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Safety Symbols

To prevent the risk of personal injury or loss related to equipment malfunction, ANRITSU CORPORATION uses the
following safety symbols to indicate safety-related information. Ensure that you clearly understand the meanings of the
symbols BEFORE using the equipment. Some or all of the following symbols may be used on all Anritsu equipment. In
addition, there may be other labels attached to products that are not shown in the diagrams in this manual.

Symbols used in manual

ﬁ DAN G E R This indicates a very dangerous procedure that could result in serious injury or
death if not performed properly.

A WARN I N G This indicates a hazardous procedure that could result in serious injury or death if

not performed properly.

C AUTIO N This indicates a hazardous procedure or danger that could result in minor to moderate
A injury, or loss related to equipment malfunction, if proper precautions are not taken.

Safety Symbols Used on Equipment and in Manual

The following safety symbols are used inside or on the equipment near operation locations to provide information
about safety items and operation precautions. Ensure that you clearly understand the meanings of the symbols and
take the necessary precautions BEFORE using the equipment.

This indicates a prohibited operation. The prohibited operation is indicated
symbolically in or near the barred circle.

symbolically in or near the circle.

This indicates a warning or caution. The contents are indicated symbolically in or
near the triangle.

O This indicates an obligatory safety precaution. The obligatory operation is indicated

This indicates a note. The contents are described in the box.

oy

%& These indicate that the marked part should be recycled.
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Electric Shock

Repair

For Safety

A\ WARNING

A WARNING

NO OPERATOR SERVICE-
ABLE PARTS INSIDE.
REFER SERVICING TO
QUALIFIED PERSONNEL.
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ALWAYS refer to the operation manual when working near locations
at which the alert mark shown on the left is attached. If the advice in

the operation manual is not followed, there is a risk of personal injury
or reduced equipment performance. The alert mark shown on the left
may also be used with other marks and descriptions to indicate other
dangers.

Overvoltage Category

This equipment complies with overvoltage category Il defined in IEC
61010. DO NOT connect this equipment to the power supply of
overvoltage category Ill or IV.

To ensure that the equipment is grounded, always use the supplied
3-pin power cord, and insert the plug into an outlet with a ground
terminal. If power is supplied without grounding the equipment, there
is a risk of receiving a severe or fatal electric shock or causing
damage to the internal components.

Only qualified service personnel with a knowledge of electrical fire and
shock hazards should service this equipment. This equipment cannot
be repaired by the operator. DO NOT attempt to remove the equipment
covers or unit covers or to disassemble internal components. There are
high-voltage parts in this equipment presenting a risk of severe injury
or fatal electric shock to untrained personnel. In addition, there is a risk
of damage to precision components.

The performance-guarantee seal verifies the integrity of the
equipment. To ensure the continued integrity of the equipment, only
Anritsu service personnel, or service personnel of an Anritsu sales
representative, should break this seal to repair or calibrate the
equipment. Be careful not to break the seal by opening the equipment
or unit covers. If the performance-guarantee seal is broken by you or
a third party, the performance of the equipment cannot be
guaranteed.
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Falling Over

For Safety

A\ WARNING

e This equipment should always be positioned in the correct manner. If
the cabinet is turned on its side, etc., it will be unstable and may be
damaged if it falls over as a result of receiving a slight mechanical
shock.

Always set up the equipment in a position where the power switch
can be reached without difficulty.
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Cleaning

Check Terminal

Static Sensitive

A
At

Replacing Memory
Back-up Battery

For Safety

A\ CAUTION

e Always remove the main power cable from the power outlet before

cleaning dust around the power supply and fan.

- Clean the power inlet regularly. If dust accumulates around the
power pins, there is a risk of fire.

- Keep the cooling fan clean so that the ventilation holes are not
obstructed. If the ventilation is obstructed, the cabinet may
overheat and catch fire.

e Never input a signal of more than the indicated value between the
measured terminal and ground. Input of an excessive signal may
damage the equipment.

e Always take the following anti-static measures to prevent the internal
circuit from being damaged when using a connector indicated by the
symbol shown on the left.

- Wear a wrist strap connected to the ground terminal of this
equipment.

- Connect the ground wires of this equipment, external measuring
instruments and DUT before connecting a coaxial cable.

- Eliminate static electricity charged between the cores and outer
conductors of an external device and the coaxial cable, before
connecting this equipment and the external device.

This equipment uses a Poly-carbon monofluoride lithium battery to
backup the memory. This battery must be replaced by service personnel
when it has reached the end of its useful life; contact the Anritsu sales
section or your nearest representative.

Note: The battery used in this equipment has a maximum useful life of
2 years. It should be replaced before this period has elapsed.

The life of the battery will vary depending on the length of equipment
usage and the operating environment.




External
Storage Media

For Safety

A\ CAUTION

This equipment uses USB flash drive as external storage media for
storing data and programs.

If this media is mishandled or becomes faulty, important data may be lost.
It is recommended to periodically back up all important data and
programs to protect them from being lost accidentally.

Anritsu will not be held responsible for lost data.

Pay careful attention to the following points.

e Never remove the USB flash drive from the equipment while it is
being accessed.

e The USB flash drive may be damaged by static electric charges.

e Anritsu has thoroughly tested all external storage media such as USB
flash drive, Hard disk drive and DVD drive. Users should note that
external storage media may not have been tested by Anritsu, thus
Anritsu cannot guarantee the performance or suitability of such
media.
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SSD

Lifetime of Parts

For Safety

A\ CAUTION

The equipment is equipped with a SSD (Solid State Drive) from which,
as with any flash memory, data may be lost because of limitation of
writing times. It is recommended to periodically back up all important
data and programs to protect them from being lost accidentally.
Anritsu will not be held responsible for lost data.

To reduce the possibility of data loss, particular attention should be given

to the following points.

e The equipment should only be used within the recommend
temperature range, and should not be used in locations where the
temperature may fluctuate suddenly.

e Always follow the guidelines to ensure that the equipment is set up in
the specified manner.

e Always ensure that the fans at the rear and side of the equipment are
not blocked or obstructed in any way.

e Exercise care not to bang or shake the equipment whilst the power is
on.

e Never disconnect the mains power at the plug or cut the power at the
breaker with the equipment turned on.

The life span of certain parts used in this equipment is determined by the
operating time or the power-on time. Due consideration should be given to
the life spans of these parts when performing continuous operation over
an extended period. The safety of the equipment cannot be guaranteed if
component parts are used beyond their life spans. These parts must be
replaced at the customer's expense even if within the guaranteed period
described in Warranty at the beginning of this manual.

For details on life-span, refer to the corresponding section in this manual.
Coaxial switch: One million times (Switching scope optical input
connector)

Coaxial switch: Five million times (Switching BERT clock output
channel)
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Use in a Residential
Environment

Use in Corrosive
Atmospheres

For Safety

A\ CAUTION

This equipment is designed for an industrial environment.

In a residential environment, this equipment may cause radio
interference in which case the user may be required to take adequate
measures.

Exposure to corrosive gases such as hydrogen sulfide, sulfurous acid,
and hydrogen chloride will cause faults and failures.
Note that some organic solvents release corrosive gases.
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Equipment Certificate

ANRITSU CORPORATION certifies that this equipment was tested before
shipment using calibrated measuring instruments with direct traceability to
public testing organizations recognized by national research laboratories,
including the National Institute of Advanced Industrial Science and
Technology, and the National Institute of Information and Communications
Technology, and was found to meet the published specifications.

Anritsu Warranty

ANRITSU CORPORATION will repair this equipment free-of-charge if a
malfunction occurs within one year after shipment due to a manufacturing
fault, and software bug fixes will be performed in accordance with the
separate Software End-User License Agreement, provide, however, that
ANRITSU CORPORATION will deem this warranty void when:

e The fault is outside the scope of the warranty conditions separately
described in the operation manual.

e The fault is due to mishandling, misuse, or unauthorized modification or
repair of the equipment by the customer.

e The fault is due to severe usage clearly exceeding normal usage.

e The fault is due to improper or insufficient maintenance by the customer.

e The fault is due to natural disaster, including fire, wind or flood,
earthquake, lightning strike, or volcanic ash, etc.

e The fault is due to damage caused by acts of destruction, including civil
disturbance, riot, or war, etc.

e The fault is due to explosion, accident, or breakdown of any other
machinery, facility, or plant, etc.

e The fault is due to use of non-specified peripheral or applied equipment or
parts, or consumables, etc.

e The fault is due to use of a non-specified power supply or in a
non-specified installation location.

e The fault is due to use in unusual environments™°©),

e The faultis due to activities or ingress of living organisms, such as insects,
spiders, fungus, pollen, or seeds.

In addition, this warranty is valid only for the original equipment purchaser. It
is not transferable if the equipment is resold.

ANRITSU CORPORATION shall assume no liability for damage or financial
loss of the customer due to the use of or a failure to use this equipment,
unless the damage or loss is caused due to ANRITSU CORPORATION'’s
intentional or gross negligence.
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Note:
For the purpose of this Warranty, "unusual environments" means use:

In places of direct sunlight

In dusty places

Outdoors

In liquids, such as water, oil, or organic solvents, and medical fluids, or
places where these liquids may adhere

In salty air or in place chemically active gases (sulfur dioxide, hydrogen
sulfide, chlorine, ammonia, nitrogen dioxide, or hydrogen chloride etc.)
are present

In places where high-intensity static electric charges or electromagnetic
fields are present

In places where abnormal power voltages (high or low) or instantaneous
power failures occur

In places where condensation occurs

In the presence of lubricating oil mists

In places at an altitude of more than 2,000 m

In the presence of frequent vibration or mechanical shock, such as in cars,
ships, or airplanes

ANRITSU CORPORATION Contact

In the event of this equipment malfunctions, please contact an Anritsu
Service and Sales office. Contact information can be found on the Anritsu
website.



Notes On Export Management

e We assume no responsibility if this product and the attached power cord

are re-exported and used without our approval since they may not
comply with the safety standards, etc., of specific countries.

This product and its manuals may require an Export License/Approval by
the Government of the product's country of origin for re-export from your
country.

Before re-exporting the product or manuals, please contact us to confirm
whether they are export-controlled items or not.

For more details, visit
https://www.anritsu.com/support/export-procedures.

When you dispose of the products or manuals subject to export control,
they must be physically destroyed or shredded so as not to be unlawfully
used for military purpose.
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https://www.anritsu.com/support/export-procedures

Crossed-out Wheeled Bin Symbol

Equipment marked with the Crossed-out Wheeled Bin Symbol complies with
council directive 2012/19/EU (the “WEEE Directive”) in European Union.

For Products placed on the EU market after August 13, 2005, please contact
your local Anritsu representative at the end of the product's useful life to
arrange disposal in accordance with your initial contract and the local law.
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Software End-User License Agreement (EULA)

Please carefully read and accept this Software End-User License Agreement (hereafter this EULA)
before using (includes executing, copying, installing, registering, etc.) this Software (includes programs,
databases, scenarios, etc., used to operate, set, etc., Anritsu electronic equipment, etc.). By using this
Software, you shall be deemed to have agreed to be bound by the terms of this EULA, and ANRITSU
CORPORATION (hereafter Anritsu) hereby grants you the right to use this Software with the Anritsu
specified equipment (hereafter Equipment) for the purposes set out in this EULA.

Article 1. Grant of License and Limitations following items and any of your lost or

1. You may not sell, transfer, rent, lease, lend, damaged data whatsoever shall be excluded

disclose, sublicense, or otherwise distribute
this Software to third parties, whether or not
paid therefor.

2. You may make one copy of this Software for

backup purposes only.

3. You are not permitted to reverse engineer,

disassemble, decompile, modify or create
derivative works of this Software.

. This EULA allows you to install one copy of
this Software on one piece of Equipment.

Article 2. Disclaimers

To the extent not prohibited by law, in no
event shall Anritsu be liable for direct, or any
incidental, special, indirect or consequential
damages whatsoever, including, without
limitation, damages for loss of profits, loss of
data, business interruption or any other
commercial damages or losses, and damages
claimed by third parties, arising out of or
related to your use or inability to use this
Software, unless the damages are caused due

to Anritsu’s intentional or gross negligence.

Article 3. Limitation of Liability
1. If a fault (bug) is discovered in this Software,

making this Software unable to operate as
described in the operation manual or
specifications even though you have used
this Software as described in the manual,
Anritsu shall at its own discretion, fix the
bug, or replace the software, or suggest a
workaround, free-of-charge, provided,
however, that the faults caused by the

from repair and the warranty.

i)  If this Software is deemed to be used for
purposes not described in the operation
manual or specifications.

ii) If this Software has been used in
conjunction with other
non-Anritsu-approved software.

iii) If this Software or the Equipment has
been modified, repaired, or otherwise
altered without Anritsu's prior
approval.

iv) For any other reasons out of Anritsu's
direct control and responsibility, such
as but not limited to, natural disasters,
software virus infections, or any devices
other than this Equipment, etc.

. Expenses incurred for transport, hotel, daily

allowance, etc., for on-site repairs or
replacement by Anritsu engineers
necessitated by the above faults shall be
borne by you.

. The warranty period for faults listed in

Section 1 of this Article shall be either 6
months from the date of purchase of this
Software or 30 days after the date of repair
or replacement, whichever is longer.
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Article 4. Export Restrictions

You shall not use or otherwise export or
re-export directly or indirectly this Software
except as authorized by the laws and
regulations of Japan and the United States,
etc. In particular, this Software shall not be
exported or re-exported (a) into any Japan or
US embargoed countries or (b) to anyone
restricted by the Japanese export control
regulations, or the US Treasury
Department's list of Specially Designated
Nationals or the US Department of
Commerce Denied Persons List or Entity
List. In using this Software, you warrant
that you are not located in any such
embargoed countries or on any such lists.
You also agree that you will not use or
otherwise export or re-export this Software
for any purposes prohibited by the Japanese
and US laws and regulations, including,
without limitation, the development, design
and manufacture or production of missiles or
nuclear, chemical or biological weapons of

mass destruction, and conventional weapons.

Article 5. Change of Terms

Anritsu may change without your approval
the terms of this EULA if the changes are for
the benefit of general customers, or are
reasonable in light of the purpose of this
EULA and circumstances of the changes. At
the time of change, Anritsu will inform you of
those changes and its effective date, as a
general rule 45 days, in advance on its

website, or in writing or by e-mail.

or has a socially inappropriate relationship

with members of such organization.

2. You and Anritsu may terminate this EULA

by a written notice to the other party 30 days
in advance.

Article 7. Damages

If Anritsu suffers any damages or loss,
financial or otherwise, due to your violation
of the terms of this EULA, Anritsu shall have
the right to seek proportional damages from

you.

Article 8. Responsibility after Termination

Upon termination of this EULA in
accordance with Article 6, you shall cease all
uses of this Software immediately and shall
as directed by Anritsu either destroy or
return this Software and any backup copies,
full or partial, to Anritsu.

Article 9. Negotiation for Dispute

Resolution
If matters of interpretational dispute or
items not covered under this EULA arise,
they shall be resolved by negotiations in good
faith between you and Anritsu.

Article 10. Governing Law and Court of

Jurisdiction
This EULA shall be governed by and
interpreted in accordance with the laws of
Japan without regard to the principles of the
conflict of laws thereof, and any disputes
arising from or in relation to this EULA that
cannot be resolved by negotiation described
in Article 9 shall be subject to and be settled
by the exclusive agreed jurisdiction of the

Article 6. Termination
1. Anritsu may terminate this EULA
immediately if you violate any conditions
described herein. This EULA shall also be

terminated immediately by Anritsu if there

Tokyo District Court of Japan.

Revision History:
February 29th, 2020
December 17th, 2021

is any good reason that it is deemed difficult March 11th, 2024

to continue this EULA, such as your

violation of Anritsu copyrights, patents, etc.

or any laws and ordinances, or if it turns out

that you belong to an antisocial organization
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Cautions Against Computer Virus Infection

Copying files and data

Only files that have been provided directly from Anritsu or generated
using Anritsu equipment should be copied to the instrument.

All other required files should be transferred by means of USB flash
drive or CompactFlash media after undergoing a thorough virus
check.

Adding software

Do not download or install software that has not been specifically
recommended or licensed by Anritsu.

Network connections

Ensure that the network has sufficient anti-virus security protection in

place.
Protection against malware (malicious software such as viruses).

This equipment runs on Windows Operating System.

To connect this equipment to network, the following is advised.
- Activate Firewall.

- Install important updates of Windows.

- Use antivirus software.
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CE Conformity Marking

Anritsu affixes the CE conformity marking on the following product in
accordance with the Decision 768/2008/EC to indicate that it conforms to the
EMC, LVD, and RoHS directive of the European Union (EU).

CE marking

1. Product Model
Model: MP2110A BERTWave

2. Applied Directive
EMC: Directive 2014/30/EU
LVD: Directive 2014/35/EU

RoHS: Directive 2011/65/EU, (EU) 2015/863

3. Applied Standards
e EMC:Emission: EN 61326-1: 2013 (Class A)
Immunity: EN 61326-1: 2013 (Table 2)
Performance Criteria*

IEC 61000-4-2 (ESD) B
IEC 61000-4-3 (EMF) A
IEC 61000-4-4 (Burst) B
IEC 61000-4-5 (Surge) B
IEC 61000-4-6 (CRF) A
IEC 61000-4-11 (V dip/short) B, C

*: Performance Criteria

A: The equipment shall continue to operate as intended during and
after the test. No degradation of performance or loss of function
is allowed below a performance level specified by the
manufacturer, when the equipment is used as intended. The
performance level may be replaced by a permissible loss of
performance. If the minimum performance level or the
permissible performance loss is not specified by the
manufacturer, either of these may be derived from the product
description and documentation and what the user may
reasonably expect from the equipment if used as intended.
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B:

The equipment shall continue to operate as intended after the
test. No degradation of performance or loss of function is
allowed below a performance level specified by the
manufacturer, when the equipment is used as intended. The
performance level may be replaced by a permissible loss of
performance. During the test, degradation of performance is
however allowed. No change of actual operating state or stored
data is allowed. If the minimum performance level or the
permissible performance loss is not specified by the
manufacturer, either of these may be derived from the product
description and documentation and what the user may
reasonably expect from the equipment if used as intended.

: Temporary loss of function is allowed, provided the function is

self-recoverable or can be restored by the operation of the
controls.

Harmonic current emissions:
EN 61000-3-2: 2014 (Class A equipment)
: No limits apply for this equipment with an active input
power under 75 W.

o LVD: EN 61010-1: 2010 +A1:2019 (Pollution Degree 2)

e RoH

S: EN IEC 63000:2018 (Category 9)

If the third digit of the serial number is "7", the product
complies with Directive 2011/65/EU as amended by (EU)
2015/863.
(Pb,Cd,Cr6+,Hg,PBB,PBDE,DEHP,BBP,DBP,DIBP)

If the third digit of the serial number is "6", the product
complies with Directive 2011/65/EU.
(Pb,Cd,Cr6+,Hg,PBB,PBDE)

Third digit

|
SN 6260000000

ANRITSU CORP. MADE IN JAPAN

6260000000

Serial number example

4. Contact

Name:

Anritsu GmbH

Address, city: Nemetschek Haus, Konrad-Zuse-Platz 1

81829 Miinchen,

Country: Germany
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UKCA Marking

Anritsu affixes the UKCA marking on the following product in accordance
with the guidance to indicate that it conforms to the EMC, LVD, and
RoHS regulations in the United Kingdom.

UKCA marking

UK
CA

Model: MP2110A BERTWave

2. Applied Regulations
EMC: S.I.2016 No. 1091
LVD:  S.l.2016 No. 1101
RoHS: S.1.2012 No. 3032

3. Applied Standards
« EMC: Emission: EN 61326-1: 2013 (Class A)
Immunity: EN 61326-1: 2013 (Table 2)
¢ LVD: ENB61010-1: 2010 +A1:2019 (Pollution Degree 2)
¢ RoHS: EN IEC 63000: 2018 (Category 9)

4. Contact
Name: ANRITSU EMEA Ltd.
Address, city: 200 Capability Green, Luton
Bedfordshire, LU1 3LU
Country: United Kingdom



RCM Conformity Marking

Anritsu affixes the RCM mark on the following product in accordance with the
regulation to indicate that it conforms to the EMC framework of Australia/New
Zealand.

RCM marking

1. Product Model
Model: MP2110A BERTWave

2. Applied Standards
EMC: Emission: EN 61326-1: 2013 (Class A equipment)
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Excellent Eco Product
Lightweight
Power saving
Small size

About Eco label

The label shown on the left is attached to Anritsu products meeting our

environmental standards.

Details about this label and the environmental standards are available on

the Anritsu website at https!//www.anritsu.com



https://www.anritsu.com/

About This Manual

The manual set for the BERTWave Series consists of the following five
operation manuals:

MP2110A BERTWave Operation Manual
(M-W3831AE) (This Manual)

This manual is intended for those who use the MP2110A BERTWave,
and explains the installation procedure, handling precautions,
connector connection procedures, panel operations, maintenance
procedures, specifications and various functions.

MP2100B BERTWave Operation Manual
(M-W3772AE)

This manual is intended for those who use the MP2100B BERTWave,
and explains the installation procedure, handling precautions,
connector connection procedures, panel operations, maintenance

procedures, specifications and various functions.

MX210001A Jitter Analysis Software

Operation Manual (M-W3569AE)

This manual explains the operation method and remote control
commands for the MX210001A Jitter Analysis Software.

MX210002A Transmission Analysis Software

Operation Manual (M-W3571AE)

This manual explains the operation method and remote control
commands for the MX210002A Transmission Analysis Software.

BERTWave series Remote Control
Operation Manual (M-W3773AE)

This manual explains the commands to control the BERTWave,

status register structure, and sample programs.
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This operation manual assumes the reader has the following basic
knowledge:

e Optical communications, handling optical parts

e Bit error measurement method

e Oscilloscope operation

e Windows file operations and the Windows Control Panel

Manual Notation System

The MP2110A BERTWave is referred to as the MP2110A in this manual.

The user interface such as button and tab names are in bold.
Example: PPG, System Menu

The connector names on the panel are in Arial — Bold.
Example: Data Out, Ch A In

x in the option number represents 0, 1, or 3. The range of x depends on the
option number. Refer to “Table A.1-5 Options” or the product brochure.

Example: MP2110A-x11 represents MP2110A-011 or MP2110A-111.
MP2110A-311 does not exist.
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1.1 Features of MP2110A

The MP2110A is a measuring instrument that integrates a sampling
oscilloscope (Scope) and a Bit Error Rate Tester (BERT) into a single unit.
It can evaluate the physical layer performance of communication devices
such as Ethernet, InfiniBand, OTN, Fibre Channel, and CPRI.

Using the built-in Scope, the MP2110A monitors and analyzes NRZ and
PAM signal waveforms at rates up to 120 Gbaud for optical signals and up
to 60 Gbaud for electrical signals. The Scope displays periodic signal
waveforms.. By accumulating signal waveforms to generate eye patterns,
the MP2110A can perform mask testing and signal waveform analysis,
including TDECQ.

1015 LI
Mask Test - Channel A

Total Samples 6389760 Total Failed Samples

0 A
Total Waveforms 3120 wims Top Mask Failed Samples 0
Mask Margin 20.0 % Center Mask Failed Samples 0
Hit Count 1 Bottom Mask Failed Samples 0 v
Current Mask Default Mask Data (10GE_LAN)

Figure 1.1-1 Mask Test Waveform

The BERT can test the bit error rate of NRZ signals at rates of 9.5 to 14.2
Gbit/s and 24.3 to 28.2 Gbit/s. The BERT consists of a pulse pattern
generator (PPG) and an error detector (ED).

The PPG is a digital signal generator that allows users to configure the

data rate, pulse voltage level, and output data pattern.




1.1 Features of MP2110A

The ED compares the received data bit string with the expected data bit
string to count the number of differing bits (bit errors). It calculates the
bit error rate using the number of received bits and the number of bit

errors.

The MP2110A includes a built-in PC and can be operated by connecting a
monitor, keyboard, and mouse. You can control it remotely via Ethernet or
General-Purpose Interface Bus (GPIB). The MP2110A is compatible with

the remote commands of existing Anritsu measuring instruments,
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making it a suitable replacement.

Figure 1.1-2 MP2110A External View
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The MP2110A’s functionality and performance depend on the option
configuration selected at the time of purchase. The MP2110A has two
slots—one upper and one lower—allowing two different types of modules
to be installed.

Scope: Sampling Oscilloscope

MP2110A

r =
B e
1
1 s

BERT: Bit Error Rate Tester

Figure 1.1-3 MP2110A Front Panel Example

e The Scope includes both electrical and optical channels. Up to four
optical channels can be installed. A clock recovery unit (CRU) can also
be installed. The CRU generates a trigger clock, synchronized to the
input signal, that is required for data acquisition by the Scope.

e The BERT supports up to four channels.




1.2 Options

1.2 Options

This section explains the option names and how to select them.

1.2.1 Option name format
The option number is indicated by three digits.

MP2110A- x x X

L Number indicating function.

Anritsu management code.

0: Installed at time of shipping

1: Retrofit option.
Must be returned to Anritsu (Japan) when
installing.

2: Retrofit option.
Must be returned to an Anritsu Service and
Sales office when installing.

3: Software option.
License registration is required when installing.
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The numbers of the options installed are indicated on the label on the rear
panel. You can also check them in the System Information dialog box.
The MP2110A options are shown below.

For details of whether retrofit options or software options are included,
please refer to the ordering information in the product brochure available

on the Anritsu website.

https!//www.anritsu.com/en-us/test-measurement/products/mp2110a
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Table 1.2.1-1 MP2110A Option List

Option Number

Name

MP2110A-x01 Cooling Performance Enhancement
MP2110A-x02 GPIB

MP2110A-x11 1CH BERT

MP2110A-x12 2CH BERT

MP2110A-x14 4CH BERT

MP2110A-x21 Dual Electrical Scope

MP2110A-x22 Dual Optical Scope

MP2110A-x23 Optical and Single-ended Electrical Scope
MP2110A-x24 Precision Trigger

MP2110A-x25 Optical Scope for Singlemode

MP2110A-x26 Optical Scope for Multimode

MP2110A-x30 Quad Optical Scope for Singlemode Baseband Flat
MP2110A-x32 Dual Optical Scope Baseband Flat
MP2110A-x33 Optical and Single-ended Electrical Scope Baseband Flat
MP2110A-x35 Optical Scope for Singlemode Baseband Flat
MP2110A-x36 Optical Scope for Multimode Baseband Flat
MP2110A-x39 Quad Optical Scope for Multimode Baseband Flat
MP2110A-x40 Quad Optical Scope for Singlemode
MP2110A-x42 Dual Optical Scope

MP2110A-x43 Optical and Single-ended Electrical Scope
MP2110A-x45 Optical Scope for Singlemode

MP2110A-x46 Optical Scope for Multimode

MP2110A-x49 Quad Optical Scope for Multimode
MP2110A-x54 Clock Recovery (Electrical/Optical)
MP2110A-x55 | 26G/53Gbaud Clock Recovery (SM Optical)
MP2110A-x59 25G Clock Recovery Range Extension
MP2110A-x60 Optical Scope Custom Gain Adjustment
MP2110A-x61 Low Noise and Multimode Support for Opt.040
MP2110A-x62 Basic Functions

MP2110A-x63 PAM4 Analysis Software for Opt.08x
MP2110A-x69 Fast Sampling Mode

MP2110A-x74 Quad Channel Scope Extension for Opt.084
MP2110A-x80 60GHz Quad Optical Scope for Singlemode
MP2110A-x84 60GHz Dual Optical Scope for Singlemode
MP2110A-x85 60GHz Optical Scope for Singlemode
MP2110A-x93 PPG/ED Bit Rate Extension

MP2110A-x95 PAM4 Analysis Software

MP2110A-x96 Jitter Analysis Software

MP2110A-x98 Signal Processing Software




1.2 Options

1.2.2 Selecting Scope Option

A Scope can be installed in the upper slot of the MP2110A. Select and
install one option from the list based on the required channel performance

and number of channels.

Table 1.2.2-1 Scope Options
(Number of Channels, Hardware Bandwidth, Input Core Diameter, and Wavelength Range)
. Electrical
Optical Channel Channel
25 GHz 35 GHz 60 GHz 40 GHz
Number N N
: )
Option Number of ® 3 a .g S N o
Channels S w Lo e = e =
> ™ 2 n > o > O
© w S o a c a c
3 ¢ 5 € S 3 S 3
3 3 3 3 3
x21 2 2
x22, x32, x42 *2 2 2%1
x23, x33, x43 *2 2 1*1 1
x25, x35, x45 *2 1 1
x26, x36, x46 *2 1 1
x30, x40 *2 4 4
x39, x49 *2 4 4
x40 + x61 *3 4 4
x80 + x01 *4 4 4
x84 +x01 *4 *5
x85 + x01 *4 1 1

*1: Select either 25 GHz or 35 GHz when using the Scope. The connector
for the 25 GHz channel is labeled “MMEF”, and the one for the 35 GHz
channel is labeled “SMF”.

*2: The reference receiver characteristics, also known as Bessel filter
approximation characteristics, vary among options x2x, x3x, and x4x,
depending on whether No Filter or a hardware filter is selected.

*3: Select the option combination of x40 and x61.

*4: Select the option combination of x8x and x01.

*5: Two channels, Ch A and Ch B, are available. When Option x74 is

installed, all channels become available.

1-7

Q
c
-
=g
B
(0]



Chapter 1 Outline

Adding function:
If any of the following Scope options are installed, the Precision Trigger
(Option x24) can be added.

e Single-channel Scope (1 channel)

e Dual-channel Scope (2 channels)

You cannot add it to the quad-channel Scope (4 channels).

Adding software option licenses:

To add software functions to the installed Scope, the corresponding option
licenses must be installed. Each software function requires a specific
license number depending on the installed Scope option. Refer to Table
1.2.2-2.

Table 1.2.2-2 Option License Numbers Required for Software Functions

License Number of Required Option
Software Function Optical Channel Electrical
x8x X2x/x3x/x4x Channel
Fast Pattern Lock Mode
Pattern Capture x95 or x98
Digital Filter x62 x95 or x98 98
Embedding/De-embedding x
RIN OMA
Fast Sampling x62 + x69
CTLE - x98
PAM4 Analysis
TDECQ Equalizer X62 + x63 x95
NRZ Jitter Analysis - x96




1.2 Options

amples:851,968-54/5 0s

i . il *] controich [ cha | chB :
Setup Measure Amg','é“de Time IT' (Elec.) (SMF) Sa:(:::ng.

Auto Scale

Auto Scale +
Calculate +
Sampling
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Clear Display

Quick Menu

Graph

Ch Current Average Std Dev Min Max 4 | Histogram
TDECQ - B 1.70 1.54 0.46 1.63 1.70 dB
Outer OMA [ B 650.17 595.23 179.48 64505  651.76 uW
Outer ExXR [} B 5.82 5.32 1.61 5.80 5.82 dB
v Marker
Linearity B 0.91 0.92 0.03 0.91 1.02

Figure 1.2.2-1 Example of PAM4 Analysis

Stpo Samples: 51,830,784
T %) control Ch

Setup Measure Amgl,g"de Time IT‘ ChA chec chp I!

|__Hoid ] oo |- Fun — | IS

Estimated RJ/DJ Histogram -

Auto Scale

T.J Histogram CHD

Auto Scale +
Samples : 1.49 M Calculate +
Sampling

Clear Display

Quick Menu

| | | |
-194.00 mUI -97.00 mUI 0.00 mUI 97.00 mUI
 Amplitude/Time

Ch Current Average Std Dev Min Max |
TJ(1.00E-012) D 524.11 515.25 11.88 401.55 662.54 mul
DJ(d-d) D 102.27 82.49 17.38 53.27 401.10 mul
RJ(d-d) D 29.99 30.76 1.63 0.03 41.61 mUlms | v Marker

Figure 1.2.2-2 Example of NRZ Jitter Analysis
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S parameter file of , ,
Device the transmission line File loading MP2110A

under test @ /7\

Transmission line (I::>
1

000000

Output waveform of DUT Waveform after passing De-embedded waveform
through transmission line

Figure 1.2.2-3 Example of De-Embedding

1-10
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1.2.3 Selecting CRU Option

There are two types of CRU options:

Table 1.2.3-1 CRU Options

: o
Option s
Number Name Baud Rate :'_“,

x54 26G CRU 95.5 to 28.9 Gbaud 5
25.5 to 28.9 Gbaud,
x55 53G CRU 51 to 58 Gbaud

A 26G CRU can be installed in the Scope if the installed Scope option is
x2x, x3x, or x4x (excluding x8x).

A 53G CRU can be installed in the lower slot of the MP2110A.

Adding function:

To extend the upper limit rate of the 26G CRU from 28.2 Gbaud to
28.9 Gbaud, add Option x59.

1.2.4 Selecting BERT option

A BERT can be installed in the lower slot of the MP2110A if both of the
following conditions are met:

e The Scope option x8x is not installed in the upper slot.
e A 53G CUR is not installed in the lower slot.

Select and install one of the available BERT options based on the number
of channels. Each channel consists of a PPG and an ED.

Table 1.2.4-1 BERT Options

Option Number of
Number | PPG and ED Channels
x11 1
x12 2
x14 4

Adding function:

To operate the BERT at rates between 9.5 and 14.2 Gbit/s, you must
install Option x93.

1-11
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1.3 Configuration

1.3.1 Standard Configuration
The following table lists the standard configuration of the MP2110A.
In addition to the standard configuration shown below, accessories listed
in sections 1.3.1.1, 1.3.1.2, and 1.3.1.3 are included depending on the
selected options (Scope, CRU, or BERT).
Table 1.3.1-1 Standard Configurations
Item Model/Order No. Product Name Q’ty Remarks
Main unit MP2110A BERTWave 1
Accessories POWER CORD 1 Contained in
J1627A GND connection cable 1 accessory box.
71364A MX210000A BERTWave 1
Control Software CD-ROM

1.3.1.1 Standard accessories included with Scope option

The following accessories are included depending on the selected option.

Table 1.3.1.1-1 MP2110A-x21 Standard Accessories
Model/Order No. Product Name Q'ty Connection Destination
J1341A Open (Coaxial connector cover) 3 | Trigger Clk In, Ch A In, Ch B In

Table 1.3.1.1-2 MP2110A-x30/x39/x40/x49/x80/x84 Standard Accessories

Model/Order No. Product Name Q’ty Connection Destination
J0617B Replaceable Optical Connector 4 |OpticalIn A, B,C,D
(FC-PC)
Z0397A FC ADAPTER CAP 4 | OpticalIn A, B, C, D
J1341A Open (Coaxial connector cover) 1 | Trigger Clk In

Table 1.3.1.1-3 MP2110A-x22/x32/x42 Standard Accessories

Model/Order No. Product Name Qy’t Connection Destination
J0617B Replaceable Optical Connector 4 | Ch AIn SMF, MMF,
(FC-PC) Ch B In SMF, MMF
Z0397A FC ADAPTER CAP 4 | Ch AlIn SMF, MMF,
Ch B In SMF, MMF
J1341A Open (Coaxial connector cover) 1 | Trigger Clk In

1-12




1.3 Configuration

Table 1.3.1.1-4 MP2110A-x23/x33/x43 Standard Accessories

Model/Order No. Product Name Q’ty Connection Destination
J0617B Replaceable Optical Connector 2 Ch B In SMF, MMF
(FC-PC)
Z0397A FC ADAPTER CAP 2 | Ch B In SMF, MMF
J1341A Open (Coaxial connector cover) 2 | Trigger Clk In, Ch A In

Table 1.3.1.1-5 MP2110A-x25/x26/x35/x36/x45/x46/x85 Standard Accessories

Q
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Model/Order No. Product Name Q’ty Connection Destination
J0617B Replaceable Optical Connector 1 ChBIn
(FC-PC)
Z0397A FC ADAPTER CAP Ch BIn
J1341A Open (Coaxial connector cover) Trigger Clk In

1.3.1.2 Standard accessories included with CRU option

The following accessories are included depending on the selected option.

Table 1.3.1.2-1 MP2110A-x54 Standard Accessories
Model/Order No. Product Name Q’ty Connection Destination
J1632A Terminator 1* | O/E Monitor Out x1*
J1341A Open (Coaxial connector cover) 2 CRU Inx1, CRU Outx1
J1763A U Link Coaxial Cable for 1*
Option 054 (K connector)
J1764A U Link Coaxial Cable for 1

Option 054 (SMA connector)

*:  This accessory is included when any Scope option other than Option
x21 1s selected; that is, when the selected option includes one or more

optical channels.

Table 1.3.1.2-2 MP2110A-x55 Standard Accessories

Model/Order No.

Product Name

Q'ty

Connection Destination

J0617B

Replaceable Optical Connector
(FC-PC)

2

Optical Data In, Data Out

Z0397A

FC ADAPTER CAP

Optical Data In, Data Out

J1341A

Open (Coaxial connector cover)

Recovered Clock Outx1

1-13
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1.3.1.3 Standard accessories included with BERT option

The following accessories are included depending on the selected option.

Table 1.3.1.3-1 MP2110A-x11 Standard Accessories
Model/Order No. Product Name Q’ty Connection Destination
J1632A Terminator 3 | Data Outx1, Data Outx1, Sync
Outx1
J1341A Open (Coaxial connector 5 | Ext Clk In, Clk Out, Sync Outx1,
cover) Data Inx1, Data Inx1
Table 1.3.1.3-2 MP2110A-x12 Standard Accessories
Model/Order No. Product Name Q’ty Connection Destination
J1632A Terminator 5 | Data Outx2, Data Outx2, Sync Outx1
J1341A Open (Coaxial connector 7 Ext Clk In, Clk Out, Sync Outx1,
cover) Data Inx2, Data Inx2
Table 1.3.1.3-3 MP2110A-x14 Standard Accessories
Model/Order No. Product Name Q’ty Connection Destination
J1632A Terminator 9 | Data Outx4, Data Outx4, Sync Outx1
J1341A Open (Coaxial connector 11 | Ext Clk In, Clk Out, Sync Outx1,
cover) Data Inx4, Data Inx4

1-14
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1.3.2 Optional Accessories
Table 1.3.2-1 shows the optional accessories for MP2110A.

Table 1.3.2-1 Optional Accessories

Model/Order No. Name
B0734A Carrying Case
B0735A Rack Mount Kit
G0306C Video Inspection Probe
G0342A ESD Discharger
J0617B Replaceable optical connector (FC-PC)
J0618D Replaceable Optical Connector (ST)
JO618E Replaceable Optical Connector (DIN)
J0619B Replaceable Optical Connector (SC)
JO635A FC-PC-FC-PC-1M-SM
JO893A FC-PC-FC-PC-1M-GI
J1139A FC-PC-LC-PC-1M-SM
J1341A Open (Coaxial connector cover)
J1343A Coaxial Cable (1 m, SMA connector)
J1344A LC-PC-LC-PC-1M-SM
J1349A Coaxial Cable (0.3 m, SMA connector)
J1359A Coaxial Adaptor (K-P.K-J,SMA)
J1439A Coaxial cable (0.8 m, K connector)
J1510A Pick OFF Tee
J1551A Coaxial skew match cable (0.8 m, K connector)
J1632A Terminator

1-156
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Table 1.3.2-1 Optional Accessories (Cont’d)

Model/Order No.

Name

J1763A U Link Coaxial Cable for Option 054 (K connector)

J1764A U Link Coaxial Cable for Option 054 (SMA connector)

J1819A U Link Coaxial Cable for Option 054 (SMA connector)

J1824A Fixed Optical Attenuator (SM, 1dB)

J1825A Fixed Optical Attenuator (SM, 2dB)

J1826A Fixed Optical Attenuator (SM, 3dB)

J1827A Fixed Optical Attenuator (SM, 5dB)

W3831AE MP2110A BERTWave Operation Manual (Printed version)

W3773AE BERTWave Series Remote Control Operation Manual
(Printed version)

Z0306A Wrist Strap

Z0397A FC ADAPTER CAP

Z0541A USB Mouse

Z0914A Ferrule Cleaner

Z0915A Replacement Reel for Ferrule Cleaner 6 rolls

1-16




1.4 Intended Use

1.4 Intended Use

The MP2110A can be used for the following applications:

e Evaluating optical transceivers used in optical fiber communications
e KEvaluating parts for digital communications
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Evaluating optical transceivers used in optical fiber communications

Computer-based and public communications systems transmit and
receive digitalized signals. These signals are converted to electrical or
optical signals optimized for passage through the transmission path,
which may be either coaxial cable or optical fiber. In the communication
where the bit rate is around 100 Gbit/s, the optical transceiver based on
the multisource agreement such as CFP4 and QSFP28 is used.

The optical transceiver includes the transmitters and receivers of which
the bit rate is 25 Gbit/s for 4 circuits. The following figure shows a CFP4
block diagram for 100 Gbit/s.

CFP4 Module .
MDIO —4——>| ~ . . | T
Controller
Control/Alarm TS .
Optical ]
Demultiplexer:
x4 25G : (DMUX)..!
Rx Data Optical |<— = - -
Receiver L
REFCLK o (RX)
[0} Pae
o
© —> T
MCLK E ——>iOptical
x4 25G = — 5 Multiplexer |
(MUX) __.-
Toate RS Optical —>
Transmitter |
(TX)

Figure 1.4-1 Functional Block Diagram of 100 Gbit/s CFP4
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The receiver sensitivity which is one of the performances in the optical
transceiver is calculated by measuring the bit error rate and optical
power.

The following figure shows a connection example between the DUT and
the measuring instruments when the DUT is the CFP4 module.

TX1toTX4 RX1 to RX4

Data and Data .
Reference Data and Data
Clock

Optical Fiber

Optical
Coupler or
Variable Optical Optical Switch

Attenuator

[ /
ooooooo

Figure 1.4-2 Connection Example of Receiver Sensitivity Measurement

Optical Power
Meter
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1.4 Intended Use

The output waveform of the optical transceiver is evaluated using the
pulse pattern generator and sampling oscilloscope. The output of optical
transceiver is the wavelength multiplexed optic. Therefore, input only the
optic of the wavelength to be measured using the optical demultiplexer or
optical filter to MP2110A.

The following figure shows a connection example between the DUT and
the measuring instruments when the DUT is the CFP4 module.
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TX1 to TX4
Data and Data

Reference
Clock

Optical
Demultiplexer
or Optical Filter

\ O\
Variable Optical @
Attenuator ooooooo
oooOoood

Figure 1.4-3 Connection Example of Waveform Measurement
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1.5 Technical Terms
This section explains the technical terms used in this manual.

BER: Bit Error Rate

The Bite Error Rate is the ratio of the total received bits and error bits.
It depends on the SNR (signal to noise ratio).

tandard Deviation of
Noise Amplitude n Signal Amplitude s

Bit error ratio

Figure 1.5-1 Bit Error Rate

When the distribution of the noise voltage amplitude is assumed to follow
a normal distribution, the standard deviation is assumed to be n and the
signal amplitude is s. Bit errors occur when the noise amplitude is larger
than the signal amplitude. Consequently, the probability of amplitude
occurring is the bit error ratio.

The bit error ratio, BER, is calculated by the following formula.

BER ! ; ( x2> d
=—| exp|——)dx
V2m s/n 2

When the SNR is large (greater than 4), the relationship between SNR
and BER becomes linear when plotted on a semi-logarithmic graph.
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Bit Rate

BER
102 A

103

10

107

10—10

10-12

2 3 4 5 6

Q\
-
u\
ko)
> SNR (dB
7 8 9 (dB)

Figure 1.5-2 Relationship between SNR and BER

The Bit Rate is the speed at which the communications interface

transmits and receives data. It is expressed by the number of bits

transmitted per second (bit/s or bps).

1-21
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Bathtub

As an evaluation method of eye pattern waveform, there is a graph that
displays the measurement result with time as the horizontal axis and bit
error rate as the vertical axis. The left and right edges of the graph are
the positions of the cross points of the eye pattern waveform, and have
large bit error rates. The center part of the graph is the center part of the
eye pattern waveform, and has small bit error rate. This graph is called a
Bathtub graph or Bathtub curve line from the form of the graph.

The Jitter analysis software displays the bathtub graph estimated from
the histogram of total jitter. The software displays the time with 99%
jitter (J2) BER, 10 jitter (J4), 109 jitter (J9) specified in the
communication standards, and the specified bit error rate such as 1012 or
less.

TJ Measurement BER 1.00E-017

Bathtub CHC
® Dual-Dirac BER Bathtub ® TD Data
Samples : 78.04 k

321.96 mU1

503.77 mUIL

|

| | | | |
0.00UI 0.25U1 0.50UI 0.75U1 1.00UI

Figure 1.5-3 Example of Bathtub Curve

CTLE (Continues Time Linear Equalizer)

This is a kind of equalizer mainly used on the receiver side, and used for
the purpose of compensating the insertion loss of the transmission line.
The MP2110A can perform a waveform equalizer processing with the
software.
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DCD (Duty Cycle Distortion)

The duty cycle distortion (DCD) is found from the following equation:

DCD = (tz— t1)/Bp x 100 (%)

Where,

t1: Time at crossing point between 50% level of Eye Amplitude and

rising waveform
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t2: Time at crossing point between 50% level of Eye Amplitude and

falling waveform
Bp: Bit cycle

100% _ A
50%  —--- oo ----4-- Eye Amplitude
0%
G -
Bp to \t1
b -4

Figure 1.5-4 Duty Cycle Distortion
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DDJ vs Bit (Data Dependent Jitter vs Bit)

Cross Point ——

The amount of jitter, which is measured for each bit whose pattern
changes, is displayed as a graph.

The time difference between the clock and the waveform at the cross point
level is measured and the result is plotted on the pattern location.

When the waveform time is slower than the clock, the value is positive,
and when the waveform is faster than the clock, the value is negative.

AR ARaRAT
e e iy e

Measured jitter value Measured waveform Clock

i

DDJ vs Bit

i

|

fs- 'I |

Figure 1.5-5 DDJ vs Bit Measurement Method
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DDPWS (Data Dependent Pulse Width Shrinkage)
DDPWS is the amount of pulse width shrinkage by data dependent jitter.
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t1: t2 t3: I:4

Figure 1.5-6 DDJ Measurement Method

In Figure 1.5-6, the red line is the ideal symbol waveform and the blue
line is the measured waveform with jitter. Let ti, t2, ts ... be the time of
the blue line at the cross point, and let the time differences between the
red line and the blue line be At1, Atz, Ats ....
DDJ and DDPWS are defined by the following formulas.

DDJ=max(At1, Atz, Ats..., Atd)—min(At1, Ats, Ats..., Atn)

DDPWS=T-min(te— t1, ts— t2, ta—ts, ...tn— tn-1)

T: Symbol cycle
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Dual Dirac Estimation
If the jitter elements include Dd, the histogram has multiple peaks at the
waveform cross point. Dual Dirac Estimation is a method to estimate RJ

and DJ using Dual Dirac function as the fitting curve of this histogram.

Figure 1.5-7 Histogram of Jitter with DJ

The Dual Dirac distribution is expressed as the combined formula of two
normal distributions.

(x-p4,)° +exp| - (X = 42,)"

PDF(x) =——| exp| —
) P om 20

Figure 1.5-8 Dual Dirac Distribution
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The Dual Dirac distribution assumes that Rd is the normal distribution
and DJ is a constant value. The Jitter Analysis software displays o and
pur—pL of the Dual Dirac distribution approximated from the measured
histogram to RJ (d-d) and DJ (d-d) respectively.

Extinction Ratio
The extinction ratio is the ratio of 1 Level and 0 Level; it is used for

Q
c
-
=g
B
(0]

evaluating optical signal waveforms.
The extinction ratio is calculated by the following formula.

Extinction Ratio = 10logio {(Li1 — Lp)/(Lo— Lp)} (dB)
Li: 1 Level (mW)
Lo: 0 Level (mW)
Lp: Level without optical input (mW)

I—1 O\
Li—Lp
Lo N~ 7~
v/ A \/
Lo v Lo—Lb

Figure 1.5-9 Extinction Ratio Measurement Level

For the extinction ratio of PAMA4, refer to “Outer ExR (Outer Extinction
Ratio)”.

Eye Amplitude
For NRZ, eye amplitude is the difference between 1 Level and 0 Level.
Refer to Figure 1.5-21.
In PAM4, eye amplitude is the difference between the levels. There are
three of Upper, Middle, Lower. Refer to Figure 1.5-10.

Eye Crossing Percentage
Eye Crossing Percentage is the ratio of the Eye amplitude rising and

falling waveforms. The calculation formula is as follows. Refer to Figure
1.5-21.

Crossing = (crossing point level-0 Level)/(1 Level-0 Level)

Eye Crossing Time
The Eye Crossing Time is the time between the left end of the window and
the point where the Eye amplitude rising and falling waveforms cross.
See Figure 1.5-21.
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Eye Height
For NRZ, eye height can be calculated by the following formula. Refer to
Figure 1.5-21.
Eye Height = (1 Level-3 1) — (0 Level +3 c0)

o1: 1 Level Standard Deviation

co: 0 Level Standard Deviation
For PAM4, eye height varies depending on eye definition method and
sample method.
When Sample Timing is Independent, the maximum eye height is
measured for each eye.

Level 3
Eye Height T Eye Amplitude
Upper e ¢ _______ : Upper
Level 2
Eye Height T Eye Amplitude
Middle e N Middle
Level 1
Eye Height C Eye Amplitude
Lower T * .... - Lower
Level 0

Figure 1.5-10 Eye Amplitudes and Eye Heights of PAM4 Waveform
(When Sample Timing is Independent)

When Sample Timing is Track to Middle Eye Timing, eye amplitude
Upper and eye amplitude Lower are measured at the center position of

Middle Eye.
Level 3
Eye Height T Eye Amplitude
Upper R * _______ g Upper
Level 2
Eye Height T Eye Amplitude
Niiddle R Middie
Level 1
Eye Height SO Eye Amplitude
Lower T, * ,,,,,,, o Lower
Level O

Figure 1.5-11 Eye Amplitudes and Eye Heights of PAM4 Waveform
(When Sample Timing is Track to Middle Eye Timing)
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Eye Levels, Eye Widths
Eye Widths are the eye widths of the PAM4 waveform. They depend on
how the eyes are defined. Eye Levels are the levels to measure eye widths.

Level 3
o o
Eye Width Upper =
- \X/ - - <« _Eyelevel =
R g Upper =
Level 2 ?
Eye - Width Middle
< ) ____________ <«—Eye Level
R o Middle
Level 1
Eye Width-L.ower
> A\---- <«——Eye Level
................. Lower
Level 0

Figure 1.5-12 Eye Level and Eye Width of PAM4 Waveform

Eye Mask

The Eye Mask is the boundary of the eye pattern waveform time and

amplitude. The value and waveform are specified by the communications
standards.

— Maximum of 1 level
Maximum jitter

\

A\
Minimum of 1 level
Maximum of O level
N N\~ s
v - o

_ Minimum of 0 level

Figure 1.5-13 Example of Eye Mask
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Eye Pattern

The Eye Pattern is the pattern created by superimposing the digital

waveforms sampled at the same timing.

First
measured
waveform
Second

measured

waveform

Third

measured

waveform

Fourth

measured

waveform -

=< i

Super-
imposed |
waveformsi

Figure 1.5-14 Eye Pattern Drawing Method

1
1
1
1
1
1
1
~T —
1
I
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1.6 Technical Terms

Eye Skews
When PAM4 waveform and Sample Timing is Independent, Eye Skews
are phase differences between the average value of the center of each eye
(Eye Center) and the centers of Upper Eye, Middle Eye and Lower Eye.

Eye Skew Middle Eye Skew Upper
Level 3

Q
c
-
=g
B
(0]

Level 2
Middle Eye \,

Level 1
Lower Eye — LA AL

Level O

Eye Skew Lower
Average position of three eyes

Figure 1.5-15 PAM4 Eye Skews (When Sample Timing is Independent)

When Sample Timing is Track to Middle Eye Timing, the eye skew is 0.
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Eye Width

Eye Width is equivalent to Eye Height in the horizontal direction. For
NRZ, it is calculated from a histogram of the two eye pattern crossing
points in the time direction.

Eye Width = (t2— 3 62) — (t1+ 3 1)

t1: Average time of first crossing point

t2: Average time of second crossing point

o1: Standard deviation of first crossing point
o2 Standard deviation of second crossing point

N\ .
\vd

Eye Width

AN / AN
\ 11V

t4 301 t2 \302

Figure 1.5-16 Eye Width

Y

For PAM4, Eye Width is the width in time axis direction to be the defined
bitrate or less. Refer to Figure 1.5-12.
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Jitter

Jitter is the variation in the time of the crossover point between the Eye

Diagram rising and falling parts of the waveform.

Jitter p-p: Full width of histogram in time direction

Jitter RMS: Standard deviation of histogram in time direction ¢
Jitter p-p Jitter RMS 2

2\ L S
— = = 7

il

N\

Figure 1.5-17 Jitter p-p and Jitter RMS

The jitter measured with the sampling oscilloscope is the combined values
of jitters with various occurrence factors. Actually occurred jitters consist
of various jitter elements.

The types of jitter elements which compose actual signals are explained

below.

DCD ISI

Figure 1.5-18 Jitter Classification
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Table 1.5-1 Jitter Type

Abbrev.

Name

Description

TJ

Total Jitter

Jitter of combined RJ and DdJ
Not a simple sum of RJ and DJ

RJ

Random Jitter

Jitter which occurs with external factors such
as thermal noise. It has a characteristic to
spread unlimitedly which approaches
Gaussian distribution. It is indicated with rms
(root mean square) because it spreads
unlimitedly.

DJ

Deterministic Jitter

Jitter with upper limit of amount relative to
the Random Jitter

BUJ

Bounded Uncorrelated
Jitter

Jitter which occurs with external factors such
as cross talk effects from adjacent signal lines.
It has a random nature like the Random Jitter;
however, it is indicated with p-p (peak to peak)
because its spreading is limited.

DDJ

Data Dependant
Jitter

Jitter which is DJ and the occurrence amount
depends on data.

DCD

Duty Cycle Distortion

Occurs with transmission/reception circuit
offset distortion difference of High pulse width
and Low pulse width.

ISI

Inter Symbol
Interference

Occurs due to inadequate bandwidth and
reflections caused by impedance mismatching,
etc., in the transmission path. When
components with no correlation to data are
removed, it is defined either as

the difference between the fastest and slowest
rising edges, or as the difference between the
fastest and slowest falling edges.

PJ

Period Jitter

Jitter which is DJ and occurs periodically.

With the communications standards such as IEEE 802.3-2015%,
specifications for DDPWS (Data Dependent Pulse Width Shrinkage) have
been decided as well as the jitters above.

*  For the formal name, refer to Appendix E “Bibliography”.
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Levels p-p, Levels RMS, Level Skews
When measuring the histogram of each level with PAM4 waveform, the
peak value of its width is Levels p-p and the standard deviation is Levels
RMS.

If Sample Timing is Independent, Levels p-p, Levels and RMS are o
measured at the following positions. E—_‘r
Level 3 The center of Upper Eye ;5;.
Level 2 Halfway between the center of Upper Eye and the center
of Middle Eye.
Level 1 Halfway of the center of Middle Eye and the center of
Lower Eye
Level 0 The center of Lower Eye

Level Skews are differences between the positions measured at each level
and their averages.

When Sample Timing is Track to Middle Eye Timing , Levels p-p and
Levels RMS are measured at the center of Center Eye. And Level Skews

are 0.
Levels p-p ~ — Levels RMS
Y A2
Level 3 IF> ]
1 \4 Upper Eye
! Center
Level 2
Middle Eye A
Center BT o
Level 1 : l
‘: Lower Eye
: =< Center
Level O !

Level Skews T
Average of four measured positions

Figure 1.5-19 PAM4 Levels p-p and Levels RMS
(When Sample Timing is Independent)
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Linearity
It indicates the degree that the three Eye Amplitudes of the PAM4
waveform deviate from one third of the difference between Level 0 and
Level 3. If the three Eye Amplitudes are equal, the linearity is 1.

When Linearity Definition is IEEE Clause 94:
It is calculated with the smallest eye amplitude out of the three eye
amplitudes.
Example:
Eye Amplitude Upper: 33%
Eye Amplitude Middle: 36%

Eye Amplitude Lower: 31%
31
33.33

The Linearity in this case is =0.93

When Linearity Definition is IEEE Annex 120D:
Calculate the following values from four levels of PAM4 waveform.

+
Vinid = Level3 . LevelO
_ Levell - Vmid
ES1 =7 velo - Vmid
Level2 - Vmid
ES2 =

Level3 - Vmid

The minimum of the following values is the Linearity.
3*ES1, 3*ES2, 2-3*ES1, 2-3*ES1

Example:
Level3: 1.00
Level2: 0.67
Levell: 0.31
LevelO: 0.00

Vmid = (1.00+0.00)/2 = 0.50
ES1 = (0.31-0.50)/(0.00-0.50) = 0.38
ES2 = (0.67-0.50)/(1.00-0.50) = 0.34

3*ES1 =1.14,3*ES2 = 1.02
2-3*ES1 = 0.86, 2-3*ES2 = 0.98
The Linearity in this case is 0.86.
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Mask Margin
This is the margin between the waveform and the eye mask in mask test

of eye pattern. The margin in the amplitude direction is the ratio to the

interval from the edge of the eye mask to the 1 Level or the 0 Level.
The margin in the time direction is the ratio to the time from the edge of
the eye mask to the cross point.

Q
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Figure 1.5-20 Mask Margin

Noise Margin
This indicates the noise that can be added until the measured value of the
eye opening of the PAM4 signal reaches SER = 4.8 x 10
This is equivalent to R of TDECQ and measured at the same position as
TDECQ (Transmitter and Dispersion Eye Closure for PAM4).

OMA (Optical Modulation Amplitude)

This indicates a difference at 1 level and 0 levels of the NRZ waveform.
It is the same as Eye Amplitude.
For PAM4 waveform, refer to “Outer OMA” .

1-37



Chapter 1 Outline

One Level

At Eye pattern measurement, the maximum level at the center 20% of the

bit interval is the average value of the high histogram.

B 100 % R
20 %
H (_
1 level
A -
v <
_A:\
301
: Eye
Eye height
yehelg amplitude
Crossing ——
point level
300
| /
\v/\ <

|

Eye Crossing Time

Figure 1.5-21

A\~ f
(Vi Y/

0 level

0 Level, 1 Level, Eye Crossing Time,
Eye Amplitude and Eye Height

Outer ExR (Outer Extinction Ratio)
Outer Extinction Ratio is the ratio of Level 3 and Level 0 of the PAM4

waveform, and the calculation formula is as follows.

Outer Extinction Ratio = 10logiof(Ls— Lp)/( Lo— Lp)}  (dB)

Ls: Level 3 (mW)

Lo: Level 0 (mW)

L p:Level when no light input (mW)
Level 3 A

Ls—Lp
Level 2
Outer OMA
Level 1
Level 0 5 \
Lo—Lp
Lp
Figure 1.5-22 The Level to Measure Outer Extinction Ratio
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Outer OMA (Outer Optical Modulation Amplitude)

It is the optical modulation amplitude of PAM 4 waveform, and it is the
difference between Level 3 and Level 0.

Overshoot

It is the ratio of the maximum power to Level 3 in the PAM4 waveform
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and is calculated by the following formula:

Pmax —Level 3 % 100

Overshoot = Outor OMA

Pmax: Maximum power measured in the waveform

p-p (peak to peak)
Indicates difference between maximum and minimum values for signal
amplitude and data distribution width
For example, Vp-p means the difference between the maximum and
minimum values of the AC voltage.
Jitter p-p means the difference between the maximum and minimum
values of the jitter time distribution.

Partial Noise Margin
This indicates the noise that can be added until the measured value of the
eye opening of the PAM4 signal reaches SER = 4.8 x 104
This is calculated at the 0.45 Ul position and 0.55 Ul position for each of
three eye openings. Measurement is performed at 6 histograms in the
following figure.
Upper/Left, Upper/Right, Middle/Left, Middle/Right,
Lower/Left, Lower/Right

o 045 0.55
(Lefy | | (Right)
Level 3 o

Upper Eye

Level 2

Middle Eye

Level 1

Lower Eye

Level O

Figure 1.5-23 Partial Noise Margin Measurement Positions
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Partial TDECQ (Partial Transmitter and Dispersion Eye

Closure for PAM4)
This indicates the measured value of the eye opening of the PAM4 signal
and is calculated by the same formula as TDECQ (Transmitter and
Dispersion Eye Closure for PAM4).
This is calculated by obtaining the additive noise R at the 0.45 UI position
and 0.55 Ul position for each of three eye openings. Measurement is

performed at 6 points shown in Figure 1.5-23.

Power Excursion
This indicates the larger one of the following two values of the PAM4
waveform.
e Difference between Pmax and Pavg

e Difference between Pavg and Pmin

Pmax (Maximum power)
Power at the level where the proportion of samples from the highest
level becomes 10-2

Pmin (Minimum power)
Power at the level where the proportion of samples from the lowest
level becomes 102

|l

1 Ul | 1% of the number
I of samples

Pmax

Y

Pmax-Pavg

v Pavg
A

Pavg-Pmin

> v Pmin

\1% of the number

of samples

Figure 1.5-24 Power Excursion Measurement Level
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PRBS (Pseudo-Random Bit Sequence)
PRBS is the abbreviation for pseudorandom bit sequence. It is a bit string
approximating actual communications data with a random distribution of
“1” and “0”. In a bit length of 2n—1, n is called the number of the PRBS.

Using the BERTWave, n can be set to 7, 9, 15, 23, and 31. o
2
Table 1.5-2 PRBS Bit Length g
n 2"

127

9 511

15 32767

23 8388607

31 2147483647

The number of the PRBS used for measuring the Rx sensitivity is

determined by the communications standard.

RIN OMA
RIN OMA is a measurement of the ratio of the light source's noise power
to signal power (dB/Hz) based on OMA and is calculated by the following

formula.

RNOHE+RNZ€I‘O 2
RIN OMA = 1010g10{W} (dB/Hz)

RNone:  Electrical random noise power measured at the top level
Use Level 1 for NRZ signals and Level 3 for PAM4 signals.

RNzero: Electrical random noise power measured at Level O

OMA: For NRZ signal, OMA, and for PAM4 signal, Outer OMA.

Bw: Bandwidth of the filter used

Rise/Fall Time
The Rise Time is time taken for the signal level to change to the next
level.
e From 20% level of amplitude to 80%
e From 10% level of amplitude to 90%
The Fall Time is the time taken for the signal level to change to the next
level.
e From 80% level of amplitude to 20%
e From 90% level of amplitude to 10%
For the MP2110A, the rise and fall time measurement level can be
selected from either 10/90% or 20/80%.
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“1” Level

________________________ ~

Eye amplitude

-- __- —————— ; """ !‘ “0” Level

&
<

Y

\4

Rise Time Fall Time

*1:90 or 80 % *2: 10 0r 20 %
Figure 1.5-25 Rise and Fall Time

RMS (root mean square)
This is the DC voltage consuming the equal power the same as the
consumed power when impressing AC voltage on a resistance.
In Voltage, RMS is DC voltage consuming the equal power when AC

voltage is impressing on a resistance.

Vv
A
/\ /\ 1 V2(2)
v(t) R 0 \/ \/ >t p =f.|' LD H
T R
v
A
Vs
2
Vi T— R 0 > t Pz:(Vllg)

Figure 1.5-26 AC and DC Voltage Power Consumption

In the circuit in Figure 1.5-26, the voltage V1 when the power P1 and P2
consumed by resistance R is equal is the effective AC voltage V(t). Vi1is
the root mean square found using the following equation.

v :‘/%LTVz(t)dt

For a sine wave, the ratio of RMS and p-pis 242.
Vrms means the effective voltage value.

Jitter rms is expressed as the standard deviation of the jitter time domain

histogram.
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Sampling Oscilloscope
The sampling oscilloscope is a function for monitoring the waveform of

the input signal. It requires a clock input sampling and the waveform is

drawn out of the clock timing. For a periodic signal like PRBS, the

waveform data is obtained by slightly varying the sampling timing. This ¢
waveform data is drawn by superimposing the waveforms. E—_‘r
| -
(=)
)
Clock timing
..'.... First measurement
. . waveform
PP e e e Superimposed waveform
[
. * Second measuren%A
B .z,. P L Y
. =, waveform I »
ottt %ot — A 8
/ ¥
e S 4......4.......4.,-". PP

*_ Third measurement
! .
*, waveform /
pa——— [T SRR —

O @ @ @ g

S -, Fourth measurement
; "

*waveform
JPSPSP— e @@ @@

Figure 1.5-27 Drawing Method of Sampling Oscilloscope

SNR (Signal to Noise Ratio)

This is the ratio of the signal amplitude to the noise amplitude.
The sampling oscilloscope can be calculated by the following formula.

