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General Safety Summary 

Review the following safety precautions to avoid 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 access other 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 Cord. Only use the power cord specified for this product and certified for 
the country of use. 

 
Observe All Terminal Ratings. To avoid fire or shock hazard, observe all ratings and markings 
on the product. Consult the product manual for further ratings information before making 
connections to the product. 

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

 
Do Not Operate Without Covers. 
Do not operate this product with covers or panels removed. 

 
Avoid Exposed Circuitry. Do 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 Wet/Damp Conditions. 
Do Not Operate in an Explosive Atmosphere. 
Keep Product Surfaces Clean and Dry. 

 
These terms may appear in this manual: 

 

CAUTION. Caution statements identify conditions or practices that could result in damage to 
this product or other property. 

 

CAUTION. Provide adequate cooling. Provide adequate cooling to the board to avoid damaging 
any part of it specifically for the ATE version of the board. Refer to the power section to know 
the power dissipation values. 
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Preface 

This is the user manual for the ML4004-PAM. It covers the following information: 
 

Á Describes the capabilities of the instrument: how to install it and its software 
Á Explains how to operate the instrument for: Pattern generation, Error Detection; how to 

control the clocking system, inputs/outputs and all the available measurements 
Á Lists the specifications 
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Contact MultiLane SAL 

ultiLane SAL is an engineering services company and an OEM supplier of specialty 
test and communication equipment for the semiconductor and optical transport 

industries. Multilane delivers ultra-compact test instruments of the highest value and 
performance for high speed communication and signal integrity applications. The Company has 
a large engineering team and a fully equipped lab with state of the art equipment, having 
recently moved to a 6,000sq foot facility in Houmal Technology Park (HTP). 

 

Multi Lane SAL customers can leverage great flexibility and capability in product customization 
ǘƘŀƴƪǎ ǘƻ ƻǳǊ ǘŜŀƳΩǎ ƛƴ-depth expertise in high speed I/O, Signal Integrity, and access to 
advanced development and test tools. MultiLane has the resources and know-how to meet 
ŎǳǎǘƻƳŜǊΩǎ ǇǊƻŘǳŎǘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŘŜǎƛƎƴ ǊŜǉǳƛǊŜƳŜƴǘǎΦ hǳǊ wϧ5 Ƙŀǎ ŀ ǇǊƻǾŜƴ ǘǊŀŎƪ ǊŜŎƻǊŘ 
in delivering leading edge products and development tool kits to the Automated Test market 
while applying the production processes to deliver high quality products on schedule and within 
budget. 

 
Multi Lane SALΩǎ ǘŜŀƳ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ŜȄǇŜǊƛŜƴŎŜŘ ŀƴŘ ŘƛǎŎƛǇƭƛƴŜŘ ŜƴƎƛƴŜŜǊǎ ƻŦŦŜǊƛƴƎ ǇǊƻŘǳŎǘǎ 
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 MultiLane SAL 
Houmal Technology Park 
Askarieh Main Road 
Houmal 
Lebanon 

Web site 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. 
 

Á Installation shows you how to configure and install the instrument, as well as how to install 
the system software included with the product. 

Á Incoming Inspection provides a procedure for verifying basic operation and functionality 
Á Accessories and Options lists the instrument options available and the standard and optional 

accessories for this product. 
 

Model and Package Content 

Á  This manual supports the instrumentML4004-PAM 

Hardware Package 
ML4004-PAM: Dual Channel 37.2-60 Gbps BERT, trigger output, external reference clock input 
and DSO. 

 
User Guide Manual 
Á Manual containing user operation guide, software installation and start up procedure. 

 
Software package and documentations: 

Á Main ML4004-PAM GUI. 
Á USB driver. The Ethernet interface is controlled though APIs that include the Ethernet 
package. 

