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Terminology and Acronyms

The following terminology / acronyms have been used interchangeably in this
document. There are:

DUT Device Under Test

PUT Pin Under Test

DDR4 Double Data Rate 4

LPDDR4 Low Power Double Data Rate 4

JEDEC Joint Electronic Device Engineering Council
DRAM Dynamic Random Access Memory
FBGA Fine Ball Grid Array

SSTL Stub Series Terminated Logic

0CD Off-Chip Driver Impedance Adjustment
Vir Termination Voltage

VRer Reference Voltage

DQ Data I/0

DQS Data I/0 Strobe

DIMM Dual Inline Memory Module

oDT On Die Termination

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation



Typical DDR4 Signals Reference

2.7 DDR4 SDRAM Addressing

2 Gb Addressing Table

Configuration 512 Mb x4 256 Mb x8 128 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BG0~-BG1 BGO~BG1 BGO
Bank Address ina BG BAD~BA1 BAD-BA1 BAD~BA1
Row Address AD~-A14 AD~A13 AD~A13
Column Address AD~A9 AD~A9 AD~A9
Page size 512B 1KB 2KB

4 Gb Addressing Table

Configuration 1Gb x4 512 Mb x8 256 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAOD~BA1 BAD~BA1 BAD~BA1
Row Address AD~A15 AD~A14 AD~A14
Column Address AD~AS AD~A9 AD~A9
Page size 512B 1KB 2KB

8 Gb Addressing Table

Configuration 2 Gb x4 1Gb x8 512 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BG0~-BG1 BGO~BG1 BGO
Bank Address ina BG BAD~BA1 BAD-BA1 BAD~BA1
Row Address AD~-A16 AD~A15 AOD~A15
Column Address AD~A9 AD~A9 AD~A9
Page size 512B 1KB 2KB

16 Gb Addressing Table

Configuration 4 Gb x4 2 Gb x8 1 Gb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address ina BG BAD~BA1 BAD-BAI1 BAD~BA1
Row Address AD~ATT AD~A16 AD~A16
Column Address AD~AS AD~A9 AD~A9
Page size 512B 1KB 2KB

Figure 1  Available Pin-Out/Signals on DDR4 DIMM
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3.1

Typical LPDDR4 Signals Reference

LPDDR4 SDRAM Addressing

Table 2 — LPDDR4 SDRAM Addressing

Mermory
Density
{per Die)

4Gh

6Gh

BGb

12Gh

16Gh

24Gh

32Gb

Memaory
Density
{per channel)

2Gb

3IGh

4Gh

6Gh

GGbh

12Gh

16GD

Configuration

16Mb x 16DQ
* 8 banks
% 2 channels

24Mb x 16DQ
* & hanks
% 2 channels

32Mb x 160DQ
x & banks
% 2 channels

48Mb x 16DQ
x 8 banks
x 2 channels

E4Mb x 16D0Q
% 8 banks
x 2 channels

TBD x 16DQ
* TBD banks
% 2 channels

TBD x 16DQ
* TBD banks
% 2 channels

Mumber of
Channels
{per dig)

=]

[

=]

[

Mumber of
Banks
{per channel)

TBD

TBD

Array
Pre-Fetch
(bits,
per channel)

256

256

256

256

256

256

Mumber of
Rows
{per channel)

16,384

24,576

32,768

43,152

65,536

TBD

TBD

Mumber of
Columns
(fetch
boundaries)

B4

G4

TBD

TBD

Page Size
(Bytes)

2048

2048

2045

2048

2048

TBD

TBD

Channel
Density
{Bits per
channel)

2,147 483,648

3,221,225 472

4,794 967,295

6,442 450 944

5,588,034,592

12,884,901,588

17,179,869,184

Total Density
(Bits per die)

4,294,967,296

B,442,450,944

8,589,934,592

12,884,901,888

17,179,869, 184

25,769,803,776

34,350,738,368

Bank Address

BAD - BAZ

BAD - BAZ

BAD - BAZ

BAD - BAZ

BAD - BAZ

TBD

TBD

Raow

Addresses
x16

RO-R13

RO - R14
(R13=0 when
R14=1)

RO - R14

RO-R15
{R14=0 when
R15=1)

RO -R15

TBD

TBD

Column
Addresses

Co-cCo

Ch-C9

Cch-Co

Cc0-C9

Cco-C9

TBD

TBD

Burst Starting
Address
Boundary

54 - hit

64 - bit

64 - bit

64 - bit

B4 - bit

64 - Bit

54 - hit

NOTE 1 The lower two column ad

idresses (C0 - C1) are assumed to be “zero”™ and are not transmitted on the CA bus.

MOTE 2 Row and Column address values on the CA bus that are not used for a particular density be at valid logic levels.

MOTE 3 For non - binary memory densities only half of the row address space is valid. When the MSB address bit is "HIGH", then
the MSB - 1 address bit must be "LOW™.
MOTE 4 TBD, as of publication of this decument, under discussion by the formulating committee.

Figure 2

Available Pin-Out/Signals on LPDDR4 DIMM
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1

Requirements for Testing

Hardware Required for Testing

12

Common hardware requirements:

Ocsillocope: 9000A Series, 90000A Series, 90000 X-Series, 90000 Q-Series,
and Z-Series:

Minimum 8 GHz bandwidth is recommended to get accurate
measurements.

13 GHz bandwidth is recommended to get accurate measurements for
faster speed grade devices.

Any PC motherboard system that support DDR4 memory DIMM(s)
DUT: Saved waveform and PulseGen generated signal
InfiniiMax probe amplifiers:

1169A - 12 GHz InfiniiMax Il probe amplifier

N2803A - 30 GHz InfiniiMax Il probe amplifier

N2802A - 25 GHz InfiniiMax Il probe amplifier

N2801A - 20 GHz InfiniiMax Il probe amplifier

N2800A - 16 GHz InfiniiMax Il probe amplifier

N2831A - 8 GHz InfiniiMax Il probe amplifier

N2832A - 12 GHz InfiniiMax Il probe amplifier

InfiniiMax probe heads - InfiniiMax I/1l probe heads and accessories
(compatible with 9000 Series and 90000 Series, use N5442A precision BNC
adapter with 90000X/Q Series):

N5381A - InfiniiMax Il 12 GHz differential solder-in probe head and
accessories

N5382A — InfiniiMax Il 12 GHz differential browser

E2677A - InfiniiMax Il 12 GHz differential solder-in probe head and
accessories

N5425A — InfiniiMax Il 12 GHz ZIF probe head

N5426A - InfiniiMax Il ZIF tips (x10)
InfiniiMax Ill probe heads and accessories:

N5451A - Long Wire tips (x10)

N5439A - ZIF probe head

N5445A - Browser (hand held) probe head

N54471A - Solder-in probe head

N2838A - 450 Q PCB ZIF tips (set of b)

N2848A - InfiniiMax Il QuickTip head

N2849A - InfiniiMax Il Quick tips (4 per kit)
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Requirements for Testing

Software Required for Testing

Installed on the oscilloscope:
Infiniium baseline software
Keysight N6462A/N6462B DDR4 and LPDDR4 compliance test application
Keysight E2688A Serial Data Analysis (SDA) software

Other software:
N/A

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation
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1 Requirements for Testing

Option Licenses Required for Testing

Required licenses:
N6462A/N6462B DDR4 compliance test application (DD4).
N6462A/N6462B LPDDR4 compliance test application (LP4).

E2688A High-speed serial data analysis/mask testing with clock recovery
(SDA).

N54T14A InfiniiScan event identification software (SWT).
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Installing the DDR4 and
LPDDR4 Compliance Test
Application

Installing the Software / 16
Installing the License Key / 17

If you purchased the N6462A/N6462B DDR4 and LPDDR4 Compliance Test
Application separate from your Infiniium oscilloscope, you need to install the
software and license key.

15



2 Installing the DDR4 and LPDDR4 Compliance Test Application

Installing the Software

1 Make sure you have the minimum version of Infiniium oscilloscope software
(see the N6462A/N6462B release notes) by choosing Help > About Infiniium...
from the main menu.

2 To obtain the DDR4 and LPDDR4 Compliance Test Application, go to Keysight
website: "http://www.keysight.com/find/N6462A"

3 Inthe web page's Trials & Licenses tab, there is a button for downloading
software; click it, and follow the instructions to download and install the
application software.
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Installing the DDR4 and LPDDR4 Compliance Test Application 2

Installing the License Key

1 Request a license code from Keysight 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.

2 After you receive your license code from Keysight, choose Utilities > Install Legacy
Licenses....

3 Inthe Install Option License dialog, enter your license code and click Install
License.

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

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

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

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation 17



2 Installing the DDR4 and LPDDR4 Compliance Test Application
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3 Preparing to Take
Measurements

Calibrating the Oscilloscope / 20
Starting the DDR4 and LPDDR4 Compliance Test Application / 21

Before running the DDR4/LPDDR4 automated tests, you should calibrate the
oscilloscope and probe. No test fixture is required for this application. After the
oscilloscope and probe have been calibrated, you are ready to start the DDR4 and
LPDDR4 Compliance Test Application and perform the measurements.

KEYSIGHT

TECHNOLOGIES
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3 Preparing to Take Measurements

Calibrating the Oscilloscope

If you haven't already calibrated the oscilloscope, see Appendix B, “Calibrating the
Infinilum Oscilloscope and Probe,” starting on page 195.

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

If you switch cables between channels or other oscilloscopes, it is necessary to perform cable
and probe calibration again. Keysight recommends that, once calibration is performed, you
label the cables with the channel on which they were calibrated.
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Starting the DDR4 and LPDDR4 Compliance Test Application

Preparing to Take Measurements

3

1 Ensure that the DDR4 Device Under Test (DUT) is operating and set to desired

test modes.

2 To start the DDR4 and LPDDR4 Compliance Test Application: From the
Infiniilum oscilloscope's main menu, choose Analyze > Automated Test Apps >
N6462A/N6462B DDR4 Test App.

File View Tools Help

O M| ' »® pE

SetUp

Select Tests

Configure

Connect

Fun Tests

—Device Under Test (DUT)

DDR4 Test Environment Setup

Task Flow _| SetUp |SelectTests I Configure I Connectl Run Tests I Automation I Results I Html Report

—Speed Grade———— [ TestMode —AC Levels
' DDR4-1600 & Compliance DQ cA
" DDR4-1866  Custom 110 110
¢ DDR4-2133 120 120
" DDR4-2400 — Burst Triggening Method————
" DDR4-2666 I[X)S—[X) Phase Difference LI
¢ DDR4-3200
—SDRAMT:
[~ LPDDR4
Seilask File | Dersic Teble File | Threshold Settings |  offline Setup | DDR Debug Tool

—TestReportC ni= (Optional)

Device |dentifier: User Description:

|(SELECT OR TYPE) ~|  |ISELECTORTYFE) ~|

Comments:

| 0 Tests |Fo||ow instructions to describe your test environment |Connecﬁon: UNKMOWN |

Figure 3  DDR4 and LPDDR4 Compliance Test Application Main Window

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

running the autom

ated tests:

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation
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3 Preparing to Take Measurements

Set Up Lets you identify and set up the test environment, including information
about the device under test.

The Device Identifier, User Description, and Comments are all printed in
the final HTML report.

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

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

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

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

Automation Lets you construct scripts of commands that drive execution of the
application.
Results Contains more detailed information about the tests that have been run. You

can change the thresholds at which marginal or critical warnings appear.

HTML Report Shows a compliance test report that can be printed.
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4 Electrical Tests Group

Overview

The following group of tests pertains to the electrical AC operating conditions of a
DDR4 or LPDDR4 DRAM as defined in JEDEC specification. The tests are further
divided into Single-Ended Signals Tests and Differential Signals Tests.
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Electrical Tests Group 4

Single-Ended Signals Tests

V| Test - Input Logic High

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

le Test can be divided into 4 sub tests: le.CA (AC) le.DQ (AC)» le.CA (DC) and
Vin.ca (Do)

ViH.ca (ac) Test - AC Input Logic High for Command and Address
DDR4
READ or WRITE

No

Address Signals OR
Control Signals

Needed to perform this test on oscilloscope:

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

There is no limit found for this test.

The purpose of this test is to verify the high level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

1
2

5

Sample/acquire signal data.

Find all valid positive pulses. A valid positive pulse starts at Vggg crossing at
valid rising edge and end at Vg crossing at the following valid falling edge
(See notes on "Threshold Settings" on page 69).

Zoom in on the first valid positive pulse and perform Vyop measurement. Take
the Vrop measurement results as Vi ca (ac) 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 V| ca (ac) Mmeasured.

The high level voltage value of the test signal shall meet the user defined limit.

ViH.ca (pc) Test - DC Input Logic High for Command and Address
DDR4
READ or WRITE

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation 25



4

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

\/||_ Test -

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Required Signals:

26

Electrical Tests Group

No

Address Signals OR
Control Signals

Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
There is no limit found for this test.

The purpose of this test is to verify the histogram mode value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

1 Sample/acquire signal data.

2 Find all valid positive pulses. A valid positive pulse starts at Vggg crossing at
valid rising edge and end at Vggg crossing at the following valid falling edge
(See notes on "Threshold Settings" on page 69).

3 Zoom in on the first valid positive pulse and perform Vygp measurement. Take
the Vrop measurement results as V4 ca (pc) Value.

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

5 Determine the worst result from the set of V| ca (pc) measured.

The high level voltage value of the test signal shall meet the user defined limit.

AC Input Logic Low

\/|L Test can be divided into 4 sub tests: VlL.CA (AC) vlL.DQ (AC) vlL.CA (DC) and VlL.DQ
(DC)-

VL ca (ac) Test = AC Input Logic Low for Command and Address
DDR4
READ or WRITE

No

Address Signals OR
Control Signals

Needed to perform this test on oscilloscope:
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Pin Under Test, PUT = any of the signal of interest defined above.
References:  There is no limit found for this test.

Test Overview:  The purpose of this test is to verify the low level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

Procedure: 1 Sample/acquire signal data.

2 Find all valid negative pulses. A valid negative pulse starts at Vggp crossing at
valid falling edge and end at Vrgg crossing at the following rising valid edge
(See notes on "Threshold Settings" on page 69).

3 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take
the Vgase measurement results as V) ca (ac) value.

4 Continue the previous step with another 9 valid negative pulses.

5 Determine the worst result from the set of V|| ca (ac) measured.

Expected/Observa  The histogram mode value of the test signal shall meet the user defined limit.
ble Results:

ViLca (oc) Test - DC Input Logic Low for Command and Address
Mode Supported: DDR4

Signal cycle of READ or WRITE
interest:

Require  No
Read/Write
separation:

Signal(s) of - Address Signals OR

Interest: . control Signals

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

References: There is no limit found for this test.

Test Overview:  The purpose of this test is to verify the histogram mode value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

Procedure: 1 Sample/acquire signal data.

2 Find all valid negative pulses. A valid negative pulse starts at Vggp crossing at
valid falling edge and end at Vggg crossing at the following rising valid edge
(See notes on "Threshold Settings" on page 69).

3 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take
the Vgase measurement results as Vy_ca (pc) Value.

4 Continue the previous step with another 9 valid negative pulses.
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Expected/Observa
ble Results:

5 Determine the worst result from the set of V|| ca (pc) measured.

The low level voltage value of the test signal shall meet the user defined limit.

Single-Ended Levels for Strobes

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

28

Single-Ended Levels for Strobe can be divided into 2 sub tests: Vggy test and Vg, .

Vgey - Single-ended High Level
DDR4
WRITE

Yes

Data Strobe Signals (supported by Data Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ

There is no limit found for this test.

The purpose of this test is to verify the maximum voltage of high pulse. The limit is
definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulse in the said burst. A valid Strobe positive
pulse starts at Vggp crossing at valid Strobe rising edge and end at Vggr
crossing at following valid Strobe falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Ty ax. Perform Ve with the found Ty ax
to obtain the maximum voltage of the pulse. Take the Vqyg measurement as
\/SEH value.

5 Continue previous step with the rest of the positive pulses in the said burst.
6 Determine the worst result from the set of Vggy measured.

The worst measured Vggy shall meet the user defined limit.
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Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

VgL - Single-ended Low Level
DDR4
WRITE

Yes

Data Strobe Signals (supported by Data Signals)

Needed to perform this test on oscilloscope:

Electrical Tests Group

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

Supporting Pin = DQ

There is no limit found for this test.

4

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

definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.
3 Find all valid Strobe negative pulse in the said burst. A valid Strobe negative

pulse starts at Vggp crossing at valid Strobe falling edge and end at Vger
crossing at following valid Strobe rising edge (See notes on "Threshold

Settings" on page 69).

4 Zoom into the first pulse and perform Ty N. Perform Ve with the found Ty

to obtain the minimum voltage of the pulse. Take the Vg measurement as

Vgg value.

5 Continue previous step with the rest of the negative pulses in the said burst.

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

The worst measured Vg shall meet the user defined limit.

Single-Ended Levels for Clocks

Mode Supported:

Signal cycle of
interest:

Single-Ended Levels for Strobe can be divided into 2 sub tests: Vggy test and Vg, .

Vsey - Single-ended High Levels

DDR4
READ or WRITE
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Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

30

No

Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

There is no limit found for this test.

The purpose of this test is to verify the maximum voltage of high pulse. The limit is
definable by the customers for their evaluation tests usage.

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

3 Find all valid Clock positive pulse in the entire waveform. A valid Clock positive
pulse starts at Vggr crossing at valid Clock rising edge and end at Vggg crossing
at following valid Clock falling edge (See notes on "Threshold Settings" on
page 69).

4 Zoom into the first pulse and perform Tyax. Perform Ve with the found Tyax
to obtain the maximum voltage of the pulse. Take the Vg measurement as
Vgep value.

5 Continue the previous step with another 9 valid positive pulses found in the said
waveform.

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

The worst measured Vggy shall meet the user defined limit.

VgL - Single-ended Low Level
DDR4
READ or WRITE

No

Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

There is no limit found for this test.
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Test Overview:

Procedure:

Expected/Observa
ble Results:

Electrical Tests Group 4

The purpose of this test is to verify the minimum voltage of low pulse. The limit is
definable by the customers for their evaluation tests usage.

1
2
3

6

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

Find all valid Clock negative pulse in the entire waveform. A valid Clock
negative pulse starts at Vggr crossing at valid Clock falling edge and end at
Vrer crossing at following valid Clock rising edge (See notes on "Threshold
Settings" on page 69).

Zoom into the first pulse and perform Ty, . Perform Vye with the found Ty N
to obtain the minimum voltage of the pulse. Take the Vg measurement as
\/SEL value.

Continue the previous step with another 9 valid negative pulses found in the
said waveform.

Determine the worst result from the set of Vgg measured.

The worst measured Vg shall meet the user defined limit.

Von Test - Output Logic High

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

Vo Test can be divided into 2 sub tests: Vg (ac) test and Vo (pe)-

Vo (ac) Test — AC Output Logic High
DDR4 , LPDDR4
READ

Yes

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

Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin is DQS or DQ depend on the PUT selected.
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References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 74
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 7.1.3.2 Table 69
August 2014
Table 74 — Single-ended AC & DC output levels
Symbol |Parameter DDR4-1600/1866/2133/2400/2666/3200 | Units | NOTE
Von(AC) |AC output high measurement level (for output SR) (0.7 + 0.15) X Vppaq \% 1

Table 69 — Single-ended AC and DC Output Levels

Parameter Symbol Min Max Unit
Output high voltage VOH 0.80 * VppQ - W
Output low voltage VoL R 0.20 " VppQ Vv

Test Overview:  The purpose of this test is to verify that the high level voltage value of the test
signal within a valid sampling window is greater than the conformance limits of the
Von (ac) Value specified in the JEDEC specification.

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

3 Find all valid positive pulses in the said burst. A valid positive pulse starts at
Vrer crossing at valid rising edge and end at Vggr crossing at the following
valid falling edge (See notes on "Threshold Settings" on page 69).

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

5 Continue the previous step with the rest of the valid positive pulses that were
found in the burst.

6 Determine the worst result from the set of Vg (ac) measured.

Expected/Observa  The high level voltage value of the test signal shall be greater than or equal to the
ble Results: Vi (ac) value in the specification.

Vou (pc) Test - DC Output Logic High
Mode Supported: DDR4, LPDDR4

Signal cycle of READ
interest:
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Require  Yes
Read/Write
separation:

Signal(s) of - Data Signals (supported by Data Strobe Signals) OR

Interest: Data Strobe Signals (supported by Data Signals)

Required Signals:  Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin is DQS or DQ depend on the PUT selected.

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 74
September 2012
Table 74 — Single-ended AC & DC output levels
Symbol |Parameter DDR4-1600/1866/2133/2400/2666/3200 | Units | NOTE
Von(DC) | DC output high measurement level (for IV curve linearity) 1.1 X Vppa \%

Test Overview:  The purpose of this test is to verify that the high level voltage valueof the test
signal within a valid sampling window is greater than the conformance limits of the
Vo (pc) value specified in the JEDEC specification

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

3 Find all valid positive pulses in the said burst. A valid positive pulse starts at
Vrer crossing at valid rising edge and end at Vggr crossing at the following
valid falling edge (See notes on "Threshold Settings" on page 69).

4 Zoom in on the first valid positive pulse and perform Vygp measurement. Take
the Vrop measurement results as Vop (pc) value.

5 Continue the previous step with the rest of the valid positive pulses that were
found in the burst.

6 Determine the worst result from the set of Vg (pc) measured.

Expected/Observa  The high level voltage value of the test signal shall be greater than or equal to the
ble Results: Vi (pe) value in the specification.

Vg Test — AC Output Logic Low

VoL Test can be divided into 2 sub tests: Vg (ac) test and Vo (pe).
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VoL (ac) Test - AC Output Logic Low

Mode Supported: DDR4 , LPDDR4
Signal cycle of READ
interest:
Require  Yes
Read/Write
separation:
Signal(s) of Data Signals (supported by Data Strobe Signals) OR
Interest: Data Strobe Signals (supported by Data Signals)
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin is DQS or DQ depend on the PUT selected.
References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 74
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 7.1.3.2 Table 69
August 2014
Table 74 — Single-ended AC & DC output levels
Symbol |Parameter DDRA4-1600/1866/2133/2400/2666/3200 | Units | NOTE
VoL(AC) |AC output low measurement level (for output SR) (0.7 -0.15) X Vppq \% 1

Test Overview:

Procedure:

34

Table 69 — Single-ended AC and DC Output Levels

Parameter Symbol Min Max Unit
Output high voltage VOH 0.80 * VppQ - vy
Output low voltage VOL - 020 * VgpQ v

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

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

2 Take the first valid READ burst found.

3 Find all valid negative pulses in the said burst. A valid negative pulse starts at
Vrer crossing at valid falling edge and end at Vggp crossing at the following
valid rising edge (See notes on "Threshold Settings" on page 69).

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation




Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

Electrical Tests Group 4

4 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take
the Vgase measurement results as Vo (ac) value.

5 Continue the previous step with the rest of the valid negative pulses that were
found in the burst.

6 Determine the worst result from the set of Vg (ac) measured.

The low level voltage value of the test signal shall be lower than or equal to the
minimum Vg (ac) value.

VoL (pc) Test - DC Output Logic Low
DDR4, LPDDR4
READ

Yes

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

Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin is DQS or DQ depend on the PUT selected.

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 74
September 2012
Table 74 — Single-ended AC & DC output levels
Symbol |Parameter DDR4-1600/1866/2133/2400/2666/3200 | Units | NOTE
Vor(DC) |DC output low measurement level (for IV curve linearity) 0.5 X Vppq \%

Test Overview:

Procedure:

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

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

3 Find all valid negative pulses in the said burst. A valid negative pulse starts at
VRer crossing at valid falling edge and end at Vggp crossing at the following
valid rising edge (See notes on "Threshold Settings" on page 69).
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4 Zoom in on the first valid negative pulse and perform Vgagg measurement. Take
the Vgase measurement results as Vg (pc) value.

5 Continue the previous step with the rest of the valid negative pulses that were
found in the burst.

6 Determine the worst result from the set of Vg (pc) measured.

Expected/Observa  The low level voltage value of the test signal shall be lower than or equal to the
ble Results:  minimum Vg, (pc) value.

SRQseR - Output Signal Minimum Slew Rate (Rising)

Mode Supported: DDR4 , LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Signals (supported by Data Strobe Signals) OR
Interest: Data Strobe Signals (supported by Data Signals)
Required Signals:  Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin is DQS or DQ depend on the PUT selected.

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 77
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 7.4 Table 74
August 2014

Table 77 — Single-ended output slew rate

DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200
Parameter Symbol Units

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Single ended output slew rate | SRQse 4 9 4 9 4 9 4 9 | TBD | TBD | TBD | TBD | Vins
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Test Overview:

Procedure:

Expected/Observa
ble Results:

Electrical Tests Group 4

Table 74 — Output Slew Rate (single-ended)

Value
Parameter Symbol Units
Y Min" Max”
Single-ended Output Slew Rate (VOH =VppQi3) [ SRQse* 3.5 9 vins
Qutput slew-rate matching Ratio (Rise to Fall) 08 12 -
* SR = Slew Rate, Q = Query Output (like in DQ, which stands for Data-in, Query Output) se = Single-ended signals

NOTE 1 Measured with output reference load.

