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About This Manual

This manual assumes that you are familiar with using an oscilloscope—in particular the Teledyne LeCroy
oscilloscope that will be used with QualiPHY-and that you have purchased the QPHY-DDR2 software
option. Some of the images in this manual may show QualiPHY products other than QPHY-DDR2, or
were captured using different model oscilloscopes, as they are meant to illustrate general concepts
only. Rest assured that while the user interface may look different from yours, the functionality is
identical.
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Introduction
About QualiPHY

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

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

e Multiple Data Source Capability

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

¢ Flexible Test Results Reporting that includes XML Test Record Generation. Understand
device performance distribution, or obtain process related information from the devices under
test.

About QPHY-DDR2

QPHY-DDR2 is an automated test package performing all of the real time oscilloscope tests for Double
Data Rate in accordance with JEDEC Standard No. 79-2E.

The software can be run on any Teledyne LeCroy oscilloscope with at least 2.5 GHz bandwidth,
20 GS/s sampling rate, and 12 MB free space on the D: drive.

Required Equipment
e Teledyne LeCroy real-time oscilloscope, 22.5 GHz BW, installed with:
o XStreamDSO v.5.9.x.x minimum* with an activated QPHY-DDR2 option key
o QualiPHY software v.5.9.x.x minimum with an activated QPHY-DDR2 component

*Note: The versions of XStreamDSO and QualiPHY software must match, so upgrade your
version of QualilPHY if you have upgraded your oscilloscope firmware. The versions listed
above are the minimum versions required for this product. The QualiPHY software may be
installed on a remote PC, but all other software must be run on the oscilloscope.

e Three or more = 4 GHz bandwidth probes (voltage swing must be at least + 2.5 Vp-p.)
Note: Minimum 6 GHz bandwidth probes recommended.

e PCF200 Probe Deskew and Calibration Fixture (included with WaveLink probe systems)

922536 Rev B 1
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Remote Host Computer System Requirements

Usually, the oscilloscope is the host computer for the QualiPHY software, and all models that meet the
acquisition requirements will also meet the host system requirements. However, if you wish to run the
QualiPHY software from a remote computer, these minimum requirements apply:

e Operating System:
o Windows 7 Professional
o Windows 10 Professional
e 1 GHz or faster processor
e 1 GB (32-bit) or 2 GB (64-bit) of RAM
e Ethernet (LAN) network capability
e Hard Drive:
o Atleast 100 MB free to install the framework application

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

See Set Up Remote Control for configuration instructions.

QPHY-DDR2 Basic Functionality

Signals Measured
The compliance test probes the following signals (# is the negative polarity of the differential signal):

CK, CK# Input

Differential clock inputs. All address and control input signals are sampled on the crossing of the
positive edge of CK and negative edge of CK#. Output (read) data is referenced to the crossings of CK
and CK# (both directions of crossing).

DQ Input/Output
Bi-directional data bus input/output.

DQS, DQS# Input/Output

Data strobe output with read data, input with write data. This signal is in phase with read data and 90
degrees out of phase with write data. The data strobes DQS may be used in single ended mode or
paired with optional complementary signal DQS# to provide differential pair signaling to the system
during both reads and writes.

ADD/CTRL

Address and control signals can be measured in addition to the clock, data and strobe. Bank Address
(BAO — BA2), Chip Select (CS), Command Inputs (RAS, CAS and WE), Clock Enable (CKE) and On
Die Termination (ODT) can all be specified as the signal under test.
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Burst Access
The functionality is extracted from JEDEC Standard No. 79-2E section 3.

Read and write accesses to the DDR2 SDRAM are burst oriented; accesses start at a selected location
and continue for a burst length of four or eight in a programmed sequence. Accesses begin with the
registration of an Active command, which is then followed by a Read or Write command.

Prior to normal operation, the DDR2 SDRAM must be initialized.

Burst Read

The Burst Read command is initiated by having CS# and CAS# LOW while holding RAS# and WE#
HIGH at the rising edge of the clock. The address inputs determine the starting column address for the
burst. The data strobe output (DQS) is driven LOW one clock cycle before valid data (DQ) is driven
onto the data bus. The first bit of the burst is synchronized with the rising edge of the data strobe
(DQS). Each subsequent data-out appears on the DQ pin in phase with the DQS signal in a source
synchronous manner.

CK
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—_— e — — —
DQS/DAs —;\ oas
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Figure 1. Data output (read) timing [JESD79-2E figure 32]
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Figure 2. Burst read followed by burst write [JESD79-2E figure 35]
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The minimum time from the burst read command to the burst write command is defined by a read-to-
write-turn-around-time, which is 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8
operation.

Burst Write

The Burst Write command is initiated by having CS#, CAS# and WE# LOW while holding RAS# HIGH
at the rising edge of the clock. The address inputs determine the starting column address. Write latency
(WL) is defined by a read latency (RL) minus one and is equal to (AL + CL -1); and is the number of
clocks of delay that are required from the time the write command is registered to the clock edge
associated to the first DQS strobe. A data strobe signal (DQS) should be driven LOW (preamble)
nominally half clock prior to the [first rising edge]. The first data bit of the burst cycle must be applied to
the DQ pins at the first rising edge of the DQS following the preamble. The tDQSS specification must
be satisfied for each positive DQS transition to its associated clock edge during write cycles. The
subsequent burst bit data are issued on successive edges of the DQS until the burst length is
completed, which is 4 or 8 bit burst.
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Figure 3. Data input (write) timing [JESD79-2E figure 38]
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Figure 4. Burst write operation [JESD79-2E figure 39]
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Installation and Setup

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

Install Base Application
Download the latest version of the QualiPHY software from:

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

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

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

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

Activate Components

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

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

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

Set Up Dual Monitor Display

Teledyne LeCroy recommends running QualiPHY on an oscilloscope equipped with Dual Monitor
Display capability. This allows the waveform and measurements to be shown on the oscilloscope LCD
display while the QualiPHY application and test results are displayed on a second monitor.

See the oscilloscope Operator’'s Manual or Getting Started Manual for instructions on setting up dual
monitor display.
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Set Up Remote Control

QualiPHY software can be executed from a remote host computer, controlling the oscilloscope through
a LAN Connection. To set up remote control:

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

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

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

2. Open the Remote tab and set Remote Control to TCP/IP.
3. Verify that the oscilloscope shows an IP address.

Add Connection to QualiPHY

1. On the host PC, download and run QualiPHYInstaller.exe.
2. Start QualiPHY and click the General Setup button.

3. On the Connection tab, click Scope Selector.
4

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

5. When the oscilloscope is properly detected, it appears on the Scope Selector dialog. Select the
connection, and click OK.

QualiPHY is now ready to control the oscilloscope.

Select Connection

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

QualiPHY tests the oscilloscope connection when starting a test. The system warns you if there is a
connection problem.

922536 Rev B 7
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Using QualiPHY

This section provides an overview of the QualiPHY user interface and general procedures. For detailed
information about the QPHY-DDR2 software option, see QPHY-DDR2 Testing.

Accessing the Software

Once QualiPHY is installed and activated, it can be accessed from the oscilloscope menu bar by
choosing Analysis > QualiPHY, or by double-clicking the QualiPHY desktop icon on a remote
computer.

The QualiPHY framework dialog illustrates the overall software flow, from general set up through
running individual compliance tests. Work from left to right, making all desired settings on each sub-
dialog.

CuakPHY - DOE2 - D7} Derme of Al ieils

ﬂ S TELEDYNE
LECROY
Canfgurales
- =
G. .: \\fﬁ G} D o Al ‘ @
Gerwrs h Harilies P = b S
Satal ooz | wige  EMAiew Conhguten |
oy — Y Y
[somt Wersan: 7,713 T e
i set b i s i IE EE IEEE OPEN | o |
{Tesss: DORZ. 02 BD2 ALLIANCE |
[orvice M dmeel: 667 MIT S e S e e T | - o

L Set DORZ- 66T [ _) 10Base T Ciproadfidest  (ODR [} DesplargPart
| This Lesst wll ran @ Destms of all Lests (this will ine stored wineforme). - s

Figure 6. QualiPHY framework dialog and Standard selection menu

The sub-dialogs are organized into tabs each containing configuration controls related to that part of the
process. These are described in more detail in the following sections.

If Pause on Failure is checked, QauliPHY prompts to retry a measure whenever a test fails.
Report Generator launches the manual report generator dialog.
The Exit button at the bottom of the framework dialog closes the QualiPHY application.
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General Setup

The first sub-dialog contains general system settings. These remain in effect for each session,
regardless of Standard, until changed.

