS connection)
e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification
Table 195 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Notes

Min Max [Min Max

DQ and DM input hold time (single-ended strobe) tDH1(base) [25 X -25 X ps 6.7.8,26

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) in the JEDEC Standard JESD79-2E.

PASS Condition

The worst measured tDH1 shall be within the specification limit.
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Measurement Algorithm

ol B W N

10
1"

12

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vi,pc) in the burst.

Find all valid falling DQ crossings that cross Viypc) in the same burst.

For all DQ crossings found, locate all prior DQS rising crossings that
cross Vigcac) and all prior DQS falling crossings that cross Vi ac).-

tDH1 is defined as the time between the DQ crossing and the DQS
crossing.

Collect all tDH1.

Find the worst tDH1 among the measured values and report the value
as the test result.

Measure the nominal slew rate on the DQ and DQS edges where worst
tDH1 was found.

a For DQ Falling, Slew Rate = (VREF - VIL(AC)) / tF

b For DQ Rising, Slew Rate = (VIH(AC) - VREF) / tR
tF and tR are the transition time respectively.

¢ For DQS Rising, Slew Rate = (Vgrrares - 0V) / tR

d For DQS Falling, Slew Rate = (OV - Vi orugres) / tF
tF and tR are the transition time respectively.

Report the nominal slew rate for DQ and DQS.

Measure the tangent slew rate on the DQ and DQS edges where worst
tDH1 was found. The measurement is similar to nominal slew rate,
except the transition time is broken into ten parts and the slew rate is
measured from a pivot point (Vggr or 0V) to each of the ten points.
Tangent slew rate is the maximum slew rates measured.

Report tangent slew rate for DQ and DQS.
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tDS1(derate), Single-Ended DQ and DM Input Setup Time with Derating
Support - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) setup time to the associated DQS
edge is within the conformance limits as specified in the JEDEC
specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
e Data Mask Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory)

* Signals required to perform the test on the oscilloscope:

e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a single-ended DQS connection)
e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification
Table 196 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Notes

Min Max [Min Max

DQ and DM input setup time (single-ended strobe) tDS1(base) 25 X -25 X ps 6.7,8.25
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Table 197 DDR2-400/533 tDS1/tDH1 derating with single-ended data strobe

AtDS1, AtDH1 derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)

DAQS, Single-Ended Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns 0.9V/ns
Ats AtDH AYON AtDH Aws AtDH Aws AtDH
DQ Slew Rate V/ns 2.0 188 188 167 146 125 63

1.5 146 167 125 125 83 42 81 43
1.0 63 125 42 83 0 0 -2 1
0.9 - - 31 69 -1 -14 -13 -13
0.8 - - - - -25 -31 -27 -30
0.7 - - - - - - -45 -53
0.6

0.5

0.4

AtDS1, AtDH1 derating values for DDR2-400, DDR2-533 (All units in “ps’; the note applies to the entire table.)

DQS, Single-Ended Slew Rate
0.8V/ns 0.7V/ns 0.6V/ns 0.5V/ns 0.4V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH

DQ Slew Rate V/ns 2.0

1.5

1.0 -7 -13

0.9 -18 -27 -29 -45

0.8 -32 -44 -43 -62 -60 -86

0.7 -50 -67 -61 -85 -78 -109 | -108 | -152

0.6 -74 -96 -85 -114 | -102 | 138 | -132 | -181 -183 | -246

0.5 - - -128 | -156 | -145 | -180 |-175 |-223 |-226 | -288

0.4 - - - - 210 | -243 | -240 | -286 | -291 -351
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Vooa -———
ViHag min - — — — — R — — — — — — — — — — — P
DQS Ve min = — — — — e — — — — — — — — — — _— -
NOTET VREF(do)- — — — — — [N\ ——————— — — —
ViLgggmax - — — — — — -§— — — — — — — — — d
Miggmax - — — — — — - — — — — — — — —

Veg ——— e — —

Vbpa

V,H(ac) min

ViH(de) MiN

VREF(dc)

Vi (de) Max

ViL(ac) Max

Vegg - ¢ — - - | _ _ |- - ______

ATF ATR

Setup Slew Rate _ VEEFdo) - Vil{acimax Setup Slew Rate _ Vin@o)min - VEpr o)
Falling Signal ATF Rising Signal ATR

NOTE1 DQS signal must be monotonic between Vil(dc)max and Vih(de)min.

Figure 86 — lllustration of nominal slew rate for tDS (single-ended DQS)
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Vooa L A I r— ="
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VIHEdc] min
~u_ fangent
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line — |——
ATR
VSS -_——l———]— — — — — — —— — ——— — —— —— — — —
Setup Slew Rate _ tangent line[Vihac)min - Veerac]
— — Rising Signal ~ ATR

ATF

Setup Slew Rate  tangent line[Veep g - Villacimax]
Falling Signal — ATF

NOTE D5 signal nmst be monotonic between Vil{deimax and Vik({demm

Figure 88 — lllustration of tangent line for tDS (single-ended DQS)

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 45 - DDR2-400/533 tDS1/tDH1 Derating with
Single- Ended Data Strobe in the JEDEC Standard JESD79-2E.

PASS Condition

The worst measured tDS1 shall be within the specification limit.
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Measurement Algorithm

1 Acquire and split read and write burst of the acquired signal.
Take the first valid WRITE burst found.
Find all valid rising DQ crossings that cross Vigac) in the burst.

Find all valid falling DQ crossings that cross Vi ac) in the same burst.

ol B W N

For all DQ crossings found, locate all next DQS falling crossings that
cross Vigpc) and all next DQS rising crossing that cross Vi, ().

6 tDSI1 is defined as the time between the DQ crossing and the DQS
crossing.

7 Collect all tDS1.

8 Find the worst tDS1 among the measured values and report the value
as the test result.

9 Measure the mean slew rate for all the DQ and DQS edges.

10 Use the mean slew rate for DQ and DQS to determine the AtDS1
derating value based on the derating tables.

11 The test limit for tDS1 test = tDS1(base) + AtDSI1.
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tDH1(derate), Single-Ended DQ and DM Input Hold Time with Derating

Support - Test

The purpose of this test is to verify that the time interval from the data or
data mask (DQ/DM rising/falling edge) hold time to the associated DQS
edge is within the conformance limits as specified in the JEDEC

specification.

Signals of Interest

Mode Supported: DDR2 only
Signal cycle of interest: WRITE
Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)

e Data Mask Signal

Optional signal(s):

¢ Chip Select Signal (this signal is used to separate DQ signals from

different rank of memory)

* Signals required to perform the test on the oscilloscope:

e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (this must use a single-ended DQS connection)

e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification
Table 198 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min |Max Notes
DQ and DM input hold time (single-ended strobe) tDH1(base) [25 X -25 X ps 6.7,8.26

406
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Table 199 DDR2-400/533 tDS1/tDH1 derating with single-ended data strobe

Data Timing Tests

16

AtDS1, AtDH1 derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)

DAQS, Single-Ended Slew Rate

2.0V/ns 1.5V/ns 1.0V/ns 0.9V/ns
Ats AtDH AYON AtDH Aws AtDH Aws AtDH
DQ Slew Rate V/ns 2.0 188 188 167 146 125 63
1.5 146 167 125 125 83 42 81 43
1.0 63 125 42 83 0 0 -2 1
0.9 31 69 -1 -14 -13 -13
0.8 -25 -31 -27 -30
0.7 -45 -53
0.6
0.5
0.4
AtDS1, AtDH1 derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table.)
DQS, Single-Ended Slew Rate
0.8V/ns 0.7V/ns 0.6V/ns 0.5V/ns 0.4V/ns
Aws |AtH |AwS |AtH |AtDS |AtH |AtDS |AtH |AtS | AtDH
DQ Slew Rate V/ns 2.0
1.5
1.0 -7 -13
0.9 -18 -27 -29 -45
0.8 -32 -44 -43 -62 -60 -86
0.7 -50 -67 -61 -85 -78 -109 | -108 | -152
0.6 -74 -96 -85 -114 | -102 | 138 | -132 | -181 -183 | -246
0.5 -128 | -156 | -145 | -180 |-175 |-223 |-226 | -288
0.4 210 | -243 | -240 | -286 | -291 -351
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Vooa
vl-i.ac: min

Vikgae Min—
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Hold Slew Rate  _ Vpzzgo - Villde)max Hold Slew Rate Mih{dejmin - Verzao
Rising Signal ATR Falling Signal ATF

NOTE D5 signal mmst be monotomie between Vilidemax and Vik{demm

Figure 90 — lllustration of nominal slew rate for tDH (single-ended DQS)
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Vooa
Visiac) Min
DAS ¥imiae min
NOTE1 BEF(dc)
WiLjaey Max
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Vope @~ T T Ty =
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line
Vit(de) Min 'l
dec fo Vgee
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Hold Slew Rate _ tangent line [ Voresyao, - Villde)max |

Rising Signal ATR

Hold Slew Rate _ tangent line [ Vihide)min - Vaesiacy ]
Falling Signal ATF

NOTE D5 siznal nmst be monotonic between Vil{deimax and Vih(demm.

Figure 92 — lllustration tangent line for tDH (single-ended DQS)

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 45 - DDR2-400/533 tDS1/tDH1 Derating with
Single- Ended Data Strobe in the JEDEC Standard JESD79-2E.

PASS Condition

The worst measured tDH1 shall be within the specification limit.
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410

Measurement Algorithm

ol B W N

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vi,pc) in the burst.

Find all valid falling DQ crossings that cross Viypc) in the same burst.

For all DQ crossings found, locate all prior DQS rising crossings that
cross Vigcac) and all prior DQS falling crossings that cross Vi ac).-

tDH1 is defined as the time between the DQ crossing and the DQS
crossing.

Collect all tDH1.

Find the worst tDH1 among the measured values and report the value
as the test result.

Measure the mean slew rate for all the DQ and DQS edges.

10 Use the mean slew rate for DQ and DQS to determine the AtDH1

derating value based on the derating tables.