NOTE 2 The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the entire
temperature and voltage range. For a given output, it represents the maximum difference between pull-up and pull-
down drivers due to process vanation.

NOTE 3 The output slew rate for falling and rising edges is defined and measured between VOL{AC)=0.2"VOH(DC)
and YOH(AC)= 0.8*VOH(DC).

NOTE 4 Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.

The purpose of this test is to verify that the rising slew rate value of the test signal
is within the conformance limit of the SRQseR value specified in the JEDEC
specification.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid READ burst found.

3 Find all the valid rising edges in the said burst. A valid rising edge starts at Vg
(ac) Crossing and end at the following Vo (4¢) Crossing.

4 Forall the valid rising edges, find the transition time, TR which is the time starts
at V| (a¢) Crossing and end at the following Voy (5¢) Crossing. Then calculate
SRQSGR = [\/OH (ac) ~ \/OL (ac)] /TR.

5 Determine the worst result from the set of SRQseR measured.

The calculated Rising Slew/SRQseR value for the test signal shall be within the
specification limit.

SRQseF - Output Signal Minimum Slew Rate (Falling)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Required Signals:

DDR4 , LPDDR4
READ

Yes

Data Signals (supported by Data Strobe Signals) OR
Data Strobe Signals (supported by Data Signals) OR
Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
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Expected/Observa
ble Results:

38

Electrical Tests Group

Supporting Pin is DQS or DQ depend on the PUT selected.

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 77
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 1.4 Table 74
August 2014
Table 77 — Single-ended output slew rate
DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200
Parameter Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Single ended output slew rate | SRQse 4 9 4 9 4 9 4 9 | TBD | TBD | TBD | TBD | V/ns
Table 74 — Output Slew Rate (single-ended)
Parameter Symbol Value Units
Min' Max?
Single-ended Output Slew Rate (VOH = VppQJ/3) SRQse* 35 9 Vins
Output slew-rate matching Ratio (Rise to Fall) 0.8 12

Test Overview:

Procedure:

" SR = Slew Rate, Q = Query Output (like in DQ, which stands for Data-in, Query Output) se = Single-ended sﬂgnals

NOTE 1 Measured with output reference load.

NOTE 2 The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the entire
temperature and voltage range. For a given output, it represents the maximum difference between pull-up and pull-
down dnvers due to process vanation.

NOTE 3 The output slew rate for falling and nsing edges is defined and measured between VOL({AC)=0.2"VOH(DC)
and VOH(AC)= 0.8*VOH(DC).

NOTE 4 Slew rates are measured under average S50 conditions, with 50% of DQ signals per data byte switching.

The purpose of this test is to verify that the falling slew rate value of the test signal
is within the conformance limit of the SRQseF value specified in the JEDEC
specification.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid READ burst found.

3 Find all the valid falling edges in the said burst. A valid falling edge starts at
VoH (ac) Crossing and end at the following Vg (5¢) crossing.

4 For all the valid falling edges, find the transition time, TR which is the time
starts at Vgy (5¢) Crossing and end at the following Vg (4¢) Crossing. Then
calculate SRQseF = [V (ac) - VoL (ac)) / TR.

5 Determine the worst result from the set of SRQseF measured.

The calculated Falling Slew/SRQseF value for the test signal shall be within the
specification limit.
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AC Overshoot (amplitude, area)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Overshoot Test can be divided into 2 sub tests: Overshoot amplitude and
Overshoot area.

DDR4 , LPDDR4
READ or WRITE

No

Data Signals OR

Data Strobe Signals OR
Address Signals OR

Control Signals OR

Data Mask Control Signals OR
Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

Specifications document Section# Table#

DDR4 SDRAM Specification, JESD79-4, 7 Table 67, 68, and 69
September 2012

LPDDR4 SDRAM Specification, JESD209-4, 71.4,75 Table 70, Table 76
August 2014

Table 67 — AC overshoot/undershoot specification for Address and Control pins

Specification
Parameter DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for overshoot area 0.3 0.3 0.3 0.3 TBD TBD Vv
Maximum overshoot area above Vpp 0.25 0.25 0.25 TBD TBD TBD V-ns
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Table 69 — AC overshoot/undershoot specification for Data, Strobe and Mask

Specification
Parameter DDR4- DDR4- DDR4- DDR4- DDRA4- DDR4- | Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for overshoot area 0.4 04 04 0.4 TBD TBD \%
Maximum overshoot area above Vppq 0.2 0.2 0.2 0.2 TBD TBD V-ns

Table 68 — AC overshoot/undershoot specification for Clock

Specification
Parameter DDR4- DDR4- DDR4- DDR4- DDR4- DDR4- |Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for overshoot area 0.3 0.3 0.3 0.3 TBD TBD \%
Maximum overshoot area above Vppq 0.10 0.10 0.10 TBD TBD TBD V-ns

Table 70 — AC Overshoot/Undershoot Specification

Parameter Specification
Maximum peak Amplitude allowed for overshoot area 0.35V
Maximum peak Amplitude allowed for undershoot area 0.35V
Maximum overshoot area above Vpp/VppQ 0.8V-ns
Maximum undershoot area bhelow Vgg/\Vg5Q 0.8V-ns

Table 76 — AC Overshoot/Undershoot Specification

Parameter Data Rate Units
1600 | 1866 | 3200 | 4266

Maximum peak amplitude allowed for overshoot area.
(See Figure 102)

Maximum peak amplitude allowed for undershoot area.
(See Figure 102)

Maximum area above Vpp.

(See Figure 102)

Maximum area below Vgg.

(See Figure 102)

NOTE 1 Vpp2 stands for Vpp for CA[5:0], CK_t, CK_c, CS_n, CKE and ODT. Vpp stands for VppQ for DQ, DMI,
DQS_tand DQS_c.

NOTE 2 VSS stands for VSS for CA[5:0], CK_t, CK_c, CS_n, CKE and ODT. Vgg stands for VggQ for DQ, DMI,
DQS_tand DQS_c.

NOTE 3 Maximum peak amplitude values are referenced from actual Vpp and Vgg values.

Max | 0.3 0.3 0.3 TBD vV

Max | 0.3 0.3 0.3 TBD vV

Max | 0.1 0.1 0.1 TBD | V-ns

Max | 0.1 0.1 0.1 TBD | V-ns

NOTE 4 Maximum area values are referenced from maximum operating Vpp and Vgg values.
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Test Overview:  The purpose of this test is to verify that the overshoot value of the test signal that
found from all region of acquired waveform is lower than or equal to the
conformance limit of the maximum peak amplitude allowed for overshoot as
specified in the JEDEC specification.

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

Procedure: 1 Setthe number of sampling points to 2M samples.

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

3 Use Tyax, Vimax to get timestamp of maximum voltage on all region of acquired
waveform.

4 Perform manual zoom waveform to maximum peak area

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

Pin Supply Reference Level
DDR4 Address and Control pin. VDD

DDR4 Data, Strobe and Mask pin. VDDQ

DDR4 Clock VDDQ

LPDDR4 XXXXXX XXXXXX

LPDDR4 XXXXXX XXXXXX

6 Calculate Overshoot Amplitude. Overshoot Amplitude = Vy,ax - supply
reference level (refer table above).

7 Calculate Overshoot area (V-ns)

Area calculation is based on the area calculation of a triangle where the
overshoot width is used as the triangle base and the overshoot amplitude is
used as the triangle height.

Area = 0.5 * base * height
8 Compare test result to the compliance test limit.

Expected/Observa - The measured maximum voltage value for the test signal shall be less than or
ble Results: equal to the maximum overshoot value.

The calculated overshoot area value shall be less than or equal to the maximum
overshoot area allowed.
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AC Undershoot (amplitude, area)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Undershoot Test can be divided into 2 sub tests: Undershoot amplitude and
Undershoot area

DDR4 , LPDDR4
READ or WRITE

No

Data Signals OR

Data Strobe Signals OR
Address Signals OR

Control Signals OR

Data Mask Control Signals OR
Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 7 Table 67, 68, and 69
September 2012

Table 67 — AC overshoot/undershoot specification for Address and Control pins

Specification
Parameter DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4. | Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for undershoot area 0.3 0.3 0.3 0.3 TBD TBD Vv
Maximum undershoot area below Vgg 0.25 0.25 0.25 TBD TBD TBD V-ns

Table 69 — AC overshoot/undershoot specification for Data, Strobe and Mask

Specification
Parameter DDR4- DDR4- DDR4- DDR4- DDR4- DDR4- | Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for undershoot area 0.32 0.32 0.32 0.32 0 Q \%
Maximum undershoot area below Vggq 0.1 0.1 0.1 0.1 0 0 V-ns

42
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Table 68 — AC overshoot/undershoot specification for Clock

Specification
Parameter DDR4- DDR4- DDR4- DDR4- DDR4- DDR4- |Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for undershoot area 0.3 0.3 0.3 0.3 TBD TBD \%
Maximum undershoot area below Vggq 0.10 0.10 0.10 TBD TBD TBD V-ns

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

When there is 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.

Procedure: 1
2

Expected/Observa
ble Results:

Set the number of sampling points to 2M samples.

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

Use Tyins Vi to get timestamp of minimum voltage on all region of acquired
waveform.

Perform manual zoom waveform to minimum peak area

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

Calculate Undershoot Amplitude. Undershoot Amplitude = 0 - V.
Calculate Undershoot area (V-ns)

Area calculation is based on the area calculation of a triangle where the
undershoot width is used as the triangle base and the undershoot amplitude is
used as the triangle height.

Area = 0.5 * base * height
Compare test result to the compliance test limit.

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

The calculated undershoot area value shall be less than or equal to the
maximum undershoot area allowed.

Vrer Measurement

Mode Supported: DDR4
Signal cycle of READ or WRITE

interest:
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Require  No
Read/Write
separation:

Signal(s) of - Vger Signal

Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = Vggr Signal
References:
Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 7
September 2012
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7.1  AC and DC Input Measurement Levels: Vpgp Tolerances

The DC-tolerance limits and ac-noise limits for the reference voltages Vgepep Is illustrated in Figure 170. It shows a valid reference
voltage Vgeg(t) as a function of time. (Vger stands for Vgerea)-

Vgrer(DC) is the linear average of Vgep(t) over a very long period of time (e.g. 1 sec). This average has to meet the min/max
requirement in Table X.l Furthermore Vgeg(t) may temporarily deviate from Vrep(DC) by no more than + 1% Vpp.

‘ voltage
Vpp
Vet
Vges ac-n0ISE Ref(!)
v .
VRefﬂDCj- . / A S, \:l;fg;}max
VRef(DG)min
Vss
-
time

Figure 170 — lllustration of Vgge(DC) tolerance and Vggg AC-noise limits

The voltage levels for setup and hold time measurements V|y(AC), Viy(DC), V| (AC) and V| (DC) are dependent on Vgep
"Vree" shall be understood as Vgep(DC), as defined in Figure 170.

This clarifies, that DC-vanations of Vrer affect the absolute voltage a signal has to reach to achieve a valid high or low level and
therefore the time to which setup and hold is measured. System timing and voltage budgets need to account for Vgep(DC) deviations
from the optimum position within the data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with Vg
AC—nUiseI Timing and voltage effects due to AC-noise on Vgge up to the specified limit (+/-1% of Vpp) 4re included in DRAM timings
and their associated deratings.

Test Overview:  The purpose of this test is to verify that the voltage level value of the Vggr signal is
within the conformance limit of the Vrgg value specified in the JEDEC
specification.

Procedure: 1 Setthe number of sampling points to 2M samples.

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

3 Use Tyax, Vimax to get timestamp of maximum voltage on all region of acquired
waveform.

4 Use Tyn, VN to get timestamp of minimum voltage on all region of acquired
waveform.

5 Take VN Or Vpax for the worst test result.
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6 Compare test result to the compliance test limit.

Expected/Observa  The worst voltage level of the Vggr signal shall be within the specification limit.
ble Results:
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Differential Signals Tests

Differential AC and DC Input Levels for Clock

Differential AC Input Levels for Clock can be divided into these sub tests: V|yqiff ck
(o) test, ViLgir.ck (ac) test, Vipitr.ck (oc) test, and Vi gir.c (oe) test.

ViHdift.ck (ac) — Differential Input High AC for Clock

Mode Supported: DDR4, LPDDR4
Signal cycle of READ or WRITE
interest:
Require  No
Read/Write
separation:
Signal(s) of Clock Signals
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 7 Table 64
September 2012
LPDDR4 SDRAM Specification, JESD209-4, - -
August 2014
Table 64 — Differential AC and DC Input Levels
DDR4 -1600,1866,2133 DDR4 -2400,2666 & 3200
Symbol Parameter - - unit | NOTE
min max min max
Vingit(AC) | differential input high ac 2X (VIH(AC) - NOTE 3 2% (ViH(AC) - NOTE 3 v | 2
VRer) VREF)

Test Overview:

Procedure:

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
Vingiff (ac) Value as specified in the JEDEC specification.

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

3 Find all valid Clock positive pulse in the triggered waveform. A valid Clock
positive pulse starts at 0 Volt crossing at valid Clock rising edge and end at 0

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation 47



4 Electrical Tests Group

Expected/Observa
ble Results:

Volt crossing at following valid Clock falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgp. Take the Vigp measurement as
ViHdiff (ac) Value.

5 Continue the previous step with another 9 valid positive pulses found in the said
waveform.

6 Determine the worst result from the set of V|qf (ac) Mmeasured.

The worst measured Vs (ac) Shall be within the specification limit.

VLdifr.ck (ac) — Differential Input Low AC for Clock

Mode Supported: DDR4, LPDDR4
Signal cycle of READ or WRITE
interest:
Require  No
Read/Write
separation:
Signal(s) of Clock Signals
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 7 Table 64
September 2012
LPDDR4 SDRAM Specification, JESD209-4, - -
August 2014
Table 64 — Differential AC and DC Input Levels
DDR4 -1600,1866,2133 DDR4 -2400,2666 & 3200
Symbol Parameter : = unit | NOTE
min max min max
. . 2x (VIL(AC) - 2 x (VIL(AC) -
VLaif(AC) | differential input low ac NOTE 3 NOTE 3 vV 2
VREF) VReF)

Test Overview:

Procedure:

48

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

1 Pre-condition the oscilloscope.
2 Trigger on the rising edge of the clock signal under test.
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Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Electrical Tests Group 4

3 Find all valid Clock negative pulse in the triggered waveform. A valid Clock
negative pulse starts at O Volt crossing at valid Clock falling edge and end at O
Volt crossing at following valid Clock rising edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgagg. Take the Vgagg measurement as
vlLdif‘f (AC) value.

5 Continue the previous step with another 9 valid positive pulses found in the said
waveform.

6 Determine the worst result from the set of V,_gi (ac) measured.

The worst measured V) it (ac) Shall be within the specification limit.

Vindifr.ck (oc) — Differential Input High DC for Clock
DDR4, LPDDR4
READ or WRITE

No

Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

There is no limit found for this test.

The purpose of this test is to verify the high level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

1 Pre-condition the oscilloscope.

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

3 Find all valid Clock positive pulse in the triggered waveform. A valid Clock
positive pulse starts at 0 Volt crossing at valid Clock rising edge and end at O
Volt crossing at following valid Clock falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgp. Take the Vigp measurement as
lediﬁ (DC) value.

5 Continue the previous step with another 9 valid positive pulses found in the said
waveform.

6 Determine the worst result from the set of Vgt (o) Mmeasured.
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Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

The worst measured Vg (oc) shall meet the user defined limit.

Vi difr.ck (oc) — Differential Input Low DC for Clock
DDR4, LPDDR4
READ or WRITE

No

Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

There is no limit found for this test.

The purpose of this test is to verify the low level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

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

3 Find all valid Clock negative pulse in the triggered waveform. A valid Clock
negative pulse starts at O Volt crossing at valid Clock falling edge and end at O
Volt crossing at following valid Clock rising edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgage. Take the Vgagg measurement as
vlLdiff (DC) value.

5 Continue the previous step with another 9 valid positive pulses found in the said
waveform.

6 Determine the worst result from the set of V| i (pc) measured.

The worst measured V)| gi¢f (po) Shall meet the user defined limit.

Differential AC Input Levels for Strobe

Mode Supported:

50

Differential AC Input Levels for Strobe can be divided into these sub tests:
Vindift.qs (ac) test, ViLdifr.ps (ac) test, Vingif.pgs (oc) test, and Vi qifr pgs (be) test

Vidifr.Dgs (ac) — Differential Input High AC for Strobe
DDR4
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Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:

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

References:
Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 7 Table 64
September 2012
Table 64 — Differential AC and DC Input Levels
DDR4 -1600,1866,2133 DDR4 -2400,2666 & 3200
Symbol Parameter - - unit | NOTE
min max min max
Viugit(AC) | differential input high ac 2X (VIH(AC) - NOTE 3 2X (ViH(AC) - NOTE 3 v | 2
VRer) VReF)

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

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulse in the said burst. A valid Strobe positive
pulse starts at O Volt crossing at valid Strobe rising edge and end at O Volt
crossing at following valid Strobe falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vygp. Take the Vygp measurement as
v|Hdiff (AC) value.

5 Continue previous step with the rest of the positive pulses in the said burst.

6 Determine the worst result from the set of Vs (ac) Measured.

Expected/Observa  The worst measured Vit (ac) Shall be within the specification limit.
ble Results:
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ViLdift.0@s (ac) — Differential Input Low AC for Strobe

Mode Supported: DDR4
Signal cycle of WRITE
interest:
Require  Yes
Read/Write
separation:
Signal(s) of Data Strobe Signals (supported by Data Signals)
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ
References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 7 Table 64
September 2012
Table 64 — Differential AC and DC Input Levels
DDR4 -1600,1866,2133 DDR4 -2400,2666 & 3200
Symbol Parameter - - unit | NOTE
min max min max
. . 2x (ViL(AC) - 2 x (VIL(AC) -
V\Lgif(AC) | differential input low ac NOTE 3 NOTE 3 Y 2
VREF) VRer)

Test Overview:

Procedure:

52

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

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulse in the said burst. A valid Strobe negative
pulse starts at 0 Volt crossing at valid Strobe falling edge and end at 0 Volt
crossing at following valid Strobe rising edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgage. Take the Vgagg measurement as
vlLdif‘f (AC) value.

5 Continue previous step with the rest of the negative pulses in the said burst.

6 Determine the worst result from the set of V_gi (ac) measured.
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Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Electrical Tests Group

The worst measured V) gisf (ac) Shall be within the specification limit.

Vinditt.0@s (pc) — Differential Input High DC for Strobe
DDR4
WRITE

Yes

Data Strobe Signals (supported by Data Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ

There is no limit found for this test.

The purpose of this test is to verify the high level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid Strobe positive pulse in the said burst. A valid Strobe positive
pulse starts at O Volt crossing at valid Strobe rising edge and end at O Volt
crossing at following valid Strobe falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgp. Take the Vigp measurement as
v|Hdiff(DC) value.
5 Continue previous step with the rest of the positive pulses in the said burst.

6 Determine the worst result from the set of Vg (pc) Mmeasured.

The worst measured Vg (oc) shall meet the user defined limit.

Vi 4ifr.pgs (pc) — Differential Input Low DC for Strobe
DDR4
WRITE
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Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Yes

Data Strobe Signals (supported by Data Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ

There is no limit found for this test.

The purpose of this test is to verify the low level voltage value of the test signal
within a valid sampling window. The limit is definable by the customers for their
evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid WRITE burst found.

3 Find all valid Strobe negative pulse in the said burst. A valid Strobe negative
pulse starts at O Volt crossing at valid Strobe falling edge and end at 0 Volt
crossing at following valid Strobe rising edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgage. Take the Vgagg measurement as
V\Ldiff (Do) Value.

5 Continue previous step with the rest of the negative pulses in the said burst.

6 Determine the worst result from the set of V| 4ir (pc) measured.

The worst measured V| giff (o) shall meet the user defined limit.

Vix — AC Differential Cross Point Voltage for Clock

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Required Signals:

b4

DDR4
WRITE

No

Clock Signals

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = Clock Signals.
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References:
Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 7 Table 71
September 2012
Table 71 — Cross point voltage for differential input signals (CK)
DDR4-1600/1866/2133/2400/2666/3200
Symbol Parameter - Unit Note
min max
VIX(CK Differential Input Cross Point Voltage rela- -120 -120 mV 2
(€K tive to VDD/2 for CK_t, CK_c 7BD 78D v 1

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

Procedure: 1 Sample/Acquire data waveforms.

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

3 Find all differential CLK crossing that cross OV.

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

5 For each cross point voltage, calculate the final result. Vix (5) = cross point
voltage - VDD/2.

6 Determine the worst result from the set of V|y (5) measured.

Expected/Observa  The measured crossing point value for the differential test signals pair shall be
ble Results:  within the conformance limit of the VIX(CK) value.

Differential AC Output Levels

Differential AC Output Levels can be divided into 2 sub tests: Vopgiss (ac) test and
VoLaiff (ac) test
VoHuditf (ac) — AC Differential Output High Measurement Level

Mode Supported: DDR4, LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:
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Signal(s) of
Interest:

Required Signals:

Data Strobe Signals (supported by Data Signals)

Needed to perform this test on oscilloscope:

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

References:

Specifications document Section# Table#

DDR4 SDRAM Specification, JESD79-4, 8 Table 75

September 2012

Table 75 — Differential AC & DC output levels
DDR4-1600/1866/2133/2400/ .
Symbol Parameter 2666/3200 Units | NOTE
Voudir(AC) | AC differential output high measurement level (for output SR) +0.3 x Vppq Vv 1

Test Overview:

Procedure:

Expected/Observa
ble Results:

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

56

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
VoHdiff (ac) Value as specified in the JEDEC specification.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid Strobe positive pulse in the said burst. A valid Strobe positive
pulse starts at 0 Volt crossing at valid Strobe rising edge and end at O Volt
crossing at following valid Strobe falling edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform V1gp. Take the Vygp measurement as
Voruiff (ac) Value.
5 Continue previous step with the rest of the positive pulses in the said burst.

6 Determine the worst result from the set of Vopgir (ac) measured.

The worst measured Vopgit (ac) Shall be within the specification limit.

VoLditf (ac) — AC Differential Output Low Measurement Level
DDR4, LPDDR4
READ

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

Required Signals:  Needed to perform this test on oscilloscope:

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

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 8 Table 75
September 2012
Table 75 — Differential AC & DC output levels
Symbol Parameter DDR4-1 sgggggg';? 3312400/ Units | NOTE
VoLaiftAC) | AC differential output low measurement level (for output SR) -0.3x Vppa \ 1

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

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid Strobe negative pulse in the said burst. A valid Strobe negative
pulse starts at 0 Volt crossing at valid Strobe falling edge and end at 0 Volt
crossing at following valid Strobe rising edge (See notes on "Threshold
Settings" on page 69).

4 Zoom into the first pulse and perform Vgage. Take the Vgagg measurement as
VoLgiff (ac) value.
5 Continue previous step with the rest of the negative pulses in the said burst.

6 Determine the worst result from the set of V| 4ifr (ac) Measured.

Expected/Observa  The worst measured Vo gifr (ac) Shall be within the specification limit.
ble Results:

Differential Output Slew Rate

Differential Output Slew Rate can be divided into 2 sub tests: SRQdIffR test and
SRQJIffF test

SRQIffR - Differential Output Slew Rate for Rising Edge
Mode Supported: DDR4 , LPDDR4
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Signal cycle of READ
interest:
Require  Yes
Read/Write
separation:
Signal(s) of Data Strobe Signals (supported by Data Signals)
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ
References:
Specifications document Section# Table# Figure#
DDR4 SDRAM Specification, JESD79-4, 8 Table 79
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 7.4 Table 75 Figure 101
August 2014
Table 79 — Differential output slew rate
DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200
Parameter Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Differential output slew rate | SRQdiff 8 18 8 18 8 18 8 18 | TBD | TBD | TBD | TBD | V/ns
Table 75 — Differential Output Slew Rate
Parameter mbol Value Units
Sy Min Max
Differential Output Slew Rate (VOH=VpQ/3) SRQdiff* 7 18 Vins
* SR = Slew Rate, Q = Query Qutput (like in DQ, which stands for Data-in, Query Qutput) diff = Differential signals

NOTE 1 Measured with output reference load.

NOTE 2 The output slew rate for falling and nsing edges is defined and measured between VOL{AC)=0.2*VOH(DC)
and VOH(AC)= 0.8"VOH(DC).

NOTE 3 Slew rates are measured under average SS0 conditions, with 50% of DQ signals per data byte switching.

Test Overview:

The purpose of this test is to verify that the differential output slew rate for rising

edge of the test signal must be within the conformance limit of the SRQdiff value
as specified in the JEDEC specification.

Procedure:

2 Take the first valid READ burst found.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
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Expected/Observa
ble Results:

Electrical Tests Group 4

3 Find all valid Strobe rising edge in the said burst. A valid Strobe rising edge
starts at Vg giff (ac) Crossing and end at following Vopgiff (ac) Crossing.