Connection tab

Shows IP Address of the test oscilloscope (local host 127.0.0.1 if QualiPHY is run from the
oscilloscope). The Scope Selector allows you to choose the oscilloscope used for testing when several
are connected to the QualiPHY installation. See Set Up Remote Control for details.

Session Info tab

Optional information about the test session that may be added to reports, such as: Operator Name,
Device Under Test (DUT), Temperature (in °C) of the test location, and any additional Comments.
There is also an option to Append Results or Replace Results when continuing a previous session.

To optimize report generation, enter at least a DUT name at the beginning of each session.

Report tab

Settings related to automatic report generation. Choose:
¢ Reporting behavior of:

o “Ask to generate a report after tests,” where you’ll be prompted to create a new file for
each set of test results.

o “Never generate a report after tests,” where you’ll need to manually execute the Report
Generator to create a report.

o “Always generate a report after tests,” to autogenerate a report of the latest test results.
e Default report output type of XML, HTML, or PDF.
e A generic Output file name, including the full path to the report output folder.

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

Report Generator launches the Report Generator dialog, which contains the same settings as the
Report tab, only applied to individual reports.

Advanced tab
This tab launches the X-Replay Mode dialog. See X-Replay Mode.

About tab

Information about your QualiPHY installation.

922536 Rev B 9
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QualiPHY Test Process

Once general system settings are in place, these are the steps for running test sessions.

Set Up Test Session
1. Connect the oscilloscope to the DUT. See QPHY-DDR2 Testing Physical Setup.

2. Access the QualiPHY software to display the framework dialog.
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xEn
|

3. If running QualiPHY remotely, click General Setup and open the Scope Selector to select the
correct oscilloscope connection.

4. If you have more than one component activated, click Standard and select the desired standard
to test against. Otherwise, your one activated component will appear as the default selection.

Note: Although all the QualiPHY components appear on this dialog, only those selected when
installing QualiPHY are enabled for selection.

5. Click the Configuration button and select the test configuration to run. These pre-loaded
configurations are set up to run all the tests required for compliance and provide a quick, easy
way to begin compliance testing. See QPHY-DDR2 Test Configurations for a description of your
configurations.

You can also create custom configurations for internal compliance tests by copying and
modifying the pre-loaded configurations. See Customizing QualiPHY for details.

6. Close the Edit/View Configuration dialog to return to the framework dialog.

10
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Run Tests
1. On the framework dialog, click Start to begin testing.

When tests are in progress, this button changes to Stop. Click it at any time to stop the test in
process. You'll be able to resume from the point of termination or from the beginning of the test.

2. Follow the pop-up window prompts. QualiPHY guides you step-by-step through each of the
tests described in the standard specification, including diagrams of the connection to the DUT
for each required test mode.

R-.-q:mrd connections: b4

Ry

LeCroy

DDRZ2 DIMM

WL ﬁt_i:
L] e ¥ - ¥

o I
1} Connect dffenential probe 1o D50 Channel 1
2} Autozeso probe
3) Connect C1 1o CK
Skip this {est

Or QoL

3. When all tests are successfully completed, both progress bars on the framework dialog are
completely green and the message “All tests completed successfully” appears. If problems are
encountered, you'll be offered options to:

¢ Retry the test from the latest established point defined in the script
¢ Ignore and Continue with the next test

¢ Abort Session

922536 Rev B 11
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Generate Reports

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

The Report Generator offers the same selections as the Report tab, only applied to each report
individually, rather than as a system setting. This enables you to save reports for each test session,
rather than overwrite the generic report file. There are also options to link a custom style sheet (.xslt) to
the report, or to Exclude Informative Results.

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

Summary Table

Tant Wasparemaar | Carsaes Walsa Taar Critarss

m
I | pATwes Ty e i
[ = TE T
(= THr e

¥ wﬂ ;u e T

X 1| Cooh jrmiam e w TS s L EO.
| o e it o)

; V| Dok [erkiae Sl s VS T

[ [ -y w— 5538 K TRlHit == <=

— :' - Trawmep VAT EET T | Lres grs: _ oEP | 10000 ve_van

W[ s e . "‘" . T mwmhwmpmw‘mw

B |1 e Eosn on A8 g = AT E mtwy ey
L E ihm: "”..'f,:!" ""“"f'%ﬂ_' ‘/ |u...u-.-n HAAL Ap el min
i e = """"'“"‘h [T T | Vot G s 2= T g

L E e PaSE [y VURTNT WERET | Lrvs e AEPP g
0 - B e e Ty Crh vt e e e o ) pareeiyfmg mrige e
0 m T
0 ET rnorE Tk L)
0 T e iy

¥ I Y V e l-ln- -c-w =

v Tm T Fas | IR L L

V1 7 pe = R cuwcn-qn-u:w { perod Tar

riD T

Il T Lk

T
[E]

E T acald
— Tt o P Carmamen Errar et [ caons, e sdga.

-2

T
Hpm
T

H
e
=TTy

v
e T~ -‘vv--

o
-3
Em

FIE[EE|GIR[El)E
E
E.I‘ 111 -

V [y ——

[ | o ot = b

P [ ST T MR | e o M e e
Tt Coost Pt Corm i B e 5 g, iy sipe. e

V Vs e ARl m—
Do i 41 | TenComenn s om 34 pa
Pamy [Ty TUSTGUAT B | L P P01 13 A vt

gl Ciwd Sy Carmuiser bree sver () e, lalley wige va

V'ﬁmle ET T I

st [Ty  TUSPEA T SR AT | Lo P S g v |

A
e
E
Ep
2
n
=
En
T
B
ot e A

E
R

R

BIEJEJR[E E[E(E
]

Figure 7. Test Report Summary Table and Details pages (DDR3 shown)

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

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

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

Create custom test configurations by copying one of the standard configurations and modifying it. The
pre-loaded configurations cannot be modified.

Copy Configuration

1. Access the QualiPHY framework dialog and select a Standard.

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

3. Click Copy and enter a name and description. Once a custom configuration is defined, it
appears on the Configuration tab with the defined name.

Note: Until you enter a new name, the new configuration is shown followed by “(Copy)”.

EditView Configuration X

Corfiguration | Test Selector  Vanable Setup Limitz

[ﬂ._hd 1) Dlock tests DORZ-657 (1 Probe)

|f,] 1) Clock tests DDRI-667 (1 Probe) (Copy)

| . A T
|qu:l-,ﬁ!’ 7) OXaHfF-DQse-DQ5difF 667 Write Burst (3P Copy

['@ 3) OXdiff-DOse-DQ5diff 667 Read Burst (3P)

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

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

922536 Rev B 13
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Select Tests
On the Test Selector tab, check the tests that make up the configuration. Each test is defined by the
DDR2 standard. A description of each test is displayed when it is selected.

To loop an individual test or group of tests, select it from the list, then choose to Loop selected test
until stopped or enter the number of repetitions. When defining a number of repetitions, enter the
number of repetitions before selecting the checkbox.

Edit/View Configuration

Configuraion  Test Selector | Visriablie Sefup Limes

= _1_] Probe setup: CKAEF
b ] RS

E_J HoKlavg). 1o Kiaba)
|sw] tCHiEvgl. ICLiavg). 1THiabs), 1CLisbs}
EJ 1 Tiduty)
[s] WiTipes)
[v] tiTiec)
] (ERRinper)

Loop the highlighted test: [ ] Until "Stop” is pressed ] This many times:
All time measure on clock Ck are done at level VREF

Current Configuration
1) Clock tasts DORZEET (1 Probe) (Modfied) Save Save da. o

Figure 8. Configuration Test Selector Tab
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Edit Variables

The Variable Setup tab contains a list of test variables. See QPHY-DDR2 Variables for a description of
each.

To modify a variable:

1. Select the variable on the Variable Setup tab, then click Edit Variable. (You can also choose to
Reset to Default at any time.)

2. The conditions of this variable appear on a pop-up. Choose the new condition to apply.

Corfiguration  Tesl Selecter  Vamable Setup Limits

j e r
| Main Settngs Edi Varishie
d" Cuistenn Speed Geade i MT/& (Data Rata) 0
*-f DO Signal Name: DHO0
d’ DRs s - Seset 1o Defaut -
d) ok Seleci name of DO |
OUTS Chooze batvean aveilable DD signal names,
s 1 Diataultis D00
| &hE
= i ool
ﬁ‘ O
€
Sedact name of DO,
Choose between avadable DDR signal names
Default is DQ0O
|
|
|
1) Cock tests DDRZEET (1 Probe) (Moded) S Save fa. Close

922536 Rev B 15



©

QualiPHY"

Edit Test Limits

The Limits tab shows the Limit Set currently associated with the configuration. Any limit set can be
associated with a custom configuration by selecting it in this field.

