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General Safety Summary

Review the following safety precautionsdgoid injury and prevent damage to this product or
any products connected to it. To avoid potential hazards, use this product only as specified.

Only qualified personnel should perform service procedures.

While using this product, you may need to acoetger parts of the system. Read the General
Safety Summary in other system manuals for warnings and cautions related to operating the
system.

To Avoid Fire or Personal Injury

Use Proper Power Cordnly use the power cord specified for this product aeditied for
the country of use.

Observe All Terminal Rating$o avoid fire or shock hazard, observe all ratings and markings
on the product. Consult the product manual for further ratings information beimaking
connections to the product.

Do not apply a potential to any terminal, including the common terminal that exceeds the
maximum rating of thaterminal.

Do Not Operate WithouCovers.
Do not operate this product with covers or panels removed.

Avoid Exposed CircuitnyDo not touch exposed connections and components when power is
present.

Do Not Operate With Suspected Failures.
If you suspect there is damage to this product, have it inspected by qualified service personnel.

Do Not Operate in WegDamp Conditions.
Do Not Operate in an Explosivemosphere.
Keep Product Surfaces Clean abdy.

These terms may appear in this manual:

/NCAUTIONCaution statements identify conditions or practices that could result in damage to
this product or otheproperty.

ACAUTIOI\ProvideadequatecooIing.Provideadequatecoolingto the boardto avoiddamaging
any part of it specifically for the ATE version of the board. Refer to the power section to know
the power dissipatiowvalues.
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Preface

This is the user manual for thél.4004PAM. It covers the following information:

A Describes the capabilities of the instrument: how to instaid itssoftware

A Explains how to operate the instrument for: Pattern generation, Error Detection; how to
control the clocking system, inputs/outputs and all the availabéasurements

A Lists thespecifications

7/62
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Contact MultiLane SAL

I\/I ultiLane SAis an engineering services company and an OEM supplier of specialty
test and communication equipment for the semiconductor and optical transport
industries. Multilane deliversiltra-compact test instruments of the highest value and
performanceor high speedcommunicatiorand signalintegrity applications TheCompanyhas

a large engineering team and a fully equipped lab with state of the art equipment, having
recently moved t@ 6,000sq foot facility iloumal Technology PaifdTP).

MultiLane SAktustomers can leverage great flexibility and capability in product customization
GKFyla (2 -BehNexielise YnOhigh speed 1/O, Signal Integrity, and access to

advanced deslopment and test tools. MultiLane has the resources and Kmow to meet

Odza i 2 YSNR& LINRRdzOG RS@GSt2LIVSyld YR RSaA3ay NBI dz
in delivering leading edge products and development tool kits to the Automated Test market

while applyingthe productionprocesse$o deliverhighquality productson scheduleand within

budget.

MuliLane SAQ& GSFY A& 02YLRASR 2F SELISNASYOSR [yR R.
and turnkey solutions of modules and systems for high speed IO, Signal Integrity, SOC
development and optical communication from verbal requirements (Architecture, PRD,
HW/FW/SW design implementation and characterization).

Address MultiLaneSAL
Houmal Technology Park
Askarieh Main Road

Houmal

Lebanon
Website www.multilaneinc.com
Sales support sales@multilaneinc.com
Support support@multilaneinc.com

If any further help is needed, please contact MultiLane SAL, by sending general enquiries
toinfo@multilaneinc.com
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Product Description
This chapter describes your instrument, operating under Windows.

A Installationshows you how to configure and install the instrument, as well as how to install
the system software included with thgroduct.

A Incoming Inspectioprovides a procedure for verifying basic operation &untttionality

A Accessories and Optiolists the instrument options available and the standard and optional
accessories for thigroduct.

Model and Package Content
A This manuasupports the instrumerit!L4004PAM

HardwarePackage
ML4004PAM: Dual Channel 37-20 Gbps BERT, trigger output, external reference clock input
and DSO.

User Guide Manual
A Manual containing user operation guidaftware installation and start uprocedure.

Software package and documentations:
A Main ML4004PAMGUI.
A USB driver. The Ethernet interface is controlled though APIs that include the Ethernet
package.