 
 

Overview 

 

The ML4004-PAMTime Domain Analyzer is a dual 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, bit error-rate 
tester, digital sampling oscilloscope, and data analysis system with Pre and Post Emphasis 
capabilities with lower intrinsic jitter. 
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Key Features 

BERT features: 

¶ NRZ Bit Rates: 10-151 and 18.6-30.2 Gb/s 

¶ PAM4 Bit Rates: 37.2-60 Gb/s 

¶ Histogram and SNR measurements 

¶ FEC KR4 and scaled KP4 supported (PAM mode) 

¶ Supports QPRBS13 and user-defined patterns up to 16kSym 
¶ Supports PRBS 7, 9, 11, 15, 23, 31 as well as square 16 and 

square 32 patterns 

¶ Clock out rate/165 

¶ Intuitive comprehensive GUI 

¶ Supports all basic BERT functions 

¶ 6 dB pre-emphasis 

¶ Adaptive CTLE and DFE on the receiver with AGC 

¶ Mask Margin, Alternate Mask Margin rules available (NRZ mode). 

¶ Inner eye amplitude variation (PAM4 mode) 

 

 
 
 
 

Figure 1: ML4004-PAM Eye diagram 

 

DSO features: 

¶ Low intrinsic jitter 

¶ Scope BW of 32 or 50 GHz (Option -50) 

¶ External trigger input 
¶ SW filters applicable include PTB, CTLE, FFE, DFE, De-Embedding, Moving Averages and 

Bessel-Thomson 4th order. 

¶ Single ended and differential electrical input 

¶ Eye, jitter, rise/fall, histogram, mask measurement and pattern capture in a single 
instrument. 

¶ Eye opening, Eye height and width, Eye Amplitude, Top, Base, Hi, Lo, Peak to Peak, Max, 
Min. 

¶ Total Edge Jitter. 

¶ Statistics histograms and Histogram measurements. 
¶ Crossing point, crossing percentage. 

¶ Advanced Pattern Measurements: 
o Eye measurements on specific bits of the pattern. 
o Single Edge measurement in pattern capture. 
o Pre-emphasis (Positive and Negative, Height and Width). 

¶ PAM4 mode enhanced measurements 
¶ Insertion Loss measurements i.e. Sdd21 and Sdd12 with embedding/de-embedding 

capability. 

¶ An easy to use wizard for Insertion loss measurements 

¶ The DSO tool can operate in a data acquisition only mode where the data is saved on 
multiple acquisitions for post processing. 

¶ Integrated synthesizer 
 
 

1 Channel 0 only 
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¶ User friendly GUI that enables: zooming, markers, X and Y histograms, overlays, pre- 
emphasis and multiple measurements, statistics. 

¶ Load and analyze data that was previously captured in simulation mode 

¶ Capability to save statistical measurement, data files and configurations 

¶ Color graded persistence display in eye and pattern capture mode 

¶ Standard stress masks selection for LRM pre-cursor, LRM post-cursor, LRM symmetric, 
and LRM Clean Eye. 

¶ ¢ƘŜ Ƴŀǎƪ ƳŀǊƎƛƴ όǇƻǎƛǘƛǾŜ ƻǊ ƴŜƎŀǘƛǾŜύ Ŏŀƴ ōŜ ŜȄǘǊŀŎǘŜŘ ŦƻǊ ŀ ŘŜŬƴŜŘ ƴǳƳōŜǊ ƻŦ points 
that fail, thus allowing for DUT quality assessment. 

¶ Mask user defined, Auto Detect Mask 

¶ Percentage of failing points 

¶ Save data and Mask 
¶ Load Mask 

 
Package characteristics: 

¶ Low cost, simple to use, dual channel PAM4 and NRZ BERT in case of ML4004-PAM TDA 

¶ Supports high density parallel application with unlimited concurrent testing. 

¶ Windows and Linux API available 
¶ Repeatable traceable measurement 

¶ Ultra compact form-factor replaces conventional rack test solutions and solves 
impractical physical requirements of testing large lane counts. Can fit in the Verigy 93K. 

 
Target Applications 

 

Á Interconnect testing(SFP, SFP28, CFP, CFP2, CFP4, QSFP, QSFP28, ...) 
Á Backplane testing 
Á Wafer level testing where an output clock cannot be extracted from an IC 
Á Interference and crosstalk testing 
Á Receiver sensitivity testing 
Á Receiver jitter tolerance testing equalizer characterization 
Á Electro-optical module testing 
Á Electrical stressed eye testing for 100 Gbps Ethernet, MLD/CAUI application, OIF CEI-28G- 