11 The test limit for tDH1 test = tDH1(base) + AtDHI1.
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tVAC (Data), Time Above VIH(AC)/beIOW VIL(AC) - Test

The purpose of this test is to verify that the time the data signal is above
Vig(AC) and below Vi (AC) is within the conformance limits as specified
in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory.)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CK (*optional)

DDR2(+LP) Compliance Testing Methods of Implementation m
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Test Definition Notes from the Specification

Table 200 Required time tVAC above Vyac) {below V) (ac)} for valid transition

Slew Rate tVAC @ 300 mV [ps] tVAC @ 220 mV [ps]
min max min max
>2.0 75 - 175
2.0 57 - 170
15 50 - 167
1.0 38 - 163 1
0.9 34 - 162
0.8 29 - 161
0.7 22 - 159
0.6 13 - 155
0.5 0 - 150
<05 0 - 150

JEDEC Standard No. 209-2B

tVAC
Vigagmn - — — — — L — — — — L @ N —|
VREF to ac
] region
Vivggmin |\ S
nominal
slew rate
VREF(de) - - = - - — - ———— — =
nominal
/slew rate
ViLigey max — — . Eue e o
VREF to ac
region
V||_(ac)maX————— 4] — — — = QloMie g
Vssa = — —_———]————— =
—> — —> 4+—

ATF ATR

Setup Slew Rate _ VReF(de) - ViLagMax  Setup Slew Rate _ VinacMin - VReF(dc)
Falling Signal ~ ATF Rising Signal  ~ ATR
Figure 124 — lllustration of nominal slew rate and tvac for setup time ips
for DQ with respect to strobe
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Test References

See Table 111 - Required time tVAC above Vigacy {below Vipacy} for valid
transition in the JESD209-2B.

PASS Condition

The worst measured tVAC(Data) should be within the specification limit.

Measurement Algorithm

1
2
3

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

Find all of the rising/falling DQ crossings at the Viz(AC) and V (AC)
levels in this burst.

tVAC(Data) is the time interval starting from a DQ rising Vig(AC)
crossing point and ending at the following DQ falling Vig(AC) crossing
point.

tVAC(Data) is also the time interval starting from a DQ falling Vi (AC)
crossing point and ending at the following DQ rising Vi (AC) crossing
point.

Collect all tVAC(Data) results.
Determine the worst result from the set of tVAC(Data) measured.

Report the worst result from the set of tVAC(Data) measured. No
compliance limit checking is performed for this test. You need to
manually check the test status (pass/fail) of this test based on the
worst tVAC(Data) and slew rate reported.
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tDIPW, DQ and DM Input Pulse Width - Test

The purpose of this test is to verify that the width of the high or low level
of the Data signal is within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification

Table 201 LPDDR2 AC Timing Table

Parameter Symbol |min |min LPDDR2 Unit
max |tck

1066 [933 |800 |667 [533 [466° (400 [333 [266*° |200%°
4

Write Parameters™!

DQand DM input [tDIPW |min 0.35
pulse width

tek(ava)

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tDIPW should be within the specification limit.
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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 of the valid rising and falling DQ crossings at Vigp in this
burst.

4 tDIPW is the time interval starting from a rising/falling edge of the DQ
and ending at the following falling/rising edge (the following edge
should be in the opposite direction).

5 Collect all tDIPW.

6 Determine the worst result from the measured tDIPW.
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tQHP, Data Half Period - Test

The purpose of this test is to verify that the width of the high or low level
of the Data signal is within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only

Signal cycle of interest: READ

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
Optional signal(s):

e Chip Select Signal (this signal is used to separate DQS signals from
different rank of memory)

e Signals required to perform the test on the oscilloscope:
e Data Signal, DQ

e Data Strobe Signal, DQS

e Chip Select Signal, CS (optional)

Test Definition Notes from the Specification

Table 202 LPDDR2 AC Timing Table

Parameter [Symbol |min |min LPDDR2 Unit
max |tek

1066 | 933 (800 | 667 |533 |466° |400 | 333 [266*° |200*°
4

Read Parameters™'

Data half | tQHP  |min

min(tgsy. tost) tck(avg)
period

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tQHP should be within the specification limit.
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Measurement Algorithm

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

3 Find all of the valid rising and falling DQ crossings at Vigp in this
burst.

4 tQHP is the time interval starting from a rising/falling edge of the DQ
and ending at the following falling/rising edge (the following edge
should be in the opposite direction).

5 Collect all tQHP.

6 Determine the worst result from the measured tQHP.
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tDS, DQ and DM Input Setup Time (Differential - Vref based) Test

The purpose of this test is to verify that the time interval from data or
data mask (DQ/DM rising/falling edge) setup time to the associated DQS

crossing edge must be within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2
Signal cycle of interest: WRITE
Require Read/Write separation: Yes

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR

e Data Mask Signal (supported by Data Strobe Signal)
Optional Signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory).

Required Signals that are needed to perform this test on oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (This must use a differential DQS connection)
e Chip Select Signal, CS (* Optional)

Test Definition Notes from the Specification

Table 203 LPDDR2 AC Timing Table

Parameter [Symbol |min |min LPDDR2 Unit
t .
Mmax 1°cK 1066 | 933 |800 |667 |533 |466° (400 | 333 [266*5 |200°5
Write Parameters*'?

DQ and tDS min 210 | 235 270 | 350 |430 |450 (480 | 600 750 {1000 ps
DM input

setup time

(Vref

based)

418
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Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tDS shall be within the specification limit.

Measurement Algorithm

1

10
"
12
13
14
15
16
17

18

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vih(ac) in the said burst.
(See notes on threshold)

Find all valid falling DQ crossings that cross Vil(ac) in the same burst.
(See notes on threshold)

For all DQ crossings found, locate all next DQS crossings that cross 0OV.
(See notes on threshold)

tDS is defined as the time between the DQ crossing and the DQS
crossing.

Collect all tDS.

Find the worst tDS among the measured value and report the value as
the test result.

Measure nominal slew rate on the DQ and DQS edges where worst tDS
is found.

For DQ Falling ,Slew Rate = (Vref-Vil(ac))/tF
For DQ Rising, Slew Rate = (Vih(ac)-Vref)/tR
tF and tR are the transition time respectively.
For DQS Rising, Slew Rate = (VHiThres-0V)/tR
For DQS Falling, Slew Rate = (OV-VLoThres)/tF
tF and tR are the transition time respectively.
Report nominal slew rate for DQ and DQS.

Measure tangent slew rate on the DQ and DQS edges where worst tDS
is found. The measurement is similar to nominal slew rate, except the
transition time is break into 10 parts and slew rate is measured from a
pivot point (Vref or OV) to all the 10 points. Tangent slew rate is the

maximum slew rates measured.

Report tangent slew rate for DQ and DQS.
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tDH, DQ and DM Input Hold Time (Differential - Vref based) Test

The purpose of this test is to verify that the time interval from data or
data mask (DQ/DM rising/falling edge) hold time to the associated DQS

crossing edge must be within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2

Signal cycle of interest: WRITE
Require Read/Write separation: Yes
Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal) OR
e Data Mask Signal (supported by Data Strobe Signal)

Optional Signal(s):

e Chip Select Signal (this signal is used to separate DQ signals from
different rank of memory).

Required Signals that are needed to perform this test on oscilloscope:
e Data Signal, DQ or Data Mask Signal, DM

e Data Strobe Signal, DQS (This must use a differential DQS connection)
e Chip Select Signal, CS (* Optional)

Test Definition Notes from the Specification

Table 204 LPDDR2 AC Timing Table

Parameter [Symbol |min |min LPDDR2 Unit
t .
Mmax 1°cK 1066 | 933 |800 |667 |533 |466° (400 | 333 [266*5 |200°5
Write Parameters*'?

DQ and tDH min 210 | 235 270 | 350 |430 |450 (480 | 600 750 {1000 ps
DM input

hold time

(Vref

based)

420
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Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tDH shall be within the specification limit.

Measurement Algorithm

1

10
"
12
13
14
15
16
17

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

Take the first valid WRITE burst found.

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

Take the first valid WRITE burst found.

Find all valid rising DQ crossings that cross Vil(dc) in the said burst.
(See notes on threshold)

Find all valid falling DQ crossings that cross Vih(dc) in the same burst.
(See notes on threshold)

For all DQ crossings found, locate all prior DQS crossings that cross OV.
(See notes on threshold)

tDH is defined as the time between the DQ crossing and the DQS
crossing.

Collect all tDH.

Find the worst tDH among the measured value and report the value as
the test result.

Measure nominal slew rate on the DQ and DQS edges where worst tDH
is found.

For DQ Falling ,Slew Rate = (Vref-Vil(dc))/tF
For DQ Rising, Slew Rate = (Vih(dc)- Vref)/tR
tF and tR are the transition time respectively.
For DQS Rising, Slew Rate = (VHiThres-0V)/tR
For DQS Falling, Slew Rate = (OV-VLoThres)/tF
tF and tR are the transition time respectively.
Report nominal slew rate for DQ and DQS.

Measure tangent slew rate on the DQ and DQS edges where worst tDH
is found. The measurement is similar to nominal slew rate, except the
transition time is break into 10 parts and slew rate is measured from a
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pivot point (Vref or 0OV) to all the 10 points. Tangent slew rate is the
maximum slew rates measured.

18 Report tangent slew rate for DQ and DQS.
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N5413B DDR2(+LP) Compliance Test Application
Compliance Testing Methods of Implementation

17
Command and Address Timing (CAT)
Tests

Probing for Command Address Timing Tests 424
tIS(base) - Address and Control Input Setup Time - Test 426
tIH(base) - Address and Control Input Hold Time - Test 430

tIS(derate) - Address and Control Input Setup Time with Derating Support -
Test 434

tIH(derate) - Address and Control Input Hold Time with Derating Support -
Test 447

tVAC (CS, CA), Time Above VIH(AC)/below VIL(AC) - Test 460
tIPW, Address and Control Input Pulse Width Test 464
tISCKE, CKE Input Setup Time Test 467

tIHCKE, CKE Input Hold Time Test 470

tISCKEb, CKE Input Setup Time (Boot Parameter) Test 473
tIHCKEb, CKE Input Hold Time (Boot Parameter) Test 475

This section provides the Methods of Implementation (MOIs) for Command
and Address Timing tests using an Agilent Infiniium oscilloscope,
recommended InfiniiMax 116xA or 113xA probe amplifiers, differential
solder-in probe head and the DDR2(+LP) Compliance Test Application.