Overview

TheML4004PAMTime Domain Analyzds adual Channel BERT and DSO with PAM4 mode. It
is low cost, simple to use, fully integrated, ultra compact, and USB/Fast Ethernet controlled. It
is an instrument that combines the functions and features of a signal generator, bitrateor
tester, digital ampling oscilloscope, and data analysis system with Pre and Post Emphasis
capabilities with lower intrinsic jitter.
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BERTeatures

NRZ Bit Rates: 115* and 18.630.2Gb/s

PAM4 Bit Rates: 37-@ Gb/s

Histogram and SNiReasurements

FEC KR4 and scaled KP4 supported (RAdé)

Supports QPRBS13 and udefined patterns up td6kSym
Supports PRBS 7, 9, 11, 15, 23, 31 as wstje 1@&nd
square 3Jatterns

Clock outrate/165

Intuitive comprehensiv& Ul

Supports all basic BERinhctions

6 dB preemphasis

Adaptive CTLE and DFE on the receiver M@

Mask Margin, Alternate Mask Margin rules available (Mide).
Inner eye amfitude variation (PAM4node)

Figure 1. ML4004LAM Eye diagram

DSO features:

Low intrinsic jitter

Scope BW of 32 or 50 GHz (Opti6h)

External triggemput

SW filters applicablnclude PTB, CTLE, FFE, DFEN®edding, Moving Averages and

BesselThomson # order.

Single ended and differential electri¢gaput
Eye, jitter, rise/fall, histogram, mask measurement and pattern capture in a single
instrument.
Eye opening, Eye heigand width, Eye Amplitude, Top, Base, Hi, Lo, Peak to Peak, Max,
Min.
Total Edgditter.
Statistics histograms and Histograneasurements.
Crossing point, crossimercentage.
Advanced PatterMeasurements:
0 Eye measurements on specific bits of gadtern.
0 Single Edge measurement in pattexapture.
o0 Preemphasis (Positive and Negative, Height @fidth).
PAM4 mode enhanceheasurements
Insertion Loss measurements i.e. Sdd21 and Sdd12 with embeddiagidedding
capability.
An easy to use wizard for Insentitossmeasurements
The DSO tool can operate in a data acquisition only mode where the data is saved on
multiple acquisitions for pogirocessing.
Integratedsynthesizer

10/ 62
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User friendly GUI thagnables: zooming, markers, X and Y histograms, overlays, pre
emphasis and multiple measuremenggatistics.

Load and analyze data that was previously captured in simulatoze

Capability to save statistical measurement, data filescmfigurations

Color graded persistence display in eye and pattern caphgaee

Standard stress masks selection for LRMaquesor, LRM postursor, LRM symmetric,
and LRM Cleahgye.

¢KS YIFal YFENBAY 0LRaAGAGS 2N yS3AlpoiktgdS 0
that fail, thus allowing for DUT quali@gsessment.

Mask user defined, Auto Detect Mask

Percentage of failingoints

Save data anask

LoadMask

Package characteristics:

Low cost, simple to use, dual channel PAM4 and NRZ BERT in case of-RAKIMWA
Sumports high density parallel application with unlimited concurregsting.

Windows and Linux ABVailable

Repeatable traceablmeasurement

Ultra compact forrfactor replaces conventional rack test solutiarsl solves
impractical physical requirements of testing large lane counts. Can fit in the ¥8Kgy

Target Applications

Iy By D B

I v v D T D

Interconnect testing(SFP, SFP28, CFP, CFP2, CFP4, QSFP,.QSFP28,
Backplandesting

Wafer level testing where an output clocknnot be extracted from alC
Interference and crosstalkesting

Receiver sensitivitiesting

Receiver jitter tolerance testing equalizelnaracterization

Electrooptical moduletesting

Electricabtresseceyetestingfor 100GbpsEthernet MLD/CAUApplication, OIFCE28G
VSR, CPfal CAUH4, 32G Fiber Channel chiprtmdule

High Speed SerDes Testin@RBaracterization.

Handheld 10G test equipment for field Installation andintenance.
Multi-port system testing or Lin€ards.

In-Situ testing of higlport countsystems.

Can be mounted in Automatic Test Equipment or in socketeddoact
Telecoms equipment test for installation andhintenance.

Fiber channel, Ethernet, PON, parallel optéts,*

High port count burrn test

Research and developmeapplications.

11/ 62
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The user interface for the ML40OGRAM is an alhew combination of the ML BERT and ML
DSO graphical interfaceBoth the DSO and BERT functions are accessible by the same IP
address, and can either be arranged to be tabs, or side by side in the same window, as seen
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The instrument comes with the following software:

A ML-TDA GU(GUI to Control thénstrument)
A MultiLaneML4004PAM USRiIriver

A ML4004PAM ETH Configuration Softwa(ldtility to configure the static IP Address ousB)

A ML-IP changgUTtility to configure the static IP Address o¥thernet)
The Multilane Softare runs on Windows XP (32/64 bit), Windows 7 and 10.