VSR, CPPI-4, CAUI-4, 32G Fiber Channel chip to module 
Á High Speed SerDes Testing & Characterization. 
Á Handheld 10G test equipment for field Installation and maintenance. 
Á Multi-port system testing or Line Cards. 
Á In-Situ testing of high port count systems. 
Á Can be mounted in Automatic Test Equipment or in socketed load board 
Á Telecoms equipment test for installation and maintenance. 
Á Fiber channel, Ethernet, PON, parallel optics, etc.* 
Á High port count burn-in test 
Á Research and development applications. 
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Product Software 

The user interface for the ML4004-PAM is an all-new combination of the ML BERT and ML 
DSO graphical interfaces. Both 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 
below: 

 

 

Figure 2:ML4004-PAM TDA GUI 
 
 

The instrument comes with the following software: 
 

Á ML-TDA GUI (GUI to Control the Instrument) 
Á MultiLaneML4004-PAM USB driver 
Á ML4004-PAM ETH Configuration Software(Utility to configure the static IP Address over USB) 
Á ML-IP changer(Utility to configure the static IP Address over Ethernet) 

The Multilane Software runs on Windows XP (32/64 bit), Windows 7 and 10. 
 

NOTE. These applications requires the Microsoft .NET Framework 4. If the Microsoft .NET 
Framework 4 is needed, it can be downloaded through this link: 
https://www.microsoft.com/en-us/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 for the Multilane Software must meet the following 
specifications: 
Á Windows XP SP3 or greater 
Á Minimum 2 GB RAM 
Á 1 Ethernet card to establish connection with the device 
Á USB Connector 
Á Pentium 4 processor 2.0 GHz or greater 
Á NET Framework 4 

 
 

NOTE: It is recommended to connect the ML-TDA via Ethernet to one PC only to prevent conflict 
from multiple user commands. 

 

 

Instrument Ports 
 

Figure 3: ML4004-PAM Panels 
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ML4004-PAMPorts 
 Port 

Name 
Description 

a Tx1-P Positive TX1 Channel 

b Tx1-N Negative TX1 Channel 
Amplitude range: 125-800mV Differential. Bit rate 37.2-60Gb/sς Electric 
interface 

c Tx2-N Negative TX2 Channel 
Amplitude range: 125-800mV Differential. Bit rate 37.2-60 Gb/sς Electric 
interface 

d Tx2-P Positive TX2 Channel 

e Rx1-P Positive RX1 Channel 
Amplitude range: 100-800mV. Bit rate 37.2-60Gbps ς Electric interface 

f Rx1-N Negative RX1 Channel 

g Rx2-N Negative RX2 Channel 

h Rx2-P Positive RX2 Channel 
Amplitude range: 100-800mV. Bit rate 37.2-60Gbps ς Electric interface 

i DSO input RX-N and RX-P for DSO 

j Trig-out Trigger out port 

k Ref-Clk-in DSO Ref Clock in 

l T LED, indicates the board is overheating when glowing red 

m Los LED, indicates loss of signal on Rx when glowing red for the following 
reasons: 
Á Cable not inserted 
Á Signal inverted 
Á PRBS pattern on Rx do not match the TX pattern 

n Lock LED, indicates Ref CLK-Out is functional when lit green, ML4004-PAM is 
generating a clock signal. 

0 LAN RJ-45 port 

p USB Mini-B USB port 

q PWR Power port 
Table 1. Instrument Ports 
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Installation 

This chapter covers installation of the instrument, addressing the following topics: 
Á System Start-up 
Á How to connect to the instrument 

Note: always run the GUI as administrator 
 

System Start-up 

 
To use the ML-TDA GUI under Windows XP, Windows 7 and 8, it is important that the correct 
start-up sequence is followed: 
Á Make sure you have Microsoft .NET Framework 4 installed. 

If not installed, refer to the Note in the Software section. 
Á Install the ML-TDA GUI. 
Á After installation, open it with double click on the software icon on desktop or from your 

start menu. 
Á A new window will appear titled ML-TDA GUI; this is the main software interface. 
Á Note: The ML-TDA GUI itself only operates over Ethernet. USB is only used to configure 

the static IP address of the card with the ETH Configuration Utility that requires a USB 
cable to be connected from the ML4004-PAM to your PC. Using USB cable to configure IP 
is not mandatory as you can stick to the default IP that came with the device 

Á Follow the steps below to connect the ML-TDA GUI to the ML4004-PAM: 
o Connect your PC to the ML4004-PAMvia the RJ45 connector located on the front 

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 on the same 
subnet as the address of the ML4004-PAMBox. To learn more options on how to 
connect the Ethernet cable go to the section Connect through an Ethernet Cable. 

o Ping your device to make sure that you are connected. 
o Note that no 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 the IP label shown in 
the below picture, then click on the config button. 