Both XYZ# and XYZ are referring to compliment. Thus, CK# is the same as CK.

423
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Probing for Command Address Timing Tests

424

When performing the Command Address Timing tests, the DDR2(+LP)
Compliance Test Application will prompt you to make the proper
connections. The connection for Command Address Timing tests may look
similar to the following diagrams. Refer to the Connection tab in
DDR2(+LP) 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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Infiniium Oscilloscope

DDR2 DIMM

InfiniiMax solder-in probes

Figure 30 Probing for Command Address Timing 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 DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 30 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer system where the DDR2/LPDDR2 Device Under Test (DUT) is

DDR2(+LP) Compliance Testing Methods of Implementation
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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
DDR2/LPDDR2 memory.

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

4 Connect the oscilloscope probes to any channels of the oscilloscope.
5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select the Speed Grade options. For Command Address Timing Tests
that support DDR2, you can select any speed grade within the selection:
DDR2-400, DDR2-533, DDR2-667, DDR2-800, DDR2- 1066. To select a
LPDDR2 Speed Grade option (for tests that support LPDDR2), check the
Low Power box.

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.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

D= H Lyt I | 0

Task Flow _| setUp SelectTests ]Conﬁgure ] Connect] Run Tests] Results ] Html Repart

et =-[J© Al DDR2 Tests
2 - © Electrical Tests

0
i-FH-H-E-O E

+--[ O Single-Ended Signals
) Data Strobe Timing
| ) tiH{base)

[0 © bifferential Signals
Select Tests .
) Data Timing
Connect

) Timing Tests
) Command Address Timing

O < Clock Timing
O
O
Configure O tIS(base)
Run Tests

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2-533 Test Limit

Figure 31 Selecting Command Address Timing Tests

9 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.

DDR2(+LP) Compliance Testing Methods of Implementation 425



17 Command and Address Timing (CAT) Tests

tIS(base) - Address and Control Input Setup Time - Test

The purpose of this test is to verify that the time interval from the
address or control or command/address (rising or falling edge) setup time

to the associated clock crossing edge is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

* Address Signal OR Control Signal OR Command/Address
* Clock Signal

Signals required to perform the test on the oscilloscope:

e Address Signal OR Control Signal OR Command/Address
¢ Clock Signal
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Test Definition Notes from the Specification
Table 205 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol |DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

IAddress and control input setup time tIS(base) {350 X 250 X ps 5,7,9,22

Parameter Symbol |DDR2-667 DDR2-800 Units Specific
Notes

Min Max Min Max

IAddress and control input setup time tIS(base) 200 X 175 X ps 5.7.9.22,29

- — - VYoog
_____________ — — = Winac) mMan

Vikigey man
-—— -t ———— — - VREF(or)

————————————————— — = Wiy man
1“'III. () TN

______________________ Vas

Figure 39 — Differential input waveform timing - t15 and tiH

Table 206 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol |DDR2-1066 Units Specific Notes
Min Max
IAddress and control input setup time tIS(base) [125 X ps 5.7,9.19, 24

Figure 87 — Differential input waveform timing — tIS and tIH JEDEC Standard No. 208
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17 Command and Address Timing (CAT) Tests

Table 207 CA and CS_n Setup and Hold Base-Values for 1V/ns

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tIS(base) 0 30 70 150 240 300 ps Vin/Lac) = VRerpc) +/- 220mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tIS(base) 300 440 600 850 ps VinsL(ac) = VRer(pc) +/- 300mV

JEDEC Standard No. 209-2B
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Figure 22 — LPDDR2: Command Input Setup and Hold Timing

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 104 - CA and CS_n Setup and Hold Base-Values for 1V/ns
in the JESD209-2B.

PASS Condition

The measured time interval between the address/control setup time and
the respective clock crossing point should be within the specification limit.
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Measurement Algorithm

1 Pre-condition the oscilloscope settings.

1 Trigger on both edges (rising or falling) of the address/control signal
under test.

2 Find all of the crossings on the rising edge of the signal under test that
Cross VIH(AC)'

3 Find all of the crossing on the falling edge of the signal under test that
Cross VIL(AC)'

4 For all crossings, locate the nearest Clock crossing on the right that
crosses OV.

b Take the time difference between the signal under test’s crossing and
the corresponding clock crossing as tIS.

6 Collect all measured tIS.
7 Report the worst tIS measured as the test result.

8 Compare the test result against the compliance test limit.
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tiH(base) - Address and Control Input Hold Time - Test

The purpose of this test is to verify that the time interval from the
address or control or command/address (rising or falling edge) hold time

to the associated clock crossing edge is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Signal(s) of Interest:

* Address Signal OR Control Signal OR Command/Address
* Clock Signal

Signals required to perform the test on the oscilloscope:

e Address Signal OR Control Signal OR Command/Address
¢ Clock Signal
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Test Definition Notes from the Specification
Table 208 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min Max Min Max Notes

Address and control input hold time tIH(base) W75 X 375 X ps 5,7.9.23

Parameter Symbol DDR2-667 DDR2-800 Units Specific
Notes

Min Max Min Max

Address and control input hold time tIH(base) 275 X 250 X ps 5.7,9,23,29
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Figure 39 — Differential input waveform timing - t15 and tiH

Table 209 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units Specific Notes
Min Max
IAddress and control input hold time tIH(base) 200 X ps 5,7,9,20,24

Figure 87 — Differential input waveform timing — tIS and tIH JEDEC Standard No. 208
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Table 210 CA and CS_n Setup and Hold Base-Values for 1V/ns

Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tIH(base) 90 120 160 240 330 390 ps Vin/L(ac) = VRerpc) +/- 130mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tIH(base) 400 540 700 950 ps Vinsi(ac) = VRer(pc) +/- 200mV

JEDEC Standard No. 209-2B
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Figure 22 — LPDDR2: Command Input Setup and Hold Timing

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

Also see Table 104 - CA and CS_n Setup and Hold Base-Values for 1V/ns
in the JESD209-2B.

PASS Condition

The measured time interval between the address/control hold time and the
respective clock crossing point should be within the specification limit.
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Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Triggered on either rising or falling edge of the address/control signal
under test.

3 Find all crossings on rising edge of the signal under test that cross
VILmo)-

4 Find all crossings on falling edge of the signal under test that cross
ViHme)-

5 For all the crossings found, locate the nearest Clock crossings on the
left that cross OV.

Note: For LPDDR2 with PUT=CA option, the Clock crossing could be
Clock rising or Clock falling.

For other cases, the Clock crossing must be Clock rising only.

6 Take the time different of the signal under test's crossings to the
corresponding clock crossing as tIH.

7 Collect all measured tIH.
8 Report the worst tIH measured as test result.

9 Compare the test result to the compliance test limit.
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tIS(derate) - Address and Control Input Setup Time with Derating Support -
Test

The purpose of this test is to verify that the time interval from the
address or control or command/address (rising or falling edge) setup time
to the associated clock crossing edge is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Address Signal OR Control Signal OR Command/Address
* Clock Signal

Signals required to perform the test on the oscilloscope:
¢ Address Signal OR Control Signal OR Command/Address
¢ (Clock Signal

Test Definition Notes from the Specification
Table 211 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol |DDR2-400 DDR2-533 Units Specific
Min  Max  Min  Max fotes
IAddress and control input setup time tIS(base) {350 X 250 X ps 5.7,9.22
Parameter Symbol |DDR2-667 DDR2-800 Units Specific
Min  Max  Min  Max fotes
)Address and control input setup time tIS(base) 200 X 175 X ps 5.7,9.22,29
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Table 212 Derating Values for DDR2-400, DDR2-533

17

tIS, tiH Derating Values for DDR2-400, DDR2-533
CK. CK Differential Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns
Aus AtH Aus AtH Aus AtiH Units Notes
Com- 4.0 +187 +94 +217 +124 +247 +154 ps 1
gl‘::vdé i‘:d\;jf; 3.5 179 489 | 4209 | +119 | +239 | +149
3.0 +167 +83 +197 +113 +227 +143
2.5 +150 +75 +180 +105 +210 +135
2.0 +125 +45 +155 +75 +185 +105
1.5 +83 +21 +113 +51 +143 +81
1.0 0 0 +30 +30 +60 +60
0.9 -1 -14 +19 +16 +49 +46
0.8 -25 -31 +5 -1 +35 +29
0.7 -43 -b4 -13 -24 +17 +6
0.6 -67 -83 -37 -53 -1 -23
0.5 -110 -125 -80 -95 -50 -65
0.4 -175 -188 -145 -158 -115 -128
0.3 -285 -292 -255 -262 -225 -232
0.25 -350 -375 -320 -345 -290 -315
0.2 -525 -500 -495 -470 -455 -440
0.15 -800 -708 -770 -678 -740 -648
0.1 -1450 -1125 -1420 -1095 -1390 -1065
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Table 213 Derating Values for DDR2-667, DDR2-800

AtIS and AtlH Derating Values for DDR2-667, DDR2-800
CK, CK Differential Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns
Atis AtlH Aus AtlH Aus AtiH Units Notes
Com- 4.0 +150 +94 +180 +124 +210 +154 ps 1
g}::vdé di\;‘j‘;‘z 35 143 +89 | +173 | +119 | +203 | +149
3.0 +133 +83 +163 +113 +193 +143
2.5 +120 +75 +150 +105 +180 +135
2.0 +100 +45 +130 +75 +160 +105
1.5 +67 +21 +97 +51 +127 +81
1.0 0 0 +30 +30 +60 +60
0.9 -5 -14 +25 +16 +5b +46
0.8 -13 -31 +17 -1 +47 +29
0.7 -22 -54 +8 -24 +38 +6
0.6 -34 -83 -4 -53 +26 -23
0.5 -60 -125 -30 -95 0 -65
0.4 -100 -188 -70 -158 -40 -128
0.3 -168 -292 -138 -262 -108 -232
0.25 -200 -375 -170 -345 -140 -315
0.2 -325 -500 -295 -470 -265 -440
0.15 -517 -708 -487 -678 -457 -648
0.1 -1000 -1125 -970 -1095 -940 -1065
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Figure 93 — lllustration of nominal slew rate for tIS
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Figure 94 — llustration of tangent line for FIS