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

To create a custom limit set:
1. On the Limits tab, click Limits Manager.
2. With the default set selected, click Copy Set and enter a name.

Note: You can also choose to copy and/or modify another custom set that has been associated
with this configuration.

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

Selecied Limit Set
DDR2-667 W
Copy Set Rename Sat Dlete Set
The parent Set s Defauit™
Lt of avaiiable Limits for the selected set:
| Mame Set Comparison Method  Reference Unit  Gran *
DOR -Frequency DOR2-66T x=4 +-8% {¥RCV_SpeedGra... Hz LOGO000e +001
ol SEW. DR Z-RRT _inreAll Lied NA 1.00O0MR 2005
| Diefine Lirmit
Kame Sat Compare Method Fetfarance A Referenca B Lt Gan
| | |GOR2SET © (xa=A - | |-450e-12 . XAV 1e112
Cancel
g DGSCK_min DORZ-6ET ¥z -00e-12- PRV ... = 1000000012
HDOS0K,_ OORZ-66T xc= A 400e-17 - fXAV L., & 1.000000-012
EDOSS min DR 2-667 K>=A 0.25 .. 1.000000e-004 .
Irpait Limits Export Limits Eckt Limit
Cose

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

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

The X-Replay mode window is an advanced (“developer”) view of QualiPHY. The tree in the upper-left
frame enables you to navigate to processes in the DDR2 test script, in case you need to review the
code, which appears in the upper-right frame.

Two other particularly useful features are:

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

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

3 C\Lecrey OPHY DR DORL AT - ¥ Reslay - o
File Bt Ssquance Mmmilog Aspost Opiom Deeces Vs  Falp
IR
W e Wi Selting a
o IV SpesdGsdelipto 0
o NECV_SUTT Mares D00
o W SUTE M DO
o RCV_SUTCK_Hame: X FTatptTorknabTedl optiorrase 15 =
o GBIV VDO 18 wraplay. 0sc1 1 1oscope. send_vis _comsandi T T ¢ T - Format (optionnase) )
TODD FOR SCRIFT DEVELOPERS BelsOpl = mreplay. oacl 1 lancope. send_vi_guery( y . )
- bHASDPT ==
W
= T pe— get_From_to_of _sumer §c_CVaR{ovr) :
2 [ 2- FaebroupiorTecisiaction rangestring = areplay. oscillos ccpe send_vhs_gquery{ovar 1
: rarge_l1SE = rargestring. splite
W0 DO b
Wi Cablinglrdered min = float(range 11stlrarge 11st. indea( 15113
- valusError :
W ndedueed i =
F b Eh Pagbet Hames .
o TR BT erren ERCSE max = Flost(range_11st[rarge_Tist, index| 113
- v luBLrror |
win =
®in, max
y bui |drumber = wreplay. oscilloscope. send_vhs_guery( g 1
o NROV ST Har s A Family = araplay. o5 OECOPE. Sérd_ wlbis_ iyl i V'l
. wreplay, variables, set( s Famt Ty}
P i Soipl Sevings bandeidth = wreplay. -:fu:llh:-sn:ml: sand I:-s ptr [
& CV ReucyToloqeins Faln |xrep iy, « i unh--. ot , handwidti)
mode] = |i| xy. o3 c cope. serdd_vhs_query( t T
sr P:‘-'Il.'f z. ables. set( o]}
amily, model, buildnusser, bandeddth

o ¥ [Checkscopenegok =

Dpesstai Mase  DUT St Tirve Tern. Taneiarmg Expla Medd  Dpt ® R
WSATH  Dedc. DORL. 20077 HUB°C 2017/ Fige wirebes of hepw.. WMEL., AS0. & D
AT Plm=— rrambes of bepw, WKE._. ASD A
b Mimmaich in the rumbe of bepw..  WEL. ASD. &
P WL, A50. &
[ Ei Teral Sheps Exeued : 363 ULT % WME. ASDL. &
P W ASD. &
|
Mede Rurtine 5ot DOFZ-B67  Met WAEXST-B oa 127001 Timewn 103
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Figure 9. X-Replay Mode window
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QPHY-DDR2 Testing

Test Preparation

Before beginning any test or data acquisition, the oscilloscope should be warmed for at least 20
minutes.

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

Deskewing the Probes

For DDR measurements, it is crucial to make sure that probes are properly deskewed before running
QPHY-DDR2 to ensure proper signal timing. Ideally, the same settings should be used when deskewing
as when acquiring signals for analysis. This will ensure that the channels are deskewed using the same
setup as when running conformance tests. Deskew values are saved and stored by QualiPHY at the
beginning of each run.

Required Equipment
e PCF200 (included with “-PS” probe systems)

e Square-Pin (SP) tip (included with D4x0-PS, D6x0-PS, and Dxx30-PS)
e 50 Q terminator
Note: Alternatively an LPA-K-A adapter and a SMA cable could be used
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Methodology
Before beginning the procedure, be sure to warm the oscilloscope for at least 20 minutes.

1. Connect the PCF200 to the oscilloscope’s fast edge output. The PCF200 fixture has two
different signal paths that can be used, depending on the type of probe tip being used for the
measurement:

e The upper signal path is for deskewing Solder-In (Sl), Quick-Connect (QC) and
Adjustable Tip (AT) probe tips.

e The lower circuit is for Square-Pin (SP) probe tips.

Depending upon which probe tip is being used, connect the appropriate signal path to the fast
edge output. For ease of connectivity it is recommended that SP tip is used. As long as the
same tip is used to deskew each probe it does not matter which style of probe tip is used.

2. Connect probes electrically in a single-ended arrangement using their designated area on the
fixture:

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

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

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

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

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

X ®

5. From the channel setup dialog (Cn):

e Enable Sinx/x interpolation and set the Averaging to 50 sweeps.
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e Touch the Deskew field once to highlight it, then adjust the deskew value to move the
rising edge of the trace to the center of the display.

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

Repeat this procedure for each probe using the same probe tip.

Note: Before moving on to the next probe, reset Averaging to 1 sweep and turn off Sinx/x interpolation.
- 5 'rt = m (e —

= =

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

Determining Signals to Access

The required signals to probe depend up on which tests are being run in QPHY-DDR2. The tests are
broken up into different “Probe Setups” to allow the user to easily see which signals are required for a
particular test. You can view each of the probe setups in the Test Selector tab.

[Edit/View Configuration X
Cerfiguration  Test Selector  \arahle Satup Liits
[v] T
._4 Probe sebup: CHIH-D0se- D054
[s] Probe setup: CRaf-D0se-DGSe-DASH
i [w| Frobe setup: Chp-Cln-Dise-DOSH
EJ Probe: CHAH-Dis=-D0580-A00/C TRLse

J Frobe: CHoE DQse-DO 50 -Dse

Loop the highlighted test: [ | Unril "Stop” is pressed [ This many times:
Thers i& no descnglion of the selecied last ooug

Cumert Cordiguration
D) Dema of Al sests Close

Figure 10. QPHY-DDR2 Probe Setups

Best Places to Probe

The DDR specification is defined at the balls of the DRAM so the probes should be placed as close to
the DRAM as possible in order to closely follow the specification. This is important to minimize
reflections on the signals. However, in some situations it can make sense to place the probes as close
to the controller as possible. For example, if the user is a controller designer and is only interested in
verifying the performance of the controller. It should be noted that some of the limits may not be
applicable in this scenario.

One of the most desirable locations for probing is at the back side of the vias. This will generally result
in good signal integrity; however, these may not always be accessible. Another alternative is to use an
interposer such as the ones available from Nexus Technologies. No matter where the probes are
placed it is essential to ensure that the probing points are equidistant from the DRAM. This will ensure
that there is no additional skew introduced for timing measurements.
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Read (R) and Write (W) Burst Requirements

R/W Burst Detection

QPHY-DDR2 separates R and W burst depending upon the skew between the data (DQ) and strobe
(DQS) signals. For a W burst, QPHY expects to see that the DQ and DQS signals are approximately a
quarter cycle out of phase. For an R burst, QPHY expects that the DQ and DQS signals are in phase.

R/W Burst Generation

It is recommended to capture a minimum of 10 R and 10 W bursts during each acquisition, but for
greater statistical significance, it is encouraged to capture more. Programs which can communicate
with the DRAM and controller are widely available online. One example is Memtest86+, which is
available for download from memtest.org. When using Memtest, it is recommended to use test mode 7,
which will randomly generate both R and W bursts. Additionally, a custom program can be used to
stimulate the DUT.