SNR= (1 Level-0 Level)/(c1+ c0)

o1: 1 Level Standard Deviation
co: 0 Level Standard Deviation

Symbol Rate
Symbol rate is the modulation speed of the signal and the unit is baud. As
one NRZ modulated signal (symbol) carries 1 bit of data, the Symbol Rate
value is the same as Bit Rate. As one PAM4 modulated signal carries 2
bits of data, the Bit Rate value is the twice of Symbol Rate.
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TDEC (Transmitter and Dispersion Eye Closure)
TDEC is the measured value of the eye opening of the NRZ signal and is
calculated by the following formula.
For details, refer to 95.8.5.2 “TDEC measurement method” of the IEEE
802.3.
OMA 1
TDEC = 10log,, (T X

R: Noise added at the receiver

) (dB)

It is obtained from the measured results indicated by square-dot
histogram in the figure below.

0 0406 1
1

<

AW 4

...... Average| OMA

optical
power

-
\N<i

\__/’ \ — A
.

Figure 1.5-28 Position for TDEC Measurement
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TDECAQ (Transmitter and Dispersion Eye Closure for PAM4)
TDECQ is the measured value of the eye opening of the PAM4 signal and
is calculated by the following formula.

TDECQ = 101 (Outer OMA .1 ) (dB)
= 0 X
Q 1o 6 QR
Qt: 3.414 where SER (Symbol Error Rate) = 4.8 x 104 (as specified
in the IEEE 802.3cd)

Q
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R: Additional noise necessary to make SER = 4.8 x 104

0 0.45—| |—0.55 1
Level 3 -

Average +
Outer OMA/3

Level 2

Average

6

Level 1

Outer OMA

Average —
Outer OMA/3

3
>

<
|‘

Level O

Figure 1.5-29 Position for TDECQ Measurement

Total Error
There are two methods as follows for generating bit errors.
The following bit error count corresponding to the sum of Insertion Error
and Omission Error is referred to as the Total Error.
e Signal “1” bits evaluated as “0” bits (Omission Error)
e Signal “0” bits evaluated as “1” bits (Insertion Error)

Transition Time
It is the time required to transit from 20% to 80% between Level 0 and
Level 3 in the PAM4 waveform, and is measured at the position where
Level 0 and Level 3 continue for 5 symbols or more. Rise (rise time), Fall

(fall time), and Slowest (Rise or Fall, whichever is slower) can be
measured.
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Undershoot
It is the ratio of the minimum power to Level 0 in the PAM4 waveform
and is calculated by the following formula:

Level 0 — Pmin % 100

dershoot =
Undershoo Outer OMA

Pmin: Minimum power measured in the waveform

VECP (Vertical Eye Closure Penalty)

VECP is the ratio of eye amplitude to eye opening and is calculated by the

following formula.

OMA
VECP = 10log( A

) (dB)

0

OMA:  Optical Modulation Amplitude

Ao Vertical Eye Opening
The histogram is measured at the center point between the cross points
on the time axis. (OMA)

The upper and lower limits of the vertical eye opening are measured. (Ao)
(]

— N \ A

V']

Ao |OMA

Sk -
\: — v

Figure 1.5-30 VECP Measurement

VMA (Voltage Modulation Amplitude)
This is the difference between Level 1 and Level 0 of NRZ waveform in
electrical measurement.
This is the same as eye amplitude.
For PAM4 waveform, the difference between Level 3 and Level 0 of

modulation amplitude.

Zero Level
At Eye pattern measurement, the maximum level at the center 20% of the

bit interval is the average value of the low histogram.
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1.6 Abbreviations

The abbreviations used in this manual are listed in Table 1.6-1.

Table 1.6-1 Abbreviation

Abbreviation

Description

100GbE
400GbE
App
ATT
Avg
BER
BERT
BERTS
BIN
bps
BW
Cal

CC
CFP
Ch

CH

Clk
CPRI
CRU
DCD
DDJ
DDPWS
DJ

DM
DMUX
DUT
EC

ED
EDR
EIl

ER

ER

ES
ESD
ExR
Ext

FC
FDR
FEC
Freq.

100 Giga bit Ethernet
400 Giga bit Ethernet
Application

Attenuator

Average

Bit Error Rate

Bit Error Rate Tester
Bit Error Rate Test Set
Binary

bit per second
Bandwidth

Calibration

Clock Count

C Form factor Pluggable
Channel

Channel

Clock

Common Public Radio Interface
Clock Recovery Unit
Duty Cycle Distortion
Data Dependent Jitter
Data Dependant Pulse Width Shrinkage
Deterministic Jitter
Degrade Minutes
De-multiplexer

Device Under Test
Error Count

Error Detector
Enhanced Data Rate
Error Interval

Error Rate

Extinction Ratio

Error Seconds
Electrostatic Discharge
Extinction Ratio
External

Fibre Channel

Fourteen Data Rate
Forward Error Correction

Frequency
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Table 1.6-1 Abbreviation (Cont’d)

Abbreviation

Description

GND
GPIB
IEC
In
INS
INT
ISI
ITU
LAN
Max
MDIO
MMF
MUX
NA
NECL
NEG
NRZ
O/E
OMA
OMI
OTU
Out
PAM
PCML
PDF
PDJ
PHY
PJ
POS
pp
PPG
PRBS
Pwr
QSFP
RJ
RMS
rms
RX
SCFL
SER
SES
SdJ
SMF

Ground

General Purpose Interface Bus
International Electrotechnical Commission
Input

Insertion

Internal

Inter Symbol Interference
International Telecommunication Union
Local Area Network

Maximum

Management Data Input/Output
Multi-mode fiber

Multiplexer

Not Applied

Negative Emitter Coupled Logic
Negative

Non Return Zero

Optical to Electrical converter
Optical Modulation Amplitude
Omission

Optical Transport Unit

Output

Pulse Amplitude Modulation
Positive Current Mode Logic
Probability Density Function
Pattern Dependant Jitter
Physical layer

Periodic Jitter

Positive

Peak to peak

Pulse Pattern Generator
Pseudorandom Bit Sequence
Power

Quad Small Form factor Pluggable
Random Jitter

Root Mean Square

Root Mean Square

Receiver

Source-Coupled FET Logic
Symbol Error Rate

Severely Error Second
Sinusoidal Jitter

Single-mode fiber




1.6 Abbreviations

Table 1.6-1 Abbreviation (Cont’d)

Abbreviation

Description

SNR
SSPRQ
STM
SYNC
TDEC
TDECQ

TdJ
Trig.
TX

Ul
VECP
VMA
WAN
XData

Signal to Noise Ratio

Short Stress Pattern Random Quaternary
Synchronous Transfer Mode

Synchronize, Synchronization
Transmitter and Dispersion Eye Closure

Transmitter and Dispersion Eye Closure for
PAM4

Total Jitter

Trigger

Transmitter

Unit Interval

Vertical Eye Closure Penalty
Voltage Modulation Amplitude
Wide Area Network

Data
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Chapter 2 Before Use

This chapter explains the following items:

e Procedures from unpacking through turning power-on
e Panel name and operation

e Control panel and peripheral devices settings

e Damage prevention measures
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2.1 Unpacking and Installation

2.1.1

21.2

Unpacking

Installation

At unpacking, check that all items are included. Contact an Anritsu
Service and Sales office if any parts are missing or damaged. Keep the
original packaging materials. They are required when transporting the
BERTWave in future.

For repacking the MP2110A, refer to 8.9, “Transporting and Disposal”.

The options listed in Table 1.2.2-1 are provided for the MP2110A. Verify
that the options purchased are installed.
To install some options, the MP2110A might be returned to Anritsu

factory. For the specifications, refer to Appendix A “Specifications”.

Install the BERTWave horizontally as shown in Figure 2.1.2-1.

Bad

Good - A

UTM'"I“EN ol ”

s M o

o

cemoonooeoooaeeaeae
CLEELOCODL Lo EEEBoB

Figure 2.1.2-1 Installation Orientation




2.1 Unpacking and Installation

/A CAUTION

o If the MP2110A is not installed in a “good” direction as
above, a small shock may turn it over and harm the
user.

e Do not stack three or more MP2110As on top of each
other when using them. There is a risk of injury,
because stacked MP2110As are unstable and can fall
due to vibration or shock.
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The withstand load of the MP2110A top panel is 10 kg. When placing a
monitor and other equipment on the MP2110A, the total weight of the
placed equipment should not exceed 10 kg. Fix the monitor, etc. on
MP2110A to avoid falling it down from the top panel due to vibration or
shock.

A fan is installed in the MP2110A to prevent the internal temperature
from rising. Install the MP2110A in a location with the vents at least 10
cm away from walls, peripherals or other obstructions so as not to block

the fan perimeter.

Figure 2.1.2-2 Distance from Surrounding Objects

The MP2110A takes in cooling air from the left side panel and exhausts it
from the right side panel When using two or more the MP2110A units
side-by-side, make sure that hot air exhausted from one unit is not taken

into the adjacent unit, otherwise overheating may occur.

/A WARNING

Do not insert any metal object like, such as tweezers or a
screwdriver, into vents on the side panels. Failure to do so
can cause electric shock.
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/A CAUTION

Although the MP2110A operates at an ambient temperature
of 5 to 40°C, avoid using it in locations, such as the
following, since it may cause failure.

¢ In direct sunlight for extended periods
e Outdoors
e In excessively dusty locations

e In liquids, such as water, oil, organic solvents, and
medical fluids, or places where these liquids may
adhere

e In salty air or where chemically active gases (sulfur
dioxide, hydrogen sulfide, chlorine, ammonia, nitrogen
oxide, or hydrogen chloride etc.) are present

e Where toppling over may occur

o Where static electric charges or high electromagnetic
fields are present

e Where abnormal power voltages (high or low) occur
¢ In the presence of lubricating oil mists

e Where condensation occurs

¢ In places at an altitude of more than 2,000 m

e In the presence of frequent vibration and mechanical
shock, such as in cars, ships, and airplanes




2.2 Part Names

2.2 Part Names
2.2.1 Front Panel

Remote
Standby Scope
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- =) Connectors PE
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\ Functional Earth ) .
Power Switch Terminal BERT Functional Earth Terminal

Figure 2.2.1-1 Front Panel (Scope+BERT)
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Figure 2.2.1-2 Front Panel (Scope+CRU)
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Table 2.2.1-1 Front Panel Description

Name Description

Scope Panel of the sampling oscilloscope
If no scope option is installed, this slot is filled with a
blank panel.

BERT Panel of the bit error rate tester
If neither BERT option nor MP2110A-x55 is installed,
this slot is filled with a blank panel.

CRU Panel of the clock recovery unit
If neither BERT option nor MP2110A-x55 is installed,
this slot is filled with a blank panel.

Remote Lights in green when MP2110A is under remote control.

Standby Lights in orange when power is supplied to MP2110A.

Power Switch | Lights in green when MP2110A is powered-on.
Flashes while shutting down MP2110A.

Functional Used to connect an ESD wrist strap, ESD Discharger, or
Earth DUT.

Terminal

USB USB 2.0 connectors for connecting peripheral accessories
Connector including mouse and keyboard.




2.2 Part Names

BERT Panel
Error
Output
Clk Out Ext Clk In
I
W Ch1 Ch 2 Ch3 Ch 4
| ouput @1 @2 @3 @4 (CKOu  BUCKD PPG__ PPG__ PPG__ PPG__
Ll ro @ @ @ @ JATAD WS Da?a Out Data Out Data Out Dat'a Out Data Out  Data Out Data Out Dat[a Out
e o@® e@® c0ccOclcOccOclcOccOClcOccO0
Status Fail A /L\. = A ED ED ED ED_
Sync Out ‘Sync Out Dta In Data In Data In Dta In Data In Data In Data In Dta In Ud
% e (9020Er|eEeER| E®EEL| PP &
®
] 3
Fail  gync Out Sync Out Channel 1 Channel 3
Status Connectors Channel 2 Connectors Channel 4
Connectors Connectors
Figure 2.2.1-3 BERT Panel Names (MP2110A-x14)
The following tables describe the BERT panel.
Table 2.2.1-2 Lamp List
Name Description
Output Lit green during signal output from PPG connector.
Error Lit orange at following condition at ED:
- Unable to synchronize pattern (Sync Loss).
- Bit error detected.
Status Lit green during normal operation while able to receive remote
commands.
Fail Lit red when hardware fault detected.
This may light briefly at power-on, but there is no abnormality.

Table 2.2.1-3 Connector List

Connector Name Description Level Range

Clk Out Outputs divided clock. 0.3 to 0.5 Vp-p

Ext Clk In For input of external clock. 0.2t0 1.6 Vpp

Sync Out Outputs the clock synchronized to Von: 0.2 t0 0.05V
PPG pattern.

Sync Out Outputs the inverted clock VoL -1.2t0-0.7V
synchronized to PPG pattern.

Data Out Outputs the PPG data. 0.1t0 0.8 Vpp

Data Out Outputs the PPG inverted data. (Variable)*

Data In ED data input. 0.05 to 0.8 Vp-p*

Data In ED inverted data input.

*:

Same for Chl to Ch4.
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Scope Panel
Trigger Clk In ChBIn ChAIn
2Vp-p Max +2V Max +2V Max
o o ®O® ®@® e@®
Status Flail &i& &i& é |A
Trigger Clk In ChBlIn ChAIn
Fail
— Status
Figure 2.2.1-4 Scope Panel Names (MP2110A-x21)
Trigger Clk In CRUOut CRUIn ChBIn ChAIn
2Vp-p Max 1Vp p Max +2V Max +2V Max
o o ®@® e@e e@®
Status  Fail A A \ L |A A & A
CRU Out CRU In

Figure 2.2.1-5 Scope Panel Names (with MP2110A-x21 and MP2110A-x54)

Trigger Clk In ChBIn ChAIn
2Vp-p Max MMF |®,=®| |® ®| SMF MMF @ ®| [® @] SMF
SEs Ai& +5dBm Peak Max +5dBm Peak Max
Trigger CIk In ChB In ChAln
Fail
— Status
Figure 2.2.1-6 Scope Panel Names (MP2110A-x22)
Trigger ClkIn - CRUOut CRUIn  O/E Monitor Out ChBIn ChAIn
2VppMax 1Vp-p Max MF @ =@ [@®=®| SMF MMF@@ @ ®| SMF
o . e@oee-e0e
Hewe [l P A |A ul& A +5dBm Peak Max +5dBm Peak Max

CRU Out

CRU In

O/E Monitor Out

Figure 2.2.1-7 Scope Panel Names (with MP2110A-x22 and MP2110A-x54)

W Trigger Clk In

2Vp-p Max

° o
Status  Fail = A

® @

O©O

>

o]

Optical In
SMF
+5dBm Peak Max.

lw)

Trigger CIk In

L Fail
— Status

Figure 2.2.1-8

Scope Panel Names (MP2110A-x40)




2.2 Part Names

Trigger Clk In ChAln ChBIn Opticallln ChCln ChDIn
e ' ©® Eocre o2 [E=e®
- 9/125 - -
o o OO () 1260-1Gg?nm () 1)
Status  Fail Al& @ @ +5dBm Max ® ® @ @
R
Trigger CIk In
Fail
——— Status

Figure 2.2.1-9 Scope Panel Names (MP2110A-x80, MP2110A-x84)

The following label is on the panel of MP2110A-x30, MP2110A-x32,
MP2110A-x33, MP2110A-x35, MP2110A-x36, and MP2110A-x39.

Baseband Flat Option
Installed
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The following tables describe the Scope panel.

Table 2.2.1-4 Lamp List

Name Description
Status Lights when MP2110A can receive remote commands upon
successful start. The color indicates the trigger clock input
status.
Green: The trigger clock is detected.
Red: The trigger clock is not detected. Check that the

signal is input to the trigger clock input
connector.*

Orange: The trigger clock signal input is detected but is
out of the frequency range.*

Fail Lights in red when a hardware fault is detected at startup.
The lamp may light in short time when turning on and off
the power, but this is not an error.

* Check the following items if the Status lamp is lit in a color other
than green. Refer to Section 6.2.6, “Time CRU Dialog Box”, for the
operation method.

e Verify that the trigger clock input frequency is within the specified
operating range.

o When Off is specified at Tracking in Time dialog box, match the
Clock Rate setting value and the actual trigger clock frequency by
one of the following methods.

e Change the Clock Rate setting value to the actual trigger clock
frequency.
e Execute Acquire Clock Rate.

¢ When PPG is specified at Tracking in Time dialog box, specify the
trigger clock frequency within the range defined by PPG's Bit Rate
and Divide Ratio.
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e When CRU is specified at Tracking in Time dialog box, check CRU
In input signal and CRU setting in Time dialog box to turn Lock
Status green.

Table 2.2.1-5 Connector List

Connector Name Description Maximum Input Level
Trigger Clk In For trigger clock input to | 2 Vp-p

the sampling oscilloscope.
Ch Aln Data input Coaxial connector: 2V
Ch BIn SMF optical connector: +8 dBm peak
Ch CIn MMTF optical connector: +10 dBm peak
ChDIn
O/E Monitor Out | O/E monitor output
CRU In Clock recovery unit input | 1 Vp-p
CRU Out Clock recovery unit

output

2-10
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CRU Panel
Recovered Clock Out  Data Out Data In
I |
B 4
Recovered Clock Out Optical
SMF
o e &)@
Status Fail 4& A
+6.5dBm Peak Max
&
@
I— Fail %
— Status G
®
Figure 2.2.1-10 CRU Panel Names (MP2110A-x55) ®
The following tables describe the CRU panel.
Table 2.2.1-6 Lamp List
Name Description
Status Lights when MP2110A can receive remote commands upon
successful start. The color indicates the clock recovery
status.
Green: The clock is recovered normally.
Red: The input signal is not detected. Check that the
signal is input to the Data In connector.
Orange: The input signal is detected but is out of the
frequency range.*
Fail Lights in red when a hardware error is detected at startup.
The lamp may light in short time when turning on and off
the power, but this is not an error.
* Check the following item when the Status lamp is lit in orange. Refer
to Section 6.2.6, “Time CRU Dialog Box”, for the operation method.
e Set the operation rate according to the signal input to the Optical
SMF Data In connector.
Table 2.2.1-7 Connector List
Connector Name Description Maximum Input Level

Optical SMF Data In Clock recovery unit optical input | +12 dBm peak
Range: 1260 to 1620 nm

Optical SMF Data Out | Clock recovery unit optical
output

Recovered Clock Out Clock recovery unit output

2-11



Chapter 2 Before Use

2.2.2 Rear Panel

The rear panel configuration varies depending on the CPU Board version
(refer to section 4.3.13).

Note:

MP2110A units ordered in or after March 2026 do not include a
GPIB connector. MP2110A-x02 is required to use GPIB.

For CPU Board Version 00

Serial Number, Option Number Label GPIB Connector

Functional Earth Inlet
Terminal

DP HDMI  USB3.0 Ethernet Mic In
Line Out

Figure 2.2.2-1 Rear Panel (CPU Board Version 00)
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2.2 Part Names

The following table describes the connectors.

Table 2.2.2-1 Connector List (CPU Board Version 00)

Name Description

GPIB Used to connect to a PC for remote control of the MP2110A.
Refer to Section 2.5.

DP Used to connect an external monitor with a DisplayPort input.
Refer to Section 2.4.

HDMI Used to connect an external monitor with an HDMI input. Refer
to Section 2.4.

USB3.0 Used to connect accessories such as keyboard, mouse, or other
USB devices. Refer to Section 2.4.

Ethernet Used to connect the MP2110A to a PC or network for remote
control. Refer to Section 2.5.

Line Out Not used

Mic In Not used

Functional Used to connect an ESD wrist strap or DUT. Refer to Section

Earth Terminal

2.10.1.

Inlet

Used to connect the supplied power cord. Refer to Section 2.3.

2-13
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For CPU Board Version 01

Serial Number, Option Number GPIB Connector
@ RN
N7Z
(B e
( [ (Wocom | @ @ ! W;RN!NG
| €] L ] k J ®

g
5067 S0k AMax
SN0 24V

—

o o

7 N

Functional Inlet
DP++ Earth Terminal

HDMI USB3.2 Ethernet Mic In
USB3.2 Type-C Line Out

Figure 2.2.2-2 Rear Panel (CPU Board Version 01)
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2.2 Part Names

Table 2.2.2-2 Connector List (CPU Board Version 01)

Name Description

GPIB Used to connect to a PC for remote control of the MP2110A.
Refer to Section 2.5.

DP++ Used to connect an external monitor with a DisplayPort input.
Refer to Section 2.4.

HDMI Used to connect an external monitor with an HDMI input. Refer
to Section 2.4.

USB3.2 Used to connect accessories such as keyboard, mouse, or other
USB devices. Refer to Section 2.4.

USB3.2 Type-C | Used to connect accessories such as keyboard, mouse, external
minitor or other USB Type-C devices. Refer to Section 2.4.

Ethernet Used to connect the MP2110A to a PC or network for remote
control. Refer to Section 2.5.

Line Out Not used

Mic In Not used

Functional Used to connect an ESD wrist strap or DUT. Refer to Section

Earth Terminal

2.10.1.

Inlet

Used to connect the supplied power cord. Refer to Section 2.3.

2-15
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2.3 Power Connection
2.3.1 Power Requirements

For normal operation of the MP2110A, use the power voltage range

described below.

Table 2.3.1-1 Power Requirements

Power source Voltage range Frequency
100 Vac system 100 to 120V 50 to 60 Hz
200 Vac system 200 to 240V 50 to 60 Hz

Operating voltage: within the range of +10% to —15% from the rated

voltage (Max. AC 250 V).

Switching between 100 and 200 V systems is automatic.

/\ CAUTION

Supplying power exceeding the above range may result in

electrical shock, fire, failure, or malfunction.

2-16




2.3 Power Connection

2.3.2 Connecting Power Cord
Insert the power plug into an outlet, and connect the other end to the
power inlet on the rear panel. To ensure that the MP2110A is properly

grounded, always use the supplied 3-pin power cord.

/\ WARNING

Always connect the MP2110A to a properly grounded
outlet. Do not use the instrument with an extension cord or
transformer that does not have a ground wire.
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If the MP2110A is connected to an ungrounded outlet, there
is a risk of receiving a fatal electric shock. In addition, the
peripheral devices connected to the MP2110A may be
damaged.

Unless otherwise specified, the signal-connector ground
terminal, like an external conductor of the coaxial
connector, of the MP2110A is properly grounded when
connecting the power cord to a grounded outlet. Connect
the ground terminal of DUT to a ground having the same
potential before connecting with the MP2110A. Failure to
do so may result in an electric shock, fire, failure, or
malfunction.

/A CAUTION

If an emergency arises causing the MP2110A to fail or
malfunction, disconnect the MP2110A from the power
supply by disconnecting either end of the power cord.

2-17
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2.4 Connecting Peripheral Devices

USB devices
Connect a mouse, keyboard, storage and other USB devices to the USB
connectors on the front or rear panel.

External Monitor

Connect an external monitor to the DP or HDMI connector on the

rear-side panel.

Available monitor is:

+ Connection via either HDMI or Display Port
When connecting to an external monitor with the VGA connector, use
the HDMI to VGA conversion adapter.
Resolution 1280 X 800 or greater
If the resolution of the display is less than 1280 x 800, the entire
application window will not be displayed. If the resolution is 1280 x
800, you can prevent the application window from disappearing by
fixing the operation screen to the upper left with Dock/Undock on the
System Menu. (Refer to 2.9.3 “Setting External Monitor”).

2-18



2.5 Connecting Remote Control Devices

Connecting Remote Control Devices

Refer to 4.3.10, “Remote Control” for details of how to set the remote

control interface.

Ethernet
Connect an Ethernet cable that is CAT 5 cable or newer to the Ethernet

connector on the rear panel.

GPIB
GPIB is available on the MP2110A only when a GPIB connector is
installed on its rear panel. Connect the cable to the rear-panel GPIB
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connector.

GPIB connector

GPIB cable
Total cable length: Upto20 m
Cable length between devices: Uptodm
Number of devices that can be connected: Upto 15

Figure 2.5-1 GPIB Cable Connection 1
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Connect cables without forming loops.

(a) Daisy Chain

(b) Star

(c) Loop
Figure 2.5-2 GPIB Cable Connection 2
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2.6 Cautions on Handling Optical Fiber Cables

2.6 Cautions on Handling Optical Fiber Cables

Optical fiber cables may degrade in performance or be damaged if

handled improperly.

Note the following points when handling them.

&
= o Do not pull the cable when removing the gh
= \r Y X connector. e

) a

C . . . s @\

& Doing so may break the optical fiber inside the cable, or @®
remove the cable sheath from the optical connector.

/A\ CAUTION

Do not excessively bend, fold, or pinch an optical
fiber cable.

Doing so may break the optical fiber inside the cable.

Keep the bend radius of an optical fiber cable at 30 mm or
more. If the radius is less, optical fiber cable loss will
increase.

2-21
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/A CAUTION

Do not excessively pull on or twist an optical
fiber cable.

Also, do not hang anything by using a cable. Doing so may
break the optical fiber inside the cable.

/\ CAUTION

Be careful not to hit the end of an optical
connector against anything hard such as the floor
or a desk by dropping the optical fiber cable.

Doing so may damage the connector end and increase
connection loss.

/A\ WARNING

Do not Click the end of a broken optical fiber
cable.

The broken optical fiber may pierce the skin, causing
injury.

/A CAUTION

Do not disassemble optical connectors.

Doing so may cause part to break or the performance to
degrade.

2-22



2.7 Connecting Coaxial Cable

2.7 Connecting Coaxial Cable

Connect the coaxial cable to the MP2110A coaxial connector. Refer to 2.10

“Precautions for Preventing Damage”.

2.7.1 Notes on Coaxial Cable Connection

/A\ WARNING

When signals are input to the MP2110A, avoid excessive
voltage beyond the rating. Otherwise, the circuit may be
damaged.
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e When output is used at the 50 Q/GND terminator, never feed any
current or input signals to the output.

e Use the correct coaxial cable for connecting to the coaxial connectors of
the MP2110A, which are either SMA or K connectors. If the wrong
coaxial cable for the connector is used, there is a risk of damage to the
connector.

e Tighten coaxial connectors to the correct torque (0.9 Nm). If the coaxial
connector is over tightened, there is a risk of damage to the connector,
which may prevent disconnection. If the connector is not sufficiently
tightened, correct measurement may be impossible.

e When operating the MP2110A with other equipment, arrange so that
the co-axial cables are not accidentally pulled; if they are pulled
accidentally, the MP2110A may be dragged off the bench top and
damaged.

e Always use a coaxial cable with sufficiently low loss matching the
signal to be measured. Correct measurement may be impossible if the
cable loss is too large.

e Use a coaxial cable with an impedance of 50 Q.

Correct measurement may be impossible if the impedance is incorrect.

e Keep the protective caps fitted to unused coaxial connector.
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2.7.2 How to Discharge Electrostatic Charges of Coaxial Cable
There is a risk of damaging MP2110A if the coaxial cable you connect to
MP2110A is charged electrostatically.
To prevent MP2110A from being damaged by ESD, discharge the
electrostatic charges of the coaxial cable by using the ESD Discharger,
which is an optional accessary of MP2110A, before cabling the connectors.
The ESD Discharger can be used with one of SMA connector, K connector,

and V connector (and its compatible connector).

—D

Figure 2.7.2-1 How to Use the ESD Discharger

L

9
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2.8 Turning Power On/Off

2.8 Turning Power On/Off

2.8.1

Power-on

Before turning power on, connect an external monitor, a keyboard
and a mouse to MP2110A. Refer to 2.4 “Connecting Peripheral

Devices”.

Turn on the external monitor.

Connect the power cord plug, referring to 2.3 “Power Connection”.
The MP2110A enters the standby state and the Standby lights

orange.

Press the power switch.

The power lamp lights green and the Windows start-up begins.

In 30 seconds, the application window is displayed. If the application

window is not displayed, refer to 2.9.3 “Setting External Monitor”.

n B All Outp
0 e [Oup
PRG/ED o
PPG/ED
Bit Rate. Reference CLK Bit Rate.

Variable . Variable . PPG/ED
25781250 kbit's |0 ppm Internal l l 24.328.26) l ‘25781250 kbit's O ppm Ch2
PPG Amplitide ————————————————— PPG Amplitude

040 Vpp  ExtATT|0 4B |0.40 Vpp 040 Vpp  ExtATT|0 4B (0.40 Vpp PPGI/ED
ED Input Condition —————————————————— ED Input Condition ——————————————————— Chs
Threshold ————— Threshold
- T (]

Electiical Electrical
ExlATr 0 aB |0 myv ExlATf 0 aB |0 mv Pl:':ﬁlsn
Test Pattern Output Test Pattern

oro eon memen | ono [enaszer [ ros |
Error Addition ——————————
vm
Start Time ‘ 10/19/2016 15:48:53 Start Time ‘ 10/19/2016 15:48:53

ER 0.0000E-10

E-15 E-12 E9 E6 E3 EO
R
cc 9.0234E+10

Reset
FREQUHZ| 25781251 sync Loss [

s 7o Eror HE

Gating

o oo mo w5 s
comene— [JNONNN]

ER 0.0000E-10

E15 E12 E9 E6 E3 ED

= [ pmen

cc 9.0234E+10
Reset

FREQ(H2| 25781249 sync Loss [ Il

[70% Error HE

Figure 2.8.1-1 Application Window

Note:

The power of MP2110A can also be turned on by supplying the AC

power even if the power button on the panel is not pressed. To

perform this operation, select the On follows AC power check box in

the dialog box displayed by clicking Start Menu - Program -
MX210000A - Power Configuration.

Power Configuration:

Figure 2.8.1-2 Power Configuration Dialog Box

2-25
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2.8.2

Power-off

Click System Menu in the application window.
Click Exit.
Click Yes.

Press the Power switch.

L

The Power switch blinks in green. After the power-off process has
completed, the power switch lamp goes off, and the Standby lights

orange.

Notes:

e If the power plug is removed while the panel access lamp is lit,
the data may not be saved correctly. Depending on the type of
data that was not saved correctly, sometimes the equipment
may not start correctly at the next power-on. Remove the power
plug after cutting the power.

e The power may not turn on correctly if the power is turned off
and then turned on again immediately after the Standby
illuminates orange.

Wait at least 5 seconds after turning off the power before

turning on again.
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2.9 Setting Control Panel

2.9 Setting Control Panel

The MP2110A is set to the factory defaults for optimal measurement.
Changing the Windows settings is outside the scope of operation warranty.
In addition, the performance may drop or functions may not operate
correctly if the Windows settings are changed. Read the general notes in

this section carefully when changes to the Windows settings are required.

/\ CAUTION

Anritsu guarantees the MP2110A to work properly only
when the factory settings for Windows have not been
changed.
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MP2110A operations are not guaranteed if program
installation or update, including Windows Update, is
performed.

Changing registries may cause abnormal operations.

2.9.1 Displaying Windows Desktop
The Windows desktop can be displayed as described below.
To display the MP2110A application again, click MX210000A on the
Windows taskbar.

When using Click panel and mouse:
1. Click System Menu on the left upper side of the application window.

2. Click Minimize.

When using keyboard:
Press the Windows + D. All windows will be minimized to display the
Windows desktop.

227
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2.9.2 Setting Control Panel

The system time, external display settings and Click panel settings are
set at the Windows Control Panel. Do not change any settings other than
those listed in Table 2.9.2-1.

Table 2.9.2-1 Description of Control Panel

Icon Description

Date and Time

e Change the date, time and time zone as necessary.

e Internet Time is set to off at factory shipment. Operation may be affected if this
setting is changed.

Display

Intel® HD Graphics
e Change this setting when connecting an external monitor to Display Port or HDMI
sy connector. For details, refer to 2.9.3 “Setting External Monitor” for details.

e (Changing the screen resolution, refresh rate or power management, or enabling
the screen saver may cause abnormal BERTWave operation.
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2.9 Setting Control Panel

2.9.3 Setting External Monitor

The external monitor resolution is changed using the following methods.
MP2110A uses Windows Embedded Standard 7 (WES7) 64 bit version or
Windows 10 IoT Enterprise 2019 LTSC (Win10). The setting method
differs depending on the operating system.

For WES7:
1. Connect the external monitor to the monitor connector on the rear
panel of the MP2110A.

Set the MP2110A and monitor power to On.
Click System Menu.
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Click Minimize.

Right click on desk top.

S T

Click Screen resolution.
View 3
Sort by 3
Refresh
Paste
Paste shortcut

Undo Rename Ctrl+Z

5 Graphics Properties...
& Grap P
=

Graphics Options 2
MNew 3

B  Screen reselution
W Gadgets

& Personalize

7. Change the external monitor resolution.
Specify 1280 x 800 or greater at Resolution to display the application
window in full screen.
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:and Personalization » Display » Screen Resolution

Change the appearance of your display

Resolution: ’1920 x 1080 (recommended) v]

Advanced settings

Connect to a projector (or press the B key and tap P)
Make text and other items larger or smaller

What display settings should I choose?

ok || cancel Apply

8. Click OK.

9. The dialog box confirming changes of the desktop appears.
Click Keep changes.

[ Display Settings §1
Do you want to keep these display settings?
[ Keep changes ] [ Revert |
Reverting to previcus display settings in 14 seconds.

10. Click on the task bar.

11. When the external monitor resolution is set to 1280 x 800, click
System Menu - Dock/Undock to fix the application window at top left
of the screen (refer to 4.3.9 “Dock/Undock”).

Note:

Do not set the Control Panel - Display setting to anything other
than Smaller - 100% (default).
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2.9 Setting Control Panel

For Win10:
1. Connect the external monitor to the monitor connector on the rear
panel of the MP2110A.

2.  Set the MP2110A and monitor power to On.
3. Click System Menu.
4. Click Minimize.
5. Right click on desk top.
6. Click Display Settings. gd
e
o
View > 3
Sort by > G
®
Refresh @
Paste

Paste shortcut
Undo Rename Ctrl+Z

Bl Intel® Graphics Settings

Mew >

1 Display settings
=] Perzonalize

7. Change the external monitor resolution.
Specify 1280 X 800 or greater at Resolution to display the application
window in full screen.

Settings — o X
@ Home Display
Find a setting I Color
Eetam Night light
@D of
I Display Night light settings
d) Sound Windows HD Color

Wi

ows HD Color settings

L] Notifications & actions R TR LRI
)

Focus assist

Scale and layout

(D Power & sleep
Change the size of text, apps, and other items
&3 Storage 5 m
100% (Recommended)
[8 Tablet mode Advanced scaling settings
Bt Multitasking Resolution
1920 x 1200 (Recommended)
2 Shared experiences )
Orientation
Jua] Clipboard Landscape
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8. The dialog box confirming changes of the desktop appears.
Click Keep changes.

Keep these display settings?

Reverting to previous display settings in 8 seconds.

9. Click on the task bar.

10. When the external monitor resolution is set to 1280 x 800, click
System Menu - Dock/Undock to fix the application window at top left
of the screen (refer to 4.3.9 “Dock/Undock”).

Note:

Do not set the Control Panel - Display setting to anything other
than 100% (Recommended).
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2.10 Precautions for Preventing Damage

2.10 Precautions for Preventing Damage

/A CAUTION

e Always use the supplied 3-pin power cord to ground
both the MP2110A and DUT (included in test circuit).
After confirming that both the MP2110A and DUT are
grounded, use coaxial cables to connect them.

NEVER connect the MP2110A and DUT without
grounding, otherwise electrostatic discharge may
damage the MP2110A.
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e Do not touch the core conductor of the connector or
bring it into contact with metal. Doing so may damage
the input circuit of the MP2110A.

\

®
15
oooooo

OFo)

goooan
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/A CAUTION

Do not touch the core conductor of the coaxial cable
connected to the input connector or bring it into contact
with metal.

Doing so may damage the input circuit of the MP2110A.

\

F)

oooooo

/A CAUTION

Do not touch the core conductor to the metal when
connecting the coaxial cable to the connector.

Doing so may damage the input circuit of the MP2110A.
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2.10 Precautions for Preventing Damage

2.10.1 Precautions on ESD and Electrical Overstress

/A CAUTION

e When signals are input to the MP2110A, avoid
excessive voltage beyond the rating. Otherwise, the
circuit may be damaged.

e Never feed any current or input signals to the output
connector.

e As a countermeasure against static electricity, connect
the ground structures (for example, frame ground) of
external devices, including experimental circuits, to the
ground terminal of the MP2110A by using ground wires
before connecting the 10 connector.

Shorten ground wires as much as possible.

o
&
o
H
(¢”)
c
)]
(¢”)

e To the input connector of the MP2110A, connect an
attenuator that can protect the MP2110A without
affecting measurement results. An attenuator with a
bandwidth of 40 GHz or more is recommended.

e The outer conductor and core of the coaxial cable may
become charged as a capacitor. Use any metal to
discharge the outer conductor and core before use.

e The MP2110A has many important circuits and parts
including hybrid ICs.
These parts are extremely sensitive to static electric
charges, so never open the case of the MP2110A.

e To prevent the risk of damage to the MP2110A from
static electric charges, always use an antistatic mat on
the workbench and ensure that the operator wears a
grounded wrist strap.

Always ground the wrist strap to the workbench
antistatic mat or the frame ground of the MP2110A.
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/A CAUTION

e Always use 3-pin power cords when connecting
external devices, including experimental circuits, to AC
outlets.

Connect the ground wires of external devices and
MP2110A to a common ground.

e Turn on the external devices, including experimental
circuits, before connecting them to the MP2110A. Use
coaxial cables when connecting.

On the contrary, disconnect the coaxial cables between
external devices and the MP2110A before turning off the
external devices.

MP2110A

Connectto a
common ground. AC Outlets

Connect a protective
attenuator, within the
range not affecting results

of measurement. Be sure to connect the ground Use 3-pin power cords
(Recommended bandwidth: structure (like frame ground) and the
40 GHz or more) ground terminal with a ground wire.

Figure 2.10.1-1 Example of Connection with DUT
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2.10 Precautions for Preventing Damage

Follow the procedure below to check for electrical overstress to the
MP2110A before connecting DUT (Device Under Test).

Checking the ground connection using a tester
1. Connect DUT and the ground terminal of the MP2110A with a

ground wire.

2. Turn on the power to DUT and MP2110A without connecting DUT to
the I/0 connectors of MP2110A.

3. Measure the voltage between DUT’s ground structure and ground
terminal of MP2110A with a tester in AC mode, and confirm the
voltage is O V.
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If the voltage measured in step 3 is not 0 V, there is a possibility that
MP2110A and DUT may not be connected to a common ground. In this
condition, do not connect the I/O connectors of MP2110A and DUT.
Failure to do so may cause damage to MP2110A due to a voltage
exceeding a rated value.

Review the ground wiring by, for example, changing the location of the
DUT’s ground wire connected to MP2110A so that the voltage measured
in step 3 to be O V.

Notes:
If it is impossible to connect a ground wire to DUT, follow the
instructions below so that the voltage to be measured in step 3
becomes 0 V.
e Check that the 3-pin power cords described in 2.3.2 “Connecting
Power Cord” are used for the MP2110A and DUT.

When the 3-pin power cords are used, take the following actions:

e There may be a disconnection in the ground terminal of the used
power cord. Replace it with a different 3-pin power cord.

e There is a possibility that the ground terminal inside the AC
outlets to which the 3-pin power cords of MP2110A and DUT are
connected is not connected to ground. Connect the 3-pin power
cords to different AC outlets.
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Checking the output waveform with an oscilloscope
1. Connect the DUT and the oscilloscope using a cable with an
impedance of 50 Q.

2. Set the input impedance of the oscilloscope to 50 Q.

3. Observe the waveform with the oscilloscope, and perform the
following operations to check the observed waveform for surge

voltage exceeding the rated voltage*.

There is a risk of damage if a voltage exceeding the rated voltage* is

generated.

e Turning On/Off the DUT power
e Outputting a pulse from DUT
e Connecting and disconnecting the cable between DUT and the
BERTWave
* The rated voltages for MP2110A are shown in the table below.
Table 2.10.1-1 Rated Voltages of Input Connector

Connector Rated Voltage
ED Data In, Data In 1 Vpp
Scope | Ch A, Ch B electrical +2V
Trigger Clk In 2 Vp-p
CRU In 1 Vpp
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2.10 Precautions for Preventing Damage

2.10.2 Precautions When Using Bias-T
When connecting an external device such as a Bias-T to the output
connectors of the MP2110A, if the output signal includes any DC voltage,
variations in the output of the DC power supply or load may change the
level of the output signal, risking damage to the internal circuits.

/A CAUTION

e Do not connect or disconnect any external devices
while DC voltage is impressed.

e Only switch DC power sources ON and OFF when all
equipment connections have been completed.

DC power source

Set output ON/OFF after
completing connections.

To protect DUT and

/MP2110A

50 O Bias-T

/ Do not connect/disconnect while DC voltage impressed.

Be sure to connect the ground structure (like frame ground)
and the ground terminal with a ground wire.

Figure 2.10.2-1 Bias-T Connection Example

<Recommended procedures>
Measurement Preparation 1:
1. Connect the MP2110A and all equipment.

2. Set the DC power supply output to ON.
3. Set the MP2110A output to ON, and start measurement.

2-39
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Chapter 2 Before Use

Measurement Preparation 2:
1. Set the MP2110A output to OFF.

2. Set the DC power supply output to OFF.
3. Disconnect the MP2110A and all equipment, or change the DUT
connections.

Since even unforeseen fluctuations in DC voltage and load (open or short
circuits at the MP2110A output side and changes caused by using a
high-frequency probe, etc.) can damage the DUT and the MP2110A, we
recommend connecting a 50 Q resistance in series with the DC terminal of

the Bias-T to prevent risk of damage.
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2.11 Windows Security Measures

2.11Windows Security Measures

MP2110A uses Windows Embedded Standard 7 (WES7) 64 bit version or
Windows 10 IoT Enterprise 2019 LTSC (Win10). When connecting
MP2110A to a network, make sure the network is secure and protected
from viruses. Additionally, it is recommended to take the following

security measures to add protection against malware (malicious software

such as viruses).
e Activating firewall
e Installing important Windows update programs

e Using antivirus software
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The security measure settings condition of this product can be confirmed
from the Control Panel of Windows.

For WES7:
1. Click Start — Control Panel from the Windows menu bar hidden in
the lower part of the screen.

2. Click System and Security — Action Center.

3.  Click Security, and confirm security measures settings condition.

For Win10:

1. Click Start ((F]) — Windows system — Control Panel from the
Windows menu bar hidden in the lower part of the screen.

2. With View by: Category, click System and Security — Security and
Maintenance.

3.  Click Security, and confirm security measures settings condition.

Note:
Security warnings are not displayed by factory default.

/N\ CAUTION

If MP2110A is connected to an external network like the
Internet, there may be a risk of causing unexpected
problems or suffering unexpected losses. Anritsu
Corporation is not responsible for any losses caused by
connecting it to a network.
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2.11.1 Activating Firewall

It is recommended to turn On the Windows firewall on MP2110A.

For WES?Y:

Windows firewall On/Off setting (WEST7):

1. Click Start — Control Panel from the Windows menu bar hidden in
the lower part of the screen.

2. Click System and Security —»Windows Firewall to show Windows
Firewall window.

Note:

Depending on when MP2110A was shipped, factory default setting
of Windows firewall might be set to Off.

3. Click Turn Windows Firewall on or off found in left side of Windows
Firewall window.

AN
@@v\ﬂ b Control Panel b System and Security » Windows Firewall

~[4][s

7]
Control Panel H . . . -
e Help protect your computer with Windows Firewall

Allow @ program or feature

Windows Firewall can help prevent hackers or malicious software from gaining access to your computer
threugh Windows Firewall through the Internet or @ netwaork.
ff Change notification settings How does a firewall help protect my computer?

(%) Turn Windows Firewall on or What are network locations?
off .
) Restore defaults . 0‘ Home or work (private) networks Not Connected (v

) Advanced setti . ‘
U PR . & Public networks Connected (2
Troubleshoot my netwark =

Networks in public places such as airports or coffee shops

Windows Firenall stete: on
Incoming connections: Block all connections to programs that are not on the
list of allowed programs

Ative public networks: " Unidentified network

Notification state: Do not notify me when Windows Firewall blocks a
new program

See also
Action Center
Network and Sharing Center

Figure 2.11.1-1 Windows Firewall Window
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2.11 Windows Security Measures

Customize Settings window will be shown where Windows firewall

On/Off settings can be changed.

Use MP2110A with the following checkboxes Off (unchecked).

e  Block all incoming connections, including those in the list of
allowed programs

e Notify me when Windows Firewall blocks a new program

@V-v\ﬂ + Control Panel » System and Security » Windows Firewall » Customize Settings ~ [+

Customize settings for each type of network
You can modify the firewall settings for each type of network location that you use.
What are network locations?
Home or work (private) network location settings
G o #iim on Windoiws Firewaie
) Block all incoming connections, including those in the list of allowed programs

Notify me when Windows Firewall blocks 3 new program

ve)
@
S
H
@
a
[}
@

#J O Tum off Windows Firewal (not recommendled)
Public network location settings
@ @ Tum on Windows Firewall
Block all incoming cennections, including these in the list of allowed programs
Netify me when Windows Firewall blocks 3 new program

a\ Turn off Windows Firewall (not recommended)

Figure 2.11.1-2 Customize Settings Window
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Confirmation and setting of allowed programs through Windows firewall
(WES7):

Even if Windows firewall is On, in order for this instrument to operate
properly, it is necessary to set as allowed programs those that enable
external communication from MP2110A.

Note:

Depending on when MP2110A was released, factory default setting
for allowed programs might not be set beforehand.

1. Click Allow a program or feature through Windows Firewall found in
left side of Windows Firewall window.

N
g@-\ﬁ » Control Panel » System and Security » Windows Firewall

- ‘ 44| [ Search Con... P

@
Control Panel H . . . N
e Help protect your computer with Windows Firewall

Allow 2 program o feature Windows Firewall can help prevent hackers or malicious software from gaining access to your computer
through Windows Firewall

through the Internet or a network,
) Change notification settings

How does a firewall help protect my computer?

%) Turn Windows Firewall on or What are network locations?

off - -
) Restore defaults l @ Home or work (private) networks Not Connected (¥)
& Ad d setti 2 .
® Advanced settings l @ Public networks Connected (4)

Troubleshoot my network

Networks in public places such as airperts or coffee shops

Windows Firewall state: On
Incoming connections: Block all connections to programs that are not on the
list of allowed programs

Active public networks: T Unidentified network

Notification state: Do not netify me when Windows Firewall blocks a

new program

See also

Action Center

Network and Sharing Center

Figure 2.11.1-3 Windows Firewall Window
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2.11 Windows Security Measures

2. Allowed Programs window will be shown where programs allowed
through Windows firewall can be confirmed.

Confirm if MX210000A is found and set to On (checked) under
Allowed programs and features.

When no such information is displayed, it is necessary to add
MX210000A.

@\/"0 » Control Panel » All Control Panelltems » Windows Firewall » Allowed Programs -[4

Allow programs to communicate through Windows Firewall

To add, change, or remove allowed programs and ports, click Change settings.

What are the risks of allowing 2 program to communicate? Change settings

Allowed programs and features:

Neme Hor\e/Work (Private) | Public
O HomeGroup a [m]
[iSCSI Service
FILPD Senvice
L Q

|5 Mx2100004
ogon Serice
B Network Discovery
O Performance Logs and Alerts

o
&
o
H
(¢”)
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it

(m]
[CRemote Assistance (]
[JRemote Desktop O
[JRemote Desktop - RemoteFX O
[JRemote Event Log Management

Allow another program

Figure 2.11.1-4 Allowed Programs Window
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Procedure to add MX210000A when it is not registered (WES7):
1. Use the mouse to click Allow another program... found in Allowed

Programs window.

.,
@Uv\ﬂ » Control Panel » All Control Panel rems » Windows Firewall » Allowed Programs

Allow programs to communicate through Windows Firewall

To add, change, or remove allowed programs and ports, click Change settings.

What are the risks of allowing a program to communicate? Change settings

Allowed programs and features:
Name Home/Work (Private)  Public  *
CIHomeGroup u] o
[Ti5CSI Service a a
LPD Service |
[ Message Queuing
O Netlogon Service a a =
[ Network Discovery o b
[ Performance Logs and Alerts m} m}
[ Remote Assistance ] ]
Remote Desktop
Remote Desktop - RemoteFX
[ Remote Event Log Management a O
[J Remote Scheduled Tasks Management O o -
[ Aliow ancther progrem... |}

Figure 2.11.1-5 Allowed Programs Window

2. InAdd a Program window, select MX210000A, and click Add.

Add a Program @

Select the program you want to add, or dids Browse to find one that is not
listed, and then dick CK.

Programs:

B ADL-GPIB Uity
I;, Create a System Repair Disc

If,élnternet Explorer
b=

/1 MX2100004

A Windows DVD Maker
E=lwindows Fax and Scan

ol Windows Remote Assistance
< XPS Viewer

Path: C:\Program Files\AnritsulMP2 100AMX21000C

What are the risks of unblocking a program?

You can choose which network location types to add this program to.

[Hetworklomﬁontypes... l [[ Add ]][ Cancel ]

Figure 2.11.1-6 Add a Program Window
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2.11 Windows Security Measures

3. MX210000A is added to Allowed programs and features.
Confirm if MX210000A is found and set to On (checked).

@Q-m » Control Panel » All Control Panel liems » Windaws Firewall » Allowed Programs -4

Allow programs to communicate through Windows Firewall
To add, change, or remove allowed programs and ports, click Change settings.

What are the risks of allowing a program to communicate? Change settings

Allowed programs and features:

Name e/Work (Priva\g)  Public *
OHomeGroup [m] o
[isCsl Service u} O
JpLPD Service | q|

2
)

TTNetogen Serce
Netwaork Discovery
OPerformance Logs and Alerts [m]
O Remete Assistance o
[JRemete Desktop u}
O Remote Desktop - RemoteFX [m]
[JRemote Event Log Management

[m]
[m]
[m]
[m]
[m}
O

0 !
Allow another program...

o
&
o
H
(¢”)
c
)]
(¢”)

Figure 2.11.1-7 Allowed Programs Window
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For Win10

Windows firewall On/Off setting (Win10)

1. Click Start (E) — Windows system — Control Panel from the
Windows menu bar hidden in the lower part of the screen.

2. With View by: Category, click System and Security — Windows
Defender Firewall to show Windows Defender Firewall window.

Note:

Depending on when MP2110A was shipped, factory default setting
of Windows firewall might be set to On.

3. Click Turn Windows Defender Firewall on or off found in left side of
Windows Defender Firewall window.

B Windows Defender Firsusall

- bt

&« © 4 @ > Control Panel > All Control Panel ltems > Windouws Defender Firewall ~ O | SearchCo.. @

Control Panel Home Help protect your PC with Windows Defender Firewall

Windows Defender Firewall can help prevent hackers or malicious software from gaining access to your PC

Allaw an app or feature through the Intemet or a network.

through Windows Defender

Firewall .

Private networks Not connected
) Change netification settings

& Tumn Windows Defender . o Guest or public networks Connected
Firewall on or off

© Restore defaults Metworks in public places such s airports or coffee shops

Advanced set
© Advanced settings Windews Defender Firewall state: on
Troubleshoot my network
Incoming connections: Block sll connections to apps that are not on the list
of allowed apps

Active public networks: Mone

Motification state: Motify me when Windows Defender Firewall blocks a
new app

Seealso

Security and Maintenance

Network and Sharing Center

Figure 2.11.1-8 Windows Defender Firewall Window

4. Customize Settings window will be shown where Windows firewall

On/Off settings can be changed.
Use MP2110A with the following checkboxes Off (unchecked).

e Block all incoming connections, including those in the list of
allowed apps

e Notify me when Windows Firewall blocks a new app

@ Customize Settings

- [m) x
« “ A P < Bl Control Panel tems > Windaws Defender Firewall » Custornize Settings v | | SearchCan @
Customize settings for each type of network
You can modify the firewall settings for each type of network that you use.
Private network settings
(® Turn on Windows Defender Firewall
[ Block all incoming connections, including those in the list of allowed apps
[ Notify me when Windows Defender Firewall blocks a new app
W (O Turn off Windows Defender Firewall (not recommended)
Public network settings
@ Turn on Windows Defender Firewall
[ Bleck all incoming connections, including those in the list of allowed apps
[ Notify me when Windows Defender Firewall blocks a new app

9 (O Turn off Windows Defender Firewall (not recommended)

Cance

Figure 2.11.1-9 Customize Settings Window
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Confirmation and setting of allowed programs through Windows firewall
(Win10)

Even if Windows firewall is On, in order for this instrument to operate
properly, it is necessary to set as allowed programs those that enable
external communication from MP2110A.

1. Click Allow an app or feature through Windows Defender Firewall

found in left side of Windows Defender Firewall window.

i Windows Defender Firewall - X

« v 4 @@ > ControlPanel > All Cantral Panel Items > Windows Defender Firewall ~ O | SearchCo.. @ o)
. )
Control Panel Home Help protect your PC with Windows Defender Firewall 8
Windows Defender Firewall can help prevent hackers or malicious software from gaining access to your PC o
Allow an app or feature through the Internet or  network.
through Windows Defender
Firewall . (
Private networks Not connected
) Change notification settings ]
& Turn Windows Defender . o Guest or public networks Connected (¢

Firewall on or off

& Restore defaults Metworks in public places such as airports or coffee shops

& Advanced settings
Troubleshoot my network

‘Windows Defender Firewall state: On

Incoming connections: Block all connections to apps that are not on the list
of allowed apps

Active public networks: None
Notification state: Notify me when Windows Defender Firewall blocks a
new app

Seealso
Security and Maintenance

Network and Sharing Center

Figure 2.11.1-10 Windows Defender Firewall Window

2.  Allowed apps window will be shown where programs allowed
through Windows firewall can be confirmed.

Confirm if MX210000A Main Application is found and set to On
(checked) under Allowed apps and features.

When no such information is displayed, it is necessary to add
MX210000A Main Application.

& Allowed apps - o x

« « 4 @ « System and Security > Windows Defender Firewall > Allowed apps v & | Search Control Panel »

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change seftings.

What are the risks of allowing an app to communicate? & Change seitings

Allowed apps and features:

Name Private  Public *
[IFile and Printer Sharing over SMEDirect ] ]
OHomeGroup o a
[JiSCSl Service [m) [m)
O Key Management Service o [m]
mDNS
[]Media Center Extenders ] ]
Microsoft Content
Microsoft family features
[WIMXZ10000A Main Application.
Narrater QuickStart
[INetlogon Service ] ]
[ Network Discovery hd

Details...

Allow anothey app

OK Cancel

Figure 2.11.1-11 Allowed apps Window

2-49



Chapter 2 Before Use

Procedure to add MX210000A Main Application when it is not registered
(Win10)

1. Use the mouse to click Allow another apps... found in Allowed apps
window.

W Allowed apps

« v o » Control Panel » &l Control Panel ltems > Windows Defender Firewall > Allowed apps

Allow apps to communicate through Windows Defender Firewall

To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allewing an app te communicate? Gchdﬂge settings
Allowed apps and features:

Name Private  Public *
B Allloyn Router

O BranchCache - Content Retrieval (Uses HTTP)

[ BranchCache - Hosted Cache Client (Uses HTTPS)
[ BranchCache - Hosted Cache Server (Uses HTTPS)
[ BranchCache - Peer Discovery (Uses WSD)

[ Captive Portal Flow

Cast to Device functionality

Connected Devices Platform

B Core Networking

¥ Cortana

Dcom

[ Delivery Optimization

EOO00O®
gOoOOoOOon0

EREERE
EEERE

Details...

Allow ancther app...

Figure 2.11.1-12 Allowed apps Window

=
Fy
2
2
H

2. Add an app window is shown. Click Browse....

Add an app hd

Select the app you want to add, or click Browse to find one that is not
listed, and then click OK.

Apps:

Path: || Browse. .. l

What are the risks of unblocking an app?

You can choose which network bypes to add this app to.

Mebwork bypes... Cancel

Figure 2.11.1-13 Add an app Window
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3. Browse window of Add an app is shown.

Select C:\Program
Files\Anritsu\MP2100A\MX210000A\MainApp.exe, and click
Open.

& Browse bd
« v A ||« Program Files > Anritsu > MP2100& > KAX2100008 > v @ Search MX2100008 ¥
Organize v New folder =~ ™ @
Hame Date madified Type Size
7 Quick access
download 2/25/2020 10:36 AM - File folder
> O ThisPC ModuledppDIl 2/25/202010:36 &M File folder Ud
& Network OpenSource 2/25/2020 10:36 AM - File folder D
[#] FTDIVCPUpdater.exe 5/14/20102:36 PM_ Application TKE 81
@ Maindpp.exe /242019 206 PM Application 17,110 k8) 1
2 Mainipp_Inspection 2/25/202010:36 &M Shortcut HE (¢*]
) Maintenance 2/25/202010:36 &M Shorteut IKE q
] MaintenanceTool.exe 1/16/2020 2:36PM Application 187 KB ®
B scpiene 61172019 11:34 M Bpplication 22,007 KB @
A selftest.exe 61172019 11:34 AM  Application 8,709 KB
[#] S0AEmphasisConverter.exe T/2019340PM  Application IGKE
€ Uninstall.exe 2/25/2020 1036 AM Application 20 KE
File pame: | Maindpp.exe v| | pgplications (exe;* com;*icd)
Cancel

Figure 2.11.1-14 Browse Window of Add an app

4. InAdd an app window, select MX210000A Main Application, and
click Add.

Add an app >

Select the app you want bo add, or click Browse to find one that is not
listed, and then click Ok,

Apps:
[MXZIDDDDF\ Main Application, ]
Path: | Ci\Program FiIes'l,Anritsu'l,MPZlDDA'!,MXZIDDDE| E Browse. .. i

what are the risks of unblocking sn app?

‘fou can choose which network tyvpes to add this app to,

Mebwork byvpes. .. Cancel

Figure 2.11.1-15 Add an app Window
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5. MX210000A Main Application is added to Allowed apps and features.
Confirm if MX210000A Main Application is found and set to On
(checked).

& Allowed apps - O

« © 4 @ « System and Security > Windows Defender Firewall > Allowed apps v & | Search Control Panel r)

Allow apps to communicate through Windows Defender Firewall
To add, change, or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? & Change setings

Allowed apps and features:

Name Private  Public *
[IFile and Printer Sharing over SMEDirect ] ]
OHomeGroup o a
[isCSl Service o a
O Key Management Service o [m]
mDNS
[]Media Center Extenders ] ]
Microsoft Content
Microsoft family features
[/ M2 10000A Main Apphcation
Narrator QuickStart
[INetlogen Service ] ]
[l Network Discovery 0
Details.. Remove

Allow anothey app...

OK Cancel

Figure 2.11.1-16 Allowed apps Window
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2.11.2 Installing Windows Important Update Programs (Windows
Update)

It is necessary to regularly check for important Windows update
programs and keep them up-to-date. However, the performance of
MP2110A could decrease while downloading and installing Windows

updates. Turn off automatic updates in Windows. Instead, it is

recommended to manually check for, download, and install new updates
on a periodic basis, avoiding the operating hours of MP2110A.

Windows Update setting and execution:

For Windows 7:

1. Click Start — Control Panel from the Windows menu bar hidden in
the lower part of the screen.

o
&
o
H
(¢”)
c
)]
(¢”)

2. Click System and Security — Windows Update to show Windows
Update window.

3. To turn off automatic updates, click Change settings found in left
side of Windows Update window.

=R X
@-uv\ Bl » Control Panel » System and Security » Windows Update ~ [#2 ][ Search Con.. 2|
Control Panel H ®
ontrol Panel Home .
Windows Update
I | Check for updates for your computer
) \ / Always install the latest updates te enhance your computer's security and
Restore hidden updates b performance.
Updates: frequently asked T S——
questions L= B
Most recent check for updates:  9/18/2017 at 11:02 AM
Updates were installed: 9/18/2017 ot 11:31 AM. View update history
You receive updates: For Windows only.
Get updates for other Microsoft products. Find out more
See also
Installed Updates

Figure 2.11.2-1 Windows Update Window
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4.

5.

6.

Select Never check for updates (not recommended) in Important

updates, then click OK.

-—— = -— =

@\J [#+ Control Panel » System and Security » Windows Update » Change settings

Choose how Windows can install updates

computer.

How does automatic updating help me?

Important updates

When your computer is online, Windews can automatically check for impertant updates and install them
using these settings. When new updates are available, you can also install them before shutting down the

[iever check for updates (not recommendsd)

|

Install updates automatically (recommended)
Download updates but let me choose whether to install them

ive me recommended updates the same way | receive impertant updates
Who can install updates

[7] Allow all wsers to install updates on this computer

privacy statement online.

Check for updates but let me choose whether to download and install them
PN e check for updates (ot recommended)

Note: Windows Update might update itself automatically first when checking for other updates. Read our

o ) Conee |

Figure 2.11.2-2 Change settings Window

To check for newly available update programs (manual update), click

Check for updates in Windows Update window.

-—— = -—

@vvhj » Control Panel » System and Security » Windows Update

Control Panel Home

Windows Update

Change seftings

N
View update history [ Check for updates for your computer
\ Always install the latest updates to enhance your computer's security and

Restore hidden updates performance.

Updates: frequently asked

questions
Most recent check for updates: 9/18/2017 at 11:02 AM
Updates were installed: 9/18/2017 &t 11:31 AM. View update history
You receive updates: For Windows only.
Get updates for other Microsoft products. Find out more
See also

Installed Updates

Figure 2.11.2-3 Windows Update Window (manual update)

When a new update program is found, download and install following

the displayed instructions.
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For Windows 10:
1. Click Start (E)—> Settings (&) from the Windows menu bar hidden
in the lower part of the screen.

2. Click Update and Security to show Windows Update window.

3. To turn off automatic updates, select Windows Update found in left
side of Windows Update window, and then click Advanced options.

& Settings Ud
]

; =
@ Home Windows Update 2
®

| Find a setting P You're up to date d
Last checked: 2/25/2019, 2:06 PM w
Update & Security (¢”)

Check for updates

I S Windows Update
Change active hours

it R e
L1 Delivery Optimization View update history

¥ Windows Security Advanced options

$ Backup
Looking for info on the latest updates?
ﬁ Troubleshoot Learn more
® Recovery
Related links
@ Activation Check Storage
é i OS build info

Figure 2.11.2-4 Windows Update Window

4. Advanced options window will be shown.
Confirm if Automatically download updates, even over metered data
connections (charges may apply) is set to Off.

@ Advanced options

Update options

Give me updates for other Microsoft products when | update Windows.
@ or

[ Automatically download updates, even over metered data connections (charges may apply) ]

@D oif

Update notifications

Show a notification when your PC requires a restart to finish updating

@D on

Pause updates

Temporarily pause updates from being installed on this device for up to 35 days. When updates resume, this device will need to get the latest updates before
it can be paused again.

@D on

Pausing now will pause updates until 6/11/2019.

Figure 2.11.2-5 Advanced options Window
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5. To check for newly available update programs (manual update), click
Check for updates in Windows Update window.

(= Settings

@ Home Windows Update
You're up to date
Last checked: 2/25/2019, 2:06 PM

Update & Security
Check for updates

I S Windows Update

| Find a setting 2

Change active hours

i R e
L1 Delivery Optimization View update history

¥ Windows Security Advanced options
? Backup
Looking for info on the latest updates?
ﬁ Troubleshoot Learn more
® Recovery
Related links
Activation Check Storage

OS build info

B ®

Find my device

Figure 2.11.2-6 Windows Update Window (manual update)

6. When a new update program is found, download and install following

the displayed instructions.
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2.11.3 Using Antivirus Software

It is recommended to install antivirus software on MP2110A.
However, if the antivirus software updates virus definition data
automatically or runs full scan in the background, the performance of
MP2110A could decrease. Do not allow the software to execute them.
Instead, it 1s recommended to manually run them on a periodic basis,
avoiding the operating hours of MP2110A.