Table 214 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol |DDR2-1066 Units Specific Notes
Min Max
IAddress and control input setup time tIS(base) [125 X ps 5.7,9.19, 24
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AtlS and AtlH Derating Values for DDR2-1066

CK, CK Differential Slew Rate

2.0V/ns 1.5V/ns 1.0V/ns
Aus AtH Aus AtH Aus AtiH Units Notes
Com- 4.0 +150 +94 +180 +124 +210 +154 ps 1
g}::vdé di\;‘j‘;‘z 35 143 +89 | 4173 | +119 | +203 | +149
3.0 +133 +83 +163 +113 +193 +143
2.5 +120 +75 +150 +105 +180 +135
2.0 +100 +45 +130 +75 +160 +105
1.5 +67 +21 +97 +51 +127 +81
1.0 0 0 +30 +30 +60 +60
0.9 -b -14 +25 +16 +55 +46
0.8 -13 -31 +17 -1 +47 +29
0.7 -22 -b4 +8 -24 +38 +6
0.6 -34 -83 -4 -53 +26 -23
0.5 -60 -125 -30 -95 0 -65
0.4 -100 -188 -70 -158 -40 -128
0.3 -168 -292 -138 -262 -108 -232
0.25 -200 -375 -170 -345 -140 -315
0.2 -325 -500 -295 -470 -265 -440
0.15 -517 -708 -487 -678 -457 -648
0.1 -1000 -1125 -970 -1095 -940 -1065
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Figure 81 — lllustration of nominal slew rate for S
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Figure 82 — lllustration of tangent line for 15
Table 216 CA and CS_n Setup and Hold Base-Values for 1V/ns
Symbol LPDDR2 Unit Reference
1066 933 800 667 533 466
tIS(base) 0 30 70 150 240 300 ps VIH/L(AC) = VREF(DC) +/-220mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tIS(base) 300 440 600 850 ps VIH/L(AC) = VREF(DC) +/-300mV
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Table 217 Derating Values LPDDR2 tIS/tIH - AC/DC based AC220

AtlS, AtlH derating in [ps] AC/DC based
ACZZO Threshold -> V|H(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> V|H(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

CK_t, CK_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
Atls AtlH Atis AtlH Atis AtiH Atis AtiH
CA,CS_nSlew 2.0 110 65 110 65 110 65

Rate V/ns — fg 74 83 73 43 73 43 89 59
1.0 0 0 0 0 0 0 16 16
0.9 - - -3 -5 -3 -5 13 1"
0.8 - - - - -8 -13 8 3
0.7 - - - - - - 2 -6
0.6
0.5
0.4

AtlS, AtlH derating in [ps] AC/DC based
AC220 Threshold -> VlH(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> VlH(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

CK_t, CK_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Aus AtH Aus AtH Aus AtiH Aus AtH
CA,CS_nSlew .0
Rate V/ns 15
1.0 32 32
0.9 29 27 45 43
0.8 24 19 40 35 56 55
0.7 18 10 34 26 50 46 66 78
0.6 10 -3 26 13 42 33 58 65
0.5 - - 4 -4 20 16 36 483
0.4 - - - - -7 2 17 34
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Table 218 Derating Values LPDDR2 tIS/tIH - AC/DC based AC300

17

AtlS, AtlH derating in [ps] AC/DC based
AC300 Threshold -> V|H(AC) = VREF(DC) + 300mV, V|L(AC) = VREF(DC) - 300mV
DC200 Threshold -> V|H(DC) = VREF(DC) + 200mV, V|L(DC) = VREF(DC) -200mV

CK_t, CK_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
Atls AtlH Atis AtlH Atis AtiH Atis AtiH
CA,CS_nSlew 2.0 150 100 150 100 150 100
Rate V/ns — fg 100 67 100 67 100 67 116 83
1.0 0 0 0 0 0 0 16 16
0.9 -4 -8 -4 -8 12 8
0.8 -12 -20 4 -4
0.7 -3 -18
0.6
0.5
0.4
AtlS, AtlH derating in [ps] AC/DC based
AC300 Threshold -> Vyyyac) = Veerpg) + 300mV, Vi ac) = Veer(oc) - 300mV
DC200 Threshold -> Viyne) = Vreripe) + 200mV, Vine) = VRer(pg) - 200mV
CK_t, CK_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Atis AtH Aus AtlH Aus AtlH Aus AtlH
CA.CS nSlew 2.0
Rate V/ns 15
1.0 32 32
0.9 28 24 44 40
0.8 20 12 36 28 52 48
0.7 13 -2 29 14 45 34 61 66
0.6 2 -21 18 -5 34 15 50 47
0.5 -12 -32 4 -12 20 20
0.4 -35 -40 -1 -8
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for CA and CS_n with respect to clock.
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

See Table 46 - Derating Values for DDR2-400, DDR2-533 and Table 47 -
Derating Values for DDR2-667, DDR2-800 in the JEDEC Standard
JESD79- 2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) and
Table 43 - Derating Values for DDR2- 1066 in the JESDZ208.

Also see Table 104 - CA and CS_n Setup and Hold Base-Values for 1V/ns,
Table 105 - Derating Values LPDDR2 tIS/tIH - AC/DC Based AC220 and
Table 106 - Derating Values LPDDR2 tIS/tIH - AC/DC Based AC300 in the
JESD209- 2B.
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PASS Condition

The measured time interval between the address/control setup time and
the respective clock crossing point should be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Trigger on either rising or falling edge of the address/control signal
under test.

3 Find all crossings on rising edge of the signal under test that cross
Vo)

4 Find all crossings on falling edge of the signal under test that cross
VLo

b For all the crossings found, locate the nearest Clock crossings that cross
ov.

Note: For LPDDR2 with PUT=CA option, the Clock crossing could be
Clock rising or Clock falling.

For other cases, the Clock crossing must be Clock rising only.

6 Take the time different of the signal under test's crossings to the
corresponding clock crossing as tIS.

7 Collect all measured tIS.
8 Report the worst tIS measured as test result.
9 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 AtIS
derating value based on the derating tables.

11 The test limit for tIS test = tIS(base) + AtIS.
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tiH(derate) - Address and Control Input Hold Time with Derating Support -
Test

The purpose of this test is to verify that the time interval from the
address or control or command/address (rising or falling edge) hold time
to the associated clock crossing edge is within the conformance limits as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:
* Address Signal OR Control Signal OR Command/Address
* Clock Signal

Signals required to perform the test on the oscilloscope:
¢ Address Signal OR Control Signal OR Command/Address
¢ (Clock Signal

Test Definition Notes from the Specification
Table 219 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533) & (DDR2-667 and DDR2-800)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min  Max  Min  Max fotes
Address and control input hold time tIH(base) W75 X 375 X ps 5,7.9.23
Parameter Symbol DDR2-667 DDR2-800 Units Specific
Min  Max  Min  Max fotes
Address and control input hold time tIH(base) 275 X 250 X ps 5.7,9,23,29
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Table 220 Derating Values for DDR2-400, DDR2-533

tIS, tIH Derating Values for DDR2-400, DDR2-533
CK, CK Differential Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns
Aus AtiH Aus AtiH Aus AtH Units Notes
Com- 4.0 +187 +94 +217 +124 +247 +154 ps 1
g}::vdé di\;‘j‘;‘z 35 179 489 | 4209 | +119 | +239 | +149
3.0 +167 +83 +197 +113 +2217 +143
2.5 +150 +75 +180 +105 +210 +135
2.0 +125 +45 +155 +75 +185 +105
1.5 +83 +21 +113 +51 +143 +81
1.0 0 0 +30 +30 +60 +60
0.9 -1 -14 +19 +16 +49 +46
0.8 -25 -31 +5 -1 +35 +29
0.7 -43 -b4 -13 -24 +17 +6
0.6 -67 -83 -37 -53 -1 -23
0.5 -110 -125 -80 -95 -50 -65
0.4 -175 -188 -145 -158 -115 -128
0.3 -285 -292 -255 -262 -225 -232
0.25 -350 -375 -320 -345 -290 -315
0.2 -525 -500 -495 -470 -455 -440
0.15 -800 -708 -770 -678 -740 -648
0.1 -1450 -1125 -1420 -1095 -1390 -1065
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Table 221 Derating Values for DDR2-667, DDR2-800

17

At1S and AtlH Derating Values for DDR2-667, DDR2-800
CK, CK Differential Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns
Aus AtH Aus AtH Aus AtiH Units Notes
Com- 4.0 +150 +94 +180 +124 +210 +154 ps 1
g}::vdé di\;‘j‘;‘z 35 143 +89 | 4173 | +119 | +203 | +149
3.0 +133 +83 +163 +113 +193 +143
2.5 +120 +75 +150 +105 +180 +135
2.0 +100 +45 +130 +75 +160 +105
1.5 +67 +21 +97 +51 +127 +81
1.0 0 0 +30 +30 +60 +60
0.9 -b -14 +25 +16 +55 +46
0.8 -13 -31 +17 -1 +47 +29
0.7 -22 -b4 +8 -24 +38 +6
0.6 -34 -83 -4 -53 +26 -23
0.5 -60 -125 -30 -95 0 -65
0.4 -100 -188 -70 -158 -40 -128
0.3 -168 -292 -138 -262 -108 -232
0.25 -200 -375 -170 -345 -140 -315
0.2 -325 -500 -295 -470 -265 -440
0.15 -517 -708 -487 -678 -457 -648
0.1 -1000 -1125 -970 -1095 -940 -1065
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Figure 95 — lustration of nominal slew rate for tIH
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Figure 96 — llustration tangent line for tIH
Table 222 Timing Parameters by Speed Grade (DDR2-1066)
Parameter Symbol DDR2-1066 Units Specific Notes
Min Max
Address and control input hold time tIH(base) (200 X ps 5.7,9,20,24