NOTEThese applications requires tWcrosoft .NET Framework B the Microsoft .NET

Framework 4 is needed, it can be downloaded through this link:

https://www.microsoft.com/ernus/download/details.aspx?id=17851
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For more products updates, check the following webpage:
www.multilaneinc.com/products.html

Minimum PC Requirements

The Windows PC properties fire Multilane Software must meet the following
specifications:

A Windows XP SP3 greater

Minimum 2 GERRAM

1 Ethernet card to establish connection with tthevice

USB Connector

Pentium 4 processor 2.0 GHzgoeater

NET Framework

D> > D> D> >

NOTEIt isrecommended to connect the MIDA via Ethernet to one PC only to prevent conflict
from multiple user commands.

Instrument Ports

Figure 3ML4004PAM Panels 13/ 62
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ML4004PAMPorts
Port Description
Name
TxL:P Positive TX1 Channel
Tx2E:N Negative TX1 Channel
Amplitude range: 12800mV Differential. Bit rat87.2-60Gb/s; Electric
interface
Tx2N Negative TX2 Channel
Amplitude range: 12800mV Differential. Bit rate 37-@0 Gb/g Electric
interface
Tx2P Positive TX2 Channel
RxEP Positive RX1 Channel
Amplitude range: 10800mV Bit rate 37.260Gbps; Electric interface
RxEN Negative RX1 Channel
Rx2N Negative RX2 Channel
Rx2P Positive RX2 Channel
Amplitude range: 10800mV Bit rate 37.260Gbps; Electric interface
DSO inputf RXN and R for DSO
Trigout Trigger out port
RefClkin DSO Ref Clock in
T LED, indicates the board is overheating when glowing red
Los LED, indicates loss of signal on Rx when glowing red for the following
reasons:
A Cable notnserted
A Signal inverted
A PRBS pattern on Rx do not match thepdtern
Lock LED, indicateRef CLKOutis functional when lit greeriyIL4004PAMis
generating a clock signal.
LAN RJ45 port
usB Mini-B USB port
PWR Power port

Table 1. Instrument Ports

14/ 62
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Installation

This chapter covers installation of the instrument, addressing the following topics:
A System Startp
A How to connect to thénstrument

Note: always run the GUI as administrator

SystemStart-up

To use theVIL-TDA GUunder Windows XP, Windows 7 and 8, it is important that the correct
start-up sequence is followed:

A Make sure you havMlicrosoft NET Framework ihstalled.
If not installed, refer to the Note in the Softwasection.
A Install theML-TDAGUI
After installation, open it with double click on the software icon on desktop or from your
startmenu.
A new window will appear titledL.-TDA GUlthis is the main softwarterface.
Note: TheML-TDA GUitself only operates over Ethernet. USB is only used to configure
the static IP address of the card with tBEH Configuration Utility that requires a USB
cableto be connectedfrom the ML4004PAMto your PC UsingUSBcableto configurelP
is not mandatory as you can stick to the default IP that came witlévice
Follow the steps below to connect thiéL-TDAGUI to theML4004PAM:

A
A
A
A

(0]

o

Connect your PC to the ML4G@AMvia the RJ45 connector located on filoat

panel through an Ethernet cable. In order to connect via Ethernet the IP address
of the board is required and the IP address of your PC needs to be cathe
subnet as the address of the ML40BAMBOoX. To learn more options on how to
connectthe Ethernetcablegoto the sectionConnecthroughan EthernetCable

Ping your device to make sure that you aomnected.

Note thatno drivers are required; you only have to know the current board IP
address, which you need to enter it in the text box next to ifRéabel shown in

the below picture, then click on theonfigbutton.

Cowifng

Figure 4: Configure IP of device

Dependingon whichmoduleyouwant to use,you needto connectseparatelyon

GKS .9w¢ 2NJ5{h a8ARS® hyOS O2yySOGSR:Z
andatemperatureindicatorwhichconfirmsa successfutonnection.Onthe DSO

side, when clicking connect on therdmuration settings window, you would get

a clear error in case of failure to connect; otherwise, the settings window would

close taking you back to the main screen, confirming a successiiubction.

15/ 62
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o If you need to change the IP address of the board, you need to install the USB
drivers (refer to sectionUSB Driver Installatiyn Install the ETH Ethernet
configuration Utility that allows you to read, write thE address, Sulet Mask

and Gatewayof theinstrument.
/B ETH Configuration [ES

Ethermnat
IP

M [ [T [T &fwl

Mazk

o Jo Jo [0 &[w
Gateway

v [ o [0 alw

1] - MaC address

| T Al

Offling [double-click to refrash)

Figure 5: Ethernet Configuration

o If you have failed to connect via Ethernet, and you are not able to ping the
instrument,then it couldbe an EthernetConfigurationerror. Connectyour PCvia
USB to the ML40BRAMBoxand use the ETH Utility to change the static bidard
address to fit in the network range. Refer to the sectiblow to connect to this
Instrumentt @

Starting the GUI

Lane. ‘ e[ e

Connected to ML4004-PAM at 172.16.104.72

Choose the components that you want to use

BERT [7] pso

Disconnect Configure

When you enter the IP address aooinnect to the instrument, you are presented with the
above menu. Choose if you plan on using the ML4PAM as BERT only, Scope only or both.
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Operating the ML4004-PAM BERT

Below is your BERJUI.