The antivirus software that checked operation in MP2110A is shown

below.

e Trend Micro OfficeScan XG

o
&
o
H
(¢”)
c
)]
(¢”)

Notes:

e Refer to the antivirus software operation manual for its
installation and operation procedures. Although it is confirmed
that no negative effects in the general usage of MP2110A are
caused by using the software mentioned above, there is no
guarantee for different software even if containing similar

functions.

o Windows Defender is a default antivirus feature in Windows 10
and has been set to off at the factory before shipment.
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Chapter 3 Measurement Examples

This chapter explains examples of how to connect the MP2110A and the
DUT and their measurement procedures.

When changing the optical level input to the DUT such as the receiver
sensibility measurement, connect other measurement instruments such
as variable optical attenuator.

When using the MP2110A-x30, x39, x40 or x49 option, replace the
connector names in this chapter as follows:

ChAIn—>A
ChBIn—>B
3.1 Measuring Bit Error Rate ..........ccoooeeieiiiiiiiii, 3-2
3.2  Measuring Waveform.........ccocccceiiiiiiiniiiciee e 3-4
3.3  Measuring Multichannel Optical Module

Bit Error Rate ... 3-10
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Chapter 3 Measurement Examples

3.1 Measuring Bit Error Rate

When the DUT input/output signal is electrical:

-~

{

=

¥ & ¢

1.

2.

R R L

Figure 3.1-1

Making Connections Using Electrical Signal

Connect the DUT input connectors to PPG1 Data Out and Data
Out connectors using the coaxial cables.
If the DUT has only one input connector, connect it to the Data Out
connector of PPG1. Also, connect the coaxial terminator, which is
attached to the MP2110A standard configuration, to the Data Out

connector.

Connect the DUT output connectors to ED1 Data In and Data In
connectors using the coaxial cables.
If the DUT has only one output connector, connect it to the Data In
connector of ED1. Also, connect the supplied open to the Data In

connector.

Bit Rate

1

Variable o s
PPG Amplitude ————————————————— :
ExtATT |0 dB |0.40 VPI"I
R

040 Vpp
ED Input Condition

=1

Threshold

1
Electical
Sinale Ended Data | ATT|O 48 |0 my :

Reference CLK

) PPG/ED _| 3
Bit Rate
Variable PPG/ED
Imornal 2437826) ‘25791250 Kbit's |0 pom porE
PPG Amplitude
040 Vpp  ExtATT|O 48 [0.40 Vpp PPG/ED
ED Input Condition ——————————————————————— Ch3
Threshold
i 7 o
Electrical
P T
Test Patiem

Test Pattern

1

PPG | PRBS 2491 1
1

poszar [ 005 Jrang 0|

10/19/2016 15:48:53

Jo.0000E 10

45 E12  E9 _E6_E3 EQ
0

ER

EC

cc 9.0234E+10

FREQ(kHz) 25781251 sync Loss [l Il

] [70% Error [ | |

Output

SaE] [ PPGI_1/8CIK ‘ wc[ PRBS 2:9-1 |
Ervor Addition ———————— T—
2wl T aroors e
_______________ | 10/19/2016 15:48:53
Gating 1 ER 0.0000E-10
EC 0 o

lo owfo wlo wls sy

Current

7

6

cc 9.0234E+10 -Mis!ory
Reset
FREQ(kHz)| 25781249 SYNC Loss. . .

I [70% Error | | |

Figure 3.1-2 User Interfaces Used For Measuring Bit Error Rate
(Numbers Shown Correspond to Step Numbers.)




3.1 Measuring Bit Error Rate

In the application window, click PPG/ED Ch1l.

Set Bit Rate, PPG Amplitude, ED Input Condition and Test Pattern.
Refer to Chapter 5, “How to Operate BERT”, for details of the
operation method.

Click the PPG Data XData button and set the display to ON. Check

the following items.

e The Output lamp 1 on the BERT panel is lit. (Refer to Figure
2.2.1-3.)

e In the application window, the SYNC Loss and Error indicators
are off.

Set Gating.

Click Start/Stop. When the time set at Gating elapses, the
measurement values are displayed at ER, EC, CC and FREQ (kHz).
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Chapter 3 Measurement Examples

3.2 Measuring Waveform

When measuring the DUT with electrical signal inputs and outputs:
Input the output signal of the built-in PPG to the DUT, and then measure
the DUT output using the sampling oscilloscope.

(r =)

g @ 6
ARAAna:
1]

Figure 3.2-1 When Measuring DUT With Electrical Signal Inputs and
Outputs (MP2110A-x12, x21)

1. Connect the DUT input connectors to PPG1 Data Out and Data
Out using coaxial cables.
If the DUT has only one input connector, connect it to the PPG1 Data
Out. Also, connect the coaxial terminator included as a standard
accessory to the Data Out.

2. Connect the Clk Out (or Sync Out) on BERT to Trigger CIk In on
Scope using a coaxial cable.
When the Sync Out is connected, connect the supplied coaxial
terminator to Sync Out.

3. Connect the DUT output connectors to Ch Aln and Ch B In on the
sampling oscilloscope using coaxial cables.
When the amplitude of the input signal is greater than 400 mVp-p,
connect the attenuators to Ch A ln and Ch B In for more accurate

measurement.




3.2 Measuring Waveform

PPG/ED _| 4
6 PPG Data/XData : E Setup/Result PPG Data/XData - ﬁ Setup/Result Ch1
[Bit Rate _“““é': Reference CLK Bit Rate
Variable . " . Variable " PPG/ED
(243.28.26) 25781250 kbivs |0 ppm | Internal 4.3.28.26) ‘25781250 kbit's | O ppm Ch2
PPG Amplitide ——— ! PPG Amplitude

1
040 Ve ExtATT|O a8 {040 Vop 040 Vpp  ExtATT|O a |040 Vi | ppgED
5 ! ED Input Condition —————————————————— | ED Input Condition ————————————————————————— Che
Thy

oshold ——————————

Threshold

. . o
Electrical Electrical
Single.Ended Data | EXVATT| O B |0 mv ExtATT O B 0 mv P'Zﬁ'fb
Test Pattern Output Test Pattern

e oo Lo | e [owszr | ros ]
________________ h
€0 | PRBS294 [ POS |Tackng ON

ED  PRBS2:9-1 ka;",_, ON Clk Out
| o _rmzss [ Juoms v "o L
_ Error Addition —————————
wem s
10/19/2016 15:48:53 10/19/2016 15:48:53
El
E3

R Cains ER
EC 0 EC 0 -ﬁ 3
o bylo wlo mfs s
cc 9.0234E+10 cc 9.0234E+10
eset

FREQ(kHz) 25781251 | sync Loss [l Il Curent : FREQ(kHz) 25781249 sync Loss il Il

[ | 70%  Error L 1] [ | 70% _ Error am

Figure 3.2-2 User Interfaces Used For Operating PPG
(Numbers Shown Correspond to Step Numbers.)

4. In the application window, click PPG/ED Ch1.

5. Set Clk Out, Bit Rate, PPG Amplitude and Test Pattern. Refer to
Chapter 5, “How to Operate BERT” for details of the operation
method.

6. Click the PPG Data XData button and set the display to ON. Check
the following items.

e  The Output lamp 1 on the BERT panel is lit. (Refer to Figure
2.2.1-3.)

e In the application window, the SYNC Loss and Error indicators
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are off.

4] Mx210000A

© System Menu

ChTracking | All BER Results | All Mezpurements | Al oufputs odoimore
Wieasure 33
Scope Time =]

on opar "

Data Clock Rate

ples: 3,010,560-811/10.0s

m
PPG/ED

Ch2 13

PPG/ED
Ch3

Tracking

m
PPG/ED
Ch4

Clock Rate. 6445313 kiz

Divide Ratio

x| 4
Symbol Rate 25 781 250 kbaud

Acquire Clock Rate

Divide Ratio Detect on

Histogram

Marker

Figure 3.2-3 User Interfaces Used For Operating Scope
(Numbers Shown Correspond to Step Numbers.)

7. Click Scope.
8. Click Time.
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10.
11.
12.
13.

Click Rate and set Tracking. Refer to Chapter 6, “How to Operate

Sampling Oscilloscope” for details of the operation method.

Click Ch A and Ch B.

Click the Control Ch button and set the display to All.

Click Sampling, and you will see that Sampling is followed by Run.
When the waveform is displayed, click Auto Scale.




3.2 Measuring Waveform

When the DUT is an optical transceiver:

When the MP2110A-x22, x23, x25, x26, x30, x32, x33, x35, x36, x39, x40,
x42, x43, x45, x46 or x49 is selected, the output waveform of the optical
transceiver can be measured using the O/E.

Input the output signal of the built-in PPG to the DUT, and then connect
the DUT optical output to the SMF or MMEF.

-

{ | A e ——— - ) )
a Q‘ 22 "] [ e @
— L1l ORI 3 g —
&] ohos  Beohe [
| | o= == e =3
@ | o o @
: @ 1@; J.[ ﬂ

DUT

V

Figure 3.2-4 When DUT is Optical Transceiver (MP2110A-x12, x23)
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1. Connect the DUT input connectors to PPG1 Data Out and Data
Out using coaxial cables.
If the DUT has only one input connector, connect it to the PPG1 Data
Out. Also, connect the coaxial terminator included as a standard
accessory to the Data Out.

2. Connect the DUT optical output connector to Ch B In using an optical
fiber. When the DUT wavelength is 850 nm, connect it to MMF. When
the DUT wavelength is 1310 nm or 1550 nm, connect it to SMF.

3.  Connect the Clk Out (or Sync Out) to Trigger Clk Input using a
coaxial cable.

When the Sync Out is connected, connect the supplied coaxial
terminator to Sync Out.

/A CAUTION

Check that the DUT optical output level does not exceed
the rated optical input level for Ch B In.

There is a risk of damaging the built-in O/E module if the
optical power exceeding the rated optical input level is
applied to the Ch B In connector.
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PPGIED o 29
[ — PPGED | 4
6 — e [ & srovuwcous [NO] 1 [_sowmesn | | “ont
{BitRate ———— ——————= == ': Reference CLK Bit Rate
Variable | [o5781250 wivelo  pemy [ intems Variable | PPG/ED
_@ 25781250 kbits |0 ppm | Internal M} ‘25-,81250 wivs|o e 2
PG Amplitude —————— | PPG Amplitude

040 Vpp  ExtATT|O a8 |0.40  Vpp

040 Vep  ExtATT|O @ (040 Ver || ppg/ED
ch3

ED Input Condition

Threshold Threshold

1
1
1
Electrical . [ Electiical L
e OO T Lonciions ool mv | e
1 Cha
1
1

Output Test Pattern

Test Pattern
PPGI_18CIK ‘ ppG‘ PRBS 209.1 ” Pos !
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— - S —
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Figure 3.2-5 User Interfaces Used for Operating PPG
(Numbers Shown Correspond to Step Numbers.)

4. In the application window, click PPG/ED Ch1.

5. Set Clk Out, Bit Rate, PPG Amplitude and Test Pattern. Refer to
Chapter 5, “How to Operate BERT” for details of the operation
method.

6. Click the PPG Data XData button and set the display to ON. Check
the following items.
e  The Output lamp 1 on the BERT panel is lit. (Refer to Figure
2.2.1-3.)
e In the Application window, the SYNC Loss and Error indicators

are off.




3.2 Measuring Waveform

11 9 10 8 12 13
‘ MMMMMM ﬂackmg Al EERﬂult1 Al s ﬂilputs
Scale Offs OIE | § = ‘ ‘ FFGIED
cale Offset Rate Scale/Offset CR] Ch1
nnn-\:m' ,ﬁ'lm_\ D::;:k = .PI::?\IED
e [ e 14
Orevmne | osoo] aw s
E“ uPPGIED
Clock Rate 6445 313 khz o
Input Power 700 dBm x l’)ivi:mo
" sann .
Extinction Ratio Correction Acquire Clock Rate 7 3
ComactonFocor 1080 % i R Deoct o ]
S
. . ®
Figure 3.2-6 User Interfaces Used for Operating Scope c
(Numbers Shown Correspond to Step Numbers.) c;p
@
7. Click Scope. Refer to Chapter 6, “How to Operate Sampling E,.
Oscilloscope”, for details of the operation method. E
. . o
8. Click Time. =]
k=]
9. Click Rate and set Tracking. o
[)]

10. Click Amplitude O/E.

11. Click O/E and set Input Connector (Wavelength).

12. Click Ch B.

13. Click Sampling, and you will see that Sampling is followed by Run.
14. When the waveform is displayed, click Auto Scale.
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3.3 Measuring Multichannel Optical Module Bit Error

Rate

This section explains the CFP4 module measurement method as an

example of multichannel optical module.

The CFP4 module contains four pairs of transmitters and receivers. With
the MP2110A-x14, the CFP4 module bit error rate can be measured for

four channels simultaneously.

If using a separate CFP4 for transmission in addition to the DUT CFP4,
connect as follows. Use coaxial cables of the same length as for between
Data Out and Data Out to connect the BERTWave and CFP4. Bit error
rate cannot be measured correctly if different length coaxial cables are

used.
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3.3 Measuring Multichannel Optical Module Bit Error Rate

Alaaaa:

K

TX1to TX4

- RX1 to RX4
Data and Data

Data and Data

Reference

Clock ( /
DUT

Optical Fiber

so[durexy JueUISINSBIA

Optical Coupler

Variable Optical or Optical Switch

Attenuator Optical Power

/ /
ooooooo

Figure 3.3-1 Simultaneously Measuring Bit Error Rate for 4 Channels
(MP2110A-x14)
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1. Connect the PPG1-PPG4 Data Out connectors and Input connectors

on the CFP4 for transmission using coaxial cables.
2. Connect the PPG1-PPG4 Data Out connectors and Input

connectors on the CFP4 for transmission using coaxial cables.

3. To use the optional Reference Clock, connect the Reference Clock
connector on the CFP4 for transmission and the Sync Out connector

using a coaxial cable.

4. Connect the DUT CFP4 output connectors and ED1-ED4 Data In
connectors using coaxial cables.

5. Connect the DUT CFP4 output connectors and ED1-ED4 Data In
connectors using coaxial cables.

6. Connect the optical output connector of the CFP4 for transmission to
the input connector of the variable optical attenuator using an optical
fiber.

7. Connect the output connector of the variable optical attenuator to the
optical coupler.

8. Connect one end of the optical coupler to the input connector of the
DUT CFP4.

9. Connect the other end of the optical coupler to the optical power
meter.

An optical switch can be used in place of the optical coupler.

/A CAUTION

Check that the optical output level input to the CFP4 under
test does not exceed the rated optical input level.

There is a risk of damaging the CFP4 module if the optical
power exceeding the rated optical input level is applied.
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13
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Figure 3.3-2 PPG/ED Settings

10. In the application window, click PPG/ED Ch1l.

11. Set Bit Rate, PPG Amplitude, ED Input Condition and Test Pattern.
Refer to Chapter 5, “How to Operate BERT” for details of the
operation method.

12. Set Gating.

so[durexy JueUISINSBIA

13. Change the color of the characters on the button to green by clicking
on at Ch Tracking.

14 16 15
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Figure 3.3-3 Measurement of Bit Error Rate

14. Click open at All BER Results.

3-13



Chapter 3 Measurement Examples

15.

16.

Change the color of the characters on the button to green by clicking

on at All Outputs. Check the following items.

e The Output lamps 1 to 4 on the BERT panel are lit. (Refer to
Figure 2.2.1-3.)

e In the application window, the SYNC Loss and Error indicators

are off.
Change the color of the characters on the button to green by clicking

> at All Measurements. When the time set at Gating elapses, the
measurement values are displayed at ER, EC, CC and FREQ (kHz).
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Chapter 4 Screen Operation

This chapter explains the names of screen elements and the operating
methods common among the MP2110A.

4.1 Window Configuration...........c.cccceeiriiieiiiiiie e, 4-2
4.2 DatalnputMethod ... 4-5
4.3 Setting System Menu..........cooooiiiii 4-8
4.3.1  SAVE..ciiii i 4-9
G T © ] o= o [ SR 4-10
4.3.3 SCreen COPY ..uuuiiiieeiiicireiieeeeeeeeciireeeeeaeeeeenans 4-11
4.3.4 Initialize.....cccueveiiiiiieeeiee e 4-12
4.3.5 External Ctrl On....cccooviiiiiiiieeeeeeee e 4-12
4.3.6 External Ctrl Off ......ccoiiiiiiiiicceccce, 4-12
4.3.7 Panel LOCK........ccceiiiiiiiiiiiiiee e 4-12
4.3.8 Local/Panel UnlocK........ccccoeeeeeieiiiiieicieenn. 4-12
4.3.9 Before USe......oocoiviiiiiiieiiiiee e 4-13
4.3.10 MINIMIZE ...ocveieieiee e 4-14 wm
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4.6 Linking Measurement Settings for Multiple Channels 4-22

4.7 Displaying BER Measurement Results for Multiple
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Chapter 4 Screen Operation

4.1 Window Configuration

Figure 4.1-1 shows the names of elements in the application window and

their layout.
Measurement All Measurements  All Channels Status _
Display Area Stop Output off  Indicator Function Menu
System Channel  All Channels |Al All Channels| Date and
Menu Tracking BER Results |Measurements|Output on Time|  Version

Start
© System Menu \ i All BEResuIts All Masuremets AIIOutputs
oper [] L3 off on

» PPG/EDCh 1 B

.

PPG/ED
PPG Data/XData ! Setup/Result PPG Data/XData ! Setup/Result Ch1
Bit Rate Reference CLK Bit Rate
Variable = . " Variable . PPG/ED
Int: |
(24.3.28.26) ‘25791250 kbit's [0 ppm nterna I l PR ] ‘25731250 Khitis | 0 ppm s
PPG Amplitud PPG Amplitud
040 Vpp Ext ATT |0 a8 |0.40 Vpp 040 Vpp ExtATT |0 dB |0.40 Vpp PPG/ED
ED Input Condition ED Input C. Ch3
Threshold —m———— Threshold
n = 3]
Electrical Electrical
Single-Ended Data Ext ATT| 0 dB |0 i Single-Ended Data Ext ATT| O dB |0 s PF&ﬁ"ED
Test Pattern Qutput Test Pattern
PPG | PRBS249.1 Sync Out [ PPG1_1/8Clk ] PPG l PRBS 29-1 “ POS ]

ED  PRBS249. Tracking  ON Clk Out Cchi2 114 Clock ED | PRBS 2491 Tracking  ON

Error Addition
ED Result "All" ED Result "All"
o
Start Time ‘ 10/19/2016 15:48:53

Start Time | 10/19/2016 15:48:53 5
ER 0.0000E-10 Gating ER 0.0000E-10 Scope
E15 E12 E9 E6  E3 E0 Gating Cycle E15 E12 E9 E6  E3 ED

= 0 Day |0 H |0 M |5 s x
€ OB | e ce 002348410 [ Mo ]
Reset Reset

Current !
FREQ(kHz)| 25781251 sync Loss [l [l FREQ(kHZ)‘ 25781249 sync Loss [l M
D 7o Evor  HHE ] 7o Eror M

Figure 4.1-1 Names of Application Window Elements

The elements that are set as common in the channels other than Ch 1 are
displayed by light blue characters.




4.1 Window Configuration

Table 4.1-1 Application Screen Elements

Name

Description

All BER Results

Displays the BER measurement results for multiple
channels.

All Measurements

Starts and stops up to four channels of error rate
measurement (MP2110A-x11, x12, x14) and up to four
channels of waveform data (MP2110A-x21 to x49, 08x)
sampling at the same time.

All Outputs

Sets all PPG (MP2110A-x11, x12, x14) channels
output to On/Off at the same time.

Ch Tracking

Sets the bit rate, test pattern, PPG/ED tracking
function, and gating for all channels to match the
setting for channel 1.

System Menu

Provides the following menu option buttons:
e Save

e Open

e Screen Copy

e Initialize

e External Ctrl On

e External Ctrl Off

e Panel Lock

e Local/Panel Unlock
e Before Use

e Minimize

e Dock/Undock

¢ Remote Control

e System Information
e Exit

Function menu

Selects the measurement device to be operated.
The displayed measurement device varies depending
on the options.

Status indicator

The following three kinds of the status are displayed:

Remote: Remotely controlled

Measure: Measuring bit error rate and obtaining
waveform data of sampling oscilloscope

Output: Signal output from one of the PPG channels

Measurement
display area

Displays the measurement screen selected at the
function menu.

Date and Time

Displays date and time set in the MP2110A.

Version display

Displays software version.
Displayed in red if the version has not been updated.
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Chapter 4 Screen Operation

The buttons available on the function menu will vary depending on the

installed options and software. The following table shows the relation

between available buttons and installed options.

Table 4.1-2 Buttons Displayed on Function Menu

Option Number

MP2110A-x21, x22,

Function Menu x23, x25, x26, x30,
Button MP2110A-x11 | MP2110A-x12 | MP2110A-x14 | X32 X33,X35,X36, | 155 110A 455
x39, x40, x42, x43,
x45, x46, x49, x80,
x84, x85

PPG/ED Ch1 v v v _ _
PPG/ED Ch2 _ v v _ -
PPG/ED Ch3 _ _ v _ -
PPG/ED Ch4 _ - v _ -
Scope - - — v _
CRU _ _ _ - v

*:

Displayed only when not any scope option but MP2110A-x55 is

installed.

Clicking a Function Menu button displays the child window for displaying

the measurement conditions and results.
Refer to the following chapters for the child window operations.

PPG/ED:

Chapter 5

Scope, CRU: Chapter 6




4.2 Data Input Method

4.2 Data Input Method

The measurement setting item selection, numeric data, and character
data are input from the panel displayed on the screen.
The displayed panel varies depending on the input data types.

Arrow Key Entry Panel

Click the numeric data area when entering the numeric data of the bit
rate or power voltage.

The arrow key entry panel as shown in Figure 4.2-1 is displayed.

Click the right and left arrow keys and select the line to change the value.
Click the up and down arrow keys or turn the rotary knob to change the

value.
Data name Close button

Data range Q
'-1

Increasing Button for @
value switching numeric B
. value entry/arrow @)
Decreasing key entry display “8
value @
B

Shifting digits

Figure 4.2-1 Arrow Key Entry Panel

Table 4.2-1 lists the key and mouse operations corresponding to the

buttons on the arrow key entry panel.

Table 4.2-1 Correspondence between Mouse Operation and Keyboard

;:t':s:l Keyboard Mouse
A 1 Turn the mouse wheel up.
v 1 Turn the mouse wheel
down.
< -
> -




Chapter 4 Screen Operation

Numeric value entry panel

Click the button for switching the display of the numeric value entry/
arrow key entry panel as shown in Figure 4.2-1, and then the numeric
value entry panel as shown in Figure 4.2-2 is displayed. The key type,
unit and input range displayed on the panel vary depending on the data.

Click the arrow key entry panel display button, and then the arrow key

entry panel as shown in Figure 4.2-1 is displayed.

Close button

Button for
switching numeric
value entry/arrow
key entry display

__—Functional unit

Delete

Delete one
character

Enter

Figure 4.2-2 Numeric Value Entry Panel

Table 4.2-2 lists the keys on the keyboard corresponding to buttons on the

numeric value entry panel.

Table 4.2-2 Correspondence between Panel Keys and Keyboard

Panel Key | Keyboard Panel Key Keyboard

0 0 . .

1 1 +/— -
No

2 2 CLR corresponding
key

3 3 << BS

4 4 Enter Enter

5 5

6 6

7 7

8 8

9 9




4.2 Data Input Method

Software Keyboard

When entering character string data such as file name, click Screen
Keyboard. In the Keyboard screen (Figure 4.2-3), click keys to enter an
alphanumeric string. If you click Shift or Caps once, all keys are locked.
To unlock them, click Shift or Caps again.

Deleting one character

Keyboard

‘ 10282016_184941477_PPGEDCh1.PE1

B ] (2] (o] (e (o] (o] (o] (o] (o] fa] (o] (o] (e
L] [ (] EEEBEBD

L
BEBEEEEFB}I

| |

Shifting cursor Cancel
Determined

Figure 4.2-3 Software Keyboard

e e (o) (e (o b B o) (o) e [ () ol [lmssn]
b [ (e () (o (o ) G (o [ d (0
el o (o (oo bl ol B ) ) ) e

| I@IIIEEHIIHI l!

Figure 4.2-4 Software Keyboard (Shift Locked)

\

e (] (] [ (e (o (o] (] led (o (o) (ol (o) [osnl
e (o] e (o] () (o] (e (] fo] [ [ [ad [

B (o] (o) (2] (o) (o] (o) (o] (s (o] (o] [

I@IIIEEFD}

Cancel

l Space

-

Cancel

|

l Space

Figure 4.2-5 Software Keyboard (Caps Key Locked)

4-7
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Chapter 4 Screen Operation

4.3 Setting System Menu

The following items can be set and confirmed at the system menu.

e Saving measurement conditions and measurement results (Save)

e Loading measurement conditions (Open)

¢ Saving window image (Screen Copy)

o Initializing device settings (Initialize)

e Turning on external control mode (External Ctrl On)

e Turning off external control mode (External Ctrl Off)

e Setting panel lock (Panel Lock)

e Enabling panel lock and remote display (Local/Panel Unlock)

e Playing back the video of countermeasure against static electricity
(Before Use)

e Minimizing screen display (Minimize)

e Setting the application window display position (Dock/Undock)

e Setting remote control (Remote Control)

e Displaying system information (System Information)

e Terminating application (Exit)

To display the system menu, click System Menu as shown in Figure 4.1-1.

© System Menu

Save Open
Screen Copy | Initialize
External Cirl

On

Panel Lock
Before Use Minimize
; Remote
Dock/Undock Control
System
Information

Figure 4.3-1 System Menu




4.3 Setting System Menu

4.3.1

Save

Saving measurement conditions and measurement results
1. Click Save to display the Save panel.

2. Select the save data from the following:

PPG/ED Ch 1, PPG/ED Ch 2, PPG/ED Ch 3, PPG/ED Ch 4, Scope, All

Setups
The displayed module varies with the options.

3. When PPG/ED Ch 1, PPG/ED Ch 2, PPG/ED Ch 3, PPG/ED Ch 4, or

Scope is saved, select the data type from the following:
Setting: Measurement conditions
Result: Measurement results

4. The file name is displayed. To edit the displayed default file name,

click Screen Keyboard.

Close button

File Marme "Module”

EXS

| 10192016_160750833_PPGEDCh1.PE1

| Screen Keyhoard

OK

5. In the Keyboard screen, edit the file name.

6. To save to a file, click OK. To cancel saving procedure, click the Close

button.

Measurement condition files are saved in the following folder:
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Setting

Measurement result files are saved in the following folder:

C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\CSV
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\TXT

CSV files can be load in spreadsheet software.
Text files can be opened in text editor.
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Chapter 4 Screen Operation

4.3.2 Open

Loading measurement conditions from file

1. Click Open to display the Open panel.

2. Select the target module form the following:
PPG/ED Ch 1, PPG/ED Ch 2, PPG/ED Ch 3, PPG/ED Ch 4, Scope, All
Setups
The displayed module varies with options.

3. The file selection screen is displayed.

Close button
Medule @
10192016_160750833_PPGEDCh1.PE1

4. Click the file to be load.

5. To load the file, click OK. To cancel loading the file, click the Close
button.

Note:

When loading the configuration file for the Scope from Scope or
Setting, the following restrictions apply.

e Configuration files saved by the Scope equipped with the
MP2110A-08x cannot be loaded onto Scopes equipped with

other options.

e Likewise, configuration files saved by Scopes equipped with
other options cannot be loaded onto the Scope equipped with
the MP2110A-08x.

4-10



4.3 Setting System Menu

4.3.3 Screen Copy
Saving screenshots as image files
1. Click Screen Copy.
The file selection dialog box is displayed.
File (23a)

Drives File Name [ 10192016_16184132

PNG Files l l Screen Keyboard

File Type

Directories File List
& Anritsu - [10192016_16184132.png
=MX210000A
=Log
- SysFile
o UserData
~Mask Save to
~-MATLAB = Ci\Users\PubliciDocumentsiAnritsu'MX210000A Use...

- Pattern

Screen Copy

- Setting

- Nownlnads i

2. Click the Drives button, and then in the Directories area, select a

R
S
'-1
@
@
B
@)
k=]
®
'-1
&
&
9
B

save destination folder. The folder name is displayed at Save to.

3. The file format to be saved is displayed in the right button of the file
type. The file format can be toggled between PNG Files and JPEG
Files by clicking the button.

4. Toinput the file name, click Screen Keyboard to set the file name.
5. To overwrite an existing file, click the file name in the File List area.

6. Click OK to save a screenshot as a file.
When overwriting an existing file, a confirmation message is
displayed.
When clicking Default Name/Root, the folder and file names are set to the
default values.
The default folder is as follows:
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Screen Copy
The default file name is the date and time.
For example, the name of the file saved at 12:05:55.523 on 17 January
2017 will be as follows:
For JPEG Files: 01172017_120555523.jpg
For PNG Files: 01172017_120555523.png
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43.4

4.3.5

4.3.6

4.3.7

43.8

Initialize
Initializing measurement conditions
1. Click Initialize, and you are asked if you want to initialize all
settings.

2. 'To initialize the measurement conditions, click OK. To cancel the

initialization, click Cancel.

External Ctrl On

This menu turns on external control mode.
Do not use this menu for normal use; keep it turned off.

External Ctrl Off

This menu turns off external control mode.

Panel Lock

Panel locking

Preventing screen operations at other than System Menu is called “panel

locking”.

1. Click Panel Lock to lock the panel.

2. The screen elements other than System Menu, status indicators, and
date and time display are shaded.

Even if the panel is locked, System Menu and the power switch are

available.

When the panel is locked, Local/Panel Unlock in System Menu is

available.

When the MP2110A is remotely controlled, the panel is locked.

Local/Panel Unlock
Unlocking the panel
1. Click Local/Panel Unlock.

2. The Remote status indicator turns off.

4-12



4.3 Setting System Menu

43.9

Before Use

Playing back the video of countermeasure against static electricity
Click Before Use.

Other window is displayed and the video of countermeasure against static

electricity is played back in the window.
The playback time is about 1 minute 40 seconds.

| =

ESDwviden

Notes on Grounded Power Cords

-/ 0 meeReTRET

Instrument A _ [ ~ Instrument B

V8 A Y

Earth potential HhES{i
#Value using 100-V system;
100V when using 200-V system.

# RO EREA 100 V il LEE 200V Rigads 100V

ALWAYS use a properly grounded 3-pin power cord. NEVER use a 2-pin power cord or
ungrounded 3-to-2 pin power adapter.

S ER MRS 3 RS, YNER 2 HhBgR AR 3 F 2 8 RNERE.

00:49 ¥ O B ‘ﬁ‘

Figure 4.3.9-1 Display Window for Video of Countermeasure Against

Static Electricity
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Chapter 4 Screen Operation

4.3.10 Minimize
Minimizing the screen display
1. Click Minimize to display the desk top.
MX210000A is displayed on the task bar.

2. 'To display the screen, click MX210000A on the task bar.

4.3.11 Dock/Undock
Changing the window display method
Click Dock/Undock.
At Dock, the window is fixed at the upper left of the screen, and the
window cannot be moved. This setting allows the application window to
display in full screen when the monitor resolution is 1280 x 800. Refer to
2.9.3 “Setting External Monitor”.
At Undock, the window can be moved.

4-14



4.3 Setting System Menu

4.3.12 Remote Control
Clicking Remote Control displays the following dialog box.

Remote Control @

GPIB

Address h

Raw Socket

Port Number | 3001

Network Connections
Local Area Connection {Lefty{DHCP)
IP Address | | | |

Subnet Mask | . | . | . |

swewny [ [ [

Local Area Connection {Right)
IP Address |192 _|168 | 1 | 10

Subnet Mask |255 . |255 . |255 . | 0

swewny [ [ [

l Change Network Connections
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Figure 4.3.12-1 Remote Control Dialog Box

To set GPIB

1. Click the GPIB Address text box. A dialog box for inputting the
address is displayed.

2.  Enter the GPIB address in the range of 0 to 30.

3. To complete the setting, click OK.
To cancel the setting, click Cancel.

Note:
GPIB is available on the MP2110A only when a GPIB connector is
installed on its rear panel.
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To set Ethernet

1. Click the Port Number text box of Raw Socket. A dialog box for
inputting the port number is displayed.

2. Set the number in the following range:
Port Number: 1024 to 5001

3. Click Change Network Connections to change the IP address, subnet
mask, and gateway address of the MP2110A. The Windows Network

Connections window is displayed.

& Network Connections - m] PY
1T ﬁ‘ <« Al Contral Panel [tems » Metwork Connections » w O Search Metwark Connections @
Organize + B~ ™ @
L—E BO MNOT CHAMGE 1 L—. Local Area Connection (Center) L—. Local Area Connection (Left)
—T nidentified network == Metwark cable unplugged == Unidentified network

W Intel(R) 1211 Gigabit Metwark .. R T Intel(R) Ethernet Cantroller [2., W Intel(R) Ethemet Cantroller [2.,

L" Local Area Connection (Right)
_— Metuark cable unplugged
R @7 Intel(R) Ethernet Cantroller (2.,

i
I

4 items

4. Right-click the appropriate Local Area Connection icon (Left, Right,
or Center), and click Properties.

Note: Local Area Connection (Center) is available only when the
CPU Board version is 01 (refer to Figure 4.3.13-1).

5. Click Internet Protocol Version 4 (TCP/IPv4), and click Properties.
6. In the Internet Protocol Version 4 (TCP/IPv4) Properties dialog box,

configure the settings.
Internet Protocel Version 4 (TCP/IPvd) Properties l ? o £3

General

‘You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IF settings.

() Obtain an IP address automatically
@ Uge the following IF address:

IF address: 192 . 168 . 100 . 2
Subnet mask: 255,255, 0 . 0
Default gateway:

Obtain DNS server address automatically
@) Use the following DNS server addresses:

Preferred DNS server:

Alternate DNS server:

[ validate settings upon exit

[ OK H Cancel ]

h

To automatically obtain an IP address of Local Area Connection
using DHCP, click Obtain an IP address automatically.
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4.3 Setting System Menu

7. Click OK to complete the settings.
Click Cancel to cancel the settings.

Note:
At step 3, do not change the setting of DO NOT CHANGE (Intel(R)
Gigabit Network Controller) in the Network Connections dialog box.
If changed, the application is not started correctly. If this setting is
changed, set Obtain an IP address automatically and Obtain DNS
server address automatically at step 6.
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4.3.13 System Information

Displaying the system information

Click System Information. The System Information dialog box appears.

CPU Board Version /Software Version

System Information /

MX210004A BERTWave Control Softwarei 08.01.00 1|
2026-02-13 11:43:36 feco——=—== a

Mainframe | MP2110A

DO NOT CHANGE 1:
MAC Address:  00-00-91-07-6d-0a
IP Address: 169.254.48.191

Hardware Options:

Scope Module: A51-00 01/01

Options: 80(60GHz Quad Optical Scope for Singlemode)
MAC Address:  00-00-91-05-2d-01

IP Address: 169.254.1.155

Scopel.FPGA:  1.00.00

Scope2.FPGA:  1.00.00

Scopet.syst: 1.00.13

Serial number: | 2110250507 Software Options:

FPGA: a0 _ 62(Basic Functions)

CPUBoard: | 00 _ 63(PAMd Analysis Software for Opt.08x)
os: Windows 10 loT Enterprise 2019 LTSC

Local Area Connection {Left):

MAC Address:  cc-82-Tf-6d-ee-d1 MAC Address:

IP Address: 169.254.202.176 IP Address:

Local Area Connection {Right):

MAC Address:  cc-82-Tf-6d-ee-d0 MAC Address:

IP Address: 0.0.0.0 IP Address:

01(Cooling Performance Enhancement)

Version
#1: A52.00 (S) 01/01 2025.05.22 10:09:54
(0) 01701 2025.05.22 10:09:54
s A52.00 (5) 01/01 2025.05.22 10:09:54
(0) 0101 2025.05.22 10:09:54
Tiigger: A5100
{ Save To Cliphoard l l Save To File ] | 0K !

Figure 4.3.13-1 System Information Dialog Box

Click Save To Clipboard to copy the system information to the Windows

clipboard.

Click Save To File to open the Save dialog box. Enter the file name and

click OK to save the system information to a file.

Save

(S

| SystemInformation.txt

l Screen Keyboard

Click Exit to close the System Information dialog box.
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4.3.14 Exit

Terminating application
1. Click Exit. You will see the dialog box asking if you want to terminate
the application.

2. 'To terminate the application, click Yes.
To cancel the application termination, click No.

To restart the application:

e Double-click the MX210000A icon.
or

e On the Start menu, point to All Programs, Anritsu, and then click
MX210000A.
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Chapter 4 Screen Operation

4.4 Multi-channel Signal Output

The MP2110A can set PPG channels 1 to 4 to On/Off at the same time.

To output signal from PPG:
1. Click on at All Outputs shown in Figure 4.4-1.

2. The letters of on turn green and then the Output status indicator

turns green.

All Outputs

off on

Figure 4.4-1 All Outputs Button

Signals are output from all channels of PPG.

To stop the signal output from the PPG:
1. Click off at All Outputs shown in Figure 4.4-1.

2. The characters of on are changed to white and then the Output

status indicator turns off.

The data signal output is stopped for all the PPG channels 1 to 4.

Note:
When you start the MX210000A, off is set for All Outputs.
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4.6 Simultaneous Measurement Start and Stop at Multi-channels

4.5 Simultaneous Measurement Start and Stop at
Multi-channels

The MP2110A can measure error rates for up to four channels and sample

waveform data for up to four channels simultaneously.

To start simultaneous measurement, click the ®» key shown in Figure
4.5-1. The Measure status indicator turns green.

To stop simultaneous measurement, click the M key shown in Figure
4.5-1. The Measure status indicator turns off.

All Measurements

] | 3

Figure 4.5-1 All Measurements Button
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Chapter 4 Screen Operation

4.6 Linking Measurement Settings for Multiple

Channels
With the MP2110A-x14, Ch Tracking is displayed in the application

screen.

To apply the PPG and ED settings for Ch1 to other channels, click on. In
this state, altering settings for Ch1 also alters the settings for other
channels.

Ch Tracking

off on

Figure 4.6-1 Ch Tracking

The following settings are linked:
Test Pattern
ED Tracking*
ED Gating Cycle (Repeat/Single/Untimed)
ED Gating Period

Setting Ch Tracking to on sets ED Tracking to On. However, setting
Ch Tracking to off does not set ED Tracking to Off.

4-22



4.7 Displaying BER Measurement Results for Multiple Channels

4.7 Displaying BER Measurement Results for Multiple

Channels

© System Menu

With the MP2110A-x14, All BER Results is displayed in the application
screen.

To view BER measurement results for all channels, click Open.

All BER Results

Open

Figure 4.7-1 All BER Results

Ch Tracking All BER Results | All Measurements All Outputs

10/28/2016

off on open (] Measure ~ Output 20:24:20 m
All BER Measurements I Closa l Stop “ Stant ] l History PPGIED
Ch1
B . : f P
BitRate  Variable 25781250 kbit/s
; e
1 TestPattern PRBS 249-1 E15 E12 E9 E6 E3 EL Pzﬁ‘ED
Start Time ‘ 10/28/2016 20:23:49 ER Total 0.0000E-11
0 st L EC Total 0 ce 25T81E+11 PPG/ED
Progress 0%  Error HE FREQ(kHz) 25781250 Ch3
[ BitRate  Variable 25781250 kbitls -]
ED Start / Stop . PPG/ED
2 TestPattern PRBS 249-1 E15 E12 E9 E6 E3 EL Ch 4
Start Time ‘ 10/28/2016 20:23:49 ER Total 9.0505E-10
sYNC Loss [l [ e Tom w0 cc [ 1.5468E+11
Progress 0%  Error [ I FREQ(kHz) | 25781249
o [ BitRate  Variable 25781250 kbit's
3 TestPattern PRBS 249-1 E15 E12 E9 E6 E3 EL
Start Time ‘ 10/28/2016 20:23:49 ER Total 0.0000E-11
sYNC Loss [ll [l e Tom o cc [ 25781E+11 =
Progress 0%  Error og FREQ(kHz) | 25781248 SoEpE
2 : - ; power ————
ED . Bit Rate Variable 25781250 kbit/s 0.0000E-11
4 Test Pattern PRBS 2/9-1 E<15 E-12 E9 E6 E3 ED
Start Time ‘ 10/28/2016 20:23:49 ER Total 0.0000E-11
SYNC Loss [l Il e Toma ’70 cc [ 2.5781E+11
Progress 0%  Error og FREQ(kHz) [ 25781252
Figure 4.7-2 All BER Results Display

Table 4.7-1 All BER Measurements Buttons

Name Description

Start Starts BER measurement for all channels.
The sampling oscilloscope measurement is not started.

Stop Stops BER measurement for all channels.
The sampling oscilloscope measurement is not
stopped.

History Reset Resets the History lamps for all channels.

Close Closes the All BER Results display.

Clicking the function button of the top menu closes the All BER Results
display.

4-23
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Chapter 4 Screen Operation

4.8 Displaying Date/Time and Status

To display date and time
Date and time are displayed on the upper right side of the screen.
Date and time can be changed in the Windows Control Panel.

To display status
The following three kinds of indicators indicate the status.

Table 4.8-1 Status Indicators

Indicator Status
Remote Turns blue when the MP2110A is being remotely
controlled.
Measure Turns green when measuring bit error rate or
acquiring waveform data of sampling oscilloscope.
Output Turns green when a signal is being output from one
of the PPG channels.

Figure 4.8-1 Status Indicators During Remote Control

Measure

Figure 4.8-2 Status Indicators During Bit Error Rate Measurement and
Waveform Data Capture

Output

Figure 4.8-3 Status Indicators When PPG Signal is Output
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Chapter 6 How to Operate BERT

This chapter explains the BERT module setting items and how to
measure the bit error.

5.1 Procedure for Generating Pulse Signal......................... 5-2
52 PPG/ED Panel ......cccccooiiiiiiiiiii e 5-3
5.2.1 Setting Reference Clock...........ccccceviiieiinnnenen. 5-7
5.2.2 Setting BitRate..........cccceveeiiieee e, 5-8
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Chapter 5 How to Operate BERT

5.1 Procedure for Generating Pulse Signal

( Starting )

Y

Select a reference clock.

Y

Is the external
clock used?

No

<

The basic procedure is as shown in the following figure.

|Set the bit rate standard.

Is the bit rate
standard Variable?

Y

Set the pattern.

Y

Set

negative logic.

positive logic or

Yes
A
Input the clock to Exf|
CIk In connector.
Y
Set the division
ratio.
Yes

\ 4
Click Apply button. |

No

offset.

Set the bit rate and

SAA

A

Set the PPG amplitude.

L2
Set the ED inputs and
thresholds.

<

) 4
Is an external
attenuator used?

No

Yes

A

Set external
attenuation to 0.

Input the extern

attenuation factor.

al

A

Figure 5.1-1

<

Is the synchronous
output used?

No

Yes

Y

Set the Sync
Output.

Y

dis

Set Gating and ED result

play.

Y

[Turn Data/XData on.

Y
Click Start/Stop.

Y

( End )

Basic Procedure of Generating Pulse Signal




5.2 PPG/ED Panel

5.2 PPGI/ED Panel

Clicking PPG/ED Ch1 of the function key displays the following panel.
The elements that are set as common in the channels other than Ch 1 are
displayed by the light blue characters.

» PPGIEDCh 1

PPG Dataf)(DataE OFF g. I Setup/Result ]
Bit Rate Reference CLK
yariable | [25781250 whiws [0 pom l Intemnal l
24.328.2G)
PPG Amplitud
040 Vpp Ext ATT ’07 dB W Vp-p
ED Input Conditi
Threshold ————
Sing:;:ECI::ZZIData By ’07 dB ’07 (s
Test Pattern Output
pp(;l PRBS 249-1 H POS l Sync Out l PPG1_1/8Clk l

ED PRBS 2%9-1 Tracking  ON Clk Out Ch1:2 1/4 Clock

Error Addition
ED Result "All"
Start Time ‘ RN O
ER

S | cuting

E-15 E12 ES Gating Cycle Repeat

Insert Error 20 bit .

Current !
FREQ(kHz)‘ """ SYNC Loss [Hl

0%  Error . .

Figure 5.2-1 PPG/ED Settings Panel
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Figure 5.2-2 shows the bit rate display when setting Ext Clk In at
Reference CLK.

Bit Rate Reference CLK

sustan w0~ rsrsizn s | somn |

Figure 5.2-2 Bit Rate Display When Setting Ext Clk In
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Chapter 5 How to Operate BERT

When Setup/Result is clicked, the panel display is changed to the panel
shown in Figure 5.2-3. And when Setup/Result is clicked again, the panel
display is changed to the panel shown in Figure 5.2-1.

l Stop H Start ] IH'{Z:'E? l Setup/Result l

E-15 E-12 E-9 E-6 E-3 E-0

b 0.0000E-10
1 E

sYNC Loss [l EC ]

Error (@ 1®] cc [ 2.5781E+10
0% FREQ(kHz) | 25781249

X 0.0000E-10

BRE® E12 E9 E6 E3 ED

sYNC Loss || EC 0

Error [#]#] cC [ 25781E+10
0% FREQ(kHz) [ 25781251

0_0000E-10

E-15 E-12 E-9 E-6 E-3 E-0

sYNC Loss [l Il EC 0

Error (@ % cC [ 2.5781E+10
0% FREQ(kHz) 25781251

B 0.0000E10
E

E-15 E-12 E-9 E-& E-3 E-0

sYNC Loss [l EC 0

Error (@ %] CC [ 25781E+10
0% FREQ(kHz) | 25781248

Figure 5.2-3 PPG/ED Results Panel (In case of MP2110A-x14)




5.2 PPG/ED Panel

The following table describes the panel.

Table 5.2-1 Setting Items of PPG/ED

Item Description
Setup/Result Switches the PPG/ED panel display.
PPG Data/XData Sets the PPG data signal output On/Off.

XData means Data on the front panel.

The right side of the button is lit in green while the data is outputting to
the connector.

Bit Rate*!

When Reference CLK is Internal:
Select the communication standards by clicking the button.
Set the bit rate when Variable is selected.
Set the offset in the range from —100 to 100 ppm for the set bit rate.
When Reference CLK is Ext Clk In:
Input the external clock and check that the indicator of the Reference
CLK status display is changed to yellow, then click Apply.
When the internal pattern generation circuit is synchronized with
the external clock, the external clock frequency and bit rate are
displayed.

Reference CLK Status

Display Red: Reference clock cannot be detected.
Yellow: Reference clock was detected, but is not synchronized
with pattern data.
Green: Reference clock is synchronized with pattern data.

Displays the reference clock synchronization status.

PPG Amplitude

Sets the amplitude voltage of the signal output to the Data Out
connector and Data Out connector at the text box on the right.

When the attenuators are connected to the Data Out connector and Data
Out connector, set the attenuation at Ext ATT. The amplitude voltage of
the signal output from the attenuator is displayed.

Note:
Connect the attenuators that are the same attenuation to the Data
Out connector and Data Out connector.

ED Input Condition

Selects the input method of ED by clicking the button.
Set the threshold voltage of the Data In connector and Data In connector
at the text box on the right.

When the attenuators are connected to the Data In connector and Data
In connector, set the attenuation at Ext ATT.

Note:
Connect the attenuators that are the same attenuation to the Data
In connector and Data In connector.

*1: This is set to the following channels as common:
In MP2110A-x12: Ch 1 and Ch 2
In MP2110A-x14: Ch 1 to Ch 4
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Chapter 5 How to Operate BERT

Table 5.2-1 Setting Items of PPG/ED (Cont’d)

Item

Description

Test Pattern*2

Selects the test pattern by clicking the button.
The polarity of test pattern can be changed by clicking POS or NEG.
The polarity when the test pattern is “1” is shown below:
POS: The voltage of Data connector is higher than the voltage of
Data connector.
NEG: The voltage of Data connector is higher than the voltage of
Data connector.
Set ON at Tracking to set the same test pattern to PPG and ED.

ED Result

Sets the method for displaying the bit error measurement results.

Start Time

Displays the start time of the bit error measurement.

Elapsed Time

Displays the elapsed time of the bit error measurement.

Remaining Time

Displays the remaining time calculated by subtracting the elapsed time
of the bit error measurement from the time set at Gating.

Start/Stop

Stops/starts bit error rate measurement.

History Reset

Deletes the history displays of Sync Loss and Error.

Reference CLK*!

Selects the clock to be used from the following items:
Internal:

Use the internal clock based on the internal 10 MHz oscillator.
Ext Clk In:

Use the external clock input from the Ext Clk In connector.

Sync Out*! Selects the clock source and division ratio for the signal output to the
Sync Out and Sync Out connector

Clk Out*1 Selects the clock source for the signal output to the Clk Out connector.

Error Addition When Insert Error is clicked, bit errors are inserted in the test pattern,

and the indicator on the right is lit in red for one second.

Gating Cycle*?2

Selects the bit error measurement method by clicking the button.
Set the time of single bit error measurement.

Current

Setting On updates the results display while BER measurement is in
progress.

*2: This is set as common in Ch 1 to Ch 4 when Ch Tracking is on in
MP2110A-x14.




5.2 PPG/ED Panel

5.2.1 Setting Reference Clock

BERT uses the reference clock to generate the data and detect an error.
The reference clock can be selected from the following supply sources:

e Internal clock generated inside the MP2110A

e External clock input from the Ext Clk In connector

The internal clock accuracy is £10 ppm after power is applied for 1 hour.
The external clock is used under the following conditions:

e When synchronizing other equipment with clock

e When using clock with higher accuracy than internal clock

Table 5.2.1-1 Reference CLK Settings

Frequency of
Reference CLK Description Clock Input to

Ext Clk In (MHz)

Internal Use the internal clock based on the internal
10 MHz oscillator

Ext Clk 1/16* Use the external clock input from the Ext 593.75 to 887.5
CIk In connector

When the bitrate is within 9.5 to 14.2 Gbit/s
The division ratio of external clock
frequency and bit rate is 16.

Ext Clk 1/40 Use the external clock input from the Ext 607.5 to 705.0
CIk In connector

When the bitrate is within 24.3 to 28.2
Gbit/s

The division ratio of external clock
frequency and bit rate is 40.
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* This is displayed when MP2110A-x93 is installed.

Note:

Click Apply when the Reference CLK status display is lit in yellow
while the external clock is used.

The Ext Clk In connector is an AC coupling.

Input the signal of the sine wave or square wave where the amplitude is
0.2 to 1.6 Vp-p.
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5.2.2 Setting Bit Rate

Set the bit rate when Reference CLK has been set to Internal.

The bit rate is set as common in PPG/ED Ch 1 to Ch 4. For example, when
the bit rate is changed in the PPG/ED Ch1 panel, the bit rates of PPG/ED
Ch2 to PPG/ED Ch4 are also changed.

1. Click the Bit Rate button.
The window is opened to select the standards.
The number of displayed buttons varies depending on whether
MP2110A-x93 is added or not.

" Bit Rate Standard Value

Ethernet OTN Fibre Channel InfiniBand

Variable i 100GhE/4 FEC 0TU4 32GFC InfiniBand EDR
i 28.05G) 25.78125G)

27.7393G) l l 127.952493G)

100GhE/4
25.78125G)

Figure 5.2.2-1 Bit Rate Standard Value Dialog Box (Without MP2110A-x93)

Bit Rate Standard Valus

Variahle Ethernet OTN SDH/SONET Fibre Channel InfiniBand
Variable 100GhE/4 FEC 0TU4 6.975 FEC 32GFC InfiniBand EDR
27.7393G) (27.952493G) 10664228 G) (28.05G) 25.78125G)
Variable 100GhE/4 0TU2e (10GbE FEC}) 0C-192/STM 64 16GFC InfiniBand FDR
9.5-14.2G) {25.78125G) (11.095728G) 9.95328G) {14.025G) (14.0625G)
10GhE LAN/PHY 0TU1e (10GbE FEC) 10GFC FEC InfiniBand x4
(10.3125G) (11.049107 6} 11.3168G)

(10G)

10GhE WAN/PHY 0Tu2 10GFC
19.953286G) (10.709225G) (10.51875G)

Figure 5.2.2-2 Bit Rate Standard Value Dialog Box (With MP2110A-x93)

2. Click the bit rate standards button.

The number displayed in the button is the specified bit rate (bit/s).
When indicating 28.05G, this means 28.05 Gbit/s.

3.  When selecting Variable, click the bit rate and offset text boxes and
input the value. The bit rate can be set in the range 24.3 to 28.2 GHz,
and the offset can be set in the range —100 to 100 ppm.

When MP2110A-x93 is installed, the offset can also be set in the
range 9.5 to 14.2 GHz.




5.2 PPG/ED Panel

Setting Amplitude

1.
2.

Click the PPG Amplitude text box and set the amplitude voltage.
When the attenuators are inserted between the Data Out connector
and Data Out connector of MP2110A and the DUTS, click the Ext

ATT text box and input the attenuation. The amplitude voltage after
passing through the attenuator is displayed.

/A CAUTION

When inserting attenuator at both the Data Out connector
and Data Out connector, use an attenuator with the same
amount of attenuation.

If the attenuation amounts are different, the displayed
amplitude and the amplitude output at the connector will
be different.
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Chapter 5 How to Operate BERT

5.2.3

Setting Patterns

Clock

The following three test patterns can be selected.
e PRBS

e 1/2 Clock Pattern

e 1/16 Clock Pattern

PRBS

PRBS is the pattern generated at the hardware.
The generated pattern length, maximum length of contiguous 1s, and
maximum length of contiguous Os differ depending on the hardware

configuration.

The following block diagram indicates the hardware generating PRBS

28T7-1.
Exclusive OR

Flip-flopx7

D Q D Q—D Q D Q—|D Q——D Q D Q
> > > > > > —>

1 2 3 4 5 6 7
A A A A A A
7 nialvave

Figure 5.2.3-1 Block Diagram for PRBS Generating Circuit

This block diagram is composed of a shift register composed of a

seven-stage flip-flop and an Exclusive OR circuit. A signal of the sixth and
seventh stages of the shift register are input to the Exclusive OR and the

output of the Exclusive OR is input to the shift register. This type of

configuration is described by the following pattern generation polynomial.

1+ X6+ X7

When inputting the default value of 7 bits and impressing the clock, a

pattern with a bit length of 27-1 = 127 is repeatedly generated. The

default value of seven bits includes 1 or more “1” bits.

The following shows the pattern length, maximum number of contiguous

1s, and maximum number of contiguous Os using the PRBS generation

formula of the MP2110A.

5-10
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5.2 PPG/ED Panel

Patterp Pattern Maximum Maximum
PRBS Generation number of number of
Polynomial Length contiguous 1s contiguous 0

2/°7-1 1+X6+X7 127 7 6
279-1 1+X5+X9 511 9 8
2715-1 1+X14+X15 32767 15 14
2123-1 1+X18+X23 8388607 23 22
2731-1 14+X284X31 214748647 31 30

The ratio of 1s to the PRBS pattern length is 50%.

1/2 Clock Pattern

“1/2 Clock Pattern” means the repeating pattern of “1” and “0”.

The pattern of which the clock frequency is divided in half is output from
the Data Out connector and Data Out connector.

Clock

Data

Pattern o Time
data 1 O 1 0 1 0 1 0 1 0

Figure 5.2.3-2 Relationship between Data and Clock when 1/2 Clock
Pattern is set

1/16 Clock Pattern

“1/16 Clock Pattern” means the repeating pattern of “11111111” and
“00000000”.

The pattern of which the clock frequency is divided in one-sixteen is
output from the Data Out connector and Data Out connector.

Clock

- N

Pattern - AN S S - > Time
data 11700000O0O0OO01T1T1T11111000

Figure 5.2.3-3 Relationship between Data and Clock when 1/16 Clock
Pattern is set

5-11
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Chapter 5 How to Operate BERT

Pattern Logic
There are two types of logic; Positive Logic (POS) and Negative Logic
(NEG).
With positive logic, the voltage at the Data connector goes High when the
data is “1”.
With negative logic, the voltage at the Data connector goes Low when the
data is “1”.

Patterndata 0 1 0 0 1 1 0 1 0 1
Data connector

voltage if POS
is set 0

A
Data connector

voltage if NEG
is set 0

Figure 5.2.3-4 Relationship between Logic Setting and Output Voltage
Waveform at Connector

Set the pattern using the following procedure.

1. Click the button for Test Pattern, and you will see the Test Pattern

dialog box.
Test Pattern (==

PRBS Clock Pattern

l PRBS 2471 ] l 12 Clock Pattern ]
PRBS 2491 l 1/16 Clock Pattern ]

l PRBS 2415-1 ]

l PRBS 2423-1 ]

l PRBS 2431-1 ]

2. Click the button for the pattern you want to set.

5-12



5.2 PPG/ED Panel

5.2.4 Setting Output Waveform

The PPG Data connector and Data connector are AC coupling.
When it is necessary to impose DC voltage on an output waveform,
connect a bias-T.

/A CAUTION

e The impedance of the Data Out and Data Out
connectors is 50 Q. Measurement may not be
performed correctly if a coaxial cable with another
impedance is used or if the impedance of the DUT is not
50 Q.

e The amplitude of signal output to the Data Out and
Data Out connectors is 0.1 to 0.8 Vp-p. Check that the
output voltage amplitude does not exceed the DUT
maximum input specifications. If it does, connect an
attenuator to the output connector.

Set the bit rate and amplitude of the waveform output to the Data and %m
Data connectors. o+
o
) @)
Voltage (V) Cycle=1/ (Bit Rate) S
A <

=
A ®
ws]
=
=
Amplitude =

Time v

; v

Figure 5.2.4-1 Waveform Setting Item
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5.2.5

Setting Sync Out

Set the signal type output from the front-panel Sync Out connector.
Sync Out connector outputs a clock synchronized to the data generated by
the PPG. The Sync Out Connector is a DC coupling.

To monitor the waveform pattern of the pulse pattern generator, set
Pattern Sync at Sync Out and connect the Sync Out connector and the
Trigger Clk In connector of the sampling oscilloscope using a coaxial cable.

Data Connector . 8, 16, or 40 R

Voltage OT [\ [ \ [N\ f N\ [,
|J AN A - A 7 </ :~ lime

Sync Out Copnector

Voltage f

0 > Time
L/ \ v

Figure 5.2.5-1 Correspondence between Sync Output Setting and Output Voltage

Waveform at Connector Using PPG Rate Division

Data Connector Pattern Length N\ -
Voltage T M\ / \_/_ N\ /7)/—\ [N\ [

O| VARTA S A e -y \\ 7 s > Tlime
Sync Out COfnector 33

Voltage 0 |_/ \ (( / > Time
AN

Figure 5.2.5-2 Voltage Waveform Output to Connector Corresponding to Sync Output
Setting for Pattern Sync
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5.2 PPG/ED Panel

The Sync Output amplitude cannot be set.

The time interval outputting the pulse varies depending on the pattern

length and bit rate when Sync Output is Pattern Sync .

Select the pattern for the measurement referring to Table 5.2.5-1.

Table 5.2.5-1

Cycle of Sync Output (Pattern Sync)

Bit Rate (kbit/s)

Pattern Name

10 000 000 | 14 025 000 | 25 781 250 | 28 050 000
PRBS 277-1 12.7 ns 9.1 ns 4.9 ns 4.5 ns
PRBS 279-1 51.1 ns 36.4 ns 19.8 ns 18.2 ns
PRBS 2715-1 3.28 us 2.34 us 1.27 us 1.17 pus
PRBS 2723-1 838.9 us 598.1 us 325.4 s 299.1 us
PRBS 2731-1 214.7ms | 153.1 ms 83.3 ms 76.6 ms

/A CAUTION

e The impedance of the Sync Out connector is 50 Q.
Measurement may not be performed correctly if a
coaxial cable with another impedance is used or if the
impedance of the DUT is not 50 Q.

e The output voltage of the Sync Out connector is -1.2 to
0 V. Check that the output voltage does not exceed the
DUT maximum input specifications. If it does, connect
an attenuator to the Sync Out connector.

Note:

PPG Pattern Sync cannot be set for the following Scope setting.

Time dialog box

Data Clock Rate: Tracking On

Procedure
1. Click Sync Out.

2. Select the type of signal output to Sync Output.

5-15
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Chapter 5 How to Operate BERT

5.2.6 Setting Clk Out

Set a signal output from the Clk Out connector on the front panel.

Clk Out is a function to output the clock synchronized to the data
generated from the pulse pattern generator to the Clk Out connector on
the front panel. The Clk Out connector is AC-coupled.

To measure the eye waveform using the sampling oscilloscope, connect the
Clk Out connector and the Trigger Clk In connector of the sampling
oscilloscope using a coaxial cable.

For MP2110A-x93, the clock output division rate is automatically changed
according to the bit rate.

24.3 to 28.2 Gbit/s: 1/4Clock

9.5 to 14.2 Gbit/s: 1/2Clock

For MP2110A-x14, the clock source of clock output is selected from Ch1/2
or Ch3/4.
The jitter is reduced by matching the channel used for the measurement
and the channel at Clk Out as shown in Figure 5.2.6-1. Refer to the
descriptions at Jitter in Section A.2.2, “Pulse Pattern Generator”, for
details of the jitter.

To perform the measurement using PPG/ED Ch1l and PPG/ED Ch2, set
Ch1/2.

)

¥ @ o
AARAAA:
I

=) 4

Figure 5.2.6-1 Connection Example When Setting Ch1/2 at Clk Out

To perform the measurement using PPG/ED Ch3 and PPG/ED Ch4, set
Ch3/4.

5-16



5.2 PPG/ED Panel

/=) 4

Figure 5.2.6-2 Connection Example When Setting Ch3/4 at Clk Out

5.2.7 Inserting Bit Error

Insert a bit error when confirming whether to detect the bit error at the
ED. The number of bit errors to be inserted at one time is determined
according to the bit rate.

24.3 to 28.2 Gbit/s : 20 bit

9.5 to 14.2 Gbit/s : 8 bit

Inserting bit errors one bit at a time using screen operation

Click Insert Error.

When inserting the bit error, the indicator on the right side of Insert
Error lights red.
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5.2.8 Setting Error Detection Method

Set the conditions for detecting a bit error.

Signal input connectors
The block diagram for Data In and Data In connectors on BERT panel is
as shown below.

YAN

Data In %
N
/

Data In

% Threshold voltage
\Y4

Figure 5.2.8-1 Input Connector Block Diagram

/A CAUTION

e The impedance of the electrical input connector is 50 Q.
Measurement may not be performed correctly if a
coaxial cable with another impedance is used.

e Do not apply a DC voltage of more than 1 V to the Data
In connector and the Data In connector. Otherwise, the
internal circuits may be damaged.
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5.2 PPG/ED Panel

Make a signal input connector selection, depending on the settings for ED

Input Condition.

Differential 50 Ohm: Signal input connector for both Data In and Data
In connectors. The differential voltage of each
signal input to two connectors is the input voltage.

Electrical Single-Ended Data:

Signal input connector for Data In connector

Electrical Single-Ended XData:

Signal input connector for Data In connector

Attenuator Factor (External Attenuation)

When installing the fixed attenuator in the Data In and Data In
connectors of the BERTWave, input the attenuation (dB) of the fixed
attenuator.

The threshold voltage calculated to the input voltage of the attenuator is
displayed.

The calculation formula is as follows:

Calculated Threshold Voltage = Threshold Voltage X 10~ (attenuation/20)

/A\ CAUTION

e When inserting the attenuators at both Data In
connector and Data In connector, use the attenuators
with the same amount of attenuation. When the
attenuators with the different amounts of attenuations
are used, the displayed threshold voltage and the actual
threshold voltage are different.
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e When the voltage input to the attenuator is more than 5
V or less than -5 V, check that the voltage consumed in
the attenuator does not exceed the rated power of the
attenuator.

e Check that the voltage of the signal attenuated in the
attenuator does not exceed the voltages displayed at
the Data In connector and Data In connector.

5-19
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Threshold Level

Voltage level for evaluating “1” and “0”.

The input connectors are AC coupled, so set a voltage corresponding to the
signal waveform excluding the DC components.

The waveform excepting the waveform input to the connector and the DC
component when inputting the 1.2V LVCMOS signal to the Data In
connector and Data In connector is shown below.

Set the threshold level to the waveform excepting the DC component.