DDR2(+LP) Compliance Testing Methods of Implementation

17

451



17 Command and Address Timing (CAT) Tests

Table 223 Derating Values for DDR2-1066

AtlS and AtlH Derating Values for DDR2-1066
CK, CK Differential Slew Rate
2.0V/ns 1.5V/ns 1.0V/ns
Atis AtlH Aus AtlH Aus AtiH Units Notes
Com- 4.0 +150 +94 +180 +124 +210 +154 ps 1
g}::vdé di\;‘j‘;‘z 35 143 +89 | +173 | +119 | +203 | +149
3.0 +133 +83 +163 +113 +193 +143
2.5 +120 +75 +150 +105 +180 +135
2.0 +100 +45 +130 +75 +160 +105
1.5 +67 +21 +97 +51 +127 +81
1.0 0 0 +30 +30 +60 +60
0.9 -5 -14 +25 +16 +5b +46
0.8 -13 -31 +17 -1 +47 +29
0.7 -22 -54 +8 -24 +38 +6
0.6 -34 -83 -4 -53 +26 -23
0.5 -60 -125 -30 -95 0 -65
0.4 -100 -188 -70 -158 -40 -128
0.3 -168 -292 -138 -262 -108 -232
0.25 -200 -375 -170 -345 -140 -315
0.2 -325 -500 -295 -470 -265 -440
0.15 -517 -708 -487 -678 -457 -648
0.1 -1000 -1125 -970 -1095 -940 -1065
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Figure 84 — lllustration tangent line for tiH
Table 224 CA and CS_n Setup and Hold Base-Values for 1V/ns
Symbol LPDDR2 Unit Reference
1066 933 800 667 b33 466
tIH(base) 90 120 160 240 330 390 ps V|H/L(AC) = VREF(DC) +/-130mV
Symbol LPDDR2 Unit Reference
400 333 266 200
tIH(base) 400 540 700 950 ps V|H/L(AC) = VREF(DC) +/-200mV
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Table 225 Derating Values LPDDR2 tIS/tIH - AC/DC based AC220

17

AtlS, AtlH derating in [ps] AC/DC based
ACZZO Threshold -> V|H(AC) = VREF(DC) + 220mV, V|L(AC) = VREF(DC) -220mV
DC130 Threshold -> V|H(DC) = VREF(DC) + 130mV, V|L(DC) = VREF(DC) -130mV

CK_t, CK_c Differential Slew Rate

4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
Atls AtlH Atis AtlH Atis AtiH Atis AtiH
CA,CS_nSlew 2.0 110 65 110 65 110 65
Rate V/ns — fg 74 83 73 43 73 43 89 59
1.0 0 0 0 0 0 0 16 16
0.9 -3 -5 -3 -5 13 1"
0.8 -8 -13 8 3
0.7 2 -6
0.6
0.5
0.4
AtlS, AtlH derating in [ps] AC/DC based
AC220 Threshold > Vyyac) = Vaerpg) + 220mV, Viyac) = Veer(oc) - 220mV
DC130 Threshold -> Viyne) = Vreripe) + 130mV, Vioe) = VRer(pg) - 130mV
CK_t, CK_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Atis AtH Aus AtlH Aus AtlH Aus AtlH
CA.CS nSlew 2.0
Rate V/ns 15
1.0 32 32
0.9 29 27 45 43
0.8 24 19 40 35 56 55
0.7 18 10 34 26 50 46 66 78
0.6 10 -3 26 13 42 33 58 65
0.5 4 -4 20 16 36 48
0.4 -7 2 17 34
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Table 226 Derating Values LPDDR2 tIS/tIH - AC/DC based AC300

AtlS, AtlH derating in [ps] AC/DC based
AC300 Threshold -> V|H(AC) = VREF(DC) + 300mV, V|L(AC) = VREF(DC) - 300mV
DC200 Threshold -> V|H(DC) = VREF(DC) + 200mV, V|L(DC) = VREF(DC) -200mV

CK_t, CK_c Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns
Atls AtlH Atis AtlH Atis AtiH Atis AtiH
CA,CS_nSlew 2.0 150 100 150 100 150 100
Rate V/ns — fg 100 67 100 67 100 67 116 83
1.0 0 0 0 0 0 0 16 16
0.9 - - -4 -8 -4 -8 12 8
0.8 - - - - -12 -20 4 -4
0.7 - - - - - - -3 -18
0.6
0.5
0.4

AtlS, AtlH derating in [ps] AC/DC based
AC300 Threshold -> VlH(AC) = VREF(DC) + 300mV. V|L(AC) = VREF(DC) -300mV
DC200 Threshold -> VlH(DC) = VREF(DC) + ZOOmV, V|L(DC) = VREF(DC) -200mV

CK_t, CK_c Differential Slew Rate
1.6V/ns 1.4V/ns 1.2V/ns 1.0V/ns
Aus AtH Aus AtH Aus AtiH Aus AtH
CA,CS_nSlew .0
Rate V/ns 15
1.0 32 32
0.9 28 24 44 40
0.8 20 12 36 28 52 48
0.7 13 -2 29 14 45 34 61 66
0.6 2 -21 18 -5 34 15 50 47
0.5 - - -12 -32 4 -12 20 20
0.4 - - - - -35 -40 -1 -8
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Figure 121 — lllustration of nominal slew rate for hold time ty
for CA and CS_n with respect to clock
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Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and
DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

See Table 46 - Derating Values for DDR2-400, DDR2-533 and Table 47 -
Derating Values for DDR2-667, DDR2-800 in the JEDEC Standard
JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) and
Table 43 - Derating Values for DDR2- 1066 in the JESDZ20S.

Also see Table 104 - CA and CS_n Setup and Hold Base-Values for 1V/ns,
Table 105 - Derating Values LPDDR2 tIS/tIH - AC/DC Based AC220 and
Table 106 - Derating Values LPDDR2 tIS/tIH - AC/DC Based AC300 in the
JESD209- 2B.
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PASS Condition

The measured time interval between the address/control hold time and the
respective clock crossing point should be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Triggered on either rising or falling edge of the address/control signal
under test.

3 Find all crossings on rising edge of the signal under test that cross
ViLmo)-

4 Find all crossings on falling edge of the signal under test that cross
Viame)-

b For all the crossings found, locate the nearest Clock crossings that cross
ov.

Note: For LPDDR2 with PUT=CA option, the Clock crossing could be
Clock rising or Clock falling.

For other cases, the Clock crossing must be Clock rising only.

6 Take the time different of the signal under test's crossings to the
corresponding clock crossing as tIH.

7 Collect all measured tIH.
8 Report the worst tIH measured as test result.
9 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 AtIH
derating value based on the derating tables.

11 The test limit for tIH test = tIH(base) + AtIH.
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tVAC (CS, CA), Time Above V|H(Ac)/bE|OW VII.(AC) - Test

The purpose of this test is to verify that the time the command/address
signal is above Vig(AC) and below Vi (AC) is within the conformance
limits as specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2 only
Signal cycle of interest: WRITE
Require Read/Write separation: No
Signal(s) of Interest:

e Command/Address Signal (LPDDR2 only) OR
e Control Signal

Required Signals that are needed to perform this test on oscilloscope:
e Command/Address Signal OR
* Control Signal.
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Test Definition Notes from the Specification

Table 227 Required time tVAC above Vyac) {below V) (ac)} for valid transition

Command and Address Timing (CAT) Tests

Slew Rate tVAC @ 300 mV [ps] tVAC @ 220 mV [ps]
min max min max
>2.0 75 175
2.0 57 170
15 50 167
1.0 38 163 1
0.9 34 162
0.8 29 161
0.7 22 159
0.6 13 155
0.5 0 150
<05 0 150

DDR2(+LP) Compliance Testing Methods of Implementation
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JEDEC Standard No. 209-2B
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Figure 120 — lllustration of nominal slew rate and ty, for setup time tig
for CA and CS_n with respect to clock.

Test References

See Table 107 - Required time tVAC above Vigacy {below Vypacy} for valid
transition in the JESD209-2B.

PASS Condition

The worst measured tVAC(CS,CA) should be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope setting.

2 Trigger on either a rising or falling edge of the
command/address/control signal under test.
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3 Find all of the rising/falling edges of the signal under tests that cross
ViL(AO).

4 Find all of the rising/falling edges of the signal under tests that cross
Via(AO).

5 tVAC(CS,CA) is the time interval starting from a rising Vig(AC) crossing
point and ending at the following falling Vi(AC) crossing point.

6 tVAC(CS,CA) is also the time interval starting from a falling Vi (AC)
crossing point and ending at the following rising Vi (AC) crossing point.

7 Collect all tVAC(CS,CA) results.
8 Determine the worst result from the set of tVAC(CS,CA) measured.

9 Report the worst result from the set of tVAC(CS,CA) measured. No
compliance limit checking is performed for this test. You need to
manually check the test status (pass/fail) of this test based on the
worst tVAC(CS,CA) and slew rate reported.
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tIPW, Address and Control Input Pulse Width Test

The purpose of this test is to verify that the width of the high or low level
of address or control or command/address signal must be within the
conformance limit as specified in the JEDEC specification.

Signals of Interest

Mode Supported: DDR2, LPDDR2

Signal cycle of interest: WRITE

Require Read/Write separation: No

Signal(s) of Interest:

e Address Signal(DDR2 only), Command/Address Signal(LPDDR2 only) OR

Control Signal

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

* Address Signal (DDR2 only), Command/Address Signal (LPDDR2 only)

OR Control Signal

Test Definition Notes from the Specification

Table 228 Timing Parameters by Speed Grade (DDR2-400 and DDR2-533)

Parameter Symbol DDR2-400 DDR2-533 Units Specific
Min  Max  Min  |Max Notes

Control & Address input pulse width for tIPW 0.6 X 0.6 X tCK

each input

Table 229 Timing Parameters by Speed Grade (DDR2-667 and DDR2-800)

Parameter Symbol  [DDR2-667 DDR2-800 Units**  Specific
Min Max Min Max Notes

Control & Address input pulse width for tIPW 0.6 X 0.6 X tCK(avg)

each input

464
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Table 230 Timing Parameters by Speed Grade (DDR2-1066)

Parameter Symbol DDR2-1066 Units? Specific Notes
Min Max
Control & Address input pulse width for tIPW 0.6 X tCK(avg)
each input
Table 231 LPDDR2 AC Timing Table
Parameter [Symbol |min |min LPDDR2 Unit
max tck 1066 | 933 |800 | 667 |533 |466 |400 | 333 |266"° |200°
Command Address Input Parameters*1*
Address tIPW  |min 0.40 tek(ava)
and
control
input
pulse
width

Test References

See Table 41 - Timing Parameters by Speed Grade (DDR2-400 and

DDR2-533) and Table 42 - Timing Parameters by Speed Grade (DDR2-667
and DDR2-800) in the JEDEC Standard JESD79-2E.