4 For all Strobe valid rising edge, find the transition time, TR which is time starts
at VoL giff (ac) crossing and end at following Vopgiss (ac) crossing. Then calculate

SRQIfR = [ Vongifr (ac) - Voudiff (ac) 1/ TR.
5 Determine the worst result from the set of SRQdiffR measured.

The worst measured SRQdIffR shall be within the specification limit.

SRQdIffF - Differential Output Slew Rate for Falling Edge

Mode Supported: DDR4 , LPDDR4
Signal cycle of READ
interest:
Require  Yes
Read/Write
separation:
Signal(s) of Data Strobe Signals (supported by Data Signals)
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
Supporting Pin = DQ
References:
Specifications document Section# Table# Figure#
DDR4 SDRAM Specification, JESD79-4, 8 Table 79
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 7.4 Table 75 Figure 101
August 2014
Table 79 — Differential output slew rate
DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200
Parameter Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Differential output slew rate | SRQdiff 8 18 8 18 <] 18 8 18 | TBD | TBD | TBD | TBD | V/ns
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Table 75 — Differential Output Slew Rate

Value
Parameter Symbol Units
. Min Max
Differential Output Slew Rate (VOH=VQ/3) SRQdiff* 7 18 vins
* SR = Slew Rate, Q = Query Cutput (like in DQ, which stands for Data-in, Query Output) diff = Differential signals

NOTE 1 Measured with output reference load.

NOTE 2 The output slew rate for falling and rising edges is defined and measured between VOL{AC)=0.2"VOH(DC)
and YOH(AC)= 0.8"VOH(DC).

NOTE 3 Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.

Test Overview:  The purpose of this test is to verify that the differential output slew rate for falling
edge of the test signal must be within the conformance limit of the SRQdiff value
as specified in the JEDEC specification.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid READ burst found.

3 Find all valid Strobe falling edge in the said burst. A valid Strobe falling edge
starts at Vopgifr (ac) crossing and end at following Vg giff (ac) Crossing.

4 For all Strobe valid falling edge, find the transition time, TR which is time starts
at Vongit (ac) crossing and end at following Vo giff (ac) crossing. Then calculate
SRQUIffF = [ Vougitr (ac) = Vouaifr (ac) 1/ TR-

5 Determine the worst result from the set of SRQdiffF measured.

Expected/Observa  The worst measured SRQdiffF shall be within the specification limit.

60

ble Results:

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation



Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application
Methods of Implementation

o Timing Tests Group

Overview / 62

Clock Timing (CT) / 79

Data Strobe Timing (DST) / 95

Data Timing / 116

Command Address Timing (CAT) / 125

KEYSIGHT

TECHNOLOGIES

61



62

5  Timing Tests Group

Overview

The following groups of tests pertain to the timing operating conditions of a DDR4
DRAM as defined in JEDEC specification. The tests consist of simple triggering test

which further divided into Clock Timing Tests, Data Strobe Timing Tests, Data
Mask Timing Tests, and Command & Address Timing Test.

DDR Read/Write Separation

It is essential to separate read and write bursts for most of the timing parameters
to be measured in the appropriate read or write cycle. Two signals are needed,

DQS and DQ. The following flow chart shows the process of splitting read and
write.
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Find start and end of every
burst in DQS signal

Any more DQS

burst to analvze?

Find all valid DQS edges in the burst

No

A 4

Is DQS and DQ
burst valid?*

Find all valid DQ edges that are
bounded by first and the last of the
valid DQS edges.

!

Calculate the average of time
differences of the DQS and DQ
edges.

Mark the
burst as
READ

Is average phase
diff > +/- 0.25 UI

Mark the
burst as

WRITE

Figure 4

Timing Tests Group

FEnd

*A DQS burst is consider
valid when first edge has
more than 2.5UI spacing
from start of the signal
and the last edge must
have more than 2.0UI of
spacing towards end of the
signal.

A DQ burst is consider
valid if there is at least one
transition happens. A valid
transition need to be at
least 250mV.

Flowchart for the Read/Write separation process
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5  Timing Tests Group

Filtering by
I = O AllDDR3 Tests
SpeCIfyI ng Latency @ Skip Connection Diagram Prompt (Mo)
@ Skip Error Message (MNo)
Value +- O General Settings
+-- O Electrical Tests
= & Timing Tests

@ Total Bit Display(cyde) (4)
+- O Test Setup for: Clock Timing OMLY
=] O Test Setup for: Data Strobe Timing and Data Timing OMLY
* WRank Separation (Disable)
@ READ Latency (5.0)
@ WRITE Latency (5.0)
@ Sampling Points (Pts) (2000000}
@ Differential Signal Threshold (Volts) (0.5)
@ Fixed Burst Length (8)
—- O Channell
@ Pin Under Test, PUT Parameters for Channel 1 (Clock)
@ Channel 1 {CKO,/CKO)
—- O Channel2
@ Pin Under Test, PUT (Strobe)
@ Channel 2 (DQS0,/DQS0)

Read and write burst can be further filtered by specifying the latency value. If
"Rank Separation" option is enabled, "READ Latency" and "WRITE Latency" values
will be used to determine if a READ burst or WRITE burst will be used in further
measurement. The following diagram shows how Latency is measured.

/CS

DQS

N

vl

A

n-clock cycle

/CS will be sampled at n-clock cycle from first edge of DQS. n refers to the READ
or WRITE latency set depends on the burst. /CS must be low to fulfill the filter
criteria. /CS high at sample time will be rejected.

Handling DDR4 back-to-back WRITE burst data

One of the challenges in handling the WRITE data burst of a DDR4 signal is to be
able to correctly identify the start bit and end bit position of the data burst. This
task is particularly difficult to perform during a back-to-back WRITE data burst
due to the WRITE preamble pattern (as defined in the JEDEC specs). The WRITE
preamble pattern will cause multiple back-to-back bursts seem like one
continuous long burst with/without bubble states (the preamble region). Examples
of the back-to-back WRITE data burst are shown in the following figures.
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Write Latency, WL = 2 clock cycle
Burst Length = 4 bit
Sub-burstfound = 4 valid data burst

cs |

e
| I
L

e s e

Sl

Write Latency, WL = 2 clock cycle
Burst Length = 4 bit Bubble
Sub-burstfound =4 valid data burst
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In order to eliminate the bubble states (if any) during a back-to-back WRITE data
burst, the Chip Select signal is required to identify the valid start bit of every data
burst(or called sub-burst) within a continuous back-to-back WRITE data burst. A
few assumptions are used in this approach as follow.

1 CS will be low during chained bursts to indicate a read or write command.

2 All burst are the same length, that is, in a captured waveform, only one burst
length is used for all single burst data or multiple back-to-back burst data.

3 Back-to-back burst data are applicable for only one rank at a time, that is, all
the multiple burst data in a back-to-back burst are only meant for one single
rank/DIMM at a time.

4 In aback-to-back burst data, there will be only ONE bubble bit (if any) between
any 2 consecutive burst data. For example (fix burst length=8 bit data), at the
end of a the first burst data (within a long back-to-back burst),i.e the 8th bit
data, a bubble state(if any) can be verified by checking the 9th bit data against
the CS signal. If a bubble state exists, then the 9th and 10th bit of the DQS will
be ignored and the 11th bit data will mark the beginning of a new burst data.
The 11th bit data should have a corresponding CS low to indicate it is a valid
consecutive burst data. The process will repeat for all the multiple bursts within
the back-to-back burst data.

Assumption #1 indicate a limitation on this approach to handle the back-to-back
burst because a logic low on the CS signal does not necessary means that it is a
WRITE/READ command being issued. A logic low state on the CS signal can be
due to other commands (such as PRECHARGE, REFRESH, etc) being issued.
Therefore when there are 2 consecutive low states on the CS signal during a
back-to-back burst transition, all the data bits of the burst data from that point
onwards will be ignored.

Assumption #2 also indicate a limitation on this approach to handle the
back-to-back burst because it cannot support any variable burst length waveform
data as allowed in DDR4. DDR4 users that change the burst length on the fly
(4-bit data to 8-bit data or vice-versa using A12) will not be supported even
though it is a valid feature as specified in the JEDEC specs.

A general description on the actual algorithm to handle the DDR4 back-to-back
WRITE data burst is explained as follow (fixed burst length = 8 bit).

1 Starting from bit#1(of the long burst data), the expected starting bit of the next
burst will be bit#9(Bit#1 + 8 Bit length).

2 Bit#9 will be check against the CS signal to see if there is a CS low assertion at
the latency delay interval.

3 |Ifthere are no valid CS low assertion found, then bit#9 is a bubble state and the
starting bit of the next burst will be bit#11(rising edge).

If there is a valid CS low assertion found, then the next rising edge DQS (bit#11)
will be check against the CS signal to see if there is a CS low assertion.
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4 |Ifthereis avalid CS low assertion found (correspond to Bit#11), then due to the
2 consecutive CS low detected (for Bit#9 and Bit#11), all data bits from this
point will be ignored.

But if there are no CS low assertion found (correspond to Bit#11), then bit#9 is a
valid starting bit of a burst.

5 The new expected starting bit for a burst will be checked by repeating
procedure 'a'(if the current starting bit is Bit#9, then the next expected burst

will be Bit#17).

Check CS logic state
corresponding to bit#09

CS=LOW for bit#09?
Check CS logic state NO
corresponding to bit#11

- YES
S =LOW for bit#11?

Bit#09is the
firstbit of the
next sub-burst.

) Check CS logic state
corresponding to bit#11

YES

Bit#09is a NO CS Low detected.

BUBBLE state. Ignore all bits from
BitH#11is the this point.

firstbit of the

next sub-burst.

2 consecutive CS Low
detected. Ignore all
bits from this point.

Continue processing the back-to-
back burst to locate the valid
starting bit of the next sub-burst.

This approach includes every possible bit for a DDR4 back-to-back WRITE burst,
EXCEPT the conditions when another command (for example, "PRECHARGE" or
"REFRESH" command) happens in the midst of back-to-back bursts. When that
happens, the chip select signal is asserted for two clock cycles and therefore we
cannot identify which of the two marks the WRITE command. Due to that
characteristic, we will not be able to correctly identify which state is the "bubble
state". All the data bits from that point onwards will be ignored for the processed
data burst. An example of this scenario is shown in the figure below where only
two sub-bursts are able to be identified from the back-to-back WRITE data burst.
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Write Latency, WL = 2 clock cycle
Burst Length = 4 bit
Sub-burstfound = 2 valid data burst

Unable to identify
start bit of the
next sub-burst

SLm

Handling DDR4 "2T timing" for tIS/tIS(derate) test

A config option to enable/disable the "2T timing" mode is available under the
config tab (Timing Tests >Test Setup for: Command and Address Timing ONLY),
namely "Clocking Method".

For this "2T timing" support feature approach, the main idea is to have the app to
use the second closest rising clock edge(instead of the closest rising edge in the
typical "1T timing") with reference to the CA (Command/Address) edge when
processing the tIS/tIS(derate) test. For example illustration purposes, the
screenshot of a sample waveforms from AMD below shows the impact of enabling
the "2T timing" feature.
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Control and 2T AddressiCommand Timing

3
1
}
i
=k

Based on the attached figure, the tIS/tIS(derate) test will measure the time
difference between line position #1 and #2 under normal "1T timing" operation
mode. For "2T timing" operation mode, the app will measure the time difference
between line position #1 and #3 instead. One main assumption in this approach is
that the transition edge of the CA PUT will occur before line position #2 (as it
should). If the CA transition edge is to occur after line position #2 for any reason
(very bad slew or signal integrity issue), then this approach will not work. So far (as
at 15/Dec/2010), we haven't seen any of those cases yet (or know whether those
scenario exist at all), but this is a limitation of this implementation approach. The
approach here should work well with the current AMD signals (based on the given
waveform files) and also any typical DDR DUT system working under the "2T
timing" operation mode.

Threshold Settings

Most of the timing tests are utilizing the threshold settings for determines if an
edge is indeed a valid edge. In general, an edge must past 3 levels of threshold to
qualify as an edge as shown.
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Method 1

/J// Upper Threshold
/ Middle Threshold
Lower Threshold

Valid edge

Upper Threshold

/—r/ Middle Threshold \,L
,/ Lower Threshold

Invalid edges

The application provides 2 methods for setting the threshold levels.

This section will set the threshold settings for all single-ended signals except for
Data signal of READ burst and single-ended Strobe of READ burst.

@ Skip Connection Diagram Prompt (Mo)
@ Skip Error Message (Mo}
= General Settings
= Signal Threshold Settings
VDD (V) {1.500)
an

vil_ac {v) (0.575)
Voh_dc (V) (L.20)
Yoh_ac (V) (0.50)

P00 EHOOOOOES

This section will set the threshold settings for Data signal of READ burst and
single-ended Strobe of READ burst.

@ Skip Connection Diagram Prompt (Mo)
@ Skip Error Message (Mo}
= General Settings
= Signal Threshold Settings
VDD (V) {1.500)
VDDQ (V) (1.500)
vref (V) (0.750)
vih_de (V) (0.85)
Vih_ac )

XXX XXX NN Y

The differential signals will be using +0.5/0/-0.5V for the threshold settings.
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Qe All CDR.3 Tests

E
E

B

----- @ Skip Connection Diagram Prompt (Mo}

----- @ Skip Error Message (Mo)

H-- O General Settings

#- O Electrical Tests

Timing Tests

@ Total Bit Display{cyde) (4

O Test Setup for: Clock Timing OMLY

O Test Setup for: Data Strobe Timing and Data Timing OMLY
@ Rank Separation (Disable)

@ READ Latency (5.0}

@ WRITE Latency (5.0}

Sampling Points (Pts) (2000000}

@ Differential Signal Threshold (Volts) {(0.5)

- Txed Burst Length (8]

Timing Tests Group

Method 2  Users also have a choice to setup each channel's threshold settings using the
following settings.

BE-0 All DDR3 Tests

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation

i @ Skip Connection Diagram Prompt (Mo)
- @ Skip Error Message (Mo)

[ © General Settings
O Signal Threshold Settings

[E8¥e R Sianal Threshold Trigger Settings

Threshold Trigger Setting (Auto)

----- @ CHANMEL 1: Upper Threshold (v} {0.50)
----- @ CHANMEL 1: Middle Threshold (V) {(0.00)
----- @ CHANMEL 1: Lower Threshold (v} (-0.50)
----- @ CHANMEL 2 : Upper Threshold (v} (0.50)
----- @ CHANMEL 2 : Middle Threshold (V) {0.00)
----- @ CHANMEL 2 : Lower Threshold (v} (-0.50)
----- @ CHANMEL 3 : Upper Threshold (v} (0.95)
----- @ CHANMEL 3 : Middle Threshold (V) {(0.75)
----- @ CHANMEL 3 : Lower Threshold (v} (0.55)
----- @ CHANMEL 4 : Upper Threshold (v} (0.95)
----- @ CHANMEL 4 : Middle Threshold (V) {(0.75)
----- @ CHANMEL 4 : Lower Threshold (v} (0.55)
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5  Timing Tests Group

Finding tLZBeginPoint(DQS) for READ data burst (DDR4)

DQS
VH —
VIT — —
B TA DQ:SStartEdge
VH
—<€ VT2
—€ Tl
tLZBeginPoint /R
T T2
Steps:

TA = DQSStartEdge - 1.5 Ul

TB = DQSStartEdge - 3.0 Ul

Form a histogram(vert) bounded by TA & TB.

VTT = Histogram Min

VH = Histogram Max

VT1 = VTT+0.3%(VH-VTT)

VT2 = VTT+0.6%(VH-VTT)

tLZBeginPoint = (T2 - T1) / (VT2 - VT1)) * (VTT - VT2) + T2;

00 N O g &~ WON =
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Finding tLZBeginPoint(DQS) for READ data burst (LPDDR4)

DQS

Vau -

TEB TA DQ:SStartEdge

WL

tLZBeginPoint \ \

T T2

Steps:

TA = DQSStartEdge - 0.5 Ul

TB = DQSStartEdge - 3.0 Ul

Form a histogram(vert) bounded by TA & TB.

VTT = Histogram Max

VL = Histogram Min

VT1 =VTT-0.3%(VTT-VL)

VT2 = VTT-0.6%(VTT-VL)

tLZBeginPoint = (T2 - T1) / (VT2 - VT1)) * (VTT - VT2) + T2;

0 N O o B~ W N =
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Finding tLZBeginPoint(DQS) for WRITE data burst

DQS
VH —
VIT — —
B TA DQ:SStartEdge
VH
—<€ VT2
—€ Tl
tLZBeginPoint /R
T T2
Steps:

TA = DQSStartEdge - 1.5 Ul

TB = DQSStartEdge - 3.0 Ul

Form a histogram(vert) bounded by TA & TB.

VTT = Histogram Min

VH = Histogram Max

VT1 = VTT+0.3%(VH-VTT)

VT2 = VTT+0.6%(VH-VTT)

tLZBeginPoint = (T2 - T1) / (VT2 - VT1)) * (VTT - VT2) + T2;

00 N O g &~ WON =
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Finding tHZEndPoint(DQS)

DQS TC L=
VIT —-> B> |
T z |
&/ ?
VL
DQSEndEﬁge TA B

tHZEndPoint

~
.

WL 4‘ Jr

T T2

Steps:
1 TA = DQSEndEdge + 0.5 Ul
2 TB=DQSEndEdge + 1.0 Ul
3 Form a histogram(vert) bounded by TA & TB.
4 VTT = Histogram Max
5 VL =Histogram Min
6 Extra cheking:
a TC=TB-0.5Ul
b TD=TB+0.5Ul
¢ Form Hist2, if Hist2 Mode < VTT, VTT = Hist2 Max
7 VT1=VL+0.3%VTT-VL)
8 VT2=VL+0.6%VTT-VL)
9 tHZEndPoint=((T2-T1)/ (VT2 -VT1)) * (VL - VT2) + T2;
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Finding tLZBeginPoint(DQ)

DQS DQSStartEdge

o/

| VH
DQ i
; VTT
; : VL
B TA
VH
- VT2
— VT
/ L. VT
tLZBeginPoint VL
T T2
Steps:

1 TA=DQSStartEdge + 0.5 Ul
2 TB = DQSStartEdge - 1.0 Ul
3 Find VTA, Voltage of DQ at TA
4 Find VTB, Voltage of DQ at TB
5 Form a histogram(vert) bounded by TA & TB.
6 If VTA > VTB,

a VTT = Histogram Min

b VH = Histogram Max

¢ VT1 =VTT+0.3%(VH-VTT)

d VT2 =VTT+0.6%(VH-VTT)

e tLZBeginPoint=((T2-T1)/ (VT2 -VT1))* (VTT - VT2) + T2;
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7 IfVTB > VTA,
a VTT = Histogram Max
b VL = Histogram Min
¢ VT1=VTT-0.3%(VTT-VL)
d VT2 =VTT-0.6%VTT-VL)
e tLZBeginPoint = ((T2-T1)/ (VT2 - VT1)) *(VTT - VT2) + T2;

Find tHZEndPoint(DQ)

DQS DQSEndEdge

VH4.

1

/
tHZEndPoint |

/
N\

g
T

Steps:
1 TA=DQSEndEdge + 0.5 Ul

2 TB=DQSEndEdge + 1.5 Ul

3 TC=TB-0.5Ul

4 TD=TB+0.5Ul

5 Find VTA, Voltage of DQ at TA
6 Find VTB, Voltage of DQ at TB
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7 Form a histogram(vert) bounded by TA and TB.
8 Form a histogram(vert) bounded by TC and TD.
9 IfVTA > VTB,
a VTT = Histogram(CD) Mode
b VH = Histogram(AB) Max
¢ VT1=VTT-0.3%(VH-VTT)
d VT2=VTT-0.65(VH-VTT)
e tHZEndPoint=((T2-T1)/ (VT2 -VT1)) *(VH - VT2) + T2;
10 If VTB > VTA,
a VTT = Histogram(CD) Mode
b VL = Histogram(AB) Min
¢ VT1=VTT+0.3*(VTT-VL)
d VT2 =VTT+0.6%(VTT-VL)
e tHZEndPoint=((T2-T1)/ (VT2 -VT1)) * (VL -VT2) + T2;
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Clock Timing (CT)

Clock Period Jitter- tJIT(per)

Rising Edge Measurements
Mode Supported: DDR4, LPDDR4

Signal cycle of READ or WRITE
interest:

Require  No
Read/Write
separation:

Signal(s) of - Clock Signals
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 12 Table 101 and 102
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014
Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133
Speed | DDR4-1600 ‘ DDR4-1866 | DDR4-2133 ‘ i
Parameter ‘ Symbol | MIN ‘ MAX ‘ MIN ‘ MAX | MIN | MAX ‘ units NOTE
Clock Timing
Clock Period Jitter- total ‘ JIT(per)_tot | -01 ‘ 01 ‘ -01 ‘ 01 | -01 | 01 ‘ ul ‘ 23
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed ‘ DDR4-2400 | DDR4-2666 DDR4-3200 | i
Parameter ‘ Symbol ‘ MIN ‘ MAX | MIN ‘ MAX | MIN ‘ MAX | units NOTE
Clock Timing
Clock Period Jitter- total ‘ JIT(per)_tot ‘ -0.1 ‘ 0.1 | -0.1 ‘ 0.1 | -0.1 ‘ 0.1 | ul ‘ 25
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Table 88 — Clock AC Timings

oara Svmbor | LPDDRA-1600 | LPDDRA-2400| LPDDRA-3200 LPDORA4268] [ ——
meter ym Min |Max| Min |Max| Min |Max| Min [Max

Clock Timing

Average clock period  |tCK(avg)| 1.25 100 | 0.833 | 100 | 0O.625 | 100 | 0467 | 100 ns
Average High pulse width |tCH{avg)| 046 |054| 046 (054| 046 |054| TBD |TBD |[tCK{avg)
Average Low pulse width [tCL(avg)| 046 |054| 046 |054| 046 |054| TBD |TBD |tCKiavg)

tCK(avg) tCK{avg)) tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period | 1CK(@bs)| (yron |~ umpen)| ~ |uimpen)| ~ |umpen| T | ™
MIN MIN MIN MIN

Absolute High clock
pulse width
Absolute Low clock
pulse width

Clock period jitter tlT(per)| -70 70 50 50 -40 40 - TBD ps
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD ps

cycles

tCH{abs)| 043 |[057| 043 |057| 043 |057| TBD |TBD [tCK{avg)

tCL{abs)| 043 |057| 043 |057| 043 |057| TBD |TBD [tCK{avag)

Test Overview:  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.

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Procedure:  Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
The Compliance Test Application:

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

2 (Calculates the average for periods 1 to 200.
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Expected/Observa
ble Results:

Timing Tests Group D

Measures the difference between period #1, period #2 and so on up to period
#200; with the average and save the resulting value as a measurement result. A
total of 200 measurement results are generated.

For the next set of measurement values, you must slide the window by one
period and the application measures the average of period #2 up to period
#201.

Compares period #2 with the new average. Continue the comparison for period
#3, #4 and so on up to period #201. A total of 200 additional measurement
results are generated such that there are 400 measured values overall.

For the next set of measurement values, you must slide the window by one
more period and the application measures the average of period #3 up to
period #202.

Compares period #3 with the new average. Continue the comparison for period
#4, #5 and so on up to period #202. A total of 200 additional measurement
results are generated such that there are 600 measured values overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the 600 measured values, check for the smallest and largest values,
which are recorded as the worst case values.

10 Compare the worst case values to the compliance test limits.

The measured value of tJIT(per) shall be within the conformance limits as specified
in the JEDEC specification.

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

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

Rising Edge Measurements
DDR4, LPDDR4
READ or WRITE

Clock Signals

Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
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References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 12 Table 101 and 102
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014
Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133
Speed | DDR4-1600 DDR4-1866 | DDR4-2133 i
Parameter ‘ Symbol | MIN ‘ MAX ‘ MIN ‘ MAX | MIN | MAX ‘ units NOTE
Clock Timing
Cycle to Cycle Period Jitter ‘ 1JIT(cc)_total | 02 ‘ 0.2 | 0.2 ‘ ul ‘ 25
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed DDR4-2400 | DDR4-2668 DDR4-3200 | i
Parameter ‘ Symbol ‘ MIN ‘ MAX | MIN ‘ MAX | MIN ‘ MAX | tnits NOTE
Clock Timing
Cycle to Cycle Period Jitter ‘ JIT(cc)_total ‘ 02 | 02 | 02 | ul ‘ 25
Table 88 — Clock AC Timings
Para Svmbol LPDDR4-1600 | LPDDR4-2400| LPDDR4-3200 | LPDDR4-4266 Units | Notes
mEter b Min |Max| Min |Max| Min |Max| Min [Max
Clock Timing
Average clock period  |tCK(avg)| 1.25 100 | 0.833 | 100 | 0O.625 | 100 | 0467 | 100 ns
Average High pulse width |tCH{avg)| 046 |054| 046 (054| 046 |054| TBD |TBD |[tCK{avg)
Average Low pulse width [1CL(avg)| 046 |[0D54| 046 [054] 046 |054] TBD |TBD|tCK(avg)
tCK(avg) tCK({avg), tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period | tCK(abs) UTper)| ~ |umm(pen)| = |umpen| ~ |Wm(pen)| - ns
MIN MIN MIN MIN
Absolute High clock
oulse width tCH(abs)| 043 |057| 043 |057| 043 |057| TBD |TBD |tCK{avq)
Absolute Low clock
ouise width CL(abs)| 043 |D57| 043 |0D57| 043 |057| TBD |TBD|tCK(avg)
Clock period jitter | t)IT(per)| 70 | 70 | 50 [ 50 | <0 | 40 - |TBD| s
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD| ps
cycles
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Test Overview:

The purpose of this test is to measure the difference in the clock period between
two consecutive clock cycles; that is, the tJIT(cc) Rising Edge Measurement
measures the clock period between the consecutive rising edges of a clock cycle.