Voltage (V) , Wa\{eformlmput Ito Datla InfDlata Inl connelzctors |
A ' |

1

0 » Time
-1
Voltage (V) W f " tDC t

1 1 | S Ehes componen : Threshold level
; /\U/\ / \U/ f
1 |

Figure 5.2.8-2 Waveform That Threshold Level Can be Set

Logic
Select the positive logic (POS) or negative logic (NEG).
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5.2 PPG/ED Panel

Voltage (V)

A
Input waveform
to the Data In
connector

0

Voltage (V);
A :

Input waveform
tothe Data In 0
connector

POS 0
NEG 1

Figure 5.2.8-3 Values Defined as Input Waveform

Pattern

The ED compares the received bit string and the internally generated bit
stream bit-by-bit and evaluates it differences as it errors.
As a result, set the same pattern at the PPG and ED.

The setting procedure of the error detection conditions is as follows:

1. When changing the bit rate and pattern of the PPG and applying the
changing settings to the ED click the Tracking button and set to On.
When setting to On, go to the step 6.

When setting to Off, go to the step 2.
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2. Click the Bit Rate button and select the standard.

3.  Click the Test Pattern button and select the pattern.
Set the same pattern of the PPG.

4. Set Logic to POS or NEG.
5. Click the ED Input Condition button.
6. Select the connector receiving the signal from the followings:

Differential 50 Ohm: Data In and Data In connectors
Electrical Single-Ended Data: Data In connector
Electrical Single-Ended XData: Data In connector

7. Click the Ext ATT text box.

8.  When inserting the fixed attenuator to the Data In and Data In
connectors, enter the attenuation (dB). When not inserting the
attenuator, enter 0.

9. Click the Threshold text box.
10. Enter the threshold voltage.
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5.2.9 Setting ED Measurement Condition

To set how to measure bit error:

Set Gating Cycle at Gating.

Single: Performs measurement until the time set at the
measurement period is exceeded.

Repeat: Performs measurement until ER Result button display
becomes Stop.
The bit error rate returns to 0 at each measurement
period.

Untimed: Performs measurement until ER Result button display

becomes Stop. The bit errors are accumulated.

The following figure shows the relationship between the Gating Cycle
setting and the change in the displayed bit error count.

Bit error count Measurement Set button to Stop

J period R i

)k < 7, |

Single !
0 ' > Time

Repeat :
0 : > Time

A :

Untimed !
0 : > Time

Figure 5.2.9-1 Gating Cycle Settings and Bit Error Count

Bit error measurement Period

The Gating Period can be set when Gating Cycle is Single or Repeat.
The time can be set from 1 second to 9 days 23 hours 59 minutes 59
seconds.
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5.2 PPG/ED Panel

Measurement method

The ED Result display can be refreshed either in real time (approx. 0.1 s
intervals) or when the progress bar reaches 100%. The display method is
set at Current of Gating.

On: Updates measurement results in real time.

Off: Updates measurement results when progress reaches 100% for either
Single or Repeat Gating Cycle.

Updates measurement results when measurement stops for Untimed
Gating Cycle.

The setting procedure of the measurement conditions is as follows:

1. Click the Gating Cycle button and select the measurement method as
follows:
Repeat
Single
Untimed
2. When Gating Cycle is Repeat or Single, click the text box under the

Gating Cycle and enter the numeric value.

or when measurement stops

4. Click Start / Stop.
The right indicator of the button is changed to green.

The measurement cycle can be set from 1 second to 9 days 23 hours ?
59 minutes 59 seconds. i
o

3. Click Current to set the timing for the measurement result. o
On: Updates measurement results per 100 ms. hg
H

Off: Displays measurement results per measurement results 8
®

s}

=

=

pi

Measure is displayed at the status display.

The measurement processing rate is displayed.
When pattern synchronization is obtained, the SYNC Loss display is
erased.
When Gating Cycle is set to Untimed, the measurement cycle progress is
displayed every 5 seconds.
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Chapter 5 How to Operate BERT

When SYNC Loss is displayed in red

Pattern synchronization has not been obtained; check the following:

e The Test Pattern generated by the DUT matches the Test Pattern for
the error detector.

e The Logic POS and NEG settings are correct.

e A suitable threshold voltage has been set for the signal input to the
Data In connector and the Data In connector.

Threshold is not between level Excessive noise close to
Oand 1 threshold level
A Threshold A

> ; ; >
_/\ /\ ﬁ ﬁ ﬁ g Threshold

Figure 5.2.9-2 Examples of Improper Thresholds
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5.2 PPG/ED Panel

5.2.10 Measurement Result

The following measurement result is displayed in the ED Result.

Start Time: Time when bit error measurement started

Elapsed Time: Time elapsed from start of bit error rate measurement
When Gating Cycle is Single or Repeat, when time exceeds
the Time setting at Gating, the time is reset back to 0.
Remaining Time: Bit error measurement elapsed time subtracted from
time set at Gating Time setting.
ER: The bit error rate is displayed from 0.0001E—18 to 1.0000E-03.
Mantissa is 0.0000 when the bit error does not occur.
At this time, the numeric part varies depending on the clock number.
Example: 0.0000E-03 Clock count 1000 or more, 9999 or less
0.0000E-04 Clock count 10000 or more, 99999 or less
EC: The occurred bit errors are displayed from 0 to 9999999 or from
1.0000E07 to 9.9999E17.
CC: The received bit count is displayed from 0 to 9999999 or from
1.0000E07 to 9.9999E17.
FREQ (kHz):

Clock frequency calculated by the received bit count.

It is the same as the transmission speed (kbit/s) of the received data.

Alarm Indicator
Error: Displays red when detecting bit error.

SYNC Loss: Displays red when pattern not synchronized.
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When the alarm indicator goes red once, the History Indicator goes yellow
when the cause of the alarm is removed, indicating that an alarm
occurred.

When the History Reset button is pressed when the History Indicator is
yellow, the yellow display disappears.

The threshold of SYNC loss (error rate where the pattern synchronization
cannot be performed) varies depending on the bit rate, and the threshold
is calculated using the following formula.

65565000

Threshold value = m

Example: When the bit rate is 28.2 Gbit/s, the threshold is 2.32E-3.

65565000

W =2.325x107
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5.2.11 Saving Measurement Results

The measurement result of the saved bit error is as follows:

Bit Error Measurement Result
CC (Clock Count)

EC (Error Count)
ER (Error Rate)
Frequency

Start Time

Stop Time

Test Pattern

Anritsu;MP2110A ;01.00; TXT-————====—————————————————————————
Pattern PRBS279-1

Option 12,21,24,93

Start 2017/03/27 15:46:16 End 2017/03/27 15:46:26

25781250kHz 2.5781E+11

Figure 5.2.11-1 Text File Example

Anritsu;MP2110A;01.00;CSV

Pattern, PRBS 279-1

Option 12,21,24,93

Start 2017/03/27 15:46:16 End 2017/03/27 15:46:26

, Total
ER,0.0000E-11
EC, 0

Frequency,Clock Count
25781250kHz,2.5781E+11

Figure 5.2.11-2 CSV File Example
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5.2 PPG/ED Panel

Procedure
1. Click System Menu.

2. Click Save.

3. Select from PPG/ED Chl, PPG/ED Ch2, PPG/ED Ch3, or PPG/ED
Ch4.

4. Click Result.
The file name input dialog box is displayed.

5  When saving the file as the displayed file name, click OK.

6  Click the right button of the text box when editing the file name. The
software keyboard is displayed.

7  Input the file name.

8  When changing the file name, click OK, and when canceling the
procedure, click Cancel and go back to the step 4.

The measurement result file is saved in the following folder.
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\CSV
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\TXT
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Chapter 5 How to Operate BERT

5.3 Setting Restrictions

The setting items of the PPG have the following restrictions.

When Test Pattern is not PRBS (Test Pattern is 1/2 Clock or 1/16 Clock) in
MP2110A, the Pattern Sync is disabled due to the hardware restrictions.
The setting item can be selected, but “PPG 1/8 Clock” is output under this

condition.

When the following conditions are met, no signal is output from Clk Out.

e The bit rate operates in the range from 24.3 to 28.2 Gbit/s.

e “1/2 Clock Pattern” is set at PPG Test Pattern in one of the channels
specified at the Clk Out Source Channel setting (Ch1/2 or Ch3/4).
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Chapter 6 How to Operate Scope

This chapter explains the scope setting items and how to measure the
waveform.

Note:
This chapter explains how to operate MP2110A with the software
version 8 or later.

6.1  Measurement Procedure .........cccocvveeiiiiieeiiiineeniieenn 6-3
6.2 Explanation of WindOws ..........coooiiiiiiiiiiiieeeeeeee 6-4
6.2.1 Result WiNndOW..........cuuveiiiiiiiiiiicec e, 6-4
6.2.2 Displaying jitter measurement results in
graph.......ccoo 6-15
6.2.3 Setup Dialog BOX......ccueevriiiiiiiiiiii e, 6-28
6.2.4 Measure Dialog BOX ..........cevvvvvvivieieiereieienennnns 6-33
6.2.5 Amplitude O/E Dialog BOX........cccceeeviiireennnnn. 6-51
6.2.6 Time CRU Dialog BoX .........cccovvvvvieeeiiiiinnne, 6-56
6.3 Calibration and Adjustment............ccccoviiiiiienene. 6-62
6.3.1 Calibrating Level.........ccccccoeevciiiieiieiieiie, 6-62
6.3.2 Adjusting Dark Current.........cccoccveeiiiienennne. 6-64
6.3.3 Adjusting Values for Changing the Wavelength
Bands......ooooiiii e 6-65
6.3.4 Performing Self Test..........coccciiiiveeiiiiiinee, 6-67
6.4  Setting CRU .....ooiiiiiiiiiiee e 6-68
6.5 Setting Rate ......cooviiiiiiii 6-72 om
6.5.1  Setting Symbol RAte...........ooooorvoorrrrrrrrrrro. 6-73 2
6.5.2 Setting Clock Rate and Divide Ratio .............. 6-74 %
6.6 Setting Pattern Length ... 6-75 "8
6.7  Collecting Data.............cccoeueeeeeeeeeeeeeeeeereeeeeennen 6-76 §
6.7.1 Setting up data synchronization ..................... 6-76 @
6.7.2 Setting Cumulative Display for Waveform...... 6-79 ?
6.7.3 Displaying averaging waveform ..................... 6-81 '8
6.7.4 Starting and ending data collection ................ 6-83
6.8 Adjusting Scales .........cccceeiiiiiiiii 6-84
6.8.1 Adjusting Scales Automatically ...................... 6-84
6.8.2 Adjusting Vertical AXiS.......cccceevivieeiiiiieeeen, 6-87
6.8.3 Adjusting Horizontal AXiS............cuvvevevevevennnnns 6-89
6.9 Measuring Waveform..........ccccceiiiiiiiniee e, 6-90
6.9.1 Setting and Displaying Measurement ltems... 6-92
6.92 Mask Test ... 6-103
6.9.3 Jitter Analysis ........oevvreiiiiiiiiiiiiiiieieeeees 6-112
6.9.4 Measurement Using Histogram..................... 6-119
6.9.5 Using Marker ............euvveveveeevereeeieneneeeneeereennns 6-122
6.9.6 Displaying Waveform Calculation................. 6-124
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6.9.7 Using Trace Memory ........cccccovveeeiniieneennn.
6.9.8 DisplayingaLabel.........ccccocvvvvviiiiiiiiiiiiiiinnns
6.9.9 Saving Measurement Results .....................




6.1 Measurement Procedure

6.1 Measurement Procedure

The following figure shows the basic measurement procedure.

Calibration

No
required? v Eye mode?
No Perform calibration. A 4
| | Yes Set pattern length.
v
Yes Input the signal to be

Track the clock
rate to BERT?

measured to the connector
(ChA,ChB,A, B, CorD)
of the Scope panel.

A
Turn on the display of the
channel to which the signal
is input.

Use CRU clock
rate?

| Start sampling. |

\ s

. - v =)

Input clock signal to| [Connect Trigger Clk - 3

Trigger CIk In In connector to CRU | Adjust scale. | =

connector. Out connector. \ o

| Measure a waveform. | 'S

]

SetSymbolRate. | |  SetCRU. | | g

| Stop sampling. | 7

y o

Set Clock Frequency or v 8
Clock Divide ratio. | Save measurement result. |

< v

Y

| Set to Sampling mode. |

4
[Sets data acquired method.|

Figure 6.1-1 Basic Measurement Procedures
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6.2 Explanation of Windows
6.2.1 Result Window

In the function menu, click Scope, and then the Scope result window is

displayed.
Status display

Opens the Setup Dialog Box.
Opens the Measure Dialog Box.
Opens the Amplitude O/E Dialog Box.

Opens the Time CRU Dialog Box.

Control Ch Channel switch buttons

Samples:-00/100s

Contrdl Ch ChA ChB chc chD || Sampling
G I — Hold
[_tod | o ] voa | Hod |

.drraplilue:le=
OIE

u Sampling start/stop

Measure

Scale self adjust

Auto Scale

Starts sampling after
auto scale adjustment
and equalizer calculation

Auto Scale +
leulate +

Sampling

Clear Display Clear display
........................................................................... Nk et Quick Menu
Waveform
display area

Waveform display mode

setting
Ch Current Average StdDev  Min Max 4 || Histogram Histogram panel
display
v Marker
Marker Panel
B - .
| display
Measurement result/ Measurement result/
marker display area marker display switch

Figure 6.2.1-1 Result Window




6.2 Explanation of Windows

When you click Setup, Measure, Amplitude O/E or Time CRU, the
corresponding dialog box is displayed.

e If a Scope option is not installed and the 53G CRU is installed, the
Result window does not appear. Instead, the Time dialog box is
displayed.

e Dual Electrical Scope (x21) does not display Amplitude O/E but
Amplitude.

e If a CRU option is not installed, Time is displayed instead of
Time/CRU.

Channel switch buttons

Select the waveform to display on the graph and the channel to control
(hereinafter referred to as the active channel).

When the color of the trace button is gray, the waveform is not displayed
on the graph.

Waveform is not displayed

A
( \

Active channel | _ChA ChB ChC ChD

indicator \‘:—’ ——
Rm=—] _ Hoid ] _Hoid | _Hold

Ch A ChB ChC ChD
\ J\ J
Y Y

Sampling in progress  Sampling stopped

Figure 6.2.1-2 Channel Switch Buttons
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Chapter 6 How to Operate Scope

Control Ch

Toggles the channel(s) to be controlled by Sampling, Auto Scale, Auto
Scale + Calculate + Sampling, and Clear Display.

All All channels

Single Active channel only

When Control Ch is set to Single, the buttons effective only for the active

channel are indicated by the same color as the active channel.
Color of the active channel is displayed.

™ e

Caontrol Ch

Auto Scale
=
|

Auto Scale +
Calculate +

! Sampling

Clear Display

Figure 6.2.1-3 When Control Ch is Set to Single




6.2 Explanation of Windows

When Control Ch is set to Single, the buttons in the following dialog
boxes and effective only for the active channel are also indicated by the
same color as the active channel.

Setup Dialog Box

Measure Dialog Box
Amplitude O/E Dialog Box
Time CRU Dialog Box

Iltems set only for the active channel are
indicated by the color of the active channel.

22

General ‘ Utilities

Sampling

Save ‘

—_Signal Type

Sampling Mode

Test Pattern Variable
Number of Samples
" JAccumulation Type
Limit Type Time
Time 10.0 sec
L | Averaging off
Fast Sampling Auto

Figure 6.2.1-4 How Setting Iltems Look When Control Ch is Set to Single
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Even if Control Ch is set to All, the items indicated by the active channel
color can be set separately.

Note:
If the following items do not match among channels, “* The setting
of each channel is different” is displayed.
e Accumulation Type on the General tab
e Input Connector (Wavelength) on the O/E tab

e Filter on the O/E tab
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On-screen warning*”
Channel A information  Channel C Channel D Channel B information

information information Top level
/ Level scale

o

Channel C
GND Ievel*Z Channel D
GND level*?
Channel A Channel B
GND level” ™§ —GND level*2
Cranneln T R R e R R e o Channel B
Level offset Level offset
Channel C Channel D
Level offset Level offset
—— Precision
i trigger status
Time scale —— Symbol rate
Time offset Time at right edge of display area

Figure 6.2.1-5 Waveform Display Area

*1: Depending on the type of input signal, you may receive a warning in
the waveform display area. In this case, reduce the input level by
inserting an attenuator.

Overload: This warning appears when waveform distortion occurs
due to excessive optical input power. The peak power
threshold that triggers this warning varies depending
on the installed Scope option, as shown below:

o x80/x84/x85, or x84+x74:
1000 uW

e For SMF input with option combination of x61 and
one of x25, x35, x45, or x40, or Option x22, x23, x32,
x33, x42, or x43:

2200 uW

e x30/x40:
2600 uW
e For MMF input with Option x26, x36, x39, x46, x49,

x22, x23, x32, x33, x42, or x43:
3200 uW




6.2 Explanation of Windows

Clipped: A clipped waveform is displayed because the amplitude

of the electrical input signal (for optical input, O/E-
converted signal) exceeds the dynamic range. This
warning message appears when the input amplitude
exceeds the dynamic range of 400 mV.

*2: The arrows that indicate the GND levels appear differently
according to the options installed.

m  With x2x, x4x or x8%, the GND levels are indicated by thick
lines.

Ch A: Ch B: EIEEEd Ch C: EmXE@# Ch D:

m  With x3x, the GND levels are indicated by thin lines.
Ch A: Ch B: [ElEEEd Ch C: &l Ch D:

*3: When the MP2110A-x8x is installed, SMF and MMF are not
displayed.

Quick Menu
Provides the setting items frequently used.
For how to adjust scale and offset, refer to 6.8, “Adjusting Scales”,
Amplitude:
Sets the scale and offset of the vertical axis.
Time:
Sets the scale and offset of the horizontal axis.
When Sampling Mode is Pulse, Offset is displayed.
Otherwise, Delay is displayed.

Waveform:
Sets the button color of the active channel.
When Waveform is set to Gray Scale in the Setup dialog box, the
waveform color changes accordingly.

Amplitude |

Scale
AL ||| Clear Display
Offset
.................................................... Scale
Delay
Graph

Waveform

single | |

Figure 6.2.1-6 Quick Menu
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Chapter 6 How to Operate Scope

Waveform display mode setting

The following are the three waveform display modes:
Overlap:  Overlaps traces of multiple channels.

Single: Displays only the trace of the active channel.

Tile: Displays four trace graphs in tile view.

Overlap Single Tile

Figure 6.2.1-7 Waveform Display Modes

The size of the waveform display area size varies depending on the

number of measurement results displayed in the Result window.

|Scope A D USS U_U U _US

- Control Ch ChA ChB
Amplitude [Tl Elec) lg%

Time .

Setup CRU

Measure OIE

Auto Scale
Auto Scale +
Calculate +
Sampling
Clear Display
Waveform
displa
Quick Menu p y
area
Graph
P ime
Ch Current  Average  Std Dev Min Max Measur_ement
One Level A 256.90  256.86 010  256.68  257.04 mV result d|Sp| ay
Zero Level A -285.08  -285.09 0.03 28516  -284.90 mV
Jitter P-P A 22.40 20.28 1.54 13.53 22.40 ps | area
Jitter RMS A 3.05 3.03 0.04 283 3.10 ps 4 | Histogram
Rise Time A 30.33 30.21 0.18 29.93 31.29 ps
Fall Time A 32.73 32.64 0.13 32.33 3291 ps
Eye Width A 137.08 137.19 0.23 136.78 138.38 ps v Marker

Figure 6.2.1-8 Result Window (Number of measurement items is from five to eight)
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6.2 Explanation of Windows

1 : . 3 - | Control Ch
Setup Measure Amsll'éu“ Tcnglue
Amplitude/Time
Ch Current Auto Scale
One Level A 256.92 mV
Zero Level A 28509 mV —— Waveform
J!lter P-P A 19.60 ps [ Ao Sealoil .
Jitter RMS A 3.08ps hes P display
Rise Time A 30.36 ps Sampling
Fall Time A 3283ps area
Eye Width A 136.90 ps
Eye Amplitude A 542.01 mV -
Eye Height A 483.20 mV e | Clear Display
Crossing A 52.63 %
SNR A 27.65
Average Power (dBm) A N/A dBm I
Average Power (mW) A NA mW Information Zoom
Extinction Ratio A N/A dB Amplitude ChA dIS Ia
Level +537TmvV p y
scale 108.1mV/Div Graph
Offset 4mv
ChA Electrical
It , Waveform
Scale 31.0 ps/Div . .
Offset  Min 000 Ul information
Max 2,00 Ul Tile i
Symbol Rate 6 445 313 kbaud dlsplay area
-~ Histogram
v Marker

Measurement result display area

Figure 6.2.1-9 Result Window (Number of measurement items is nine or more)

When the number of measurement items is nine or more, Zoom display

icon (&P is shown. Clicking this icon displays Scope Result dialog box

Scope Result

Screen Copy ‘ Setup Measure OIE ‘

Amplitude/Time

N Control Ch ChA ChB
Time |
CRU “ e l AElec), w

[ Run | Run |
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Ch Current Auto Scale
One Level A 256.71 256.78 mV
Zero Level A 28509  -285.09 mV
Jitter P-P A 19.60 20.40 ps pit e oo
Jitter RMS A 3.20 3.04 ps Galculatais
Rise Time A 3010 3015 ps SaRiliG
Fall Time A 32.56 32.63 ps
Eye Width A 136.16 137.13 ps
Eye Amplitude A 541.80 541.86 mV .
Eye Height A 48316 48312 mV Clear Display
Crossing A 53.00 52.84 %
SNR A 21.72 21.67
Average Power (dBm) A N/A N/A dBm
Average Power (mW) A N/A N/A mW | [ e B S N Quick Menu
Extinction Ratio A NA N/A dB

A Histogram

v Marker

Figure 6.2.1-10 Enlarging Display of Result Window
(Number of measurement items is nine or more)
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Click Screen Copy in the Scope Result dialog box to save the images of
the Result window and Scope Result dialog box to a file.

For the method of saving files and the destination folder, refer to 4.3.3
“Screen Copy”.

Measurement result display area

Current column displays the values calculated from all the samples
measured and accumulated since the start of measurement. Therefore,
use the Current value as the result of measurement in Limited mode.

On the other hand, the Average, Std Dev, Min, and Max columns display
statistical values relative to the Current values updated at each
waveform acquisition from the start of measurement. These values can
be used when the Accumulation Type is set to the one of the following.

e None

e Persistency, and when amount of accumulated waveform data samples

is not enough (as a guide, when Time is 1.0 or less).

Items that were not measured accurately are displayed with N/A instead

of results. Some items are displayed with reasons why they cannot be

measured.
Table 6.2.1-1 Items Displayed with Reasons
Reason Description Measurement Iltem
OMA? Cannot measure accurately | TDECQ,
since there is a large noise | Partial TDECQ,
influence inside the Scope Noise Margin,
due to too small Outer Partial Noise Margin
OMA or VMA.
SER? Cannot drive the waveform | TDECQ,
SER into the target SER. Partial TDECQ,
Noise Margin,
Partial Noise Margin
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6.2 Explanation of Windows

When clicking a measurement item, the letter turns blue, and the
measurement area is displayed with a yellow dotted line in the window.
When clicking the measurement item again, the display of the
measurement area disappears.

bles- 3,526,656-10.0/10.0s

Rl Joa i E
Elec.’

o | ou R

Auto Scale

Setup Measure Amglliéude

Auto Scale +
Calculate +
Sampling

Clear Display

Quick Menu

“Amplitude/Time

Ch Cument Average Std Dev Min Max 4 || Histogram
One Level A 256.72] 25677 011 25658  257.04 mV
Zero Level A | 28508 -285.09 0.04| 28519 -284.90 mV
Eye Amplitude A 541.80  541.85 013]  541.61] 54211 mV v Marker

Figure 6.2.1-11 Display Example of Measurement Area
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Status Display

The following statuses of the scope are displayed.

Table 6.2.1-2 Status Display Items

Item Color Description
CAL Orange | Indicates that calibration is required for one of the following
reasons:
e The software version has changed.
e The Input Connector selection (SMF/MMF) has changed.
Refer to 6.3.1 “Calibrating Level”, or 6.3.2 “Adjusting Dark
Current”, and perform calibration.
Yellow | Indicates that calibration is required for the following reason:
® The temperature deviates by 2.5°C or more from the last
calibration.
Calibrate the level according to 6.3.1, “Calibrating Level”.
Red | Indicates that calibration is required for one of the following
reasons:
o The software version has changed.
e The temperature deviates by 5.0°C or more from the last
calibration.
o More than 7 days have elapsed since the last calibration.
Calibrate the level according to 6.3.1, “Calibrating Level”.
26G CRU Orange | The CRU selected in Tracking under Data Clock Rate is not
Unlock synchronized. Check the input signal to CRU Data In, the CRU
53G CRU settings, and the Lock Status.
Unlock
Free Red | The trigger clock cannot be detected. Confirm that a signal is
Running present at Trigger Clk In.
Trigger Orange | Trigger clock is not synchronized. Check the frequency of the
Setting input trigger clock and the trigger settings.
Wrong
PT phase Orange | Precision Trigger is not locked to the input signal.
unlock Reset the Precision Trigger.
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6.2 Explanation of Windows

6.2.2 Displaying jitter measurement results in graph

When MP2110A-x96 is installed, Graph is displayed in the Result
window.
Click Graph to display the Graph selection buttons.

Note:
Graph is unavailable in either Pulse or Coherent Eye mode.

Scope Samples: 3,121,152-30.0/30.0s

g 1 b “| Control Ch
Amplitude Time ChA ChB ChC CchD Sampling
Measure OIE u = ] Hold .

Auto Scale
Auto Scale +
Calculate + Sampling
Sampling L
2 Clear Displa:
Clear Display play
Quick Menu Quick Menu
Graph

i

Overlap|

Single

|

Ch Current Average StdDev  Min Max 4 | Histogram i
TJ(1.00E-012) D 32412 33939 1422 213.69| 36836 mUl Graph selection
DJ(d-d) D 71.62 69.55 24.53 57.58 273.41 mul
RJ(d-d) D 17.96 19.19 2.44 0.02 21.93 mUlms | | v Marker buttons
J2 Jitter D 172.16 177.02 12.66 166.80 273.52 mul

Jitter analysis result

Figure 6.2.2-1 Result Window (When Graph Is Selected)
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Chapter 6 How to Operate Scope

In Advanced Jitter mode, the following buttons are not available in the
Result window.

Control Ch, Auto Scale, Auto Scale + Calculate + Sampling, Clear
Display, Quick Menu, Overlap, Histogram, Marker

When the Correction Factor of Figure 6.2.4-6 “Jitter Measure Dialog Box
- Advanced Tab” is ON, corrected value(s) is(are) indicated by “*1”, in red
letters, in the measurement result display area. When Fixed RdJ is ON,
“*2” is displayed at Rd.

I *1:Corrected *2:Fixed
Ch Current Average Std Dev Min Max 4 || Histogram

TJ(1.00E-012) ~ B 153.31 154.55 16.10 135.02 303.41 muUl

RJ(d-d) 6.45 6.45 0.00 6.45 6.45 mUl rms

B
DJ{d-d) B 62.63 63.88 16.09 44.41 212.73 mUl v Marker
EYE Opening B 846.69 845.45 16.10 696.59 864.98 mul

PR

Figure 6.2.2-2 Example of How Corrected Measurement Results are
Displayed

Selecting a graph
When Graph in the Result window is clicked, Graph selection buttons
appear and the graph to display can be selected.

In Eye mode, the active channel name is displayed on the corresponding
buttons.

Graph selection

/ buttons

All Ch

e
e
%

Composite

11

DD T
M -
Advanced Jitter mode Eye mode

Figure 6.2.2-3 Examples of Graph Selection Buttons
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6.2 Explanation of Windows

Table 6.2.2-1 Sampling Mode Setting and Graph to Display

Sampling Advanced Jitter Mode Eye Mode
Mode

Graph to Bathtub Bathtub

display DDJ Histogram TdJ Histogram
Composite Histogram
DDJ vs Bit
PJ vs Frequency
RdJ/PJ Histogram
TdJ Histogram
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The graph can be switched between enlarged display and reduced (four
screens) display.
To switch the display size of the graph, click Single or Tile.

Bathtub (ALL)

® Dual-Dirac BER Bathtub ® TD Data
Samples : 56.28 k

700.70 mUI

| | | | |
0.00UT 0.25U1 0.50U1 0.75U1 1.00UI

700,70 mUIT

Samples: 1 S8 M

Figure 6.2.2-4 Switching Graph Display
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6.2 Explanation of Windows

6.2.2.1 Display of Eye Measurement
TJ Histogram

When clicking Td Histogram, a graph selection button, the histogram of
the active channel is displayed.

Estimated RJ/DJ Histogram !

TJ Histogram CHD

Samples : 1.49 M

| | | |
-194.00 mUI -97.00 mUI 0.00 mUI 97.00 mUI 194.00 mUT

Figure 6.2.2.1-1 TJ Histogram

Table 6.2.2.1-1 TJ Histogram Iltem
Name Description
Estimate RJ/DdJ Displayed only in Eye mode.
Histogram Switches the histogram display for RJ and

DJ estimated with dual dirac function.
DdJ amplitude is displayed with red lines.

Samples The number of samples for the histogram
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Chapter 6 How to Operate Scope

Bathtub
When clicking Bathtub on the Graph selection buttons, a bathtub curve
for the active channel is displayed.

TJ Measurement BER |  1.00E012

Bathtub CHB
® Dual-Dirac BER Bathtub ® TD Data
Samples : 1.25 M

206.52 mUI

738.92 mUI

| | | |
0.00UI 0.25U1 0.50U1 0.75U1 1.00UI

Figure 6.2.2.1-2 Bathtub

Table 6.2.2.1-2 Bathtub Item

Name Description

TJ Measurement Sets the BER to measure the Td and eye
BER opening.

The red line and eye opening are displayed at
the location of specified BER.

The eye opening is displayed at the
measurement result area.

TD data BER curve line measured with Scope

Dual-Dirac BER BER curve line approximated with the dual

Bathtub dirac function from TD data

J2 The location of 2.5 X 10-3 BER and T4J are
displayed.

J4 The location of 2.5 X 10-5 BER and T4J are
displayed.

J9 The location of 2.5 x 10-19 BER and TdJ are
displayed.

Samples The number of samples for the histogram
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6.2.2.2 Graphs of Jitter Analysis (Advanced Jitter Mode)

In Advanced Jitter mode, except for the DDJ Histogram graph, the type
of measurement edge (All, Fall or Rise) is displayed in the graph name.
The measurement edge type is set on the Algorithm tab of the Jitter
Measure dialog box.

TJ Histogram

Click TJ Histogram on the Graph selection buttons to display Td’s
histogram.

T.J Histogram (ALL)

Samples : 4.04 M

_ _......||||““| ||h”|\|l|n......

a

Q

|

[ [ =+
12,0 r.TI -63.50 mUI 0.00 mUI 63.50 mUI 127.00 mUT]| OO
i)

Figure 6.2.2.2-1 TJ Histogram @

=3

@

Table 6.2.2.2-1 TJ Histogram Item OUJ

=]

Name Description LS

Samples The number of samples for the histogram
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Bathtub
When clicking Bathtub on the Graph selection buttons, the following
graph is displayed.

TJ Measurement BER

Bathtub (ALL)
® Dual-Dirac BER Bathtub ® TD Data
Samples : 150.64 k

668.10 mUI

| | | |
0.00UI 0.25U1 0.50U1 0.75U1 1.00UI

Figure 6.2.2.2-2 Bathtub

Table 6.2.2.2-2 Bathtub ltem

Name Description

TJ Measurement Sets the BER to measure the Td and eye
BER opening.

The red line and eye opening are displayed at
the location of specified BER.

The eye opening is displayed at the
measurement result area.

TD data BER curve line measured with Scope

Dual-Dirac BER BER curve line approximated with the dual

Bathtub dirac function from TD data

J2 The location of 2.5 X 10-3 BER and TJ are
displayed.

J4 The location of 2.5 X 10-5 BER and TJ are
displayed.

J9 The location of 2.5 x 10-10 BER and T4J are
displayed.

Samples The number of samples for the histogram
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RJ/PJ Histogram

Clicking RJPJ Histogram on the Graph selection buttons, a histogram
that is the sum of RJ and PdJ is displayed.

When Estimate RJ / PJ Histogram is set to ON, histogram of RJ
approximated by dual Dirac function is displayed in yellow and
amplitude of PJ is displayed in red line.

Estimated RJ/PJ Histogram !

RJ/PJ Histogram (Rising)
Samples : 2.59 M

-9'}'.00 I_JI -48.50 mUI 0.00 mUI 48.50 mUI 97.00 mUI
Figure 6.2.2.2-3 RJ/PJ Histogram
Table 6.2.2.2-3 RJ/PJ Histogram Item
Name Description
Estimate RJ/PJ Switches the histogram display for RJ and
Histogram PdJ estimated with dual dirac function.

PJ amplitude is displayed with red lines.

Samples The number of samples for the histogram
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Chapter 6 How to Operate Scope

Composite Histogram
Click Composite Histogram on the Graph selection buttons, Td, RJ/Pd,
and DDJ histograms are displayed.

Composite Histogram (Falling)
B RJ/PT M DDJ
{l TJ Samples : 3.07 M

RJ/PJ Samples : 3.07 M
DDJ Samples : 191.87 k

I I I I
=127.00 mUI -63.50 mUI 0.00 mUI 63.50 mUI 127.00 mUJ

Figure 6.2.2.2-4 Composite Histogram

Table 6.2.2.2-4 Composite Histogram Item

Name Description

TJ Samples The number of samples for the histogram
RJ/PJ Samples
DDJ Samples
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DDJ Histogram
Click DDJ Histogram on the Graph selection buttons, the histogram of
DDJ is displayed by edge.

DDJ Histogram
M All Edges Rise Edges [ Fall Edges
T All Samples : 417.79 k
Rise Samples: 208.90 k
Fall Samples: 208.90 k

I I I I I
=72.00 mUI =32.50 mUI 7.00 mUI 46.50 mUI 86.00 mUI

Figure 6.2.2.2-5 DDJ Histogram

Table 6.2.2.2-5 DDJ Histogram Item us
Q
Name Description i
All Edges When the button display is ON, the oo
Rise Edges histogram is displayed. 8
Fall Edges 8
All Samples The number of samples for the both edges o(;)
histogram Q
Rise Samples The number of samples for the rising edge 8
histogram
Fall Samples The number of samples for the falling
edge histogram
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PJ vs Frequency
When clicking PJ vs Frequency on the Graph selection buttons, spectrum
of jitter is displayed.

PJ Frequency

PJvs Frequency (ALL)

|
6.16 kHz

Figure 6.2.2.2-6 PJ vs Frequency

Table 6.2.2.2-6 PJ vs Frequency Item

Name Description

PJ Calculate Calculates the peak frequency of the jitter

spectrum if the following condition is met:

e Pattern Length is 2 and pattern data is
“10”‘

(PJ Frequency) Spectrum peak frequency
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DDJ vs Bit
When clicking DDJ vs Bit on the Graph selection buttons, Pattern, and
DDJ graph are displayed.

Notes:
e If PDJ measurement is ON, DDJ vs Bit changes to PDdJ vs Bit.

e When the display range on the horizontal axis is 193 bits or
more, the pattern graph (white line) is not displayed.

A red circle is displayed at the maximum position of the DDJ, and a blue
circle marker is displayed at the position where the DDJ is at the

minimum position.

Zoom

SR S

| Borse | [@cemer | [Boreer_| [y ||

arliest
Edge

DDJ vs Bit (ALL)

63.04 mUI

31.28 mUI —

-0.49 mUI

=32.25 mUI —

-64.02 mUI
Pattern 31936, (100%)
| | |
127 Bit 255 Bit 382 Bit 510 Bit
Figure 6.2.2.2-7 DDJ vs Bit
Table 6.2.2.2-7 DDJ vs Bit Item
Name Description
Zoom In Makes the display range of the graph half.
Zoom Out Doubles the display range of the graph.
< Offset Moves the display area of the graph to the left.
Center Displays the entire range of the graph.
> Offset Moves the display area of the graph to the right.

Latest Edge

Zooms in the location with the maximum jitter
amount.

Earliest Edge

Zooms in the location with the minimum jitter
amount.

Pattern

Displays the number of measured patterns and
acquisition rate.
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Chapter 6 How to Operate Scope

6.2.3

Setup Dialog Box

Click Setup shown in Figure 6.2.1-1, to display the Setup dialog box

shown in Figure 6.2.3-1.

Active channel switch

/
/

=] L5 |
General ‘ Utilities | Save ‘ General Utilities ‘ Save ‘
Sampling Color
Signal Type Waveform l Gray Scale l [ Color Select l
Sampling Mode Eye - Mask
Test Pattern PRBS 2131 Display Information
Humber of Samples 2048
Label l Add l [ Delete l
Accumulation Type
Warning
Limit Type Questionable Eye due to
Overload
Time 10.0 sec Questionable Eye due to
Waveform
Averaging Off Trace Memory
Fast Sampling Auto Reference Set
Maintenance
Temperature
Current: 35.0°C
Last Calibration: 35.0°C  (09/16/2016 08:28:59)
l Calibration l l Application Test

Figure 6.2.31

Setup Dialog Box (General, Utilities tab)
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6.2 Explanation of Windows

Table 6.2.3-1 Items of Setup Dialog Box (General tab)

Item Description
Signal Type Select the type of signal (NRZ or PAM4).
PAM4 is displayed only when the option license is
installed.
Sampling Mode Select sampling mode from Eye, Pulse, Coherent Eye,
Advanced Jitter.

When the MP2110A-x96 is installed, Advanced Jitter is
added to Sampling Mode, enabling jitter measurement in
Eye mode.

Test Pattern This item is available only when Sampling Mode is set to
Pulse or Coherent Eye.

Select a pattern length from the following options:
[PRBS277-1]: 127 symbols

[PRBS279-1]: 511 symbols

[PRBS2711-1]: 2047 symbols

[PRBS2713-1]: 8191 symbols

[PRBS2715-1]: 32767 symbols

[SSPRQ]: 65535 symbols

If Variable is selected, set the pattern length in the Time
dialog box under Pattern Length.

Number of Samples Sets the number of samples. In Advanced Jitter mode,
the number of samples is set to 8128.

Accumulation Type Sets the accumulation method of the sampling data.

Limit Type Select the sampling end condition from Time, Samples,

Waveforms, or Pattern. The parameter corresponding to

the selected type becomes available. Pattern is available
only in Fast Pattern Lock mode.

Time Sets the sampling time.

Samples Sets the number of samples.

Waveforms Sets the waveforms. The number of samples is the

product of Waveforms and Number of Samples.
In Advanced Jitter mode, the number of waveform
sweeps is set instead of the number of samples.
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Pattern Set the number of patterns.
The number of samples is automatically set by the
product of the pattern length and the number of patterns.

Averaging This setting is available in either Fast Pattern Lock
mode or Pulse mode.

On: Performs averaging.

Fast Sampling Sets the sampling rate for Fast Pattern Lock mode.

This is available only when the MP2110A-x69 is
installed.

Select the sampling rate from Auto, 1x, or 4x. While 4x is
selected, changing the Sampling Mode automatically
resets it to 1x.
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Table 6.2.3-2

Items of Setup Dialog Box (Utilities tab)

Item

Description

Waveform

Selects the color of waveform from Color Grade or Gray
Scale. It does not apply to jitter graphs.

When Gray Scale is selected, click Color Select, and you
can set the waveform color.

Mask*1

Selects the color of mask from Purple or Gray.

Preset Information*1!

On: Displays the setting information (vertical
axis/horizontal axis scale, offset, symbol rate, status
of precision trigger (On/Off)) in the waveform
display area.

Off: Hides the setting information other than GND.

Label Add*!

Adds a new label.

Label Delete*!

Deletes the displayed label.

Questionable Eye due
to Overload

On: Displays a warning (Overload/Clipped) as shown in
Figure 6.2.1-5 when the input signal level becomes
excessively high.

Off: Does not display a warning (Overload/Clipped).

Questionable Eye due
to Waveform

On: Displays N/A as a measurement result except for
Average Power when NRZ? or PAMA4? is displayed
in the measurement result/marker display area.
NRZ? and PAM4? indicate that the input signal
may not be measured correctly (refer to Figure
6.9.1-3).

However, in Version 7.02.10 or later, they are all
displayed as N/A except for Average Power, Outer
OMA/VMA, and Outer ExR.

Off: Displays measurement results even when NRZ? or

PAMA4? is displayed.

Set Reference*!

Saves the displayed waveform to the trace memory as a
reference waveform.

Clear Reference*!

Clears the reference waveform saved in the trace
memory.

Temperature

Displays the temperature of the scope.

Current: Displays the current temperature.

Last Calibration:
Displays the temperature at the last
calibration, together with date and time.

Calibration*2*3

Calibrates the amplitude level of the scope.

Application Test*2 *4

Runs the self test for the scope.

*1: Settings do not take effect in Advanced Jitter mode.

*2: Not available in Advanced Jitter mode.

*3: For details on the calibrating level, refer to 6.3.1 “Calibrating Level”.

*4: For details on the self-test, refer to 6.3.4 “Performing Self Test”.
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Active channel switch

/ =
Geneyﬁ{ Utilities Save L

Screen Copy

EYE/Pulse Shot
Inverse Background
Color

Pattern Capture

Capture

Samples / Ul 32

Support Information

Support Information

Figure 6.2.3-2 Setup Dialog Box (Save tab)

Table 6.2.3-3 Items of Setup Dialog Box (Save tab)

Item

Description

EYE/Pulse Shot

Clicking Capture saves the screen file in the result
window.

Inverse Background Color

Sets the color of the save screen at EYE/Pulse Shot.

Waveforms Only

On: Saves only the waveform displayed in the Result
window to a file. The jitter graph is not saved.

Off: Saves the whole Result window to a file. The jitter
graph is not saved.

Pattern Capture

Available only in Fast Pattern Lock mode.
Click Capture to save the amplitude data for one period of

the test pattern from the displayed waveform to a text file.

The text file is saved to the following folder.
C:\Users\Public\Documents\Anritsu\IMX210000A
\UserData\Result\TXT

Samples / Ul

Sets the number of times that the amplitude is measured
per UI by Pattern Capture (number of samples).

Support Information

Clicking Save saves “BERTWaveSupportInformation.zip”
on the desk top. This file includes information that could
be useful for solving a problem. Attach the file when you

inquire us about the MP2110A behavior.
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Chapter 6 How to Operate Scope

Data to be output by Pattern Capture
The following describes the output generated by Pattern Capture using
the settings below.

Test Pattern: PRBS 279-1
Samples/ UI: 8

Because PRBS279-1 bit length is 291 = 511 and the sample number per
Ul is 8, the amplitude is measured at the position of 4088 (= 511 x 8).
The amplitude is measured at the positions indicated by X and saved in a
text file. The unit is mV or uW.

10l

Figure 6.2.3-3 Samples per Ul
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6.2.4 Measure Dialog Box

When clicking Measure in the Figure 6.2.1-1 “Result Window”, the
Measure dialog box shown in Figure 6.2.4-1 is displayed.

Toggle page Active channel switch
53 Scope Measure 2
Amplitude/Timg |Equalizer ‘ Mask Test Amplitude/Time | Equalizer Mask Test |
Item Selection ltem Type: NRZ l l Ch B ] Item Selection l Item Type: PAM4 l [ Ch A l
Item Page: 1 Item
One Level TDECQ
Zero Level Outer OMA{dBm)
Eye Amplitude Outer OMA/VMA
Eye Height QOuter ExR
Crossing Linearity
SNR Ceq
Average Power (dBm) Partial TDECQ
Average Power (mwW) Levels
Extinction Ratio Levels RMS
Jitter P-P Levels P-P
Jitter RMS Level Skews
Rise Time Eve Levels
Fall Time Eve Skews
Eye Width Eyve Heights
DCD Eye Widths
OMASVMA Moise Margin
OMA (dBm) Partial Noise Margin
OMASVMA at Crossing Transition Time (Rise/Fall}
VECP Transition Time (Slow)
TDEC Over/Under—shoot
Eye Height (Ratio) P-P Power
RIN OMA Power Excursion
Crossing Time
All Delete Add Delete All Delete Add Delete
All Delete All Add All Delete All Add
Channel ltem Select tems Channel ltem Select hems
Measure Setup Measure Setup
[ NRZ l l PAM4 l NRZ l l PAMA
NRZ PAM4
Figure 6.2.4-1 Measure Dialog Box - Amplitude/Time Tab (NRZ, PAM4)
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Chapter 6 How to Operate Scope

Scope Measure

[==] rScope Measure [==]
Amplitude/Time | Equalizer ‘ Mask Test ‘ Amplitude/Time ‘ Equalizer ‘ Mask Test
Item Selection l Item Type: Jitter l l Ch A l Item Selection Item Type: Jitter Ch A
Item Item
TJ TJ
DJXd—d) DX d—d)
RJ(d—d) RJXd—d)
J2 Jitter J2 Jitter
M Jitter M Jitter
JO Jitter J9 Jitter
EYE Opening EYE Opening
DDPWS
RJXrms)
PXp—p)
DD X p—p)
DCD
ISI{p—p)
PJ Frequency
All Delete Add Delete All Delete Add Delete
All Delete All Add All Delete All Add
Channel Item Select Items Channel Item Select Items
Measure Setup Measure Setup
l NRZ PAMA l l Jitter l NRZ PAM4
Eye mode Advanced Jitter mode

Figure 6.2.4-2 Measure Dialog Box - Amplitude/Time Tab (Jitter)
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Table 6.2.4-1 Items of Amplitude/Time Tab

Item Description

Display On: Displays the Amplitude/Time measurement results in the Result
window.

Off: Does not display the Amplitude/Time measurement results in the
Result window.

Item Selection Select measurement items.
When option licenses are installed, a button for switching
measurement items appears.

A toggle page button is displayed if there are many measurement
items.

Ttem To select an item or items you want to add or delete, click on the right
column. Click on the selected item to deselect it.

Multiple cells can be selected by dragging the mouse.

All Delete Deletes all items.
All Delete Channel Deletes all items for the selected channel.
Item
Delete Deletes the item(s) selected in the Item list for the selected channel.
All Add Select Items Adds the item(s) selected in the Item list to all channels.
Add Adds the item(s) to the Item list for the selected channel.
Measure Setup Click the button to display the dialog box for setting the measurement
condition.

PAM4 and Jitter are displayed only when the corresponding option
licenses are installed.
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Clicking NRZ at Measure Setup displays the Setup (NRZ
Amplitude/Time) dialog box.

Setup (NRZ Amplitude/Time) | == |

Time

Rise/Fall Time
Rise/Fall Time Correction
Correction Factor 0.0 ps
EYE Boundary
Offset from Crossing 0.50 Ul
’—

Width 0.20 Ul

SNR Definition

Noise Measure Area

Zero Level + One Level l

Figure 6.2.4-3 Setup (NRZ Amplitude/Time) Dialog Box

Table 6.2.4-2 Items of Setup (NRZ Amplitude/Time) Dialog Box

Item Description
Rise/Fall Time Sets the position to measure Rise Time and Fall Time.
Rise/Fall Time When setting to On, the Rise Time and Fall Time are corrected. *1 is
Correction displayed in the measured values of Rise Time and Fall Time.
Correction Factor Sets the correction factor for Rise Time and Fall Time.
Offset from Crossing® Sets the center position to measure One Level and Zero Level.
Width* Sets the width for measuring One Level and Zero Level.
Noise Measure Area Sets the position to measure noises of SNR.

*  Refer to “Figure 6.9.1.1-2 Setting Item of EYE Boundary”.
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Clicking PAM4 at Measure Setup displays the Setup (PAM4
Amplitude/Time) dialog box.

22

Configuration

s l Hiddllr%cyue?iming ‘

Eye Center Type l Maximum Eye Width ‘

Peak Power Hit Ratio ‘ 1.00 %
Eye Heights/Widths

Eye Opening Definition l Zero Hits ‘

Linearity Definition I IEEE Clause 94 ‘
TDECQ

Target SER | IEEE

480 x| E04

Optimize Threshold

Adjustment Limit ‘ 1.00 %
Optimize
TDECQ Histogram
(U Noise Coefficient ‘ 1.00
[) Sawve/ Reset Save H Reset

Figure 6.2.4-4 Setup (PAM4 Amplitude/Time) Dialog Box

The following message appears, indicating that Fast Pattern Lock mode
is not enabled.

aw
S)
=
(g
S
o
=}
®
H
Y
ct+
&
0]
&
S}
=l
o

TDECAQ settings can be selected only
when set PAM4, Coherent Eye and Pattern.
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Table 6.2.4-3 Items of Setup (PAM4 Amplitude/Time) Dialog Box

Item Description
Configuration
Sampling Timing Set the reference position of the upper eye and the lower eye.

Track to Middle Eye Timing:

Adjust to the center eye position. Refer to Figure 1.5-11.

Independent Timing:

The reference positions of the three eyes can be set separately. Refer to
Figure 1.5-10.

Eye Center Type

Select the method to set the center position of the eye.
Maximum Eye Width:

Center of the amplitude at which Eye Width is the maximum.
Maximum Eye Height:

Center of the phase at which Eye Height is the maximum.

Eye Center for Eye Center for
Maximum Eye Width Maximum Eye Height
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Table 6.2.4-3 Items of Setup (PAM4 Amplitude/Time) Dialog Box (Cont’d)

Item Description
Configuration
Peak Power Sets the threshold for determining the Peak Power by the ratio to the
Hit Ratio number of samples in 1 UL

If set to 1%, the position of 1% of the number of samples from the
maximum value of the waveform is considered the maximum power
(Pmax). Also, the position of 1% of the number of samples from the
minimum value of the waveform is considered the minimum power (Pmin).
The difference between Pmax and Pmin is considered Peak Power.

If 0 is specified, the difference between maximum and minimum values of
the waveform is considered Peak Power.

The following figure shows the positions of Pmax and Pmin when Peak
Power Hit Ratio is set to 1%.

,|< 1ol ,l' 1% of the
S e e T e *500u) number of
: samples
Pmax
A
- Peak
Power
=
)
| Pmin g
.—\_ -+
o
\1% of the ,_do
number of @
samples =4
@
How to Determine Peak Power om
<
@
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Table 6.2.4-3

Items of Setup (PAM4 Amplitude/Time) Dialog Box (Cont’d)

Item

Description

Eye Heights/Widths

Eye Opening
Definition

Defines the eye opening.

Zero Hits: The area where sampling does not occur.

1E-01 to 1E-06: The area that bit error is equal to or less than the
specified value. 1E—-01 means 10-1.

Linearity Definition

Select a definition of the Linearity measurement method from IEEE
Clause 94 or IEEE Annex 120D.

TDECQ

The following settings are available only in Fast Pattern Lock mode.

Target SER

Select the standard for SER that determines the factor Qt used for
TDECQ, among Variable, IEEE and FC.
When Variable is selected, the value can be set at Target SER.

Optimize Threshold

When set to On, the measurement threshold is finely adjusted so that
TDECQ can be optimized as specified in the IEEE 802.3cd.

The amount of adjustment can be set in a range of 0 to £10%with
respect to the threshold defined in the IEEE 802.3cd. The threshold is
optimized for Left Histogram and Right Histogram separately.

‘ Adjustment Limit

Sets the amount of threshold adjustment.

Optimize
TDECQ Histogram

On: Measures the optimized sample distribution for less effect of the
low-frequent samples and better reproducibility of TDECQ
measurement.

Off: Uses the sampling distribution as is for measurement. All samples
can be measured, but may be affected by less-frequent samples.

Noise Coefficient

Adjusts the retaining amount of noise aliased by the digital filter.
Range: 0.00 to 2.00

If set to 1.00, the amount of noise does not change before and after
filtering.

If set to less than 1.00, the amount of noise becomes smaller after
filtering.

If set to larger than 1.00, the amount of noise becomes larger after
filtering.

Save

Saves the displayed value as the initial value of Noise Coefficient.

Reset

Discards the change to the initial value of Noise Coefficient and resets
it to the factory default.
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Jitter Measure Dialog Box
Clicking Jitter at Measure Setup displays the Jitter Measure dialog box.

In Advanced Jitter mode, the Jitter Measure dialog box displays the
Algorithm and Advanced tabs.

Jitter Measure £3

Algorithm Advanced

PDJ Measurement
PDJ Measurement

STM-0
Standard [51 mm)

PDJ Filter [4&)‘;'(}

Measurement Edge

Measure Edge Type ALL

Figure 6.2.4-5 Jitter Measure Dialog Box - Algorithm Tab

.
Q
g
Table 6.2.4-4 Items of Jitter Measure Dialog Box - Algorithm Tab g
Item Description "g
PDJ Measurement Sets execution of PDJ measurement. PDJ (Pattern Dependent Jitter) is §_
jitter measured by applying a band-pass filter to DDJ. @
On: Displays PDdJ vs Bit graph. om
Off:  Displays DDJ vs Bit graph. S
Standard Specify the standard used for PDJ measurement from the following. ®
STM-0, STM-1, STM-4, STM-16, STM-64, STM-256
PDJ Filter Set the combination of filters to be used for PDJ measurement from the
following:
LP, HPO+LP, HP1+LP, HP1'+LP, HP2+LP, HP+LP, HP+LP, LP,
HPO+LP'

Table 6.2.4-5 shows the filter name and frequency range.

Measurement Edge | Set edge detection method of pattern data from All, Falling or Rising.
Type The name you set will be displayed in the graph.
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Table 6.2.4-5 Settable Standards for PDJ Measurement and Filter Sets (Unit Hz)

PDJ Filter
Standard HPO HP1 HP1' HP2 HP' HP LP LP
STM-0 10 100 — 20 k — 12k 400 k —
STM-1 10 500 — 65 k — 12k 1.3 M 500
STM-4 10 1k - 250 k — 12k 5M 1k
STM-16 10 5k — 1M — 12k 20 M 5k
STM-64 10 20k 10k 4 M 50 k 12k 80 M 20k
STM-256 — 80 k 20 k 16 M — — 320 M —

The jitter specification values specified in ITU-T G.825/Amd.1 Table 1
are shown in the following table.

Table 6.2.4-6 Maximum Permissible Jitter at Network Interfaces

Measurement bandwidth,

Peak-to peak

Interface -3dB frequencies (Hz) amplitude (Ulpp)
STM-1e 500 to 1.3 M 1.5
(Notes 1, 2) 65kto1.3M 0.075
STM-1 500 to 1.3 M 1.5
(Note 3) 65kto1.3M 0.15
STM-4 1kto5M 1.5
(Note 3) 250k to 5 M 0.15
STM-16 5kto 20 M 1.5
(Note 3) 1Mto 20 M 0.15
STM-64 20 k to 80 M 1.5
(Note 3) 4 M to 80 M 0.15
STM-256 80 k to 320 M 1.5
(Note 3) 16 M to 320 M 0.18

NOTE 1 - Electrical format CMI-encoded, according to G.703.

NOTE 2 — For networks deployed with G.813 Option II clocks or

G.812 Type II, IIT or IV clocks, STM-1 requirements apply to STM-1e.

NOTE 3 - STM-1 1UI=6.43 ns
STM-4 1UI=1.61ns
STM-16 1 UI=0.402 ns
STM-64 1 UI=0.100 ns
STM-256 1 UI=0.025 ns
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6.2 Explanation of Windows

In Advanced Jitter mode, the Jitter Measure dialog box displays the
Advanced tab.

In Eye mode, the items on the Advanced tab can be configured for each
channel.

Jitter Measure = Jitter Measure E3

Algorithm

Advanced Jitter

1.00E012

1.00E012

TJ Measurement BER TJ Measurement BER
Fixed RJ Fixed RJ
RJ Value 1.00 ps rms RJ Value 1.00 ps rms

Correction Factor

Correction Factor

&

Correction Factor

Correction Factor

A

(JpJ(Scale) 1.0 (JpJ(Scale) 0
RJ(Scale) 1.00 RJ(Scale) 1.00
RJ(rms) 1.00 ps rms RJ{rms) 1.00 ps rms

Threshold Level
Define Threshold

(Omanual Crossing

S
(=]
;!H

Advanced Jitter mode

Figure 6.2.4-6 Jitter Measure Dialog Box - Advanced Tab

Threshold Level
Define Threshold

(Omanual Crossing

P4
(=}
$H

Eye mode
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Chapter 6 How to Operate Scope

Table 6.2.4-7

Items of Jitter Measure Dialog Box - Advanced Tab

Item

Description

TJ Measurement
BER

Sets the bit error rate to measure the eye opening in the Bathtub
graph.

Fixed RJ Set Off to display the graph using RdJ calculated from the measured
waveform.
Set On to display TdJ graph by setting RJ an arbitrary value.
It is used to simulate the change of Td by changing RJ value.

RJ Value TdJ is calculated with the use of the value entered here when Fixed RJ

is set to On.

Correction Factor

When setting the display to On, DJ(Scale), the correction coefficients of
RJ(Scale) and RJ(rms) can be entered. Corrected value(s) is(are)
indicated by “*1” in the measurement result display area.

DJ (Scale)

It is the correction coefficient of Dd.

The value calculated from the waveform multiplied by this number is
displayed in the measurement result.

Set to 1.00 for no correction.

RJ (Scale)

It is the correction coefficient of Rd.

The value calculated from the waveform multiplied by this number is
displayed in the measurement result.

Set to 1.00 for no correction.

RJ (rms)

RJ (d-d), RJ (rms) correction coefficient.
RJ is corrected with the following formula.

RJ = \lomz —O'r2

Om: Standard deviation of measured RJ

O Correction Coefficient

RJ: RJ (d-d), RJ (rms) after correction.

When not correcting, set Correction Factor to Off.

Define Threshold

Sets the position detection method of the cross point relative to the
amplitude of the eye pattern.

Set it to Auto for automatic detection and Manual to specify the
position.

Manual Crossing

When Define Threshold is Manual, set the cross point position within
the range of 30 to 70% of the amplitude.
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-

=]

Amplitude/Time | Equalizer Mask Test AmplitudeiTime |Equalizer Mask Test

Display Equalizer Waveform : Display Equalizer Waveform

Setup Equalizer Equalizer Type  Enable Setup Equalizer Equalizer Type Enable

De-embedding - De-embedding

No.2 CTLE - CTLE
[(no3 ] [ meca ] [Hoa] [ho3 | [ ToECQ

] -

No.1 Setting (De-embedding) No.3 Setting (TDECQ)
No.1-1 | No.1-2 ‘ No.1-3 ‘ Equalizer Top
File l NIA l Status: -
Optimization
Mode De-embedding
: Number of Precursors 2
Flip S-Parameter
Tap Count 5
Multimode Fiber Emulation
Port Image
In out Filter Bandwidth [GHz] 18.0
Taps
1 2 0.000000, 0.000000, 1.000000, 0.000000, 0.000000
Antialiasing Filter Off
De-embedding TDECQ

Figure 6.2.4-7 Measure Dialog Box — Equalizer Tab (No.1, No.3)

b

Amplitude/Time |Equalizer Mask Test

Display Equalizer Waveform -
——

Setup Equalizer Equalizer Type Enable
o et

cre

[ No.3 J [ Linear l -

No.2 Setting (CTLE)
File [ IEE E_anz.ans_conuw_z.sua.mi:]

s
S)
=
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o
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CTLE

Figure 6.2.4-8 Measure Dialog Box — Equalizer Tab (No.2)
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The Equalizer tab is displayed only when an option license (x62, x95, or
x98) is installed. The settings can be configured in Fast Pattern Lock
mode.

Table 6.2.4-8 Items of Equalizer Tab

Item

Description

Display Equalizer
Waveform

Off: Displays waveforms not applying Reference Equalizer.
On: Displays waveforms applying Reference Equalizer.

Equalizer No.1 to 3

Select an Equalizer for which want to set the parameters. The selected
Equalizer is indicated by a green underline.

[No.1]: De-embedding
Up to three De-embedding settings can be configured on
separate tabs.
[No.2]: CLTE
[No.3]: TDECQ or Linear equalizer
Can be set when Signal Type is PAMA4.
TDECQ: Calculates the Tap coefficient that optimizes TDECQ.
Linear: Calculates the Tap coefficient that increases the eye
opening.
For the option licenses required to use each equalizer, refer to Table 1.2.2-
2 Option License Numbers Required for Software Functions.

Enable

Turns on / off Equalizer No. 1 to 3.

No.1 De-embedding

File Select an s2p / s4p file to use for De-embedding. The files saved in the
following folder are displayed.
CA\Users\Public\Documents\Anritsu\MX210000A\UserData\DeEmbedding

Mode Embedding: Performs equalizer processing that adds s2p / s4p data

characteristics.
De-embedding: Performs equalizer processing that removes s2p / s4p data
characteristics.

Flip S- Off: Does not reverse the I/O port definition of the s2p / s4p file.

Parameter On: Reverses the I/0 port definition of the s2p / s4p file.

4 Port Sets the I/O port definition when the s4p file is loaded.

Numbering 12 3=4: Port 1 to Port 2, and Port 3 to Port 4
13 2=4: Port 1 to Port 3, and Port 2 to Port 4
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Table 6.2.4-8 Items of Equalizer Tab (Cont’d)

Item Description
Port Image The I/O port definition of the s2p / s4p file is illustrated.
Flip S-Parameter
File, 4Port Numbering
Off On

N/A or when an s2p file In Out In Out
is selected

- 2= | 2 1
When an s4p file is In Out In Out
loaded and —1 2— | —13
1s selected

—13 4 = — 4
When an s4p file is In Out In Out
loaded and — 1 3 | B 3
is selected

— 2 4 — — 14

Antialiasing Filter | Off: Does not apply Antialiasing Filter to the band outside the frequency
range described in the s2p / s4p file.

On: Applies Antialiasing Filter to the band outside the frequency range
described in the s2p / s4p file.

No.2 CTLE

File Select the file to use for CTLE. The files saved in the following folder are
displayed.

C:\Users\Public\Documents\Anritsu\MX210000A\UserData\CTLE
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Table 6.2.4-8 Items of Equalizer Tab (Cont’d)

Item

Description

No.3
TDECQ/Linear

Equalizer Tap

Calculate: Calculates the Tap coefficients of Reference Equalizer
automatically.

The result of automatic calculation is displayed as Pass
(success) or Fail (failure).

When the calculation is executed during Sampling HOLD, the
waveform and measurement result of one pattern are displayed
after the calculation is complete. When the calculation result is
Fail, the Tap coefficients are initialized (main cursor is reset to
1, others are reset to 0).

Optimization Sets how the Main tap position is determined when Calculate is executed.
Auto: Optimizes the main tap position within the Number of Precursors.
Fast: Fixes the main tap position at the Number of Precursors.

Number of Sets the Precursor range for the Main tap position determined when

Precursors Calculate is executed. When Optimization is set to Auto, changing the Tap
Count updates the Number of Precursors as follows:
Tap Count < 5: floor(TapCount / 2)
Tap Count > 5: 3

Tap Count Can be set within the range of 3 to 21.

Taps Enter comma-separated taps according to the Tap Count setting.

Multimode Fiber | Displayed for any scope option other than MP2110A-x8x.

Emulation On: Displays the waveform that reproduces the mode dispersion of

multimode fiber.
Filter Sets the bandwidth of the fiber emulation filter.
Bandwidth
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6.2 Explanation of Windows

Scope Measure (B
Amplitude/Time ‘ Equalizer ‘ Mask Test L
Ch B
Mask Test
Eye Mask Select l NIA l
Mask Margin Test Run l
Test Method l One Shot l
Margin Type l Hit Count l
Hit Count ‘ 1 samples
Mask Margin ‘ 0.0 %
Align Method l User Defined l
:"I:‘EEETEM l Display Off l l Center l
X1 0.50 w AX 1.00 Ul
Y1 189.22 uW AY 376.92 uw

Mask Area Restriction

Angle 0 degrees Width 0.10 w

7
:

Figure 6.2.4-9 Measure Dialog Box - Mask Test Tab
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Table 6.2.4-9 Items of Mask Test Tab
Item Description
Mask Test Turns on and off the mask test on the specified channel.

This is set to Off in the following cases:
e Signal Type of the channel is set to PAMA4.
e Sampling Mode is set to Advanced Jitter.

Eye Mask Select

Select the Mask type. Refer to “Table 6.9.2-1 Mask List”.