& Domain

Analyser v2.0.r5356

Ip

Lane. o -

Saveload Calibration Enable CTLE BoardID : 4004 BoardS|

CHO CHi «  Configuration
TX LOCK ‘41 G
RXLOCK 146°C

£ | NRZ Mode TX Pattern | RX Pattern | [Amplitude] [Pre-Emph| Post-Emp)|

k Configuration
Internal ) External

Rate | 25.7812!

&na

2t (64 b)
fulti Acquisition 1

Continuous

3ER

3its Count (Gb)

Timer

CHO

BER

0.00e-00

[ o~ [Bo|

| 279~ |
|04 0- |

S o Ch0 | pRES7 iam}s 7> |
| Ch1 | PRBS7-N@PPRES7 - | | 430-
Line Rate Settings - e

Cho
156.2757MH1 101 ; ; 10

+ Gbps

Ch1

Apply Ref
lysis .
BER Real Time BER

10

BER
S}
o
BER
)
o

S

103
[00di00n 00 m 3055

; y.g
Error Count g
=)
0.00e-00
v

-1

10 10° — i
00 02 04 06 08 1.0

Acquisition

1.5 20 25 30 35

Acquisition

05 1.0

Graph Type : BER Graph (| Histogram S/N Ratio Layout Type : | Single I

‘est Done

Save Results
[, |

1-

Connect cables of equal length and type between TX and RX. This should give you lock on
RX. If not, go to the TX pattern menu and invert the pattern. Also check that the
amplitude is not very low forhe receiver to lock. It goes without saying that the TX and
RX pattern must be the same, e.g both PRBS 9 or bothFARBS

a. Your BERT can generate custom patterns but it cannot lock or do BER

measurements on anything except the standard PRB®rns

This iswvhere you select the TX pattern. Both TX and RX patterns must have the same
polarity and same type to be able to do BER measurements. You can invert the pattern
polarity from either TX drX.
Under Line rate settings you can switch PPG mode between PAWMRZ. The currently
configured mode is shown in (4). Under line rate settings you can also enable and disable
FEC, preoding and grey coding. After changing any settings under this menu, please click
on apply for changes to talaffect.
Shows the operabn mode selected: PAM4 biRZ
This is the line rate setting. In PAM mode, only line rates between 21 and 30 GBaud are
allowed. In NRZ you also enter line rates between 10 and 15 Gbps on channel 0 only. After
changing the line rate always cliagply.
Thisshows the frequency of the clock output connector. It is usualig/165.
This is the amplitude setting. In PAM mode, you have two amplitude settings, one for the
coarse amplitude range and the other for the amplitdde-tuning.
This is the control fathe pre and posemphasis on th®PG.
This is the measurement menu where you can either do traditional BER measurements or
go into the analysis mode. The analysis mode is a great troubleshooting tool where you
can display the signal histogram on the reegior measure the SNR to determine if you
have excess noise affecting lock or resultingriors.
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10 This is where you select the channels to run measurements on and the start
measuremenbutton.

11- In this window you see theesults for the BER measurement. This includes a timer, the
total number of bits transmitted and the BER. It also shows you the cumulative number of
errors.

12- In this field you see error messages or warnings generated bjlide

Note: there is a temperatwe reading on the GUI, for both TX and RX. This is a safety feature
on the instrument. If any of the two temperatures reaches 65°C, the firmware will disable the
main circuits of the TDA to prevent damage. Also, the T° LED on the front panel of the
instrument will go on.

Achieving a good signal in PAM4 mode

Working with PAM4 signals can be a bit trickier than NRZ. Therefore, the MPA04ives
you several powerful troubleshooting and tuning tools to get the best results possible.

1- Use the histogram function under the analysis tab to see what your PAM/NRZ eye looks
like.