Also see Table 41 - Timing Parameters by Speed Grade (DDR2-1066) in
the JESDZ20S.

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESD209- 2B.

PASS Condition

The worst measured tIPW shall be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Triggered on either rising or falling edge of the
command/address/control signal under test.

3 Find all crossings on rising/falling edge of the signal under test that
cross Vref.
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4 tIPW is time started from a rising/falling edge of the signal under test
and ended at the following falling/rising (following edge should not
same direction) edge.

5 Collect all tIPW.

6 Determine the worst result from the set of tIPW measured.
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The purpose of this test is to verify that the time interval from Clock
Enable signal (CKE rising/falling edge) setup time to the associated clock
crossing edge must be within the conformance limit as specified in the

JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Enable Signal

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

* Clock Enable Signal
* Clock Signal

Test Definition Notes from the Specification

Table 232 LPDDR2 AC Timing Table

Parameter |Symbol |min |min LPDDR2 Unit
max |'ck 1066 [933 |800 |667 |533 |466° |400 | 333 2665 |200°°
CKE Input Parameters
CKE input [tISCKE*2 |min 0.25 tck(avg)
setup time

DDR2(+LP) Compliance Testing Methods of Implementation
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Figure 77 — LPDDR2-SX: Self-Refresh Operation

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESDZ209- 2B.

PASS Condition

The measured time interval between Clock Enable (CKE) setup time to
respective clock crossing point shall be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Triggered on either rising or falling edge of the Clock Enable signal
under test.

3 Find all crossings on rising edge of the signal under test that cross
Vih(ac).

4 Find all crossings on falling edge of the signal under test that cross
Vil(ac).

b For all the crossings found, locate the nearest rising Clock crossings on
the right that cross OV.

6 Take the time different of the signal under test's crossings to the
corresponding clock crossing as tISCKE.

7 Collect all measured tISCKE.
8 Report the worst tISCKE measured as test result.
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9 Compare the test result to the compliance test limit.
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tIHCKE, CKE Input Hold Time Test

The purpose of this test is to verify that the time interval from Clock
Enable signal (CKE rising/falling edge) hold time to the associated clock

crossing edge must be within the conformance limit as specified in the
JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2

Signal cycle of interest: WRITE
Require Read/Write separation: No
Signal(s) of Interest:

* (Clock Enable Signal

Required Signals that are needed to perform this test on oscilloscope:
* Clock Enable Signal

* Clock Signal

Test Definition Notes from the Specification

Table 233 LPDDR2 AC Timing Table

Parameter |Symbol |min |min LPDDR2 Unit
max |'ck 1065 933 |800 |667 |533 |466 |400 | 333|266 |200°5
CKE Input Parameters
CKE input [tISCKE*3 |min 0.25 tek(avg)
hold time
470
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Figure 77 — LPDDR2-SX: Self-Refresh Operation

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard
JESDZ209- 2B.

PASS Condition

The measured time interval between Clock Enable (CKE) hold time to
respective clock crossing point shall be within the specification limit.

Measurement Algorithm

1 Pre-condition the oscilloscope.

2 Triggered on either rising or falling edge of the Clock Enable signal
under test.

3 Find all crossings on rising edge of the signal under test that cross
Vil(de).

4 Find all crossings on falling edge of the signal under test that cross
Vih(dc).

b For all the crossings found, locate the nearest rising Clock crossings on
the left that cross OV.

6 Take the time different of the signal under test's crossings to the
corresponding clock crossing as tIHCKE.

7 Collect all measured tIHCKE.
8 Report the worst tIHCKE measured as test result.
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9 Compare the test result to the compliance test limit.
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tISCKEb, CKE Input Setup Time (Boot Parameter) Test

The purpose of this test is to verify that the time interval from Clock

Enable signal (CKE rising/falling edge) setup time to the associated clock
crossing edge for boot parameter must be within the conformance limit as

specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2
Signal cycle of interest: WRITE
Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Enable Signal

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

* Clock Enable Signal
* Clock Signal

Test Definition Notes from the Specification

Table 234 LPDDR2 AC Timing Table

Parameter |Symbol |min |min LPDDR2 Unit
max |'ck 1066 [933 |800 |667 |533 |466° |400 | 333 2665 |200°°
Boot Parameters (10 MHz - 55 MHz)*ﬂ'""11
CKE input |tISCKEb |min | - 25 ns
setup time

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard

JESD209- 2B.

PASS Condition

The measured time interval between Clock Enable (CKE) setup time to
respective clock crossing point shall be within the specification limit.

DDR2(+LP) Compliance Testing Methods of Implementation
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474

Measurement Algorithm

Pre-condition the oscilloscope.

Triggered on either rising or falling edge of the Clock Enable signal
under test.

Find all 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 rising Clock crossings on
the right that cross OV.

Take the time different of the signal under test's crossings to the
corresponding clock crossing as tISCKED.

Collect all measured tISCKED.
Report the worst tISCKEb measured as test result.

Compare the test result to the compliance test limit.
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tIHCKEb, CKE Input Hold Time (Boot Parameter) Test

Command and Address Timing (CAT) Tests

The purpose of this test is to verify that the time interval from Clock
Enable signal (CKE rising/falling edge) hold time to the associated clock

crossing edge for boot parameter must be within the conformance limit as
specified in the JEDEC specification.

Signals of Interest

Mode Supported: LPDDR2

Signal cycle of interest: WRITE

Require Read/Write separation: No

Signal(s) of Interest:
¢ Clock Enable Signal

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

* Clock Enable Signal
* Clock Signal

Test Definition Notes from the Specification

Table 235 LPDDR2 AC Timing Table

17

Parameter |Symbol |min |min

LPDDR2

t
max 1%ck 1066 |933 [800 |667

533

466 °

400

333

266*°

200*°

Unit

Boot Parameters (10 MHz - 55 MHz) %1011

CKE input |tISCKEb |min
hold time

25

ns

Test References

See Table 103 - LPDDR2 AC Timing Table in the JEDEC Standard

JESDZ209- 2B.

PASS Condition

The measured time interval between Clock Enable (CKE) hold time to
respective clock crossing point shall be within the specification limit.

DDR2(+LP) Compliance Testing Methods of Implementation
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Measurement Algorithm

Pre-condition the oscilloscope.

Triggered on either rising or falling edge of the Clock Enable signal
under test.

Find all crossings on rising edge of the signal under test that cross
Vil(dce).

Find all crossings on falling edge of the signal under test that cross
Vih(dc).

For all the crossings found, locate the nearest rising Clock crossings on
the left that cross OV.

Take the time different of the signal under test's crossings to the
corresponding clock crossing as tIHCKED.

Collect all measured tIHCKED.
Report the worst tIHCKEb measured as test result.

Compare the test result to the compliance test limit.
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® N5413B DDR2(+LP) Compliance Test Application
o Compliance Testing Methods of Implementation

o0 @ Q@oe- 18
‘Q.. Custom Mode Read-Write Eye-Diagram
0 % Tests

Probing for Custom Mode Read-Write Eye Diagram Tests 478
User Defined Real-Time Eye Diagram Test for Read Cycle 482
User Defined Real-Time Eye Diagram Test for Write Cycle 484

This section provides the Methods of Implementation (MOIs) for Advanced
Debug Mode Read-Write Eye-Diagram tests using an Agilent Infiniium
oscilloscope, recommended InfiniiMax 116xXA or 113xA probe amplifiers,
differential solder-in probe head and the DDR2(+LP) Compliance Test
Application.
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18 Custom Mode Read-Write Eye-Diagram Tests

Probing for Custom Mode Read-Write Eye Diagram Tests

When performing the Custom Mode Read-Write Eye Diagram tests, the
DDR2(+LP) Compliance Test Application will prompt you to make the
proper connections as shown in Figure 32.

P
C———— )
4\,1\/ '\/’\/ «//\/ '\/l\,
® @ © ©
O @ 0 0 l
\¥ -
B> ® IBD O @z ) A o2 o2
" A 2

Infiniium Oscilloscope

Figure 32 Probing for Custom Mode Read-Write Eye Diagram Tests

You can use any of the oscilloscope channels as the Pin Under Test (PUT)
source channel. You can identify the channels used for each signal in the
Configuration tab of the DDR2(+LP) Compliance Test Application. (The
channels shown in Figure 32 are just examples).

For more information on the probe amplifiers and differential probe heads,
see Chapter 20, “InfiniiMax Probing,” starting on page 503.

Test Procedure

1 Start the automated test application as described in “Starting the
DDR2(+LP) Compliance Test Application" on page 43.

2 Ensure that the RAM reliability test software is running on the
computer systems where the DDR2/LPDDR2 Device Under Test (DUT) is
attached. This software will perform a test on all the unused RAM on
the system by producing repetitive bursts of read-write data signals to
the DDR2/LPDDR2 memory.
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Custom Mode Read-Write Eye-Diagram Tests 18

3 Connect the differential solder-in probe head to the PUTs on the
DDR2/LPDDR2 devices.

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

5 In the DDR2(+LP) Test application, click the Set Up tab.

6 Select Custom as the Test Mode option. This selection shows additional
command buttons - Set Mask File and Derate Table File.

DDR2(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help
O | e’ »@ g I |

Setlp |5electTests| Configure I Connectl Run Tests I F‘.esultsl Himl Reportl

DDR2(+LP) Test Environment Setup
—Device Under Test (DUT)
~Test Mode Device Identifier:
* Custom User Description:

InfiniiSim Setup | I j"
Set Mask File |
Derate Table File |

[~ Low Power

0 Tests |Fo||ow instructions to describe your test environment Connection: UNEMOWN Y

Figure 33 Selecting Custom Test Mode

7 Click the Set Mask File button to view or select test mask files for eye
diagram tests.
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Mask File Selection For Real-Time Eye Diagram Tests

Mask File Used For READ Cycle Eye Diagram
||:::"'-.F‘rog|am Files \Agilert \Irfinium*Apps \LP DD R2Test \app Masks Input 5 Load .