Mask Margin Test Click Run to measure Mask Margin and then stop sampling.
Test Method Continuous: Measures Mask Margin continuously.
One Shot: Measures Mask Margin when Run is clicked for Mask

Margin Test.
The Mask Margin measurement is performed so that the failed
samples will be under the value specified at Margin Type.

Margin Type

Selects the method to define the number of failed samples allowed in
Mask Test.
Hit Count:
Hit Ratio:

Defined by the number of failed samples.

Defined by the ratio of failed samples to total
samples/UI.

Judged as “Pass” when the number of failed samples is under the
specified value. When Hit Count is 1 (default), failed samples are not
allowed.

Mask Margin

Sets Mask Margin.
When Mask Margin is measured, it is updated to the measured value.

Align Method

Set the method of mask position setting.

Zero/One/Crossing: Places the mask at the midpoint between 0 level
and 1 level and at the midpoint between two
waveform crossing points. This alignment is
performed when Update is clicked for Mask
Alignment or when the Limited measurement
ends.

User Defined: The user sets the position of the mask.

Alignment Marker

It is displayed when Align Method is User Defined.

Display Off, Display On: Switches marker display.

Center: Moves the mask to the center of the waveform
display area.

X1, AX, Y1, AY

When Align Method is User Defined, the mask position and width are
set. Refer to “Figure 6.9.2-3 Example of Adjusting Mask Position
Manually”.

Mask Alignment

It is displayed when Align Method is Zero/One/Crossing.
Click Update to update the mask position.

Mask Area Restriction

When setting to On, Angle and Width can be set and the mask area can
be restricted. Refer to “Figure 6.9.2-4 Example of Limiting Mask
Area”.




6.2 Explanation of Windows

6.2.5 Amplitude O/E Dialog Box

When you click Amplitude O/E in the Result Window shown in Figure
6.2.1-1, you will see the Amplitude dialog box (one of Figure 6.2.5-1 to
Figure 6.2.5-3) that corresponds with your system configuration. The O/E
tab is displayed if the MP2110A is provided with optical input
connector(s).

The setting items effective only for the active channel are indicated by

the same color as the active channel.

Active channel switch

Scope Amplitude 3

Scale Offset
[LScale 1000 mv/Div
(L) Offset 0 mv
Attenuation 0.00 dB
Tracking Off
.
Q
Channel Math E 2
o+
o
i)
@
Scale 125.0 mv/Div S
-+
¢]
Offset 0.0 m¥ wm
Q
=]
B
Filter

Figure 6.2.5-1 Amplitude Dialog Box (For Dual Electrical Scope)
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Figure 6.2.5-2 Amplitude Dialog Box (For Optical Scope)
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6.2 Explanation of Windows

Scope Amplitude

Scale Offset O/IE

ChB

Input Connector
(Wavelength)

[LJConversion Gain

(L) Responsivity

Calibration

Input Power
Filter

Filter Selection
Extinction Ratio Correction

Correction Factor

Maintenance

OIE Calibration

Scope Amplitude £
Scale Offset ‘ OIE ‘
ChA
Scale Offset
[ Scale 108.1 mVIDiv
(Joffset -4 mV
Attenuation 0.00 dB
Filter
Digital Filter
Figure 6.2.5-3

SMF
(1550nm)

330 Viw

0.800 AW

i

Execute

-7.00 dBm

;

No Filter

0.00 %

W

Calibrate Module

Amplitude Dialog Box (For Optical and Single-Ended Electrical Scope)
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Chapter 6 How to Operate Scope

Table 6.2.5-1 Items of Amplitude Dialog Box

Tab Item Description
Scale Offset Sets the level scale.
Scale Sets vertical scale.
Offset Sets vertical offset.
Attenuation Sets attenuation amount for external attenuation.
Tracking Off:  Sets the scale for the active channel.
On:  Sets the scale for all channels to the same value.
Channel Math*! Appears only when the Dual Electrical Scope option (x21) is
2 installed.
“ué.-‘m Off:  Displays waveforms for Channel A and B separately.
° On: Calculates waveforms for Channel A and B, and then
73 that calculated result is displayed as Channel A.
n

When Channel Math is set to On, Scale/Offset settings are
not available.

Define Function*!

Sets calculation method between channels.

Scale

Sets vertical scale for calculation result between channels.

Offset

Sets vertical offset for calculation result between channels.

Digital Filter*!

When MP2110A-x98 is installed, electrical signal filters are
added. This setting is available only in Fast Pattern Lock
mode.

*1: In Advanced Jitter mode, settings can be edited while measurement

is stopped.
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Table 6.2.5-1 Items of Amplitude Dialog Box (Cont’d)

Tab Item Description
Input Connector Select the wavelength of input light from the following:
(Wavelength)*1. *2 | 1310 nm, 1550 nm, 850 nm*3, 850 nm VCSEL*3, User 1-4
Select either SMF or MMF when the Scope option is x22, x32, x42,
x23, x33, or x43.

Conversion Indicates the conversion ratio of the O/E.

Gain*2 The setting range is from 1 to 9999 (V/W).

Responsivity*2 Rate at which photodiode converts optical power to current
The setting range is from 0.001 to 65.535 (A/W).

Save Saves the currently displayed values for Conversion Gain and
Responsivity as their initial values. Click System Menu > Initialize
to restore saved values.

Factory Reset Resets the values of Conversion Gain and Responsivity of the
currently selected wavelength to the factory defaults.

Last Save Time | Displays the date and time of the last Save operation. Date and
time are not displayed until the first Save operation is performed.
Factory default values are used until then.

Calibration*2 Automatically adjusts Conversion Gain and Responsivity values.

CED Input Power*2 | Sets the average input optical power for calibrating Conversion

Gain and Responsivity.

Filter
Selection*1!

Selects the filter. Refer to Filter Response in A.3.10-3 “Optical
Channel Performance” for available filters. The digital filter can be
set only in Fast Pattern Lock mode.

Extinction Ratio

Sets whether correction is applied to the measured extinction ratio.

Correction This correction is applied to the results of Extinction Ratio and >
Outer ExR Qo

Correction Indicates the correction factor of Extinction Ratio. i
Factor The setting range is from —9.99 to 9.99%. ©
Extinction Ratio is corrected using the following formula: n-do

@

Corrected Extinction Ratio (dB) = S

1 Correction Factor (%) ]

~10log Extinction Ratio (dB) ) — 100 Q0

aQ

10” 10 =]

=]

®

For the Extinction Ratio (dB) formula, refer to Extinction Ratio or
Outer ExR in 1.5, “Technical Terms”.

O/E Calibration

Starts module calibration.

*2:

*3:

When 1310nm, 1550nm, 850nm, or 850nm VCSEL is selected at
Wavelength, the values calibrated before factory shipment are set at
Conversion Gain and Responsivity. To measure an optical signal at
the other wavelength or to change the factory adjustment values,
refer to 6.3.3, “Adjusting Values for Changing the Wavelength
Bands”.

When the MP2110A-x61 is installed. Selecting 850nm uses factory
adjustment values with a DFB laser. Selecting 850nm VCSEL uses
factory adjustment values with a specific VCSEL laser.
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6.2.6 Time CRU Dialog Box

When clicking Time CRU in Figure 6.2.1-1 “Result Window”, Time dialog
box shown in Figure 6.2.6-1 is displayed.

When CRU is installed, the CRU tab is displayed. When both the 26G
and 53G CRUs are installed, the CRU(26G) and CRU(53@G) tabs and
Tracking Target are displayed. Settings that apply only to the active
channel are shown in the same color as the channel.

Active channel switch

/

Scope Time [=] Scope Time / [==]
Rate ‘ Scale/Offset ‘ CRU(26G) ‘ CRU(53G) ‘ Rate / Scale/Offset CRU
Data Clock Rate
l Symbol Rate: CRU, Divide Ratio: 2 ]
Ul On Screen 2U
Tracking Target Offset 0.00 Ul
Pattern Length
Recalculate Option Clock Rate
Tracking
Clock Rate 12 889 125 kHz
Master PPG1
Divide Ratio
Length 511 symbols

x 2
Symbol Rate 25 778 250 kbaud
Software Delay

Acquire Clock Rate (JChannel A 0.0 ps

1 1]

Divide Ratio Detect ‘ On ‘

Reset

Precision Trigger

Figure 6.2.6-1 Time Dialog Box (Rate Tab, Scale/Offset Tab)
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Scope Time =

Rate ‘ Scale/Offset ‘ CRU L

Operation Mode

Clock Recovery

Lock Status B tock
Operation Rate l [25‘.,‘283?36) l
| 25781250 kbaud
CRU Loop BW
CRU Lock
Auto Relock

Scope Time (IS
Rate | Scale/Offset ‘ CRU L
Operation Mode Through
Please input clock signal (0.1 GHz
-1.7625 GHz)
Qutput Clk Rate 1611 328 kHz

Figure 6.2.6-2 Time Dialog Box (CRU Tab) (When 26G CRU is installed)
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Chapter 6 How to Operate Scope

[=]
Rate ‘ Scale/Offset ‘ CRU L

Operation Mode Recovery

Clock Recovery

Lock Status B vLock
. Variable
Operation Rate l (51.0-58.0Gbaud) l

53 125 000 kbaud

CRU Loop BW

CRU Lock

T

Auto Relock

Figure 6.2.6-3 Time Dialog Box (CRU Tab)
(When 53G CRU is installed)

5= |
Rate ‘ScalefOﬂ'set ‘CRU[ZBG} ‘cnutsae} L

Operation Mode Recovery

Clock Recovery

Lock Status B Lok
. Variable
Operation Rate l (51.0-58.0Gbaud) l

53 125 000 kbaud

CRU Loop BW

CRU Lock

Auto Relock

(e

Figure 6.2.6-4 Time Dialog Box (CRU Tab)
(When 26G CRU and 53G CRU are installed)
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Table 6.2.6-1 Items of Time Dialog Box

Tab Item Description
Data Clock Rate Sets input data speed, clock frequency, and frequency
dividing rate.
Tracking Specifies Symbol Rate whether to follow the Bit Rate of
PPG/ED Chl.

Off: Symbol Rate does not follow PPG nor CRU Rate.
Symbol Rate: PPG, Divide Ratio: Clock Output*:
Symbol Rate follows PPG Bit Rate.
Divide Ratio follows PPG Clock Out.
Symbol Rate: PPG, Divide Ratio: Sync Output*:
Symbol Rate follows PPG Bit Rate.
Divide Ratio follows PPG Sync Out.
Symbol Rate: PPG, Divide Ratio: User Defined*:
Symbol Rate follows PPG Bit Rate.
Symbol Rate: CRU:
Displayed when CRU is installed.
Symbol Rate follows CRU Rate. Divide Ratio is
determined as follows, depending on which CRU to
track and its setting.
26G CRU: 2
53G CRU: 4 when the operation rate is 20G band.
8 when the operation rate is 50G band.
Tracking Target Appears only when both the 26G CRU and 53G CRUs are
installed.
Sets which CRU to track the setting when Symbol Rate:
CRU is selected for Tracking.

Rate

26G: 26G CRU c;m

53G: 53G CRU .l

Recalculate Option Clock Rate: Calculates Clock Rate from Symbol Rate and o
Divide Rate. S

Symbol Rate: Calculates Symbol Rate from Clock Rate and | &

Divide Rate. =3

Clock Rate Sets clock frequency input to Trigger Clk In connector. o(}‘;
Divide Ratio Sets frequency dividing rate (Symbol Rate/Clock Rate). §
@

Only the following values can be set for Divide Ratio in
Coherent Eye or Pulse mode.
Without Option x8x: 2,4, 8,16, 32, 40, 48, or 64

Option x8x: 2,4, 8,16, 32, or 64
Symbol Rate When Tracking is Off, Sets signal symbol rate to be
measured.

Acquire Clock Rate Measures clock frequency input to Trigger Clk In connector.

*:

When the PPG is installed. An error message is displayed because
the Tracking operation is not performed when one or both of the
following conditions is/are met.

e When Reference Clock of PPG is set to External, Tracking is set

to other than Off.
e When Clock Out of PPG is set to Off, Tracking is set to Clock Out.
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Table 6.2.6-1 Items of Time Dialog Box (Cont’d)
Tab Item Description
Divide Ratio Sets whether to detect frequency dividing ratio of clock signal input
Detect to Trigger Clk In connector. The automatic detection of the dividing
ratio and the Divide Ratio resetting are preformed when this item
o is set to On or Auto Scale is executed.
= Precision Displayed when the MP2110A-x24 is installed.
Fe Trigger
On, Off Enables or disables the precision trigger.
Reset Resynchronizes the trigger when the precision trigger function is
set to On.
Unit Sets units of horizontal axis on Waveform display area.
UI On Screen | Sets the scale on the horizontal axis of the Waveform display area
as the number of unit intervals.
Offset Displayed only in Pulse mode.
Sets time on left side of Waveform display area.
Pattern Length | Sets input data pattern length.
2 Tracking This setting is available only when BERT is installed.
& Off: Allows you to directly set the pattern length in the Length box.
% On: Sets pattern length selected at Master to Length.
Tg Master When Tracking is set to On, selects the item that reflects the
R pattern length.
Length Sets the pattern symbol length.

If the Test Pattern of the General tab in the Setup dialog box is
Variable, specify the symbol length.

Software Delay

Sets time offset.
Setting positive values moves the waveform to the right.
Setting negative values moves the waveform to the left.

CRU, CRU(26G). CRU(53G)

Operation Mode

Selects the operation of the CRU.

Operation 26G CRU 53G CRU
Mode

OFF Clock is not output from | Clock is not output from

the CRU Out connector. the Recovered Clock
Out connector.

Recovery | The clock recovered from | The clock recovered
the data signal input to from the data signal
the CRU In connector is input to the Optical
output to the CRU Out SMF Data In connector
connector. is output to the

Recovered Clock Out
connector.

Through The data signal input to | The data signal input to
the CRU In connector is the Optical SMF Data In
output to the CRU Out connector is output to
connector as it is. the Recovered Clock

Out connector as it is.
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Table 6.2.6-1 Items of Time Dialog Box (Cont’d)

Tab Item Description

Clock Recovery | Sets the CRU when Operation Mode is Recovery.
Displayed only when Operation Mode is Recovery.
Lock Status Whether or not the CRU is locked to the input signal is indicated.

26G CRU 53G CRU
Green The clock output from The clock output from
CRU Out is locked to the | Recovered Clock Out is
input signal. locked to the input signal.
Red The clock output from The clock output from
CRU Out is NOT locked to | Recovered Clock Out is
the input signal. NOT locked to the input
& signal.
@ No signal is input to
5 Optical SMF Data In.
% Orange The clock output from
- Recovered Clock Out is
2 NOT locked to the input
g signal.
- . ..
= A signal is input to
© Optical SMF Data In but
a is out of the symbol rate
O range.
Operation Selects the operating frequency of the CRU.
Rate Specifies the symbol rate (kbaud) if the Operation Rate is Variable.
CRU Loop BW | Selects the loop bandwidth of the CRU.
CRU Lock Allows the CRU to lock the recovered clock to the input signal.
Auto Relock On: Automatically performs relock and synchronization when a

signal is input to the CRU.

Output Clk Rate | Displayed only when Operation Mode is set to Through.

Displays the frequency of the clock input to the CRU In connector
(26G CRU) or the Optical SMF Data In connector (53G CRU).
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6.3 Calibration and Adjustment

6.3.1

Calibrating Level

The amplitude accuracy of the scope is guaranteed after performing
calibration.

When calibration is required, “CAL” is shown in the status display.

Perform the calibration, when using the MP2110A for the first time or
the message is displayed. After calibration is complete, a self-test
automatically runs to verify the validity of the compensation values. If
calibration fails, the self-test does not run.

The calibration procedures are as follows:

1. Check that no signals are input to the front-panel Ch A, Ch B, Ch C,
Ch D, or Trigger CIk In connectors.

2. Click Setup to open the Setup dialog box.
3. Click the Utilities tab.

4. Click Calibration, and then the message is displayed to confirm that
the signal is not input to the connector.

Calibration @

I.-"'_"‘-.I Turn off or disconnect all data and clock input signals.
"W Click Ok to continue.

Cancel

5.  Click OK.
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6.3 Calibration and Adjustment

Upon completion of the calibration, a dialog box appears and gives you
the calibration result.

Calibration @

'0' Calibration complete.

Figure 6.3.1-1 Calibration Result Display
(When Both Calibration and Self-Test Are Successful)

Calibration (25

. \ Calibration failed - please remove clock signal or check clock
W cefhings.

OK :

Figure 6.3.1-2 Calibration Result Display (When Calibration Fails)

Calibration X

':0:' Calibration failed,

Figure 6.3.1-3 Calibration Result Display
(When Calibration Is Successful but Self-Test Fails)
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If the calibration fails, follow the instruction that applies to your
situation, and then retry from step 2.

e Check that the coaxial cable is not connected to any of the Ch A, Ch B,
Ch C, Ch D, and Trigger Clk In connectors on the front panel.

e Ifitis required to keep the coaxial cables connected to the Ch A, Ch B,
Ch C, Ch D, and Trigger Clk In connectors on the front panel, check
that the connectors do not receive any incoming signal.
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6.3.2 Adjusting Dark Current

When light is not input to the Optical connector, the O/E module output

voltage (dark current) is calibrated.

The output voltage of the O/E module varies with ambient temperature,
which affects the Extinction Ratio and Outer ExR results. Therefore, if
the Scope is at a different temperature than during the last calibration,

perform calibration again.

This calibration procedure is described in 6.3.1 “Calibrating Level”. If

level calibration has already been performed, you can skip this

procedure.

1.

AN

Confirm that no light has been input to the optical connector (SMF
or MMP).

Click Amplitude.
Click the O/E tab.
Click Calibrate Module.

The window confirming that the light is not input is displayed. Click
OK.

In about 5 seconds from step 3, the dialog box appears indicating
that the calibration is complete. Click OK.
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6.3.3 Adjusting Values for Changing the Wavelength Bands
Depending on the Scope option, the values for Conversion Gain and
Responsivity at the 850 nm, 1310 nm, and 1550 nm wavelength bands
are calibrated at the factory. Use an external optical power meter to
measure other wavelength bands or to adjust the factory-calibrated
values.

The output voltage of the O/E module varies with ambient temperature,
which affects the adjustment. Therefore, before making the adjustment,
warm up the MP2110A for at least one hour after powering on, and then

perform level calibration.

<When automatically adjusting wavelength bands based on measurements
from an external optical power meter>
1. Set the optical power meter wavelength to match the that of the

optical signal.

2.  Measure the unmodulated optical signal power using the optical

power meter.

Input the optical signal to the optical input connector.
Click Amplitude.

Click the O/E tab.

S

In the Input Connector (Wavelength) list, select either a preset

wavelength or a user defined waveform (User 1-4) for adjustment.

7. Set the Input Power to the value of the optical signal power
measured in step 2.

8. Click Execute to calibrate automatically.

9. When Auto Correction is completed, the values of Conversion Gain,

and Responsivity are adjusted to match the values measured by the
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optical power meter.

<Adjusting Manually>

Adjustment method of Conversion Gain

1. Adjust the wavelength of the optical power meter to the optical
signal.

2.  Measure unmodulated optical signal power with the optical power
meter.

3. Input the optical signal to the optical input connector.

4. Measure the average of the optical signal power by using the

Histogram function.

5. Click Amplitude.
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6. Click the O/E tab.
7. In the Input Connector (Wavelength) list, select either a preset

wavelength or a user-defined waveform (User 1-4) for adjustment.

8. Adjust the Conversion Gain value so that the average optical signal
power measured by the Histogram function matches the value

measured by the optical power meter.

Adjustment method of Responsivity
1. Adjust the wavelength of the optical power meter to the optical

signal.

2.  Measure unmodulated optical signal power with the optical power

meter.

3. Input the optical signal to the optical input connector.

4. Measure the Average Power (mW) or Average Power (dBm) of the
optical signal by using the Amplitude/Time function.

5. Click Amplitude.

6. Click the O/E tab.

7. In the Input Connector (Wavelength) list, select either a preset
wavelength or a user-defined waveform (User 1-4) for adjustment.

8. Adjust the Responsivity value so that the average optical signal
power measured by the Amplitude/Time function matches the value

measured by the optical power meter.
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6.3.4 Performing Self Test

Perform the self test in the following cases:

e When the error message is displayed after level calibration referring
to 6.3.1 “Calibrating Level”.

e When the noise voltage is over the specified value shown in Appendix
A when the signal is not input

e When the waveform is not displayed, the displayed waveform
amplitude and bit cycle is different from the expected value, and the

MP2110A operation and measurement results are abnormal.

The application self test runs following items.

e Power

e Detection of calibration data anomalies

If the test result is normal, “passed” is displayed, on the other hand, if
the test result is abnormal, “failed” is displayed.

The self test procedures are as follows.

1. Check that no signals are input to the front-panel Ch A, Ch B, Ch C,
Ch D, and Trigger Clk In connectors.

2. Click Setup to open the Setup dialog box.
3.  Click the Utilities tab.

4. Click Application Test. The self test dialog box is displayed while the
self test 1s running.

5. After the self test is completed, the result is displayed.

If the self-test fails (indicated by “failed”), please contact an Anritsu

aw
S)
=
(g
S
o
=}
®
H
Y
ct+
&
0]
&
S}
=l
o

Service and Sales office. You may be asked to provide a support
information file.
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6.4 Setting CRU

The CRU generates a clock signal from the signal input to CRU In
connector.

The waveform can be observed by using the generated clock signal.
The CRU sets the following.

e Operation Rate

e CRU Loop BW

Operation Rate sets frequency range.
CRU Loop BW is a loop filter bandwidth that is used in the frequency
control circuit of the CRU.

CRU Out
CRU In % _’D—’

Input Signal Phase Loop Filter ~ Voltage-Controlled ~ Buffer Amplifier
Comparator Oscillator

Y

Y

Figure 6.4-1 Block Diagram of CRU

A wider frequency bandwidth can absorb more frequency fluctuations
that occur momentarily. The loop filter bands for the Jitter measurement
are defined in the communication standards.

/\ CAUTION

e The impedance of the CRU In and CRU Out connectors
is 50 Q. If you use a coaxial cable with impedance other
than 50 Q, or connect a device with impedance other
than 50 Q, the measurement may not be performed
properly.

e The CRU Out connector output voltage is 0.4 to 0.8 Vp-
p. Make sure that the voltage output to the connectors
does not exceed the input voltage range of a device to
be connected. The voltage amplitude to be output to the
CRU Out connector exceeds the input voltage range of
a device to be connected, install an attenuator to the
CRU Out connector.

e The amplitude of the signal input to the CRU In
connector is 0.8 Vp-p max. This is equivalent to +2 dBm
for a sine-wave signal. Inputting a signal with a larger
voltage risks damaging the internal circuits.
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Procedure
1. For 26G CRU

Connect the CRU Out and Trigger Clk In connectors with a
supplied U-link coaxial cable (SMA).

Trigger Clk In CRUOut CRUIn ChBIn
2Vp-p Max 1Vp-p Max +2V Max

@@ ®@®
A 2 A

i A

@ ©%E
b U Link Coaxial Cable (SMA)

If the Scope module is equipped with O/E Monitor Out

o o
Status  Fail

connector, Clock Recovery can be executed from Channel B
optical signal input by connecting the O/E Monitor Out and CRU
In connectors with a U-link coaxial cable (K). If the O/E Monitor
Out and CRU In connectors are not connected, make sure to
install a coaxial terminator to the O/E Monitor Out connector.

TriggerClkIn~ CRUOut CRUIn  O/E Monitor Out

ChBIn

2Vp-p Max 1Vp-p Max MVF 6| [@
®@Q® )dd(® ®@Q)® B
2o e efeefye K

+5dBm Peak I\

U Link Coaxial Cable (SMA) U Link Coaxial Cable (K)

For 563G CRU

Connect the Data Out connector of 53G CRU and the SMF In
connector of the scope, using a single-mode optical fiber.
Connect the Recovered Clock Out connector of 53G CRU and

the Trigger Clk In connector of the scope, using a coaxial cable
(SMA).
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W Trigger Clk In
2V3X MMF @, @] |® ®|SMF
o o ®()®
Status  Fail l AN
Recovered Clock Out Rota Qul Optical
S @ SMF
o e ®
Status Fail
o3

U Link Coaxial Cable (SMA)

To input the measured signal

2. For 26G CRU
Input the signal to the CRU In connector.

For 563G CRU
Input the signal to the Data In connector.

Click Rate tab.
Click the Tracking button and set the display to CRU.
Click Time CRU.

Click the CRU tab. When both 26G CRU and 53G CRU are installed,
click the CRU(26G) or CRU(53G) tab.

7.  Click the Operation Mode button and set the display to Recovery.
When locked to the signal input to the CRU In or Data In connector,
the Lock Status indicator turns green.

A

If the Lock Status indicator is not on, “CRU Unlock” is displayed in

the Result window.

26G CRU 53G CRU

ek

523G CRU Unlc

Setup Measure 'ﬁ’ms:.'lg"da Setup M ﬁmg:.iéuda

8. Click the Operation Rate button and set the symbol rate.

9. Click the CRU Loop BW button and select the loop bandwidth from
the following:

2 MHz, 4 MHz, 10 MHz, Bitrate/1667

Notes:
e When the CRU is not used, set Operation Mode to OFF on the
CRU tab.
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6.4 Setting CRU

e If the frequency of the input signal to the CRU is outside the
frequency band set for Operation Rate, the CRU may not
recover the clock. At that time, “CRU Unlocked” is displayed in
the Result window.

e When the CRU is used, the symbol rate displayed at the bottom
right in the waveform area may not be a desired value. At that
time, check the signal waveform, frequency, and amplitude to
input to theCRU. When the Lock Status indicator turns green
and the CRU is locked to the input signal, click Acquire Clock
Rate on the Rate tab.
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6.5 Setting Rate

To collect data, the trigger clock synchronized with the input signal is
required.

e When BERT is installed, the synchronizing clock (Clk Out or Sync
Out) can be used as the trigger clock.

e If the 26G CRU or 53G CRU is installed, the generated clock can be
used as the trigger clock.

Apply the trigger clock to the Trigger ClIk In connector, then set the
Symbol Rate, Clock Rate, and Divide Ratio.

e The symbol rate refers to the modulation rate of the optical signal
measured by the Scope (input to Ch A, B, C, or D).

e The clock rate is the frequency of the trigger clock.

e Divide Ratio is the ratio between data symbol rate and clock rate.

The value should be inputted to complete the following formula.

Symbol Rate = Clock Rate x Divide Ratio

/\ CAUTION

e The impedance of the Trigger Clk In connector is 50 Q.
Measurement may not be performed correctly if a cable
with another impedance is used.

e The amplitude of the signal input to the Trigger Clk In
connector is 2 Vp-p max. This is equivalent to + 10 dBm
for a sine-wave signal. Inputting a signal with a larger
voltage risks damaging the internal circuit
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6.5 Setting Rate

6.5.1 Setting Symbol Rate

This section explains how to set the symbol rate of the signal to measure

with Scope.

1. Click Time.

2. Click Rate tab.

3. Click the Tracking button of the Data Clock Rate to set to Off.
4. Click the Recalculate Option button to select Clock Rate.

5.  Click the Divide Rate text box and input the division ratio.

6. Click the Symbol Rate text box and input the symbol rate.

The clock rate is calculated by the division rate and symbol rate.

When BERT is installed, the bit rate value of PPG can be set to the
Symbol Rate of the scope using the following procedure.

1. Click Time.
2. Click the Rate tab.

3. Click the Tracking button of the Data Clock Rate to select one of the
following.

Symbol Rate: PPG, Divide Ratio: Clock Output
Symbol Rate: PPG, Divide Ratio: Sync Output

Symbol Rate: PPG, Divide Ratio: User Defined ?

When Symbol Rate: PPG, Divide Ratio: User Defined is selected, set i

Divide Ratio. o

4. Connect the Trigger Clk In connector of Scope and a BERT connector. E

oo AT | W e &
oo OO oo O@O g

Status ~Fail AlA Status  Fail AlA ,_c%

[ o — |

Ik Out Ext Clk In
Ouput @1 @2 @3 @af CkOut AR ouput @1 @2 @3 @4  Cikout

Ch 1

Ext Clk In
1.6Vp-p Max

G__ PPG__
Data Out Data ( Data Out Data O

Y
0
l

mor @1 @2 @3 @ mor @1 @2 @3 @ - -
SIS sf(; F.f Te®e 00 .00 O IR 51?1 F°|2 ) e@e ©0ccO
atus Fail Y s atus Fail Y ey
S‘yh:chAut S‘yh:chAut Data In = Data S"y‘:ch&ut %;OAL“ Dat In £0 I
oQo 0@ (6B26E G0 6Go (60220
A A L ax A A A p-p Max
LA b 2

Bit Rate: PPG, Divide Ratio: Clock Output Is Selected Bit Rate: PPG, Divide Ratio: Sync Output Is Selected

When Symbol Rate: PPG, Divide Ratio: User Defined is selected,
input clock with the divided frequency of Clk Out, Data Out, or Data
Out signal from BERT to the Trigger Clk In connector of Scope.
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6.5.2 Setting Clock Rate and Divide Ratio

The symbol rate can be set by measuring the clock rate from the signal
input to the Trigger Clk In connector of the front panel.

S

Click Time.

Click the Rate tab.

Click the Tracking button of the Data Clock Rate to set to Off.
Click the Recalculate Option button to select Symbol Rate.

Click Acquire Clock Rate.

The frequency is displayed in the Clock Rate text box.

Confirm the waveform and signal level input to the Trigger Clk In
connector when the frequency is not displayed.

When the clock frequency is not displayed at Clock Rate or the
displayed frequency is not correct, click the Clock Rate text box and
input the frequency.

Click the Divide Ratio text box and input the divide rate.

The symbol rate is calculated by the divide rate and clock rate.

When using the BERT Sync Out as an external clock, the divide ratio is

set as follows.

Sync Output settings Pattern Divide Ratio
1/8 Clock — 8
1/16 Clock - 16
1/40 Clock — 40
Pattern Sync PRBS 277-1 127

PRBS 279-1 511
PRBS 2715-1 32767
PRBS 2723-1 8388607
PRBS 2731-1 214748647

When setting Sync Output to Pattern Sync, the data cannot be collected.
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6.6 Setting Pattern Length

When Sampling Mode is set to either Pulse or Coherent Eye, set the
pattern length to enable pattern lock.
1. Click Setup.

2. Click the Test Pattern button to select Pattern Length. When you
select Variable, proceed to step 3.

3. Click Time.
4.  Click Scale/Offset tab.
5. Click the Length field of the Pattern Length section and enter the

pattern length. You can set the pattern length up to a maximum of
32768 (215).

When a BERT is installed, the MP2110A automatically synchronizes the
Scope’s pattern length with that of the PPG or ED.

6. Click the Tracking button at Pattern Length, and then set to ON.

7. In the Pattern Length section, click the Master button to configure
the Scope to track the pattern length of either the PPG or ED.

PPG/ED’s test patterns and their length are shown in the table below.
Table 6.6-1 Setting Length

Pattern Length

Test Pattern

Notes:

(symbols)
PRBS 277-1 127 Om
PRBS 2/9-1 511 2
PRBS 2/13-1 8191 °O
PRBS 2715-1 32767 g
1/2 Clock Pattern 2 =
1/16 Clock Pattern 16 &
1))
(@]
S
=]
@

e When Test Pattern of PPG/ED is set to PRBS 2431-1, Tracking
of Pattern Length cannot be set to On.

e When Pattern Length Tracking is set to On, Test Pattern at
PPG/ED cannot be set to PRBS 2431-1.

e If the Test Pattern is set to any option other than Variable on
the General tab, Tracking on the Scale/Offset tab is
automatically set to Off.
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6.7 Collecting Data

The data collection method is composed of the following types.

Data synchronization method: Eye mode, Pulse mode, Coherent Eye
mode, Fast Pattern Lock mode,
Advanced Jitter mode

Cumulative display for waveform: None, Infinite, Limited, Persistency,

Averaging

Note:
In this document, measurement of one data item on the screen is
described as “data capture” while obtaining one screen of data is
described as “data collection”.

6.7.1 Setting up data synchronization

The following types of data synchronization methods are available:

Eye mode

To enter Eye mode, set Sampling Mode to Eye.

In Eye mode, you can display the eye pattern and view measurement
results analyzed by histogram.

You do not need to set the pattern length.

Pulse mode

To enter Pulse mode, set Sampling Mode to Pulse.

In Pulse mode, you can display signal changes over time as a waveform
while pattern lock is active.

You need to set Test Pattern, and set the pattern length in the Pattern
Length section. Fast sampling is available when Test Pattern is set to
any value other than Variable.

Coherent Eye mode

To enter Coherent Eye mode, set Sampling Mode to Coherent Eye.

In Coherent Eye mode, you can display the eye pattern while pattern
lock is active. Use this mode to display waveform calculations. Refer to
“6.9.6 Displaying Waveform Calculation”.

You need to set Test Pattern, and set the pattern length in the Pattern
Length section.

Fast Pattern Lock mode

To enter Fast Pattern Lock mode, set Sampling Mode to Coherent Eye
and set Test Pattern to any option other than Variable.

In Fast Pattern Lock mode, you can use digital signal processing features

and perform fast sampling, along with the features available in Coherent
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6.7 Collecting Data

Eye mode. The following features are available in Fast Pattern Lock
mode.

e Digital Filter
e Equalizer
e Pattern Capture

Advanced Jitter Mode

To enter Advanced Jitter mode, set Sampling Mode to Advanced Jitter.
NRZ signal jitter can be analyzed separately.

Figure 6.7.1-1 Eye Mode/Coherent Eye Mode/Fast Pattern Lock Mode
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Figure 6.7.1-2 Pulse Mode Display Example
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6.7 Collecting Data

6.7.2 Setting Cumulative Display for Waveform

When setting the display method to Infinite, Limited or Persistency, the
acquired data is overwritten on the screen.

Configuring cumulative waveform display settings

1. Click Setup to open the Setup dialog box.
2.  Select the single waveform data collection count from the following
Number of Samples.
For Eye: 1350, 2048, 4050
For Pulse, Coherent Eye:
512, 1024, 2048, 4096, 8192, 16384

In Fast Pattern Lock mode, Number of Samples is
fixed at 16384.

Reducing the number of samples shortens the screen refresh
interval.

3.  Click the Accumulation Type button, and set the items from the
following lists:

Infinite: Unlimited time to accumulate waveform.

Limited: The waveform is accumulated over the specified time

until it reaches the specified number of data points or

waveforms. Data collection stops at the set time or
when the data count is reached.

Persistency: Deletes accumulated waveform data after the
specified time has elapsed.

4. When Limited is selected in step 3, set the condition for ending data
collection.

e To end data collection when the specified time elapses, set Limit
Type to Time and enter the specified duration.
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e To end data collection when the number of samples reaches the
specified value, set Limit Type to Sample and enter the
specified number of samples.

e To end data collection when the number of waveforms reaches
the specified value, set Limit Type to Waveform and enter the
specified number of waveforms.

e To end data collection when the number of patterns reaches the
specified value, set Limit Type to Pattern and enter the
specified number of patterns.

Pattern is available only in Fast Pattern Lock mode.

5.  When Persistency is selected in step 3, enter the duration in Time to
retain the cumulative data.
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Deleting accumulated waveform display

1. Click Setup to open the Setup dialog box.
2. Click the Accumulation Type button to select None.
3. Click the Number of samples button to select the number of data
displayed on the screen from the following:
For Eye: 1350, 2048, 4050
For Pulse, Coherent Eye:
512, 1024, 2048, 4096, 8192, 16384

In Fast Pattern Lock mode, Number of Samples is
fixed at 16384.

Figure 6.7.2-1 Accumulation Type Settings (None)
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Figure 6.7.2-2 Accumulation Type Settings (Infinite)

6.7.3 Displaying averaging waveform

If Test Pattern is other than Variable in Pulse or Coherent Eye mode,

When Averaging set to On, averaging is performed. Averaging process is

used to suppress waveform noise.

1. Click Setup to open the Setup dialog box.
2. Set Averaging to On.

3. In Pulse mode, click the Number of Samples button to select the
number of data displayed on the screen.
In Coherent Eye mode, set Test Pattern according to the pattern of
the input signal.
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4. In the Waveforms or Pattern box, set the number of waveforms to be
averaged.

In averaging, the average value of the number of data points set in the
Waveforms or Pattern box is calculated and is displayed on the screen.

However, when 1 is input, no averaging is performed.

The number of averaging waveforms is displayed on the screen while
executing averaging.

The waveform is captured a hundred times when the following condition
is set, and a hundred averaging waveforms are displayed.

e Averaging On

o Waveforms 100 wfms

6-81



Chapter 6 How to Operate Scope

Averaging 1 Averaging 100

Figure 6.7.3-1 Example of Averaging Process

The averaging is calculated using the following formula.

Number of waveforms < Averaging setting count:
(n—1)x Ave(n—1) + S(n)
n

Ave(n) =

Averaging setting count < Number of waveforms:
(M—1) xAve(n—1) + S(n)
M

Ave(n) =

Ave(n): Averaging value
S(n): Measurement value
M: Averaging setting count

n Number of waveforms

The size of the noise is inversely proportional to the square root of the
averaging setting count.

For example, if M is set to 100, the noise amplitude is compressed to
about 1/10 compared to when M 1is set to 1.

Note:
When Averaging is set to On, the precision trigger is disabled even
when Precision Trigger is set to On.
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6.7 Collecting Data

6.7.4 Starting and ending data collection

Once the data collection is started, the waveform is displayed on the

screen.

Starting data collection

1. Display the waveform of the channel with the monitor signal input.
When the Channel Switch Buttons are displayed in gray, reset the
gray display by clicking them.

2. To collect multiple channel data, click the Control Ch button to
toggle to All. When Single is displayed on the Control Ch button,
data on only the active channel is collected.

3.  Click the Sampling button to display Sampling Run at the button
display.

When Accumulation Type is set to Limited, the title bar displays the
elapsed time, number of samples, or number of patterns.

Samples: 163,840 - 10/ 100wfms

The data collection can also be started by the All Measurements Start
button shown in Figure 4.1-1.

Stopping data collection

Click the Sampling button, and then set to Sampling Hold. When, in the
Setup dialog box, Accumulation Type is set to Limited, the data collection
process stops when the at-end conditions are met.

The data collection can be started by clicking all measurement stop
button as shown in Figure 4.1-1.

Discarding screen display
e When temporarily deleting screen display:
Click the Channel switch buttons to bring the color into gray.
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By clicking a gray Channel switch buttons, its trace is displayed.
e When discarding collected data:
Click Clear Display.
Waveform data will be discarded even if the Channel switch buttons
are grayed out and no waveforms are displayed.
The discarded data cannot be displayed again.
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6.8 Adjusting Scales
6.8.1 Adjusting Scales Automatically

Measure the waveform amplitude and period, and then set to the easily
viewable scale.

For Eye Mode/Coherent Eye Mode
1. With the Channel switch buttons, select the channel you want to

display in the center of the waveform display area. In this example,
click Ch A.

2. Click Auto Scale. The waveform is displayed at the center of the
waveform display area.

Time
CRU

Setup Measure Amgljléude

ControlCh | ¢y, 5 chB che chD
Al
| _toia ]| ko | rHod |

One level position

Zero level position

Position of an

intersection point
Figure 6.8.1-1 Waveform Display after Auto Scale

(Eye Mode/Coherent Eye Mode)

When adjusting scale automatically, the two-bit waveform is displayed on
the horizontal axis.

The Eye pattern waveform crossing points are 2.5 and 7.5 scale divisions
from the left side.

At the vertical axis, “one” level 2.5 gridlines above center of grid, “zero”
level 2.5 gridlines below center of grid.

Note:

If more than one channel display is ON, the action depends on the
Control Ch setting.

e When Control Ch is Single
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6.8 Adjusting Scales

The time axis offset and the amplitude axis scale and offset are
adjusted to the active channel signal.

e When Control Ch is All
The time axis offset is adjusted to the active channel signal.
The Software Delay settings for channels other than the active
channel are also adjusted so that the waveforms are displayed
in the center.
The amplitude axis scale and offset are adjusted to all channel
signals.

In addition to the scale adjustment of waveform display area, Auto
Scale automatically detects the division rate of the data rate of
input signal and the trigger signal. Set Divide Ratio Detect to Off
to not detect the division rate automatically. When Tracking of
Data Rate and Clock Rate is set to On, the division rate of the data
rate and the trigger signal is not detected.

When MP2110A-x62 or MP2110A-x95 is installed, Auto Scale +
Calculate + Sampling is displayed. When clicked, Calculate for
Auto Scale and Reference Equalizer are performed, and then
Sampling is set to Run. When Accumulation Type is Limited and
Limit Type is Pattern, the data for only the set pattern is collected
and the result is displayed. When Channel Math is On, Auto Scale
+ Calculate + Sampling is not available.

For Pulse Mode
1. Click Auto Scale.

2. The waveform is displayed at the screen center.

One level position
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Zero level position

Figure 6.8.1-2 Waveform Display after Auto Scale (Pulse Mode)
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When the pattern length is 127 bits or less, a 20-bit waveform is
displayed.

When the pattern length is 128 bits or more, a 50-bit waveform is
displayed.

The One level is adjusted on the vertical scale to the 2.5th scale up from
the screen center and the Zero level is adjusted to the 2.5th scale down
from the screen center.
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6.8.2 Adjusting Vertical Axis

To adjust voltage or optical power at center of vertical axis
1. Click Quick Menu on the left side of the waveform display area.

2. When the buttons are displayed, click the Offset button of
Amplitude. The mouse icon is displayed in the button.

Amplitude w.l

Clear Display

3. Input the power voltage or optical power at the screen center

position using the mouse wheel.

To adjust voltage or optical power per scale:
1. Click Quick Menu in the right side of the waveform display area.
2. When the buttons are displayed, click the Scale button. The mouse

icon is displayed in the button.

3. Input the voltage or optical power per scale using the mouse wheel.
This causes a change of the scale value of the active channel

displayed in the waveform display area. For the location of scale
display, refer to Figure 6.2.1-6.

The vertical-axis can also be adjusted by directly entering the value in
the Amplitude O/E Dialog Box.
1. Click Amplitude O/E.

Click the Offset text box.
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2
3. Input the voltage or optical power at the screen center position.
4. Click the Scale text box.

5

Input the voltage or optical power per scale.
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Setting same vertical scale for multiple waveforms
On a multi-channel Scope, you can set the vertical scale of all channels to
the same value.

1. Click Amplitude.
2. Click the Tracking button, and set to On.

3. Click the Scale, Offset, and Attenuation text boxes, and then set the
values.

Note:
When Tracking is set to On, the Scale, Offset, and Attenuation
values of other channels are also changed to the set values.

When Scale and Offset for Amplitude are set on the Quick Menu at
the right of the waveform display area, the scales and offsets of
other channels are also changed.

Adjusting attenuation of attenuator
When an attenuator is attached to the signal input connector of Scope,

the vertical axis scale can be corrected by the attenuation amount.

1. Click Amplitude.

2.  Select a channel by clicking the channel button.
3. Click the Attenuation text box.

4. Input the attenuation.

The n dB attenuation is calculated by the following formula:
n
Electrical input: 1 O 20

n
Optical input: 1 OE
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6.8 Adjusting Scales

6.8.3 Adjusting Horizontal Axis
Adjusting time at left edge of waveform display area

1. Click Quick Menu in the right side of the waveform display area.

2. When the buttons are displayed, click the Offset or Delay button of
Time. The rotary knob icon is displayed in the button.

~

3. Input the time at left edge of screen using the mouse wheel.
4. The time entered is displayed at the left lower corner of the

waveform display.

When set to Offset, to switch the horizontal position units between Ul
(unit interval) and time (ps), click Time and the Unit button.

Adjusting the number of bits to display

Result window

1. Click Quick Menu in the right side of the waveform display area.

2. When the buttons are displayed, click the Scale button of Time. The
mouse icon is displayed in the button.

3. Input the number of bits per scale using the mouse wheel.

4. The sum of the value at the bottom left of the screen and the input
value is displayed at the bottom right.

Time dialog box
1. Click Time.

2.  Click the Scale/Offset tab.
3. Click UI on Screen text box.
4
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Input the number of bits.
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6.9 Measuring Waveform

The waveform measurement methods are as follows. For the explanation
of the measurement items, refer to 1.5 “Technical Terms”.

Amplitude and time measurements

Select the measurement items from the following:

For NRZ
One Level, Zero Level, Eye Amplitude, Eye Height, Eye Height
(Ratio), Crossing, SNR, Average Power (dBm), Average Power (mW),
Extinction Ratio, Jitter P-P, Jitter RMS, Rise Time, Fall Time, Eye
Width, DCD, OMA/VMA, OMA (dBm), OMA/VMA at Crossing,
VECP, TDEC, RIN OMA?*, Crossing Time, Amplitude P-P

For PAM4
TDECQ¥*, Outer OMA(dBm), Outer OMA/VMA, Outer ExR,
Linearity, Ceq, Partial TDECQ*, Levels, Levels RMS, Levels P-P,
Level Skews, Eye Levels, Eye Skews, Eye Heights, Eye Widths,
Transition Time (Rise/Fall)*, Transition Time (Slow)*, Over/Under-
shoot, P-P Power*, Power Excursion, Noise Margin, Partial Noise
Margin

e Average Power (dBm), Average Power (mW), Extinction Ratio, OMA
(dBm), Outer OMA (dBm), Outer ExR, P-P Power, Power Excursion,
and RIN OMA can be measured when the input is optical.

e When Average Power (dBm), Average Power (mW), RIN OMA,
Amplitude P-P are added as NRZ measurement items, they are also
measured in PAM4 signals.

e RIN OMA measurement is available only when the corresponding

option license is installed.

: Can be measured only in Fast Pattern Lock mode.

Jitter analysis

For Eye mode
TJ, DJ (d-d), RJ (d-d), J2 Jitter, J4 Jitter, J9 Jitter, Eye Opening

For Advanced Jitter mode
Td, DJ (d-d), RJ (d-d), J2 Jitter, J4 Jitter, J9 Jitter, Eye Opening,
DDPWS, RJ (rms), PJ (p-p), DDJ (p-p), DCD, ISI (p-p), PJ Frequency
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6.9 Measuring Waveform

Mask test

For NRZ, sets the mask pattern and mask margin, and then measures
the data count in the mask.

The set data count can measure the mask margin within the mask.

Table 6.9-1 Measurement Method per Sampling Mode

Sampling Mode Coherent | Advanced
Eye Pulse E Jitt
Measurement Metho\a\ ye ftter
Amplitude and time v % v v
measurements
Jitter analysis v - - v
Mask test v v v -
* Only the following items can be measured.
For NRZ:
Average Power (dBm), Average Power (mW)
For PAM4:

Average Power (dBm), Average Power (mW), Linearity, Levels
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6.9.1 Setting and Displaying Measurement Iltems

Waveform amplitude and time can be measured when data is collected by
Eye mode or Coherent Eye mode.

=]

Amplitude/Time ‘Equalizer ‘Mask Test ‘

Item Selection l Item Type: NRZ l l ChB ]

Item | Page: 1 |
One Level

Zero Level

Eve Amplitude

Eve Height

Crossing

SNR

Average Power (dBm)
Average Power (mW)
Extinction Ratio
Jitter P-P

Jitter RMS

Rise Time

Fall Time

Eye Width

DCD

OMA/VMA

OMA (dBm)
OMASVMA at Crossing
VECP

TDEC

Eve Height {Ratio)
RIN OMA

Crossing Time

All Delete Add Delete

All Delete All Add
Channel Item Select ltems

Measure Setup

N

Figure 6.9.1-1 Amplitude/Time Tab When Signal Type is NRZ
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6.9 Measuring Waveform

To set measurement items:
1. Click Measure to open the Measure dialog box.

2.  Click Amplitude/Time tab.

3. Click on the right column of an item or items you want to add. The
column of the selected item turns into light blue.

4. Click Add, and the light blue column is selected by v.
Click All Add Select Items, and the selected items are added to all
channels.

5.  Click the Off button of Display to turn it On.

Make sure all the selected items are displayed in the Result window.
6. Click the Measure Setup button.
7. The item selected for the Item Selection list is added.
8. The measurement result is displayed in the button of the screen.

If the added item is the same as an item selected already for the same
channel, that item cannot be added using Item Selection.

Eglll Scope CAl Samples: 1,044 480-10.0/10.0s

Control Ch

Time
CRU

Amplitude

AmplitudeiTime ‘ Equalizer |Mask Test | G Measure plit

Item Selection l Item Type: NRZ l l Ch A ]

ftom __ Paget |
One Level '
Zero Level 'd
Eye Amplitude

Eye Height

Crossing

SNR

Average Power (dBm)
Average Power (mW)
Extinction Ratio

Jitter P-P

Jitter RMS

Rise Time

Fall Time

Eye Width

DcD

OMASVMA

OMA (dBm)
OMA/VMA at Crossing
VECP

TDEC

Eve Height (Ratio)
RIN OMA

Crossing Time

Sampling
Hold .

Auto Scale

Auto Scale +
Calculate +
Sampling

Clear Display

Quick Menu

(N
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All Delete Add Delete

All Delete All Add Amplitude/Time
Channel Item Select ltems Ch Curmrent Average Std Dev Min Max A Histogram
Measure Setup One Level A 389.18 389.13 0.27 387.94 389.48 uW

. = Zero Level A 526.7T0 -526.73 0.1 -526.87 -526.31 uW
] l Jitter Rise Time A 38.69 38.51 0.30 37.56 38.82 ps v Marker
A

[ NRZ l [ PAM4
Fall Time

43.22 42.99 0.41 41.76 43.37 ps

Figure 6.9.1-2 Display Example of Measurement Area

When measurements are successful, NRZ or PAM4 is displayed in black,
as shown in Figure 6.9.1-4.

If the waveform is not measured correctly due to low amplitude or
excessive jitter, the channel name and either NRZ? or PAMA4? are
displayed in red.
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In this case, check the settings for the amplitude and trigger of the

measured signal and make sure the connectors are secure.

gﬂ]ﬁ? H%';}jfn ime *1:Corrected

Ch Current
One Level A N/A uW
Zero Level A N/A uW
Rise Time *1 A NIA ps
Fall Time *1 A N/A ps

Figure 6.9.1-3 Appearance of Amplitude/Time Area
(When Measurement Results May Be Incorrect)

When Extinction Ratio Correction is set to On on the Amplitude O/E
Dialog Box in Section 6.2.5, “*1” is displayed in red beside the corrected
measurement item.

When a PAM4 waveform is measured in Coherent Eye mode, padlock
icons are displayed next to the results for Outer OMA (dBm), Outer
OMA/VMA, and Outer ExR to indicate that each value was measured
while pattern lock was enabled.

—Amplitude/Time
CHE PAMA
Ch
TDECQ B
Quter OMA | B
Outer ExXR | B
Linearity B

Figure 6.9.1-4 Example of PAM4 Display

Deleting items

1. Click Measure. The Measure dialog box appears. The Measure
dialog box is displayed.

2.  Click Amplitude/Time tab.

3. Click ¥ in the right column of the item(s) you want to delete.

4. Click Delete. The Results window items are removed.

To delete all the items selected for the active channel, click All Delete

Channel Item.
To delete the items selected for all channels, click All Delete.
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6.9 Measuring Waveform

6.9.1.1 Setting up NRZ measurements

To display measurement area

Set the range to measure One level and Zero level of the NRZ waveform
respectively.

1. Click the Setup (NRZ Amplitude Time) at Measure Setup. The Setup
(NRZ Amplitude Time) dialog box appears.

2. Click Offset from Crossing and Width of EYE Boundary and set the
values respectively. Refer to “Figure 6.9.1.1-2 Setting Item of EYE
Boundary”.

Offset from Crossing Width

Setup (NRZ Amplitude/Time) |22 |
Time
t+
Rise/Fall Time Correction o
S
Correction Factor ‘ 0.0 ps @
s
s¥]
t+
EYE Boundary ®
wn
Q
Offset from Crossing ‘ 0.50 W ,_8
(¢
Width ‘ 0.20 I
SNR Definition
Noise Measure Area ‘ Zero Level + One Level "

Figure 6.9.1.1-1 Setup (NRZ Amplitude/Time) Dialog Box

To change EYE Boundary

The 1 and 0 level measurement area can be changed.

1. Click NRZ at Measure Setup on Figure 6.9.1-1.
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2. Click the Offset from Crossing text box to set the area center
position.

3. Click the Width text box to set the area width.

Offset from Width
Crossing

Figure 6.9.1.1-2 Setting Item of EYE Boundary

To set measurement method of rise/fall time

When measuring the rise time and fall time levels, select from amplitude
10/90% level or 20/80% level.

e C(lick the Rise/Fall Time button to display 10/90% or 20/80%.

The bandwidth of the scope is corrected with the measurement value of
the Rise/Fall time, and the corrected bandwidth is displayed.

1. Click NRZ at Measure Setup.

2.  Click Rise/Fall Time Correction to set the button display to On.
3. Click the Correction Factor text box.

4. Input the correction value in ps.

The calculation formula is as follows:

Td =\ Tm* -Tc?

Td: display value (ps), Tm: measurement value (ps),
Te: correction value (ps)

If the measurement value is smaller than the correction value, the result
displays N/A.
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6.9 Measuring Waveform

“*¥1” is displayed in red at the Rise/Fall time when Rise/Fall Time
Correction is set to On. When Rise/Fall Time Correction is On, “*1” is
displayed in red at Rise Time and Fall Time. “*1:Corrected” is displayed
in the measurement result display area and indicates that the values
with “*1” have been corrected. The number is subject to change from 1.

Setup (NRZ Amplitude//Time) Bl|| Scope CAl

. i | control cl
Time

RiselFall Time

Rise/Fall Time Correction E

Correction Factor 0.3 ps
EYE Boundary

Offset from Crossing 0.50 ul

Width 0.20 Ul

SNR Definition

Noise Measure Area Zero Level + One Level
ED Result Al

Start Time |

Setup Measure

Amplitude || Time
Ol CRU al

e | - ,
Ch Current Average StdDev  Min Max Histogram
FREQ(kHz)| - SYNC Loss [l Il One Level Al 389.18[  389.13 027 387.94)  389.48 uW

Zero Level A 52670 526.73 041 52687 52631 uW
[o%  Eror oo Rise Time Kl A 3889 3851 030 3756 3882 ps v Marker
Fall Time Al A B2 0% 041 4176 4337 ps

Figure 6.9.1.1-3 Display Example of Measurement Results
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6.9.1.2 How to Measure TDECQ

This section explains how to measure TDECQ.

You can use a tool that simplifies this procedure and is available at:
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Demo\T
DECQ_Assistant

1 2

Scope ples: 0-0.0/10.
Sel.upl Measure A'"%Lié"du Time General ‘LIHIIH“ |Save |

Sampling

Signal Type PAM4
[orw ] |l -3
Sampling Mode Coherent Eye —
Number of Samples 16384
Accumulation Type Limited i 5

Limit Type Time

Time 10.0 sec

Averaging

1}

Fast Sampling

Ch Current Average StdDev  Min Max Histogram

v Marker

Figure 6.9.1.2-1 General Tab Settings

Click Setup.
Set measurement channel’s Signal Type to PAM4.
Set Sampling Mode to Coherent Eye.

L

Set Test Pattern.
Variable cannot be selected for TDECQ measurement.

5. Set Accumulation Type when needed.
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6.9 Measuring Waveform

Scope
Sewp Measure A'LEI,:"“ Time Scale Offset IOIE |
_8
Input Cannector SHF
4 {1550nm) —
(Jcomversion Gain ‘ 138 vy
(JResponshaty 0.700 AW
...............
Input Power ‘ 7.00 dBm 9
Filter

Extinction Ratio Correction

Carrection Factor 0.00 %

Ch Current Average StdDev  Min Max 4 | Histogram
v Marker O/E Calibration Calibrate Module

Figure 6.9.1.2-2 OJ/E Tab Settings

Click Amplitude O/E.
Click O/E tab.
Set Input Connector (Wavelength) when needed.

© ®» 3>

In the Filter Selection list, select a digital filter.
The digital filter can be set only in Fast Pattern Lock mode.

10 1 2
ct+
COpe Samples: 0-0.0/10.05 = o]
» T contro "
Data Clock Rate g
Teacing R
. (¢
0]
Q
S
I —— ®
Clack Rate 13281 126 kHz
Divide Ratio
%[ 4

Symbol Rate 53 124 506 kbaud

Acquire Clock Rate

Ch Cument Average Std Dev Min Max 4 | Histogram

v Marker

Figure 6.9.1.2-3 Rate Tab Settings

10. Click Time.
11. Click Auto Scale.
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If the scales are not set properly, set the value for Divide Ratio, and
then click Acquire Clock Rate.

12

=

Amplitude/Time | Equalizer Mask Test 13
s —

Item
TDECG

Outer OMA(dBm)
Outer OMA/VMA
Outer ExR
Linearity

Ce

Partial TDECQ
Levels

Levels RMS
Levels P-P
Level Skews

Eve Levels

Eye Skews ]
Eye Heights

Eye Widths 1 4
Noise Margin

Partial Noise Margin
Transition Time (Rise/Fall)
Transition Time (Slow)
Over/Under-shoot

Powar Fxcursion 15

All Delete Add

All Add
Ch Current Average Std Dev Min Max 4 | Histogram c,‘,‘.”,,ﬁsl’,‘,:,,. -,-.,\\..‘”-.,..W

Measure Setup
|

Figure 6.9.1.2-4 Amplitude/Time Tab Settings

-1

FTTrrIOTT TN

12. Click Measure.

13. Set Item Selection to Item Type: PAMA4.

14. Click and select the measurement item(s), and then click Add.
15. Click PAMA4.

£

Configuration

Sample Timing

Eye Center Type

Peak Pawer Hit Ratio 1.00 %
Eye HeightsiWidths

Eye Opening Definition

Linearity Definition
TDECQ

16
oo L]
Optimize Threshold E

Adjustment Limit | 1.00 %
Optimize
TDECQ Histogram
Noise Coefficient 1.00

Figure 6.9.1.2-5 Setup (PAM4 Amplitude/Time) Dialog Box
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6.9 Measuring Waveform

16. The Setup (PAM4 Amplitude/Time) dialog box is displayed. Set
Target SER.

17

Scope

=

— controi cn ‘ = :
Setup Measure = m Amplitude/Time | Equalizer Mask Test

Display Equalizer Waveform

L 21

A

I

Setup Equalizer Equalizer Type  Enahle

beemietins [0 | 18
T (o]

No.3 Setting (TDECQ)

Equalizer Tap Calculate

Status:

Optimization

Number of Precursors.

./

Tap Count

Taps
[0.000000, 0.000000, 1.000000, 0.000000, 0.000000

>

Ch Current  Average Std Dev Min Max

ME=

Figure 6.9.1.2-6 Equalizer Tab Settings

4

17. Click Equalizer tab.
18. Click No.3.
19. Set Tap Count as needed.

2

Control Ch
AmplitudefTima lEquiIiznr Mask Test i

Display

Item Selection Item Type: PAM4

Item

Auto Scale + TDECQ

Calculate + Outer OMA[dBm)
Sampling Quter OMA/VMA

Outer ExR

Linearity
Clear Display

|
|
Cea ‘
Partial TDECQ |
Levels
Levels RMS |
Levels P-P
Level Skews |
Eve Levels |
|
|
|
|
|
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Eye Skews

Eve Heights

Eye Widths

Noise Margin

Partial Noise Margin
Transition Time (Rise/Fall)
Transition Time {Slow)
Over/Under-shoot

Single P-P Power

Power Excursion

1 Wil

Tile

’ All Delete
Amplitude/Tim;
CHA PAM4 Al
Current  Average  StdDev  Min Hax 4 | Histogram Channel ltem
TDECQ 153 153 0.00 153 153 dB

Ch
A
Outer ExRt ] A 4.4 424 0.00 424 424 dB
A
A

Measure Setup
Linearity(CL_94) 095 095 0000 0957 0957 v Marker
054 254 0.00 264 064 dBm

Average Power (dBm)

Figure 6.9.1.2-7 Display Example of Measurement Results

20. Select Auto Scale + Calculate + Sampling to start the measurement.

21. To display the not-equalized waveform, set Display Equalized
Waveform shown in Figure 6.9.1.2-6 to Off.
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To change the waveform color, on the Utilities tab shown in Figure
6.9.1.2-1, set Waveform Color to Gray Scale, and then click Color
Select.

Not Equalizd Waveform Equalized aveform

Figure 6.9.1.2-8 Waveforms Before and After Equalizer Processing
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6.9 Measuring Waveform

6.9.2

Mask Test

To execute the mask test, first select measurement channel and mask.

There are two types of mask tests as follows:

e Set the upper data error count and measure the mask margin.

e Set the mask margin and measure the error data count.

Scope Measure

(S

Amplitude/Time ‘Equalizer

‘ Mask Test L

ChA

Mask Test

Eye Mask Sel

Mask Margin

Test Method

Margin Type

Hit Count

Mask Margin

Align Method

Alignment
Marker

X1

Y1 2

Angle

!

Mask Area Restriction

!

ect [ NIA ]

Test

Run l

One Shot l

Hit Count l

1 samples
0.0 %

User Defined l

Display Off H Center l

1.00 Ui
498.99 mv

Width 010 w

0.50 w AX
AY

50.50 mv

0 degrees

Figure 6.9.2-1

Setting Example of Mask Test
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Chapter 6 How to Operate Scope

To select channel and mask

1.
2.
3.

Click Measure to open the Measure dialog box.
Click Mask Test tab.

Click Active channel switch button, and then select the channel to be

measured. Mask test cannot be performed in the following cases:
e  Signal Type of the channel is set to PAM4.

e In Advanced Jitter mode

e In Fast Pattern Lock mode

Click the Eye Mask Select button to select the mask.

The Eye Mask Select dialog box is opened. Click the mask file and
OK.

6-104



6.9 Measuring Waveform

The selected mask or mask file is displayed in the Current Mask box of

the measurement results. Refer to Figure 6.9.2-2 “Mask Test Example”.

Table 6.9.2-1 Mask List
Mask Name Standard Bit Rate
100GbE-ER4_Tx.txt 100GbE-ER4 25.78125 Gbit/s
100GbE-LR4_Tx.txt 100GbE-LR4 25.78125 Gbit/s
100GbE-SR4_Rx.txt 100GbE-SR4 25.78125 Gbit/s
100GbE-SR4_Tx.txt 100GbE-SR4 25.78125 Gbit/s

100GbE-SR10_Tx.txt

100GbE-SR10

10.3125 Gbit/s

100GbE-CLR4-FEC.txt

100GbE-CLR4 FEC

25.78125 Gbit/s

100GbE-CLR4.txt

100GbE-CLR4

25.78125 Gbit/s

100GbE-CWDM4.txt

100GbE-CWDM4

25.78125 Gbit/s

100GbE-CWDM4_Rx.txt

100GbE-CWDM4

25.78125 Gbit/s

40GbE-SR4_Tx.txt 40GbE-SR4 10.3125 Gbit/s
25GbE-LR_ER_Tx.txt 25GbE-LR 25.78125 Gbit/s
25GbE-ER

CAUI-10_XLAUI Tx.txt

CAUI-10/XLAUI

10.3125 Gbit/s

nPPI_module_to_host.txt

nPPI (XLPPI/CPPI)

10.3125 Gbit/s

OTU-4.txt

OTU-4

217.952493 Gbit/s

32GFC_MM.txt 32GFC 28.05 Gbit/s
32GFC_SM.txt 32GFC 28.05 Gbit/s
8GFC_Elect_Rx.txt 8GFC 8.5 Gbit/s
8GFC_Elect_Tx.txt 8GFC 8.5 Gbit/s
InfiniBand_EDR_Cable_In_Limiting.txt InfiniBand EDR 25.78125 Gbit/s c>m
InfiniBand_EDR_Cable_Out_Limiting.txt InfiniBand EDR 25.78125 Gbit/s i
InfiniBand_EDR_Host_Out_Limiting.txt InfiniBand EDR 25.78125 Gbit/s oo
InfiniBand_EDR_Stressed_In_Limiting.txt | InfiniBand EDR 25.78125 Gbit/s g
HDMI_TP1.txt*! HDMI *3 §
HDMI_TP2.txt*2 HDMI *3 &
*1: Mask file for HDMI transmitter S
@

*2: Mask file for HDMI receiver

*3: Bit rate is unspecified.
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To measure mask margin

1.
2.

-

© *® =2 ;

11.

12.