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.
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Procedure:

Expected/Observa
ble Results:

Timing Tests Group D

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

5

The Compliance Test Application:
Measures the difference between every adjacent pair of periods.
Generates a total of 201 measurement results.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

Once the measurement results are generated, check the results for the smallest
and largest values, which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

The measured value of tJIT(cc) shall be within the conformance limits as specified
in the JEDEC specification.

Cumulative Error (across n cycles) - tERR(nper)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Rising Edge Measurements
DDR4, LPDDR4
READ or WRITE

No

Clock Signals
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Required Signals:

84

References:

Test Overview:

Procedure:

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

There is no limit found for this test.

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
On the Compliance Test Application:

1 tERR (2per) is very similar to tJIT (per), except that a 2-cycle window is formed
inside a large 200-cycle window and the average of the small window is
compared against the average of the large window.

2 Calculates the average for periods from 1 to 200.
3 Calculates the average of period #1 and period #2.

4 Calculates the difference of these two averages and the saves the resulting
value as a measurement result.

5 Calculates the average of period #2 and period #3 and measures the difference
between this average and the average of the large window.

6 Repeats the same procedure up to measuring the average of period #199 and
period #200 and comparing this average against the average of the large
window. A total of 199 measurement results are generated.

7 For the next set of measurement values, you must slide the large window by
one period and the test application repeats the process of calculating the
averages and differences. The test application starts by comparing the average
of periods 2 and 3 against the average of the new large window (from periods 2
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Expected/Observa
ble Results:

10

11
12

13

Timing Tests Group D

to 201) until it compares the average of periods 200 and 201 with the average
of the large window. A total of 199 measurement results are generated, thereby
making a total of 398 measurement values overall.

For the next set of measurement values, you must slide the large window by
one more period and the test application repeats the calculations such that a
total of 199 measurement results are generated, thereby making a total of 597
measurement values overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the 597 measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

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

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

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

The measured values of tERR shall meet the user defined limits.

Average High Pulse Width - tCH(avg)

DDR4, LPDDR4
READ or WRITE

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

No

Clock Signals

Needed to perform this test on oscilloscope:

Pin Under Test, PUT = any of the signal of interest defined above.
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References:
Specifications document Section# Table#
DDR4 SDRAM Specification, JESD79-4, 12 Table 101 and 102
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014
Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133
Speed | DDR4-1600 DDR4-1866 | DDR4-2133 i
Parameter ‘ Symbol | MIN ‘ MAX ‘ MIN ‘ MAX | MIN | MAX ‘ Units NOTE
Clock Timing
Average high pulse width ‘ 1CH(avg) | 048 ‘ 052 ‘ 0.48 ‘ 052 | 048 | 052 ‘ 1CK(ava) ‘
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed ‘ DDR4-2400 | DDR4-2666 | DDR4-3200 | i
Parameter ‘ Symbol ‘ MIN ‘ MAX | MIN ‘ MAX | MIN ‘ MAX | uniis NoTE
Clock Timing
Average high pulse width ‘ CH(avg) ‘ 0.48 ‘ 052 | 0.48 ‘ 052 | 048 ‘ 052 | tCK(avg) ‘
Table 88 — Clock AC Timings
Para Svmbol LPDDR4-1600 | LPDDR4-2400 | LPDDR4-3200 | LPDDR4-4266 Units | Notes
meter - Min [Max| Min [Max| Min [Max| Min [Max
Clock Timing
Average clock period  |tCK[avg)| 1.25 100 | 0833 | 100 | 0625 | 100 | 0467 | 100 ns
Average High pulse width (tCH(avg)| 046 |054| 046 |054| 046 [054| TBD |TBD [tCK{avg)
Average Low pulse width [ tCL(avg)| 046 [054| 046 [054| 046 [054| TBD |TBD[iCKavg)
tCK{avg) tCK(avg) tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) uTper)| = |umpen| = |umpen| = |wmgpen| - ns
MIN MIN MIN MIN
Absolute High clock
oulse with tCH{abs)| 043 |057| 043 |057| 043 |057| TBD |TBD [tCK{avg)
Absolute Low clock
oulse width iCL(abs)| 043 |057| 043 |057| 043 |057| TBD |TBD|iCK(avg)
Clock period jitter  |tJIT(per)] -70 [ 70 | =50 [ 50 | <40 | 40 - |mBD] ps
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD ps
cycles
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Test Overview:

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.
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Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Procedure:  Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

7

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2071 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

Expected/Observa  The measured value of tCH shall be within the conformance limits as specified in
ble Results:  the JEDEC specification.

Absolute High Pulse Width - tCH(abs)
Mode Supported: LPDDR4
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Signal cycle of READ or WRITE
interest:

Require  No
Read/Write
separation:

Signal(s) of - Clock Signals
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014

Table 88 — Clock AC Timings

LPDDR4-1600 | LPDDR4-2400 | LPDDR4-3200| LPDDR4-4266

Parameter Symbol Units | Not
ard YTO% THMin [Max| Min |Max| Min [Max| Min [Max| s

Clock Timing

Average clock period  [tCK(avg)| 1.25 | 100 | 0.833 | 100 | 0.625 | 100 | 0467 | 100 ns
Average High pulse width |tCH{avg)| 046 |054| 046 (054| 046 |054| TBD |TBD |[tCK{avg)
Average Low pulse width |tCL(avg)| 046 |054| 046 |054| 046 |054| TBD |TBD [tCK(avag)

tCK(avg) tCK({avg), tCK(avg) tCK(avg)
i MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) UTper)| ~ |umm(pen)| = |umpen| ~ |Wm(pen)| - ns
MIN MIN MIN MIN
Absolute High clock
pulse width tCH(abs)| 043 |(057| 043 |057| 043 |057| TBD |TBD |tCK{avg)
Absolute Low clock
pulse width tClL{abs)| 043 |057| 043 (057| 043 |057| TBD |TBD |tCK(avg)
Clock period jitter tlT(per)| -70 70 -50 50 -40 40 - TBD| ps
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD| ps
cycles

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.
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Procedure:

Expected/Observa
ble Results:

Timing Tests Group D

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

7

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2017 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

The measured value of tCH(abs) shall be within the conformance limits as
specified in the JEDEC specification.

Average Low Pulse Width - tCL(avg)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

DDR4, LPDDR4
READ or WRITE

No

Clock Signals
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Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.
References:
Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 12 Table 101 and 102
September 2012
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014
Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133
Speed | DDR4-1600 ‘ DDR4-1866 | DDR4-2133 ‘ i
Parameter ‘ Symbol | MIN ‘ MAX ‘ MIN ‘ MAX | MIN | MAX ‘ Units NOTE
Clock Timing
Average low pulse width ‘ CL(avg) | 0.48 ‘ 0.52 ‘ 0.48 ‘ 0.52 | 0.48 | 052 ‘ tCK(avg) ‘
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed ‘ DDR4-2400 | DDR4-2668 | DDR4-3200 | i
Parameter ‘ Symbol ‘ MIN ‘ MAX | MIN ‘ MAX | MIN ‘ MAX | tnits NOTE
Clock Timing
Average low pulse width iCL(@avg) 048 0.52 | 048 0.52 | 048 052 | tCK(avg) ‘
Table 88 — Clock AC Timings
Para Symbol LPDDR4-1600 | LPDDR4-2400 | LPDDR4-3200 | LPDDR4-4266 Units | Notes
meter - Min |[Max| Min [Max| Min |Max| Min |Max
Clock Timing
Average clock period  |tCK[avg)| 1.25 100 | 0833 | 100 | 0625 | 100 | 0467 | 100 ns
Average High pulse width [tCH(avg)| 046 054 046 |054| 046 |054| TBD |TBD [tCK(avg)
Average Low pulse width | tCL(avg)| 0486 054 046 |054| 046 |054| TBD |TBD [tCK(avg)
tCK{avg) tCK(avg) tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) uTper)| = |umpen| = |umpen| = |wmgpen| - ns
MIN MIN MIN MIN
Absolute High clock
pulse width tCH{abs)| 043 057 043 |057| 043 |057| TBD |TBD [tCK{avg)
Absolute Low clock
pulse width tCl(abs)| 043 057 043 |057| 043 |057| TBD |TBD [tCK(avg)
Clock penod jitter tJIT(per) -70 70 -50 50 -40 40 TBD ps
Maximum Clock Jitter
between consecutive tdIT(ec) - 140 - 100 80 TBD ps
cycles

Test Overview:

90

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the

Clock Signal.
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Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Procedure:  Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

7

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2071 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

Expected/Observa  The measured value of tCL(avg) shall be within the conformance limits as specified
ble Results:  in the JEDEC specification.

Absolute Low Pulse Width - tCL(abs)
Mode Supported: LPDDR4
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Signal cycle of READ or WRITE
interest:

Require  No
Read/Write
separation:

Signal(s) of - Clock Signals
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014

Table 88 — Clock AC Timings

LPDDR4-1600 | LPDDR4-2400 | LPDDR4-3200| LPDDR4-4266

Parameter Symbol Units | Not
ard YTO% THMin [Max| Min |Max| Min [Max| Min [Max| s

Clock Timing

Average clock period  [tCK(avg)| 1.25 | 100 | 0.833 | 100 | 0.625 | 100 | 0467 | 100 ns
Average High pulse width |tCH{avg)| 046 |054| 046 (054| 046 |054| TBD |TBD |[tCK{avg)
Average Low pulse width |tCL(avg)| 046 |054| 046 |054| 046 |054| TBD |TBD [tCK(avag)

tCK(avg) tCK({avg), tCK(avg) tCK(avg)
i MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) UTper)| ~ |umm(pen)| = |umpen| ~ |Wm(pen)| - ns
MIN MIN MIN MIN
Absolute High clock
pulse width tCH(abs)| 043 |(057| 043 |057| 043 |057| TBD |TBD |tCK{avg)
Absolute Low clock
pulse width tClL{abs)| 043 |057| 043 (057| 043 |057| TBD |TBD |tCK(avg)
Clock period jitter tlT(per)| -70 70 -50 50 -40 40 - TBD| ps
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD| ps
cycles

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.
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Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Procedure:  Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

7

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2017 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

Expected/Observa  The measured value of tCL(abs) shall be within the conformance limits as specified
ble Results:  in the JEDEC specification.

Half Period Jitter - tJIT(duty)
Jitter Average High - tJIT(duty-high)

Jitter Average Low - tJIT(duty-low)
Mode Supported: DDR4, LPDDR4
Signal cycle of READ or WRITE

interest:
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Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

94

References:

Test Overview:

Procedure:

No

Clock Signals

Needed to perform this test on oscilloscope:

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

There is no limit found for this test.

The tJIT(duty) can be divided into tJIT(CH) and tJIT(LH).

The tJIT(CH) Jitter Average High Measurement test measures the time period
between a positive pulse width of a cycle in the waveform and the average positive
pulse width of all cycles in a 200 consecutive cycle window.

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

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

For tJIT(CH) measurement, the Compliance Test Application:

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

Calculates the average for high pulse width from 1 to 200.

Measures the difference between high pulse width #1, high pulse width #2 and
so on up to high pulse width #200; with the average and saves the resulting
value as a measurement result. A total of 200 measurement results are
generated.
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4 For the next set of measurement values, you must slide the window by one
period and the application measures the average of high pulse width #2 up to
high pulse width #201.

5 Compares high pulse width #2 with the new average. Continue the comparison
for high pulse width #3, #4 and so on up to high pulse width #201. A total of
200 additional measurement results are generated such that there are 400
measured values overall.

6 For the next set of measurement values, you must slide the window by one
more period and the application measures the average of high pulse width #3
up to high pulse width #202.

7 Compares high pulse width #3 with the new average. Continue the comparison
for high pulse width #4, #5 and so on up to high pulse width #202. A total of
200 additional measurement results are generated such that there are 600
measured values overall.

8 When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

9 From the 600 measured values, check for the smallest and largest values,
which are recorded as the worst case values.

10 Compare the worst case values to the compliance test limits.

For tJIT(CH) measurement, the Compliance Test Application:

1 Repeats the procedural steps as described above for the measurement of
tJIT(CH) using low pulse widths for testing comparison instead of using high
pulse widths.

2 From the 600 measured values, check for the smallest and largest values,
which are recorded as the worst case values.

3 Compare the worst case values to the compliance test limits.

Expected/Observa  The measured value of tJIT(duty) shall meet the user defined limits.
ble Results:

Average Clock Period - tCK(avg)

Rising Edge Measurements
Mode Supported: DDR4, LPDDR4

Signal cycle of READ or WRITE
interest:

Require  No
Read/Write
separation:
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Signal(s) of - Clock Signals
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = any of the signal of interest defined above.

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014

Table 88 — Clock AC Timings

LPDDR4-1600 | LPDDR4-2400 | LPDDR4-3200|LPDDR4-4266

P Sty Units | Not
ara YO Min [Max| Min [Max| Min |Max| Min [Max " s

Clock Timing

Average clock period  |tCK(avg)| 1.25 | 100 | 0.833 | 100 | 0.625 | 100 | 0467 | 100 ns
Average High pulse width (tCH(avg)| 046 |054| 046 |054| 046 [054| TBD |TBD [tCK{avg)
Average Low pulse width |tCL(avg)| 046 |054| 046 |054| 046 |054| TBD |TBD |tCK{avg)

tCK{avg) tCK(avg) tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) uTper)| = |umpen| = |umpen| = |wmgpen| - ns
MIN MIN MIN MIN
Absolute High clock
pulse width tCH(abs)| 043 |057| 043 (057 043 |057| TBD |TBD |tCK{avg)
Absolute Low clock
pulse width tCl{abs)| 043 |[057| 043 |057| 043 |057| TBD |TBD [tCK{avg)
Clock period jitter tiT(per)| -70 70 50 50 -40 40 - TBD| ps
Maximum Clock Jitter
between consecutive | tJIT(cc) - 140 - 100 - 80 - TBD ps
cycles

Test Overview:  tCK(avg) is the average clock period within a 200 consecutive cycle window. The
tCK(avg) Rising Edge Measurement measures the average time period between
consecutive rising edges of a cycle within the waveform window.

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Procedure:  Example of input period measured:
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Expected/Observa
ble Results:

Absolute

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

Timing Tests Group D

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum
Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202

7

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2017 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

The measured value of tCK(avg) shall meet the user defined limits.

Clock Period - tCK(abs)
Rising Edge Measurements
LPDDR4

READ or WRITE

No

Clock Signals

Needed to perform this test on oscilloscope:

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

Specifications document

Section#

LPDDR4 SDRAM Specification, JESD209-4, 10.1 Table 88
August 2014
Table 88 — Clock AC Timings
A ymbor | LPODRA-1600 [LPDDRA 2400] LPDDRA-3200 [LPDDRAAZ66] |/ T~
Min [Max| Min | Max | Min | Max | Min | Max
Clock Timing
Average clock period | tCK(avg)| 125 | 100 | 0.833 | 100 | 0.625 | 100 | 0467 | 100] ns
Average High pulse width (tCH(avg)| 046 |054| 046 |054| 046 [054| TBD |TBD [tCK{avg)
Average Low pulse width | {CL(avg)| 046 |054| 046 |054| 046 |054| TBD |TBD |tCK(avg)
tCK{avg) tCK(avg) tCK(avg) tCK(avg)
. MIN + MIN + MIN + MIN +
Absolute clock period  [tCK(abs) tIIT(per) - WT(per) - WT(per) r JIT(per) - ns
MIN MIN MIN MIN
Abs‘zl‘l‘lt:e":‘?;f“k {CH(abs)| 043 |057| 043 |057| 043 |057| TBD |TBD|iCK{avg)
Abs‘;';'l‘s‘;kfﬁ‘;tﬁm tCliabs)| 043 |057| 043 |057| 043 |057| TBD |TBD |iCK(avg)
Clock period jter | WIT(per)| 70 | 70 | 50 | 50 | 40 | 40| - |78D| ps
Maxdrmum Clock Jitter
betwesn consecutive tdIT(ec) - 140 - 100 - 80 - TBD ps
cycles

Test Overview:

tCK(abs) is the absolute clock period within a 200 consecutive cycle window. The
tCK(abs) Rising Edge Measurement measures the absolute time period between
consecutive rising edges of a cycle within the waveform window.

Procedure:

Clock (Continuous or Burst) — Select either Continuous or Burst to define the
Clock Signal.

Number of Clock Measurements — Set the number of total clock transitions
that must be measured. Minimum value that you must set is 200. If you select
the Clock as ‘Continuous’, the memory depth must be set accordingly to
capture sufficient number of clock edges. If you select the Clock as ‘Burst’, the
number of clocks set in the burst clock transitions is measured first. You may
then repeat as many acquisitions as required to meet the set value.

Burst Clock Minimum Transition — Option available when you select Clock as
Burst. Set the number of clock transitions you may want to test in a given burst.
Minimum value that you must set is 202.

Example of input period measured:

Clock: Burst, Number of Clock Measurements: 200, Burst Clock Minimum

Transition: 202

Example input test signal:

Frequency: 1 kHz, Number of cycles acquired: 202
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Timing Tests Group D

The Compliance Test Application:
Measures a sliding “window” of 200 cycles.

Measures the width of the high pulses from cycle #1 to cycle #200 and
determines the average value for this window; thereby, generating one
measurement result.

Measures the width of the high pulses from cycle #2 to cycle #2071 and
determines the average value for this window; thereby, generating one more
measurement result and two measurement values overall.

Measures the width of the high pulses from cycle #3 to cycle #202 and
determines the average value for this window; thereby, generating one more
measurement result and three measurement results overall.

When “Burst” is selected for Clock, the process of measurement repeats for as
many acquisitions as are required to meet the value set for the “Number of
Clock Measurements” parameter, else the test continues to the next step. Note
that the time taken for the tests is usually proportional to the value defined for
the “Number of Clock Measurements” parameter.

From the three measured values, check for the smallest and largest values,
which are recorded as the worst case values.

Compare the worst case values to the compliance test limits.

Expected/Observa  The measured value of tCK(abs) shall meet the user defined limits.

ble Results:
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Data Strobe Timing (DST)

tWPRE Test - Write preamble

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:
Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

DDR4 , LPDDR4
WRITE

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQS start driving high
(*preamble behavior) to the first DQS signal rising edge crossing for write cycle.
The limit is definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find tLZBeginPoint of the said burst. (See notes on "Finding
tLZBeginPoint(DQS) for WRITE data burst" on page 74)

4 Find the first rising edge on DQS of the found burst.

5 tWPRE is the time interval of the found rising DQS edge to the tLZBeginPoint
found.

6 Report tWPRE.
The measured tWPRE shall meet the user defined limit.

tWPST Test - Write postamble

Mode Supported:

100

DDR4 , LPDDR4
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Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:
Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Timing Tests Group 5

WRITE

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQS no longer driving (from
High/Low state to Hi-Impedance) from the last DQS signal crossing(last bit of the
write data burst) for Write Cycle. The limit is definable by the customers for their
evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find tHZEndPoint of the said burst. (See notes on "Finding tHZEndPoint(DQS)"
on page 75)

4 Find the last falling edge on DQS prior to tHZEndPoint found.

5 tWPST is the time interval of the found falling DQS edge's crossing to the
tHZEndPoint found.

6 Report tWPST.
The measured tWPST shall meet the user defined limit.

tDQSS Test — DQS latching transition to associated clock edge

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

DDR4 , LPDDR4
WRITE

Yes
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Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Data Strobe Signal (supported by Data Signal)
Clock Signal

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Clock Signal
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time interval from data strobe output (DQS
rising Edge) access time to the associated clock (crossing point). The limit is
definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid rising DQS crossings in the said burst. (See notes on "Threshold
Settings" on page 69)

4 For all DQS crossings found, locate the nearest Clock rising crossing. (See
notes on "Threshold Settings" on page 69).

5 Take the time different from DQS crossing to Clock crossing found as the
tDQSS.

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

The worst measured tDQSS shall meet the user defined limit.

tDQSH Test - DQS input high pulse width

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

102

DDR4 , LPDDR4
WRITE

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).
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Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Timing Tests Group D

Needed to perform this test on oscilloscope:

Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the width of the high level of Data Strobe
signal. The limit is definable by the customers for their evaluation tests usage.

1

5
6

Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

Take the first valid WRITE burst found.

Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

tDQSH is time started from a rising edge of the DQS and ended at the following
falling edge.

Collect all tDQSH.

Determine the worst result from the set of tDQSH measured.

The worst measured tDQSH shall meet the user defined limit.

tDQSL Test — DQS input low pulse width

DDR4 , LPDDR4
WRITE

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:
Optional Signal(s):

Required Signals:

References:

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:

Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.
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Test Overview:

Procedure:

Expected/Observa
ble Results:

The purpose of this test is to verify the width of the low level of clock signal. The
limit is definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

4 tDQSL is time started from a falling edge of the DQS and ended at the following
rising edge.

5 Collect all tDQSL.

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

The worst measured tDQSL shall meet the user defined limit.

tRPRE Test - Read preamble

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:
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DDR4 , LPDDR4
READ

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQS start driving low (*preamble
behavior) to the first DQS signal crossing for Read Cycle. The limit is definable by
the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.
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Expected/Observa
ble Results:

Timing Tests Group 5

3 Find tLZBeginPoint of the said burst. (See notes on "Finding
tLZBeginPoint(DQS) for READ data burst (DDR4)" on page 72 or "Finding
tLZBeginPoint(DQS) for READ data burst (LPDDR4)" on page 73)

4 Find the first rising edge on DQS of the found burst.

5 tRPRE is the time interval of the found rising DQS edge to the tLZBeginPoint
found.

6 Report tRPRE.

The measured tRPRE shall meet the user defined limit.

tRPST Test - Read postamble

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:
Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

DDR4 , LPDDR4
READ

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQS no longer driving (from
High/Low state to Hi-Impedance) from the last DQS signal crossing (last bit of the
read data burst) for Read Cycle. The limit is definable by the customers for their
evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find tHZEndPoint of the said burst. (See notes on "Finding tHZEndPoint(DQS)"
on page 75)

4 Find the last falling edge on DQS prior to tHZEndPoint found.
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5 tRPST is the time interval of the found falling DQS edge's crossing to the
tHZEndPoint found.

6 Report tRPST.

Expected/Observa  The measured tRPST shall meet the user defined limit.
ble Results:

tDQSCK Test — DQS output access time from CK,/CK

Mode Supported: DDR4 , LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Strobe Signal (supported by Data Signal)
Interest: . ek Signal (CK as Reference Signal)

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory)

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Clock Signal, CK
Chip Select Signal, CS (* Optional)

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 4.6 Table 16
August 2014
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Test Overview:

Procedure:

Expected/Observa
ble Results:

Timing Tests Group 5

Table 16 —tDQSCK Timing Table

Farameter Symbol Win Wax Unit  [Notes
DQAS Output Access Time from CK_t/CK_c tDASCK 15 35 ns 1
DQS Output Access Time from CK_t/ICK_c -
Temperature Vanation

DQS Output Access Time from CK_t/ICK_c -
Woltage Vanation

tDASCK_temp - 4 ps"C 2

tDQSCK_volt - 7 psim\ 3

NOTE 1 Includes DRAM process, voltage and temperature vanation. It includes the AC noise impact for frequencies
> 20 MHz and max voltage of 45 mV pk-pk from DC-20 MHz at a fixed temperature on the package. The volage supply
noise must comply to the component Min-Max DC Operating conditions.

NOTE 2 tDQSCK_temp max delay vanation as a function of Temperature.

NOTE 3 tDQSCK_volt max delay vanation as a function of DC voltage vanation for VDDQ and VDD2. tDQSCK_volt
should be used to calculate timing variation due to VDDQ and VDD2 noise < 20 MHz. Host controller do not need to

account for any variation due to VDDQ and VDD2 noise > 20 MHz. The voltage supply noise must comply to the com-
ponent Min-Max DC Operating conditions. The voltage vanation is defined as the Max[abs{tDASCKmin@\V1-tDQASCK-

max@V2}, abs{tDASCKmax@V 14DASCKmin@V2})/abs{V1-V2}. For tester measurement VDDQ =VDD2 is
assumed.