Mask File Used For WRITE Cyele Eye Diagram
|:::"'-.F‘mglam Files*\Agilert \rfinium*Apps P DDRZ Test \app‘Masks Input 5 Load .

0K

Figure 34 Selecting Test Mask for Eye Diagram Tests

8 Advanced Debug Mode also allows you to type in the data rate of the
DUT signal.

9 Type in or select the Device Identifier as well as the User Description
from the drop-down list. Enter your comments in the Comments text
box.
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10 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.

DDR2Z(+LP) Test -- DDR2(+LP) Device 1 *
File View Tools Help

DS E| e |2 50|

Task Flow _| setUp SelectTests | Configure | Connect | Run Tests | Results | Himl Report

= OO AlDDR2 Tests
O© ClockTests
O < Electrical Tests
#H-O© Timing Tests
El ) Read/Write Eye-Diagram Tests
E ) User Defined Real-Time Eye Diagram Test For Read Cyde

O User Defined Real-Time Eye Diagram Test For Write Cyde

s

Select Tests

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: DDR.2 Custom Test Limit

Figure 35 Selecting Advanced Debug Read-Write Eye-Diagram Tests

11 Follow the DDR2(+LP) Test application’s task flow to set up the
configuration options, run the tests and view the tests results.
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User Defined Real-Time Eye Diagram Test for Read Cycle

482

The Advanced Debug Mode Read-Write Eye Diagram test can be divided
into two subtests. One of them is the User Defined Real-Time Eye Diagram
Test for Read Cycle. There is no available specification on the eye test in
JEDEC specifications. Mask testing is definable by the customers for their
evaluation tests purpose. The purpose of this test is to automate all the
required setup procedures in order to generate an eye diagram for the
DDR2 data READ cycle. This additional feature of mask test allows you to
perform evaluation and debugging on the created eye diagram. The test
will show a fail status if the total failed waveforms is greater than O.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: READ

Signal(s) of Interest:
* Data Signal (supported by Data Strobe Signal)

Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - DQ Signal
e Supporting Pin - DQS Signal

Measurement Algorithm

1 Calculate the initial time scale value based on the selected DDR2 speed
grade options.

2 C(Calculate the number of sampling points according to the time scale

value.

3 Check for valid DQS input test signals by verifying the frequency and

amplitude values.

4 Set up required scope settings.

a Enable ‘Setup Time’ measurement.
Data - DQ channel (Rising/Falling Edge)
Clock - DQS channel (Rising Edge)

b Set up the InfiniiScan ‘Measurement’ function. This is to separate the
DDR2 read/write test data.
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Custom Mode Read-Write Eye-Diagram Tests 18

‘Setup Time’ range values for selected DDR2 speed grade option are
calculated.

Set up the measurement threshold values for the DQx channel and
the DQSx channel input.

Set up fix vertical scale values for the DQx channel and the DQSx
channel input.

Turn on the Color Grade Display option.
Identify the X1 value for re-adjustment of the selected test mask.
Set up the Mask Test settings. Load the default Test Mask on screen.

Set up the Clock Recovery settings on SDA.
Explicit clock, Source = DQS, Rise/Fall Edge

Turn on the Real-Time Eye on SDA.

5 Perform the Mask Testing.

b

Set the termination condition of the mask test to ‘Waveforms’ with
the number of waveforms to be acquired.

Start the mask test.

6 Loop until the number of required waveforms are acquired.

7 Return the total failed waveforms as a test result.
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User Defined Real-Time Eye Diagram Test for Write Cycle

484

Just as in the previous test, there is no available specification on the eye
diagram test in the JEDEC specifications for User Defined Real-Time Eye
Diagram Test for Write Cycle. Mask testing is definable by the customers

for their evaluation tests purpose. The purpose of this test is to automate
all the required setup procedures in order to generate an eye diagram for
the DDR2 data WRITE cycle. This additional feature of mask test allows

you to perform evaluation and debugging on the created eye diagram. The
test will show a fail status if the total failed waveforms is greater than O.

Signals of Interest

Mode Supported: DDR2, LPDDR2
Signal cycle of interest: WRITE

Signal(s) of Interest:

e Data Signal (supported by Data Strobe Signal)
Signals required to perform the test on the oscilloscope:
e Pin Under Test, PUT - DQ Signal

e Supporting Pin - DQS Signal

Measurement Algorithm

1 Calculate the initial time scale value based on the selected DDR2 speed
grade options.

2 Calculate the number of sampling points according to the time scale

value.

3 Check for valid DQS input test signals by verifying the frequency and

amplitude values.

4 Set up required scope settings.

a Enable ‘Setup Time’ measurement.
Data - DQ channel (Rising/Falling Edge)
Clock - DQS channel (Rising Edge)

b Set up the InfiniiScan ‘Measurement’ function. This is to separate the
DDR2 read/write test data.
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Custom Mode Read-Write Eye-Diagram Tests 18

‘Setup Time’ range values for selected DDR2 speed grade option are
calculated.

Set up measurement threshold values for the DQx channel and the
DQSx channel input.

Set up fix vertical scale values for the DQx channel and the DQSx
channel input.

Turn on the Color Grade Display option.
Identify the X1 value for re-adjustment of the selected test mask.
Set up the Mask Test settings. Load the default Test Mask on screen.

Set up the Clock Recovery settings on SDA.
Explicit clock, Source = DQS, Rise/Fall Edge

Turn on the Real-Time Eye on SDA.

5 Perform the Mask Testing.

b

Set the termination condition of the mask test to ‘Waveforms’ with
the number of waveforms to be acquired.

Start the mask test.

6 Loop until the number of required waveforms are acquired.

7 Return the total failed waveforms as a test result.
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° Calibrating the Infiniium Oscilloscope

®. and Probe

Required Equipment for Oscilloscope Calibration 487
Internal Calibration 488

Required Equipment for Probe Calibration 491

Probe Calibration 492

Verifying the Probe Calibration 498

This section describes the Agilent Infiniium digital storage oscilloscope
calibration procedures.

Required Equipment for Oscilloscope Calibration

To calibrate the Infiniium oscilloscope in preparation for running the
DDR2 automated tests, you need the following equipment:

Keyboard, qty = 1, (provided with the Agilent Infiniium oscilloscope).
Mouse, qty = 1, (provided with the Agilent Infiniium oscilloscope).

Precision 3.5 mm BNC to SMA male adapter, Agilent p/n 54855-67604,
qty = 2 (provided with the Agilent Infiniium oscilloscope).

Calibration cable (provided with the Agilent Infiniium oscilloscope). Use
a good quality 50 Q BNC cable.

BNC shorting cap.
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19 calibrating the Infiniium Oscilloscope and Probe

Precision 3.5 mm Adaptors (2)

Shorting Cap

Calibration Cable
(Used to calibrate the Agilent
Infiniium oscilloscope)

Figure 36 Accessories Provided with the Agilent Infiniium Oscilloscope

Internal Calibration

488

This will perform an internal diagnostic and calibration cycle for the
oscilloscope. For the Agilent oscilloscope, this is referred to as Calibration.
This Calibration will take about 20 minutes. Perform the following steps:

1 Set up the oscilloscope with the following steps:

a Connect the keyboard, mouse, and power cord to the rear of the
oscilloscope.

b Plug in the power cord.

¢ Turn on the oscilloscope by pressing the power button located on the
lower left of the front panel.

d Allow the oscilloscope to warm up at least 30 minutes prior to
starting the calibration procedure in step 3 below.
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Calibrating the Infiniium Oscilloscope and Probe 19

2 Locate and prepare the accessories that will be required for the
internal calibration:

a Locate the BNC shorting cap.
b Locate the calibration cable.
¢ Locate the two Agilent precision SMA/BNC adapters.

d Attach one SMA adapter to the other end of the calibration cable -
hand tighten snugly.

e Attach another SMA adapter to the other end of the calibration cable
- hand tighten snugly.

3 Referring to Figure 37 below, perform the following steps:

a Click on the Utilities>Calibration menu to open the Calibration dialog
box.

Setup Measure Analyze BEBELIEESN Help

Calibration...
Self Test... B 5CHz Reduce

eGUL...

GPIB Setup...
Web Control...
LXI Lan Setup...

File Control

Install Option License...

User Preferences...
Waveform Report Wizard

Toiejeyl x|  EECIEEN- " CENNNEE -] ©E

Figure 37 Accessing the Calibration Menu

4 Referring to Figure 38 below, perform the following steps to start the
calibration:

b Uncheck the Cal Memory Protect checkbox.
¢ Click the Start button to begin the calibration.
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19 calibrating the Infiniium Oscilloscope and Probe

A Calibration Status: Calibrated Close
Probe Comp = Callbration ATemp: -59C
Calibration Date: 3130 2006 11:15:41 Help ﬂ
Time Scale Cal aTermp;  0°C
Time Scale Cal Date: 21 APR 2006 13:12:33

W Cal Memory Protect

Start

Calibration Status

Common Passed

Channel Wertical Trigger
1 Passed Passed
2 Passed Passed
3 Passed Passed
4 Passed Passed

AL Passed

I Details

Probe calibration is accessed via the Channel Dialogs

Figure 38 Oscilloscope Calibration Window

d During the calibration of channel 1, if you are prompted to perform
a Time Scale Calibration, as shown in Figure 39 below.
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Calibration Options

Standard Calibration Std

Standard Calibration + Time Scale Calibration, This requires an accurate 10MHz source,

This should be performed once per vear. Std + Time

Standard Calibration + Reset Time Scale Calibration to factory settings, St + DAt

j:

Help

Figure 39 Time Scale Calibration Dialog box

e Click on the Std+Dflt button to continue the calibration, using the
Factory default calibration factors.

f When the calibration procedure is complete, you will be prompted
with a Calibration Complete message window. Click the OK button to
close this window.

g Confirm that the Vertical and Trigger Calibration Status for all
Channels passed.

h Click the Close button to close the calibration window.
i The internal calibration is completed.
j Read NOTE below.

These steps do not need to be performed every time a test is run. However, if the ambient
temperature changes more than 5 degrees Celsius from the calibration temperature, this
calibration should be performed again. The delta between the calibration temperature and
the present operating temperature is shown in the Utilities>Calibration menu.