13.
14.

15.
16.

Click Setup.

Click the Sampling Mode button to set the display Eye or Coherent
Eye.

Click Sampling to set the display Run.

When the Waveform is displayed, click Auto Scale.

Check that the eye pattern is displayed in the center of the screen.
Click Measure.

Click Mask Test tab.

Click the Channel button to set the channel.

Click the Eye Mask Select button.

The file selection screen is displayed. Click a mask file and OK.
Click the Align Method button to set to Zero/One/Crossing.

Click the Margin Type button, and then select a mode of specifying
threshold for Mask Margin measurement, from Hit Count and Hit
Ratio*.

In the Hit Count or Hit Ratio box, set the threshold for Mask Margin
measurement.

Click the Mask Test button and set the display to On.

When performing the single measurement, click the Test Method
button and set to One Shot.

When performing the measurement continuously, click the Test
Method button and set to Continuous.

Click Update.

When selecting One Shot, click Run of Mask Margin Test to set
Sampling to Hold and measure Mask Margin. On the other hand,
when selecting Continuous, set Sampling to Run to measure Mask
Margin.

Whichever of One Shot and Continuous is selected, the mask margin
is measured so that the number of samples in the mask area
becomes less than the value set for Hit Count or Hit Ratio.

The relational expression of Hit Count and Hit Ratio is:

. _ Hit Ratio x Total Samples
Hit Count = UI On Screen
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6.9 Measuring Waveform

To set Mask Margin and execute mask test
1. Click Setup.

2. Click the Sampling Mode button to set the display Eye or Coherent
Eye.
3. Click Sampling to set the display Run.

When the Waveform is displayed, click Auto Scale.
Check that the eye pattern is displayed in the center of the screen.

Click Measure.
Click Mask Test tab.
Click the Channel button to set the channel.

-

Click the Eye Mask Select button to select the mask.

Click the Align Method button to set to Zero/One/Crossing.
10. Click the Mask Test button and set the display to On.

11. Click the Test Method button to set to One Shot.

12. Click Sampling to set the display to Hold.

13. Click Update.

© *® =2 ;

14 Click the mask margin text box.
15. Input the mask margin in the range of =100 to 100%.

16. The shape of the mask is changed, and the measurement result is

displayed on the screen.
Note:
When executing the Mask Test, run Auto Scale to set Ul On Screen
to 2.
The Mask Test measured value is assured when UI On Screen is 2.
If UI On Screen is 3 or more, the optimum Mask position may not

be detected because the vertical scale setting is not optimum.
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Samples: 3,182,592-10.0/10.0s

Amplitude | Time
OIE

Setup Measure CRU

‘| Control Ch ChA i 1
(Elec.)

All

Auto Scale

Auto Scale +
Calculate +
Sampling

Clear Display

Quick Menu

_______________________

Min |
Mask Test - All

Total Samples 0 3182592

Total Waveforms 0 1554 - Histogram
Mask Margin (%) 0.0 10.0

Total Failed Samples NIA 0

Hit Count 1 v Marker
Current Mask OTU-4 Mask (27.952493 Gbps)

Figure 6.9.2-2 Mask Test Example

The following values are displayed in the measurement result:

Total Samples:
Total Waveforms:

Mask Margin:

Hit Count or Hit Ratio:

Total Failed Samples:

Top Mask Failed Samples:
Center Mask Failed Samples:
Bottom Mask Failed Samples:
Current Mask:

Total data count displayed on the screen
Total waveform count displayed on the
screen

Mask Margin measurement results or
settings

Threshold set for Mask Margin
measurement

Total data count within three mask areas
Data count in top mask area

Data count in center mask area

Data count in bottom mask area
Present mask name
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6.9 Measuring Waveform

Adjusting mask position

To adjust mask position automatically
When Align Method is Zero/One/Crossing, click the Mask Alignment
Update.

When clicking the Mask Alignment Update calculate Zero/One/Crossing
of the currently described waveform and optimize the mask position
automatically.

The mask position is adjusted automatically if the Scale and Offset on

the screen are changed. However, the mask position cannot be changed.

To adjust mask position manually
When Align Method is User Defined, the mask position, width and
amplitude can be adjusted using the marker.

cope Samples: 2,162,688-10.0/10.0s]

: ChA ChB
(Elec.) w

[0 | R ]

o *| Control Ch
Time

! Amplitude.
OIE CRU

Setup Measure Al

Auto Scale

i

Auto Scale +
Calculate +

Clear Display

.................. : t E BR[| Quick Menu

AY X1

Figure 6.9.2-3 Example of Adjusting Mask Position Manually

\

AX

1. Click the right side button of Alignment Marker and set Display
On to display the marker.

Click the X1 text box to set the mask position.
Click the AX text box to set the mask width.
Click the Y1 text box to set the level 1.

A

Click the AY text box to set the level 0.

6-109
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Chapter 6 How to Operate Scope

Clicking Center moves the marker without depending on the waveforms.
In this case, the setting values of X1, AX, Y1, and AY are initialized.
Although the marker is not displayed at Display Off, the marker position
can be adjusted by changing the value in the text box.

To limit mask area

To examine in which part of the mask at the center the error occurs when
the error occurs in the mask test, the mask area can be limited.

Setting width and angle can limit the mask area.

If the mask area is limited, the error that occurs in an upper and lower
mask area is not measured.

Top .......
’ ‘—
0.1 Ul
Center Y
Bottom
Angle 0° Angle 45° Angle 45°
Width 0.1 Ul Width 0.1 Ul Width 0.3 Ul

Figure 6.9.2-4 Example of Limiting Mask Area

Click Measure.

Click Mask Test tab

Click the Target Channel button to set the channel.
Click the Mask Area Restriction button to set On.

ok o

Click the Angle text box to set the angle within the range of —90 to
90.

6. Click the Width text box to set the width within the range of 0.01 to
1.00.
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6.9 Measuring Waveform

“Restriction enabled” is displayed in the measurement result display
area.

in 0.00 U
Mask Test - Channel B “Restriction Enabled

Total Samples 1216512 Total Failed Samples 1 A
Total Waveforms 594 wims Top Mask Failed Samples 0

Mask Margin 75.7 % Center Mask Failed Samples 1

Hit Count 1 Bottom Mask Failed Samples 0 -
Current Mask OTU4 Mask (27.952493 Gbps)

Figure 6.9.2-5 Example of Area Limited Mask Test
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6.9.3 Jitter Analysis

Jitter analysis displays the measurement results for each jitter
component in the following format.

e Numeric value (ps, UI Unit)

e Histogram

e Spectrum

e Pattern display per bit

Jitter analysis is available in Eye mode and Advanced Jitter mode.

For Eye mode
Analyzes the jitter measured from histogram in the time direction of Eye
pattern waveform. Jitter that can be measured from the Eye pattern

waveform is only TdJ.

Samples: 12

. i . | ControlCh | oy chB cne chp
Measure Time l - I -
| Run | Run | Run | Run |
H y

Estimated RJ/DJ Histogram OFF

TJ Histogram CHD

Samples : 1.30 M

-7.60 ps -3.80 ps 0.00 ps 3.80 ps

Figure 6.9.3-1 Example of Histogram Display
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6.9 Measuring Waveform

Jitter analysis can measure different kinds of jitter at the same time.
Also, Eye Mask can be measured simultaneously.

Samples: 1,093,632 -10.0/10.0s (S IEETES =

c°""°'c" | I AmplitudelTime |Equalizer |Mask Test [

r./u stogram CHD Ch D

Setup Measure Amg:iéude Time

CRU

Auto Scale Mask Test

Eye Mask Select | OTUA.txt |

Auto Scale +

Cal-:ulan_(e * Mask Margin Test
Sampling
Clear Display
Hit Count 1 samples
Quick Menu
Mask Margin 20.0 %
Align Method I Zero / One / Crossing l
Mask Alignment

66745 mUI

FMask Test- Al
Total Samples 1093632
Total Waveforms 534 534

1093632

Mask Area Restriction
Histogram

1'{‘:;': I:ai:gciinsl;lznples 20'3 203 20.3 20'00 Angle 0 degrees Width 0.10 Ul
Hit Count i) v Marker
Current Mask OTU-4 Mask (27.952493 Gbps)

Figure 6.9.3-2 Display Example of Jitter Analysis and Eye Mask Test

When Channel Math of Scope is Off, jitter can be analyzed without any
limit of pattern length.

When Channel Math of Scope is On, the jitter analysis can be performed
on the waveforms of pattern length up to 32768.

When Extinction Ratio Correction is set to On on the Amplitude O/E
Dialog Box in Section 6.2.5, “*1” is displayed in red beside the corrected
measurement item.

When Fixed Rd is set to On on the Advanced tab of the Jitter Measure
dialog box (Figure 6.2.4-6), “*2” is displayed in red for RJ (d-d) and RJ
(rms).
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For Advanced Jitter mode

Jitter analysis is performed on the waveform measured internally in
Pulse mode.

dJitter is measured for each point of bit rising and falling.

Therefore, Td, Bathtub, RJ/PJ Histogram, DDJ Histogram, Composite
Histogram, Jitter Spectrum Display (PJ vs Frequency), and Jitter
Display for each bit (DDJ vs Bit or PDJ vs Bit) can be measured.

6-113



Chapter 6 How to Operate Scope

Advanced Jitter mode allows jitter analysis for waveforms with a pattern
length of up to 32768.

Fall Edge Rise Edge

|

Bathtub {ALL) PTvs Frequency (ALL)
0 Dats 10.88 kHz

700,70 mLIT

Figure 6.9.3-3 Example of Jitter Analysis Measurement Points and
Display in Advanced Jitter Mode
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6.9 Measuring Waveform

Jitter analysis in Eye mode
1. Click Scope.

2. Click Setup and set Sampling Mode to Eye. Set Signal Type to NRZ
if it is displayed.

Click Time and set Data Clock Rate and Pattern Length.

Click Sampling to display Sampling Run at the button display.
Click Auto Scale.

To check NRZ? error, click Measure > Amplitude/Time tab.
Turn Display Result to On.

® =N e gk w

Check that the eye pattern is displayed at the center of screen and
NRZ? error is not displayed.

9. Set Item Selection to Item Type: Jitter.
10. To select an item or items, click on the right column.

11. Click Add. The measurement item is displayed on the Result
window.

Scope Measure Exdl|| Scope /1
Amplitude/Time IEquaIizer IMask Test I "

Setup Measure

Item Selection l Item Type: Jitter l l ChD I

“| Control Ch
All

Time
CRU

Amplitude
OIE

TJ Measurement BER

Bathtub CHD

Item ® Dual-Dirac BER Bathtub ® TD Data
TJ Samples : 44.20k %’;fcﬁlﬁl::
Sampling

Auto Scale

D\\{d—d))
RJXd-d \ Vg
&2 Jitter V4
Ja Jitter v,

J9 Jitter
EYE IOnening - 214.14 mUI

AENN

Clear Display

Quick Menu

677.40 mUIL
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Single

Tile

Add Delete I I | |
— i 0.00UI 0.25U1 0.50UI 0.75U1 1.00UT
ete d — i 7
Select Items Amplitiustlins |
Ch Current Average Std Dev Min Max 4 | Histogram
Measure Setup TJ(1.00E-012) D 32260 33670 2238 26561 40897 mul
" Al | DId-d) D 6642  69.71 2329 5070 264.28 mul
I NRZ “ BANY, H gluer RJ(d-d) D 1821 1913 2.62 009 2292 mUlms | ¥ |  Marker

Figure 6.9.3-4 Display Example of Waveform

12. To change the measurement conditions, click Jitter of Measure
Setup.
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13. Click the TJ Measurement BER button to specify the BER to
measure the eye aperture with the Bathtub graph.
Set the following items as needed.
Fixed RJ, RJ Value, Correction Factor, DJ (Scale), RJ (Scale),
RJ (rms), Define Threshold, Manual Crossing

14. Click Sampling to display Sampling Run at the button display.

15. Click Graph on the Result window. Click the Graph selection buttons
to display the jitter graph.

Jitter analysis in Advanced Jitter mode
1. Click Scope.

2. Click Setup to set Sampling Mode to Advanced Jitter. Set Signal
Type to NRZ if it is displayed.

3. Click the Limit Type button to set the limitation method for data to
be measured. Proceed to step 5 when None is set.

4. Set Time, Sample, Waveform, or Pattern depending on the Limit
Type setting.

5. Click Time CRU.

6. Click Scale Offset tab.

7. Set Pattern Length.

When Tracking is set to On, select a PPG for Master.
When Tracking is set to Off, set the value for Length.

Note:
The larger the Pattern Length value becomes, the longer it
takes to display the measurement results. It takes up to one
minute.
8. Click Measure.
9. Click Amplitude/Time tab.
10. To select an item or items, click on the right column.
11. Click Add. The measurement item is displayed on the Result
window.
12. Click Jitter of Measure Setup.
13. Click Algorithm tab.
14. When PDdJ measurement is executed, click the PDJ measurement
button to set the display to On. Proceed to step 14 when Off is set.
15. Click the Standard button to specify the standard to be applied to

the PDJ measurement.

16. Click the PDJ Filter button to specify the filter to be applied to the
PDJ measurement.
For the combination of standards and filters, refer to “Table 6.2.4-5
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6.9 Measuring Waveform

Settable Standards for PDJ Measurement and Filter Sets (Unit
Hz)”.

17. Click the Measurement Edge Type button to set the edge for jitter
measurement.
All: Rising edge and falling edge
Falling: Only falling edge
Rising: Only rising edge

18. Click Advanced tab.

19. Click the TJ Measurement BER button to specify the BER to
measure the eye aperture with the Bathtub graph.
Set the following items as needed.
Fixed RJ, RJ Value, Correction Factor, DJ (Scale), RJ (Scale),
RJ (rms), Define Threshold, Manual Crossing

20. Click Sampling to display Sampling Run at the button display.

21. Click Graph on the Result window. Click the button on the scroll bar
to display the jitter graph.

Starting/finishing Analysis
To start the jitter analysis, click Sampling on the Result window. The
button lamp lights green during the analysis.

“Processing” is displayed on the screen until the analysis result is
displayed.

When clicking Sampling during the analysis, the button lamp is lit off

and then the analysis is finished.

For Time, Sample,Waveform, or Pattern of the Limit Type on General tab
of Setup dialog box, when jitter analysis data reaches to the limitation,

the measurement is finished.
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Note:
During jitter analysis, the following options and button are

unavailable.
e Open system menu
e Scope and All Setups for Save system menu

e The All Measurements stop button (@ is displayed.)

All Measurements

n | 3
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The following message dialogs are displayed when analysis errors occur.

Table 6.9.3-1 Jitter Analysis Error Message

Message

Description

Illegal Error

An unexpected error has occurred.

NRZ?

NRZ? error has occurred in Scope.

Change settings of Scope so that NRZ? error will not
occur.

Pattern Lost The set pattern length does not meet the actual
pattern length. Set Pattern Length of Scope
correctly.

TIE Error* The jitter has exceeded 1 UL

Time Out Data cannot be acquired from Scope.

Confirm that waveform displays in Scope.

*;

Time Interval Error
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6.9 Measuring Waveform

6.9.4 Measurement Using Histogram
The histogram display displays the data distribution in the set field to

measure the mean, standard deviation, and dispersion width.

To display histogram, set the axis, time, or amplitude for measuring
histogram. And then, set the screen area to display histogram using the
histogram marker. Also, the histogram marker position can be set by

clicking the screen or using the mouse.

Scope Samples:0-0.0/10.0s

Sampling
Hold .

T “| contrel Ch
Time

CRU

Amplitude

Setup Measure QIE

Auto Scale

Auto Scale +
Calculate +
Sampling

Clear Display

............................................................................ Quick Menu

Histogram

Histogram

‘ 0.50 Ul ‘ 150 vl

Axis Amplitude Y1 v2

-100 uW

di

Marker Center ‘ 100 uW

T

AISToOgTanT - CIErnmeT /A

Mean N/A uW A

P-P N/A uW

Hits NA v Marker

Figure 6.9.4-1 Setting Example of Histogram Measurement
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Chapter 6 How to Operate Scope

Click Histogram to open the Histogram panel. The Histogram panel
can be moved anywhere on the Scope window.

Click the Histogram button and set the display to On.

To measure the histogram in the time direction, click the Axis button
to change it to Time.

To measure the histogram in the amplitude direction, click the Axis
button to change it to Amplitude.

Input the value to the histogram marker X1, X2, Y1, and Y2, and
then set the area.

The area border to set the histogram marker is as shown in the

following figure.

Y1

A\ 4

Y

Y2

T |

X1 X2

When the waveform display mode is set to Overlap or Single, the
histogram marker position can also be changed by clicking on the

screen and dragging the marker.

The measurement result of the data within the area is displayed.

Mean: average value
Std Dev:  standard deviation

P-P: difference between maximum value and minimum value
(Peak to Peak)

Hits: data count within area

To Histogram marker at screen center:

Click Center at Marker to center the marker in the middle of screen.

When histogram measurement is turned on, depending upon the

previous settings, the X and Y coordinates of the histogram window may

be set beyond the boundaries of the current display screen. If this occurs,

clicking Center makes it easy to set the area.
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Scope Samples: 1,622,016-10.0/10.0s

M " Amplitude“ Time | controrch
easure OIE CRU

Auto Scale

Auto Scale +
Calculate +
Sampling

Clear Display

Quick Menu

gram - Channel A

Mean -10.98 mV A Histogram
std Dev 270.99 mV

PP 604.82 mV

Hits 163424

v Marker

Figure 6.9.4-2 Histogram Measurement Example (Amplitude)

Histogram

X1 X2

FEmge= E ‘ 0.40 Ul 1.60| Ul

Marker Center ‘

Measure

Auto Scale +
Calculate +
Sampling

Clear Display
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Quick Menu

Mean 154.85 ps
std Dev 77.64 ps

P-P 177.78 ps
Hits 36624

Figure 6.9.4-3 Histogram Measurement Example (Time)
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6.9.5

Using Marker

The marker is used to read the amplitude and time values of the
waveform.

Also, the level and time differences between two points can be measured.

There are two markers each for the x- and y-axes. Display of each marker

can be set to on or off separately.

1. Click Marker to display the marker panel.
The marker panel can be moved in the Scope window.

harker
‘ X1 Off | X2 Off | Y1 Off | Y2 Off | Al Off

X1 X2 Y1 Y2 | Center

2. To display the marker, click the upper line buttons other than All
Off. When the marker is displayed, the lower line buttons are
invalid.

3. To move the marker, click the lower line buttons other than Center.
The selected marker button is changed to the in-use display, and

then the icon is displayed.
Marker

4. Set the marker position using the mouse wheel.

The marker position and time/level differences are displayed.

When the waveform display mode is set to Overlap or Single, the marker
position can also be changed by clicking on the screen and dragging the
marker.

Marker Panel

X1 Off, X1 On, X2 Off, X2 On, Sets marker display
Y1 Off, Y1 On, Y2 Off, Y2 On

X1, X2,Y1, Y2 Selects marker to be moved
Center Centers marker in the screen
All Off Hide all markers
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6.9 Measuring Waveform

Samples: 3,538,944 -10.0/10.0s
Time ‘| Control Ch
CRU

Auto Scale

. Amplitude"

Setup Measure OIE

Auto Scale +
Calculate +
Sampling

Clear Display

Quick Menu

X1 X2 Yilé - Center |
ChA[mV] ChB[uW| ol w
0.379 Y — 17271 289.27 Histogram

X1 |
X2 | 1.374 Yz -- -194.05 275.74
X1X2 A 0.995 Y1¥2 A 366.62 13.52 v

Figure 6.9.5-1 Marker Display
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6.9.6 Displaying Waveform Calculation

Dual Electrical Scope (x21) can display the mathematical results of two
waveforms from CH A and CH B as separate waveforms. The calculated
math results can be measured at Section 6.9.1 “Setting and Displaying

Measurement Items”.

Note:
For accurate calculation of eye pattern waveforms, collect data
using Coherent Eye mode. Data collected in Eye mode may cause
calculation errors due to internal processing by the MP2110A.

Setting waveform calculation method and vertical scale
1. Click Amplitude to open the Amplitude dialog box.

2.  Click the Channel Math button to set the button display to On.

3. Click the Define Function button and select the calculation method

from the following:

CHA+CHB
CHA-CHB
CHB-CHA
Channel Math
Define Function CHA+CHB |
Scale 125.0 mViDiv
Offset 0.0 mV

Click the Scale text box.

4
5. Input the voltage per vertical scale.
6. Click the Offset text box.

7. Input the voltage for the center of the vertical scale.

For the adjustment method of the time axis, refer to 6.8.3 “Adjusting
Horizontal Axis ”.
Even when the calculated waveform is displayed, Auto Scale works.

To close the waveform calculation display, click the Channel Math button
and set the button display to Off.
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6.9.7 Using Trace Memory

The trace memory is a function to save the measurement waveform in
the memory.

The waveform saved in the trace memory calls the reference trace.

To save the waveform in the trace memory
1. Click Setup to open the Setup dialog box.

2. Select a channel or channels for waveform display by clicking the
Channel switch buttons.

3. Click the Utilities tab.
4. Click Set of Reference.

Trace Memory

Reference St

Trace memory waveforms are displayed on the screen.

Trace memory A

Trace memory B
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Figure 6.9.7-1 Waveform Display of Trace Memory

To delete the trace memory waveform
1. Click Setup to open the Setup dialog box.

2. Click the Utilities tab.
3. Click Clear of Reference.

Clear Display does not delete the waveforms saved to the trace memory.
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6.9.8

Displaying a Label

This section describes how to display an arbitrary string (Iabel) in the

Scope screen.

Figure 6.9.8-1 Label Display

Displaying labels

Channels subject to label display vary depending on the waveform
display mode.

Overlap: Displays the label for the active channel.
Single. Tile: Displays the labels for all channels.

Also, the channels subject to label addition vary depending on the
Control Ch setting.

All: Adds labels to all channels.

Single: Adds a label to the active channel.

1. Click Setup to open the Setup dialog box.

2.  Click Utilities tab.

3. Set Preset Information to Off to specify the start position of label
display. Set Preset Information to On to display the label at the fixed
area as shown in Figure 6.9.8-1.

4. Click Add of Label to enter the character string for a new label.
Inputting a line feed code (\n) starts a new line.
When Preset Information is set to Off in step 3, specify the start
position of label display (in the waveform display area, the position
of upper left is (0, 0) and the position of lower right is (665, 497)).

5. Click OK on the software keyboard, and the label is displayed on the

screen.
Label (=3

Figure 6.9.8-2 Label Dialog Box
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6.9 Measuring Waveform

Note:
Up to 1023 characters can be entered. However, all characters may
not be displayed because the characters that can be displayed are
limited.
The color of the label cannot be changed.

Deleting the displayed label
The channels subject to label deletion vary depending on the Control Ch

setting.
All Deletes labels for all channels.
Single Deletes the label for the active channel.

1. Click Setup to open the Setup dialog box.
2. Click Utilities tab.
3.  Click Delete for Label, and the displayed label is deleted.

6.9.9 Saving Measurement Results

The scope can be saved in the following file types:

e Screen image
The image of the entire screen or only the measurement screen is
saved to a PNG or JPEG file.

o Measurement result

The waveform is saved as a text file or CSV file.

o Measurement conditions
The setting values in the Amplitude, Measurement, Setup, and Time
dialog boxes are saved to a file.
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To save screen image

When saving the entire screen

1. Click Screen Copy at the system menu. The File dialog box is

displayed.

Drives File Name [ 10312016_160455953

PNG Files l l Screen Keyboard

File Type

Directories File List
= Anritsu - [10312016_160442848.png
= MX210000A
-- Log
- SysFile
= UserData -
-Mask Save to
~-MATLAB _| Ci\Users\PubliciDocuments‘Anritsu! MX210000A\Use...

- Pattern

=t Screen Copy

- Setting

- Nownloaads 8

2. Click the Drives button and the Directories field to set the save
destination folder. The path to the save folder is displayed at the
Save to field.

3. The file format to be saved is displayed in the right button of the file
type. Clicking the button can set the file format.

4. To set the file name, click Screen Keyboard and input the file name.

5.  When overwriting an existing file, click the file name displayed at
File List.
6. Click OK to save the screen image.

When overwriting a file, a File dialog box is displayed.

The path to the default folder is:
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Screen
Copy

The date and time are recorded in the default file name.
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6.9 Measuring Waveform

When saving the measurement screen:
1. Click Setup.

2. Click Utilities.

3. To save the waveform as a color image, select Color Grade at
Waveform Color .
To save the waveform as a monochrome image, select Gray Scale at
Waveform Color.

4. Click Save.

5. To save both waveform and measurement results as an image,
switch the option for Waveforms only to Off.
To save only the waveform as an image, switch the option for
Waveforms only to On.

6. To save a screenshot using monitor color, set Inverse background
color to Off.

To reverse the screen color, set Inverse background color to On.

Precision Trigger Off
7.8 pldiv 25 781 250 kbips
SR 1in 0.09 U1 3 2.09 Ul

Inverse Off Inverse On

7. Click Capture. The File dialog box same as the entire screen to be
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saved 1s displayed.
8. Set the file format, folder and file name and click OK.

9. The image png file is saved in the following path when the folder is
set to the default.

C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Screen
Copy
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To save measurement condition or measurement result

1.

Click Save at the system menu.

Click Scope.

2.

When saving the measurement condition, click Setting.

3.

When saving the measurement result, click Result.

Input the file name.

4.

Click OK or press the rotary knob.

5.

The measurement condition file is saved in the following folder.

The extension for saved files is WFS.

C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Setting

The measurement result file is saved in the following folder.
The extension of the measurement data file is CSV and TXT.

C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\CSV
C:\Users\Public\Documents\Anritsu\MX210000A\UserData\Result\TXT

The measurement results file saves the number of samples per screen

pixel.
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6.9 Measuring Waveform

Amplitude/Time Measurement and Histogram
Measurement - Channel A

[Setups] g
Axis Amplitude gv
X1 Marker 0.50UlI ®
X2 Marker 1.50UlI T
Y1 Marker 98mV o 8
Y2 Marker -101mV § »

[Results]

One Level Ch A N/A N/A N/A N/A N/A

One Level Ch B N/A N/A N/A N/A N/A

One Level Ch C N/A N/A N/A N/A N/A

One Level Ch D 257.15 257.16 0.15 256.74 257.43
Zero Level Ch A N/A N/A N/A N/AN/A

Zero Level Ch B N/A N/A N/A N/AN/A

Zero Level Ch C N/A N/A N/A N/A N/A

Zero Level Ch D 100.38 100.35 0.03 100.15 100.49
Eye Amplitude Ch A N/A N/A N/A N/A N/A

Eye Amplitude Ch B N/A N/A N/A N/A N/A

Eye Amplitude Ch C N/A N/A N/A N/A N/A

Eye Amplitude Ch D 156.77 156.81 0.17 156.25 157.28
Eye Height Ch A N/A N/A N/A N/AN/A

Eye Height Ch B N/A N/A N/A N/A N/A

Eye Height Ch C N/A N/A N/A N/A N/A

Eye Height Ch D 80.99 81.07 0.16 80.66 82.15
Crossing Ch A N/A N/A N/A N/A N/A

Crossing Ch B N/A N/A N/A N/A N/A

Crossing Ch C N/A N/A N/A N/A N/A

Crossing Ch D 47.01 47.01 0.06 46.95 47.68

SNR Ch A N/A N/A N/A N/A N/A

SNR Ch B N/A N/A N/A N/AN/A

SNR Ch C N/A N/A N/A N/A N/A

SNR Ch D 6.21 6.21 0.01 6.20 6.28

Average Power (dBm) Ch A N/A N/A N/A N/A N/A
Average Power (dBm) Ch B N/A N/A N/A N/A N/A
Average Power (dBm) Ch C N/A N/A N/A N/A N/A
Average Power (dBm) Ch D -7.50 -7.51 0.02 -7.57 -7.50
Average Power (mW) Ch A N/A N/A N/A N/A N/A
Average Power (mW) Ch B N/A N/A N/A N/A N/A
Average Power (mW) Ch C N/A N/A N/A N/A N/A
Average Power (mW) Ch D 0.18 0.18 0.00 0.18 0.18
Extinction Ratio Ch A N/A N/A N/A N/A N/A
Extinction Ratio Ch B N/A N/A N/A N/A N/A
Extinction Ratio Ch C N/A N/A N/A N/A N/A
Extinction Ratio Ch D 4.43 4.43 0.00 4.42 4.45
Jitter P-P Ch A N/A N/A N/A N/A N/A

Jitter P-P Ch B N/A N/A N/A N/A N/A

Jitter P-P Ch C N/A N/A N/A N/A N/A

Jitter P-P Ch D 11.43 11.18 0.41 7.35 11.43

Jitter RMS Ch A N/A N/A N/A N/A N/A

Jitter RMS Ch B N/A N/A N/A N/A N/A

Jitter RMS Ch C N/A N/A N/A N/A N/A

Jitter RMS Ch D 1.59 1.59 0.01 1.58 1.70

Rise Time Ch A N/A N/A N/A N/A N/A

Rise Time Ch B N/A N/A N/A N/A N/A

Rise Time Ch C N/A N/A N/A N/AN/A

Rise Time Ch D 17.49 17.45 0.13 15.51 17.53
Fall Time Ch A N/A N/AN/A N/A N/A N/A

Fall Time Ch B N/A N/A N/A N/AN/A

Fall Time Ch C N/A N/A N/A N/AN/A

Fall Time Ch D 21.07 21.05 0.04 20.80 21.38
Eye Width Ch A N/A N/A N/A N/A N/A

Eye Width Ch B N/A N/A N/AN/A

Eye Width Ch C N/A N/A N/A N/A N/A

Eye Width Ch D 29.30 29.30 0.05 28.65 29.36
DCD Ch A N/A N/A N/A N/AN/A

DCD Ch B N/A N/A N/A N/AN/A

DCD Ch C N/A N/A N/A N/A N/A

DCD Ch D 6.326.13 0.91 3.61 10.53

OMA (mW) Ch A N/A N/A N/AN/AN/A

OMA (mW) Ch B N/A N/A N/AN/AN/A

OMA (mW) Ch C N/A N/A N/A N/A N/A

OMA (mW) Ch D 0.16 0.16 0.00 0.16 0.16
OMA (dBm) Ch A N/A N/A N/A N/A N/A

OMA (dBm) Ch B N/A N/A N/A N/AN/A

OMA (dBm) Ch C N/A N/A N/A N/A N/A

OMA (dBm) Ch D -8.05 -8.05 0.00 -8.06 -8.03
OMA at Crossing Ch A N/A N/A N/A N/AN/A
OMA at Crossing Ch B N/A N/A N/A N/AN/A
OMA at Crossing Ch C N/A N/A N/A N/A N/A

—~ o~~~ o~ o~

OMA at Crossing Ch D 167.67 167.74 0.28 166.52 170.62

VECP Ch A N/A N/A N/A N/AN/A

VECP Ch B N/A N/A N/A N/AN/A

VECP Ch C N/AN/AN/AN/AN/A

VECP Ch D 2.55 2.54 0.05 2.02 2.59

TDEC Ch A N/A N/A N/AN/AN/A

TDEC Ch B N/A N/A N/A N/AN/A

TDEC Ch C N/AN/A N/AN/AN/A

TDEC Ch D N/A N/A N/A N/AN/A

Eye Height (Ratio) Ch A N/A N/A N/A N/A N/A
Eye Height (Ratio) Ch B N/A N/A N/A N/A N/A
Eye Height (Ratio) Ch C N/A N/A N/A N/A N/A
Eye Height (Ratio) Ch D N/A N/A N/A N/A N/A
RIN OMA Ch A N/A N/A N/A N/A N/A

RIN OMA Ch B N/A N/A N/A N/A N/A

RIN OMA Ch C N/A N/A N/AN/AN/A

RIN OMA Ch D N/A N/A N/AN/AN/A
Crossing Time Ch A N/A N/A N/A N/A N/A
Crossing Time Ch B N/A N/A N/A N/A N/A
Crossing Time Ch C N/A N/A N/A N/A N/A
Crossing Time Ch D N/A N/A N/A N/A N/A
Amplitude P-P Ch A N/A N/A N/A N/A N/A
Amplitude P-P Ch B N/A N/A N/A N/A N/A
Amplitude P-P Ch C N/A N/A N/A N/A N/A
Amplitude P-P Ch D N/A N/A N/A N/A N/A

Figure 6.9.9-2 Result File Example (1)

When MP2110A-x62, MP2110A-x95, or
MP2110A-x98 installed
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Chapter 6 How to Operate Scope

TDECQ Ch A N/A N/AN/AN/AN/A TN

TDECQ Ch B N/A N/AN/A N/AN/A

TDECQ Ch C N/A N/A N/AN/AN/A

TDECQ Ch D N/A N/A N/AN/AN/A

Outer OMA(dBm) Ch A N/A N/A N/A N/A N/A
Outer OMA(dBm) Ch B N/A N/A N/A N/A N/A
Outer OMA(dBm) Ch C N/A N/A N/A N/A N/A
Outer OMA(dBm) Ch D N/A N/A N/AN/AN/A
Outer OMA(UW) Ch A N/A N/AN/A N/A N/A
Outer OMA(uW) Ch B N/A N/AN/A N/A N/A
Outer OMA(uW) Ch C N/A N/A N/A N/A N/A
Outer OMA(uW) Ch D N/A N/A N/A N/A N/A
Outer ExR Ch A N/A N/A N/AN/A N/A

Outer ExR Ch B N/A N/A N/A N/A N/A

Outer ExR Ch C N/A N/A N/AN/A N/A

Outer ExR Ch D N/A N/A N/AN/A N/A
Linearity(CL_94) Ch A N/A N/A N/A N/AN/A
Linearity(CL_94) Ch B N/A N/A N/A N/A N/A
Linearity(CL_94) Ch C N/A N/A N/A N/A N/A
Linearity(CL_94) Ch D N/A N/A N/A N/A N/A

Ceq Ch A N/A N/A N/A N/AN/A

Ceq Ch B N/A N/A N/A N/A N/A

Ceq Ch C N/AN/AN/AN/AN/A

Ceq Ch D N/AN/AN/AN/AN/A

RIN OMA Ch A N/A N/A N/A N/A N/A

RIN OMA Ch B N/A N/A N/A N/A N/A

RIN OMA Ch C N/A N/A N/A N/AN/A

RIN OMA Ch D N/A N/A N/A N/AN/A

Transition Time (Rise) Ch A N/A N/A N/A N/A N/A
Transition Time (Rise) Ch B N/A N/A N/A N/A N/A
Transition Time (Rise) Ch C N/A N/A N/A N/A N/A
Transition Time (Rise) Ch D N/A N/A N/A N/A N/A
Transition Time (Fall) Ch A N/A N/A N/A N/A N/A
Transition Time (Fall) Ch B N/A N/A N/A N/A N/A
Transition Time (Fall) Ch C N/A N/A N/A N/AN/A
Transition Time (Fall) Ch D N/A N/A N/A N/AN/A
Transition Time (Slow) Ch A N/A N/A N/A N/AN/A
Transition Time (Slow) Ch B N/A N/A N/A N/A N/A
Transition Time (Slow) Ch C N/A N/A N/A N/A N/A|
Transition Time (Slow) Ch D N/A N/A N/A N/A N/A|
Level(3) Ch A N/A N/A N/A N/AN/A

Level(3) Ch B N/A N/A N/A N/A N/A

Level(3) Ch C N/A N/A N/A N/AN/A

Level(3) Ch D N/A N/A N/A N/AN/A

Level(2) Ch A N/A N/A N/A N/A N/A

Level(2) Ch B N/A N/A N/A N/A N/A

Level(2) Ch C N/A N/A N/A N/AN/A

Py

Level(1) Ch A N/A N/A N/A N/A N/A

Level(1) Ch B N/A N/A N/A N/A N/A

Level(1) Ch C N/A N/A N/A N/AN/A
1

(
(
(
(
(
(
Level(2) Ch D N/A N/A N/A N/A N/A
(
(
(
(
(

)
)
Level(1) Ch D N/A N/A N/A N/AN/A _J
Level(0) Ch A N/A N/A N/A N/A N/A

When MP2110A-x63 or MP2110A-x95 is installed

0) Ch B N/A N/A N/A N/AN/A

0) Ch C N/A N/A N/A N/A N/A

0) Ch D N/A N/A N/A N/A N/A

3) RMS Ch A N/A N/A N/A N/A N/A
3) RMS Ch B N/A N/A N/A N/A N/A
3) RMS Ch C N/A N/A N/AN/AN/A
3) RMS Ch D N/A N/A N/A N/AN/A
2) RMS Ch A N/AN/A N/AN/A N/A
2) RMS Ch B N/A N/A N/A N/A N/A
2) RMS Ch C N/A N/A N/A N/A N/A
RMS Ch D N/A N/A N/A N/A N/A
RMS Ch A N/A N/A N/AN/A N/A
RMS Ch B N/A N/A N/A N/A N/A
RMS Ch C N/A N/A N/A N/A N/A
RMS Ch D N/A N/A N/A N/A N/A

Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level
Level

2
1
1
1
1

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
0) RMS Ch A N/A N/A N/A N/A N/A
0) RMS Ch B N/A N/A N/A N/A N/A
0) RMS Ch C N/A N/A N/AN/AN/A
0) RMS Ch D N/A N/A N/A N/AN/A
3) P-P Ch A N/A N/A N/AN/A N/A
3) P-P Ch B N/A N/A N/A N/A N/A
3) P-P Ch C N/A N/A N/A N/A N/A
3) P-P Ch D N/A N/A N/A N/A N/A
2) P-P Ch A N/A N/AN/AN/AN/A
2) P-P Ch B N/A N/A N/A N/AN/A
2) P-P Ch C N/A N/A N/AN/AN/A
) P-P Ch D N/A N/A N/AN/A N/A
) P-P Ch A N/A N/A N/A N/AN/A
) P-P Ch B N/A N/A N/A N/AN/A
) P-P Ch C N/A N/A N/AN/AN/A
) P-P Ch D N/A N/A N/AN/A N/A
0) P-P Ch A N/A N/A N/AN/A N/A
0) P-P Ch B N/A N/A N/A N/A N/A
0) P-P Ch C N/A N/A N/A N/A N/A
0) P-P Ch D N/A N/A N/A N/A N/A
3) Skew Ch A N/A N/A N/A N/A N/A
3) Skew Ch B N/A N/A N/A N/A N/A
3) Skew Ch C N/A N/AN/A N/AN/A
3) Skew Ch D N/A N/AN/A N/AN/A
2) Skew Ch A N/A N/A N/A N/A N/A
2) Skew Ch B N/A N/A N/A N/A N/A
2) Skew Ch C N/A N/A N/A N/A N/A
)
)
)
)
)
)
)
)
)

2
1
1
1
1

Skew Ch D N/A N/A N/A N/A N/A
Skew Ch A N/A N/A N/A N/A N/A
Skew Ch B N/A N/A N/A N/A N/A
Skew Ch C N/A N/A N/A N/A N/A
Skew Ch D N/A N/A N/A N/A N/A
0) Skew Ch A N/A N/A N/A N/A N/A
Level(0) Skew Ch B N/A N/A N/A N/A N/A
Level(0) Skew Ch C N/A N/A N/A N/A N/A
Level(0) Skew Ch D N/A N/A N/A N/A N/A
Eye(Upper) Level Ch A N/A N/AN/A N/AN/A
Eye(Upper) Level Ch B N/A N/A N/A N/AN/A

2
1
1
1
1

P~~~

Figure 6.9.9-3 Result File Example (2)

_

When MP2110A-x63 or MP2110A-x95 is installed
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6.9 Measuring Waveform

Eye(Upper) Level Ch C N/A N/A N/A N/A N/A Average Power (mW) Ch D 0.18 0.18 0.00 0.18 0.18 ™\
Eye(Upper) Level Ch D N/A N/A N/A N/AN/A TDECQ (Upper/Left) Ch A N/A N/A N/A N/A N/A
Eye(Middle) Level Ch A N/A N/A N/A N/A N/A TDECQ (Upper/Left) Ch B N/A N/A N/A N/AN/A
Eye(Middle) Level Ch B N/A N/A N/A N/A N/A TDECQ (Upper/Left) Ch C N/A N/A N/A N/AN/A
Eye(Middle) Level Ch C N/A N/A N/A N/AN/A TDECQ (Upper/Left) Ch D N/A N/A N/A N/AN/A
Eye(Middle) Level Ch D N/A N/A N/A N/AN/A TDECQ (Upper/Right) Ch A N/A N/A N/A N/AN/A
Eye(Lower) Level Ch A N/AN/AN/A N/AN/A TDECQ (Upper/Right) Ch B N/A N/A N/A N/A N/A
Eye(Lower) Level Ch B N/A N/A N/A N/A N/A TDECQ (Upper/Right) Ch C N/A N/A N/A N/A N/A
Eye(Lower) Level Ch C N/A N/A N/A N/A N/A TDECQ (Upper/Right) Ch D N/A N/A N/A N/A N/A
Eye(Lower) Level Ch D N/A N/A N/A N/A N/A g TDECQ (Middle/Left) Ch A N/A N/A N/A N/A N/A -
Eye(Upper) Skew Ch A N/A N/A N/A N/A N/A = TDECQ (Middle/Left) Ch B N/A N/A N/A N/A N/A 9o
Eye(Upper) Skew Ch B N/A N/A N/A N/A N/A ‘g TDECQ (Middle/Left) Ch C N/A N/A N/A N/A N/A %
Eye(Upper) Skew Ch C N/A N/A N/A N/A N/A ‘» TDECQ (Middle/Left) Ch D N/A N/A N/A N/A N/A £
Eye(Upper) Skew Ch D N/A N/A N/A N/A N/A w TDECQ (Middle/Right) Ch AN/AN/AN/AN/AN/A | .2
Eye(Middle) Skew Ch A N/A N/A N/A N/A N/A ?5 TDECQ (Middle/Right) Ch B NJ/AN/AN/AN/AN/A | &
Eye(Middle) Skew Ch B N/A N/A N/A N/AN/A < TDECQ (Middle/Right) Ch C N/A N/A N/A N/A N/A :
Eye(Middle) Skew Ch C N/A N/A N/A N/A N/A —~ TDECAQ (Middle/Right) Ch D N/AN/AN/AN/AN/A | @
Eye(Middle) Skew Ch D N/A N/A N/A N/A N/A & TDECQ (Lower/Left) Ch A N/A N/A N/A N/A N/A N
Eye(Lower) Skew Ch A N/A N/A N/A N/A N/A % TDECQ (Lower/Left) Ch B N/A N/A N/A N/AN/A %
Eye(Lower) Skew Ch B N/A N/A N/A N/A N/A © TDECQ (Lower/Left) Ch C N/A N/A N/A N/AN/A =
Eye(Lower) Skew Ch C N/A N/A N/A N/A N/A g TDECQ (Lower/Left) Ch D N/A N/A N/A N/AN/A 9
Eye(Lower) Skew Ch D N/A N/A N/A N/A N/A < TDECQ (Lower/Right) Ch A N/AN/AN/AN/AN/A | X
Eye(Upper) Height Ch A N/A N/A N/A N/AN/A S TDECQ (Lower/Right) Ch B N/AN/AN/AN/AN/A | &
Eye(Upper) Height Ch B N/A N/A N/A N/AN/A ~ TDECQ (Lower/Right) Ch C N/AN/AN/AN/AN/A | =
Eye(Upper) Height Ch C N/A N/A N/A N/A N/A % TDECQ (Lower/Right) Ch D N/A N/A N/A N/A N/A a
Eye(Upper) Height Ch D N/A N/A N/A N/A N/A s Overshoot(1.00%) Ch A N/A N/A N/AN/A N/A %
Eye(Middle) Height Ch A N/A N/A N/A N/AN/A g Overshoot(1.00%) Ch B N/A N/A N/A N/A N/A 2
Eye(Middle) Height Ch B N/A N/A N/A N/A N/A Overshoot(1.00%) Ch C N/A N/A N/A N/A N/A =
Eye(Middle) Height Ch C N/A N/A N/A N/A N/A Overshoot(1.00%) Ch D N/A N/A N/A N/A N/A

Eye(Middle) Height Ch D N/A N/A N/A N/A N/A Undershoot(1.00%) Ch A N/A N/A N/A N/A N/A g
Eye(Lower) Height Ch A N/A N/A N/A N/AN/A Undershoot(1.00%) Ch B N/A N/A N/A N/A N/A s
Eye(Lower) Height Ch B N/A N/A N/A N/AN/A Undershoot(1.00%) Ch C N/A N/A N/A N/A N/A o
Eye(Lower) Height Ch C N/A N/A N/A N/A N/A Undershoot(1.00%) Ch D N/A N/A N/A N/A N/A o
Eye(Lower) Height Ch D N/A N/A N/A N/A N/A P-P Power(1.00%) Ch A N/A N/A N/A N/A N/A g
Eye(Upper) Width Ch A N/A N/A N/A N/A N/A P-P Power(1.00%) Ch B N/A N/A N/A N/A N/A 3
Eye(Upper) Width Ch B N/A N/A N/A N/A N/A P-P Power(1.00%) Ch C N/A N/A N/A N/A N/A =4
Eye(Upper) Width Ch C N/A N/A N/A N/A N/A P-P Power(1.00%) Ch D N/A N/A N/A N/A N/A wm
Eye(Upper) Width Ch D N/A N/A N/A N/A N/A Power Excursion(1.00%) Ch A N/A N/A N/A N/AN/A 8
Eye(Middle) Width Ch A N/A N/A N/A N/A N/A Power Excursion(1.00%) Ch B N/A N/A N/A N/AN/A 8
Eye(Middle) Width Ch B N/A N/A N/AN/AN/A Power Excursion(1.00%) Ch C N/A N/A N/A N/A N/A
Eye(Middle) Width Ch C N/A N/A N/A N/A N/A Power Excursion(1.00%) Ch D N/A N/A N/A N/A N/A
Eye(Middle) Width Ch D N/A N/A N/A N/A N/A Noise Margin Ch A N/A N/A N/A N/AN/A

Eye(Lower) Width Ch A N/A N/A N/A N/A N/A Noise Margin Ch B N/A N/A N/A N/A N/A

Eye(Lower) Width Ch B N/A N/A N/A N/A N/A Noise Margin Ch C N/A N/A N/A N/A N/A

Eye(Lower) Width Ch C N/A N/A N/A N/A N/A Noise Margin Ch D N/A N/A N/A N/A N/A

Eye(Lower) Width Ch D N/A N/A N/A N/AN/A Noise Margin (Upper/Left) Ch A N/A N/AN/AN/AN/A

Average Power (dBm) Ch A N/A N/A N/A N/A N/A Noise Margin (Upper/Left) Ch B N/A N/A N/A N/AN/A

Average Power (dBm) Ch B N/A N/A N/A N/A N/A Noise Margin (Upper/Left) Ch C N/AN/A N/A N/AN/A

Average Power (dBm) Ch C N/A N/A N/A N/A N/A Noise Margin (Upper/Left) Ch D N/A N/A N/A N/AN/A

Average Power (dBm) Ch D -7.50 -7.51 0.02 -7.57 -7.50[  Noise Margin (Upper/Right) Ch A N/A N/A N/A N/A N/A

Average Power (mW) Ch A N/A N/A N/A N/A N/A Noise Margin (Upper/Right) Ch B N/A N/A N/A N/AN/A
Average Power (mW) Ch B N/A N/A N/A N/A N/A Noise Margin (Upper/Right) Ch C N/A N/A N/AN/A N/A
Average Power (mW) Ch C NJ/AN/AN/AN/AN/A-_J  Noise Margin (Upper/Right) Ch D N/AN/AN/A N/A_l\@/

Figure 6.9.9-4 Result File Example (3)
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Chapter 6 How to Operate Scope

Noise Margin (Middle/Left) Ch AN/AN/AN/AN/AN/A
Noise Margin (Middle/Left) Ch B N/A N/A N/A N/AN/A
Noise Margin (Middle/Left) Ch C N/A N/A N/A N/AN/A
Noise Margin (Middle/Left) Ch D N/A N/A N/A N/AN/A
Noise Margin (Middle/Right) Ch A N/A N/A N/A N/A N/A
Noise Margin (Middle/Right) Ch B N/A N/A N/A N/A N/A
Noise Margin (Middle/Right) Ch C N/A N/A N/A N/A

N/A

Noise Margin (Middle/Right) Ch D N/A N/A N/A N/A

N/A

Noise Margin
Noise Margin
Noise Margin
Noise Margin
Noise Margin
Noise Margin

Lower/Left) Ch A N/A N/A N/A N/AN/A
Lower/Left) Ch B N/A N/A N/A N/AN/A
Lower/Left) Ch C N/A N/AN/AN/AN/A
Lower/Left) Ch D N/A N/AN/AN/AN/A
Lower/Right) Ch A N/A N/A N/AN/AN/A
Lower/Right) Ch B N/A N/A N/A N/AN/A

Noise Margin
Noise Margin

P~~~ o~~~ o~ —~

)
Lower/Right) Ch C N/A N/A N/A N/A N/A
Lower/Right) Ch D N/A N/A N/A N/AN/A_~

Mean -0.43
Std Dev68.17 )
P-P 196.47
Hits 209156
Hit Point Detail
98mV 65 Hits
96mV 58 Hits
95mV 56 Hits
93mV 57 Hits
91mV 49 Hits
89mV 46 Hits
88mV 50 Hits

-84mV 43 Hits
-86mV 42 Hits
-87mV 42 Hits
-89mV 48 Hits
-91mV 53 Hits
-92mV 54 Hits
-94mV 56 Hits
-96mV 59 Hits
-98mV 66 Hits
-99mV 0 Hits __"

When Histogram is On

Waveform

665x497

ChA

00000000 ...(waveformdata)
ChB

00000000 ...(waveformdata)
ChC

00000000 ...(waveformdata)

When MP2110A-x63 or MP2110A-x95 is installed

ChD
00000000...(waveformdata)

Jitter Measurement
[Setup]

Symbol Rate

Divide Ratio

Pattern Length

Target Channel
Accumulation Type (CHD)
Measure Algorithm

TJ Measurement BER
Fixed RJ

RJ Value

Correction Factor

DJ (Scale) (CHA)

DJ (Scale) (CHB)

DJ (Scale) (CHC)

DJ (Scale) (CHD)

RJ (Scale)

RJ (rms)

Define Threshold
Manual Crossing (CHA)
Manual Crossing (CHB)
Manual Crossing (CHC)
Manual Crossing (CHD)
Jitter Unit

[Jitter Measurement Results]
TJ(1.00E-012) (CHA)
TJ(1.00E-012) (CHB)
TJ(1.00E-012) (CHC)
TJ(1.00E-012) (CHD)
DJ(d-d) (CHA)

DJ(d-d) (CHB)
DJ(d-d) (CHC)
DJ(d-d) (CHD)
RJ(d-d) (CHA)
RJ(d-d) (CHB)
RJ(d-d) (CHC)
RJ(d-d) (CHD)
EYE Opening
EYE Opening
EYE Opening
EYE Opening
J2 Jitter (CHA
J2 Jitter (CHB
J2 Jitter (CHC
J2 Jitter (CHD

(
(

P N e

CHA)
CHB)
CHC)
CHD)

J4 Jitter (CHA
J4 Jitter (CHB

_ O =~~~

Figure 6.9.9-5 Result File Example (4)

25781271 kbaud
4

511

CHD

Infinite
Histogram
1.00E-012

OFF

1.00 ps rms
OFF

1.00
1.00
1.00 ps
Auto

50.00 %
Time

f1.877575e-011
;.91 1747e-012
f1.056525e-012
f2.001209e-011
é).841 571e-012
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6.9 Measuring Waveform

J4 Jitter (CHC) - [Bathtub][CHB]

J4 Jitter (CHD) - Measure Edge Type ALL
J9 Jitter (CHA) - Total Samples -

J9 Jitter (CHB) -

J9 Jitter (CHC) - [Bathtub][CHC]

J9 Jitter (CHD) 1.705248e-011 Measure Edge TypeALL

Total Samples -
[TJ Histogram][CHA]
Total Samples - [Bathtub][CHD]
Measure Edge ALL
Total Samples 65200

Unit Interval BER(Estimate) BER(Actual)

[TJ Histogram][CHB]
Total Samples -

[TJ Histogram][CHC]
Total Samples

[TJ Histogram][CHD]
Total Samples

Edge Deviation
-7.253327e-009
-7.238821e-009
-7.224314e-009

7.224314e-009
7.238821e-009

[Bathtub][CHA]
Measure Edge Type
Total Samples

465200
Number Hits
0

0

0

ALL

0.000000e+000
3.878785e-010
7.757569e-010
1.163635e-009
1.551514e-009
1.939392e-009
2.327271e-009
2.715149e-009
3.103028e-009
3.490906e-009
3.878785e-009
4.266663e-009
4.654542e-009
5.042420e-009

3.801209e-008
3.839997e-008

2.500797e-001
2.363070e-001
2.187477e-001

1.946739e-001

1.636975e-001

1.281193e-001

9.216683e-002
6.032596e-002
3.563668e-002
1.888023e-002
8.229616e-003
3.418210e-003
1.258116e-003
4.094003e-004

2.347806e-001
2.487629e-001

Figure 6.9.9-6 Result File Example (5)

2.629325e-001
2.199969e-001

1.760318e-001

1.231880e-001

8.758698e-002
6.095059e-002

3.583689e-002
2.320497e-002
1.473366e-002
6.455358e-003
3.710222e-003
1.479800e-003
6.433911e-004
2.144637e-004

1.967705e-001
2.359101e-001
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Chapter 7 Performance Test

This chapter describes how to test the performance of the MP2110A.

7.1 Performance Test for Pulse Pattern Generator-............ 7-2
7.1.1 Required Equipment...........ooociiiiiii 7-2
7.1.2 Frequency ACCUIaCy........ccccuueeeeeeeeeeeeereeeennenenns 7-3
7.1.3 Waveform ... 7-4
T A4 SKEW ..oeiiiiiiiie ettt 7-9
7.2 Performance Test for Error Detector ............cccccceee. 7-12
7.2.1 Required Equipment..........cccvvvviiiiviiiiiiiiiiinnns 7-12
7.2.2 Operating FrequencCy........ccccccoviiieeiiiiiee e, 7-13
7.2.3 RX Sensitivity ....ccccoevviiieiiiiie e, 7-17
7.2.4 Maximum Input Level and Patterns................ 7-19
7.2.5 Error Detection .........ccccceeiiiiiiii, 7-21
7.3 Performance Test for Sampling Oscilloscope ............ 7-23
7.3.1 Required Equipment...........ccvvvviviiiiiiiiiiiiiinans 7-24
7.3.2 Amplitude ACCUracy..........ccoceeeviieeeeniiieeeee, 7-26
7.3.3 Optical Power Meter / Optical Input Accuracy 7-29
7.34 CRU (MP2110A-X54)....ccccciiieeiieeeeeiee e 7-35
7.3.5 26G/53G CRU (MP2110A-X55)....ccccccvvvennnnn. 7-41
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Chapter 7 Performance Test

7.1 Performance Test for Pulse Pattern Generator

This section describes the performance test items for the pulse pattern

generator.

e Operation frequency range

¢ Frequency accuracy

/\ CAUTION

Connect a 50 Q terminator to unused input/output
connectors.

7.1.1 Required Equipment

The following table shows the equipment required for the performance
test.

Before starting performance tests, warm up the MP2110A and the
measuring instruments for at least 1 hour.

Table 7.1.1-1 Equipment for Performance Test

Product Name Required Performance Recon.lmended
Equipment
Sampling Electrical interface MP2110A
oscilloscope Bandwidth: 40 GHz or more (Anritsu)
Frequency counter | Frequency range: MF2412C
500 MHz to 20 GHz (Anritsu)
Accuracy: 0.1 ppm max.




7.1 Performance Test for Pulse Pattern Generator

7.1.2 Frequency Accuracy
(1) Specification
£10 ppm (One hour after power on)

(2) Setup

I

g © ©
Aaaaaa:

Sync Out Coaxial Terminator

Frequency Counter

OO OO

70250000023 | ©
O 0oooo
(] o o0oao
oooa
=) @ O o 0000

Input

Figure 7.1.2-1 Operation Frequency Range Test Setup

7

(3) Procedure

1. Connect the Sync Out connector to the input connector of the

frequency counter. g
)
2. Connect coaxial terminators to Sync Out connector. E.’
3. Click PPG/ED Ch1. Configure the settings as shown below: E
)
Item Setting Value =
@
Reference Clock Internal =3
Bit Rate Variable (:_UEF
28 200 000 kbit/s
0 ppm
Sync Output PPG_1/8 Clk
Test Pattern (PPG) | PRBS 2/31-1, POS

4. Read the setting value of the frequency counter.

5. Check that the read value multiplied by 4 is within the following
range.
3 525 000 +£35.25 kHz

6. Set Bit Rate to 24 300 000 kbit/s.
When the MP2110A-x93 is installed, input 9 500 000 kbit/s.
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7. Read the value measured by the frequency counter.

8. Check that the read value is within the following limited values.
Without the MP2110A-x93: 3 037 500+£30.37 kHz
With the MP2110A-x93: 1187 500+11.87 kHz

71.3 Waveform
(1) Specification
Amplitude: 0.1 to 0.8 Vp-p
Accuracy: (+20% of setting) £20 mV
Data Crossing:  50+10%
(Amplitude: 0.3 Vp-p, Bit rate: 25.78125 Gbit/s)
Rise/fall time: 17 ps

(Amplitude: 0.3 Vp-p, Percentage: 20-80%, Bit
rate: 25.78125 Gbit/s)

Jitter (RMS): 0.9 ps (Amplitude 0.3 Vp-p, 25.78125 Gbit/s)

(2) Setup
Figure 7.1.3-1 and Figure 7.1.3-2 show the connection diagrams
when performing the test using one MP2110A.
Figure 7.1.3-3 and Figure 7.1.3-4 show the connection diagrams
when performing the test using two MP2110As (one MP2110A is used
as the sampling oscilloscope).

g @ B
Aaaaaa:
| I

Coaxial Terminator

Figure 7.1.3-1 PPG1 Data Out Waveform Test Connection Diagram




7.1 Performance Test for Pulse Pattern Generator

Coaxial Terminator

Figure 7.1.3-2 PPG1 Data Out Waveform Test Connection Diagram

Coaxial Terminator

Adnaaa:

& :" ELENT " = & :“" B i:“ e E

Sampling oscilloscope

r

N

Figure 7.1.3-3 PPG1 Data Out Waveform Test Connection Diagram

@
®
1S9], @ouBWIOJI9




Chapter 7 Performance Test

Coaxial Terminator

Sampling oscilloscope

-

a )
{ Ammitsw REETTWes

g @ B
ABAAaA-

)

Figure 7.1.3-4 PPG1 Data Out Waveform Test Connection Diagram




7.1 Performance Test for Pulse Pattern Generator

(3) Procedure

1.

Connect the coaxial terminator to the PPG1 Data Out

connector.

Connect the Clk Out connector and the Trigger Clk In connector

of the sampling oscilloscope using a coaxial cable.

Connect the PPG1 Data Out connector and the Ch A In connector

of the sampling oscilloscope using a coaxial cable.

Click PPG/ED Ch1. Configure the settings as shown below:

Item Setting Value
Reference Clock Internal
Bit Rate 100GbE/4 (25.78125G), 0 ppm
Clock Output Ch1/2
PPG Amplitude 0.1
External ATT 0

Test Pattern (PPG)

PRBS 2731-1, POS

PPG Data/XData

ON

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Eye
Mode
Number of 4050
Samples
Accumulation | Persistency
Time
Time 10.0 sec
Amplitude Scale 100 mV/Div
Offset 0mV
Time Tracking Symbol Rate: PPG,
Divide Ratio: Clock
Output*
Measure - Display On
Amplitude/Time | Item (A) Eye Amplitude
Rise/Fall Time | 20/80%

Set it to Off when using two MP2110As (Figure 7.1.3-3 and

Figure 7.1.3-4), and input Divide Ratio.

Click Ch A, Sampling Hold, and Auto Scale of Scope, and

measure the eye amplitude.
Click PPG/ED Ch1.
Set Amplitude to 0.8 Vp-p.

Click Scope. Measure the EYE amplitude on the sampling

oscilloscope.

7

1S9, 90UBULIOJID J



Chapter 7 Performance Test

10.
11.
12.

13.

14.

15.

16.

Click PPG/ED Ch1.

Set Amplitude to 0.3 Vp-p.

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Measure - Item (A) Fall Time
Amplitude/Time (A) Rise Time

(A) Crossing
(A) Jitter RMS

Measure the amplitude, rise/fall time, and Data Crossing on the

sampling oscilloscope.

Connect the coaxial terminator to the PPG1 Data Out connector.

(Refer to Figure 7.1.3-4.)

Connect the PPG1 Data Out connector to the Ch A In connector
of the sampling oscilloscope.

Repeat steps 4 to 13.

For PPG2 to PPG4, perform tests in the same way. For PPG3 and PPG4
test, change the Clock Output in step 4 to the following value.

Item

Setting Value

Clock Output

Ch3/4




7.1 Performance Test for Pulse Pattern Generator

7.1.4 Skew

(1) Specification
+8 ps (Amplitude 0.3 Vp-p, 25.78125 Gbit/s)
(2) Setup

,
—

g @ @
Aaaaaa:
| E—

Figure 7.1.4-1 PPG1 Data Out Skew Test Connection Diagram

]

g @ W
Aadaaa:
| E—

{

Figure 7.1.4-2 PPG1 Data Out Skew Test Connection Diagram

(3) Procedure
1. Connect the Clk Out connector and the Trigger Clk In connector

of the sampling oscilloscope using a coaxial cable.

2.  Connect the PPG1 Data Out connector and the Ch A In connector
of the sampling oscilloscope using a coaxial cable.

1S9], @ouBWIOJI9

3. Connect the coaxial terminator to the PPG1 Data Out connector.
(refer to Figure 7.1.4-1).
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4. Click PPG/ED Ch1. Configure the settings as shown below:

Item Setting Value
Reference Clock Internal
Bit Rate 100GbE/4 (25.78125G), 0 ppm
Clock Output Ch1/2
PPG Amplitude 0.3 Vpp
External ATT 0dB
Test Pattern (PPG) | PRBS 249-1, POS
PPG Data/XData ON

5.  Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye
Number of Samples 4050
Accumulation Time Persistency
Time 10.0 sec

6. Display the X1 marker by clicking Marker of Scope, and move
the X1 marker to the left cross-point.
Connect the coaxial terminator to the PPG1 Data Out connector.

8. Connect the PPG1 Data Out connector to the Ch A In connector
of the sampling oscilloscope. (refer to Figure 7.1.4-2).

9. Display the X2 marker by clicking Marker of Scope, and move
the X2 marker to the left cross-point.

10. When the time unit is U, change Unit in the Scale/Offset tab to
Time by clicking Time of Scope.

11. Measure the time lag of two waveforms using the X1 and X2

markers. Note that the polarities of two waveforms are inverted.

7-10



7.1

Performance Test for Pulse Pattern Generator

All Off

Y1

Y2 | Center

ChA[mV] ChB [uW]

X1 | 35 Y1 —
X2 | 36 Y2 -
X1.X2 4 1 Y1Y2 A

N/A

N/A
N/A

N/A

N/A
N/A

Figure 7.1.4-3 Measurement Example of Skew

For PPG2 to PPG4, perform a test in the same way. For PPG3 and PPG4
test, change the Clock Output in step 4 to the following value.

Item

Setting Value

Ch3/4

Clock Output

7
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Chapter 7 Performance Test

7.2 Performance Test for Error Detector

7.2.1

This section describes the performance test items for the error detector.

e Operating Frequency
e Rx Sensitivity
e Maximum Input Level and Patterns

e Error Detection

Before testing the performance of the ED, confirm that the performance of

the tested pulse pattern generator satisfies the specifications.

Required Equipment
The following table shows the equipment required for the performance
test.

Before starting performance tests, warm up the MP2110A and the

measuring instruments for at least 1 hour.