The purpose of this test is to verify the time interval from data strobe output(DQS
Rising Edge) access time to the nearest rising/falling edge of the clock. The limit is
definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid rising DQS crossings at Vger in the said burst. (See notes on
"Threshold Settings" on page 69)

4 Forall DQS crossings found, locate the nearest rising Clock crossing at QV. (See
notes on "Threshold Settings" on page 69)

5 Take the time different from DQS crossing to the corresponding Clock crossing
as the tDQSCK.

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

The worst measured tDQSCK shall meet the user defined limit.

tDVAC(Clock) Test - Time above Vg (acy/ Delow Vi 4iff (ac)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

DDR4
READ or WRITE

No

Clock Signals
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Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Needed to perform this test on oscilloscope:

Clock Signal, CK

There is no limit found for this test.

The purpose of this test is to verify the time of clock signal above V|ygis (ac) and
below V) git (ac)- The limitis definable by the customers for their evaluation tests

usage.

1 Pre-condition the oscilloscope.

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

3 Findall crossings on rising/falling edge of the signal under test that cross V| it
(AC)-

4 Find all crossings on rising/falling edge of the signal under test that cross V|ygit
(AC)-

5 tVAC(Clock) is time started from a rising V|jgifr (ac) Cross point and ended at the
following falling Vst (ac) Cross point.

6 tVAC(Clock) is also the time started from a falling V, giff (ac) Cross point and
ended at the following rising V) gif (ac) Cross point.

7 Collect all tVAC(Clock).

8 Determine the worst result from the set of tVAC(Clock) measured.

9 Report the value of worst tDVAC(Clock). No compliance limit checking

performed for this test.

The worst measured tVAC(Clock) shall meet the user defined limit.

tLZ(DQS) Test - DQS low-impedance time from CK,/CK
DDR4
READ

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

108

Yes

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory)

Needed to perform this test on oscilloscope:

Data Signal, DQ
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References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Timing Tests Group 5

Data Strobe Signal, DQS
Clock Signal, CK
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQS start driving(*from tristate
to High/Low state) to the clock signal crossing. The limit is definable by the
customers for their evaluation tests usage.

1

6

Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

Take the first valid READ burst found.

Find tLZBeginPoint of the said burst. (See notes on "Finding
tLZBeginPoint(DQS) for READ data burst (DDR4)" on page 72 or "Finding
tLZBeginPoint(DQS) for READ data burst (LPDDR4)" on page 73)

Find the nearest Clock rising edge.

tLZ(DQS) is the time interval of the found Clock rising edge's crossing point to
the tLZBeginPoint found.

Report tLZ(DQS).

The measured tLZ(DQS) shall meet the user defined limit.

tHZ(DQS) Test - DQS high-Z from clock
DDR4
READ

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation

Yes

Data Strobe Signal (supported by Data Signal)
Clock Signal (CK as Reference Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory)

Needed to perform this test on oscilloscope:

Data Signal, DQ

Data Strobe Signal, DQS

Clock Signal, CK

Chip Select Signal, CS (* Optional)
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5  Timing Tests Group

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

There is no limit found for this test.

The purpose of this test is to verify the time when DQS no longer driving (*from
Low state to the High-impedance state) to the reference clock signal crossing. The
limit is definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find Strobe tHZ end point of the said burst. (See notes on "Finding
tHZEndPoint(DQS)" on page 75)

4 Find the nearest Clock rising crossing.

5 tHZ(DQS) is the time interval of the found Clock rising edge's crossing point to
the tHZ end point found.

6 Report tHZ(DQS).
The measured tHZ(DQS) shall meet the user defined limit.

tQSH Test — DQS Output High Pulse Width

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

References:
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DDR4 , LPDDR4
READ

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
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Timing Tests Group 5

Table 92 — Read output timings (cont'd)
on » LPDDR4-1600/1867 | LPDDR4-213312400 LPDDR4-3200 LPDDR4-4266 Unite | Notos
) Min | Max Min | Max Min | Max Min | Max
Data Strobe Timing
DQS, DQS# differential {CL(abs) tCL(abs) tCL(abs) {CL(abs)
output low time tQsL 0.05 - 0.05 - 0.05 - 0.05 - tCK(avg)| 4,5
(DBI-Disabled) : - : :
DQS, DQS# differential {CH(abs) {CH(abs) {CH(abs) {CH(abs)
output high time tQSH 0.05 - 0.05 - 0.05 - 0.05 - tCK(avg)| 4,6
(DBI-Disabled) ) ) ' '
mséu[t’p?fmﬁ‘;m' «asL DBl tCL{abs) i tCL{abs) i tCL{abs) i {CL(abs) - lickiavg)| 57
(DB-Enabled) 0.045 0.045 0.045 0.045
mihaﬁsﬁ;ﬁiﬁm'“l «sH Dl | tCH(@bs) i tCH(abs) i tCH(abs) i {CH(abs) - lickiavg)| 67
(Db Erabled) 0.045 0.045 0.045 0.045
* Unit UI = tCK(avg)min/2

NOTE 1 DQ to DQS differential jitter where the total includes the sum of deterministic and random timing terms for a specified BER. BER specification and
measurement method are TBD'.

NOTE 2 The deterministic component of the total timing. Measurement method TBD'.
NOTE 3 This parameter will be characterized and guarantead by design.

NOTE 4 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs). When the input clock jitter min tCH(abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH(abs) -0.04.

NOTE 5 tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising
edge.

NOTE 6 tQSH describes the instantaneous differential output high pulse width on DQS_t - DAS_c, as measured from on falling edge to the next consecutive rising
edge.

NOTE 7 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs). When the input clock jitter min tCH(abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH{abs) -0.04.

Test Overview:  The purpose of this test is to verify the width of the high level of Data Strobe
signal. The limit is definable by the customers for their evaluation tests usage.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

4 tQSH is time started from a rising edge of the DQS and ended at the following
falling edge.

5 Collect all tQSH.
6 Determine the worst result from the set of tQSH measured.

Expected/Observa  The worst measured tQSH shall meet the user defined limit.
ble Results:

tQSL Test - DQS Output Low Pulse Width

Mode Supported: DDR4 , LPDDR4

Signal cycle of READ
interest:

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation m
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Timing Tests Group

Require  Yes
Read/Write
separation:

Signal(s) of - Data Strobe Signal (supported by Data Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
Table 92 — Read output timings (cont'd)
o ol LPDDRA-1600/1867 | LPDDRA-2133/2400 LPDDRA-3200 LPDDRA-4266 nite” e
arameter Syml Win | Wax Win | Wax Win | Wax Min | Wax | otes
Data Strobe Timing
DQS, DQSH differential
: : tCL{abs) tCL(abs) tCL(abs) tCL(abs)
output low time tQsL - - - - tCK(avg)| 4.5
(DBl Disabled) 0.05 0.05 005 0.05
DQS, DQSH differential
: " O tCH(abs) tCH(abs) tCH(abs) tCH(abs)
output high time tQSH - - - - tCK(avg)| 4.6
(DBl Disabled) 0.05 0.05 0.05 0.05
DQS, DQSH differential
: : tCL{abs) tCL(abs) tCL(abs) tCL(abs)
output low time tQSL_DBI - - - - |tcK@vg)| 57
(DBLEnabled) -0.045 -0.045 -0.045 -0.045
DQS, DQSH differential
output high time wasH ol | 'labs) - (ehitabe) - (ehitabe) - (chitape) - lickavg)| 67
(DBI-Enabled) : : : :
* Unit Ul = tCK(avg)min/2

NOTE 1 DQ to DQS differential jitter where the total includes the sum of deterministic and random timing terms for a specified BER. BER specification and
measurement method are TBD'.

NOTE 2 The deterministic component of the total timing. Measurement method TBD'.

NOTE 3 This parameter will be characterized and guarantead by design.

NOTE 4 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL{abs). When the input clock jitter min tCH{abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH(abs) -0.04.

NOTE 5 tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising

NOTE 6 tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising

edge.
NOTE 7 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL{abs). When the input clock jitter min tCH(abs) and tCL(abs) is
(.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH(abs) -0.04.

Test Overview:  The purpose of this test is to verify the width of the low level of Data Strobe signal.
The limit is definable by the customers for their evaluation tests usage.
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Procedure:

Expected/Observa
ble Results:

Timing Tests Group 5

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

4 tQSL is time started from a falling edge of the DQS and ended at the following
rising edge.

5 Collect all tQSL.
6 Determine the worst result from the set of tQSL measured.

The worst measured tQSL shall meet the user defined limit.

tDVAC(Strobe) Test - Time above Vit (ac)/ below Vi gier (ac)

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:
Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

DDR4
WRITE

Yes

Data Strobe Signal (supported by Data Signal)

Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time of strobe signal above V ygifr (ac) and
below V) it (ac)- The limit is definable by the customers for their evaluation tests
usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Findallvalid rising and falling DQS crossings at Vygir (ac) @nd V) giff (ac) levelin
the said burst. (See notes on "Threshold Settings" on page 69)
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5  Timing Tests Group

6
7
8

tDVAC(Strobe) is time started from a DQS rising V|yqjss (ac) Crosspoint and
ended at the following DQS falling V)it (ac) Crosspoint.

tDVAC(Strobe) is also the time started from a DQS falling V)4 (ac) crosspoint
and ended at the following DQS rising V) 4iff (ac) Crosspoint.

Collect all tDVAC(Strobe).
Determine the worst result from the set of tDVAC(Strobe) measured.
Report the value of worst tDVAC(Strobe).

Expected/Observa  The worst measured tDVAC(Strobe) shall meet the user defined limit.

ble Results:

tDSS Test - DQS falling edge to CK setup time

Mode Supported: LPDDR4
Signal cycle of  WRITE

interest:

Require  Yes

Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Data Strobe Signal (supported by Data Signal)
Clock Signal

Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:

References:

Data Signal, DQ

Data Strobe Signal, DQS

Clock Signal, CK

Chip Select Signal, CS (* Optional)

Specifications document Section#

LPDDR4 SDRAM Specification, JESD209-4, - - -
August 2014

Table 68 - Timing Parameters by Speed Bin
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Parameter

DQS, DQS# falling
edge setup time to
CK, CKi# rising edge

Timing Tests Group 5

LPDDR4-1600/
1867 2400

Min Max Min Max Min Max Min Max
tDSS - - - - - - - -

LPDDR4-2133/ LPDDR4-3200  LPDDR4-4266

Units
tCK(avg)

Test Overview:

Procedure:

Expected/Observa
ble Results:

The purpose of this test is to verify that the time interval from the falling edge of
data strobe(DQS rising edge) output access time to clock setup time must be
within the conformance limit as specified in the JEDEC specification.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid rising DQS crossings in the said burst. (See notes on "Threshold
Settings" on page 69)

4 For all the rising DQS crossings found, locate all nearest next rising Clock
edges.

5 tDSS is the time between rising DQS crossings and the Clock rising edges
found.

6 Collect all tDSS.
7 Determine the worst result from the set of tDSS measured.

The worst measured tDSS shall be within the specification limit.

tDSH Test — DQS falling edge hold time from CK

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

LPDDR4
WRITE

Yes

Data Strobe Signal (supported by Data Signal)
Clock Signal

Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ
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References:

Parameter

DQS, DQS# falling
edge hold time from
CK, CK# rising edge

Data Strobe Signal, DQS
Clock Signal, CK
Chip Select Signal, CS (* Optional)

Table#

Specifications document Section# Figure#

LPDDR4 SDRAM Specification, JESD209-4, - - -
August 2014

Table 68 - Timing Parameters by Speed Bin

LPDDR4-1600/
1867 2400

Min Max Min Max Min Max Min Max
tDSH - - - - - - - -

LPDDR4-2133/ LPDDR4-3200  LPDDR4-4266

Units
tCK(avg)

Test Overview:

Procedure:

Expected/Observa
ble Results:

The purpose of this test is to verify that the time interval from the falling edge of
data strobe output access time to hold time from clock must be within the
conformance limit as specified in the JEDEC specification.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid falling DQS crossings in the said burst. (See notes on "Threshold
Settings" on page 69)

4 For all the falling DQS crossings found, locate all nearest prior rising Clock
edges.

5 tDSH is the time between falling DQS crossings and the Clock rising edges'
crossing point found.

6 Collect all tDSH.
7 Determine the worst result from the set of tDSH measured.

The worst measured tDSH shall be within the specification limit.

tDQSQ_DBI Test - DQS-DQ skew for DQS and associated DQ signals

Mode Supported:

Signal cycle of
interest:
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READ
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Timing Tests Group 5

Require  Yes
Read/Write
separation:

Signal(s) of - Data Signal (supported by Data Strobe Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section# Table# Figure#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92 -
August 2014

Table 68 - Timing Parameters by Speed Bin

LPDDR4-1600/ LPDDR4-2133/ LPDDR4-3200  LPDDR4-4266

1867 2400
Parameter Min Max Min Max Min Max Min Max Units
DQS, DQS# to DQ tDQSQ DB |- TBD - TBD - TBD - TBD ul
skew, per group, per ||
access

Test Overview:  The purpose of this test is to verify that the time interval from data strobe output
(DQS rising and falling edge) access time to the associated data (DQ rising and
falling) signal must be within the conformance limit as specified in the JEDEC
specification.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Find all valid rising and falling D@ crossings at Vrgr in the said burst. (See notes
on "Threshold Settings" on page 69)

4 Forall DQ crossings found, locate the nearest DQS crossing (Rising and falling).
(See notes on "Threshold Settings" on page 69)

5 Take the time different from DQ crossing to DQS crossing as the tDQSQ.
6 Determine the worst result from the set of tDQSQ measured.
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Expected/Observa  The worst measured tDQSQ shall be within the specification limit.

ble Results:

tQSH_DBI Test - DQS Output High Pulse Width

Mode Supported: LPDDR4

Signal cycle of READ

interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Strobe Signal (supported by Data Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQS signals from different

rank of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ

Data Strobe Signal, DQS

Chip Select Signal, CS (* Optional)
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References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
Table 64 — AC Timing
LPDDRA-1600/1867 | LPDDRA2133/2400 |  LPDDRA3200 LPDDRA4266 .
Parameter Symbol Min | Max Min | Max Min | Max Min | Max Units™ | Notes
Data Strobe Timing
DQS, DQS# differential
output high e wasH ol | 'labs) - (ehitabe) - (ehitabe) - (chitape) - lickavg)| 67
(DBI-Enabled) : ' ' '
* Unit Ul = tCK(avg)min/2

NOTE 1 DQ to DQS differential jitter where the total includes the sum of deterministic and random timing terms for a specified BER. BER specification and
measurement method are TBD'.

NOTE 2 The deterministic component of the total timing. Measurement method TBD'.

NOTE 3 This parameter will be characterized and guarantead by design.

NOTE 4 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL{abs). When the input clock jitter min tCH{abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL(abs)-0.04 and tQSH will be tCH(abs) -0.04. .

NOTE 5 tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising

NOTE & tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measurad from on falling edge to the next consecutive rising
edge.

NOTE 7 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL{abs). When the input clock jitter min tCH(abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH(abs) -0.04.
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Test Overview:  The purpose of this test is to verify that the width of the high level of Data Strobe
signal must be within the conformance limit as specified in the JEDEC
specification.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid READ burst found.

3 Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

4 tQSH is time started from a rising edge of the DQS and ended at the following
falling edge.

5 Collect all tQSH.
6 Determine the worst result from the set of tQSH measured.

Expected/Observa  The worst measured tQSH shall be within the specification limit.
ble Results:

tQSL_DBI Test — DQS Output Low Pulse Width

Mode Supported: LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Strobe Signal (supported by Data Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQS signals from different
rank of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014

Table 64 — AC Timing
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oa ool LPDDR4-1600/1867 | LPDDR4-2133/2400 |  LPDDRA4-3200 LPDDR4-4266 Unite” | Notes
) Min | Max Min | Max Min | Max Min | Max
Data Strobe Timing
mihaﬁsﬁ;ﬁiﬁm'“l «sH Dl | tCH(@bs) i tCH(abs) i tCH(abs) i {CH(abs) - lickiavg)| 67
(DB Eraied) 0.045 -0.045 -0.045 0.045
* Unit UI = tCK(avg)min/2

‘NOTE 1 DQ to DQS differential jitter where the total includes the sum of deterministic and random timing terms for a specified BER. BER specification and
measurement method are TBD'.

NOTE 2 The deterministic component of the total timing. Measurement method TBD'.

NOTE 3 This parameter will be characterized and guarantead by design.

NOTE 4 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs). When the input clock jitter min tCH(abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL(abs)-0.04 and tQSH will be tCH(abs) -0.04.

NOTE 5 tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising
edge.

NOTE 6 tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising
edge.

NOTE 7 This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs). When the input clock jitter min tCH(abs) and tCL(abs) is
0.44 or greater of tck(avg) the min value of tQSL will be tCL{abs)-0.04 and tQSH will be tCH(abs) -0.04.

Test Overview:  The purpose of this test is to verify that the width of the low level of Data Strobe

signal must be within the conformance limit as specified in the JEDEC
specification.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)
2 Take the first valid READ burst found.

3 Find all valid rising and falling DQS crossings in the said burst. (See notes on
"Threshold Settings" on page 69)

4 tQSL is time started from a falling edge of the DQS and ended at the following
rising edge.

5 Collect all tQSL.

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

Expected/Observa  The worst measured tQSL shall be within the specification limit.
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ble Results:
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Data Timing

tDQSQ Test — DUS-DQ skew for DQS and associated DQ signals

Mode Supported: DDR4 , LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Signal (supported by Data Strobe Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
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Table 92 — Read output timings
LPDDR4-1600/1867 LPDDR4-2133/2400 LPDDR4-3200 LPDDR4-4266

Min Max Min | Max Min Max Min Max

Parameter Symbol Units* | Notes

Data Timing

DQS_tDAS cto DA
Skew total, per group, per tDASsQ - 0.18 - 0.18 - 0.18 - 0.18 ul 1
access (DBIDisabled)

DQ output hold time total
from DQS_t, DQS_c taH
(DBI-Disabled)

min(tQSH, min(tQSH, min(tQSH, min{tQSH,

tQSL) ) tQSL) ) tQSL) ) tQSL) ul !

DQ output window time
total, per pin tQW_total 0.75 - 0.73 - o7 - o7 - Ul 14
(DBI-Disabled)
DQ output window time
deterministic, per pin tQW_dj TBD - TBD - - TBD - TBD ul 143
(DBIDisabled)
DQS_tDAS cto DA
Skew total per group, per
access
(DBI-Enabled)

tDQSQ_DBI - TBD - TBD - TBD - TBD Ul 1

DQ output hold time total
from DQS_t, DQS_c tQH_DBI
(DBI-Enabled)

min(tQSH_DBI, min(tQSH_DBI, min(tQSH_DBI, min(tQSH_DBI,

wsLpBlh) | - | wsLosy | - | wsLoey | - | wsLosy | B0 | U !

DQ output window time
total, per pin QW _total_DBI TBD - TBD - - TBD - TBD Ul 14
(DBI-Enabled)

Test Overview:  The purpose of this test is to verify the time interval from data strobe output(DQS
rising and falling edge) access time to the associated data (D@ rising and falling)
signal. The limit is definable by the customers for their evaluation tests usage.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.

3 Findall valid rising and falling D@ crossings at Vggr in the said burst. (See notes
on "Threshold Settings" on page 69)

4 Forall DQ crossings found, locate the nearest DQS crossing (Rising and falling).
(See notes on "Threshold Settings" on page 69)

5 Take the time different from DQ crossing to DQS crossing as the tDQSQ.

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

Expected/Observa  The worst measured tDQSQ shall meet the user defined limit.
ble Results:

tQH Test — DQ/DQS output hold time from DQS

Mode Supported: DDR4

Signal cycle of READ
interest:
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Require  Yes
Read/Write
separation:

Signal(s) of - Data Signal (supported by Data Strobe Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
Table 92 — Read output timings
on - S LPDDRA-1600/1867 | LPDDR4-2133/2400 LPDDRA4-3200 LPDDRA-4266 I
Min Max Min | Max Min Max Min Max
Data Timing
DQS £DQS_c o DQ
Skew total, per group, per tDASsQ - 0.18 - 0.18 - 0.18 - 0.18 ul 1
access (DBIDisabled)
DQ output hold time total min(tQSH, min(tQSH, min{tQSH, min{tQSH,
from DQS_t, DQS ¢ fQH tQsL - tQsL - tQsL - tQsL ul !
(DBI-Disabled) ) ) ) )
DQ output window time
total, per pin QW _total 075 . 073 . 07 . 07 . u | 14
(DBI-Disabled)
DQ output window time
deterministic, per pin QW _dj TBD - TBD - - TBD - TBD ul 143
(DBIDisabled)
DQS_£DAS _c to DQ
Skewtotal.per group. per| ynqhy pgy - TBD - TED - 8D ; 8D | Ul 1
access -
(DBI-Enabled)
mﬁgn‘:‘%%g“"td;g'gt‘;m' oH DBl |MCQSHDBL|  [mintQSH DBL| _ |mintQSH DBL| _ [mintasHDBL| | |, 1
DBl Ensbled) - tQsL_DBI) tQsL_DBI) tasL_DBI) tasL_DBI)
DQ output window time
total, per pin tQW total DBI|  TBD . TBD . § TBD § BD | Ul | 14
(DBI-Enabled)

Test Overview:  The purpose of this test is to verify the time interval from data output hold time
(DQ rising and falling edge) from DQS(rising/falling edge). The limit is definable by
the customers for their evaluation tests usage.
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Procedure:

Expected/Observa
ble Results:

1

5
6
7

Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

Take the first valid READ burst found.

Find all valid rising and falling DQ crossings at Vrgr in the said burst. (See notes
on "Threshold Settings" on page 69)

For all DQ crossings found, locate the nearest DQS rising crossing. (See notes
on "Threshold Settings" on page 69).

Using the found DQS rising crossing, locate the DQS rising crossing prior.
Take the time different from D@ crossing to DQS crossing found as the tQH.
Determine the worst result from the set of tQH measured.

The worst measured tQH shall meet the user defined limit.

tLZ(DQ) Test - DQ low-impedance time from CK,/CK
DDR4
READ

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

124

Yes

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory)

Needed to perform this test on oscilloscope:

Data Signal, DQ

Data Strobe Signal, DQS

Clock Signal, CK

Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQ start driving (*from
High-impedance state to High/Low state) to the clock signal crossing. The limit is
definable by the customers for their evaluation tests usage.

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

"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.
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Expected/Observa
ble Results:

6

Timing Tests Group 5

Find tLZBeginPoint of the said burst. (See notes on "Finding
tLZBeginPoint(DQ)" on page 76)

Find the nearest Clock rising edge.

tLZ(DQ) is the time interval of the found clock rising edge's crossing point to the
tLZBeginPoint found.

Report tLZ(DQ).

The measured tLZ(DQ) shall meet the user defined limit.

tHZ(DQ) Test - DQ out high-impedance time from CK,/CL

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation

DDR4
READ

Yes

Data Signal (supported by Data Strobe Signal)
Clock Signal (CK as Reference Signal)

Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory)

Needed to perform this test on oscilloscope:

Data Signal, DQ

Data Strobe Signal, DQS

Clock Signal, CK

Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the time when DQ no longer driving(*from High
state OR Low state to the High-impedance state) to the clock signal crossing. The
limit is definable by the customers for their evaluation tests usage.

1

Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

Take the first valid READ burst found.

Find tHZEndPoint of the said burst. (See notes on "Find tHZEndPoint(DQ)" on
page 77)

Find the nearest Clock rising crossing.
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Expected/Observa
ble Results:

5 tHZ(DQ) is the time interval of the found Clock rising edge's crossing point to
the tHZEndPoint found.

6 Report tHZ(DQ).
The measured tHZ(DQ) shall meet the user defined limit.

tDIPW Test - DQ and DM input pulse width

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Optional Signal(s):

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

126

DDR4
WRITE

Yes

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

Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Needed to perform this test on oscilloscope:
Data Signal, DQ or Data Mask Signal, DM
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

There is no limit found for this test.

The purpose of this test is to verify the width of the high or low level of Data signal.
The limit is definable by the customers for their evaluation tests usage.

1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid WRITE burst found.

3 Find all valid rising and falling DQ crossings at Vrgr in the said burst. (See notes
on "Threshold Settings" on page 69)

4 tDIPW is time started from a rising/falling edge of the DQ and ended at the
following falling/rising (following edge should not same direction) edge.

5 Collect all tDIPW.
6 Determine the worst result from the set of tDIPW measured.

The worst measured tDIPW shall meet the user defined limit.
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tQH_DBI Test - DQ/DQS output hold time from DQS
Mode Supported: LPDDR4

Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Signal (supported by Data Strobe Signal)
Interest:

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Sectioni# Table# Figure#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92 -
August 2014

Table 68 - Timing Parameters by Speed Bin

LPDDR4-1600/ LPDDR4-2133/ LPDDR4-3200 LPDDR4-4266

1867 2400
Parameter Min Max Min Max Min Max Min Max Units
DQ output hold time | tQH_DBI Min(t |- Min(t |- Mint |- Min(t |- tCK(avg)
from DQS, DQS# QSH_ QSH_ QSH_ QSH_

DBI, DBI, DBI, DBI,

tQSL_ tQSL_ tQSL_ tQSL_

DBI) DBI) DBI) DBI)

Test Overview:  The purpose of this test is to verify that the time interval from data output hold
time (DQ rising and falling edge) from DQS(rising/falling edge) must be within the
conformance limit as specified in the JEDEC specification.