BERT
Help Saveload Calibration Enable CTLE

CHO CHI <« Configuration
TXLOCK 44°C = - - =
RX LOCK . 48°C I | B TXPattern | RXPattern |CML Out Driver| Amplitude| Mid Eye Control | Pr
Clock Configaration S | Cho PRES 7 - PRES 7 - 100 - 414- | a0~
[Ch1 PRBS 7 - PRBS 7 - 100 ~ 421 0
Internal_ External
Rate | 25.7812° ~ GBau Line Rate Settings ~
Cho L~
Apply Ref 156.25  MHz . . / 12 .
T t ’ : :
BER Analysis _ : - 1.0 + : :
Histogram Signal to Noise Ratio :-:D :ﬂ 08 1
= =)
= Z 06 L
3 3
3 3 041
Accumulated: 1
0.2 ¢
Estimated Time: 1s : :
Clear All 0.0
5 -4 -3 -
Ch0|| Start Ch 1| Start
Bit Count 7.73e+10 -

In the histogram above, you see that the inner eye is smaller than the upper and lower eyes.
To change this ratio, go under the Mid eye gohtab and change the value then repeat the
histogram scan.

2- Make sure the signal strength at the receiver is between 250 and 400 mVpp.
3- Use the DSO to tune your PAM signal coming out aPB@.
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File Display Run Setup Help [50°C]

[ ey | t Operating
B JD multiLane Oneet,

[[] Repetitive
Count |5

Autoscale

[F] Check All

- T— s S | T— ST ey
‘l'og&Basc = = ‘o - >\, o =
Min & Max_J = | ’ i ;:..; ;Xu

One & Zero

Rise Time

<4

55

Eye Amililudc

71.48 ps. -979.64 mV

Setting the TX Line Rate

A

A
A

Firstselectthe internal clockgenerator then write the bit rate valuenextto the LineRate

label. The value entered must be in between 38®RGb/s. The line rate will apply to the
TXoutput channel

PressApplyto savethe value., 2 dg€etf A  NILI ¢htBedt@tusbar confirmingthe
changed values.

I NBFTSNByOS Oft 201 2dzillzi o6aeyOKNRy2dza G2
table 1). This clock will be equal to thiee rate divided by 40 for low rates (NRZ mode)
between 10 and 15Gbps, and divided by /165 for high rates (NRZ and PAM4 modes)
between 18.6 and 30.2 (equal to 37.2 and 60 GB/AM4 mode). The frequency of the
reference clock output signal is shown iretfield next to theReflabel in the GUI as can

be seen in figuré.

Note: CDR RX CLK out is not supported in the single cHaERdls.

Note: External Reference CLK input is not supported on the Single CB&RIES.

Pattern Configuration

A

In the PRBS Configuratiogroup box, select the pattern required; the available patterns

are 7,9, 11, 15, 23, 31, Square_16, Square_32 and user defined in addition to the 80 bits
user pattern. The TX Pattern tab is used for Configuring the Transmit PatterrRXthe
Pattern tab is used for pattemverification.

TX Pattern = [C] T% Invert

Figure 6: PRBS Channel Configuration 19/ 62
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Note:whilea userpatternisselectablethe error detectorcanNOTlockonto userpatterns.This
can only takeplace with PRBgatterns.

A To use theJser definedcapability, first select it from th@attern combo box list, then in
the text box specifiedfor the UserDefinedwrite the sequenceof bits youwant, andthen
select theSetbutton.

A In case the tesengineer wires the positive TX channel to the negative RX Channel by
mistake, the software can compensate for this error by clicking on the ibu#xn.

A The specified generator now starts generating a clégna. If you would like to inject
jitter to the signalgeneratedo start shapinghe eyediagramyouhaveto adjustthe slide
bars existing in the Eye Shaping group box (ref&yt® Shapingelow).

20/ 62



OMMUNICATION TEST & MEASUREMENT SOL

multiLane | A

ML4004PAM| User Manual

PRB%®attern Verification

There are 2 ways to set the Error Detector for the RX Channel oiltH@04PAM:

A MANUAL pick the same pattern as you selected for the TX channel, the RX Channel LED
in the top of the GUI indicates that the channel is locked by hgrgreen. Channel will
be locked if the data received at RX matches the selected pattern. If not locked try
inverting the TX or RX side using tmeckbox.

A AUTOMATICLIf the user select®\utomatic Verification the software will try to detect

the receivedsignal pattern, even if it is inverted; upon success it will show the result and
the LED will indicate that the channelasked.

RX Pattern  Auto Verification ~| [C] RX Invert

Figure 7: RX Configuration

Eye Shaping

The ML-TDAGU provides 3 sliderso shape the data eye of the TX output: amplitude,-Pre
emphasis and Postmphasis. All slider values and other configurations are saved in the
EEPROM:

- Amplitude: TX output amplitude is between 0 mV and B0@pp.