Table 7.2.1-1 Equipment for Performance Test

Product Name Required Performance Recon_'nmended
Equipment

Sampling Electrical interface MP2110A

oscilloscope Bandwidth: 40 GHz or more (Anritsu)

Fixed 20 dB, K connector 41KC-20

attenuator Bandwidth: DC to 40 GHz (Anritsu)

7712



7.2  Performance Test for Error Detector

7.2.2 Operating Frequency
(1) Specification
Without MP2110A-x93:

24.3 Gbit/s =100 ppm to 28.2 Gbit/s +100 ppm

With MP2110A-x93:

24.3 Gbit/s —100 ppm to 28.2 Gbit/s +100 ppm,
9.5 Gbit/s —100 ppm to 14.2 Gbit/s +100 ppm

BER 102 or less under the following conditions:

Amplitude: 0.05 Vp-p

Pattern: PRBS2731-1
Mark ratio: 50%
Single-end

Back-to-back connection

(2) Setup

Coaxial Terminator
ya

/,
—

g © B
Aaaaaa:
| E—

i et
\Fixed Attenuator ‘J

(a) Amplitude Check

Fixed Atte{muator Coaiial Terminator

]

g &
Aaaaaa:

(b) Input Level Measurement

Figure 7.2.2-1 ED1 Data In Input Sensitivity Test Connection Diagram

7-13
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Coaxial Tgrminator Fixed Attenuator

AdAaaa:
| I

(a) Amplitude Check

Coaxial Terminator Fixed Attenuator

(b) Input Level Measurement

Figure 7.2.2-2 ED1 Data In Input Sensitivity Test Connection Diagram

7-14



7.2  Performance Test for Error Detector

(3) Procedure

1.

7.
8.

Connect the Clk Out connector and the Trigger Clk In connector

of the sampling oscilloscope using a coaxial cable.

Connect the coaxial terminator to the ED1 Data In connector
and PPG1 Data Out connector.

Attach a 20 dB fixed attenuator to the PPG1 Data Out connector.
(Refer to (a) in Figure 7.2.2-1.)

Connect the 20 dB fixed attenuator and Ch A In connector using

a coaxial cable.

Click PPG/ED Ch1. Configure the settings as shown below:

Item

Setting Value

Reference Clock

Internal

Bit Rate

When MP2110A-x93 is not installed:
24 300 000 kbit/s, =100 ppm
When MP2110A-x93 is installed:
9 500 000 kbit/s, —100 ppm

Clock Output

Ch1/2

PPG Amplitude 0.5
External ATT 0
Test Pattern (PPG) | PRBS 2/31-1, POS

Test Pattern (ED)

PRBS 2731-1, POS

ED Input Condition

Single-Ended Data

Threshold 0 mV
PPG Data/XData ON
Gating Cycle Single
Gating Period 45 s
Click Scope. Configure the settings as shown below:
Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye
Number of Samples | 4050
Accumulation Time | Persistency
Time 10.0 sec
Time Tracking Symbol Rate: PPG,
Divide Ratio: Clock
Output
Measure - Display On
Amplitude/Time | Item Selection (Ch A) Eye Amplitude

In the Scope window, click Ch A to measure the amplitude.

Adjust the PPG1 Amplitude so that the Scope amplitude is 50+1

mV.

7-15
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10.
11.

12.

13.

14.
15.

16.

17.

18.
19.

20.
21.
22.
23.

24.

25.
26.

217.

Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-1.)

Click Start at All Measurements.

Record the error rate ER for the ED Result after measurement is

complete.

Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

Click PPG/ED Ch1. Change Bit Rate to following value.
28200000 kbit/s, 100 ppm
Repeat steps 7 to 11.

Connect coaxial terminators to the PPG1 Data Out and ED1
Data In connectors. (Refer to (a) in Figure 7.2.2-2.)

Attach the 20 dB fixed attenuator to the PPG1 Data Out
connector.

Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

Repeat steps 7 and 8.

Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-2.)

Click PPG/ED Chl.

Set Data Input Condition to Single-Ended XData.

Repeat steps 10 and 11.

Click PPG/ED Ch1. Change Bit Rate to following value.

When MP2110A-x93 is not installed: 24300000 kbit/s, =100 ppm
When MP2110A-x93 is installed: 9500000 kbit/s, —100 ppm

Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

Repeat steps 7 and 8.

Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-2.)

Repeat steps 10 and 11.

For ED2 to ED4, perform tests in the same way. For ED3 and ED4 test,
change the Clock Output in step 4 to the following value.

Item Setting Value
Clock Output Ch3/4
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7.2.3

Rx Sensitivity

(1) Specification
40 mVp-p

2

(3

BER 1012 or less under the following conditions:

Bit rate:

Pattern: PRBS31
Mark ratio: 50%
Single-end

25.78125 Gbit/s

Back-to-back connection

Setup
Same as Figure 7.2.2-1 and Figure 7.2.2-2.

Connect the Clk Out connector and the Trigger Clk In connector

of the sampling oscilloscope using a coaxial cable.

Connect the coaxial terminators to the PPG1 Data Out and ED1

Attach a 20 dB fixed attenuator to the PPG1 Data Out connector.

Connect the 20 dB fixed attenuator and Ch A In connector using

Procedure
1.
2.
Data In connectors.
3.
(Refer to (a) in Figure 7.2.2-1.)
4.
a coaxial cable.
5.

Click PPG/ED Ch1. Configure the settings as shown below:

7
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Item Setting Value
Reference Clock Internal
Symbol Rate 100GbE/4 (25.78125G), 0 ppm
Clock Output Ch1/2
PPG Amplitude 0.4
External ATT 0
Test Pattern (PPG) | PRBS 2~31-1, POS
Test Pattern (ED) | PRBS 2~31-1, POS
ED Input Condition | Single-Ended Data
Threshold 0mV
PPG Data/XData ON
Gating Cycle Single
Gating Period 45 s
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6.

10.
11.

12.

13.

14.

15.
16.

17.
18.
19.

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye

Number of Samples | 4050
Accumulation Time | Persistency

Time 10.0 sec
Time Tracking Bit Rate: PPG,
Divide Ratio: Clock
Output
Measure - Display On
Amplitude/Time | Item (Ch A) Eye Amplitude

In the Scope window, click Ch A to measure the amplitude.

Adjust the PPG1 Amplitude so that the Scope EYE amplitude is
40+1 mV.

Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-1.)

Click Start at All Measurements.

Record the error rate ER for the ED Result after measurement is

complete.

Connect coaxial terminators to the PPG1 Data Out and ED1
Data In connectors. (Refer to (a) in Figure 7.2.2-2.)

Attach the 20 dB fixed attenuator to the PPG1 Data Out
connector.

Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

Repeat steps 7 and 8.

Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-2.)

Click PPG/ED Chl.
Set ED Input Condition to Single-Ended XData.
Repeat steps 10 and 11.

For ED2 to ED4, perform tests in the same way. For ED3 and ED4 test,
change the Clock Output in step 4 to the following value.

Item Setting Value

Clock Output Ch3/4
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7.2.4 Maximum Input Level and Patterns
(1) Specification

800 mVp-p

BER 10-2 or less under the following conditions:

e Bit rate:
When MP2110A-x93 is not installed: 24.3 to 28.2 Gbit/s
When MP2110A-x93 is installed: 9.5 to 28.2 Gbit/s

e Pattern: PRBS31, PRBS23, PRBS15, PRBS9, PRBS7

e Mark ratio: 50%
e Single-end
e Back-to-back connection

(2) Setup

(== 1)

Aaaaaa:
| I

Coaxial Terminator

Figure 7.2.4-1 ED1 Data In Pattern Test Connection Diagram

7

g @ o
Aaaaaa:

T
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L’ Coaxial Termi‘ator —

Figure 7.2.4-2 ED1 Data In Pattern Test Connection Diagram

(3) Procedure

1. Connect coaxial terminators to the PPG1 Data Out and ED1
Data In connectors. (Refer to Figure 7.2.4-1.)

2. Connect the PPG1 Data Out and ED1 Data In connectors using a
coaxial cable.
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3.

10.
11.

12.

Click PPG/ED Ch1. Configure the settings as shown below:

Item Setting Value
Reference Clock Internal
Symbol Rate 100GbE/4 (25.78125G), 0 ppm
Clock Output Ch1/2
PPG Amplitude 0.8
External ATT 0
Test Pattern (PPG) | PRBS 2~31-1, POS
Test Pattern (ED) | PRBS 2~31-1, POS
ED Input Condition | Single-Ended Data
Threshold 0mV
PPG Data/XData ON
Gating Cycle Single
Gating Period 45 s (28.2 Gbit/s or 24.3 Gbit/s)
120 s (9.5 Gbit/s)

Click Start at All Measurements.

After measurement, confirm that the error count of the ED
Result 1s 0.

Change Test Pattern for (PPG) and (ED) in succession to PRBS
9A7-1, PRBS 279-1, PRBS 215-1, and PRBS 2423-1, and
repeat steps 4 and 5 each time.

Connect coaxial terminators to the PPG1 Data Out and ED1
Data In connectors. (Refer to Figure 7.2.4-2.)

Connect the PPG1 Data Out and ED1 Data In connectors using
a coaxial cable.

Click PPG/ED Ch1 and set ED Input condition to Single-Ended
XData.

Repeat steps 3 to 6.

Change the Bitrate to the following value,
When MP2110A-x93 is not installed:
When MP2110A-x93 is installed:

24.3 Gbit/s
9.5 Gbit/s
Repeat steps 1 to 10.

For ED2 to ED4, perform tests in the same way. For ED3 and ED4 test,
change the Clock Output in step 3 to the following value.

Item Setting Value

Clock Output Ch3/4
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7.2.5

Error Detection

(1) Specification

(2

3

Error detection is possible under the following conditions:

Amplitude: 50 mV

Bit rate: 25.78125 Gbit/s
Pattern: PRBS31

Mark ratio: 50%

Single-end

Back-to-back connection

Setup
Same as Figure 7.2.2-1 and Figure 7.2.2-2.

Procedure

1. Connect the Clk Out connector and the Trigger Clk In connector
of the sampling oscilloscope using a coaxial cable.

2. Connect the coaxial terminators to the ED1 Data In connector,
and PPG1 Data Out connector.

3. Attach a 20 dB fixed attenuator to the PPG1 Data Out connector.
(Refer to (a) in Figure 7.2.2-1.)

4. Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

5. Click PPG/ED Chl. Configure the settings as shown below:

Item Setting Value 7
Reference Clock Internal
Symbol Rate 100GbE/4 (25.78125G), 0 ppm
Clock Output Ch1/2
PPG Amplitude 0.5
External ATT 0

Test Pattern (PPG)

PRBS 2731-1, POS

Test Pattern (ED)

PRBS 2731-1, POS

ED Input Condition

Single-Ended Data
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Threshold 0 mV
PPG Data/XData ON
Gating Cycle Single
Gating Period 45 s
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6. Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye

Number of Samples | 4050

Accumulation Time | Persistency

Time 10.0 sec
Time Tracking Symbol Rate: PPG,
Divide Ratio: Sync
Output
Measure - Display On
Amplitude/Time | Item (Ch A) Eye Amplitude

7. In the Scope window, click Ch A to measure the amplitude.

8. Adjust the PPG Amplitude so that the Scope amplitude is 50 £1
mV.

9. Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-1.)

10. Click Start at All Measurements.
11. Click Insert Error at PPG/ED1 once.
12. After measurement, confirm that the error count is 20.

13. Connect coaxial terminators to the PPG1 Data Out and ED1
Data In connectors. (Refer to (a) in Figure 7.2.2-2.)

14. Attach a 20 dB fixed attenuator to the PPG1 Data Out

connector.

15. Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

16. Repeat steps 7 and 8.

17. Connect the 20 dB fixed attenuator and ED1 Data In connector
using a coaxial cable. (Refer to (b) in Figure 7.2.2-2.)

18. Click PPG/ED Chl.
19. Set Data Input Condition to Single-Ended XData.
20. Repeat steps 10 to 12.

For ED2 to ED4, perform tests in the same way. For ED3 and ED4 test,
change the Clock Output in step 5 to the following value.

Item Setting Value

Clock Output Ch3/4
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7.3 Performance Test for Sampling Oscilloscope

This section describes the performance test items for the sampling

oscilloscope.

Amplitude Accuracy

Optical Power Meter / Optical Input Accuracy
CRU (MP2110A-x54)
26G/53G CRU (MP2110A-x55)

For performance test criteria and how to record results, refer to Appendix
D “Performance Test Record Form”.

7
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7.3.1 Required Equipment

The following table shows the equipment required for the performance

test.

Before starting performance tests, warm up the MP2110A and measuring

instruments for at least 1 hour.

Table 7.3.1-1 Equipment for Performance Test
Product Name Required Performance Reé:orr.lmended
quipment
Pulse Pattern Clock frequency: 7 GHz MP2110A
Generator Amplitude: 0.5 Vpp (Anritsu)
DC Power Source*! | Power voltage: +2.5V 2400
Power current: +50 mA (Keithley
Setting accuracy: 1% or less Instruments)
With current limiting function
Light Source*?2 Wavelength: 850, 1310, 1550 nm
Output level range: +3 dBm or more
Level stability: +0.05 dB
Optical Power Wavelength: 750 to 1700 nm AQ2211+
Meter*2 Level range: —40 to +10 dBm AQ2100212
(100 nW to 10 mW) | (Yokogawa
Accuracy: 5% Test&Measure-
Linearity £0.05 dB or less ment)
Variable Optical For single-mode fiber: AQ2211+
Attenuator*2*4 Wavelength: 1200 to 1600 nm AQ2200312-SA
Insertion loss: 3 dB or less (Yokogawa
Attenuation: 0to 30 dB Test&Measure-
Resolution: 0.1 dB or less ment)
For multi-mode fiber:
Wavelength: 800 to 900 nm AQ2211+
Insertion loss: 3 dB or less AQ2200312-G6
Attenuation: 0to 30 dB (Yokogawa
Resolution: 0.1 dB or less Test&Measure-
ment)
Fixed Attenuator®3 | 20 dB K connector 41KC-20
Bandwidth: DC to 40 GHz (Anritsu)
Light Source*4 Wavelength: 1310 nm MT1000A,
Optical fiber: Single mode MU100011A,
Optical Modulation Amplitude (OMA): G0389A
0.64 mW (=2 dBm) or more (Anritsu)
Bit rate: 25.78125 Gbit/s
Sampling Optical interface MP2110A
oscilloscope™ Bandwidth: 30 GHz or more (Anritsu)

*1: Required for MP2110A-x21, MP2110A-x23, MP2110A-x33, and
MP2110A-x43
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7.3  Performance Test for Sampling Oscilloscope

*2: Required for MP2110A-x22, MP2110A-x23, MP2110A-x25,
MP2110A-x26, MP2110A-x30, MP2110A-x32, MP2110A-x33,
MP2110A-x35, MP2110A-x36, MP2110A-x39, MP2110A-x40,
MP2110A-x42, MP2110A-x45, MP2110A-x46, MP2110A-x49,
MP2110A-x80, and MP2110A-x84, MP2110A-x85

*3: Required for MP2110A-x54
*4: Required for MP2110A-x55

7
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7.3.2 Amplitude Accuracy
(1) Specification
(—2%—offset amplitude accuracy) to (+2%+offset amplitude accuracy)

The offset amplitude accuracy after calibration is as shown in the

following figure.

Scale=250 mV/div
25 - Scale=200 mV/div
= Scale=100 mV/div
890 .  Scale=50 mV/div //;
;I—./l Scale=15 mV/div o M
g . Scale=1 mV/div ,///////__
<£ 10 /'//,//
-] /
2 5 =
g
<t
0 }
0 50 100 150 200 250 300 350 400
Difference from Offset Voltage (mV)
Figure 7.3.2-1 Offset Amplitude Accuracy
(2) Setup

DC Power Supply

Coaxial Cable
+

g & 9
Aanaaa:
 E—

Figure 7.3.2-2 Amplitude Accuracy Test Connection Diagram
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(3) Procedure

In System Menu, click Initialize to reset the settings, and then

follow the steps below:

1.

10.
11.

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode | Eye
Number of 2048
Samples
Accumulation None
Time
Time Tracking Off
Symbol Rate 28 000 000 kbaud
Divide Ratio 8
Unit Ul
UI On Screen 2
Software Delay | 0
Amplitude Ch A Scale 50 mV/Div.
Ch A Offset 50 mV
Ch A 0dB
Attenuation
Histogram Axis Amplitude
X1 0
X2 2
Y1 —250 mV
Y2 250 mV

7

Set the Current Limit of DC Power Source to 20 mA.
Set the DC voltage to 0 V.

Connect the DC Power Source to Ch A In connector.

Connect the center conductor of the coaxial cable to plus

terminal and the shield to minus terminal.
Click Ch A to set to On.
Click Sampling to set to Run.
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Record a standard deviation (Std Dev) and an average value

(Mean) of the histogram measurement result.

Set the DC voltage to 200 mV.

Record the average value of the histogram measurement result.

Set the DC voltage to —200 mV.

Record the average value of the histogram measurement result.
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With the MP2110A-x21, test the amplitude accuracy for Ch B after

measuring the amplitude accuracy for Ch A.

1. Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Amplitude Ch B Scale 50 mV/Div.
Ch B Offset 50 mV
Ch B Attenuation 0dB
Histogram Target Channel Channel B

2.  Set the DC voltage to 0 V.

3. Connect the DC Power Source to Ch B In connector.
Connect the center conductor of the coaxial cable to plus and the

shield to minus.
4. Click Ch B to set to On.
Click Sampling to set to Run.

6. Record a standard deviation (Std Dev) and an average value

(Mean) of the histogram measurement result.
7. Set the DC voltage to 200 mV.
8. Record the average value of the histogram measurement result.
9. Set the DC voltage to —200 mV.

10. Record the average voltage of the histogram measurement

result.
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7.3.3 Optical Power Meter / Optical Input Accuracy

(1) Specification

Accuracy: +0.35 dB
Input level
—12 to 0 dBm
When used at room temperature (25°C)
(2) Setup
Light Source

o I—

Variable Optical ~\Optical Fiber Optical Power Meter
Attenuator ("

|

X
ooooooo o g
ooooooo -+

©)

\ J

7

Figure 7.3.3-1 Optical Power Meter / Optical Input Accuracy Test Connection
Diagram (For SMF Connection)
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Light Source

0o I

Variable Optical Optical Fiber Optical Power Meter
Attenuator ( )
|
ooooooo < @ —
oooooog 1k © =
\ J

9 @ 9
Aanaaa:
L]

+®

.

| —

Figure 7.3.3-2 Optical Power Meter / Optical Input Accuracy Test Connection

Diagram (For MMF Connection)
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(3) Procedure
Reset the settings by following these steps:

1. In System Menu, click Initialize to reset the settings.

2. On the O/E tab of the Amplitude dialog box, click Factory Reset
to reset the correction data for Conversion Gain and

Responsivity.

The SMF performance test for Ch B is explained below.

1. Confirm that no light has been input to the optical connector
(SMF or MMF) for Ch B In.

2. Click Scope. Configure the settings as shown below:

On the Utilities tab of the Setup dialog box, click Calibration.

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye
Number of 2048
Samples
Accumulation Persistency
Time
Limit Type 10.0 sec
Time Tracking Off
Divide Ratio 8
Unit Ul
UI On Screen 2 7
Software Delay 0
Amplitude Ch B Attenuation | 0 dB
Input Connector | SMF 1310 nm ae)
(Wavelength) &
Histogram On 2
Axis Amplitude 5
Measure Display On %
Amplitude/Time Item (Ch B) Average g
Power (dBm) (:_(,%

Click OK after completing the calibration.
4. Prepare the variable optical attenuator for single-mode fiber.

5. Connect the output connector of the light source and the input
connector of the variable optical attenuator, using a single-mode
optical fiber.

6. Connect the output connector of the variable optical attenuator

and the optical power meter, using a single-mode optical fiber.

7. Set the light source wavelength to 1310 nm.
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10.

11.
12.

13.
14.

15.
16.

17.

18.
19.
20.
21.
22.

23.

24.

25.
26.
27.
28.

Set the optical power meter wavelength to 1310 nm.
Set the light source output to On.

Adjust the variable optical attenuation to set the optical power
meter display to around —9 dBm (126 pW).

Record the optical power meter display P (dBm).

Disconnect the optical fiber from the optical power meter and
connect it to the optical connector for SMF of Ch B In.

Click Scope to display only Ch B signals on the graph.
Adjust the Scale.
14-1. Click Auto Scale.

14-2. After Auto Scale completes, set Ch B Scale to 30 uW/Div in
the Amplitude dialog box.

14-3. In the Histogram panel, click Center.
Click Sampling to set to Run.

Convert the Histogram Mean from pW to dBm, and then record
it along with the displayed Average Power (dBm).
dBm = 10 log (uW / 1000)

Connect the output connector of the variable optical attenuator

and the optical power meter, using a single-mode optical fiber.
Set the light source wavelength to 1550 nm.

Set the optical power meter wavelength to 1550 nm.

Set the Input Connector (Wavelength) to SMF 1550 nm.
Repeat steps 9 to 16.

For MP2110A-x61, prepare the variable optical attenuator and
the DFB light source for multi-mode fiber.

Connect the output connector of the DFB light source and the
input connector of the variable optical attenuator, using a

multi-mode optical fiber.

Connect the output connector of the variable optical attenuator

and the optical power meter, using a multi-mode optical fiber.
Set the light source wavelength to 850 nm.

Set the optical power meter wavelength to 850 nm.

Set the Input Connector (Wavelength) to SMF 850 nm.
Repeat steps 9 to 16.

For the MP2110A-x30, MP2110A-x40, MP2110A-x80, or
MP2110A-x84+MP2110A-x74, run the performance test on Ch A, Ch C
and Ch D in the same way.

For the MP2110A-x84, run the performance test on Ch A in the same way.
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The MMF performance test for Ch B is explained below.

1.

2.

10.

11.
12.

13.

Confirm that no light has been input to the optical connector
(SMF or MMF) for Ch B In.

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye
Number of 2048
Samples
Accumulation Persistency
Time
Limit Type 10.0 sec
Time Tracking Off
Divide Ratio 8
Unit Ul
UI On Screen 2
Software Delay 0
Amplitude Ch B Attenuation | 0dB
Input Connector MMF 850 nm
(Wavelength)
Histogram On
Axis Amplitude
Measure Display On
Amplitude/Time Item (Ch B) Average
Power (dBm)

7

On the Utilities tab of the Setup dialog box, click Calibration.
Click OK after completing the calibration.

Prepare the variable optical attenuator for multimode fiber.

Connect the output connector of the light source and the input
connector of the variable optical attenuator, using a multi-mode
optical fiber.

Connect the output connector of the variable optical attenuator
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and the optical power meter, using a multi-mode optical fiber.
Set the light source wavelength to 850 nm.

Set the optical power meter wavelength to 850 nm.

Set the light source output to On.

Adjust the variable optical attenuation to set the optical power
meter display to around —5 dBm (316 uW).

Record the optical power meter display P (dBm).

Disconnect the optical fiber from the optical power meter and
connect it to the optical connector for MMF of Ch B In.

Click Scope to display only Ch B signals on the graph.
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14. Adjust the Scale.

14-1. Click Auto Scale.
14-2. After Auto Scale completes, set Ch B Scale to 30 pyW/Div in

the Amplitude dialog box.
14-3. In the Histogram panel, click Center.
15. Click Sampling to set to Run.
16. Convert the Histogram Mean from uW to dBm, and then record
it along with the displayed Average Power (dBm).
dBm = 10 log (uW / 1000)
For the MP2110A-x39 or MP2110A-x49, run the performance test on Ch A,
Ch C and Ch D in the same way.
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7.3.4 CRU (MP2110A-x54)
(1) Specification
Sensitivity: 20 mVp-p or less

25.78125 Gbit/s, PRBS231-1 NRZ, Loop BW = 10 MHz,
Single-ended, Mark ratio 1/2, Using MP2110A PPG

Additive jitter: 400 fs or less

25.78125 Gbit/s, 26.5625 Gbit/s, 28.05 Gbit/s, Input amplitude

400+100 mVp-p, 1/4Clock Pattern, Loop BW =10 MHz,
Single-ended, Mark ratio 1/2, Using MP2110A PPG

(2) Setup

Fixed Attenuator = Coaxial Terminator

,
p—

¥ @ @
naanan:
]

\ Open
(a) PPG Amplitude Check

anxial Terminator

)
e

¥ @ @
RaaaaE:
]

(b) CRU Sensitivity Test

Figure 7.3.4-1 CRU Sensitivity Test Connection Diagram
(When Using MP2110A’s PPG and Electrical Channel Oscilloscope)
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p Coa;dal Terminator

g @ @
Aaanaa:
I

S T
[L > . . N y
Coaxial Terminator Open —

(a) PPG Jitter Check

Coaxial Terminator
/

(b) CRU Additive Jitter Test

Figure 7.3.4-2 Additive Jitter Test Connection Diagram
(When Using MP2110A’s PPG and Electrical Channel Oscilloscope)
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(3) Procedure
In System Menu, click Initialize to reset the settings, and then follow
the steps below:
Sensitivity Test: (a) PPG Amplitude Check
1. Connect the Clk Out connector and the Trigger Clk In connector
of the sampling oscilloscope using a coaxial cable.
2. Connect the coaxial terminator to the PPG1 Data Out connector
and the O/E Monitor Out connector of the CRU.
3. Connect an Open connectors to ED1 Data In connector, and ED1
Data In connector respectively.
4. Connect a 20 dB fixed attenuator to PPG1 Data Out connector.
Refer to Figure 7.3.4-1 (a).

5. Connect the 20 dB fixed attenuator and Ch A In connector using
a coaxial cable.

6. Click PPG/ED Chl. Configure the settings as shown below:

Item Setting Value
Reference Clock Internal
Bit Rate 25781250 kbit/s
Clock Output Ch1/2
PPG Amplitude 0.2
External ATT 0
Test Pattern (PPG) | PRBS 2/31-1, POS
PPG Data/XData ON 7

7. Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value g
Setup Signal Type NRZ g
Sampling Mode Eye S
Number of Samples | 4050 E
Accumulation Time | Persistency §
Time 10.0 sec =3
Time - Rate | Tracking Symbol Rate: PPG, S_U%F
Divide Ratio: Clock Output
Time - CRU | Operation Mode Recovery
Operation Rate 100GbE/4 (25.78125G)
CRU Loop BW 10 MHz

8.  Click Ch A of Scope and measure the amplitude.

Adjust PPG Amplitude to make the eye amplitude on Scope 20+1
mV.

10. Disconnect the coaxial cable that connects the Clk Out connector
and the Trigger Clk In connector.

7-37



Chapter 7 Performance Test

Sensitivity Test: (b) CRU Sensitivity Test

1.

Connect the 20 dB fixed attenuator and CRU In connector using
the coaxial cable. Make sure that the coaxial terminator is
connected to the OE Monitor Out connector on the CRU. Refer to
Figure 7.3.4-1 (b).

Click Time CRU of Scope and click the CRU tab.

Confirm Lock Status turning to Lock in green.

Additive Jitter Test: (a) PPG Jitter Check

1.

Remove the 20 dB fixed attenuator from PPG1 Data Out
connector. Refer to Figure 7.3.4-2 (a).

Connect the coaxial terminator to the PPG1 Data Out connector
and the O/E Monitor Out connector of the CRU.

Connect the Sync Out connector and the Trigger Clk In
connector using a coaxial cable.

Connect the Clk Out connector and the Ch A In connector o using

a coaxial cable.

Click PPG/ED Ch1. Configure the settings as shown below:

Item Setting Value
Reference Clock Internal
Bit Rate 25781250 kbit/s
Sync Out PPG1_1/8Clk
Clk Out Ch1/2
Test Pattern (PPG) | PRBS2/31-1
PPG Data/XData ON
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6.

7.
8.

9.

Click Scope. Configure the settings as shown below:

Dialog Box Item Setting Value
Setup Signal Type NRZ
Sampling Mode Eye
Number of Samples | 4050
Accumulation Time | Persistency
Time 10.0 sec
Time - Rate | Tracking Symbol Rate: PPG,

Divide Ratio:

UserDefined
Divide Ratio 4
Time - Unit Ul
Scale/Offset | Ul on Screen 1 UI
Time - CRU | Operation Mode Recovery
Operation Rate 100GbE/4 (25.78125G)
CRU Loop BW 10 MHz
Amplitude Scale 10.0 mV/Div
Offset 0mV
Histogram Histogram On
Axis Time
X1 0.00 UI
X2 1.00 UI
Y1 1 mV
Y2 -1 mV

Click Ch A of Scope to display the graph.

Adjust Software Delay in Time Scale/Offset tab so that the cross

point is displayed at center of the window.

Write down the jitter RMS measurement value. The jitter RMS
measurement value is the std Dev value for Histogram.
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Additive Jitter Test: (b) CRU Additive Jitter Measurement
1. Connect the Clk Out connector and the CRU In connector using a
coaxial cable. Refer to Figure 7.3.4-2 (b).

2. Connect the CRU Out connector and the Ch A In connector using
a coaxial cable. Refer to Figure 7.3.4-2 (b).

3. Click Time CRU of Scope and then click CRU tab.
4.  Confirm Lock Status turning to Lock in Green.

5. Adjust Offset in Time -Scale/Offset tab so that the cross point is
displayed at center of the window.

6. Write down the jitter RMS measurement value. The jitter RMS

measurement value is the std Dev value for Histogram.

7. Calculate the added jitter Jada using the following formula.

S paa = \/(JCRU )2 - (JPPG )2

Jcrut Value measured in step 6.

Jprg: Value measured in step 9 in Additive Jitter Test (a).

8. Change PPG1 Bit Rate and Scope Operation Rate to the
following values and repeat steps 4 to 9 in Additive Jitter Test
(a) and steps 1 to 7 in Additive Jitter Test (b).

. Scope - CRU
PPG1 Bit Rate Operation Rate
26 562 500 kbit/s 400GbE/8 (26.5625G)
28 050 000 kbit/s 32GFC (28.05G)
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7.3  Performance Test for Sampling Oscilloscope

7.3.5 26G/53G CRU (MP2110A-x55)
(1) Specification
Sensitivity: 265 pW or less (OMA)
25.78125 Gbit/s, PRBS231-1 NRZ, Wavelength 1310 nm

(2) Setup
Light Source
(SFP28) \,fl—
\\ Variable Optical Optical Fiber
Attenuator
O
. \
ooooooo
oOoooooo
/
[{ Andlsy == — e—
= = B & &
. A R g |
© P GZ = L B=
‘ 71 anay E -
@] » = 7
ﬂ { O+ @ ] J

Figure 7.3.5-1 CRU Sensitivity Test Connection Diagram
(Optical Modulation Amplitude Check)
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Figure 7.3.5-2 MT1000A Settings
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Light Source
(SFP28) \,KI—

Optical Fiber

Variable Optical
Attenuator

\
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/
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AEAEAD:
7

=
W

Figure 7.3.5-3 CRU Sensitivity Test Connection Diagram
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7.3  Performance Test for Sampling Oscilloscope

(3) Procedure

In System Menu, click Initialize to reset the settings, and then follow

the steps below:

Optical Modulation Amplitude Check

1. Connect the Sync Clock Out connector of MU100011A and the
Trigger Clk In connector of the scope, using a coaxial cable. Refer
to Figure 7.3.5-1.

2. Connect the output connector of the light source and the input
connector of the variable optical attenuator, using a single-mode
optical fiber.

3. Connect the output connector of the variable optical attenuator
and the Ch B In connector (SMF) of the scope, using a

single-mode optical fiber.

4. Configure the settings for MT1000A. Refer to Figure 7.3.5-2.

Item Setting Value
Application Ethernet BERT
Port SFP28
Sync Port 1/16
Stream Unframed
Payload pattern PRBS31
Cross pattern Selected

5. In the MP2110A window, click Scope. Configure the settings as
shown below:

7

Dialog Box Item Setting Value

Setup Signal Type NRZ

- General Sampling Mode Eye S
Number of 4050 =
Samples =B
Accumulation Persistency E
Time %
Time 10.0 sec e

Time - Rate Tracking Off f_a%

Time - CRU* Operation Mode Recovery
Operation Rate 100GbE/4 (25.78125G)
CRU Loop BW 4 MHz
Auto Relock On

*: When both MP2110A-x54 and MP2110A-x55 are installed,
configure the settings on the CRU(53G) tab.

6. In the Scope screen, click Time, and then on the Rate tab, click
Acquire Clock Rate.

7. Click Ch B of Scope and measure the amplitude.
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Chapter 7 Performance Test

8. Adjust the attenuation of the variable optical attenuator so that
the eye amplitude of the scope 1s 244+5 pW.

9. Disconnect the coaxial cable that connects the Sync Clock Out
connector and the Trigger Clk In connector.

CRU Sensitivity Test

1. Connect the output connector of the variable optical attenuator
and the Data In connector of the 26G/53Gbaud CRU, using a
single-mode optical fiber. Refer to Figure 7.3.5-3.

2. Check that the Lock Status indicator turns green (Lock) within
40 seconds.
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Chapter 8 Maintenance

This chapter describes maintenance, storage and disposal procedures.

8.1  Daily Maintenance ...........ccooeeeieiieieieiececcceccce 8-2
8.2 Replacement of Optical Connector...........c.ccccueeeenuneen. 8-3
8.3  Optical Connector/Optical Adapter Cleaning................ 8-5
8.4 Displaying Software Version............cccoocveeiiniiiniinnnenn, 8-8
8.5 Updating Software .........cccveveveeiiiiiieee e 8-9
8.6  Adding an Option License.........cccocceeiiiiiieeiiniieeeee, 8-10
8.6.1 Adding the MP2110A-36x, MP2110A-37x, or
MP2110A-39x license.........occcoeieeeeeiiiieee. 8-10
8.6.2 Adding other licenses than MP2110A-36x,
MP2110A-37x, and MP2110A-39X................. 8-12
8.7 Initializing Corrected Data...........cccccvvveeeeeiiiiciiieeeeee, 8-14
8.8  System Recovery Function..........cccccooviieiiiiieennnn, 8-15
8.8.1 FOrWEST ...ooiiiiieeee e 8-15
8.8.2 FOrWinT0 .cocoviiiiiieiiee e 8-23
8.9  Calibration........cccoooiiiiiii 8-32
8.10 SHOrage ....oeiiiiiiii i 8-33
8.11 Transporting and Disposal..........ccccoeeveeiieiiiceiiccece, 8-34
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Chapter 8 Maintenance

8.1 Daily Maintenance

Before daily maintenance of the MP2110A, be sure to turn the power off
and unplug it from the AC outlet.

Panel surface dirt

When surface dirt is noticeable, after the MP2110A has been used in a
dusty environment, or when the MP2110A has not been used for an
extended period of time, wipe its surface with a cloth soaked in detergent

and wrung well.

Loose screws
Use a Phillips screwdriver to tighten screws.




8.2 Replacement of Optical Connector

8.2 Replacement of Optical Connector

The standard optical connector is the FC type. The optical connector can
be removed and replaced with another connector (sold separately). For

information, Figure 8.2-1 shows the connector type.

Figure 8.2-1 Connector Type

/\ WARNING

Do not look into the connection surface of the optical fiber
cable of the light source optical connector or the end face
of the optical fiber cable connected to the light source as
invisible laser light output may cause visual deficit and
other problems.

/\ CAUTION

Before replacing the optical fiber cable, be sure not to
damage the connector and connection surface with
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Chapter 8 Maintenance

To remove the optical connector:

1.
2.
3.

Open the cover.
Pull up the connector lever toward you.

Check that the latch has been released, and then, gently pull the
connector out straight toward you.

g b

Figure 8.2-2 How to Remove the Optical Connector




8.3 Optical Connector/Optical Adapter Cleaning

8.3 Optical Connector/Optical Adapter Cleaning

Cleaning the Ferrule End Surface

Use an approved adapter cleaner to clean the ferrule end surface in the
optical connector. The ferrule in the optical connectors needs periodic
cleaning. Although the following procedures use the FC connector and
adapter as an example, use the same methods when cleaning other

connector and adapter types.

1. Remove the currently connected adapter by raising the adapter lever
(you will hear a “click” when the latch disengages) and then gently
pull the adapter straight towards you.

Adapter lever

2  Moisten an adapter cleaner with isopropyl alcohol and then use it to

clean the end surface and sides of the ferrule.

Adapter cleaner
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Chapter 8 Maintenance

3. Press the tip of a new (dry) adapter cleaner into the ferrule end
surface and then wipe in one direction 2 or 3 times to dry the surface.

4. Clean the adapter interior with adapter cleaner.
(Refer to “Cleaning the Optical Adapter” below.)

5. Attach the adapter in the reverse order. Be careful not to scratch the

ferrule end surface.

Cleaning the Optical Adapter

Use an approved adapter cleaner to clean the optical fiber cable optical
adapter. Although the following procedures use the FC connector and
adapter as an example, use the same methods when cleaning other

connector and adapter types.

Insert adapter cleaner into the split sleeve of the optical adapter. Rotate

the adapter cleaner in one direction while moving it back and forth.

Note:
Check the ferrule diameter and use a cleaner only for the 1.25 mm

or 2.5 mm adapter.




8.3 Optical Connector/Optical Adapter Cleaning

Cleaning the Optical Fiber Cable Ferrule End Surface

Use an approved ferrule cleaner to clean the optical fiber cable ferrule end
surface. Although the following procedures use the FC connector and
adapter as an example, use the same methods when cleaning other

connector and adapter types.

1. Pull the ferrule cleaner lever to expose the cleaning surface.

Ferrule cleaner

2. Hold the lever in the opened position, press the optical connector
ferrule end into the cleaning surface, and then rub in one direction as

shown in the following figure.
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Chapter 8 Maintenance

8.4 Displaying Software Version

Refer to Section 4.3.13 “System Information” for the software version
display method.




8.6 Updating Software

8.5 Updating Software
For how to update the software, refer to the Release Notes. The Release
Notes can be downloaded from the following Anritsu website.

https://www.anritsu.com/en-US/test-measurement/support/downloads?mo

del=MP2110A
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8.6 Adding an Option License
8.6.1 Adding the MP2110A-36x, MP2110A-37x, or MP2110A-39x license

This procedure is applied to the following option:

MP2110A-36x Option License:
MP2110A-363 or MP2110A-369

MP2110A-37x Option License:
MP2110A-374

MP2110A-39x Option License:
MP2110A-395, MP2110A-396, or MP2110A-398

<Procedure>

1.

6.

Download the latest version of the MX210000A software and its
release notes from the Anritsu website, and then update the software.
To add either of the following option licenses, ensure that the

required software version is installed.

MP2110A-36x, MP2110A-37x Option License:
Version 8 or later

MP2110A-39x Option License:

Version 6.01 or later

https!//www.anritsu.com/test-measurement/support/downloads?mode
1=MP2110A.

Verify that the Windows clock on the MP2110A displays the current
date and time. If the date or time is incorrect, adjust it using the

Windows Control Panel.

Copy the license file (Iservrc_xxxx) to the MP2110A desktop.
If MX210000A is active, click System Menu — Exit to exit it.
Click MX210000A — License in Start Menu.

M
B w0000
[m ] Emphasis Adjustment Tool for MP1...
License
License Manager

Module Configuration

| mxz100008

Click Open on License Installer dialog box.
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8.6 Adding an Option License

10.
11.

Select the license file you copied in step 3 and click OK. The license

information to be added is displayed.

Click Use License. Wait for a while until the License Installer dialog

box becomes available.

License Installer

Option
Add 095/096
Information Limited

10/22/2018

\

Open

|

Use
License

e

Click Exit to close License Installer dialog box.
Double-click MX210000A on the Desktop to launch the application.

Click System Menu — System Information and confirm the added

option.

@ System Menu

Save Open
Screen Copy | Initialize

Panel Lock
Before Use Minimize

Systern Information

MX210000A BERTWave Control Software =~ = =

2020-04-01 11:08:29

Mainframe MP2110A

Serial number: SRR

FPGA: 27

0s: Windows 10 loT Enterprise 2019 LTSC

Software Options:

95(PAM4 Analysis Software)
96{Jitter Analysis Software)

8-11
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Chapter 8 Maintenance

8.6.2 Adding other licenses than MP2110A-36x, MP2110A-37x, and

MP2110A-39x

<Procedure>

1. Download the latest version of the MX210000A software and its
release notes from the Anritsu website, and then update the software.
To add an option license, software version 7.04 or later must be
installed.
https!//www.anritsu.com/test-measurement/support/downloads?mode
I=MP2110A.

2. Verify that the Windows clock on the MP2110A displays the current
date and time. If the date or time is incorrect, adjust it using the
Windows Control Panel.

3. Copy the license file (OptionLicense.txt) to the MP2110A desktop.

4. If MX210000A is active, click System Menu — Exit to exit it.

5. Click MX210000A — License Manager in Start Menu.

M
B w0000
Emphasis Adjustment Tool for MP1...
License
License Manager
Module Configuration
| mxz100008

6. Click Open on License Manager dialog box.

7. Select the license file you copied in step 3 and click OK. The license
information to be added is displayed.

8. Click Use License. Wait for a while until the License Manager dialog

box becomes available.

License Manager

Option

Add 059

Remcnwe

License Key

Use

License (2

Open

812
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8.6 Adding an Option License

Click Exit to close License Manager dialog box.

10. Double-click MX210000A on the Desktop to launch the application.

11. Click System Menu — System Information and confirm the added

option.

© System Menu

Save Open
Initialize

Panel Lock

Minimize

Scope Module: A21-00 03/05 2019-07-16 18:44.07

BERT Module: A11-01

Options: 24(Precision Trigger}
33(0ptical and Single-ended Electrical Scope Basehand Flat)
54{Clock Recovery (Electrical/Optical))

Options:

14(4Ch BERT)
93(PPG/ED Bit Rate Extension)

59(25G Clock Recoverv Range E:

813

=
)
[
B
=
®
B
2]
=]
Q
@
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8.7 Initializing Corrected Data

The BERTWave Control Software MX210000A does not initialize some
corrected data (to factory defaults) even if you click System Menu >

Initialize. The following is a list of items outside the scope of Initialize

and their initialization procedures.*

* The following items are also initialized if the system recovery is

performed as described in 8.8.

Table 8.7-1 Items Outside Scope of Initialize
Item Initialization Procedure

Conversio 1. Set Control Ch to All.
n Gain / 2. Click Amplitude O/E to open the dialog box
Responsiv (Figure 6.2.5-2).
ity 3. Click the O/E tab.

* At Input Connector, select the wavelength to
(Refer to initialize.
Table . «
6.2.5-1.) Click Factory Reset.
Noise 1. Set Control Ch to All.
Coefficien 2. Click Measure to open the dialog box (Figure
t 6.2.4-1 or 6.2.4-2).

3. On the Amplitude/Time tab, click PAM4 to open
(Refer to the dialog box (Figure 6.2.4-4).
Table 4. In the Setup (PAM4 Amplitude/Time) dialog
6.2.4-3.) box, click Reset at Noise Coefficient.*
Digital 1. If the MX210000A is started, click System
filter Menu > Exit to exit the MX210000A.
correction 2. Go to the following folder where the correction
value value file is saved.
C:A\Users\Public\Documents\Anritsu\MX210
000A\SysFile
3. Delete the following file if it exists:

. FilterCorrection.xml

*  FilterDefine.xml

. DelayCorrection.txt

* If the settings have been changed from the factory defaults, the date

and time of the change are displayed on the GUI. If there is no date

display, initialization is not required.
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8.8 System Recovery Function

8.8 System Recovery Function

The MP2110A has system recovery function to restore data on the hard
disk to the factory shipment status. These functions can be used in the

event of system instability.

/\ CAUTION

Fully understand the following and back up all necessary
data before performing a system recovery.

e Executing system recovery restores the original
Windows factory settings, and reverts the data stored on
the C drive to the original factory state. All data such as
applications and updates subsequently added,
measurement conditions saved, measurement results,
and screen captures will therefore be deleted.

o Data deleted by these functions cannot be restored.

e The MX210000A BERTWave Control Software must be
re-installed if system recovery is performed. Before
performing system recovery, prepare the MX210000A
software installer for the version you are using.

8.8.1 For WES7
<Procedure>
1. Disconnect the MP2110A from the network if connected.
2.  Connect the keyboard and mouse to the mainframe, and then turn
the MP2110A power On.
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Chapter 8 Maintenance

3. Press the F8 key on the keyboard. The following screen will appear.

2012 Release Candidate

Mode
Mode with Networking
Mode with Command Prompt

Enable Boot Logging

ution video
I oyl figuration (advanced)
1ggi
Disable automatic restart on system failure
Disable Driver Signature Enforcement
Disable Early Launch Anti-Malware Driver

start windows Normally

Description: View a 1ist of system recovery tools you can use to repair
startup problems, run diagnostics, or restore your system.

ENTER=Choose ESC=Cancel

4. Use the keyboard cursor keys to select Repair Your Computer, and
then press Enter.

5. Click Next.

I System Recovery Options B x|
belect &language;
IEng\:h (United States) ;I
Select a keyboard input method:

B B
e

6. Click OK. Leave the Password box blank.
‘, System Recovery Options 3 ﬂ
To access recovery options, log on as a local user,

To access the command prompt as well, log on using an administrator
account.

User name:

Password: I
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7. Click Reinstall Windows.

8. Click Yes.
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9. The recovery processing requires 10 to 30 minutes. The Recovery
dialog box is displayed after restarting MP2110A several times.
Click Restore my files.

Recovery has completed. Do you want to
restore your user files?

If you created a user file backup before recovering
your computer, you can restore those files now.

@ Restore my files I [ Cancel

10. Click Cancel.

Select the backup that you want to restore files from

If the backup location you want is not listed below, connect the drive with the backup to this
computer, and then click Refresh.

Backup Period N Computer Backup location

Browse network location... ]

e

11. Start Internet Explorer, and open the following folder.
C:\Program Files\Anritsu\PreSetup

12. Right-click “Recovery.bat” and click run as administrator.
13. Start Internet Explorer after restarting MP2110A. And check that
the following folder is deleted.

¢ \Windows.old
If the folder has not been deleted, repeat steps 11 and 12.
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8.8 System Recovery Function

14. In Control Panel, click Network Connections.

M

b Control Panel b All Control Panel ltems b Network Connections » -
el I lesssssSsSssSat—"——————————————=SSSNe A ©

Organize « Disable this network device Diagnoese this connection Rename this connection 2 B~ 01 '@'
L". Local Area Connection 1 L". Local Area Connection 2 ._'- Local Area Connection 7

= _ Network cable unplugged == _ Unidentified network o Unidentified network
3 @7 Realtek PCle GBE Family Controller %G~ Realtek PCle GBE Family Contrall... @ Intel(R) 1211 Gigabit Netwark Con...

L"‘ Local Area Connection 8
== _ Unidentified network
@7 Intel(R) 211 Gigabit Network Can...

< =

15. Connect the cable to the Ethernet connector on the left side of the
rear panel to establish the link.

)

[8 Q = -] o E o
ﬂt D 0 7] ﬂ

Ethernet cable

16. Right-click the Realtek PCIe GBE Family Controller icon where the
cross mark () is not displayed.

17. Click Rename.

18. Change the name to “Local Area Connection (Left)”.
19. Right-click other Realtek PCle GBE Family Controller icon.
20. Click Rename.

21. Change the name to “Local Area Connection (Right)”.

e ~
Organize = Disable this network device Diagnese this connection Rename this connection  » e~ O @ 1 &2.
L—- Local Area Connection (Right) L_ Local Area Cpmmastinn (loi — Local Area Connection 7 E'.
s  Network cable unplugged S5 Unidentified | #  Disable hidentified network D
% @ Realtek PCle GBE Family Controller @7 Realtek PCle Status tel(R) 211 Gigabit Network Con... | B
l: Local Area Connection 8 Diagnose 97
T Unidentified network ) l B

= Intel(R) 1211 Gigabit Metwork Con... '{‘_3" Bridge Connections (| 8
| Create Shortcut I
Delet:
| Deleie f
# Rename |
& Properties

<

22. Right-click the Intel® 1211 Gigabit Network Connection icon.

23. Click Rename.
24. Change the name to “DO NOT CHANGE 1”.
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25.

26.
27.

28.
29.

When there are two Intel® 1211 Gigabit Network Connection icons,
right-click other Intel® 1211 Gigabit Network Connection icon.

Click Rename.
Change the name to “DO NOT CHANGE 2”.

OO [ » Control Panel » Networkand Intemet » Network Connections » ~ [ 43| [ Search Network Connections o
Organize - 0 e

.:. DO NOT CHANGE 1
S Unidentified network
@ Intel(R) 211 Gigabit Network Con...

DO NOT CHANGE 2 c. Local Area Cennection (Left)
b Unidentified network S Unidentified network
> Intel(R) 211 Gigabit Network Con... @7 Realtek PCle GBE Family Controll...

B L  Localaves Connection (Right)
"M Network cable unplugged
9 @7 Realtek PCle GBE Family Controller

Click All Programs — Windows Media Player from the start menu.
Click Custom Settings, and click Next.
[ 2 Windows Media Player l&]1

Welcome to Windows Media Player

A

Choose the initial settings for Windows Media Player. You can change these settings in the Player later.

71 Recommended settings

Make Windows Media Player the default program for playing media, automatically download
usage rights and media information to update your media files, and send usage data from the I
Flayer to Microsoft.

=

Customize privacy, playback, and online store settings.

Usage data will be sent to Microsoft if you use recommended settings, but the information will not be used to
identify or contact you.

I To learn more about Recommended settings, read the Privacy Statement online. I
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8.8 System Recovery Function

30. Check that all check boxes are not selected, and click Next.
( 2 Windows Media Player @1

Select Privacy Options

Privacy Options Privacy Statement

Enhanced Playback Experience
[T Display media information from the Internet H

[ Update music files by retrieving media information from the Internet
[[] Download usage rights automatically when I play or sync a file (|
[l Note: Mediz information that is retrieved may not be in your Bnguage.
Enhanced Content Provider Services

[T 5end unique Player ID to content providers

Click Cookies to view or change privacy settings that affect cookies
Windows Media Player Customer Experience Improvement Program
[]1 want to help make Microsaft software and services even better by sending
Player usage data to Microsoft
I History I
Store and display a list of recently/frequently played: |

[ Music [[Fictures  [7] video |

31. Click Make Windows Media Player the default music and video

player, and click Finish.
2 Windows Media Player Iﬁ

() Choose the flle types that Windows Media Player will play
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32.

33.

Install the BERTWave Control Software (MX210000A) in accordance
with the release note. The Module Configuration dialog box is

displayed after launching the installer. Select the modules installed
in MP2110A, and click OK.

Module Configuration

CRU

The above dialog box is displayed by clicking MX210000A — Module
Configuration from the start menu of Windows. If the wrong module
is selected, display the Module Configuration dialog box and select
the module again.

Configure Windows Firewall exceptions. Refer to 2.11.1 “Activating
Firewall”.

Checking operation

Check the operation using the following procedure after recovering the

system.

1.

Click All Programs —MX210000A — MX210000A from the start
menu of Windows.

Click System Menu — Remote Control. Check that Local Area
Connection (Left) and Local Area Connection (Right) are displayed in
the Remote Control dialog box (refer to Figure 4.3.10-1).

Click System Menu — Before Use. Check that the video of
countermeasure against static electricity is played back.
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8.8 System Recovery Function

8.8.2 For Win10

<Procedure>
1. Disconnect the MP2110A from the network if connected.

2.  Connect the keyboard and mouse to the mainframe, and then turn
the MP2110A power On.
3. Press the F8 key on the keyboard. The following screen will appear.

012 Release Candidate

Enable ot Logging
Enable Tov ution wi

Disable
Disable Ea

Start windows Normally

repair
system.

view a Tist of
startup problems,

ENTER=Choose ESC=Cance]

4. Use the keyboard cursor keys to select Repair Your Computer, and
then press Enter.

5. In the Choose an option screen, click Troubleshoot.

Choose an option

Continue
Exit and continue to Windows 10

Troubleshoot
Reset your PC or see advanced options

| Turn off your PC
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6. In the Troubleshoot screen, click Advanced options.

®© Troubleshoot

Reset this P

Advanced options

7. In the Advanced options screen, click System Image Recovery.

© Advanced options

temn Re:

Unii
Re

See more ry options
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8.8 System Recovery Function

8. In the System Image Recovery screen, click AnritsuUser,

© System Image Recovery

Forgat your pas or don't see your account

9. When you are prompted to enter the password, leave it blank, and

then click Continue.

© System Image Recovery

Hi, AnritsuUser

Enter

Change keyboard layout
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10. In the Select a system image backup page, select Use the latest
available system image(recommended), and click Next.

P_- Re-image your computer @

Select a system image backup

T\ — This computer will be restored using the system image.
Everything on this computer will be replaced with the
| information in the system image.
iy
—

Troubleshooting information for BMR:
http: ffgo.microsoft, com/fwlinkfp/?Linkld=225039

(®) Use the latest available system image{recommended)

Location: Recovery (D)
Date and time: 2/6/2020 1:16:35 PM {GMT-5:00)
Computer: MP21104

O Select a system image

< Back Cancel

11. In the Choose additional restore options page, and click Next without
any changes.

.ZL Re-image your computer @
Choose additional restore options F ‘i
|

Format and repartition disks

Select this to delete any existing partitions and reformat all disks Exclude disks. ..
on this computer to match the layout of the system image.

If you're unable to select an option above, installing the drivers

Install drivers...
for the disks you are restoring to might solve the problem. s e

Advanced...

12. When “Your computer will be restored from the following system
image:” appears, click Finish.

13. When the confirmation screen appears, click Yes to start a system
recovery.
The Progress bar appears, and the recovery process starts.
Do not click Stop restore when a system recovery is in progress.
Although the time required for recovery varies depending on the
conditions, it normally takes about ten minutes.

14. After the system recovery is completed, the MP2110A restarts
automatically, and Windows starts.
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8.8 System Recovery Function

15. Click /D on the taskbar and type “Control Panel” in the Search box.

H &2 Control Panel =1

16. Click Control Panel icon.

17. Click Network and Internet.
18. Click Network and Sharing Center.

19. Click Change adapter settings. The number of Network icons varies
depending on the option configuration and the CPU Board version
(refer to Figure 4.3.13-1).

& Network Connections

A & 5 Control Panel > Metwork and Internet > Network Cannections »

Organize =

Ethernet 3
Metwork cable unplugged
Intel(R) Ethernet Contraller I2...

Ethernet t-". Ethernet 2
Unidentified network = Unidentified network

Intel(R) 1217 Gigabit Metwark ... = Imtel(R) 1210 Gigabit Metwark ...

Ethernet §
Metwork cable unplugged
Inte (R Ethernet Contraller 12...

Ethernet 4
Metwork cable unplugged
S |ntel(R) Ethermet Controller 12..,

!’l

~

20. Connect the cable to the leftmost Ethernet connector on the rear
panel to establish the link.

Example using CPU Board version 01:

Ethernet cable

21. Right-click the Network icon after the red cross (x) disappears.

22. Click Rename. ~
E' MNetwark Connections m
. -

A+ U 5 Contral Panel > Metwark and Internet > Network Connections (=]

o+

Organize + ('bD
Ethernet B Fthermet2 — Ethernet 3 [}

Metwork cable unplugged & Disabl b . Metwork cable unplugged B

Realtek PCle GEE Family Cont., \sagle @ Intel(R) 1211 Gigahit Metwork .. o

Status ®

Ethernet 4 Di
IS Metwork cable unplugged tagnose
BT Intel(R) 1211 Gigabit Metwark .. ® Bridge Connections

Create Shortcut

G Delete

) Rename

&) Properties

23. Change the name to “Local Area Connection (Left)”.

24. Connect the cable to the rightmost Ethernet connector on the rear

panel to establish the link.
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25. Right-click the Network icon after the red cross (x) disappears.
26. Click Rename.

27. Change the name to “Local Area Connection (Right)”.
For CPU Board version 01, follow steps 28 to 30.
For other versions, skip steps 28 to 30.

28. Right-click the Network icon that still shows the red cross ().
29. Click Rename.

30. Change the name to “Local Area Connection (Center)”.

31. Right-click the Intel® 1211 Gigabit Network Connection icon.
32. Click Rename.

33. Change the name to “DO NOT CHANGE 1”.

If two Intel® 1211 Gigabit Network Connection icons are displayed,

perform steps 34 to 36.
Otherwise, skip steps 34 to 36.

34. Right-click the other Intel® 1211 Gigabit Network Connection icon.

35. Click Rename.
36. Change the name to “DO NOT CHANGE 2”.

Screen for two-module configuration (CPU Board Version 00):

& Network Connections

A4 & 5 Control Panel > Metwark and Internet > MNehwork Connectians

Organize v
::" DO MOT CHANGE 1 c_ DO NOT CHAMGE 2 :. Local Area Connection (Left)
S Unidentified network S Unidentified network T Metwork cable unplugged

T Intel(R) 1211 Gigabit Network .. G Intel(R) 1211 Gigabit Metwork ..

WL Locolfvea Connecton Right
¥ Metwork cable unplugged
K W Realtek PCle GBE Family Cont...

K @ Realtek PCle GBE Family Cont..

Screen for single-module configuration (CPU Board Version 01):

&' Network Connections - m]
T :E' <« All Contral Panel ltems » Metwork Connections » ~ 0 Search Metwark Connections
Organize = =S+ [
—. DO NOT CHAMGE 1 L—. Local Area Connection (Center) L_'. Lacal Area Connection (Left)
PSS Unidentified network TME  Network cable unplugged PRE  Unidentified netwark
W Intel(R) 1211 Gigabit Metwark .., K = Intel(R) Ethernet Contraller 12, @~ Intel(R) Ethernet Contraller 12,
L—. Local Area Connection (Right)
o Metwork cable unplugged
K S Intel(R) Ethernet Cantroller 12..,

37. Click Start () — Windows Media Player from the start menu.
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8.8 System Recovery Function

38. Click Custom Settings, and click Next.

Windows Media Player bt
Welcome to Windows Media Player
L e l j )
Choose the initial settings for Windows Media Player. ¥ou can change these settings in the Plaver later,
(Z) Recommended settings
Make Windows Media Plaver the default program for plaving media, automatically download
usage rights and media information to update your media files, and send usage data from the
Plaver to Microsaft,
Custamize privacy, playback, and online stare settings.
Usage data will be sent to Microsoft if vou use recommended settings, but the information will not be used to
identify ar contact vou,
et
39. Check that all check boxes are not selected, and click Finish.
x

Windows Media Player

Select Privacy Options

Privacy Options Privacy Staterment

Enhanced Playback Experience

[ Display media infarmation from the Internet
[ Update music Files by retrieving media informatian Fram the Internet

[ Dawwrlaad usage rights autamatically when I play ar sync a fils
Nipfa: Madla information that &z refriaved may nof ba m your language.

Enhanced Content Provider Services

[ 5end unique Player I ta content praviders
Click Cookies to view or change privacy settings that affect cookies Cookies
Diagnostics and Feedback
[J1 want to help make Microsoft software and services even better by sending
Player usage data to Microsoft
History
Stare and display a list of recently/frequently played:

[ tusic [Crictures [ videa [ Playlists

=
)
[
B
=
®
B
2]
=]
Q
@

40. Windows Media Player starts. Click “x” on the top right corner of the
Windows Media Player window to close it.

41. Install the BERTWave Control Software (MX210000A) in accordance
with the release notes. For the release notes, refer to 8.5 “Updating

Software”.
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42. The Module Configuration dialog box is displayed after launching the
installer. Select the modules installed in MP2110A, and click OK.

Module Configuration

CRU

The above dialog box is displayed by clicking MX210000A — Module
Configuration from the start menu of Windows. If the wrong module
is selected, display the Module Configuration dialog box and select
the module again.

43. Configure Windows Firewall exceptions. Refer to 2.11.1 “Activating
Firewall”.
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8.8 System Recovery Function

Checking operation
Check the operation using the following procedure after recovering the

system.

1. Click Start ((F]) - MX210000A — MX210000A .

2. Click System Menu — Remote Control. In the Remote Control dialog
box, confirm that Local Area Connection (Left) and Local Area
Connection (Right) are displayed (refer to Figure 4.3.10-1).

3. Click System Menu — System Information. In the System
Information dialog box, confirm that Local Area Connection (Left)
and Local Area Connection (Right) are displayed (refer to Figure
4.3.11-1). If the CPU Board version is 01, confirm that Local Area
Connection (Center) is displayed.

4. Click System Menu — Before Use. Check that the video of

countermeasure against static electricity is played back.

=
)
[
B
=
®
B
2]
=]
Q
@
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8.9 Calibration

Regular maintenance such as periodic inspections and calibration is
essential for the MP2110A for long-term stable performance. Regular
inspection and calibration are recommended for using the MP2110A in its
prime condition at all times. The recommended calibration cycle after
delivery of the MP2110A is twelve months.

If you require support after delivery, contact an Anritsu Service and Sales
office. Contact information can be found on the Anritsu website.

We may not provide calibration or repair if any of the following cases
apply.

e Seven or more years have elapsed after production and parts for the
instrument are difficult to obtain, or it is determined that reliability
cannot be maintained after calibration/repair due to significant wear.

e Circuit changes, repair, or modifications are done without our
approval.

e Itis determined that the repair cost would be higher than the price of a
new item.
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8.10 Storage

Wipe off dust, fingerprint marks, stains, spots, etc. from the surface of the
MP2110A before storing it.

Fit the attached coaxial connector cover to the coaxial connector on the

front panel. Also, put the cap on the optical connector.

Put the power cord, DVD-ROM and other accessories in the accessory box

and store it with the main frame.

For an Optical Scope, FC adaptor cap should be in place when the
MP2110A is not in use to prevent foreign material from entering the

optical connector.

Avoid storing the MP2110A in these places:

e In direct sunlight for extended periods

e QOutdoors

e In excessively dusty locations

e In liquids, such as water, oil, organic solvents, and medical fluids, or
places where these liquids may adhere

e In salty air or where chemically active gases (sulfur dioxide, hydrogen
sulfide, chlorine, ammonia, nitrogen oxide, or hydrogen chloride etc.)
are present

e Where toppling over may occur

e In the presence of lubricating oil mists

e In places at an altitude of more than 2,000 m

e In the presence of frequent vibration and mechanical shock, such as in
cars, ships, and airplanes

e Places with temperatures and relative humidity in the following

ranges:
Temperature: lower than —20°C or higher than 60°C
Humidity: 90% or more

Recommended storage conditions
It is recommended that the MP2110A be stored in a place that meets the
ambient conditions suggested above, plus the following conditions, if it is

=
)
[
B
=
®
B
2]
=]
Q
@

not to be used for a long period of time:

e Temperature: 5 to 45°C
e Humidity: 40 to 80%
e Little temperature and humidity fluctuations within one day
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8.11 Transporting and Disposal

The following describes precautions for transporting and disposing of the
BERTWave.

Repackaging

Repack the MP2110A in the packing material (box) in which it was
delivered. If the packing material has been thrown away or damaged,
repack the MP2110A in the following manner:

1. Prepare a corrugated cardboard, wooden, or aluminum box large
enough to pack cushioning material in around the MP2110A.

2. Wrap the MP2110A in plastic or a similar material to avoid water
droplets and dust.

3. Put the MP2110A in the box.

4. Pack the MP2110A in cushioning material so it does not move in the
box.

5. Secure the outside of the box with packing cord, adhesive tape, bands,

or other similar materials.

Transporting
Avoiding vibrations as much as possible and meet the recommended
storage conditions during transport.

Disposal

Follow the instructions of your local waste disposal office when disposing
of the MP2110A.

Before disposing of the MP2110A, dismantle or physically destroy any
memory media it contains to ensure that any data saved in memory

cannot be recovered by third parties.
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Appendix A Specifications

Appendix A describes the specifications for the MP2110A.

Only the specifications of the option installed at shipment are described
from Section A.2 “BERT” to Section A.4, “General Performance”. However,
the specifications of the retrofit option and the specifications of the option
installed at shipment are the same.