Procedure: 1 Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

2 Take the first valid READ burst found.
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3 Find all valid rising and falling D@ crossings at Vrgr in the said burst. (See notes
on "Threshold Settings" on page 69)

4 For all DQ crossings found, locate the nearest DQS rising crossing. (See notes
on "Threshold Settings" on page 69).

5 Using the found DQS rising crossing, locate the DQS rising crossing prior.
6 Take the time different from DQ crossing to DQS crossing found as the tQH.
7 Determine the worst result from the set of tQH measured.

Expected/Observa  The worst measured tQH shall be within the specification limit.
ble Results:

tDIPW Test — DQ and DM input pulse width

Mode Supported: LPDDR4

Signal cycle of  WRITE
interest:

Require  Yes

Read/Write

separation:

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

Optional Signal(s): - Chip Select Signal (this signal is used to separate DQ signals from different rank
of memory).

Required Signals:  Needed to perform this test on oscilloscope:
Data Signal, DQ or Data Mask Signal, DM
Data Strobe Signal, DQS
Chip Select Signal, CS (* Optional)

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014
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Table 94 — DRAM DQs In Receive Mode

Timing Tests Group D

A 213372400 3200 4266
Symbol Parameter 1_600“867 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - pp total - 140 - 140 - 140 120 mV 1235
Rx timing window total . )
TdIVW_total (At VAW voltage levels) - 022 - 0.22 - 0.25 0.25 Ul 1245
. Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAW voltage levels) - TBD - TBD - TBD TBD Ul 514
VIHL_AC DaAC i”p“;IE’_LF'}'Ee amplitude | 15 180 - 180 170 - mv 715
TdIPW DQ Input pulse width 0.45 045 0.45 0.45 ur 8
(At Veent_DQ) ) ) ’ )
tDQSs2DQ DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 - 30 - 30 ps 10
{DQS20Q_temp | DA 1o DAS offset temperature | 06 : 06 - 06 06 psiC 11
vanation
{DQS20Q _volt DQ to DAS offset voltage - 3 : 3 - 3 33 | psOmv | 12
vanation
Input Slew Rate over ) )
SRIN_dIvwv VAW total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
[* The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:

Procedure:

Expected/Observa
ble Results:

The purpose of this test is to verify the width of the high or low level of Data signal.
The limit is definable by the customers for their evaluation tests usage.

1

Acquire and split read and write burst of the acquired signal. (See notes on
"DDR Read/Write Separation" on page 62)

Take the first valid WRITE burst found.

Find all valid rising and falling DQ crossings at Vger in the said burst. (See notes
on "Threshold Settings" on page 69)

tDIPW is time started from a rising/falling edge of the DQ and ended at the

following falling/rising (following edge should not same direction) edge.

Collect all tDIPW.

Determine the worst result from the set of tDIPW measured.

The worst measured tDIPW shall meet the user defined limit.
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Command Address Timing (CAT)

tIS(base) Test — Address and control input setup time

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

DDR4
WRITE

No

Address Signal OR Control Signal
Clock Signal

Needed to perform this test on oscilloscope:

Address Signal or Control Signal
Clock Signal

There is no limit found for this test.

The purpose of this test is to verify the time interval from address or control
(Add/Ctrl rising/falling edge) setup time to the associated clock crossing edge.
You may define the limits for evaluation tests usage.

1
2
3
4
5
6

7
8

Pre-condition the oscilloscope.

Trigger on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross Vih(ac).
Find all crossings on falling edge of the signal under test that cross Vil(ac).

For all the crossings found, locate the nearest Clock crossings that cross OV.

Note the difference in time of the signal under test's crossings to the
corresponding clock’s crossing and record this time difference as tlS.

Collate all the measured values of tIS.
Report the “worst” measured value of tIS as the test result.

The measured time interval between address/control (Add/Ctrl) setup time to
respective clock crossing point shall meet the user defined limit.

tIH(base) Test — Address and control input hold time

Mode Supported:

Signal cycle of
interest:
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DDR4
WRITE
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Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Timing Tests Group D

No

Address Signal OR Control Signal
Clock Signal

Needed to perform this test on oscilloscope:
Address Signal or Control Signal
Clock Signal

There is no limit found for this test.

The purpose of this test is to verify the time interval from address or control
(Add/Ctrl rising/falling edge) hold time to the associated clock crossing edge. You
may define the limits for evaluation tests usage.

Pre-condition the oscilloscope.

Trigger on either rising or falling edge of the address/control signal under test.
Find all crossings on rising edge of the signal under test that cross Vil(dc).
Find all crossings on falling edge of the signal under test that cross Vih(dc).

For all the crossings found, locate the nearest Clock crossings that cross OV.

o g1 A WN -

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.

The measured time interval between address/control(Add/Ctrl) hold time to
respective clock crossing point shall meet the user defined limit.

tCKE Test — CKE Minimum Pulse Width

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

DDR4
WRITE

No

CKE Signal

Needed to perform this test on oscilloscope:
CKE Signal
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Clock Signal
References:
Specifications document Section#
DDR4 SDRAM Specification, JESD79-4, 12 Table 101 and 102
September 2012
Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133
Speed ‘ DDR4-1600 ‘ DDR4-1866 ‘ DDR4-2133 ‘ )
Parameter | Symbol ‘ MIN ‘ MAX ‘ MIN ‘ MAX ‘ MIN ‘ MAX ‘ units NeTE
Data Strobe Timing
CKE minimum pulse widih | ICKE ‘ max (3nCK, 5ns) ‘ - ‘ max (3nCK, 5ns) ‘ - ‘ max (3nCK, 5ns) ‘ - ‘ | 31,32
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed ‘ DDR4-2400 ‘ DDR4-2666 DDR4-3200 ‘ )
Parameter ‘ Symbol ‘ MIN ‘ MAX ‘ MIN ‘ MAX ‘ MIN | MAX ‘ units ‘ NoTE
Power Down Timing
CKE minimum pulse width ‘ {CKE ‘ (3nc":<"’r"5n5) ‘ . ‘ TBD ‘ - ‘ TBD | - ‘ ‘ 3132

Test Overview:  The purpose of this test is to verify that the pulse width of CKE signal is within the
conformance limit as specified in the JEDEC specification.

Procedure: 1 Pre-condition the oscilloscope.

2 Trigger on either rising or falling edge of the command/address/control signal
under test.

3 Find all crossings on the rising/falling edge of the CKE signal that cross Vige.
4 Find all crossings on the rising edge of the Clock signal that cross Vggr.

5 Find the rising edge of Clock (ClkEdge1), which is nearest to the right side of
the first rising/falling edge of the CKE signal.

6 Find the rising edge of Clock (ClkEdge2), which is nearest to the right side of
the second rising/falling edge of the CKE signal.

7 Calculate tCKE = ClkEdge2- ClkEdgel.
8 Repeat steps 5 to 7 for all CKE crossings found in steps 2 and 3.

9 Determine the “worst” value from the set of measured tCKE values for the final
test result.

10 Report the worst value of tCKE for the final test result.

Expected/Observa  The “worst” value of the measured CKE shall be within the specification limits.
ble Results:

tCIVW Test for Write Cycle
Mode Supported: LPDDR4
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Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = CA Signals.

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.4 Table 91
August 2014

Table 31 — DRAM CMD/ADR, CS

333A 1600/1867 -3200 4266
Symbeol Parameter [?ﬂ-1 D'Q— DQ DQ Unit | NOTE
min max min max min max min max
Vel Rx Mask - 175 - 175 - 155 - 145 | mv | 1,24
voltage - pp
Telvw Rax timing window - 03 - 03 - 03 - 03 ur 11234
VIHL Ac | CAACIPutpulse | oy g | L e | - | 180 | - | mv | 58
- amplitude pk-pk
TelPW CA input pulse width | 0.55 055 0.6 0.6 urr 6
Input Slew Rate
SRIN_clVW over VelVW 1 7 1 7 1 7 1 7 Vins 7
* Ul = tckiavg)min
P The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins.
For example the TelVW{ps) = 450ps at or below 1333 operating frequencies.

NOTE 1 CA Rx mask voltage and timing parameters at the pin including voltage and temperature dnft.
NOTE 2 Rx mask voltage VelVW total(max) must be centered around Veent CA(pin mid).
NOTE 3 Rx differential CA to CK jitter total timing window at the VelVW voltage levels.

NOTE4 Defined overthe CAinternal Vg range. The Rx mask at the pin must be within the internal Vg CA range
irrespective of the input signal common mode.

NOTE S CA only input pulse signal amplitude into the receiver must meet or exceed VIHL AC at any point over the

total Ul. No timing requirement above level. VIHL AC is the peak to peak voltage centered around Veent_CA{pin mid)
such that VIHL_AC/2 min must be met both above and below Veent_CA.

NOTE & CA only minimum input pulse width defined at the Veent CA(pin nud).
NOTE T Input slew rate over VelVW Mask centered at Veent_CA(pin mid).
NOTE 8 WVIHL _AC dees not have to be met when no transitions are occurring.

Test Overview:  The purpose of this test is to automate all the setup procedures required to
generate an eye diagram for the LPDDR4 data WRITE cycle.

Using the mask test, you may perform evaluations and debugging on the
generated eye diagram.
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Procedure:

Calculate the value of the initial time scale based on the selected LPDDR4
speed grade options.

Calculate the number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying their frequency and
amplitude values.

On the Oscilloscope:

a Use the UDF methodology to separate the Write bursts and to return the
filtered DQ signals as recovered clock signals, which is used for eye folding
later.

b Setup measurement threshold values for the DQx channel, CAx channel and
the DQSx channel input.

¢ Set up fixed vertical scale values for D@Qx channel, CAx channel and DQSx
channel input.

d Identify the Vcent of CA signal.

e Identify the X1 value for re-adjustment of the selected test mask.
f Set up Mask Test settings (Load default Test Mask on screen).

g Setup Clock Recovery settings on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Set the Real Time Eye on SDA to ON.
Perform Mask Testing:

a Setthe termination condition of the Mask Test to ‘Waveforms’ and define
the number of waveforms to be acquired.

b Start the Mask Test.
Loop until number of required waveforms is acquired.

Acquire the value of Vcent. Use the Vcent Evaluation Mode configuration to derive
upon a value for Vcent such that:

a Setting the Vcent Evaluation Mode configuration to User defined Vcent
configures the value of Vcent to that defined by the user.

b Setting the Vecent Evaluation Mode configuration to Widest eye opening level
configures the value of Vcent based on the level of widest eye opening on
the eye diagram.

In the Widest eye opening level configuration:
a Measure Vmin and Vmax.

b Based on the values of Vmin and Vmax, the search of the level for values of
Vcent ranges from 40% to 60% of the level between Vmax and Vmin.
Mathematically, the levels of Vcent are calculated as:

VcentSearchStart = Vmin + 0.6 * (Vmax - Vmin)
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VcentSearchEnd = Vmin + 0.4 * (Vmax - Vmin)

¢ Find the eye opening at VcentSearchStart and store the level and eye
opening width. Repeat this step for eye openings at VcentSearchStart+bmV,
VcentSearchStart+10mV, VecentSearchStart+15mV and so on till
VcentSearchEnd.

d Find the level of the widest eye opening from the stored eye opening width
measurements. Record the derived value as Vcent.

9 To adjust the default rectangular Test Mask, perform the following
modifications:

a Upper Mask Level = Vcent + (0.5 x Compliance_vCivw_Value).
For Compliance_vCivw_Value of 136mV, Upper Mask Level = Vcent + 68mV.
b Lower Mask Level = Vcent - (0.5 x Compliance_vCivw_Value).
For Compliance_vCivw_Value of 136mV, Lower Mask Level = Vcent - 68mV.
¢ Right Mask Position = TimePosition + (0.5 x Compliance_tCivw_Value).
or, Right Mask Position = TimePosition + (0.5 x Ul).
d Left Mask Position = TimePosition - (0.5 x Compliance_tCivw_Value).
or, Left Mask Position = TimePosition - (0.5 x Ul).

10 Measure tCIVW margin on the upper right corner of the mask:
a Set up Histogram window in the following manner:
Left window: Os (Center position of the Eye/Mask).
Right window: Right side of the grid.
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Measure horizontal Histogram Min.
¢ Calculate:

tCIVW margin upper right = 100% x (Histogram_Min - 0.5 x
Compliance_tCivw_Value) / (0.5 x Compliance_tCivw_Value)

11 Measure tCIVW margin on the upper left corner of the mask:
a Set up Histogram window in the following manner:
Left window: Left side of the grid.
Right window: Os (Center position of the Eye/Mask).
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Measure horizontal Histogram Max.
¢ Calculate:
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tCIVW margin upper left = 100% x [(- 0.5 x Compliance_tCivw_Value) -
Histogram_Max] / (0.5 x Compliance_tCivw_Value)

12 Measure tCIVW margin on the lower right corner of the mask:
a Set up Histogram window in the following manner:
Left window: Os (Center position of the Eye/Mask).
Right window: Right side of the grid.
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Measure horizontal Histogram Min.
¢ Calculate:

tCIVW margin lower right = 100% x (Histogram_Min - 0.5 x
Compliance_tCivw_Value) / (0.5 x Compliance_tCivw_Value)

13 Measure tCIVW margin on the lower left corner of the mask:
a Setup Histogram window in the following manner:
Left window: Left side of the grid.
Right window: Os (Center position of the Eye/Mask).
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Measure horizontal Histogram Max.

¢ Calculate:

tCIVW margin lower left = 100% x [(- 0.5 x Compliance_tCivw_Value) -
Histogram_Max] / (0.5 x Compliance_tCivw_Value)

14 For the worst result, note the minimal value between tCIVW margin upper left,
tCIVW margin upper right, tCIVW margin lower left and tCIVW margin lower
right.

15 Report the worst result as the test result.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

The test will show a FAIL status if the total failed waveforms is greater than 0 and
the tCIVW min, VcentCA , tCIVW top, and tCIVW bottom are reported.
vCIVW Margin Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of WRITE
interest:
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Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:
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5

Yes
Data Signals (supported by Data Strobe Signals)
Needed to perform this test on oscilloscope:
Pin Under Test, PUT = CA Signals.
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.4 Table 91
August 2014
Table 91 — DRAM CMD/ADR, CS
1600/1867 3200 4266
Symbol Parameter DQ-1333* |DQ- = = Unit | NOTE
min max min max min max min max
VelVW Rx Mask s | - s - | ss | - | 145 | mv | 124
voltage - p-p
TelVW Rx timing window - 0.3 - 0.3 - 0.3 - 03 | UF [1234
VIHL Ac | CAACmputpulse 1ot o | - | 1e0 | - | 1a0 | - | mv | sa
amplitude pk-pk
TclPW | CA input pulse width [ 0.55 055 06 06 ue | &
Input Slew Rate
SRIN clvW over VAV 1 7 1 7 1 7 1 7 |Vins| 7

* Ul = tck{avg)min

" The following Rx voltage and absolute timing reguirements apply for DQ operating frequencies at or below 1333 for all speed bins|
For example the Tcl'\VW{ps) = 450ps at or below 1333 operating frequencies.

NOTE 1 CA Rx mask voltage and timing parameters at the pin including voltage and temperature drift.
NOTE 2 Rx mask voltage Vel'VW total(max) must be centered around Veent CA(pin mid).
NOTE 3 Rx differential CA to CK jitter total timing window at the VelVW voltage levels.

NOTE4 Defined overthe CAinternal Vggg range. The Rx mask at the pin must be within the internal Vg CA range
irespective of the input signal common mode.

NOTES CA only input pulse signal amplitude into the receiver must meet or exceed VIHL AC at any point over the

total Ul. No timing requirement above level. VIHL AC is the peak to peak voltage centered around Veent CA(pin mid)
such that VIHL_AC/2 min must be met both above and below Veent_CA.

NOTE & CA only minimum input pulse width defined at the Veent_CA(pin mid).
NOTET7 Input slew rate over VelVW Mask centered at Veent CA(pin mid).
NOTE& VIHL_AC does not have to be met when no transitions are occurmng.

The purpose of this test is to automate all the setup procedures required to
generate an eye diagram for the LPDDR4 data WRITE cycle.

Using the mask test, you may perform evaluations and debugging on the
generated eye diagram.
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Procedure:

Calculate the value of the initial time scale based on the selected LPDDR4
speed grade options.

Calculate the number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying their frequency and
amplitude values.

On the Oscilloscope:

a Use the UDF methodology to separate the Write bursts and to return the
filtered DQ signals as recovered clock signals, which is used for eye folding
later.

b Setup measurement threshold values for the DQx channel, CAx channel and
the DQSx channel input.

¢ Set up fixed vertical scale values for D@Qx channel, CAx channel and DQSx
channel input.

d Setthe Color Grade Display Option to ON.
e Identify the Vcent of CA signal.
Identify the X1 value for re-adjustment of the selected test mask.

—

Set up Mask Test settings (Load default Test Mask on screen).

=5 «

Set up Clock Recovery settings on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
i Set the Real Time Eye on SDA to ON.
Perform Mask Testing:

a Setthe termination condition of the Mask Test to ‘Waveforms’ and define
the number of waveforms to be acquired.

b Start the Mask Test.
Set up a Histogram to find vCIVW top, vCIVW bottom and worst vCIVW margin.
Loop until number of required waveforms is acquired.

Acquire the value of Vcent. Use the Vcent Evaluation Mode configuration to derive
upon a value for Vcent such that:

a Setting the Vcent Evaluation Mode configuration to User defined Vcent
configures the value of Vcent to that defined by the user.

b Setting the Vecent Evaluation Mode configuration to Widest eye opening level
configures the value of Vcent based on the level of widest eye opening on
the eye diagram.

In the Widest eye opening level configuration:
a Measure Vmin and Vmax.

b Based on the values of Vmin and Vmax, the search of the level for values of
Vcent ranges from 40% to 60% of the level between Vmax and Vmin.
Mathematically, the levels of Vcent are calculated as:
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VcentSearchStart = Vmin + 0.6 * (Vmax - Vmin)
VcentSearchEnd = Vmin + 0.4 * (Vmax - Vmin)

¢ Find the eye opening at VcentSearchStart and store the level and eye

5

opening width. Repeat this step for eye openings at VcentSearchStart+bmV,

VcentSearchStart+10mV, VcentSearchStart+15mV and so on till
VcentSearchEnd.

d Find the level of the widest eye opening from the stored eye opening width

measurements. Record the derived value as Vcent.

10 To adjust the default rectangular Test Mask, perform the following
modifications:

a Upper Mask Level = Vcent + (0.5 x Compliance_vCivw_Value).
For Compliance_vCivw_Value of 136mV, Upper Mask Level = Vcent + 68mV.
b Lower Mask Level = Vcent - (0.5 x Compliance_vCivw_Value).
For Compliance_vCivw_Value of 136mV, Lower Mask Level = Vcent - 68mV.
¢ Right Mask Position = TimePosition + (0.5 x Compliance_tCivw_Value).
or, Right Mask Position = TimePosition + (0.5 x Ul).
d Left Mask Position = TimePosition - (0.5 x Compliance_tCivw_Value).
or, Left Mask Position = TimePosition - (0.5 x Ul).
11 Measure vCIVW margin on the upper side of the mask:
a Setup Histogram window in the following manner:
Left window: -0.5 x Compliance_tCivw_Value.
Right window: 0.5 x Compliance_tCivw_Value.
Upper window: Vmax of the CA signal (measured earlier).
Lower window: Vcent (measured earlier).
b Measure Histogram Min.

¢ Calculate:

vCIVW margin upper = 100% x (Histogram_Min - Upper Level of Mask) / (0.5
x Compliance_vCivw_Value)

12 Measure vCIVW margin on the lower side of the mask:
a Setup Histogram window in the following manner:
Left window: -0.5 x Compliance_tCivw_Value.
Right window: 0.5 x Compliance_tCivw_Value.
Upper window: Vcent (measured earlier).

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation

139



5  Timing Tests Group

Expected/Observa
ble Results:

Lower window: Vmin of the CA signal (measured earlier).
b Measure Histogram Max.
¢ Calculate:

vCIVW margin lower = 100% x (Bottom Level of Mask - Histogram_Max) /
(0.5 x Compliance_vCivw_Value)

13 For the worst result, note the minimal value between vCIVW margin upper and
vCIVW margin lower.

14 Report the worst result as the test result.

Generation of an eye diagram for the LPDDR4 data WRITE cycle and loading of a
default test mask pattern.

The test will show a FAIL status if the total failed waveforms is greater than zero
and the worst vCIVW margin value, vCIVW top and vCIVW bottom are reported.

CA VIHL(ac) Test for Write Cycle

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

LPDDR4
WRITE

Yes

Data Signals (supported by Command Address Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = CA Signals.

140

Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.4 Table 91
August 2014
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Table 91 — DRAM CMD/ADR, CS

3338 -1600/1867 DQ-3200 DQ-4266
Symbol Parameter Ll e = = Unit | NOTE
min max min max min max min max
VeIVW Rx Mask s | - | s | - | ass | - | 145 | mv | 124
voltage - p-p
TelvWW Rx timing window - 03 - 03 - 03 - 03 ur (1234
VIHL Ac | CAACmputpulse 1ot o | - | 1e0 | - | 1a0 | - | mv | sa
amplitude pk-pk
TelPW CA input pulse width | 0.55 055 06 06 ur 6
Input Slew Rate )
SRIN_clVW over VelVW 1 7 1 T 1 T 1 T Vins T
* Ul = tck{avg)min
" The following Rx voltage and absolute timing reguirements apply for DQ operating frequencies at or below 1333 for all speed bins|
For example the Tcl'\VW{ps) = 450ps at or below 1333 operating frequencies.

NOTE 1 CA Rx mask voltage and timing parameters at the pin including voltage and temperature drift.
NOTE 2 Rx mask voltage Vel'VW total(max) must be centered around Veent CA(pin mid).
NOTE 3 Rx differential CA to CK jitter total timing window at the VelVW voltage levels.

NOTE4 Defined overthe CAinternal Vggg range. The Rx mask at the pin must be within the internal Ve CA range
irespective of the input signal common mode.

NOTES CA only input pulse signal amplitude into the receiver must meet or exceed VIHL AC at any point over the
total Ul. No timing requirement above level. VIHL AC is the peak to peak voltage centered around Veent CA(pin mid)
such that VIHL_AC/2 min must be met both above and below Veent_CA.

NOTE & CA only minimum input pulse width defined at the Veent_CA(pin mid).
NOTET7 Input slew rate over VelVW Mask centered at Veent CA(pin mid).
NOTE& VIHL_AC does not have to be met when no transitions are occurmng.

Test Overview:  The purpose of this test is to automate all the setup procedures required to
generate an eye diagram for the LPDDR4 data CA cycle.

Using the mask test, you may perform evaluations and debugging on the
generated eye diagram.

Procedure: 1 Calculate the value of the initial time scale based on the selected LPDDR4
speed grade options.

2 Calculate the number of sampling points according to the time scale value.

3 Check for valid CA input test signals by verifying their frequency and amplitude
values.
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4 On the Oscilloscope:

a Use the UDF methodology to separate the Write bursts and to return the
filtered DQ signals as recovered clock signals, which is used for eye folding
later.

b Setup measurement threshold values for the DQx channel, CAx channel and
the DQSx channel input.

¢ Set up fixed vertical scale values for DQx channel, CAx channel and DQSx
channel input.

d Setthe Color Grade Display option to ON.
e Identify the Vcent of CA signal.
Identify the X1 value for re-adjustment of the selected test mask.

—

Set up Mask Test settings (Load default Test Mask on screen).

=50 «

Set up Clock Recovery settings on SDA.

. Explicit clock, Source = DQ, Rise/Fall Edge
i Setthe Real Time Eye on SDA to ON.
5 Perform Mask Testing:

a Set the termination condition of the Mask Test to ‘Waveforms’ and define
the number of waveforms to be acquired.

b Start the Mask Test.
6 Loop until number of required waveforms is acquired.

7 Acquire the value of Vcent. Use the Vcent Evaluation Mode configuration to derive
upon a value for Vcent such that:

a Setting the Vcent Evaluation Mode configuration to User defined Vcent
configures the value of Vcent to that defined by the user.

b Setting the Vcent Evaluation Mode configuration to Widest eye opening level
configures the value of Vcent based on the level of widest eye opening on
the eye diagram.

8 In the Widest eye opening level configuration:
a Measure Vmin and Vmax.

b Based on the values of Vmin and Vmax, the search of the level for values of
Vecent ranges from 40% to 60% of the level between Vmax and Vmin.
Mathematically, the levels of Vcent are calculated as:

VcentSearchStart = Vmin + 0.6 * (Vmax - Vmin)
VcentSearchEnd = Vmin + 0.4 * (Vmax - Vmin)

¢ Find the eye opening at VcentSearchStart and store the level and eye
opening width. Repeat this step for eye openings at VcentSearchStart+bmV,
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VcentSearchStart+10mV, VcentSearchStart+15mV and so on till
VcentSearchEnd.

d Find the level of the widest eye opening from the stored eye opening width
measurements. Record the derived value as Vcent.