 

Figure 4: Configure IP of device 

 
o Depending on which module you want to use, you need to connect separately on 
ǘƘŜ .9w¢ ƻǊ 5{h ǎƛŘŜΦ hƴŎŜ ŎƻƴƴŜŎǘŜŘΣ ƻƴ ǘƘŜ .9w¢ ǎƛŘŜΣ ȅƻǳΩƭƭ ƎŜǘ ŀ ƎǊŜŜƴ ƭƛƎƘǘ 
and a temperature indicator which confirms a successful connection. On the DSO 
side, when clicking connect on the configuration 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 successful connection. 
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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 section USB Driver Installation). Install the ETH Ethernet 
configuration Utility that allows you to read, write the IP address, Subnet Mask 
and Gateway of the instrument. 

 
Figure 5: Ethernet Configuration 

 

o If you have failed to connect via Ethernet, and you are not able to ping the 
instrument, then it could be an Ethernet Configuration error. Connect your PC via 
USB to the ML4004-PAMBoxand use the ETH Utility to change the static board IP 
address to fit in the network range. Refer to the section "How to connect to this 
InstrumentέΦ 

 
 

Starting the GUI 
 

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

Below is your BERT GUI. 

 
 

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 for the receiver to lock. It goes without saying that the TX and 
RX pattern must be the same, e.g both PRBS 9 or both PRBS 31. 

a. Your BERT can generate custom patterns but it cannot lock or do BER 
measurements on anything except the standard PRBS patterns 

2- This is where 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 or RX. 

3- Under Line rate settings you can switch PPG mode between PAM4 and NRZ. The currently 
configured mode is shown in (4). Under line rate settings you can also enable and disable 
FEC, pre-coding and grey coding. After changing any settings under this menu, please click 
on apply for changes to take effect. 

4- Shows the operation mode selected: PAM4 or NRZ 
5- 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 click apply. 

6- This shows the frequency of the clock output connector. It is usually rate/165. 
7- This is the amplitude setting. In PAM mode, you have two amplitude settings, one for the 

coarse amplitude range and the other for the amplitude fine-tuning. 
8- This is the control for the pre and post-emphasis on the PPG. 
9- 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 receiver or measure the SNR to determine if you 
have excess noise affecting lock or resulting in errors. 
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10- This is where you select the channels to run measurements on and the start 
measurement button. 

11- In this window you see the results 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 by the TDA. 
 

Note: there is a temperature 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 ML4004-PAM gives 
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. 

 

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 control tab 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 of the PPG. 
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Setting the TX Line Rate 
 

Á First select the internal clock generator, then write the bit rate value next to the Line Rate 
label. The value entered must be in between 37.2-60 Gb/s. The line rate will apply to the 
TX output channel 

Á Press Apply to save the value. ̧ ƻǳΩƭƭ see Ψ.ƛǘǊŀǘŜ !ǇǇƭƛŜŘΩ on the status bar confirming the 
changed values. 

Á ! ǊŜŦŜǊŜƴŎŜ ŎƭƻŎƪ ƻǳǘǇǳǘ όǎȅƴŎƘǊƻƴƻǳǎ ǘƻ ǘƘŜ ǘǊŀƴǎƳƛǘ ŎƭƻŎƪύ ƛǎ ǇǊƻǾƛŘŜŘ ƻƴ {a! άƧέ όǎŜŜ 
table 1). This clock will be equal to the line 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/s -PAM4 mode-). The frequency of the 
reference clock output signal is shown in the field next to the Ref label in the GUI as can 
be seen in figure 6. 

Á Note: CDR RX CLK out is not supported in the single channel BERTs. 
Á Note: External Reference CLK input is not supported on the Single Channel BERTs. 

 
Pattern Configuration 

 
Á In the PRBS Configuration group 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 Patterns, the RX 
Pattern tab is used for pattern verification. 