- Inner Amplitude:amplitude for the centeinner eye in PAM#ode.

- Pre EmphasisTX output Preemphasis amplitude value can be changed from 20&.

- Post EmphasisTX output Signal Pestmphasis amplitude value can be changed from 0
to 35%.
Pre and Post Emphasis values baradjusted in order to attain the clearest eye
condition (e.g. 2/4 and 5/10).

Amplitude Inner Amplitude Pre-Emph Post-Emp
231 - 1~ e 3.
251« F . 3.

Figure 8: Eye Shaping Sliders
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Running BER Tests

Inorderto run aBERest, the TXport needsto be connectedo the RXport, simplyloopedback
on itself.

P 172.16.102.147 Disconnect
CHO CH1
X LOCK 47.( .
RX LOCK 44°c Figure 9: LEQhannels

The TX LED indicator lights in the top right hand corner of the GUI (see Figure below) indicate
if the TX channel is transmitting data. The RX indicator LEDs aredlafiriollows:
- Ifthe LED is green that means the RX channel is locked to the incomirgatata.
- Ifthe LEOsredthat meansthat the RXchannelis not lockedto the incomingdata. Please
makesurethe RXChannels expectingthe correctPRB®attern that is beingtransmitted
on the TX channel (of Auto Verification is turned off), also make sure the cables are not
inverted by selecting the Invert checkbox in the Pattern Generation Tab foiT¥e
Channel.

Whenthe TXandRXLEDsre both Green,youcanusethe ML-TDAGUIto run severaldifferent

BER tests on this channel. Select the BER Tab in the GUI. This will show a menu as displayed in
Figure 8. In this menu one can select one of 2 different BERMekts: Instant BER or Real

time BER. These two modes are described in detéaiw.

BER BER Analysis
Instant BER Real Time BER
Count (64 b) 10
Multi Acquisition 1
Continuous
BER 10 1°°
Bits Count (Gb) 10 :
Timer 00d 00 h 00 m 30 5=
7] CHO 7| CH1
[ Start

Figure 10: BER

Instant BER

The Instant BER Mode is useful for test cases where a very high error rate is expected (i.e. an
error rate above 4x10%) and an accurateeading is needed. In Instant BER mode the BERT
takes a snapshot of 25K bit samples, counts the exact number of errors, and returns the error
rate. If the user selects multiple 25Kbit acquisitions, the BERT will continue to take 25KBit
samples, return the BR and take the next sample etc. This way, the user is able to read an
exact BER with rates as high as-10However, not all errors can be captured as there is a
delay in between taking 25KBit snapshots and therefore not all received bits are examined fo
errors.

The Instant BER test has the following configurations:
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Count (25Kbit)Number of 25K Bit snapshots to be collected (Controller Hard@auat).
Multi Acquisition: This allows you to choose the humberofjuisitions (Softwar€ount).

Note: Averyhighsamplecountof 25Kbitsampleswill take a shorttime but coulduseup 100%

2T GKS aAONR [/ 2y iNRf f SNDAaMLTHACR BonRaESFONdindRt@ 3 A 0 f &
any other configuration changes while tkest continues to run. It is best to select a balanced

number of 25Kbit Counts and Multipfequisitions.

Once you have selected the desired number of 25Kbit counts and Multi Acquisitions, press the
start button as shown in figure 8.

Real Time BER

Inthismode,the ErrorDetectoris constantlylookingfor errors,thereforethis modeis goodfor

long BER test cases with relatively small amounts of errors (low BER rates). However, in this
mode the user is lifted to Bit Error Rates below 4x1@“due to error counter limitations of

the Error Detector itself. So for Bit Error Rates above 48lBER test in Retime BER mode
arenot 100%accuratdike the InstantBERnodebecausédhe error counterwill overflowbefore

the next scheduled counter read, and therefore some bit errors will pass the Error Detector
without beingdetected.

The Real Time BER test can be run in 4 different modes as described below. It can be run by
pressing the start button.

Real Time BER Configurations:

Bit Count This configuration will run a BER test until the esstrnumber of bits have been
transmitted and received.

Continuous BERThis process begins collecting BER data when the user presses start, and ends
when the usepresses stop.

BER (Target)The BER test will run till it reaches the BER level selected.

Timer: The BER test will run for the specified amount of time.

BER Graph

The BER Graph Window plots the channel BER Rate in the above mentioned BER Test Modes.
Anexample graph is shown below.