9 Setup a Histogram to find the CAVIHL top and CAVIHL bottom.
10 To find CAVIHL top and CAVIHL bottom, configure:

TimePos = Current Time Position

VIHLScanStart = TimePos - 0.5Ul

VIHLScanEnd = TimePos + 0.5UlI

VIHLStepScan = 10e-12

NoOfStepVIHL =0

f Calculate CurrentTime, where

CurrentTime = VIHLScanStart + NoOfStepVIHL x VIHLStepScan.

o o o 2o

g Set up the top Histogram window in the following manner:
Left window: CurrentTime + (VIHLStepScan / 2).
Right window: CurrentTime - (VIHLStepScan / 2).
Upper window: Vmax of the CA signal (measured earlier).
Lower window: Vcent (measured earlier).
h Measure Histogram Min.
i Set up the bottom Histogram window in the following manner:
Left window: CurrentTime + (VIHLStepScan / 2).
Right window: CurrentTime - (VIHLStepScan / 2).
Upper window: Vcent (measured earlier).
Lower window: Vmin of the CA signal (measured earlier).
i Measure Histogram Max.

k Repeat the procedure of setting up of Histogram window by incrementing
the value of NoOfStepVIHL by one for each trial until the value of
CurrentTime exceeds that of VIHLScanEnd.

I Once the value of CurrentTime exceeds that of VIHLScanEnd, stop the
procedure of setting up of the Histogram window. Record the maximum
value of the top Histogram window as CAVIHL top and the minimum value of
the bottom Histogram window as CAVIHL bottom.

11 Report the values for CAVIHL top and CAVIHL bottom as the final test result.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data CA cycle and loading of a
ble Results:  default test mask pattern.

The test will show a FAIL status if the total failed waveforms is greater than zero
and the CAVIHL top and CAVIHL bottom value will be reported.
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tCIPW Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

Signal(s) of - Data Signals (supported by Commands Address Signals)
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = CA Signals.

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.4 Table 91
August 2014

Table 91 — DRAM CMD/ADR, CS

3338 1600/1867 -3200 4266
Symbol Parameter Lo Lt B B Unit | NOTE
min max min max min max min max
VelVW Rx Mask s | - | ars | - | ss | - | 145 | mv | 124
voltage - p-p
TelvWw Rx timing window - 03 - 03 - 03 - 03 ur (1234
VIHL Ac | CAACmputpuise | 500 | g | L L qe0 | - [ 180 | - | mv | 58
- amplitude pk-pk
TelPW CA input pulse width | 0.55 0.55 0.6 0.6 ur 6
Input Slew Rate
SRIN_chvw over VelVW 1 7 1 7 1 7 1 7 Vins T
* Ul = tck(avg)min
[ The following Rx valtage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins )
For example the Tel'VW{ps) = 450ps at or below 1333 operating frequencies.

NOTE 1 CA Rx mask voltage and timing parameters at the pin including voltage and temperature dnft.

NOTE 2 Rx mask voltage VelVW total(max) must be centered around Veent_CA(pin mid).

NOTE 3 Rx differential CA to CK jitter total timing window at the VelVW voltage levels.

NOTE4 Defined overthe CA internal Vg range. The Rx mask at the pin must be within the intemal Vgep CA range
irrespective of the input signal common mode.

NOTES CA only input pulse signal amplitude into the receiver must meet or exceed VIHL AC at any point over the

total Ul. No timing requirement above level. VIHL AC is the peak to peak voltage centered around Veent_CA(pin mid)
such that VIHL_AC/2 min must be met both above and below Veent CA.

NOTE & CA only minimum input pulse width defined at the Veent CA(pin nud).
NOTET Input slew rate over VelVW Mask centered at Veent_CA(pin mid).
NOTE 8 WIHL_AC does not have to be met when no transitions are occurring.

Test Overview:  The purpose of this test is to automate all the setup procedures required to
generate an eye diagram for the LPDDR4 data Command Address cycle.
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Using the mask test, you may perform evaluations and debugging on the
generated eye diagram.

Procedure: 1 Calculate the value of the initial time scale based on the selected LPDDR4
speed grade options.

2 (Calculate the number of sampling points according to the time scale value.

3 Check for valid CA input test signals by verifying their frequency and amplitude
values.

4 On the Oscilloscope:
Set up measurement threshold values for the CAx channel.

o o

Set up fixed vertical scale values for CAx channel input.
Set the Color Grade Display option to ON.
Identify the X1 value for re-adjustment of the selected test mask.

o o

Set up Mask Test settings (Load default Test Mask on screen).
f Set up Clock Recovery settings on SDA.

- Explicit clock, Source = DQ, Rise/Fall Edge
g Setthe Real Time Eye on SDA to ON.
5 Perform Mask Testing:

a Setthe termination condition of the Mask Test to ‘Waveforms’ and define
the number of waveforms to be acquired.

b Start the Mask Test.
6 Loop until number of required waveforms is acquired.

7 Acquire the value of Vcent. Use the Vcent Evaluation Mode configuration to derive
upon a value for Vcent such that:

a Setting the Vcent Evaluation Mode configuration to User defined Vcent
configures the value of Vcent to that defined by the user.

b Setting the Vcent Evaluation Mode configuration to Widest eye opening level
configures the value of Vcent based on the level of widest eye opening on
the eye diagram.

8 In the Widest eye opening level configuration:
a Measure Vmin and Vmax.

b Based on the values of Vmin and Vmax, the search of the level for values of
Vcent ranges from 40% to 60% of the level between Vmax and Vmin.
Mathematically, the levels of Vcent are calculated as:

VcentSearchStart = Vmin + 0.6 * (Vmax - Vmin)
VcentSearchEnd = Vmin + 0.4 * (Vmax - Vmin)

¢ Find the eye opening at VcentSearchStart and store the level and eye
opening width. Repeat this step for eye openings at VcentSearchStart+bmV,

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation 145



5  Timing Tests Group

VcentSearchStart+10mV, VcentSearchStart+15mV and so on till
VcentSearchEnd.

d Find the level of the widest eye opening from the stored eye opening width
measurements. Record the derived value as Vcent.

9 Measure the positive pulse width and the negative pulse width of the CA signal.
Find the smaller or the worst value of the CA signal pulse width.

10 Report the worst value of the pulse width as the final test result.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data CA cycle and loading of a
ble Results:  default test mask pattern.

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

Set the statistic measurement to ON to get the worst width measurement of the
CA signal and the worst result will be reported.
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6  Eye Diagram Tests Group

Overview

The following group of tests pertains to the debug tool tests that enable user to
perform evaluation and signal debugging on the signal(s) of interest.
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Read/Write Eye Diagram Tests

tDIVW Margin
Mode Supported: DDR4
Signal cycle of  WRITE
interest:
Require  Yes
Read/Write
separation:
Signal(s) of Data Signals (supported by Data Strobe Signals)
Interest:
Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.
References:  There is no limit found for this test.

Test Overview:

Procedure:

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the DDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.

1
2
3

Calculate initial time scale value based on selected DDR4 speed grade options.

Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude
values.

Set up the oscilloscope:

a

o o

Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for DQx channel and DQSx channel input.
Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.

Set up Mask Test. (Load default Test Mask on screen)

Set up Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
Turn ON Real Time Eye on SDA.
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N O

[=<]

Perform Mask Testing:
a Set the termination condition of the mask test to 'Waveforms' with the

number of waveforms to be acquired.

b Start mask test with default Test Mask first.
Loop until number of required waveforms is acquired.

Get or Acquire Vcent Value. There is option for Vcent derivation depending on
"Vcent Evaluation Mode" configuration. If "Vcent Evaluation Mode" option set to
be "User defined Vcent" then the value of Vcent will follow the value of "User
Defined Vcent" configuration. If "Vcent Evaluation Mode" option set to be
"Widest eye opening level" then Application will evaluate VCent value based on
the level of widest eye opening on eye diagram.

The detail procedure of "Widest eye opening level" is below;
a Measure the Vmin and Vmax.
b The Vcent level search range from 40% to 60% of the level between Vmin

and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin);

Find the eye opening at VcentSearchStart then store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask as below;

Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUI

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUl

10 Perform the tDIVW margin measurement on upper right corner of the mask.

The detail procedure as below;
a Setup histogram window;

Left window: Os (Center position of Eye/Mask)
Right window: Right side of the grid.

Upper window: Top Level of Mask.

Lower window: Top Level of Mask.

b Perform horizontal Histogram Min.
¢ tDIVW margin upper right = 100% * (Histogram_Min -0.5 x

Compliance_tDivw_Value ) / (0.5 x Compliance_tDivw_Value).
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11 Perform the tDIVW margin measurement on upper left corner of the mask. The
detail procedure as below;

a Setup histogram window;
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask)
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Max.

¢ tDIVW margin upper left= 100% * (-0.5 x Compliance_tDivw_Value -
Histogram_Max) / (0.5 x Compliance_tDivw_Value).

12 Perform the tDIVW margin measurement on lower right corner of the mask. The
detail procedure as below;

a Setup histogram window;
Left window: Os (Center position of Eye/Mask)
Right window: Right side of the grid.
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Min.

¢ tDIVW margin lower right = 100% * (Histogram_Min -0.5 x
Compliance_tDivw_Value ) / (0.5 x Compliance_tDivw_Value).

13 Perform the tDIVW margin measurement on lower left corner of the mask. The
detail procedure as below;

a Setup histogram window;
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask)
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Max.

¢ tDIVW margin lower left= 100% * (-0.5 x Compliance_tDivw_Value —
Histogram_Max) / (0.5 x Compliance_tDivw_Value).

14 Take minimum result between tDIVW margin upper left, tDIVW margin upper
right, tDIVW margin lower left and tDIVW margin lower right as worst result.

15 Report worst result.

Expected/Observa  Generation of an eye diagram for the DDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

The calculated tDIVW Margin shall meet the user defined limit.
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vDIVW Margin

Mode Supported: DDR4

Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.
References:  There is no limit found for this test.

Test Overview:  The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the DDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.

Procedure: 1 Calculate initial time scale value based on selected DDR4 speed grade options.
2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude
values.

4 Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for DQx channel and DQSx channel input.

o o

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
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5 Perform Mask Testing:

a Set the termination condition of the mask test to ‘Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.

Loop until number of required waveforms is acquired.

N O

Get or Acquire Vcent Value. There is option for Vcent derivation depending on
"Vcent Evaluation Mode" configuration. If "Vcent Evaluation Mode" option set to
be "User defined Vcent" then the value of Vcent will follow the value of "User
Defined Vcent" configuration. If "Vcent Evaluation Mode" option set to be
"Widest eye opening level" then Application will evaluate VCent value based on
the level of widest eye opening on eye diagram.

[=<]

The detail procedure of "Widest eye opening level" is below;
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin);

¢ Find the eye opening at VcentSearchStart then store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask as below;

Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUI

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUl

10 Perform the vDIVW margin measurement on upper side of the mask. The detail
procedure as below;

a Setup histogram window;
Left window: -0.5xCompliance_tDivw_Value
Right window: 0.5xCompliance_tDivw_Value
Upper window: found Vmax of DQ signal.
Lower window: found Vcent.

b Perform Histogram Min.

¢ vDIVW margin upper= 100% * (Histogram Min - Upper Level Of Mask)/
(0.5xCompliance_vDivw_Value).
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Expected/Observa
ble Results:

11 Perform the vDIVW margin measurement on lower side of the mask. The detail
procedure as below;

a Setup histogram window;
Left window: -0.5xCompliance_tDivw_Value
Right window: 0.5xCompliance_tDivw_Value
Upper window: found Vcent.
Lower window: found Vmin of DQ signal.

b Perform Histogram Max.

¢ VvDIVW margin lower= 100% * (Bottom Level Of Mask - Histogram Max)/
(0.5xCompliance_vDivw_Value).

12 Take minimum result between vDIVW margin upper and vDIVW margin lower as
worst result.

13 Report worst result.

Generation of an eye diagram for the DDR4 data WRITE cycle and loading of a
default test mask pattern.

The calculated vDIVW Margin shall meet the user defined limit.

User Defined Real-Time Eye Diagram Test for Read Cycle

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

References:

Test Overview:

144

DDR4
READ

Yes

Data Signals (supported by Data Strobe Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

There is no available test specification on eye testing in JEDEC specifications.
Mask testing is definable by the customers for their evaluation tests usage.

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the DDR4 data READ cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.
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Procedure:

Expected/Observa
ble Results:

6
7

Eye Diagram Tests Group 6

Calculate initial time scale value based on selected DDR4 speed grade options.
Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude
values.

Set up the oscilloscope:

a Using UDF methodology to separate Read burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for D@Qx channel and DQSx channel input.

o o

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
Perform Mask Testing:

a Set the termination condition of the mask test to ‘Waveforms' with the
number of waveforms to be acquired.

b Start mask test.
Loop until number of required waveforms is acquired.

Return total failed waveforms as a test result.

Generation of an eye diagram for the DDR4 data READ cycle and loading of a
default test mask pattern.

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

User Defined Real-Time Eye Diagram Test for Write Cycle

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

DDR4
WRITE

Yes

Data Signals (supported by Data Strobe Signals)

Needed to perform this test on oscilloscope:
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References:

Test Overview:

Procedure:

Expected/Observa
ble Results:

Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

There is no available test specification on eye testing in JEDEC specifications.
Mask testing is definable by the customers for their evaluation tests usage.

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the DDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.

1
2
3

6
7

Calculate initial time scale value based on selected DDR4 speed grade options.
Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude
values.

Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

o

Set up vertical scale values for D@Qx channel and DQSx channel input.

[=1

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h  Turn ON Real Time Eye on SDA.
Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test.
Loop until number of required waveforms is acquired.

Return total failed waveforms as a test result.

Generation of an eye diagram for the DDR4 data WRITE cycle and loading of a
default test mask pattern.

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

tQW_total Test for Read Cycle
LPDDR4

Mode Supported:

146
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Signal cycle of READ
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.5 Table 92
August 2014
Table 92 — Read output timings
on - S LPDDRA-1600/1867 | LPDDR4-2133/2400 LPDDRA4-3200 LPDDRA-4266 I
Min Max Min | Max Min Max Min Max
Data Timing
DQS £DQS_c o DQ
Skew total, per group, per tDASsQ - 0.18 - 0.18 - 0.18 - 0.18 ul 1
access (DBIDisabled)
DQ output hold time total min(tQSH, min(tQSH, min{tQSH, min{tQSH,
from DQS_t, DQS ¢ fQH tQsL - tQsL - tQsL - tQsL ul !
(DBI-Disabled) ) ) ) )
DQ output window time
total, per pin QW _total 075 . 073 . 07 . 07 . u | 14
(DBI-Disabled)
DQ output window time
deterministic, per pin QW _dj TBD - TBD - - TBD - TBD ul 143
(DBIDisabled)
DQS_£DAS _c to DQ
Skew total.per group. per| yna5q pa - TED - TED - TED - T | U |
access -
(DBI-Enabled)
mﬁgn‘:‘%%g“"td;g'gt‘;m' oH DBl |MCQSHDBL|  [mintQSH DBL| _ |mintQSH DBL| _ [mintasHDBL| | |, 1
DBl Ensbled) - tQsL_DBI) tQsL_DBI) tasL_DBI) tasL_DBI)
DQ output window time
total, per pin tQW total DBI|  TBD . TBD . § TBD § BD | Ul | 14
(DBI-Enabled)

Test Overview:  The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data READ cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.
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Eye Diagram Tests Group

Procedure:

Calculate initial time scale value based on selected LPDDR4 speed grade
options.

Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude
values.

Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for DQx channel and DQSx channel input.

o o

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

: Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
Loop until number of required waveforms is acquired.

Get or Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask:
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Upper Mask Level: Vcent +0.5xCompliance_vQw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vQw_Value= Vcent -0.5x136mV=
Veent -68mV

Right Mask Position:TimePosition+0.5xTime_Range_Value
Left Mask Position: TimePosition-0.5xTime_Range_Value

10 Perform the tQW measurement on upper right corner of the mask. The detailed
procedure is:

a Set up histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Min.

¢ tQW upper right = (CurtQW_time - (TimePos + tQW_Compliance / 2)) /
(tQW_Compliance / 2) * 100%.

11 Perform the tQW measurement on upper left corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Max.

¢ tQW upper left= ((TimePos - tQW_Compliance / 2) - CurtQW_time) /
(tQW_Compliance / 2) * 100%.

12 Perform the tQW measurement on lower right corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Min.

¢ tQW lower right = (CurtQW_time - (TimePos + tQW_Compliance / 2)) /
(tQW_Compliance / 2) * 100%.
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Expected/Observa
ble Results:

13 Perform the tQW measurement on lower left corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Max.

c tQW lower left= ((TimePos - tQW_Compliance / 2) - CurtQW_time) /
(tQW_Compliance / 2) * 100%.

14 Take minimum result between tQW margin upper left, tQW margin upper right,
tQW margin lower left and tQW margin lower right as worst result.

15 Report worst result.

Generation of an eye diagram for the LPDDR4 data READ cycle and loading of a
default test mask pattern.

The test will show a fail status if the total failed waveform is greater than 0 and
report the tQW_top, tQW_bottom and tQW_min.

tQW_total_DBI Test for Read Cycle

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest;

Required Signals:

References:

Test Overview:

150

LPDDR4
READ

Yes

Data Signals (supported by Data Strobe Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

There is no available test specification on eye testing in JEDEC specifications.
Mask testing is definable by the customers for their evaluation tests usage.

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data READ cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.
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Procedure: 1 Calculate initial time scale value based on selected LPDDR4 speed grade
options.

2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude
values.

4 Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for DQx channel and DQSx channel input.

o o

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

: Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
6 Loop until number of required waveforms is acquired.

7 Get or Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

8 The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask:
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Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUl

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUl

10 Perform the tQW measurement on upper right corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Min.

¢ tQW upper right = (CurtQW_time - (TimePos + tQW_Compliance / 2)) /
(tQW_Compliance / 2) * 100%.

11 Perform the tQW measurement on upper left corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Max.

c tQW upper left= ((TimePos - tQW_Compliance / 2) - CurtQW_time) /
(tQW_Compliance / 2) * 100%.

12 Perform the tQW measurement on lower right corner of the mask. The detailed
procedure is:

a Set up histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Bottom Level of Mask.
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ble Results:

Eye Diagram Tests Group 6

Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Min.

¢ tQW lower right = (CurtQW_time - (TimePos + tQW_Compliance / 2)) /
(tQW_Compliance / 2) * 100%.

13 Perform the tQW measurement on lower left corner of the mask. The detailed

procedure is:
a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Max.

c tQW lower left= ((TimePos - tQW_Compliance / 2) - CurtQW_time) /
(tQW_Compliance / 2) * 100%.

14 Take minimum result between tQW margin upper left, tQW margin upper right,
tQW margin lower left and tQW margin lower right as worst result.

15 Report worst result.

Generation of an eye diagram for the LPDDR4 data READ cycle and loading of a
default test mask pattern.

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

tDQS2DQ Test for Write Cycle

Mode Supported:

Signal cycle of
interest:

Require
Read/Write
separation:

Signal(s) of
Interest:

Required Signals:

LPDDR4
WRITE

Yes

Data Signals (supported by Data Strobe Signals)

Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.
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References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014
Table 94 — DRAM DQs In Receive Mode
60011867~ 213372400 3200 4266
Symbol Parameter 1 E5 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - pp total - 140 - 140 - 140 - 120 mV 1235
Rx timing window total .
TdIVW_total (At VAW voltage levels) - 022 - 0.22 - 0.25 - 0.25 Ul 1245
) Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAW voltage levels) - TBD - TBD - TBD - TBD Ul 514
VIHL AC DQAC '”p”;f‘:)'ie amplitude | g4 : 180 : 180 : 170 : mv 715
Input pulse width .
TdIPW DQ (At Vcent_DQ) 0.45 045 045 045 ul 8
tDQs2DQ DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 - 30 - 30 ps 10
{DQS20Q_temp | DA 1o DAS offset temperature | 06 : 06 - 06 - 06 psiC 11
vanation
{DQS2DQ_volt DQ to DAS offset voltage - EX) . 3 - kX : 33 | pssomv | 12
vanation
Input Slew Rate over
SRIN_dIvwv VAW total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
F The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:  The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.

Procedure: 1 Calculate initial time scale value based on selected LPDDR4 speed grade
options.

2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude
values.
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4 Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

o

Set up vertical scale values for DQx channel and DQSx channel input.

(=9

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
6 Loop until number of required waveforms is acquired.

7 Getor Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

8 The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VeentSearchStart+10mV, VeentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

d TimePos = Query the current time position. TimeRange = Query current time
range.

9 Perform the histogram measurement on left corner of the mask. The detailed
procedure is:

a Setup histogram window:

Left window: TimePos - 0.5 * TimeRange.
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Right window: TimePos.
Upper window: VCENT + be-3.
Lower window: VCENT - be-3.

b Perform horizontal Histogram Max and then the result assign to
LeftSidePos.

10 Perform the histogram measurement on right corner of the mask. The detailed
procedure is:

a Set up histogram window:
Left window: TimePos.
Right window: TimePos + 0.5 * TimeRange.
Upper window: VCENT + be-3.
Lower window: VCENT - be-3.

b Perform horizontal Histogram Min and then the result assign to
RightSidePos.

11 New TimePos = (LeftSidePos + RightSidePos) / 2.
12 tDQS2DQ = TimePos - 0.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

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

DQ VIHL(ac) Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014
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A 213372400 3200 4266
Symbol Parameter 1_600“867 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - pp total 140 140 140 120 mV 1235
Rx timing window total . )
TdIVW_total (At VAW voltage levels) 022 0.22 0.25 0.25 Ul 1245
. Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAW voltage levels) TBD TBD TBD TBD Ul 514
VIHL AC DQAC i”p“;IE’_LF'}'Ee amplitude | g4 180 180 170 mv 715
TdIPW DQ Input pulse width 0.45 045 0.45 0.45 ur 8
(At Veent_DQ) ) ) ’ )
tDQSs2DQ DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 - 30 - 30 ps 10
{DQS2DQ_temp | DA to DAS offset temperature 06 06 06 06 psiC 11
vanation
{DQS20Q _volt DQ to DAS offset voltage 3 3 3 33 | psOmv | 12
vanation
Input Slew Rate over )
SRIN_dIvwv VAW total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
[* The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:

Procedure:

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations

and debugging on the eye diagram created.

1

Calculate initial time scale value based on selected LPDDR4 speed grade

options.

Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude

values.

Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx

channel input.

o o

Identify the X1 value for re-adjustment of selected test mask.

Turn ON Color Grade Display option.

f Set up Mask Test. (Load default Test Mask on screen)
g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
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10

Perform Mask Testing:

a Set the termination condition of the mask test to ‘Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
Loop until number of required waveforms is acquired.

Get or Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

Perform the histogram measurement on left corner of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: TimePos - 0.5 * TimeRange.
Right window: TimePos.
Upper window: VCENT + be-3.
Lower window: VCENT - be-3.

b Perform horizontal Histogram Max and then the result assign to
LeftSidePos.

Perform the histogram measurement on right corner of the mask. The detailed
procedure is:

a Set up histogram window:
Left window: TimePos.
Right window: TimePos + 0.5 * TimeRange.
Upper window: VCENT + be-3.
Lower window: VCENT - be-3.

b Perform horizontal Histogram Min and then the result assign to
RightSidePos.
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11 New TimePos = (LeftSidePos + RightSidePos) / 2.

12 VIHLScanStart = TimePos - (1 / DataRate) / 4.

13 VIHLScanEnd = TimePos + (1 / DataRate) / 4.

14 VIHLStepScan = 10e-12.

15 NoOfStepVIHL = 0.

16 CurTime = VIHLScanStart + NoOfStepVIHL * VIHLStepScan.

17 Perform the histogram measurement on top of the mask. The detailed
procedure is:

a Setup histogram window:
Left window: CurTime - VIHLStepScan / 2
Right window: CurTime + VIHLStepScan / 2
Upper window: VmaxD@
Lower window: VCENT

b Perform horizontal Histogram Max and then the result assign to
LeftSidePos.