 
Figure 6: PRBS Channel Configuration 

C
O

M
M

U
N

IC
A

T
IO

N
 T

E
S

T
 &

 M
E

A
S

U
R

E
M

E
N

T
 S

O
L
U

T
IO

N
S

 



20 / 62 

 
 

 

 
 
 
 
 
 
 
 

 

Note: while a user pattern is selectable, the error detector can NOT lock onto user patterns. This 
can only take place with PRBS patterns. 

 
Á To use the User defined capability, first select it from the Pattern combo box list, then in 

the text box specified for the User Defined write the sequence of bits you want, and then 
select the Set button. 

Á In case the test engineer wires the positive TX channel to the negative RX Channel by 
mistake, the software can compensate for this error by clicking on the invert button. 

Á The specified generator now starts generating a clean signal. If you would like to inject 
jitter  to the signal generated to start shaping the eye diagram, you have to adjust the slide 
bars existing in the Eye Shaping group box (refer to Eye Shaping below). 
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PRBS Pattern Verification 
 

There are 2 ways to set the Error Detector for the RX Channel of the ML4004-PAM: 

 
Á 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 turning green. 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 the checkbox. 

 
Á AUTOMATIC: If the user selects Automatic Verification, the software will try to detect 

the received signal pattern, even if it is inverted; upon success it will show the result and 
the LED will indicate that the channel is locked. 

 

Figure 7: RX Configuration 
 
 

 

Eye Shaping 
 

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

 

- Amplitude: TX output amplitude is between 0 mV and 500 mVpp. 
- Inner Amplitude: amplitude for the center inner eye in PAM4 mode. 
- Pre Emphasis: TX output Pre-emphasis amplitude value can be changed from 0 to 20%. 
- Post Emphasis: TX output Signal Post-emphasis amplitude value can be changed from 0 

to 35%. 
Pre and Post Emphasis values can be adjusted in order to attain the clearest eye 
condition (e.g. 2/4 and 5/10). 

 

Figure 8: Eye Shaping Sliders 
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Running BER Tests 
 

In order to run a BER test, the TX port needs to be connected to the RX port, simply looped back 
on itself. 

 

    Figure 9: LED Channels 

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 are defined as follows: 

- If the LED is green that means the RX channel is locked to the incoming data pattern. 
- If the LED is red that means that the RX channel is not locked to the incoming data. Please 

make sure the RX Channel is expecting the correct PRBS pattern that is being transmitted 
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 for the TX 
Channel. 

 

When the TX and RX LEDs are both Green, you can use the ML-TDA GUI to run several different 
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 BER Test modes: Instant BER or Real- 
time BER. These two modes are described in detail below. 

 
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-̂5) and an accurate reading 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 BER and take the next sample etc. This way, the user is able to read an 
exact BER with rates as high as 10^-1. However, not all errors can be captured as there is a 
delay in between taking 25KBit snapshots and therefore not all received bits are examined for 
errors. 

 

The Instant BER test has the following configurations: 
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Count (25Kbit): Number of 25K Bit snapshots to be collected (Controller Hardware Count). 
 

Multi Acquisition: This allows you to choose the number of acquisitions (Software Count). 
 

Note: A very high sample count of 25Kbit samples will take a short time but could use up 100% 
ƻŦ ǘƘŜ aƛŎǊƻ /ƻƴǘǊƻƭƭŜǊΩǎ .ŀƴŘǿƛŘǘƘ Ǉƻǎǎƛōƭȅ ǇǊŜǾŜƴǘƛƴƎ ǘƘŜ ML-TDAGUI from responding to 
any other configuration changes while the test continues to run. It is best to select a balanced 
number of 25Kbit Counts and Multiple Acquisitions. 

 
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 
 

In this mode, the Error Detector is constantly looking for errors, therefore this mode is good for 
long BER test cases with relatively small amounts of errors (low BER rates). However, in this 
mode the user is limited to Bit Error Rates below 4x10^-5 due to error counter limitations of 
the Error Detector itself. So for Bit Error Rates above 4x10^-5, BER test in Real-time BER mode 
are not 100% accurate like the Instant BER mode because the error counter will overflow before 
the next scheduled counter read, and therefore some bit errors will pass the Error Detector 
without being detected. 