Hemteatih e ul.ad | Pass Iz
AME Athlon B4 2138 Mz i Test B2x HRRERENAddddA499000nEntt0eple
L1 Cache: 120K 1745EMBs | Tes [Address test, owm adiress,
L2 G ¢ 1EME 3ESEMESs B T 96K - S51IM SMIM

: )

BallTime Cached Rswikew WoeMap Cache ECC Test Pass Errors ECC Errs

2883 511 BBOE eH2B-5td  off off 5td [} B ]

yuregtinn 15PFkecrpll lock (CRIscrn

Figure 11. Memtest86+

Initial Signal Checking

Before running QPHY-DDR2, check the signals to verify that they make sense. This section covers
some of the basic things which should be verified by the operator before running QPHY-DDR2.

Expected Channels

By default, QPHY-DDR2 expects to see the Clock (CK) on CH1, Strobe (DQS) on CH2 and Data (DQ)
on CH3. This is what is shown in the connection diagram. The Input Channel variable can always be
used to modify any of these channel assignments

Signal Amplitude
For best results, it is recommended that the signals take up 80% of the vertical grid.
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Clock Frequency

By applying the Frequency measurement parameter to the CK signal, the user can verify that the DDR
system is running at the expected transfer rate (Transfer Rate =Frequency * 2). This will also help in the
limit selection. Do a quick visual inspection to ensure that the signal does not have any non-monotonic
edges due to reflections.

0 skl Sk 10800
IOOME  §) 0% Edgn  Prsee

Figure 12. Verification of CK signal

Presence of R/W Burst

The operator should do a quick check to make sure their device is outputting the expected bursts. As a
general rule of thumb, during a R burst DQ and DQS should be in phase and during a W burst DQ and
DQS should be a quarter cycle out of phase. Additionally, the signal amplitude can be used to
determine the presence of R and W bursts. If probing at the memory, R bursts will have a larger
amplitude than W bursts.

Check Idle Levels

Before running QPHY-DDR2, validate the signal idle levels. Signal idle levels that are off will have an
impact on the R/W burst detection, electrical, and timing measurements. DQS should have an idle
level of ~ 0 mV. DQ should have an idle level of ~ VDD/2 (900 mV for DDR2).
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QPHY-DDR2 Test Configurations

Test configurations include variable settings, limit sets, and test selections. See QPHY-DDR2 Variables
for a description of each variable and its default value.

Clock tests DDR2-667 (1 Probe)

This configuration runs all of the clock tests using a single differential probe setup. All of the variables
are set to their defaults. The limit set in use is DDR2-667. The tests run are:

¢ tCK(avg), tCK(abs)

¢ tCH(avg), tCL(avg), tCH(abs), tCL(abs)

e 1JIT(duty)

o tJIT(per)

e tJIT(CC)

e tERR(n per)

CKdiff-DQse-DQSdiff 667 Write Burst (3 Probes)

This configuration runs all of the tests that are run on write bursts of the DDR2 signals in which three
probes are required (probe setup CKdiff-DQse-DQSdiff). All of the variables are set to their defaults.
The limit set in use is DDR2-667. The tests run are:

e Eye Diagram Tests
o Write Bursts (Inputs)
o Electrical Tests
o Write Bursts (Inputs)

= Slew
e SlewR
e SlewF

* Logic Levels
e VIH(ac)
e VIH(dc)
e ViL(ac)
e VIL(dc)
e VSWING

= AC Over/Undershoot
e AC Overshoot Peak Amplitude
e AC Overshoot Area above VDDQ
e AC Undershoot Peak Amplitude
e AC Undershoot Area below VSSQ

= AC Over/Undershoot_DQS_CK
e AC Overshoot Peak Amplitude
e AC Overshoot Area above VDDQ
e AC Undershoot Peak Amplitude
e AC Undershoot Area below VSSQ

o Timing Tests
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= Write Bursts (Inputs)
e Tests on bits (not using interpolation)

o

O O O O O

tDQSS

tDQSH

tDQSL

tDSS

tDSH

tDS (base+derated)
tDH (base+derated)

CKdiff-DQse-DQSdiff 667 Read Burst (3 Probes)

This configuration runs all of the tests that are run on read bursts of the DDR2 signals in which three
probes are required (probe setup CKdiff-DQse-DQSdiff). All of the variables are set to their defaults.
The limit set in use is DDR2-667. The tests run are:

e Eye Diagram

o Read Bursts (Outputs)

e Electrical Tests

o Read Bursts (Outputs)
= Sout (output slewrate)

e Timing Tests

SoutR
SoutF
tSLMR

o Read Bursts (Outputs)
= Tests on bits (no interpolation)

tDQSQ

tHP, tQHS, tQH
Measure tQHS
Measure tQH
tDQSCK

tAC

Eye Diagram (3 Probes Debug)

This configuration runs the Eye Diagram tests on both the read bursts and the write bursts using the
probe setup CKdiff-DQse-DQSdiff. All of the variables are set to their defaults. The limit set in use is

DDR2-667. The tests run are:

o Eye Diagram — Write Bursts (Inputs)

e Eye Diagram — Read Bursts (Outputs)

922536 Rev B
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All Tests that Require 4 Probes

This configuration runs all of the tests that require four probes. These are the tests where the DQS is
probed single ended, the CK is probed single ended, or the signal under test is an Address, Control or
Data Mask line. All of the variables are set to their defaults. The limit set in use is DDR2-667. The tests
run are:
e Probe setup CKdiff-DQse-DQSp-DQSn
o Electrical Tests
= Write Bursts (Inputs)
e Slew
o SlewR
o SlewF
e Logic Levels
o VIH(ac)
VIH(dc)
VIL(ac)
VIL(dc)
VSWING
ver/Undershoot
AC Overshoot Peak Amplitude
AC Overshoot Area above VDDQ
AC Undershoot Peak Amplitude
AC Undershoot Area below VSSQ
e AC Over/Undershoot_DQS CK
o AC Overshoot Peak Amplitude
o AC Overshoot Area above VDDQ
o AC Undershoot Peak Amplitude
o AC Undershoot Area below VSSQ
»= Read Bursts (Outputs)
e Sout (output slewrate)
o SoutR
o SoutF
o tSLMR

e}

e AC

© 0 0 0o O o o o

o Timing Tests
= Write Bursts (Inputs)
e tDS1(base)
e tDH1(base)
e Probe setup CKp-CKn-DQse-DQSdiff
o Electrical Tests
= Write Bursts (Inputs)
e VID(ac)
e VIX(ac)
e Probe setup CKdiff-DQse-DQSdiff-ADD/CTRLse
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o Electrical Tests
»  Write Bursts (Inputs)
e Slew
o SlewR
o SlewF
e Logic Levels
o VIH(ac)
o VIH(dc)
o VIL(ac)
o VIL(dc)
o VSWING
e AC Over/Undershoot
o AC Overshoot Peak Amplitude
o AC Overshoot Area above VDDQ
o AC Undershoot Peak Amplitude
o AC Undershoot Area below VSSQ
o Timing Tests
= Write Bursts (Inputs)
e tIS(base+derated)
e tlH(base+derated)
Probe setup CKdiff-DQse-DQSdiff-DMse
o Electrical Tests
= Write Bursts (Inputs)
e Slew
o SlewR
o SlewF
e Logic Levels
o VIH(ac)
o VIH(dc)
o VIL(ac)
o VIL(dc)
o VSWING
e AC Over/Undershoot
o AC Overshoot Peak Amplitude
o AC Overshoot Area above VDDQ
o AC Undershoot Peak Amplitude
o AC Undershoot Area below VSSQ
o Timing Tests
= Write Bursts (Inputs)
o tDS(base+derated)
o tDH(base+derated)

922536 Rev B
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PrePostAmble Tests (3 Probes)

This configuration will run all DDR2 timing tests available on Preambles and Postambles when signals
CKdiff-DQse-DQSdiff are connected. Use fixed value for Gain and Offset adapted to DDR2 levels.

The results of these measurements depend on the manner in which the signal returns to idle and in
some cases will not give the intended results. In addition, the method for measurement is not
completely defined by the DDR2 specification (see JESD79-2E, figure 97). For these reasons, if you
choose to run these tests, do with care.