18 Perform the histogram measurement on bottom of the mask. The detailed
procedure is:

a Set up histogram window:
Left window: CurTime - VIHLStepScan / 2
Right window: CurTime + VIHLStepScan / 2
Upper window: VCENT
Lower window: VminDQ
19 Loop until VIHLScanEnd value.
20 Get MaxTop and MinBottom.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

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

SRIN_diVW Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of WRITE
interest:

Require  Yes
Read/Write
separation:
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Signal(s) of - Data Signals (supported by Data Strobe Signals)
Interest:

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014
Table 94 — DRAM DQs In Receive Mode
60011867~ 2133/2400 3200 4266
Symbol Parameter 1 E5 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - p-p total - 140 - 140 - 140 - 120 mV 1235
Rx timing window total .
TdIVW_total (At VAIVW voltage levels) - 022 - 0.22 - 025 - 0.25 ul 1245
) Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAIVW voltage levels) - TBD - TBD - TBD - TBD ul 514
VIHL AC DQAC '”p”;f‘:)'ie amplitude | g4 : 180 : 180 : 170 : mv 715
Input pulse width .
TdIPW DQ (At Veent_DQ) 0.45 045 045 0.45 Ul 8
tDAs2Da DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 30 - 30 ps 10
{DQS20Q_temp | DO to DAS offset temperature 06 : 06 - 06 - 06 psiC 11
vanation
{DQS2DQ_volt DQ to DAS offset voltage EX) . 3 - kX : 33 | pssomv | 12
vanation
Input Slew Rate over
SRIN_dIviwv VAIVW_total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
F The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:  The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.

Procedure: 1 Calculate initial time scale value based on selected LPDDR4 speed grade
options.

2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude
values.
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Eye Diagram Tests Group 6

4 Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

o

Set up vertical scale values for DQx channel and DQSx channel input.

(=9

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
6 Loop until number of required waveforms is acquired.

7 Getor Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

8 The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VeentSearchStart+10mV, VeentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask:

Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV
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6  Eye Diagram Tests Group

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUl

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUlI

10 Setup Slewrate rising measurement on DQ signal to get the SRIN_diVW rise
time max and SRIN_diVW rise time min.

Expected/Observa  Generation of an eye diagram for the LPDDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

The test will show a fail status if the total failed waveforms is greater than O and
the SRIN_diVW rise time max and SRIN_diVW rise time min values are reported.

tDIVW Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

References:
Specifications document Section#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014
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Table 94 — DRAM DQs In Receive Mode

Eye Diagram Tests Group 6

A 213372400 3200 4266
Symbol Parameter 1_600“867 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - pp total 140 140 140 120 mV 1235
Rx timing window total . )
TdIVW_total (At VAW voltage levels) 022 0.22 0.25 0.25 Ul 1245
. Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAW voltage levels) TBD TBD TBD TBD Ul 514
VIHL AC DQAC i”p“;IE’_LF'}'Ee amplitude | g4 180 180 170 mv 715
TdIPW DQ Input pulse width 0.45 045 0.45 0.45 ur 8
(At Veent_DQ) ) ) ’ )
tDQSs2DQ DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 - 30 - 30 ps 10
{DQS2DQ_temp | DA to DAS offset temperature 06 06 06 06 psiC 11
vanation
{DQS20Q _volt DQ to DAS offset voltage 3 3 3 33 | psOmv | 12
vanation
Input Slew Rate over )
SRIN_dIvwv VAW total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
[* The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:

Procedure:

The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations

and debugging on the eye diagram created.

1

Calculate initial time scale value based on selected LPDDR4 speed grade

options.

Calculate number of sampling points according to the time scale value.

Check for valid DQS input test signals by verifying its frequency and amplitude

values.

Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx

channel input.

o o

Identify the X1 value for re-adjustment of selected test mask.

Turn ON Color Grade Display option.

f Set up Mask Test. (Load default Test Mask on screen)
g Setup Clock Recovery on SDA.

- Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
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Eye Diagram Tests Group

10

Perform Mask Testing:

a Set the termination condition of the mask test to ‘Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
Loop until number of required waveforms is acquired.

Get or Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

Adjust the default rectangular Test Mask:

Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUI

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUl

Perform the tDIVW margin measurement on upper right corner of the mask.
The detailed procedure is:

a Setup histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Min.

¢ tDIVW margin upper right = 100% * (Histogram_Min -0.5 x
Compliance_tDivw_Value ) / (0.5 x Compliance_tDivw_Value).
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11 Perform the tDIVW margin measurement on upper left corner of the mask. The
detailed procedure is:

a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Top Level of Mask.
Lower window: Top Level of Mask.
b Perform horizontal Histogram Max.

¢ tDIVW margin upper left= 100% * (-0.5 x Compliance_tDivw_Value -
Histogram_Max) / (0.5 x Compliance_tDivw_Value).

12 Perform the tDIVW margin measurement on lower right corner of the mask. The
detailed procedure is:

a Set up histogram window:
Left window: Os (Center position of Eye/Mask).
Right window: Right side of the grid.
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Min.

¢ tDIVW margin lower right = 100% * (Histogram_Min -0.5 x
Compliance_tDivw_Value ) / (0.5 x Compliance_tDivw_Value).

13 Perform the tDIVW margin measurement on lower left corner of the mask. The
detailed procedure is:

a Setup histogram window:
Left window: Left side of the grid.
Right window: Os (Center position of Eye/Mask).
Upper window: Bottom Level of Mask.
Lower window: Bottom Level of Mask.
b Perform horizontal Histogram Max.

¢ tDIVW margin lower left= 100% * (-0.5 x Compliance_tDivw_Value —
Histogram_Max) / (0.5 x Compliance_tDivw_Value).

14 Take minimum result between tDIVW margin upper left, tDIVW margin upper
right, tDIVW margin lower left and tDIVW margin lower right as worst result.

15 Report worst result.

Expected/Observa  Generation of an eye diagram for the DDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

The calculated tDIVW Margin shall meet the user defined limit.
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vDIVW Test for Write Cycle

Mode Supported: LPDDR4

Signal cycle of  WRITE
interest:

Require  Yes
Read/Write
separation:

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

Required Signals:  Needed to perform this test on oscilloscope:
Pin Under Test, PUT = DQ Signals.
Supporting Pin = DQS Signals.

References:
Specifications document Section# Table#
LPDDR4 SDRAM Specification, JESD209-4, 10.6 Table 94
August 2014

Table 94 — DRAM DQs In Receive Mode

60011867~ 213372400 3200 4266
Symbol Parameter 1 E5 = = = Unit NOTE
min max min max min max min max
VdIVW_total Rx Mask voltage - pp total - 140 - 140 - 140 - 120 mV 1235
Rx timing window total .
TdIVW_total (At VAW voltage levels) - 022 - 0.22 - 0.25 - 0.25 Ul 1245
) Rx timing window 1 bit toggle . 1,24,
TdIVW_1bit (At VAW voltage levels) - TBD - TBD - TBD - TBD Ul 514
VIHL AC DQAC '”p”;f‘:)'ie amplitude | g4 : 180 : 180 : 170 : mv 715
Input pulse width .
TdIPW DQ (At Vcent_DQ) 0.45 045 045 045 ul 8
tDQs2DQ DQ to DQS offset 200 800 200 800 200 800 200 800 ps 9
tDQDQ DQ to DQ offset - 30 - 30 30 - 30 ps 10
{DQS20Q_temp | DO to DAS offset temperature 06 : 06 - 06 - 06 psiC 11
vanation
{DQS2DQ_volt DQ to DAS offset voltage EX) . 3 - kX : 33 | pssomv | 12
= vanation
Input Slew Rate over
SRIN_dIvwv VAW total 1 7 1 7 1 7 1 7 Vins 13
* Ul = tCK{avg)min/2
F The following Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all speed bins. For example the TclVW(ps) = 450ps at or below 1333
operating frequencies.

Test Overview:  The purpose of this test is to automate all the required setup procedures required
in order to generate an eye diagram for the LPDDR4 data WRITE cycle.

The additional feature of having a mask test is allow users to perform evaluations
and debugging on the eye diagram created.
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Procedure: 1 Calculate initial time scale value based on selected LPDDR4 speed grade
options.

2 Calculate number of sampling points according to the time scale value.

3 Check for valid DQS input test signals by verifying its frequency and amplitude
values.

4 Set up the oscilloscope:

a Using UDF methodology to separate Write burst and return the filtered DQS
signals as recovered clock for eye folding later.

b Set up measurement threshold values for the DQx channel and the DQSx
channel input.

Set up vertical scale values for DQx channel and DQSx channel input.

o o

Turn ON Color Grade Display option.

Identify the X1 value for re-adjustment of selected test mask.
f Set up Mask Test. (Load default Test Mask on screen)

g Setup Clock Recovery on SDA.

: Explicit clock, Source = DQS, Rise/Fall Edge
h Turn ON Real Time Eye on SDA.
5 Perform Mask Testing:

a Set the termination condition of the mask test to 'Waveforms' with the
number of waveforms to be acquired.

b Start mask test with default Test Mask first.
6 Loop until number of required waveforms is acquired.

7 Get or Acquire Vcent value. There is an option for Vcent derivation depending
on the "Vcent Evaluation Mode" configuration. If the "Vcent Evaluation Mode"
option is set to be "User defined Vcent", then the value of Vcent will follow the
value of the "User Defined Vcent" configuration. If the "Vcent Evaluation Mode"
option is set to be "Widest eye opening level", then the application will evaluate
the VCent value based on the level of widest eye opening on eye diagram.

8 The detailed procedure of "Widest eye opening level" is:
a Measure the Vmin and Vmax.

b The Vcent level search range from 40% to 60% of the level between Vmin
and Vmax. Mathematically, VcentSearchStart= Vmin + 0.6 * (Vmax - Vmin);
and , VcentSearchEnd= Vmin + 0.4 * (Vmax - Vmin).

¢ Find the eye opening at VcentSearchStart; then, store the level and eye
opening width. Perform the same for VcentSearchStart+bmV,
VcentSearchStart+10mV, VcentSearchStart+15mV.......... VcentSearchEnd.
Find the level of widest eye opening from stored eye opening width
measurement. Eventually assign found level as Vcent.

9 Adjust the default rectangular Test Mask:
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Upper Mask Level: Vcent +0.5xCompliance_vDivw_Value= Vcent
+0.5x136mV= Vcent +68mV

Lower Mask Level: Vcent -0.5xCompliance_vDivw_Value= Vcent
-0.5x136mV= Vcent -68mV

Right Mask Position:TimePosition+0.5xCompliance_tDivw_Value=
TimePosition+0.5xUl

Left Mask Position: TimePosition-0.5xCompliance_tDivw_Value=
TimePosition-0.5xUl

10 Perform the vDIVW margin measurement on upper side of the mask. The
detailed procedure is:

a Setup histogram window:
Left window: -0.5xCompliance_tDivw_Value.
Right window: 0.5xCompliance_tDivw_Value.
Upper window: found Vmax of DQ signal.
Lower window: found Vcent.

b Perform horizontal Histogram Min.

¢ vDIVW margin upper= 100% * (Histogram Min - Upper Level Of Mask)/
(0.5xCompliance_vDivw_Value).

11 Perform the vDIVW margin measurement on lower side of the mask. The
detailed procedure is:

a Setup histogram window:
Left window: -0.5xCompliance_tDivw_Value.
Right window: 0.5xCompliance_tDivw_Value.
Upper window: found Vcent.
Lower window: found Vmin of DQ signal.

b Perform Histogram Max.

¢ VvDIVW margin lower= 100% * (Bottom Level Of Mask - Histogram Max)/
(0.5xCompliance_vDivw_Value).

12 Take minimum result between vDIVW margin upper and vDIVW margin lower as
worst result.

13 Report worst result.

Expected/Observa  Generation of an eye diagram for the DDR4 data WRITE cycle and loading of a
ble Results:  default test mask pattern.

The calculated vDIVW Margin shall meet the user defined limit.
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A Reference

Documents

Infiniium Oscilloscope Operation Manual
Infinilum Oscilloscopes Programmer's Guide
JESD79-4 document, September 2012
JESD209-4 document, August 2014
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Reference A

Websites

"http://www.elpida.com"
"http://www.chips.ibm.com"
"http://www.jedec.org"
"http://www.intel.com"
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A Reference

Reference Figures from JESD/9-4 Document
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tLZ(DQS): CK - CK# rising crossing at RL- 1 tHZ(DQS), tHZ(DQ) with BL8: CK - CK# rising crossing at RL + 4 nCK
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Figure 30 - tLZ and tHZ method for calculating transitions and endpoints
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Figure 44 - Write Timing Definition and Parameters
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Figure 45 - Method for calculating tWPRE transitions and endpoints
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Figure 46 - Method for calculating tWPST transitions and endpoints
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Figure 94 - Vix Definition
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Figure 96 - Singe-ended Output Slew Rate Definition
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Figure 100 - Clock, Data, Strobe and Mask Overshoot and Undershoot Definition
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Falling Signal

Figure 111 - Illustration of nominal slew rate and tVAC for setup time tIS(for
ADD/CMD with respect to clock)
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Rising Signal ATR Falling Signal = — _&ATF

Figure 112 - Illlustration of nominal slew rate for hold time tIS(for ADD/CMD

with respect to clock)
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Figure 113 - Illustration of tangent line for setup time tIS(for ADD/CMD with
respect to clock)

B e

ViHag MiN - —— — —|— — ————

Vidgg Min ~————F—————

line

ViL ) Max -——E —————————————— -1
ViLjaey MaxX - — — — o= - 1"

'
i
{
p

ATR ATF

Hold Slew Rate_ 1angent line [ Veerige) - ViLagmax ]
Rising Signal = ATR
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Figure 114 - Illustration of tangent line for hold time tIH(for ADD/CMD with
respect to clock)
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Figure 115 - Illustration of nominal slew rate and tVAC for setup time tDS(for
DQ with respect to strobe)
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Figure 116 - Illustration of nominal slew rate for hold time tDH (for DQ with
respect to strobe)
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Figure 117 - Illustration of tangent line for setup time tDS (for DQ with respect

to strobe)
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Figure 118 - Illustration of tangent line for hold time tDH (for DQ with respect to
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Reference Figures from JESD209-4 Document
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I:l Transitioning data
NOTE1 'DQSCK can span multiple clock periods.
NOTE 2 An effective burst length of 8 is shown.
Figure 119 - Read Output Timing
Vou
2x X Xi / Vo - X mV
Vip+2x Y mV oH
Vop - 2Xx X mV
Vir+Y n:fgz t1z(DQs), 1Lz(DQ) on
al
Vi e Y tHz(DQS), tHZ(DQ) Vir
A Y /
Vip- Y mV 2xY
VgL +2x X mV
Vor-2xY mV
Tosxrm VoL + X mV
V,
T1T2 o 172
Start driving point =2 x T1 -T2 End driving point =2 x T1 -T2

Figure120-tLZ and tHZ method for calculating transitions and endpoints
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Figure121-Data input (write) timing
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Figure 123 -Vix Definition
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Figure 124 -Single-ended requirement for differential signals
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Figure125-Definition of differential ac-swing and "time above ac-level" tDVAC

184 Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation



Reference A

Maximum Amplitude

Overshoot Area

Volts ¥§§

V)

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 126 -Overshoot and Undershoot Definition
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Figure127-Differential Output Slew Rate Definition
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Figure 128 -Single Ended Output Slew Rate DefinitionDelta
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Figure129-Illustration of nominal slew rate and tVAC for setup time tDS for DQ
with respect to strobe
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Figure 130 -lllustration of nominal slew rate for hold time tDH for DQ with
respect to strobe
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Figure 131 -Illustration of tangent line for setup time tDS for DQ with respect to
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Figure 132 -Illustration of tangent line for for hold time tDH for DQ with respect

to strobe
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Figure133-Illustration of nominal slew rate and tVAC for setup time tIS for CA
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Figure 135 -lllustration of tangent line for setup time tIS for CA and CS_n with
respect to clock
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Figure 137 -CKE-Intensive Environment
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Calibrating the Infiniium
Oscilloscope and Probe

Oscilloscope Internal Calibration / 196
Probe Calibration / 200

This section describes the Keysight Infiniium digital storage oscilloscope
calibration procedures.

KEYSIGHT

TECHNOLOGIES
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B Calibrating the Infiniium Oscilloscope and Probe

Oscilloscope Internal Calibration

This will perform an internal diagnostic and calibration cycle for the oscilloscope.
For the Keysight oscilloscope, this is referred to as Calibration.

Required Equipment for Oscilloscope Calibration
To calibrate the Infiniium oscilloscope in preparation for running the MOST
automated tests, you need the following equipment:
Keyboard, gty = 1, (provided with the Keysight Infiniium oscilloscope).
Mouse, gty = 1, (provided with the Keysight Infiniium oscilloscope).

Precision 3.5 mm BNC to SMA male adapter, Keysight p/n 54855-67604,
gty = 2 (provided with the Keysight Infiniium oscilloscope).

Calibration cable (provided with Keysight Infiniium oscilloscopes). Use a good
quality 50 Q BNC cable.

Running the Oscilloscope Internal Calibration

This Calibration will take about 50 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.

2 Locate and prepare the accessories that will be required for the internal
calibration:

a Locate the calibration cable.
b Locate the two Keysight precision SMA/BNC adapters.

¢ Attach one SMA adapter to the other end of the calibration cable - hand
tighten snugly.

d Attach another SMA adapter to the other end of the calibration cable - hand
tighten snugly.
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Calibrating the Infiniium Oscilloscope and Probe B

3 Referring to the following figure, perform the following steps:
a Click the Utilities > Calibration... menu to open the Calibration dialog box.

File Control Setup Display er Measure Math Analyze Ut emos Help

Self Test...

Remote...

LXI LAN...

Launch License Manager...
Install Legacy Licenses...
Multipurpose

Custemize Multipurpose...
Front Panel Sources...
User Preferences...

N
o
A
N
%ﬁﬁ‘qr
)
Ay

Figure 5  Accessing the Calibration Menu

4 Referring to the following figure, perform the following steps to start the
calibration:
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B Calibrating the Infiniium Oscilloscope and Probe

| Calibration

Cal Memory Protect

Frame

e

Calibration Calibrated 5°C 24 JUN 2014 09:01:43
TimeScale Calibrated e 24 JUN 2014 09:01:43
- Channel Status

Commen: Passed

Connector Vertical Trigger

Channel 1 Passed Passed

Channel 2 Passed Passed

Channel 3 Passed Passed

Channel 4 Passed Passed

Aux Passed

B Enable Details

Figure 6  Oscilloscope Calibration Window

a Uncheck the Cal Memory Protect checkbox.
b Click the Start button to begin the calibration.

¢ During the calibration of channel 1, if you are prompted to perform a Time
Scale Calibration, as shown in the following figure, click the Std+Dflt button to
continue the calibration, using the Factory default calibration factors.

If you are prompted to choose a type of Time Scale Calibration, as shown in
the following figure, choose the Standard Cal and Default Time Scale and click
Ok to continue the calibration using the Factory default calibration factors.
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Calibrating the Infiniium Oscilloscope and Probe B

Calibration Options

@ standard cal
@ standard and Time Scale Cal
© standard Cal and Default Time Scale

[_ok |

Figure 7  Time Scale Calibration Dialog Box

d When the calibration procedure is complete, you will be prompted with a

Calibration Complete message window. Click the OK button to close this
window.

e Confirm that the Vertical and Trigger Calibration Status for all Channels
passed.

f Click the Close button to close the calibration window.
g Theinternal calibration is completed.

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.
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B Calibrating the Infiniium Oscilloscope and Probe

Probe Calibration

Before performing MOST 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.

Required Equipment for Probe Calibration

The calibration procedure requires the following parts.
BNC (male) to SMA (male) adapter.
Deskew fixture.
50 Q SMA terminator.

Connecting the Probe for Calibration

For the following procedure, refer to the following figure.
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Calibrating the Infiniium Oscilloscope and Probe B

BNC to SMA
Connector

Pincher

Deskew/ -

Fixture /

50 Q SMA / 

Terminator

Figure 8  Solder-in Probe Head Calibration Connection Example

1 Connect BNC (male) to SMA (male) adapter to the deskew fixture on the
connector closest to the yellow pincher.

2 Connect the 50 Q@ SMA terminator to the connector farthest from yellow
pincher.
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B Calibrating the Infiniium Oscilloscope and Probe

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.

Verifying the Connection

1
2
3
4

Lk
o
sl
i
f::‘qJ.l
)
Ay

On the Infiniium oscilloscope, press the [Auto Scale] key on the front panel.
Set the volts per division to 100 mV/div.
Set the horizontal scale to 1.00 ns/div.

Set the horizontal position to approximately 3 ns. You should see a waveform
similar to that in the following figure.

KEYSIGHT

TECHNOLOGIE:

100 mVv

-100 mv

-400 mV

-600 mV

Figure9  Good Connection Waveform Example
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Calibrating the Infiniium Oscilloscope and Probe B

If you see a waveform similar to that of the following figure, then you have a bad
connection and should check all of your probe connections.

-100 mv
-200 mV

-300 mVv

-400 mV

-500 mv

$OHL LS G LS

-600 mV

Figure 10 Bad Connection Waveform Example
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B Calibrating the Infiniium Oscilloscope and Probe

Running the Probe Calibration and Deskew

1 On the Infiniilum oscilloscope in the Setup menu, select the channel connected
to the probe, as shown in the following figure.

i File Control | Setup | Display Trigger Measure Math Analyze Utilities Demos Help
o o | @ Channel 1...
® channel 2...

\_ @ channel 3...

@ channel 4...

@ waveform Memories....
® Math Functions...

Seap AWl

SESW [BDIUSA

Probe Configuration...

Probe Calibration...
© Horizontal....

Acquisition...

Display...

Default Setup

Factory Default

Undo Default Setup

Figure 11 Channel Setup Window

2 In the Channel Setup dialog box, select the Probe Cal... button, as shown in the
following figure.
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Calibrating the Infiniium Oscilloscope and Probe B

Channel

[(oad From File..|
(Ciear Wavetorm |
- Acquisition HW & Display ——
Scale M Fine

|1.00 v/

Offset

cov__ [(VIOIX)

s (<O

| Il Bandwidth Limit

Figure 12 Channel Dialog Box

3 In the Probe Calibration dialog box, select the Calibrated Atten radio button.

4 Select the Start Atten/Offset Cal... button and follow the on-screen instructions
for vertical calibration procedure.

| Probe Calibration

o 1169A | @) no probe detected ® No probe detected ™ No probe detected

Please allow 15 minutes for probe warmup before starting calibration.
- DC Attenuation/Offset Cal —— - Skew Calibration ——— - AC Response Calibration ———

|
| 11 DEC 2014 13:32:48 | || | 11 DEC 2014 13:33:21 | | | Calibrated
@ Using Default Atten (3.4:1) @ Default Skew © Automatic Probe Correction

© calibrated Atten (  3.4:1) © calibrated Skew @ ort
| Start Atten/Offset Cal... | ||| StartSkewCal... | || Setup Precision Probe... |

Figure 13  Probe Calibration Window

5 Once the vertical calibration has successfully completed, select the Calibrated
Skew... button.

6 Select the Start Skew Calibration... button and follow the on-screen instructions
for the skew calibration.
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At the end of each calibration, the oscilloscope will prompt you if the calibration
was or was not successful.

Verifying the Probe Calibration

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:
BNC (male) to SMA (male) adapter.
SMA (male) to BNC (female) adapter.
BNC (male) to BNC (male) 12 inch cable such as the Keysight 8120-1838.

Keysight 54855-61620 calibration cable (Infiniium oscilloscopes with
bandwidths of 6 GHz and greater only).

Keysight 54855-67604 precision 3.5 mm adapters (Infiniium oscilloscopes with
bandwidths of 6 GHz and greater only).

Deskew fixture.

For the following procedure, refer to the following figure.
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BNC to SMA
Connector

Pincher

Deskew/ -

Fixture /
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Figure 14 Probe Calibration Verification Connection Example

1 Connect BNC (male) to SMA (male) adapter 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.
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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 adapters.

4 Connect the BNC side of the deskew fixture to the Aux Out BNC of the Infiniium
oscilloscope.

5 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.

15 Select the Calibrated Skew radio button.

16 Once the skew calibration is completed, close all dialog boxes.

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 the following figure.

Keysight N6462A/N6462B DDR4 and LPDDR4 Compliance Test Application Methods of Implementation



Calibrating the Infiniium Oscilloscope and Probe B

S EE Y

Figure 15 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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2T timing for t1S/tIS(derate) test, 68

A
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back-to-back WRITE burst data, 64
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CA VIHL(ac) test for write cycle, 131

calibrating the oscilloscope, 20, 195
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clock period jitter- tJIT(per), 79

clock timing (CT), 79

command address timing (CAT), 125
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Connect tab, 22

cumulative error (across n cycles) -
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DDR read/write separation, 62
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clock, 47
differential AC input levels for strobe, 50
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notices, 3
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option licenses required for testing, 14

oscilloscope calibration, 20

oscilloscope internal calibration, 196
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running, 196

P

precision 3.5 mm BNC to SMA male
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probe calibration and deskew, running, 204
probe calibration connection, verifying, 202

probe calibration, connecting, 200
probe calibration, verifying, 206

R

read/write eye diagram tests, 139
reference, 169
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Results tab, 22

Run Tests tab, 22
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tDIVW margin, 139

tDIVW test for write cycle, 162
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tDQSCK test, 101
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tDQSS test, 96

tDSH test, 110
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tDVAC(Clock) test, 102
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tLZBeginPoint(DQS) for WRITE data
burst, 74

tQH test, 117

tQH_DBI test, 122

tQSH test, 105

tQSH_DBl test, 113
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vCIVW margin test for write cycle, 129
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VIH.CA (AC) test, 25
VIH.CA (DC) test, 25
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VOL (AC) test, 34
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