 
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 user-set number of bits have been 
transmitted and received. 
Continuous BER: This process begins collecting BER data when the user presses start, and ends 
when the user presses 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. 
An example graph is shown below. 
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Figure 11: BER Graph 

 

 

BER Analysis 

The ML-TDAGUI offers 2 different Bit Error Rate Analysis modes: the Histogram and the Signal 
to Noise Ratio. Selecting the BER Analysis Tab in the GUI provides the menu as shown below: 

 

Figure 12: BER Analysis Menu 
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Digital Sampling Oscilloscope 
 

Figure 13: GUI 

 

Á Click the connect button      at the top right of your screen. 

Á ¢ƘŜ ά/ƻƴƴŜŎǘ ǘƻ a[-5{hέ ǿƛƴŘƻǿ ǿƛƭƭ ǇƻǇ up. 

Á Click on the add button   to add the virtual ML-DSO. 

Á ¢ƘŜ άa[-5{h ŎƻƴŦƛƎǳǊŀǘƛƻƴέ ǿƛƴŘƻǿ opens 

 
 

Á If both software the ML-DSO and simulator are being worked with on the same computer, 
ŎƘƻƻǎŜ ǘƘŜ ά{ƛƳǳƭŀǘƛƻƴέ mode. 

 

Á LŦ ƻƴŜ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜ ƛǎ ōŜƛƴƎ Ǌǳƴ ƻƴ ŀ ŘƛŦŦŜǊŜƴǘ t/Σ ŎƘƻƻǎŜ άIŀǊŘǿŀǊŜέ ƛƴǎǘŜŀŘ ƻŦ 
ά{ƛƳǳƭŀǘƛƻƴέ ŀƴŘ ŜƴǘŜǊ ǘƘŜ άLtέ ƻŦ ǘƘŜ t/ ǿƘŜǊŜ ǘƘŜ ǎƛƳǳƭŀǘƻǊ ƛǎ running. 

 

Á Click on the refresh button      , in order to retrieve the simulator configuration, or 
configure the ML-DSO ōȅ ŦƛƭƭƛƴƎ ǘƘŜ άa[-5{h ŎƻƴŦƛƎǳǊŀǘƛƻƴέ ǿƛƴŘƻǿ ǊŜǎǇŜŎǘƛƴƎ the 
ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǎƛƳǳƭŀǘƻǊΦ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ Ƙƻǿ ǘƻ Ŧƛƭƭ ǘƘŜ άa[-DSO 
ŎƻƴŦƛƎǳǊŀǘƛƻƴέ ǿƛƴŘƻǿ ǊŜŦŜǊ ǘƻ the following section. 

 
Note that any data file that has already been saved using the ML -DSO software can be loaded. 
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DSO Configuration 

Connection Configuration 

Á Change the configuration as needed: 
 

ü The default display name of DSO can be edited as preferred. 
 

ü ¢ƘŜ Lt ƻŦ ǘƘŜ 5{h ŎƻƴƴŜŎǘŜŘ ōȅ ǿǊƛǘƛƴƎ ƛǘ ƴŜȄǘ ǘƻ άLtέ label 
 

ü bŀƳŜ ǘƘŜ 5{h ōȅ ǿǊƛǘƛƴƎ ƴŜȄǘ ǘƻ ǘƘŜ άbŀƳŜέ label. 
 

ü Click on the hardware radio button to use the instrument. 

 
 
 

 
Data Configuration 

The DSO has 3 SMA inputs (two for the differential data (RF Input +, RF Input ς) and one for the 
Clock input) 

¶ The ML-DSO can be mounted in different modes: 

o Normal Operation 
o Bypass Mode 
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Normal Operation 

Clock Input in normal mode ranges between 50 and 710 MHz. 
 

¶ Choose the Normal Operation radio button to use the onboard timing generator. 

¶ Enter a line rate less than 15Gbps into Line Rate (Gbps) or choose a Gbps value, 
example: 10.709, 10.625, 10.3125, 9.95328, 8.5, 6.25, 4.25 and 3.125. 

 

¶ Specify the number of packets; it can be 4, 8, 16, 32, 64, 128, 256 or 512. 