The tests run are:

e Timing Tests
o Read Bursts (Outputs)
» PrePostable tests using interpolation

e tHZ(DQ)
e tLZ(DQ)
e tLZ(DQS)
e tRPRE

e tRPST

o  Write Bursts (Inputs)
= Tests on PrePostamble using interpolation
e tWPRE
o tWPST

Demo of All Tests

This configuration uses saved waveforms in oscilloscope D:\Waveforms\DDR2 to run all of the DDR2
tests listed above. All variables are set to their defaults, except Use Stored Waveforms is set to Yes and
Use Stored Trace for Speed Grade is set to Yes. The limit set in use is DDR2-667.
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QPHY-DDR2 Test Descriptions

These are the standard DDR2 compliance tests.

Clock Tests

All time measure on clock CK are done at level VREF.

tCK(avg), Average Clock Period
tCK(avg) is defined as the average clock period over any 200 consecutive clock periods.

tCK(avg) = SUM(tCKi) / 200 where i=1 to 200
Measured on both the rising and the falling edge.

tCK(abs), Absolute Clock Period
tCK(abs) is defined as the absolute clock period of each of 200 consecutive clock periods.

Measured on both the rising and the falling edge.

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

tCH(avg) = SUM(tCHi) / (200 x tCK(avg)) where | = 1 to 200
See Figure 13 as follows.

tCL(avg), Average Low Pulse Width
tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low
pulses.

tCL(avg) = SUM(tCLi) / (200 x tCK(avg)) where i=1 to 200
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Figure 13. Data output (read) timing [JESD79-2E figure 32]

tCH(abs), Absolute High Pulse Width
tCH(abs) is defined as the absolute high pulse width, of each of 200 consecutive high pulses.

tCL(abs), Absolute Low Pulse Width
tCL(abs) is defined as the absolute low pulse width of each of 200 consecutive low pulses.
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tJIT(duty), Half Period Jitter
Applicable only to 667 and 800 MHz device only.

tJIT(duty) is defined as the cumulative set of tCH jitter and tCL jitter over 200 consecutive cycles.
tCH jitter is the largest deviation of any single tCH from tCH(avg).
tCL jitter is the largest deviation of any single tCL from tCL(avg).
tJIT(duty) = Min/max of {tJIT(CH), tJIT(CL)}
where,
tJIT(CH) = {tCHi - tCH(avg) where i=1 to 200}
tJIT(CL) = {tCLi - tCL(avg) where i=1 to 200}

tJIT(per), Clock Period Jitter
Applicable only to 667 and 800 MHz device only.

tJIT(per) is defined as the largest deviation of any single tCK from tCK(avg). This test compares the
average clock period (over 200 cycles) with each period inside the window. The smallest and largest
values must be within limits.

tJIT(per) = Min/max of {tCKi - tCK(avg)} where i=1 to 200
Measured on both the rising and the falling edge.
There are different limits depending on whether the DLL is already locked or not:
o tJIT(per) defines the single period jitter when the DLL is already locked.
o 1JIT(per,Ick) uses the same definition for single period jitter, during the DLL locking period only.
A configuration variable allows to define which limit to use.

tJIT(cc), Cycle to Cycle Period Jitter
Applicable only to 667 and 800 MHz device only.

tJIT(cc) is defined as the difference in clock period between two consecutive clock cycles. This test
compares the smallest and largest values of the difference between any two consecutive clock cycles
inside a 200 cycles window.

tJIT(cc) = Min/max of {tCKi+1 —tCKi} where i =1 to 199
Measured on both the rising and the falling edge.
There are different limit depending on whether the DLL is already locked or not:
o tJIT(cc) defines the cycle to cycle jitter when the DLL is already locked.
o tJIT(cc,Ick) uses the same definition for cycle to cycle jitter, during the DLL locking period only.
A configuration variable allows to define which limit to use.
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tERR(n per), Cumulative Error
Applicable only to 667 and 800 MHz device only.

tERR is defined as the cumulative error across multiple consecutive cycles from tCK(avg). This test
compares the average clock period (over 200 cycles) with each n-bit period inside the window. The
smallest and largest values must be within limits.

There are 6 different tests:
tERR(2per), tERR (3per), tERR (4per), tERR (5per), tERR (6-10per) and tERR (11-50per)

tERR(nper) = Min/max of {SUM(tCKi) - n x tCK(avg)}
where i=1 to n and:
n = 2 for tERR(2per)
n = 3 for tERR(3per)
n = 4 for tERR(4per)
n = 5 for tERR(5per)
6 < n <10 for tERR(6-10per)
11 < n < 50 for tERR(11-50per)
Measured on both the rising and the falling edge.

Eye Diagram Tests

Write Burst (Inputs)
This is an informational only test that creates the eye diagram of all the write bursts found in the
acquisition.

Read Burst (Outputs)
This is an informational only test that creates the eye diagram of all the read bursts found in the
acquisition.
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Electrical Tests on Write Bursts (Inputs)

Slew (input slew rate): SlewR and SlewF

Applies to all input signals. The input signal minimum slew rate is to be maintained over the range from
VREF to VIH(ac) min for rising edges (SlewR) and the range from VREF to VIL(ac) max for falling
edges (SlewF) of single-ended signal.

For differential signals (e.g. CK - CK#) slew rate for rising edges is measured from CK - CK# = - 250
mV to CK - CK# = + 500 mV (+ 250 mV to - 500 mV for falling edges).

VREF - ViL(ac) Max

Falling Slew = Rising Slew =

ATF ATR

Figure 14. AC input test signal waveform [JESD79-2E figure 73]

Logic Levels
VIH(ac), maximum AC input logic high

Measures the local maximum value from VREF to VREF of the high pulse histogram. If multiple pulses
are measured, take the lowest number and the highest number as the worst cases.

The lowest number must be greater than or equal to the minimum limit and the highest number must be
less than or equal to the maximum limit.
VIH(dc), minimum DC input logic high

Measures the local minimum and maximum values from the first VIH(ac)min crossing point to the time
corresponding to VIH(dc)min crossing a 1V/ns slewrate slope to VREF. If multiple pulses are measured,
take the lowest, respectively the highest, number as the worst case.

The local minimum must be greater than or equal to the minimum limit. The local maximum must be
less than or equal to the maximum limit.
ViL(ac), maximum AC input logic low

Measures the local minimum value from VREF to VREF of the low pulse histogram. If multiple pulses
are measured, take the lowest number and the highest number as the worst cases.

The lowest number must be greater than or equal to the minimum limit and the highest number must be
less than or equal to the maximum limit.
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VIL(dc), minimum DC input logic low

Measures the local minimum and maximum values from the first VIL(ac)max crossing point to the time
corresponding to VIL(dc)max crossing a 1V/ns slewrate slope to VREF. If multiple pulses are
measured, take the lowest, respectively the highest, number as the worst case. The local minimum
must be greater than or equal to the minimum limit. The local maximum must be less than or equal to
the maximum limit.

VSWING(MAX), input signal maximum peak to peak swing

Measures the peak-to-peak value of the signal in a given Write frame. If multiple frames are measured,
take, the highest number as the worst case. The measure must be less than or equal to the limit.

ViD(ac), AC Differential Input Voltage

VID(ac) specifies the input differential voltage | VTR - VCP | required for switching, where VTR is the
true input signal (such as CK, DQS, LDQS or UDQS) and VCP is the complementary input signal (such
as CK, DQS, LDQS or UDQS). The minimum value is equal to VIH(ac) - VIL(ac). This test requires
probing each half of a differential signal. This test is only available in the configurations using 4 probes.

ViIX(ac), AC Differential Input Cross Point Voltage

The typical value of VIX(ac) is expected to be about 0.5 x VDDQ of the transmitting device and VIX(ac)
is expected to track variations in VDDQ. VIX(ac) indicates the voltage at which differential input signals
must cross. This test requires probing each half of a differential signal. This test is only available in the
configurations using 4 probes.

Vooa
ViR
X l\urlD - Crossing point
' X AV V
Vep Y : 1X or VOX
Vssa

Figure 15. Differential signal levels [JESD79-2E figure 74]

AC Over/Undershoot
AC Overshoot Peak Amplitude
Measures maximum peak amplitude allowed for overshoot area.

AC Overshoot Area above VDDQ

Measures maximum overshoot area above VDDQ. AC Overshoot Peak Amplitude is prerequisite to
compute area.

AC Undershoot Peak Amplitude
Measures maximum peak amplitude allowed for undershoot area.

AC Undershoot Area Below VDDQ

Measures Maximum undershoot area below VSSQ. AC Undershoot Peak Amplitude is prerequisite to
compute area.
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AC Over/Undershoot_ DQS CK
Same four tests as above group, only performed on the Data Strobe and Clock signals.