23/ 62
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BER
10-8 —— Ch0 === Ch1 i N _
-9 1 o
ﬁ 10 /\T__
m /
1071° ¢
10'11 ‘ i : : :
0 10 20 30 40 50
Acquisition

Figure 11: BER Graph

BER Analysis

TheML-TDAGUoffers 2 different Bit Error Rate Analysis modes: the Histogram an8itgrel
to Noise Ratio. Selecting the BER Analysis Tab in the GUI provides the menu as shown below:

BER BER Analysis

Histogram Signal to Noise Ratio

WIChO W] Ch1

[ Start |

Figure 12: BER Analysis Menu
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Digital Sampling Oscilloscope

) ML DSO v.2.0.7.r2571 - a
File Bathtub Circuit Setup Help

| x|
/vb D Lane . E

[
V| Refresh Displa
Count |5 s

3

Figure 13: GUI

Click the connect button'“* . at the top right of youscreen.

¢KS a/2yyddiE WA yaR2m oAt f L2 LI
Click on the add buttoE to add the virtuaML-DSO
¢t KS Hfaf O2y TAJdzNubesh 2y € G6AYR26
Connect To ML-DSO =

+

> B> > >

Af both software theViL-DSCand simulator are beingiorked with on the same computer,
OK22&S GKSmode.AYdz | GA2YE

ALT 2yS 2F GKS

a2 0SAy3 NYzy 2y | RATFTFS
G{AYdzZ F GA2YyE¢ | YR

7 A

a
J OKSruaning.¢ 2F (GKS t/ 6KS!
A Click on the refresh buttonE , in order to retrieve the simulator configuration, or
configuretheMl-DS(@ & FTAf f BYH DR Fa&A[dz2NI (A 2¥e&E G6AYyR26 NBa
AYTF2NXYIEFOGA2Y LINPOARSR 0@ (KS &aAayYdzZ I D8N C2NJ Y21
O2 Yy ¥ A IdzNT G A 2 ythe faldwindR2dionNBS F S NJ § 2

Note that any data file that has already been saved using tHeSO software can be loaded.
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Connection Settings

Advanced

Name MLDSO Simulation ® Hardware 1P 172.16.101.122 Channel 01Singe - [
Gbit Rate 25 v | Coding |NRZ v | Pattern Length |[511 % Packets 512 *  Accumulate |0 W
Mode Type

(@ Mormal Operation () Bypass Mode @ Hectrical AC () Optical

External Reference: Freq(MHz) =~ |625 (O Bectrical DC

Signal Transformations

[0 wander Compensation

Attenuator Compensation (dB) |0 W

[ Precision Time Base (PTB) and Filters

DSO Configuration

Connection Configuration

A Change theonfiguration asieeded:

Measurements Settings

NRZ Thresholds |20 [&| %to |80 |2 % E
Target Bit Emor Rate | 1e-12

W

U The default display name of DSO can be editquteferred.

U ¢KS Lt 2F GKS 5{h O2yyI8®iSR o6& gNARAGAYy3I Al

U bFrYS 4KS 5{h oe

AL 24 oA ~

6 NRAlabaly 3 ySEG G2 GKS

U Click on the hardware radio button to use timstrument.

Data Configuration

The DSO has 3 SMA inputs (two for the differential data (RF Input +, RE)lapdtone for the

Clock input)

1 The MEDSO can be mounted in differemibdes:

o0 NormalOperation
0 Bypassviode

26/ 62
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Normal Operation

Clock Input in normal mode ranges between 50 and 710 MHz.
1 Choose the Normal Operation radio button to use the onboard tirgergerator.

9 Enter a line rate less than 15Gbps into Line Rate (Gbps) or choose a Gbps value,
example: 10.70910.625, 10.3125, 9.95328, 8.5, 6.25, 4.2524@5.

1 Specify the number of packets; it can be 4, 8, 16, 32, 64, 128, Z3@0r

The number of packets specifies the number of sample blocks that will be osedate

the 'Eye diagram'. Each sample block consists of 512 sample points per Ul, which are
duplicatedwhendrawingthe Eye.Eg:256 packetsmeans131072pointsper pattern, and
262144 points per Eye (131072 for each of the 2 Uls displayed mdeig

Advanced
Connection Settings

Name MLDSO Simulation ® Hardware 1P 172.16.101.122 Channel 01Singe - [
Gbit Rate 25 v | Coding |NRZ v | Pattern Length |[511 % Packets 512 *  Accumulate |0 W
Mode Type

(@ Mormal Operation () Bypass Mode @ Hectrical AC () Optical

External Reference: Freq(MHz) =~ |625 (O Bectrical DC

Signal Transformations Measurements Settings
[ Wander Compensation NRZ Thresholds |20 |5 %to |80 & % E