The number of packets specifies the number of sample blocks that will be used to create 
the 'Eye diagram'. Each sample block consists of 512 sample points per UI, which are 
duplicated when drawing the Eye. Eg: 256 packets means 131072 points per pattern, and 
262144 points per Eye (131072 for each of the 2 UIs displayed in Eye mode) 

 

Figure 14. DSO Configuration 
 

¶ Enter the percentage level of rising and falling time next to the ñNRZ Thresholdsò. 

 

¶ Enter the External Reference Clock frequency in MHz or as a factor of the bit rate 
 

 

¶ Its value can vary from 50MHz to 710MHz, with an amplitude range from 0.25 to 1.5 Vpp: 
 

¶ Typically this will be rate / 16, 64, or 80, but can be any other rate. 

¶ 9ƴǘŜǊ ǘƘŜ άtŀǘǘŜǊƴ [ŜƴƎǘƘέ ƻŦ ǘƘŜ Řŀǘŀ ŦŜŜŘƛƴƎ ǘƘŜ ML-DSO to capture the full pattern. 
Incorrect pattern length would still be able to display the eye mode, however full 
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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-7, The Pattern length of PN(n) is (2^n ) - 1. 
 

¶ To get wander correction, check its box; then choose between the 3 frequencies, 1024 
or 2048 or 4096 Hz 

 
¶ In order to retrieve the last configuration, enter the specified IP and then press the 

refresh button. 

 
¶ In order to scale the measured 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 mode, at 6dB. 

 

¶ 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 entirŜ ŜȅŜ ŘƛŀƎǊŀƳΣ ŦƻǊ ōƻǘƘ ¦LΩǎΤ ƘŀƭŦ 
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 accumulated result with equal amounts of points 
randomly selected from each acquisition. 

 

¶ Lƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ƎǊŀǇƘ ŎƭŀǊƛǘȅ ŀƴŘ ƳƛƴƛƳƛȊŜκŎŀƴŎŜƭ ǊŀƴŘƻƳ ƧƛǘǘŜǊΣ ŜƴŀōƭŜ άtǊŜŎƛǎƛƻƴ 
¢ƛƳŜ .ŀǎŜ όt¢.ύέΣ ŀƴŘ ŜƴǘŜǊ ŀ ǾŀƭǳŜ ƎǊŜŀǘŜǊ ǘƘŀƴ ȊŜǊƻΦ ²ƛǘƘ t¢. ŜƴŀōƭŜŘΣ ȅƻǳ Ŏŀƴ ŀǇǇƭȅ 
filters such as: 

o Moving average filter for smoothing and can specify window size. 

o 4th Order Bessel Thomson filter at Frequency equal to 0.75 of the bit rate 

o CTLE filter, and can automatically or manually select the filter parameters 

o S2P De-Embedding filter simulating the inverse of a channel or DUT, where the 
ŎƘŀƴƴŜƭΩǎ {нt ŦƛƭŜ ƛǎ loaded 

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 symbol, you can exactly remove the ISI contribution of that symbol 
to future received symbols 
FFE: feed forward equalizer(linear equalizer) each value of the output sequence 
is a weighted sum of the most recent input values 
The user can use the latest GUI to generate taps 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 eye, generate the taps 
for a specific channel using an NRZ PRBS7 or 9 signal, then switch to the desired 
signal over the same channel using the same taps. 

 

The configuration parameters are: 
For FFE: 
1- The Tap Delay, expressed as an integer fraction of the Bit Period. 
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2- The number of taps 
3- Tap coefficients: here you enter the different tap coefficients separated by 
commas, from tap 0 to tap N 
4- Normalize: This would normalize the filter taps ensuring unity gain. Note that 
if taps were generated automatically, they would be already normalize (their 
sum = 1) 

 
For DFE: 
1- The number of taps. 
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 tap N 
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 
UI, at which the DFE slicer decision should be made 

 
 
 

Wander Compensation 

¢ƘŜ ¢ƛƳŜ .ŀǎŜ ά²ŀƴŘŜǊ /ƻƳǇŜƴǎŀǘƛƻƴέ check box enables or disables the Time Base Wander 
Correction for a measurement. Small variations in the DSO internal reference time base appear 
as low-frequency jitter (wander) in the acquired signal. 
For mask tests and edge jitter measurements, the DSO analyzes the acquired samples and 
removes the effect of the temporal drift (wander). Wander correction improves the accuracy 
of DSO measurements but may increase the time to 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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