Note: The maximum requirements for peak amplitude were reduced from 0.9V to 0.5V. Register vendor
data sheets specify the maximum over/undershoot induced in specific RDIMM applications. DRAM
vendor data sheets also specify the maximum overshoot/undershoot that their DRAM can tolerate. This
allows the RDIMM supplier to understand whether the DRAM can tolerate the overshoot that the
register induces in the specific RDIMM application. A variable allows this limit to be changed.

Electrical Tests on Read Bursts (Outputs)

Sout (Output Slew Rate)
Rise and Fall

Applies to all output signals (DQn data signals), but only for 400, 533 and 667 MHz device, not for 800
MHz device. The output slew rate is measured from VIL(ac) to VIH(ac) for the rising edge and from
VIH(ac) to VIL(ac) for the falling edge. DRAM output slew rate specification applies to 400, 533 & 667
MHz speed devices.

Note: Absolute value of the slew rate as measured from (dc) to (dc) >= Slew rate as measured from
(ac) to (ac).This is guaranteed by design and characterization. Output slew rate for falling and rising
edges is measured between VTT - 250 mV and VTT + 250 mV for single ended signals. For differential
signals (e.g. DQS - DQS#) output slew rate is measured between DQS - DQS# = - 500 mV and DQS -
DQS# = + 500 mV. Output slew rate is guaranteed by design, but is not necessarily tested on each
device.

tSLMR

This is the ratio of the rising edge slewrate to the falling edge slewrate. This is a test recommended by
Intel but not reported in the Jedec JESD79-2E standard. Therefore it is not selected in the standard
configurations, but only in the All Tests configuration.

VOX(ac)

Measures AC Differential Output Cross Point Voltage. The typical value of VOX(ac) is expected to be
about 0.5 x VDDQ of the transmitting device and VOX(ac) is expected to track variations in VDDQ .
VOX(ac) indicates the voltage at which differential output signals must cross. This test requires probing
each half of a differential signal. This is only available in the configurations using 4 probes.

_— Crossing point

AV or Vox

Figure 16. Differential signal levels [JESD79-2E figure 74]
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Timing Tests on Read Bursts (Outputs)

Tests on Bits (no interpolation)
tDQSQ

DQS-DQ Skew for DQS and associated DQ signals, the maximum skew between the DQS line and the
associated DQ line within a read burst. Measures timing from DQS at VREF to DQ rising at VIH(ac)min
and falling at VIL(ac)max.

=] i b=
ok = T =
R Rl Ea S o
CK
S N JL

DQS/DAs

Da

Ipascmas

Figure 17. Data output (read) timing [JESD79-2E figure 32]

tHP

Clock half pulse width test. Result of tCL and tCH Clock Tests is prerequisite. tHP refers to the smaller
of the actual clock LOW time and the actual clock HIGH time as provided to the device (i.e. this value
can be greater than the minimum specification limits for tCL and tCH). tHP is the minimum of the
absolute half period of the actual input clock.

tHP is an input parameter but not an input specification parameter, hence no limits are applied, it is
reported as informational only. It is used in conjunction with tQHS to derive the DRAM output timing
tQH.

tHP = Min ( tCH(abs), tCL(abs) )

where,

tCH(abs) is the minimum of the actual instantaneous clock HIGH time;
tCL(abs) is the minimum of the actual instantaneous clock LOW time;

tQHS

DQ hold skew factor. This measures the sum of CK at VREF to DQS at VREF and DQ at VIH(dc) or
VIL(dc) to DQS at VREF

tQH

DQ/DQS output hold time from DQS. This measures the timing from DQS at VREF to DQ at VIH(dc)
(rising edge) or VIL(dc) (falling edge). tHP result is prerequisite:to compute the limit.
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tDQSCK

DQS output access time from CK/CK #time from CK at VREF level to DQS at VREF level. This is a
measure similar to tDQSS but on the Read frame and on both edges (the result can be negative).
tERR(6-10per) is preprequisite. A derating factor is applied to the limit depending on the clock jitter. This
is applicable to 667 and 800 MHz device only.
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Figure 18. Burst read operation [JESD79-2E figure 33]

tAC

DQ output access time from CK/CK#. Time from CK at VREF level to DQ at VIH(ac) or VIL(ac) level.
tERR(6-10per) is prerequisite. a derating factor is applied to the limit depending on the clock jitter. This
is applicable to 667 and 800 MHz device only.

PrePostAmble Tests (using interpolation)

tHZ(DQ)

DQ high impedance time from CK/CK#. This is the time from Vref of the CK/CK# signal to the point
when the DQ is not being driven anymore (at the end of the burst)

tLZ(DQ)

DQ low impedance time from CK/CK#. This is the time from when the DQ begins to be driven (at the
beginning of the burst) to the nearest CK/CK# edge.

tLZ(DQS)

DQS low impedance time from CK/CK#. This is the time from when the DQS begins to be driven (at the
beginning of the preamble) to the nearest CK/CK# edge.

tRPRE

Read Preamble, time from when DQS begins to be driven (at the beginning of the preamble) to when it
crosses Vref. This is only measured on a read cycle. tJIT(per) is prerequisite. A derating factor is
applied to the limit depending on the clock jitter. This is applicable to 667 and 800 MHz device only.
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tRPST

Read Postamble, time from when DQS crosses Vref (at the beginning of the postamble) to when DQS
stops being driven (at the end of the postamble). This is only measured on a read cycle. tJIT(duty) is
prerequisite. A derating factor is applied to the limit depending on the clock jitter. This is applicable to
667 and 800 MHz device only.

Timing Tests on Write Bursts

Tests on Bits (no interpolation)
tDQSS

DQS latching rising transitions to associated CK edge. CK rising edge at VREF level to DQS rising
edge at VREF level, see Figure 19.
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Figure 19. Burst write operation [JESD79-2E figure 39]
tDQSH
DQS input high pulse width at VREF level, see Figure 20.
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Figure 20. Data input (write) timing [JESD79-2E figure 38]

tDQSL

DQS input low pulse width at VREF level, see Figure 20.
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tDSS
Time from DQS falling edge at VREF level to CK rising edge at VREF level, see Figure 20.

tDSH

DQS Falling Edge Hold Time from CK, time from CK rising edge at VREF level to DQS falling edge at
VREF level, see Figure 20.

tDS1(base)

Single-Ended DQ and DM Input Setup Time, This is referenced from the input signal crossing at the
VIH(ac)min level to the single-ended data strobe crossing VIH(dc)min or VIL(dc)max at the start of its
transition for a rising signal, and from the input signal crossing at the VIL(ac)max level to the single-
ended data strobe crossing VIH(dc)min or VIL(dc)max at the start of its transition for a falling signal
applied to the device under test. The DQS signal must be monotonic between VIL(dc)max and
VIH(dc)min. See Figure 26 below.

Jedec JESD79-2E Specific Note 8 (page 85 to 94) with table 45 explain the limit compensation versus
the slewrate of the measured signals. Timing limits are initially specified for input slewrate of 1V/ns for
single-ended signals and 2V/ns for differential signal (for DQS and CK).

This test is only applicable only to 400 and 533 MHz devices, and only in configurations using four
probes.

tDH1(base)

Single-Ended DQ and DM Input Hold Time. This is referenced from the input signal crossing at the
VIH(dc)min level to the single-ended data strobe crossing VIH(ac)min or VIL(ac)max at the end of its
transition for a rising signal, and from the input signal crossing at the VIL(dc)max level to the single-
ended data strobe crossing VIH(ac)min or VIL(ac)max at the end of its transition for a falling signal
applied to the device under test. The DQS signal must be monotonic between VIL(dc)max and
VIH(dc)min. See Figure 26 below.

Jedec JESD79-2E Specific Note 8 (page 85 to 94) with table 45 explain the limit compensation versus
the slewrate of the measured signals. Timing limits are initially specified for input slewrate of 1V/ns for
single-ended signals and 2V/ns for differential signal (for DQS and CK).

This test is only applicable only to 400 and 533 MHz devices, and only in configurations using four
probes.
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Figure 21. Data input (write) timing [JESD79-2E figure 38]
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Figure 23. Single-ended input waveform timing - tDS1 and tDH1

tDS(base+derated)

DQ and DM Input Setup Time. Input waveform timing tDS with differential data strobe enabled, is
referenced from the input signal crossing at the VIH(ac)min level to the differential data strobe
crosspoint at VREF for a rising signal, and from the input signal crossing at the VIL(ac)max level to the
differential data strobe crosspoint at VREF for a falling signal applied to the device under test. DQS and
DQS# signals must be monotonic between VIL(dc)max and VIH(dc)min.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (tDS) nominal slew rate for a falling signal is
defined as the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max.