Required Equipment for Probe Calibration

Before performing DDR2 tests you should calibrate the probes. Calibration
of the solder-in probe heads consist of a vertical calibration and a skew
calibration. The vertical calibration should be performed before the skew
calibration. Both calibrations should be performed for best probe
measurement performance.

The calibration procedure requires the following parts.

* BNC (male) to SMA (male) adaptor

* Deskew fixture

¢ 50 Q SMA terminator
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19 Calibrating the Infiniium Oscilloscope and Probe

Probe Calibration

492

Connecting the Probe for Calibration

For the following procedure, refer to Figure 40 below.

1

Connect BNC (male) to SMA (male) adaptor to the deskew fixture on
the connector closest to the yellow pincher.

Connect the 50 Q SMA terminator to the connector farthest from yellow
pincher.

Connect the BNC side of the deskew fixture to the Aux Out BNC of the
Infiniium oscilloscope.

Connect the probe to an oscilloscope channel.

To minimize the wear and tear on the probe head, it should be placed
on a support to relieve the strain on the probe head cables.

Push down the back side of the yellow pincher. Insert the probe head
resistor lead underneath the center of the yellow pincher and over the
center conductor of the deskew fixture. The negative probe head
resistor lead or ground lead must be underneath the yellow pincher and
over one of the outside copper conductors (ground) of the deskew
fixture. Make sure that the probe head is approximately perpendicular
to the deskew fixture.

Release the yellow pincher.
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i Run i Stop ‘D?;l”n' iy o = |

Trigger
F——Hnrilontal*—‘\_ C;—f i

Auto Tige [T
| P

| Armed

Soge W

awmu = GCG“‘
&:s, y vcf_/{,

j// e

BNC to SMA
Connector

Pincher

Deskew
Fixture

50 Q SMA
Terminator

Figure 40 Solder-in Probe Head Calibration Connection Example
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19 calibrating the Infiniium Oscilloscope and Probe

Verifying the Connection

1 On the Infiniium oscilloscope, press the autoscale button on the front

panel.

2 Set the volts per division to 100 mV/div.

3 Set the horizontal scale to 1.00 ns/div.

4 Set the horizontal position to approximately 3 ns. You should see a
waveform similar to that in Figure 41 below.

File Control  Setup

EEEES

H
E

[m—

kMeasure

Analyze  Ltlites  Help 12:24 P

Figure 41

Good Connection Waveform Example

If you see a waveform similar to that of Figure 42 below, then you have
a bad connection and should check all of your probe connections.

494
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File

Control  Setup  Measure  Analyze  Ultilities Help 12:21 P

10.0 kpts

=

EREEEH

Figure 42 Bad Connection Waveform Example
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19 calibrating the Infiniium Oscilloscope and Probe

Running the Probe Calibration and Deskew

1 On the Infiniium oscilloscope in the Setup menu, select the channel
connected to the probe, as shown in Figure 43.

File Control Measure Analyze Utilities
1 Channel 1... Ctrl+1

Help

@ Cechannel 2. Ctrl+2
=

.Channel 3. Ctrl+3

.Channel 4. Ctrl+4

ElHorizontal... Ctrl+H

Il Trigger... Ctrl+T

Trigger Shortcuts
InfiniiScan... Ctrl+I

Acquisition... Ctrl+A
Display... Ctrl+D

Waveform Memories... Alt+M

" ejetalyl X <) O o]

Figure 43 Channel Setup Window.

2 In the Channel Setup dialog box, select the Probes... button, as shown
in Figure 44.
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™ On

Scale
549 '/

[2]2

Offset
BNl

[«]»

Skew
005 40/ »

Labels

Calibrating the Infiniium Oscilloscope and Probe 19

£

Probes, ..

KN

~on |1

Trigger...

Figure 44 Channel Dialog Box

3 In the Probe Setup dialog box, select the Calibrate Probe... button.

Probe Setup X
(1 FRER @ 1160 ‘. t6oa | @noprobe |
Configure Probing Systern ‘ Calibrate Probe. . Close
Help | &?
Head Label (Type) = 1169A Probe Amplifier
. - Serlal #, Us44001124
|Headt (NS381A:DF Slor = || 2208 o - e
$= Add Head... | EditHead... | —
Probe System
Calibration Status
Signal being probed Atten Cal: Uncalibrated
- Skew Cal: Uncalibrated
# sligletsnied Atteration: 3301
& Differential
Characteristics
Head1 Bandwidth: 12,0 GHz
Model: N5381A Resistance: 50.0 ka
Diff Solder-In Capacitance: 210.0 fF
Mane input: £30.0°%
Crwmrange: £1.7 W
CMramge; £3.00
<E offset range: £16.0
Figure 45 Probe Setup Window.
497
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19 calibrating the Infiniium Oscilloscope and Probe

4 In the Probe Calibration dialog box, select the Calibrated Atten/Offset

radio button.

b Select the Start Atten/Offset Calibration... button and follow the

on-screen instructions for the vertical calibration procedure.

Probe Calibration X
Quesn  Quesn  |@ueon  [@roprobe |
Please allow 15 minutes for probe Cllass
warmup before starting calibration. _ — |
Attenuation/Offset Calibration Walue, ~Skew Calibration Walue Help | &?
© Default Atten/Offset & Default Skew
# Calibrated Atten/Cffset Mo Skew

Start Atten/Offset Calibration...‘ ¢ Calibrated Skew

Head Label (Type) 1169A Probe Amplifier
|Head1 (N5381A:DF Sldr:j Attached Head: Headl (N5381A:Diff Solder-In)

Atten/Offset Calibration Status

Default Atten 3.3:1
Calibrated Atten Mot Calibrated (Using default values)

Skew Calibration Status

Mot Calibrated (Using default skew)

Figure 46 Probe Calibration Window.

6 Once the vertical calibration has successfully completed, select the
Calibrated Skew... button.

7 Select the Start Skew Calibration... button and follow the on-screen
instructions for the skew calibration.

At the end of each calibration, the oscilloscope will prompt you if the
calibration was or was not successful.

Verifying the Probe Calibration

498

If you have successfully calibrated the probe, it is not necessary to
perform this verification. However, if you want to verify that the probe
was properly calibrated, the following procedure will help you verify the
calibration.

The calibration procedure requires the following parts:
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e BNC (male) to SMA (male) adaptor
e SMA (male) to BNC (female) adaptor
e BNC (male) to BNC (male) 12 inch cable such as the Agilent 8120- 1838

e Agilent 54855-61620 calibration cable (Infiniium oscilloscopes with
bandwidths of 6 Ghz and greater only)

e Agilent 54855- 67604 precision 3.5 mm adaptors (Infiniium oscilloscopes
with bandwidths of 6 Ghz and greater only)

¢ Deskew fixture

For the following procedure, refer to Figure 47.

1 Connect BNC (male) to SMA (male) adaptor to the deskew fixture on
the connector closest to the yellow pincher.

2 Connect the SMA (male) to BNC (female) to the connector farthest from
the yellow pincher.

3 Connect the BNC (male) to BNC (male) cable to the BNC connector on
the deskew fixture to one of the unused oscilloscope channels. For
infiniium oscilloscopes with bandwidths of 6 GHz and greater, use the
54855-61620 calibration cable and the two 54855-64604 precision 3.5
mm adaptors.

4 Connect the BNC side of the deskew fixture to the Aux Out BNC of the
Infiniium oscilloscope.

b Connect the probe to an oscilloscope channel.

6 To minimize the wear and tear on the probe head, it should be placed
on a support to relieve the strain on the probe head cables.

7 Push down on the back side of the yellow pincher. Insert the probe
head resistor lead underneath the center of the yellow pincher and over
the center conductor of the deskew fixture. The negative probe head
resistor lead or ground lead must be underneath the yellow pincher and
over one of the outside copper conductors (ground) of the deskew
fixture. Make sure that the probe head is approximately perpendicular
to the deskew fixture.

8 Release the yellow pincher.
9 On the oscilloscope, press the autoscale button on the front panel.

10 Select Setup menu and choose the channel connected to the BNC cable
from the pull-down menu.

11 Select the Probes... button.
12 Select the Configure Probe System button.
13 Select User Defined Probe from the pull-down menu.

14 Select the Calibrate Probe... button.
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19 calibrating the Infiniium Oscilloscope and Probe

16 Select the Calibrated Skew radio button.

16 Once the skew calibration is completed, close all dialog boxes.
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Figure 47 Probe Calibration Verification Connection Example
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502

17 Select the Start Skew Calibration... button and follow the on-screen
instructions.

18 Set the vertical scale for the displayed channels to 100 mV/div.
19 Set the horizontal range to 1.00 ns/div.
20 Set the horizontal position to approximately 3 ns.

21 Change the vertical position knobs of both channels until the waveforms
overlap each other.

22 Select the Setup menu choose Acquisition... from the pull-down menu.

23 In the Acquisition Setup dialog box enable averaging. When you close
the dialog box, you should see waveforms similar to that in Figure 48.

Analyze  Utilities  Help 1:23 P

Fila St beasure
ad.

Figure 48 Calibration Probe Waveform Example

Each probe is calibrated with the oscilloscope channel to which it is connected. Do not
switch probes between channels or other oscilloscopes, or it will be necessary to calibrate
them again. It is recommended that the probes be labeled with the channel on which they
were calibrated.
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Figure 49 1134A InfiniiMax Probe Amplifier

Agilent recommends 116xA or 113xA probe amplifiers, which range from
3.5 GHz to 12 GHz.

Agilent also recommends the E2677A differential solder-in probe head.
Other probe head options include N5381A InfiniiMax II 12 GHz differential
solder-in probe head, N5382A InfiniiMax II 12 GHz differential browser,
E2675A InfiniiMax differential browser probe head, N5425A InfiniiMax ZIF
probe head and N5426A ZIF Tips.
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Figure 50 E2677A/N5381A Differential Solder-in Probe Head

Table 236 Probe Head Characteristics (with 1134A probe amplifier)

Probe Head Model Differential Measurement Single-Ended Measurement
Number (BW, input C, input R) (BW, input C, input R)
Differential Solder-in  E2677A 7 GHz, 0.27 pF, 50 kOhm 7 GHz, 0.44 pF, 25 kOhm

Used with 1168A or 1169A probe amplifier, the E2677A differential
solder-in probe head provides 10 GHz and 12 GHz bandwidth respectively.
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