T t Bit Emor Rat
Attenuator Compensation (dB) |0 W armet = r Raie |2 hd

[ Precision Time Base (PTB) and Filters

Figure 14. DSO Configuration

T Enter the percentage | evelNRZThreshaoabdaad f al

1 Enter the External Reference Clock frequency in MHz or as a factor of tlagebit

External Reference Rate J = |G4

Exteinal Reference  Freq [MH2z) = [156.2%

1 ltsvaluecanvaryfrom 50MHzto 710MHz,with anamplituderangefrom 0.25t0 1.5Vpp:

1 Typically this will be rate / 16, 64, or 80, but can be any atiex.

T 9yGSNI GKS Gt b ddSNy [ Sy DiiRoicap@r® theifdl attedrt G FSSRA -

Incorrect pattern length would still be able to dispking eye mode, howevdull
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pattern capture is required for certain features of the software such as Jitter
decomposition, PTB and filters.

e.g: Pattern Length = 127 for PRBS he Pattern length ¢*N(n) is (2™) - 1.

To get wander correction, check its box; then choose between the 3 frequencies, 1024
or 2048 or 40961z

In order to retrieve the last configuration, enter the specified IP and then press the
refresh button.E

In order to scale theneasured results, to remove the effect of an attenuator connected
at the receiving end of the scope, enter the Attenuation value in dB. In optical mode,
the value is doubled when the attenuator is at 3dB. In electrical modi]Bit

To capture more points for finer measurements, accumulate the number of points from

all the acquisitions by entering the total number of points to persist in the accumulate

field. This will set the number of points filling the etir S8 S RAF ANI YI F2NJ 020
this number of points will be displayed in the pattern diagram. Accumulation works in

infinite persistence mode, and unless the points are cleared or the connection is reset,

all acquisitions will take part in the accuratdd result with equal amounts of points

randomly selected from eadcquisition.

LY 2NRSNJ (G2 AYLNRBOS 3INT LJr,<Ac“>t FNRAGe | yR YAYAYA
¢CAYS .1 as otc¢.véeéxr YR SYUSNI I @FfdzS ANBIF GSNI
filters suchas:

0 Moving average filter for smoothing and can specify wind@e.

o 4" Order Bessel Thomson filter at Frequency equal to 0.75 of thatkit
o CTLE filter, and can automatically or manually select the fitexmeters
0

S2P Dd&mbedding filte simulating the inverse of a channel or DUT, where the
OKI yySt Qiadédit FAES Aa

o DFE : decision feedback equalizer ( nonlinear adaptive equalizer), it is based on
the principle that once you have determined the value of the current
transmitted symbolyou can exactly remove the ISl contribution of that symbol
to future receivedsymbols
FFE: feed forward equalizer(linear equalizer) each value of the output sequence
is a weighted sum of the most recent inptetiues
The user can use the latest GUI to getertaps automatically for either DFE or
FFE, but it can only come up with taps for NRZ PRBS 7 or PRBS 9 signals. The
taps can be applied on any type of signal, PAM 4 or NRZ. Therefore if in need of
using the software to come up with taps that open the ggenerate the taps
for a specific channel using an NRZ PRBS?7 or 9 signal, then switch to the desired
signal over the same channel using the sdapes.

The configuration parameters are:
For FFE:
1- The Tap Delay, expressed as an integer fraction of tifeeAind.
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2- The number ofaps

3- Tap coefficients: here you enter the different tap coefficients separated by
commas, from tap O to tapl

4- Normalize: This would normalize the filter taps ensuring unity déire that

if taps were generated automatically, they would be already normalize (their
sum =1)

For DFE:

1- The number ofaps.

In DFE tap delay is always fixed to 1 tap per bit

2- Tap coefficients: here you enter the different tap coefficients separated by
commas, from tap 0 to tapl

3- A delay value in Pico Seconds, which should be ranging from negative bit
period / 2,-Tb / 2 to +Tb / 2. This delay defines a shift from the center of the bit
Ul, at which the DFE slicer decision shouldb€ee

Wander Compensation

¢tKS ¢AYS YRSNS /42 Y ek Hdx énatey d@r disables the Time Base Wander
Correctionfor ameasurementSmallvariationsin the DSCinternal referencetime baseappear

as lowfrequency jitter(wander) in the acquiredignal.

For mask tests and edge jitter measurements, theOanalyzes the acquired samples and
removes the effect of the temporal drift (wander). Wander correction improves the accuracy
of DSOmeasurements but may increase the tin@ acquire data. For applications where
measurement speed is important, disabling wander correction is suggested. Reducing the
number of blocks to less than 128 significantly reduces the effect of wander and increases the
throughputs.
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Figure 15: Filters

Figure 16: Wander Compensation
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