JESD79-2E Specific Note 8 (page 85 to 94) with tables 43 and 44 explain the limit compensation
versus the slewrate of the measured signals. Timing limits are initially specified for input slewrate of
1V/ns for single-ended signals and 2V/ns for differential signal (for DQS and CK).
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For all input signals the total tDS (setup time) and tDH (hold time) required is calculated by adding the
data sheet tDS(base) and tDH(base) value to the delta tDS and delta tDH derating value respectively.
Example: tDS (total setup time) = tDS(base) + delta tDS. For example:

data sheet tDS(base) = 100 ps minimum
delta tDS = 100 ps

total tDS (setup time) required = 200 ps
measured: min = 567 ps (no derating)
measured: min = 467 ps (derated)

tDH(base+derated)

DQ and DM Input Hold Time. Input waveform timing tDH with differential data strobe enabled, is
referenced from the differential data strobe crosspoint at VREF to the input signal crossing at the
VIH(dc)min level for a falling signal and from the differential data strobe crosspoint at VREF to the input
signal crossing at the VIL(dc)max level for a rising signal applied to the device under test. DQS and
DQS# signals must be monotonic between VIL(dc)max and VIH(dc)min.

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tDH) nominal slew rate for a falling signal is
defined as the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc).

JESD79-2E Specific Note 8 (page 85 to 94) with tables 43 and 44 explain the limit compensation
versus the slewrate of the measured signals. Timing limits are initially specified for input slewrate of
1V/ns for single-ended signals and 2V/ns for differential signal (for DQS and CK).

tiIS(base+derated)

Address and Control Input Setup Time. Input waveform timing is referenced from the input signal
crossing at the VIH(ac)min level to the differential clock crosspoint at VREF for a rising signal, and from
the input signal crossing at the VIL(ac)max level to the differential clock crosspoint at VREF for a falling
signal applied to the device under test. See Figure 24.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (11S) nominal slew rate for a falling signal is
defined as the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max.

Jedec JESD79-2E Specific Note 9 (page 95 to 100) with tables 46 and 47 explain the limit
compensation versus the slewrate of the measured signals. Timing limits are initially specified for input
slewrate of 1V/ns for single-ended signals and 2V/ns for differential signal (for DQS and CK).

tIH(base+derated)

Address and Control Input Hold Time. Input waveform timing is referenced from the input signal
crossing at the VIL(dc)max level to the differential clock crosspoint at VREF for a rising signal, and from
the input signal crossing at the VIH(dc)min level to the differential clock crosspoint at VREF for a falling
signal applied to the device under test. See Figure 24.

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tlH) nominal slew rate for a falling signal is
defined as the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc).

Jedec JESD79-2E Specific Note 9 (page 95 to 100) with tables 46 and 47 explain the limit
compensation versus the slewrate of the measured signals. Timing limits are initially specified for input
slewrate of 1V/ns for single-ended signals and 2V/ns for differential signal (for DQS and CK).

40



QPHY-DDR2 Instruction Manual

Vooa
____________ — — = Viyag) min

- T Y B e e—— — — = ViHidg) Min

VREF(de)
ViLige) max

—————————————— = VILlacj max

Vgg

Figure 24. Differential input waveform timing - tIS and tIH [JESD79-2E figure 99]

Tests on PrePostamble (using interpolation)
tWPRE

Write Preamble, time from when DQS begins to be driven (at the beginning of the preamble) to when it
crosses Vref. This is only measured on a write cycle.

tWPST

Write Postamble, time from when DQS crosses Vref (at the beginning of the postamble) to when DQS
stops being driven (at the end of the postamble). This is only measured on a write cycle. SLEW of DQ
and DQS is prerequisite. A derating factor is applied to the limit depending on the signals slewrate. This
is applicable for the following four tests.
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QPHY-DDR2 Variables
Main Settings

The following variables are used by all configurations. They can be used in conjunction with the test
selection and limit set selection to create custom configurations.

Custom Speed Grade in MT/s

Custom Speed Grade of the DUT (Data Rate). Used to set the oscilloscope timebase and sampling
rate. See Clock Period Per Screen Division for more explanation. Automatically updated from limit set
when default value is set (0 MT/s). Value can be also any custom Speed Grade.

DQ Signal Name
Select name of data (DQ) SUT. Choose between available DDR signal names. Default is DQO.

DQ@S Signal Name
Select name of strobe (DQS) SUT. Choose between available DDR signal names. Default is DQSO0.

Clock Signal Name
Select name of clock (CK) SUT. Choose between available DDR signal names. Default is CK.

DUT Power Supply VDDQ
Value of VDDQ used to compute test limits as specified by Jedec standard. Default is 1.8 V.

4" Pprobe Names

DQSp Signal Name
Select the name of the positive strobe (DQSp) SUT. Choose between available DDR signal names.
Default is DQSOp.

DQSn Signal Name
Select the name of the negative strobe (DQSn) SUT. Choose between available DDR signal names.
Default is DQSOn.

ADD/CTRL signal name
Select the name of the Address or Control SUT. Choose between available DDR signal names. Default
is AO.

Clock Negative Signal Name
Select the name of the negative clock (CKn) SUT. Choose between available DDR signal names.
Default is CKn.

Clock Positive Signal Name
Select the name of the positive clock (CKp) SUT. Choose between available DDR signal names.
Default is CKp.

DM Signal Name
Select the name of the Data Mask SUT. Choose between available DDR signal names. Default is DMO.
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Script Settings

Enable Prompt Before Signal Acquisition

Enables/disables prompt to begin signal acquisition, allowing user to generate read/write bursts at the
start of the acquisition or to modify the trigger conditions before signal acquisition. Set to “True” to
enable. Default is False.

Save Acquired Waveforms

Saved waveforms can be used later in demonstration or optimized version of script. Choose between
Yes or No. The default is No. This setting is ignored (no save) if using stored waveforms is enabled and
in Demo mode.

Silent Mode Control
No more interaction with the user when silent mode is on. Choose between Yes or No. Default is No.
This is useful to let the test run without interruption in the background.

Stop on Test to Review Results

When set to Yes, the script stops after each test allowing you to view the results. The setup is saved so
the oscilloscope settings can be modified by the user. On resume, the setup is recalled. Any new
acquisition done may cause the script to produce unexpected results.

Waveform Path

Full path to the oscilloscope folder in which to save/recall waveforms. When not in Demo Mode and
when Save acquired waveforms is enabled, the waveforms are saved in this folder. When set to Demo
Mode or when Use stored trace for pixel clock measure, waveforms are also available from this folder.
The default location is D:\Waveforms\DDR2.
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Demo Settings

Use Stored Waveforms
When enabled, previously stored DDR2 waveforms are used. Default is No for compliance test
configurations, Yes for Demo configurations.

Recalled Waveform File Index (5 digits)
Five digit number corresponding to the index of the file you want to recall. Default is 00000.

Define Format Used to Set Trace Names

Naming method for saving waveforms. LeCroy composes waveform names automatically from signal
names (e.g., C1-00000.trc). Dialog prompts the user for custom waveform names. The default setting
is LeCroy.

Use Stored Trace for Speed Grade
This is an optimization used specifically to measure the clock frequency only once. Choose from Yes or
No values, The default selection is No.

Advanced Settings

Clock Period per Screen Division

Oscilloscope timebase and sampling rate is set to acquire the given number of clock cycle per display
horizontal division at a given Custom (DUT) Speed Grad in MT/s and for a Max. Number of Samples
Per Clock Period. The default is 3341 clock periods (a 10us/div timebase at 667 MT/s and 3.3MS max
for 100 samples per period).

Timebase = [Clock Period Per Screen Division] / ((DUT Speed Grade in MT/s]/ 2 * 1e6)

Maximum Samples = [Max. Number Of Samples Per Clock Period] * [Clock Period Per Screen Division]
*10

Number of Cycles for Clock Test
Jedec standard requires 200 cycles for the Clock compliance test. Any positive number can be entered.
Default is 200.

Check for Valid Pre and Postambles

If set to Yes, all the bursts with invalid preamble and/or postambles (not standard pre/postamble shape
as defined by the spec) are ignored (not included in tests). If set to No, the user is warned when the
preamble and/or postamble are detected as having a non-standard shape. Default is No.

Max. Number of Samples Per Clock Period

The oscilloscope timebase and sampling rate is set to acquire the given number of points per clock
period. The oscilloscope is always set to at least acquire at 20GS/s. Additionally, if an oscilloscope with
greater than 6GHz bandwidth is used, the bandwidth is limited to 6GHz. See the Clock Period Per
Screen Division variable for more details. Choose from 10;20;50;100;200;500 or 1000. The default
value is 100.

Probe Setup <type> Variables

The following variables are specific to the different probe setups that may appear in different
configurations. Some of these setups appear under multiple configurations.
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Probe Tip Selection
Specifies probe tip used (e.qg., Sl, PT, SMA/SMP, SP or HighTemp). Applies to all probes in the setup.

<Signal> Channel Gain
Allows the user to manually specify the vertical scale in V/div. Signal can be Clock, DQ, DQS, DQSn,
ADD/CTRL, or DM. Default is 0 for auto-scale.

<Signal> Channel Index
Oscilloscope input channel used for the respective signal. For example, when the Clock is input to C1,
Clock Channel Index is 1.

<Signal> Channel Invert
Inverts the respective signal. For example, to invert the Clock signal, set Clock Channel Invert to True.
Default is False.

<Signal> Channel Offset
Specifies the offset in Volts to apply to the respective signal. Default value of 0 applies auto-scale. Only
used if Gain is > 0.

<Signal> Signal Type
Specifies whether respective signal is probed Differential or Single-ended. For example, if the DQS
signal is probe differential, DQS Signal Type variable is Diferential.

Select Signal Under Test If Many

Specifies which signals to test for particular tests. The default state for this variable includes all
pertinent signals. For example, when testing input slew rate, the Slew Signal Under Test if many
defaults to DQ, DQS, CK.

Use Vref Level for DQ Read Timings
Specifies whether or not to use Vref level for DQ Read timing tests of tDQSQ and TQH, instead of
VIL/VIH (ac/dc)

Previously Measured tHP in Seconds

tHP is usually computed from the result of test tCH/ACL. However if a result is not available, the value
entered here is used. If this variable is set to 0, then tHP is computed from the Custom Speed Grade in
MT/s.

Max Overshoot Peak Amplitude
For address and control signals, the maximum requirements for peak amplitude were reduced from
0.9V to 0.5V. Default value is 0.5 V.

Note: Register vendor data sheets specify the maximum over/undershoot induced in specific RDIMM
applications. DRAM vendor data sheets also specify the maximum overshoot/undershoot that their
DRAM can tolerate. This allows the RDIMM supplier to understand whether the DRAM can tolerate the
overshoot that the register induces in the specific RDIMM.
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QPHY-DDR2 Limit Sets

DDR2-400
This corresponds to the JEDEC JESD79-2E DDR2 standard specification limits for 400 MT/s.

DDR2-533
This corresponds to the JEDEC JESD79-2E DDR2 standard specification limits for 533 MT/s.

DDR2-667
This corresponds to the JEDEC JESD79-2E DDR2 standard specification limits for 667 MT/s.

DDR2-800
This corresponds to the JEDEC JESD79-2E DDR2 standard specification limits for 800 MT/s.

DDR2-1066
This corresponds to the JEDEC JESD208 DDR2 standard specification limits for 1066 MT/s.
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Appendix A: Manual Deskewing Procedures
Cable Deskewing Using the Fast Edge Output

The following procedure demonstrates how to manually deskew two oscilloscope channels and cables
using the fast edge output, with no need for any T connector or adapters.

Note: This procedure only applies to the oscilloscope and cables connected directly to oscilloscope
channels. Fast Edge output is available only on some models. If your oscilloscope does not have Fast
Edge output, see Cable Deskewing Without Using the Fast Edge Output.

This can be done once the temperature of the oscilloscope is stable. The oscilloscope must be warmed
up for at least 20 min. before proceeding. This procedure should be run again if the temperature of the
oscilloscope changes by more than a few degrees.

For the purpose of this procedure, the two channels being deskewed are referred to as Channel X and
Channel Y. The reference channel is Channel X and the channel being deskewed is Channel Y.

1. Begin by recalling the Default Oscilloscope Setup.

2. Configure the oscilloscope as follows:

e Timebase

i. Fixed Sample Rate
ii. Setthe Sample Rate to 40 GS/s
ii. Set the Time/Division to 1 ns/div

Mazimum

BRToZer Memory

e Channels
i. Turn on Channel X and Channel Y.
ii. Set V/divfor Channel X and Channel Y to 100mV/div.
ii. Set the Averaging of Channel X and Channel Y to 500 sweeps.
iv. Set the Interpolation of Channel X and Channel Y to Sinx/x.

Imterpoizbion

& Filter (ERe5)
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o Trigger
i. Configure to Source to be FastEdge.
ii. Setthe Slope to Positive.

Source
FastEdge

Slope
Positive

e Parameter Measurements:
i. Setthe source for P1 to CX and the measure to Delay.
ii. Setthe source for P2 to CY and the measure to Delay.
ii. Setthe source for P3 to M1 and the measure to Delay.

P1.delay(C2) P2:delay(C3) P3.delay(M2)

ik ik ik

3. Set the display to Single Grid.
o C(Click Display = Single Grid.
Using the appropriate adapter, connect Channel X to the Fast Edge Output of the oscilloscope.
Adjust the Trigger Delay so that the Channel X signal crosses at the center of the screen.

6. Change the Timebase to 50 ps/div.

Real Time Sampling Rala

mebase Mode

Sampling Rate

200G8s

st Fized
Madmum Sample
i
Sel To Zaro Memary | E

7. Fine tune the Trigger Delay so that the Channel X signal crosses at the exact center of the
screen.

Press the Clear Sweeps button on the front panel to reset the averaging.
Allow multiple acquisitions to occur until the waveform is stable on the screen.
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10. Save Channel X to M1.
e Click File > Save Waveform.
e Set Save To Memory.
e Set the Source to CX.
e Set the Destination to M1.
e Click Save Now.

11. Disconnect Channel X from the Fast Edge Output and connect Channel Y to the Fast Edge
Output.

12. Press the Clear Sweeps button on the front panel to reset the averaging.
13. Allow multiple acquisitions to occur until the waveform is stable on the screen.

14. From the Channel Y menu, adjust the Deskew of Channel Y until Channel Y is directly over the
M1 trace.

15. Ensure that P3 and P2 are reasonably close to the same value. (Typically < 5ps difference)

-----

-------
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Cable Deskewing Without Using the Fast Edge Output

The following procedure demonstrates how to manually deskew two oscilloscope channels and cables
using the differential data signal, with no need for any T connector or adapters.

Note: This procedure only applies to the oscilloscope and cables connected directly to oscilloscope
channels.

Warm the oscilloscope for at least a half-hour before proceeding. This procedure should be run again if
the temperature of the oscilloscope changes by more than a few degrees.

1. Connect a differential data signal to C1 and C2 using two approximately matching cables. Set
up the oscilloscope to use the maximum sample rate. Set the timebase for a few repetitions of
the pattern (at least a few dozen edges).

Data Cables Channel :
+@ & Cci

- @ ® c2

On the C3 menu, check Invert. Now C1 and C2 should look the same.

Using the Measure Setup, set P1 to measure the Skew of C1, C2. Turn on Statistics (Measure
menu). Write down the mean skew value after it stabilizes. This mean skew value is the addition
of Data skew + cable skew + channel skew.

4. Swap the cable connections on the Data source side (on the test fixture), and then press the
Clear Sweeps button on the oscilloscope (to clear the accumulated statistics; since we changed
the input).

Data  Cables  Channel |
+: : c1
= c2
5. Write down the mean skew value after it stabilizes. This mean skew value is the addition of (-
Data skew) + cable skew + channel skew.

6. Add the two mean skew values and divide the sum in half:

[cable skew + channel skew]
2

Set the resulting value as the Deskew value in C1 menu.

Restore the cable connections to their Step 1 settings (previous). Press the Clear Sweeps
button on the oscilloscope. The mean skew value should be approximately zero - that is the
data skew. Typically, results are <1ps given a test fixture meant to minimize skew on the
differential pair.

9. On the C2 menu, clear the Invert checkbox and turn off the parameters.
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In the previous procedure, we used the default setup of the Skew parameter (which is detecting positive
edges on both signals at 50%). We also inverted C2 in order to make C1 and C2 both have positive

edges at the same time.

Alternately, we clearly could have not inverted C2 and instead selected the Skew clock 2 tab in the P1
parameter menu and set the oscilloscope to look for negative edges on the second input (C2).
However, we believe that the previous procedure looks much more aesthetically pleasing from the
display as it shows C2 and C3 with the same polarity.

Time of nearest clock2 edge minus time of clock! edge
Clock? (Source?) setup

Percent level
| 50%

Hysterasis

500 mdw
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