A1 Configuration.........ccceeee i A-2
A2 BERT e A-8
A.2.1 Common Performances...........cccccceveeeeeeecnnnnnn. A-8
A.2.2 Pulse Pattern Generator...........cccccceeeeeeeennnnn. A-10
A.2.3 Error Detector.......ccooeieeiieieiieeceec A-11
A.3  Sampling OsCilloSCOPE ......euveimieeeiiiiiiieee e A-13
A.3.1 Channel Configuration.............cccccovvvveeieeiiinnns A-13
A.3.2 Common Performances..........ccccoeeeeeeeeeeeennnnn. A-14
A.3.3 Time Setting ....ccovveiviiiiiiieiie e, A-16
A.3.4 Measurement........ccoooeiiiiiiiiiiiiiieceee, A-17
A.3.5 ULIlIHIES oooeeeiiiieeee e A-25
A.3.6 Maintenance ........cccoooiiiiiiiiiiiiieccc, A-26
A.3.7 Horizontal System .........cccccceeiviiiiiiiiieeee s A-27
A3.8 SystemM.....oocciiiiiiiiii A-29
A.3.9 Electrical Channel...........cccccccovviiiiiiieeeeeies A-30
A.3.10 Optical Channel ...........cccccceiiiiiiiiii e A-33
A.3.11 CRU (MP2110A-X54).....ouviiiieiiiiiiiieeeee e A-40
A.3.12 26G/53G CRU (MP2110A-X55)......cccccvvvenneen. A-42
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Appendix A Specifications

A.1 Configuration

Table A.1-1 Standard Configuration

Model/Ordering No. Product Name Q’'ty
— Main unit —
MP2110A BERTWave 1
— Standard Accessories —
Power Code 1
J0617B Replaceable optical connector (FC-PC) *1
J1632A TERMINATOR *1
J1341A OPEN *1
J1627A GND connection cable 1
J1763A U Link Coaxial Cable (K) 1%2
J1764A U Link Coaxial Cable (SMA) 1%2
Z0397A FC Adaptor Cap *1
71364A MX210000A BERTWave Control Software CD-ROM 1

*1: Quantity depends on the options. Refer to Table A.1-2 to Table A.1-4.
*2: Only when MP2100A-x54 is added

Table A.1-2 Connection Destination and Quantity of J0617B and Z0397A

Option Number Connection Destination Q’ty
MP2110A-x22, Ch A In SMF, Ch A In MMF, 4
MP2110A-x32, Ch B In SMF, Ch B In MMF
MP2110A-x42
MP2110A-x23, Ch B In SMF, Ch B In MMF 2
MP2110A-x33,

MP2110A-x43

MP2110A-x25, Ch B In SMF 1

MP2110A-x35,

MP2110A-x45

MP2110A-x85 Optical In SMF Ch B 1

MP2110A-x26, Ch B In MMF

MP2110A-x36,

MP2110A-x46

MP2110A-x30, Optical In SMF 4

MP2110A-x40, ChA,ChB,ChC,ChD

MP2110A-x80,

MP2110A-x84

MP2110A-x39, Optical In MMF 4

MP2110A-x49 ChA,ChB,ChC,ChD

MP2110A-x55 Optical SMF 2
Data In, Data Out




A.1 Configuration

Table A.1-3 Connection Destination and Quantity of J1632A

Option Number Connection Destination Q’ty
MP2110A-x11 Data Outx1, Data Outx1, Sync Outx1l 3
MP2110A-x12 Data Outx2, Data Outx2, Sync Outx1l 5
MP2110A-x14 Data Outx4, Dgta Outx4, Outx1 9
MP2110A-x54 O/E Monitor Outx1 1*

* When MP2110A-x22, MP2110A-x23, MP2110A-x25, MP2110A-x26,
MP2110A-x30, MP2110A-x32, MP2110A-x33, MP2110A-x35,
MP2110A-x36, MP2110A-x39, MP2110A-x40, MP2110A-x42,
MP2110A-x43, MP2110A-x45, MP2110A-x46, or MP2110A-x49 is

added.

Table A.1-4 Connection Destination and Quantity of J1341A

Option Number Connection Destination Q'ty

MP2110A-x11 Ext Clk In, Clk Out, Sync Outx1, Data Inx1, 5

Data Inx1
MP2110A-x12 Ext Clk In, Clk Out, Sync Outx1, Data Inx2, 7

Data Inx2
MP2110A-x14 Ext Clk In, Clk Out, Sync Outx1, Data Inx4, 11

Data Inx4
MP2110A-x21 Trigger Clk In, Ch A In, Ch B In 3
MP2110A-x22, Trigger Clk In 1
MP2110A-x32,
MP2110A-x42
MP2110A-x23, Trigger Clk In, Ch A In 2
MP2110A-x33,
MP2110A-x43
MP2110A-x25, Trigger Clk In 1
MP2110A-x35,
MP2110A-x45,
MP2110A-x85
MP2110Ax26, | Trigger Clk In 1 g”
MP2110A-x36, o
MP2110A-x46 o

x

MP2110A-x30, Trigger Clk In 1
MP2110A-x39, N>
MP2110A-x40, g
MP2110A-x49, g
MP2110A-x80, o,
MP2110A-x84 M
MP2110A-x54 | CRU Inx1, CRU Outx1 2 | *
MP2110A-x55 Recovered Clock Outx1 1
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Table A.1-5 Options

Model

Product Name

MP2110A-001
MP2110A-002
MP2110A-011
MP2110A-012
MP2110A-014
MP2110A-021
MP2110A-022
MP2110A-023
MP2110A-024
MP2110A-025
MP2110A-026
MP2110A-030
MP2110A-032
MP2110A-033
MP2110A-035
MP2110A-036
MP2110A-039
MP2110A-040
MP2110A-042
MP2110A-043
MP2110A-045
MP2110A-046
MP2110A-049
MP2110A-054
MP2110A-055
MP2110A-059
MP2110A-061
MP2110A-062
MP2110A-063
MP2110A-069
MP2110A-074
MP2110A-080
MP2110A-084
MP2110A-085
MP2110A-093
MP2110A-095
MP2110A-096
MP2110A-098

— Options at Shipment —

Cooling Performance Enhancement*10, *12

GPIB

1CH BERT*1.*2

2CH BERT*1.*2

4CH BERT*1.*2

Dual Electrical Scope*1.*3

Dual Optical Scope*1.*3

Optical and Single-ended Electrical Scope*1.*3
Precision Trigger*4

Optical Scope for Singlemode*1.*3

Optical Scope for Multimode*1.*3

Quad Optical Scope for Singlemode Baseband Flat*1.*3
Dual Optical Scope Baseband Flat*1.*3

Optical and Single-ended Electrical Scope Baseband Flat*1.*3
Optical Scope for Singlemode Baseband Flat*1.*3
Optical Scope for Multimode Baseband Flat*1.*3
Quad Optical Scope for Multimode Baseband Flat*1.*3
Quad Optical Scope for Singlemode*1.*3

Dual Optical Scope*1.*3

Optical and Single-ended Electrical Scope*1.*3
Optical Scope for Singlemode*1.*3

Optical Scope for Multimode*1,*3

Quad Optical Scope for Multimode*1.*3

Clock Recovery (Electrical/Optical)*5

26G/53Gbaud Clock Recovery (SM Optical)*6

25G Clock Recovery Range Extension*7

Low Noise and Multimode Support for Opt.040*8
Basic Functions*10, *12

PAM4 Analysis Software for Opt.08x*10

Fast Sampling Mode*10, *11

Quad Channel Scope Extension for Opt.084*20
60GHz Quad Optical Scope for Singlemode*1 *3, *6, *12
60GHz Dual Optical Scope for Singlemode*1. *3, *6, *12
60GHz Optical Scope for Singlemode *1, *3, *6, *12
PPG/ED Bit Rate Extension*?

PAM4 Analysis Software*>

Jitter Analysis Software*5

Signal Processing Software*5
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Table A.1-5 Options (Cont’d)

Model

Product Name

MP2110A-110
MP2110A-111
MP2110A-112
MP2110A-114
MP2110A-121
MP2110A-122
MP2110A-123
MP2110A-124
MP2110A-125
MP2110A-126
MP2110A-130
MP2110A-132
MP2110A-133
MP2110A-135
MP2110A-136
MP2110A-139
MP2110A-140
MP2110A-142
MP2110A-143
MP2110A-145
MP2110A-146
MP2110A-149
MP2110A-154
MP2110A-155
MP2110A-159
MP2110A-163
MP2110A-169
MP2110A-174
MP2110A-193
MP2110A-195
MP2110A-196
MP2110A-198

— Retrofit Options —

Windows10 Upgrade Retrofit

1CH BERT Retrofit*13

2CH BERT Retrofit*14

4CH BERT Retrofit*1s

Dual Electrical Scope Retrofit*16

Dual Optical Scope Retrofit*16 *17

Optical and Single-ended Electrical Scope Retrofit*16, *17
Precision Trigger Retrofit*4

Optical Scope for Singlemode Retrofit*16, *17

Optical Scope for Multimode Retrofit*16, *17

Quad Optical Scope for Singlemode Baseband Flat Retrofit*16, *17
Dual Optical Scope Baseband Flat Retrofit*13, *14

Optical and Single-ended Electrical Scope Baseband Flat Retrofit*16, *17
Optical Scope for Singlemode Baseband Flat Retrofit*16, *17
Optical Scope for Multimode Baseband Flat Retrofit*16. *17
Quad Optical Scope for Multimode Baseband Flat Retrofit*16, *17
Quad Optical Scope for Singlemode Retrofit*16 *17

Dual Optical Scope Retrofit*16 *17

Optical and Single-ended Electrical Scope Retrofit*16, *17
Optical Scope for Singlemode Retrofit*16, *17

Optical Scope for Multimode Retrofit*16. *17

Quad Optical Scope for Multimode Retrofit*16, *17

Clock Recovery (Electrical/Optical) Retrofit*5
26G/53Gbaud Clock Recovery (SM Optical) Retrofit*18

25G Clock Recovery Range Extension Retrofit*7. *19

PAM4 Analysis Software for Opt.08x Retrofit*10

Fast Sampling Mode Retrofit*10

Quad Channel Scope Extension for Opt.084 Retrofit*20
PPG/ED Bit Rate Extension Retrofit *9

PAM4 Analysis Software Retrofit*>

Jitter Analysis Software Retrofit*?

Signal Processing Software Retrofit*>
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Table A.1-5 Options (Cont’d)

Model Product Name
— User-installable options —

MP2110A-359 25G Clock Recovery Range Extension Retrofit*7
MP2110A-363 PAM4 Analysis Software for Opt.08x Retrofit*10
MP2110A-369 Fast Sampling Mode Retrofit*10
MP2110A-374 Quad Channel Scope Extension for Opt.084 Retrofit*20
MP2110A-395 PAM4 Analysis Software Retrofit*s
MP2110A-396 Jitter Analysis Software Retrofit*5
MP2110A-398 Signal Processing Software Retrofit*>

*1: One or more these options are required.

*2: Select one of the BERT options.
BERT options are MP2110A-x11, x12, and x14.

*3: Select one of the Scope options.
Scope options are MP2110A-x21, x22, x23, x25, x26, x30, x32, x33,
x35, x36, x39, x40, x42, x43, x45, x46, x49, x80, x84, and x85.

MP2110A-02x represents MP2110A-022, 023, 025, and 026.
MP2110A-03x represents MP2110A-030, 032, 033, 035, 036 and 039.
MP2110A-04x represents MP2110A-040, 042, 043, 045, 046 and 049.
MP2110A-08x represents MP2110A-080, 084 and 085.

*4: One of the Scope options other than MP2110A-x30, x39, x40, x49, x80,
x84 and x85 is required.

*5: The 35 GHz (Optical) and/or 40 GHz (Electrical) Scope options are
required.

*6: Cannot be installed with BERT options.

*7: MP2110A-x54 is required.

*8: MP2110A-x40 is required.

*9: Can be selected with the BERT option.

*10: The 60 GHz Quad Optical Scope for Singlemode option is required.
*11: MP2110A-x62 is required.

*12: Can only be selected as a factory-installed option and cannot be
retrofitted to an MP2110A unit that has already been shipped.

*13: When MP2110A-x11, x12, or x14 is not installed.
*14: When MP2110A-x12 or x14 is not installed.

*15: When MP2110A-x14 is not installed.

*16: When Scope option is not installed.

*17: The retrofit options can be installed in the following cases:

e  When no Scope option is installed.




A.1 Configuration

When a Scope option is installed, the retrofit option is
MP2110A-02x, 03x, 04x or 08x with the same channel

configuration. See the following table for available combinations

of installed options and retrofit options.

Installed
Option

Retrofit
Option

Installed
Option

Retrofit
Option

MP2110A-022

MP2110A-132,
MP2110A-142

MP2110A-040

MP2110A-130

MP2110A-023

MP2110A-133,
MP2110A-143

MP2110A-042

MP2110A-132

MP2110A-025

MP2110A-135,
MP2110A-145

MP2110A-043

MP2110A-133

MP2110A-026

MP2110A-136,
MP2110A-146

MP2110A-045

MP2110A-135

MP2110A-030

MP2110A-140

MP2110A-046

MP2110A-136

MP2110A-032

MP2110A-142

MP2110A-049

MP2110A-139

MP2110A-033

MP2110A-143

MP2110A-080

None

MP2110A-035

MP2110A-145

MP2110A-084

None

MP2110A-036

MP2110A-146

MP2110A-085

None

MP2110A-039

MP2110A-149

*18: When BERT option or MP2110A-x55 is not installed.
*19: Available only when ordering with MP2110A-x54.
*20: MP2110A-x84 is required.

A-7
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A.2 BERT

A.2.1 Common Performances
Table A.2.1-1 Common Functions and Performances
Item Specifications
Internal clock
Frequency 10 MHz
Accuracy +10 ppm*1
Bit rate offset +100 ppm*2
Ext Clk In Function to input an external synchronous clock.
Frequency Without MP2110A-x93 With MP2110A-x93
607.5 MHz — 100 ppm to 593.75 MHz — 100 ppm to
705.0 MHz + 100 ppm 887.5 MHz + 100 ppm*3
607.5 MHz — 100 ppm to
705.0 MHz + 100 ppm*4
Connector SMA, female
Termination 50 O, AC coupled
Amplitude 0.2to 1.6 Vp-p
Waveform Square or sine wave
Division ratio
Without MP2110A-x93 With MP2110A-x93
1/40 1/16*3
1/40%4
Sync Output
Output Signal Type | 1/8, 1/16, 1/40, Pattern Sync
Output Level High Level (Vow):  -0.2t00.05V
Low Level (Vor): ~1.2t0-0.7V
Connector SMA, female

*1: 1 hour after power-on

*2: The offset can adjust only when using the internal clock. (Common

setting in all channels)
*3: When operation bit rate is set in the range of 9.5 to 14.2 Gbit/s.
*4: When operation bit rate is set in the range of 24.3 to 28.2 Gbit/s.




A2 BERT
Table A.2.1-1 Common Functions and Performances (Cont’d)
Item Specifications
Clock Output*>
Clock Source*s Ch1/2, Ch3/4
Division ratio Without MP2110A-x93 With MP2110A-x93
1/4 1/2%3
1/4%4
Amplitude 0.3 to 0.5 Vp-p
Duty 50+10%
Connector SMA, female
Termination 50 O, AC coupled
Operation Bit Rate Without MP2110A-x93 With MP2110A-x93
Standard Name (Bc;tb:::) Standard Name (BG'tb':/ts(;
Variable 24.3 to 28.2*%7 | Variable 24.3 to 28.2,
9.5 to 14.2*7
32GFC 28.05 32GFC 28.05
InfiniBand EDR | 25.78125 InfiniBand EDR 25.78125
100GbE/4 25.78125 100GbE/4 25.78125
100GbE/4 FEC 27.7393 100GbE/4 FEC 27.7393
OTU4 27.952493 OTU4 27.952493
10GFC 10.51875
10GFC FEC 11.3168
16GFC 14.025
InfiniBand x4 10
InfiniBand FDR 14.0625
10GbE WAN/PHY 9.95328
10GbE LAN/PHY 10.3125
OTUle (10GbE 11.049107
FEC)
OTU2e (10GbE 11.095728 >
FEC) 3
0C-192/STM-64 9.95328 e
0C-192/STM-64 10.664228 S
FEC (G.975)
OTU2 10.709225

*5: It is output when Test Pattern is PRBS and 1/16Clock Pattern and it
is not output when Test Pattern is 1/2Clock Pattern.

*6: Only when MP2110A-x14

*7: The bit rate can be specified in 1 kbit/s steps.
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Appendix A Specifications

A.2.2 Pulse Pattern Generator

Table A.2.2-1 PPG

Item Specifications
Data Output*!
Number of output MP2110A-x11: 1 (Data Out, Data Out)*2
MP2110A-x12: 2 (Data Out, Data Out)*2
MP2110A-x14: 4 (Data Out, Datq Out)*2
Amplitude
Range 0.1to 0.8 Vp-p/ 0.01 V resolution (Single-ended)
0.2 to 1.6 Vp-p / 0.02 V resolution (Differential)
Accuracy +20 mV £20% for settings*3
Data Crossing 50%
Accuracy +10%*3.*4
Tr/Tf typ. 15 ps*3*4(20 to 80%)
max. 17 ps*3*4(20 to 80%)
Jitter MP2110A-x11
ool MP2110A-x14
typ. max. typ. max.
Jitter (RMS) *3.¥4.%5%6 | 600 fs 900 fs 600 fs*3, 900 fs*3,
900 fs*9 1200 fs*9
Intrinsic RJ (RMS) 400 fs 600 fs 400 fs*s, 600 fs*3,
DT 800 fs* | 1000 fs*o
Output ON/OFF ON/OFF switching
Data/XData Skew +8 ps max.*3*4
Connector K Connector (f)
Data Format NRZ
Test Pattern PRBS: 27N7-1, 279-1, 2°156-1, 27231, 2731-1

Auxiliary pattern: 1/2 Clock Pattern, 1/16 Clock Pattern

Pattern Invert

ON/OFF

External ATT Factor | 0 to 30 dB, 1 dB resolution
Able to display the relative value of Data output and Dgtg output.
Error Addition Single

*1: These are measured in the MP2110A sampling oscilloscope (with
MP2110A-x24).
The clock output is used for the external trigger (Trigger) of the
sampling oscilloscope.

*2: These can be output separately.

*3: When bit rate is set to 25.78125 Gbit/s.
*4: When amplitude is set to 0.3 Vp-p.

*5: These are measured in 25+5°C.

*6: Test pattern is PRBS 2731-1.

*7: Test pattern is 1/16 Clock Pattern.
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A.2 BERT

*8: Selecting Clock Source to Ch1/2 when measuring Ch1l and Ch2,
Selecting Clock Source to Ch3/4 when measuring Ch3 and Ch4.

*9: Selecting Clock Source to Ch3/4 when measuring Ch1l and Ch2,
Selecting Clock Source to Ch1/2 when measuring Ch3 and Ch4.

A.2.3 Error Detector
Table A.2.3-1 ED

Item Specifications
Data Input
Number of Input MP2110A-x11: 1 (Data, Data) (Single-ended, differential input)
MP2110A-x12: 2 (Data, Data) (Single-ended, differential input)
MP2110A-x14: 4 (Data, Data) (Single-ended, differential input)
Data Format NRZ, Mark ratio 50%, Single-ended or differential input
Amplitude 0.05 to 0.8 Vp-p
Termination 50 Q, AC coupled (DC component is terminated to the GND through a
resistance of 50 Q.)
Threshold —0.085 to +0.085 V*1, 1 mV resolution
Sensitivity 25 mVp-p*2*3, typ. (25+5°C)
40 mVp-p*2*3 max.
Connector K Connector (f)
Jitter Tolerance*2* Sinusoidal jitter
amplitude
5Ulp |- 1
0.05 Ulpp| i )
100 kHz 10 MHz 100 MHz

*1: Guaranteed under the following conditions:
* Single-ended

>
]
S
@
=
=
X

+ External attenuator factor 0dB

*2: Guaranteed under the following conditions:
* Bit rate: 25.78125 Gbit/s
* Pattern: PRBS2731-1

* Single-ended

V Xtpueddy

*3: Guaranteed under the following conditions:
* Mark ratio 1/2

* Loop-back connection

*4: Amplitude: 50 mV
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Appendix A Specifications

Table A.2.3-1 ED (Cont’d)

Item Specifications
External ATT factor 0 to 30 dB*5, 1 dB resolution
Test Pattern PRBS: 2771, 279-1, 2°15-1, 2723-1, 2731-1
Logic invertible
Measurement
Alarm Detection Sync loss*6

Bit Error Detection | Total Error Rate: 0.0001E-18 to 1.0000E-03
Total Error Count: 0 to 9999999, 1.0000E07 to 9.9999E17

Recovered Clock Able to detect the input signal frequency (sampling system).
Detection
History Sync loss, Bit error (able to reset the history indicator)
Gate settings
Gating Unit 1 seconds to 9 days 23 hours 59 minutes 59 seconds
Cycle Single / Repeat / Untimed
Current Able to switch On or Off. (When it is Off, the result is updated after set time
is passed)
Result Time Start Time, Elapsed Time, Remaining Time
Progress Bar Displays the measurement progress in a bar graph and percent figures.
PPG/ED Tracking Test Pattern

*5: The thresholds corrected by the external attenuation factor are

displayed. The formulas are shown below:

. ATT
Upper limit value = _ 85%10 20

o _ ATT
Lower limit value = gg 1" 20

L (ATT,
Resolution = 1.0x10 20

*6: It is not synchronizing with Test Pattern.
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A.8 Sampling Oscilloscope

A.3 Sampling Oscilloscope

A.3.1 Channel Configuration
Table A.3.1-1 Channel Configuration

Option Number ChA ChB ChC ChD
MP2110A-x21 Electrical channel | Electrical channel | None None
MP2110A-x22, Optical channel Optical channel None None
MP2110A-x32,
MP2110A-x42
MP2110A-x23, Electrical channel | Optical channel None None
MP2110A-x33,
MP2110A-x43
MP2110A-x25, None SMF Input None None
MP2110A-x35, Optical channel *1
MP2110A-x45,
MP2110A-x85
MP2110A-x26, None MMF Input None None
MP2110A-x36, Optical channel *2
MP2110A-x46
MP2110A-x30, SMF Input SMF Input SMF Input SMF Input
MP2110A-x40, Optical channel*! | Optical channel*! | Optical channel*! | Optical channel*!
MP2110A-x80,
MP2110A-x84
MP2110A-x39, MMF Input MMF Input MMF Input MMF Input
MP2110A-x49 Optical channel*2 | Optical channel*2 | Optical channel*2 | Optical channel*2

*1: No MMF Input
*2:  No SMF Input

A-13
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Appendix A Specifications

A.3.2 Common Performances
Table A.3.2-1 Common Functions and Performances

Item

Specifications

Sampling System

Sampling Mode

Eye, Pulse, Coherent Eye, Advanced Jitter*!

Test Pattern*2

Without With One of MP2110A-x62, x95, or x98
MP2110A-x62/x95/x98 Options *3
Variable Variable, PRBS2/7-1 (127 symbols)*4,

PRBS249-1 (511 symbols)*4, PRBS2*11-1 (2047
symbols)*4, PRBS2/13-1 (8191 symbols)*4,
PRBS2715-1 (32767 symbols)*4, SSPRQ (65535
symbols)*4

*1:
*2:

*3:

*4:

Available when MP2110A-x96 is installed

Operates by dividing the trigger signal by one of the following values:
Other than MP2110A-x8x: 1, 2, 4, 8, 16, 32, 40, 48, and 64
MP2110A-x8x: 1, 2, 4, 8, 16, 32, and 64

Possible to analyze the following patterns with Pulse/Coherent Eye
(Impossible to analyze with Variable)

PRBS277-1 (127 symbols), PRBS2/9-1 (511 symbols), PRBS2/11-1
(2047 symbols), PRBS2713-1 (8191 symbols), PRBS2/15-1 (32767
symbols), SSPRQ (65535 symbols)

The Sampling System is guaranteed to operate within the following
Symbol Rate range. The test pattern can be analyzed if the Symbol
Length is the same.

Other than MP2110A-x8x: 9.95 to 60 Gbaud

MP2110A-x8x: 49 to 120 Gbaud
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A.8 Sampling Oscilloscope

Table A.3.2-1 Common Functions and Performances (Cont’d)

Item Specifications
Number of Samples | Number of samples on one screen
<Eye>: 1350, 2048, 4050
<Pulse, Coherent Eye>: 512, 1024, 2048, 4096, 8192, 16384*5
Sampling Run: Execute sampling
Hold: Stop sampling
Display Ch A: ON/OFF, Ch B: ON/OFF, Ch C: ON/OFF, Ch D: ON/OFF

Accumulation Type

Waveform display method

None: Display with no accumulation
Infinite: Display with infinite accumulation
Limited: Display with accumulation up to the specified sample

number, time, or number of waveforms
Persistency: Display with afterglow indication for the specified time
Averaging: Display by averaging the specified number of waveforms (For
compatibility)
Averaging can be selected only when Sampling Mode is Pulse
When Sampling Mode is Advanced Jitter, only Infinite, Limited can be
selected

Limit Type Specifies cumulative completion condition when Accumulation Type is set to
Limited
Time: Measurement stops when the cumulative time exceeds the
set time
Sample: Measurement stops when the total cumulative number of
samples exceeds the set number of samples.
Waveform: Measurement stops when the total waveform sweep count
exceeds the set sweep count.
Pattern*6: Measurement stops if the total acquisition pattern count
exceeds the set sweep count.
Averaging When set to On, averaging is performed.

This is available when one of the following conditions is met:
e Sampling mode is Pulse
e Sampling mode is Coherent Eye, and Test Pattern is other than Variable

Clear Display

Clears display drawing

Auto Scale

Sets Time Scale and Amplitude to optimum values automatically

Auto Scale +
Calculate +
Sampling*7

Performs Calculate for Auto Scale and Reference Equalizer, and then sets
Sampling to Run.

When Calculate fails, Sampling is not set to to Run.

When Accumulation Type is Limited and Limit Type is Pattern, the data for
only the set pattern is collected and the result is displayed.

Fast Sampling

When MP2110A-069 is not installed: 1x
When MP2110A-069 is installed: It can be configured to 1x, 4x, and Auto.

*5: Fixed to 16384 when Coherent Eye and Test Pattern are set

*6: Not available when Sampling Mode is Eye
*7: Displayed only when MP2110A-x62 or MP2110A-x95 is installed

A-15
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Appendix A Specifications

A.3.3 Time Setting
Table A.3.3-1 Time Setting

Item Specifications
Recalculate Option Specifies the reference parameter
Symbol Rate (Symbol Rate is automatically set when Clock Rate is
entered)

Clock Rate (Clock Rate is automatically set when Symbol Rate is entered)

Symbol Rate Specifies the baud rate of the signal input to the Scope channel
For any Scope option other than MP2110A-x8x:

100 Mbaud to 60 Gbaud, 1 kbaud step

For the MP2110A-x8x scope option:

500 Mbaud to 120 Gbaud, 1 kbaud step

Clock Rate Specifies the clock frequency input to Trigger In
For any Scope option other than MP2110A-x8x:
100 MHz to 15 GHz, 1 kHz step

For the MP2110A-x8x Scope option:

500 MHz to 32 GHz, 1 kHz step

Tracking Function that sets Symbol Rate and Divide Ratio to values set by other
options, when BERT or Clock Recovery option is installed

Acquire Clock Rate Updates Clock Rate by measuring the clock rate input to Trigger In
(Data Rate is automatically set according to the Divide Ratio)

Divide Ratio Ratio of Clock and Input Data (1 to 99. Note that the Scope operates in Pulse
or Coherent Eye mode only when it is set to one of the following values).

Other than MP2110A-x8x: 1, 2, 4, 8, 16, 32, 40, 48, 64*1
MP2110A-x8x: 1, 2, 4, 8, 16, 32, 64

Divide Ratio Detect Detects Divide Ratio automatically

Precision Trigger*2

Enable ON/OFF (Trigger Clock ON is possible at input frequency of 2.4 GHz or
higher)
Reset Ability to redetect the internal correction value for Precision Trigger
Alarm Ability to display status to the user when the internal correction value
becomes inappropriate
Scale/Offset
Unit Specifies the horizontal axis unit of the screen
UL, Time(ps)
UI On Screen Specifies the number of Ul on the screen
Eye, Coherent Eye Mode: 1 to 100 UI (1 UI step)
Pulse Mode: 1 to 65535 UI (1 UI step)
Offset Sets time offset for trigger position

0.00 to 32768.00 UT (0.01 UI step)
Available only when Sampling Mode is Pulse.

*1: 48 1s supported by Version 6 or later.

*2: Available when MP2110A-x24 is installed
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A.8 Sampling Oscilloscope

Table A.3.3-1 Time Setting (Cont’d)

Item Specifications
Software Delay Function of correcting Inter-channel phase delay
UIOn S
Channel A: + % Display UI converted to ps (0.1 ps step)
UI On Screen .
Channel B: + — Display UI converted to ps (0.1 ps step)
UI On Screen
Channel C:  + — Display UI converted to ps (0.1 ps step)
UlOnS .
Channel D:  + % Display UI converted to ps (0.1 ps step)
Pattern Length Specifies capturing pattern length when using Pulse, Coherent Eye Mode
Tracking BERT option is required*3. Tracks the Pattern length setting of BERT.

PPG Ch1, PPG Ch2, PPG Ch3, PPG Ch4,
ED Ch1, ED Ch2, ED Ch3, ED Ch4
Manual Settable when Test Pattern in Table A.3.2-1 is Variable.
Specifies the pattern length manually
Other than MP2110A-x8x: 2 to 32768 Ul
MP2110A-x8x: 2 to 8192 Ul

*3: When Test Pattern in Table A.3.2-1 is set to anything other than
Variable, it cannot be set

A.3.4 Measurement
Table A.3.4-1 Measurement

Item Specifications
Signal Type Specifies the signal type of the target channel
NRZ, PAM4*
Active Channel Selects one channel among Ch A, Ch B, Ch C and Ch D.
Marker X1: ON/OFF, X2: ON/OFF
Y1: ON/OFF, Y2: ON/OFF

*: PAMA4 is selectable when MP2110A-x63 or MP2110A-x95 is installed
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Appendix A Specifications

Table A.3.4-2 Amplitude/Time Measurement

Item

Specifications

Measurement Select

Item Selection

Measuring Area
Marker

For channels with Signal Type set to NRZ, the following items can be
measured
One Level, Zero Level, Eye Amplitude, Eye Height, Eye Height (Ratio),
Crossing, SNR, Average Power (dBm)*!, Average Power (mW)*1,
Extinction Ratio*!, Jitter p-p, Jitter RMS, Rise Time, Fall Time, Eye
Width, DCD, OMA (dBm)*1, OMA (mW)*2. *3. %4 VECP*2,
OMA at Crossing*2 *3, ¥4 TDEC*2, RIN OMA*L *4,*5 Crossing Time,
Amplitude P-P
For channels with Signal Type set to PAM4, the following items can be
measured
TDECQ*2 *5, Outer OMA*2 *3,*4  Quter ExR*1, Linearity, Ceq*2, Partial
TDECQ*2 *5 Levels (Level 3, Level 2, Level 1, Level 0) ,
Levels RMS (Level 3, Level 2, Level 1, Level 0) ,
Levels P-P (Level 3, Level 2, Level 1, Level 0) ,
Level Skews (Level 3, Level 2, Level 1, Level 0),
Eye Levels (Upper, Middle, Lower), Eye Skews (Upper, Middle, Lower),
Eye Heights (Upper, Middle, Lower), Eye Widths (Upper, Middle, Lower),
Average Power (dBm)*1, Average Power (mW)*1, RIN OMA*1 *5,
Transition Time (Rise/Fall)*2 *5 Transition Time (Slow)*2. *5,
Over/Under-shoot*2, P-P Power*!
Power Excurtion*!, Noise Margin*2 *5 Partial Noise Margin*2. *5
When MP2110A-x96 is installed on the channel whose Signal Type is NRZ,
the following items can be measured *7
TJ (User Define)*s, RJ (d-d) , DJ (d-d) , J2 Jitter, J4 Jitter, J9 Jitter,
Eye Opening*6, RJ (rms)*7, PJ (p-p)*7, DDJ (p-p)*7, DCD*7, ISI (p-p) *7,
DDPWS*7, PJ Frequency*7. *8
Selects up to 4 or 32 items from Measurement Select and displays the result
*9
Channel, Current Value, Average, Std.Dev, Min, Max
Displays the measurement area as a marker

*1: When optical input channel is selected

*2: For Version 7.02 or earlier, when an optical channel is selected. For

newer than it, both electric and optical channels are supported.
*3: For electrical channels, the unit 1s mV.
*4: For electrical channels, OMA is replaced by VMA.

*5: Can be measured when Sampling Mode is Coherent Eye and Test
Pattern is other than Variable.

*6: BER specified in TJ Measurement BER in the setting items
*7: Can be measured when Sampling Mode is Advanced Jitter.
*8: Impossible to measure with differential signals

*9: Ttems 1 to 4 are available with Version 5. Items 1 to 32 are available
with Version 6 or later.
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A.8 Sampling Oscilloscope

Table A.3.4-2 Amplitude/Time Measurement (Cont’d)

Item Specifications
NRZ Measure Setup Setup items for measuring NRZ
Eye Boundary Offset from Crossing: 0 to 1 UI (0.01 UI step)
Width: 0 to 1 UI (0.01UI step)
Rise/Fall Time Percentage: 10 to 90%, 20 to 80%

Correction Factor: 0 to0 9999.9 ps

(Correct actual Tr / Tf when inserting LPF)
Noise Measure Area | Sets the position to measure noises of SNR.
Zero Level + One Level

Zero Level
One Level
PAM4 Measure Setup | Setup items for measuring PAM4
Sample Timing “Track to Middle EyeTiming™:

The phase of Middle EYE is the reference

“Independent Timing”: The phases of Upper, Middle and Lower are
independent reference in each other.

Eye Center Type “Maximum Eye Width”: The center of the eye opening at the amplitude
where the Eye Width is the maximum is the
reference.

“Maximum Eye Height”: The phase where Eye Height becomes maximum
is the reference.

Peak Power Sets the threshold for determining the Peak Power by the ratio to the

Hit Ratio number of samples in 1 UL

Pmax (Maximum Power): Position of the ratio specified to the number of

samples from the maximum value of the waveform

Pmin (Minimum Power): Position of the ratio specified to the number of

samples from the minimum value of the waveform

Peak Power: Difference between Pmax and Pmin

If 0 is specified, the difference between maximum and minimum values of

the waveform is considered Peak Power.

Eye Opening “Zero Hits”: The value at which the Eye opening becomes the largest in

Definition the sample evaluation is measured.

“1E-01 to 1E-06":

Error rate is set in step of 1E+01, The measurement result is calculated at

the specified error rate.

Linearity Definition | Sets the definition of the Linearity measurement method.

IEEE Clause 94

IEEE Annex 120D

Target SER Sets the SER (Symbol Error Rate) to be used when measuring TDECQ.

Range: 9.99E-06 to 1.00E-01

* This can be set from the IEEE or FC standard.
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Table A.3.4-2 Amplitude/Time Measurement (Cont’d)

Item

Specifications

Optimize Threshold

Optimize

TDECQ Histogram
Noise Coefficient
Configuration

Eye Heights/Widths

TDECQ

Sets whether to optimize the threshold for measuring TDECQ as specified in
the IEEE 802.3cd.

Sets whether to use the function that improves the reproducibility of
TDECQ measurement.

Sets the retaining amount of noise aliased by the digital filter.

Settings related to PAM4 measurement items*10

Settings related to Eye Height and Eye Width among PAM4 measurement
itemg*10

Settings related to TDECQ can be configured only when Signal Type is set to
PAM4, Sampling Mode is set to Coherent Eye, and Test Pattern is not set to
Variable.

*10: Available when MP2110A-x63 or MP2110A-x95 is installed.
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A.8 Sampling Oscilloscope

Table A.3.4-3 Jitter Measurement

Item

Specifications

Jitter Measure Setup

TJ Measurement
BER

Fixed RJ

RdJ Value

Correction Factor

DJ (Scale)
RJ (Scale)

RJ (rms)

Define Threshold

Manual Crossing

PDJ Measurement

PDJ Standard
Filter

Measurement Edge
Type

Settings related to jitter measurement items*
Sets the BER to measure TJ(User Define) and Eye Opening with the
measurement result.
Selectable up to 1.0E-001 to 1.0E-018, in 1.0E+001 Step
Function to use User-specified value for RJ results
“ON”: Uses the value of Fixed RJ Factor
“OFF”: Uses the calculation result for jitter categorizing.
The value to be used when Fixed RdJ is ON
0.01 to 999.99 ps, step 0.01 ps rms
Function to correct results by Users
“ON”: Corrects the result.
“OFF”: Does not correct the result.
Function to adjust Scale of DJ DdJ = DdJ (Scale) x Measurement result
0.01 to 999.99, step 0.01
Function to adjust Scale of RJ RdJ = RdJ (Scale) x Measurement result
0.01 to 999.99, step 0.01

Function to adjust rms of RJ RI= \/ (Measurement result)’ - {RJ(rms)}’

0.01 to 999.99 ps rms, step 0.01 ps rms
Definition of Crossing value to measure jitter
Auto: Automatic adjustment with the use of Crossing value of Scope
Manual: User input of Crossing to be measured
Crossing value to measure jitter
30 to 70%, step 1%
Function to switch Pattern Dependent Jitter measurement method.
Available at Advanced Jitter.
“ON”: Daisplays the result to regard DDJ as PDJ.
“OFF”: Displays the result to regard DDJ as DDJ.

When PDJ Measurement is ON, the following filters are used for PDJ
measurement depending on the Standard. Unit is Hz.

Standard HPO HP1 HP1' HP2 HP' HP LP LP'
STM-0 10 100 - 20 k - 12k 400 k -
STM-1 10 500 - 65 k — 12k 1.3 M 500
STM-4 10 1k - 250 k — 12k 5M 1k

STM-16 10 5k - 1M - 12k 20 M 5k

STM-64 10 20k 10k 4 M 50 k 12k 80 M 20k

STM-256 - 80 k 20k 16 M - - 320 M -

Switching of Edge to measure jitter
Available at Advanced Jitter.

“ALL”: Measures both rising and falling transition.
“Rising”:  Measures only rising transition.
“Falling”: Measures only falling transition.

Depending on this setting, the result on the graph also displays the
corresponding transition result.

*:  Available when MP2110A-x96 is installed.
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Appendix A Specifications

Table A.3.4-4 Histogram

Item

Specifications

Histogram

Target Channel
Axis

Marker

Result Display

Setting functions related to the Histogram measurement
ON, OFF Measures the Active Channel

Amplitude, Time

X1, X2, Y1, Y2

Mean, Std. Dev, p-p, Hits

Table A.3.4-5 Mask Test

Item

Specifications

Mask Test

Target Channel
Compliance Mask

Mask Margin Test
Method

Align Method
Auto Align

User Defined

Alignment Marker
Mask Margin
Margin Type

Hit Count

Hit Ratio

Mask Area
Restriction

Angle

Width

Result Display

Setting functions related to the Mask Test measurement
Turns on and off by channel.
Selects the Mask to be used for measurement from files.

One Shot
Continuous

Function to specify the method to set Mask position.
Zero/One/Crossing
Alignment Marker
X1, AX, Y1, AY
Display On/ Display Off
—100 to +100%
Selects from Hit Count or Hit Ratio.
1 to 999999999*1
1E-12 to 9E-01*2
ON/OFF
Function to limit Mask effective area in Mask measurement
—90 to 90° (1° step)
0.01 to 1 UT (0.01 step)
Total Samples, Total Waveforms, Mask Margin [%], Hit Count,

Total Failed Samples, Top Mask Failed Samples,
Center Mask Failed Samples, Bottom Mask Failed Samples

*1: Fail Sample upper limit value for Margin measurement

*2: Hit Count is automatically set with the total sample and set
probability.
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A.8 Sampling Oscilloscope

Table A.3.4-6 Equalizer*’

Item Specifications
Display Equalized “ON”: Displays the waveform after Reference Equalizer process.
Waveform “OFF”: Displays the waveform before the Reference Equalizer process.
De-embedding Setting functions related to Embedding / De-embedding processing of
waveforms®*2

Supported file formats are s2p and s4p.
Up to three De-embedding settings can be made.

Mode “Embedding” Performs equalizer processing that adds s2p/s4p data
characteristics.
“De-embedding”: Performs equalizer processing that removes s2p/s4p data
characteristics.
Flip S-parameter Settings related to port definition of S-Parameter. When set to ON, S12 is

used as a transmission characteristic.

4 Port Numbering Settings related to port definition for loading an s4p file. Input port can be
selected from Port1/2 or Port1/3.

Antialiasing Filter | “ON™ Applies Antialiasing Filter to the band outside the
frequency range described in the s2p / s4p file.
“OFF™: Does not apply Antialiasing Filter to the band outside the

frequency range described in the s2p / s4p file.

*1: Settings for the Equalizer function that works when Sampling Mode
is set to Coherent Eye and Test Pattern is other than Variable.

*2: For electrical channel, it can be set only when the MP2110A-x98 is
installed.
For optical channel, it can be set only when the MP2110A-x95 or
MP2110A-x98 is installed.
If the installed Scope option is MP2110A-x8x, this function will be
available only when the MP2110A-x62 option is also installed.
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Table A.3.4-6 Equalizer*! (Cont’d)

Item Specifications
CTLE Setting functions related to CTLE processing specified by IEEE and CEI.*3
File Function for loading a CTLE configuration file.
FFE Setting functions related to FFE processing.*4
Equalizer Type Set the equalizer type to automatically calculate the Tap for Reference
Equalizer.
“TDECQ: Calculates the Tap coefficient that optimizes TDECQ.
“Linear”: Calculates the Tap coefficient that increases the eye
opening.
Equalizer Tap “Calculate™ Executes the calculation for Tap optimization.
After the calculation, whether the calculation was
completed normally is indicated in the item of Status.
“Tap Count™ The number of Taps for the Reference Equalizer.
It can be set in the range of 3 to 21.
“Taps™ The number of Taps for the Reference Equalizer. The
number is setteble up to 6 decimal places.
“Status” The flag which indicates whether to the last calculation
was completed successfully.
Optimization Selects an algorithm to optimize taps.
“Fast”: Low optimization level but faster calculation
“Auto”: High optimization level but slower calculation.
Number of Range: 0 to (Tap Counts—1)
Precursors

*3: Can be set only when the MP2110A-x98 is installed.

*4: Can be set only when the MP2110A-x62 or MP2110A-x95 is installed.
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A.8 Sampling Oscilloscope

A.3.5 Utilities

Table A.3.5-1 Utilities

Item

Specifications

EYE/Pulse Shot

Saves Result screen image as jpg or png format image.

Inverse Background
Color

Saves EYE / Pulse Shot waveform area with reversing the color.

Waveforms Only

Saves only the waveform display area in the Result screen.

Waveform Color

Selects the gradation table of the waveform at the time of cumulative
setting.
Option: Color Grade, Gray Scale

Color Select

Selects a basic color when Waveform Color is set to “Gray Scale”.

Option: Yellow, Blue, Green, Pink, Orange, Light Blue, Light Green, Red
The color can be set separately for before and after adaptation of the TDECQ
equalizer.

Mask Color Selects the color of Mask displayed at Mask Test.
Preset Information Displays or hides the preset information in the waveform display area.
Label Displays arbitrary character string on EYE / Pulse Scope screen.
Add Label One label is displayed on one screen. The maximum number of characters is
1023 characters.
Delete Label

Deletes the displaying label.

Trace Memory

Stores measurement waveform in internal memory.

Trace Memory “Set”: Saves the waveform data of all displayed channels.
“Clear™ Clears the saved waveform data.
Graph Display Mode Switches the display mode.
“Overlap”: Displays waveforms of all channels on a graph.
“Single”:  Displays the waveform of the active channel.
“Tile”: Splits the graph area in quarters and displays waveforms of
all channels in the separate split graph areas.
Control Ch Switches the control channel mode.

“All”: Applies changes to settings for all channels.
“Single”: Changes settings for the active channel only. (Limited to some
settings)

Pattern Capture

Outputs waveform amplitude data for one period of the set test pattern
based on the displayed waveform to a file. Waveform amplitude data for all
channels is saved. This function is available only when Sampling Mode is set
to Coherent Eye and Test Pattern is not set to Variable.

The number of samples per Ul for data saving can be configured through the
GUL
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Appendix A Specifications

A.3.6 Maintenance

Table A.3.6-1 Calibration

Item

Specifications

Calibration

Application Test

Calibrates Amplitude (Offset and linearity calibration)
and O/E Module Calibration of dark current / current system
Self-diagnostic function
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A.8 Sampling Oscilloscope

A.3.7 Horizontal System

Table A.3.7-1 Horizontal System
(When Any Scope Option Other Than MP2110A-x8x Is Installed)

Item Specifications
Trigger Clk In
Connector SMA Connector (f.)
Termination 50 Q, AC coupled
Trigger Clock 0.1 to 15.0 GHz
Frequency When this item is set in the range of 2.4 to 15.0 GHz, the Precision Trigger
function can be set to ON.
Trigger Clock Typical 100 mVp-p, Max. 200 mVp-p*!
Sensitivity Typical 200 mVp-p*2
Maximum Min. 1.2 Vp-p
Amplitude
Maximum 2 Vpp
Amplitude
(Before Damage)
Jitter, RMS 1.25 GHz or more, 15 GHz or less:

Typical 0.4 ps, Max. 1.35 ps
0.1 GHz or more, less than 1.25 GHz:
Typical 1.0 ps, Max. 1.5 ps
2.4 GHz or more, 15 GHz or less and when Precision Trigger is ON:
Typical 200 fs*3.*4 Max. 280 fs*3
When MP2110A-x30, x39, x40 or x49 is installed
1.25 GHz or more, 15 GHz or less:
Typical 350 fs, Max. 600 fs
0.1 GHz or more, less than 1.25 GHz:
Typical 1.0 ps, Max. 1.5 ps

*1: It is specified by inputting the square wave when the trigger clock
frequency is 1 GHz or less.

*2: When Precision Trigger is ON.

*3: Evaluation by connecting the sine wave output of the MG3695A or
equivalent to the Trigger input.

*4: At 25+5°C
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Appendix A Specifications

Table A.3.7-2 Horizontal System
(When MP2110A-x8x Scope Option Is Installed)

Item Specifications
Trigger Clk In

Connector K Connector (f.)
Termination 50 O, AC coupled
Trigger Clock 500 MHz to 32.0 GHz
Frequency
Trigger Clock Less than 20 GHz:
Sensitivity Max. 200 mVp-p

20 GHz or more:

Max. 450 mVp-p

Typical: 100 mVp-p (In the range of 12 to 20 GHz)
Maximum Min. 1.2 Vp-p
Amplitude
Maximum 2 Vpp
Amplitude
(Before Damage)
Jitter, RMS 2.5 GHz or more, 32 GHz or less:

Typical 175 fs, Max. 300 fs
0.1 GHz or more, less than 2.5 GHz:
Typical 1.0 ps, Max. 1.5 ps
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A.8 Sampling Oscilloscope

A.3.8 System

Table A.3.8-1 Digital System
(When Any Scope Option Other Than MP2110A-x8x Is Installed)

Item Specifications

Sampling Speed 150 kSamples/s, Nominal

Effective Sampling 250 kSamples/s, Nominal

Speed With Number of Sample = 1350, Symbol Rate = 25.78125 Gbaud,
Clock Rate = 6.4453125 GHz, Eye Mode, Ul on Screen = 2 Ul

Process Speed Effective process speed of Reference Equalizer
Nominal 130 ksps @ 26.5625 Gbaud, Test Pattern = SSPRQ
When setting Coherent Eye

Table A.3.8-2 Digital System
(When MP2110A-x8x Scope Option Is Installed)

Item Specifications

Process Speed When MP2110A-x69 is not installed:
250 kSamples/s, Nominal under the following conditions:

106.25 Gbaud, Test Pattern = SSPRQ, Coherent Eye, and UI on Screen =
2UI.

When MP2110A-x69 is installed:
1 MSamples/s, Nominal under the following conditions:

106.25 Gbaud, Test Pattern = SSPRQ, Coherent Eye, UI on Screen = 2UI,
When setting Fast Sampling 4x.
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Appendix A Specifications

A.3.9 Electrical Channel

Table A.3.9-1 Electrical Channel Function

Item

Specifications

Amplitude Setting

Define Function

Scale
Offset

Digital Filter

Scale Scale Setting on the vertical axis. Both ChA and ChB can be set as follows
1to 200 mV/div, 0.1 mV step
Offset Offset setting on the vertical axis. Both ChA and ChB can be set as follows
—500 to 500 mV, 1 mV step
Attenuation Function of correcting Amplitude Scale / Offset and measurement result in
conjunction with the input attenuation of the attenuator connected to Data
Input
0.00 to 30.00 dB, 0.01 dB step
Tracking* Function to make the other channel track the active channel’s Scale, Offset
and Attenuation values.
ON/OFF
Channel Math* Function to draw calculation results of ChA and ChB
Channel Math ON/OFF
Enable

Selects the calculation method

ChA + ChB
ChA - ChB
ChB — ChA

Sets scale in Vertical Axis at displaying Channel Math calculation
1 to 200 mV/div, 0.1 mV step
Sets offset in Vertical Axis at displaying Channel Math calculation
—1000 to 1000 mV, 0.1 mV step
Corrects the frequency characteristics of the electrical channels to the 33
GHz or 40 GHz band by means of software processing

Can be set only when Sampling Mode is set to Coherent Eye and Test
Pattern is other than Variable.

*:  Available when MP2110A-x21 is installed.
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A.8 Sampling Oscilloscope

Table A.3.9-2 Electrical Channel Performance

Item Specifications
Data Input Electric Input Connector
Connector K Connector (f)
Termination 50 Q, DC coupled
Maximum +2 V maximum input before damage
Amplitude
Dynamic Range +400 mV*1
Amplitude Accuracy | £2% of reading =+ offset amplitude accuracy (refer to below fig. *2.%3)
25 s Scale = 250mV/div
e Scale = 200mV/div
’>\ e Scale = 100mV/div
€ 20 e Scale = 50mV/div /§
H e Scalle = 15mV/div "] /
§ 15 e Scale = 1mV/div /,4//4
<a§ 10 / //
o /
2 s
<
(VI
0 50 100 150 200 250 300 350 400
Difference from the offset voltage (mV)

Bandwidth (-3 dB) | Typical 40 GHz

Flatness Typical £1 dB (10 MHz to 30 GHz)
Noise RMS Typical 1.5 mV
Max. 2.5 mV

*1: Relative to amplitude offset
*2: After internal calibration

*3: Calculation example: At 400 mV amplitude reading value and 50 mV
offset voltage
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Appendix A Specifications

Amplitude Differences at offset
measurement value /values
4 \/p- 150 mV
Scale 00 mVp-p :
50 mV/Div. / -/
1 level / ; /
200 mV >R y
Oﬁsetvolta&)______ ________________ T A\ Y A
50 mV ATr

0 level A v v \

—200 mV ”
Differences at offset values
250 mV

In this example, the difference between 1 level voltage (200 mV) and
offset voltage (50 mV) is 150 mV. At a scale of 50 mV/div for a voltage
difference of 150 mV, the amplitude accuracy is 8 mV. At 1 level accuracy,
the difference is calculated as follows:

200 X 2% + 8 =12 +12 mV

The difference between 0 level voltage (—200 mV) and offset voltage (50
mV) is 250 mV. At the 50 mV/div scale for a voltage difference of 250 mV,
the amplitude accuracy is 11 mV. At 0 level accuracy, the difference is
calculated as follows:

200 x 2% + 11 =15 +15 mV
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A.8 Sampling Oscilloscope

A.3.10 Optical Channel

Table A.3.10-1 Optical Channel Function

(When Any Scope Option Other Than MP2110A-x8x Is Installed)

Item

Specifications

Amplitude Setting
Scale

Offset

Attenuation

Tracking*

Scale setting on the vertical axis.
1 to 200 pW /div, 1 uW step
Offset setting on the vertical axis. Both ChA and ChB can be set as follows.
—500 to 500uW, 1 uW step
Function of correcting Amplitude Scale / Offset and measurement result in
conjunction with the input attenuation of the attenuator connected to Data
Input
0.00 to 30.00 dB, 0.01 dB step

Function to make the other channel track the active channel’s Scale, Offset
and Attenuation values.

ON/OFF

Channel Math

Function not available

Filter Selection

Sets the bandwidth of O/E Input Port to No Filter or Reference Receiver
compliant filters.

Refer to Filter Response in Table A.3.10-3 for supported filters.

Extinction Ratio
Correction

Correction Enable
Correction Factor

Extinction ratio correction function

ON/OFF
—9.99 to +9.99 %, 0.01% step

Conversion Gain

Adjusts two conversion gains. One is for SMF Input and the other is for
MMF Input.

Responsivity Adjusts two responsivities. One is for SMF Input and the other is for MMF
Input.
Calibration Conversion Gain / Responsivity Calibration, O/E Calibration

*:  Available when MP2110A-x22, MP2110A-x30, MP2110A-x32,
MP2110A-x39, MP2110A-x40, MP2110A-x42 or MP2110A-x49 1s
installed
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Appendix A Specifications

Table A.3.10-2 Optical Channel Performance
(When MP2110A-x8x Scope Option Is Installed)

Item

Specifications

Amplitude Setting
Scale

Offset

Attenuation

Tracking

Scale setting on the vertical axis.

1 to 200 pW /div, 1 uW step
Offset setting on the vertical axis.

—500 to 500 pW, 1 uW step
Function of correcting Amplitude Scale / Offset and measurement result in
conjunction with the input attenuation of the attenuator connected to Data
Input

0.00 to 30.00 dB, 0.01 dB step
Function to make the other channel track the active channel’s Scale, Offset
and Attenuation values.

ON/OFF

Channel Math

Function not available

Filter Selection

Sets the bandwidth of O/E Input Port to No Filter or Reference Receiver
compliant filters.
Refer to Filter Response in Table A.3.10-4 for supported filters.

Extinction Ratio
Correction

Correction Enable
Correction Factor

Extinction ratio correction function

ON/OFF
—9.99 to +9.99 %, 0.01 % step

Conversion Gain

Allows the user to adjust the value for SMF Input.

Responsivity

Allows the user to adjust the value for SMF Input.
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A.8 Sampling Oscilloscope

Table A.3.10-3 Optical Channel Performance
(When Any Scope Option Other Than MP2110A-x8x Is Installed)

Item Specifications
Data Input Optical Input Connector Ch A, Ch B, Ch C, Ch D
Connector FC Connector (SMF Input, MMF Input)
Fiber SMF Input:

62.5 um GI Multimode fiber, accepts single mode fiber (When the installed
option is other than MP2110A-x30 or x40)
Singlemode fiber (When the installed option is MP2110A-x30 or x40)
MMF Input:
62.5 pm GI Multimode fiber, accepts single mode fiber
Wavelength SMF Input:
850 to 1650 nm (When other than MP2110A-x30 and x40 is installed)
850 to 1650 nm (When MP2110A-x40 and x61 are installed)
1260 to 1650 nm (When MP2110A-x30 or x40 is installed)

MMF Input:
800 to 860 nm
Bandwidth (No Typical 35 GHz (SMF Input)
Filter) Typical 25 GHz (MMF Input)
Filter Response Supports the following specifications
<NRZ standards>

100GbE/4 (25.78125 Gbit/s)

100GbE/4 FEC (27.7393 Gbit/s)

0TU4 (27.952493 Gbit/s)

32GFC (28.05 Gbit/s)

10G LAN/PHY (10.3125 Gbit/s 7.5 GHz) [D] *1

10G WAN/PHY (9.95328 Gbit/s 7.46 GHz) [D] *1
<PAM4 standards>*1

400GDbE/8 BiDi MMF (26.5625 Gbaud 8.96 GHz) [D]

400GbE/8 SMF (26.5625 Gbaud 13.3 GHz) [D]

400GbE/8 MMF (26.5625 Gbaud 12.6 GHz) [D] IEEE802.3cd Draft 2.0

400GbE/8 MMF (26.5625 Gbaud 11.2 GHz) [D]

400GDbE/8 (26.5625 Gbaud 19.34 GHz) [D]

400GbE/4 SMF (53.125 Gbaud 26.5625 GHz)[D]

400GbE/4 SMF (53.125 Gbaud 38.7 GHz)[D]

400GbE/4 SMF (53.125 Gbaud 39.84 GHz)[D]

64GFC SMF (28.9 Gbaud 14.45 GHz) [D]

64GFC MMF (28.9 Gbaud 12.4 GHz) [D]

400GbE/8 MMF (26.5625 Gbaud 10.35 GHz) [D]

(55.78125 Gbaud, 27.890625 GHz) [D]

(56.666 Gbaud, 28.333 GHz) [D]
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*1: When MP2110A-x95 or MP2110A-x98 is installed, Coherent Eye is
set and Test pattern is set other than Variable
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Appendix A Specifications

Table A.3.10-3 Optical Channel Performance
(When Any Scope Option Other Than MP2110A-x8x Is Installed) (Cont’d)

Item

Specifications

Optical Noise

When MP2110A-x22, x23, x25, x26, x32, x33, x35, x36, or x39 is installed:

No Filter

Max. 10.5 uWrms

Conditions When MP2110A-X54 Whef*n MP2110A-X54
is not installed is installed*2
SMF Input, 1310 nm | Typ. 3.4 uWrms Typ. 4.8 yWrms
OTU4 Filter Max. 4.3 uWrms Max. 6.1 uWrms
SMF Input, 1310 nm | Typ. 5.4 yWrms Typ. 7.6 uWrms
No Filter Max. 7.5 uWrms Max. 10.6 uWrms
MMF Input, 850 nm Typ. 6.7 uWrms Typ. 9.5 uWrms
OTU4 Filter Max. 8.4 uWrms Max. 11.9 uWrms
MMF Input, 850 nm Typ. 8.1 uWrms Typ. 11.4 uWrms

Max. 14.9 uWrms

When MP2110A-x30 1s installed:

Conditions

is not installed

Conditions When MP21 10A-x54 Whgn .MP21 10A-x54
is not installed is installed*2
SMF Input, 1310 nm | Typ. 4.8 yWrms Typ. 6.8 uWrms
OTU4 Filter Max. 6.1 uWrms Max. 8.6 uWrms
SMF Input, 1310 nm | Typ. 7.6 pWrms Typ. 10.8 uWrms
No Filter Max. 10.6 uWrms Max. 15.0 uyWrms
When MP2110A-x40 is installed:
Conditions When MI"21 10A-x54 Whef*n MP21 10A-x54
is not installed is installed*2
SMF Input, 1310 nm | Typ. 5.8 uWrms Typ. 8.2 uWrms
OTU4 Filter Max. 7.3 uWrms Max. 10.4 uWrms
SMF Input, 1310 nm | Typ. 7.8 uWrms Typ. 11.0 uWrms
No Filter Max. 10.6 uWrms Max. 15.0 uWrms
When MP2110A-x42, x43, x45, x46, or x49 1is installed:
When MP2110A-x54 When MP2110A-x54

1s installed*2

No Filter

Max. 7.5 uWrms

SMF Input, 1310 nm | Typ. 4.1 yWrms Typ. 5.8 uWrms
OTU4 Filter Max. 5.2 yWrms Max. 7.4 pyWrms
SMF Input, 1310 nm, | Typ. 5.5 uWrms Typ. 7.8 uWrms

Max. 10.6 uWrms

MMF Input, 850 nm
OTU4 Filter

Typ. 7.0 uyWrms
Max. 8.9 uWrms

Typ. 9.9 uWrms
Max. 12.6 uWrms

MMF Input, 850 nm
No Filter

Typ. 8.6 uWrms
Max. 11.1 uWrms

Typ. 12.1 uWrms
Max. 15.7 uWrms

*2: When the MP2110A-x54 is installed, the specification values apply
only to Channel B. To other channels, the specification values at
“When MP2110A-x54 is not installed” always apply.
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A.8 Sampling Oscilloscope

Table A.3.10-3 Optical Channel Performance
(When Any Scope Option Other Than MP2110A-x8x Is Installed) (Cont’d)

Item Specifications
Optical Noise When MP2110A-x40 and x61 are installed:
(cont'd) Conditi When MP2110A-x54 | When MP2110A-x54
onditions is not installed 1s installed*2
SMF Input, 1310 nm | Typ. 4.1 uWrms Typ. 5.8 uWrms
OTU4 Filter Max. 5.2 uWrms Max. 7.4 yWrms
SMF Input, 1310 nm | Typ. 5.5 uWrms Typ. 7.8uWrms
No Filter Max. 7.5 pyWrms Max. 10.6 uWrms
SMF Input, 850 nm Typ. 12.2 uWrms Typ. 17.3 uWrms
100GbE/4 Filter Max. 14.0 yWrms |Max. 19.8 uWrms
Mask Sensitivity When MP2110A-x22, x23, x25, x26, x32, x33, x35, x36, or x39 is installed:
When MP2110A-x54 is not When MP2110A-x54 is installed*2
installed
SMF: Typ. —15.0 dBm SMF: Typ. —13.5 dBm
(1310 nm, OTU4 Filter) (1310 nm, OTU4 Filter)
MMF: Typ. —12.0 dBm MMF: Typ. -10.5 dBm
(850 nm, OTU4 Filter) (850 nm, OTU4 Filter)
When MP2110A-x30 is installed:
When MP2110A-x54 is not When MP2110A-x54 is installed*2
installed
SMF: Typ. -13.5 dBm SMF: Typ. -12.0 dBm
(1310 nm, OTU4 Filter) (1310 nm, OTU4 Filter)
When MP2110A-x40 is installed:
When MP2110A-x54 is not When MP2110A-x54 is installed*2
installed
SMF: Typ. —12.0 dBm SMF: Typ. —-10.5 dBm
(1310 nm, OTU4 Filter) (1310 nm, OTU4 Filter)

When MP2110A-x42, x43, x45, x46, or x49 1s installed:

When MP2110A-x54 is not When MP2110A-x54 is installed*2
installed 'c>
SMF: Typ. —14.0 dBm SMF: Typ. —12.5 dBm ®
(1310 nm, OTU4 Filter) (1310 nm, OTU4 Filter) 2
MMF: Typ. —12.0 dBm MMF: Typ. —10.5 dBm x
(850 nm, OTU4 Filter) (850 nm, OTU4 Filter) >
When MP2110A-x40 and x61 are installed: %
When MP2110A-x54 is not When MP2110A-x54 is installed*2 g_‘
installed v
SMF: Typ. —14.0 dBm SMF: Typ. —12.5 dBm e
(1310 nm, OTU4 Filter) (1310 nm, OTU4 Filter)
SMF: Typ. -10.0 dBm SMF: Typ. -8.5 dBm
(850 nm, 100GbE/4 Filter) (850 nm, 100GbE/4 Filter)

Estimated optical power at which Mask Margin reaches 0%
(calculated from the optical noise level)
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Table A.3.10-3 Optical Channel Performance

(When Any Scope Option Other Than MP2110A-x8x Is Installed) (Cont’d)

Item

Specifications

Maximum Input
Power (Before
Distortion)

Power (Before
Damage)

Absolute Maximum

Optical Return Loss

When MP2110A-x22, x23, x25, x26, x32, x33, x35, x36, x39, x42, x43, x45,
x46, or x49 is installed:
Typical =2 dBm (SMF Input), @ the signal of 1310 nm, ExR = 8 dB is
observed.

Typical +2 dBm (MMF Input), @ the signal of 850 nm, ExR = 3 dB is
observed.

When MP2110A-x30 or x40 is installed:
Typical +2 dBm (SMF Input), @ the signal of 1310 nm, ExR = 4 dB is
observed.
<Average>
+5 dBm (SMF Input), +7 dBm (MMF Input)
<Peak>
+8 dBm (SMF Input), +10 dBm (MMF Input)
Typical =27 dB (SMF Input), @ 1310 nm SMF Fiber is connected
Typical =20 dB (MMF Input), @ 850 nm MMF Fiber is connected

Range

Accuracy

Optical Power Meter

When MP2110A-x22, x23, x25, x26, x32, x33, x35, x36, x39, x42, x43, x45,
x46, or x49 is installed:
—18 to 0 dBm (SMF Input)
—-18 to +2 dBm (MMF Input)
When MP2110A-x30 or x40 is installed:
—18 to +2 dBm (SMF Input)
Typical £0.55 dB (0 to +2 dBm)
Typical £0.35 dB (-12 to 0 dBm)
Typical £0.6 dB (-18 to —12 dBm)

OE Monitor Out

Conversion Gain

Connector

Signal terminal to output after O/E conversion for CRU connection, added
when MP2110A-x54 is installed.

When MP2110A-x30 1s installed:

<SMF Input> Typical 48 VIW
When MP2110A-x22, x23, x25, x26, x32, x33, x35, x36, or x39 is installed:
<SMF Input> Typical 60 V/IW
<MMF Input> Typical 33 VIW
When MP2110A-x40 is installed:
<SMF Input> Typical 42 VIW

When MP2110A-x42, x43, x45, x46, or x49 1is installed:

<SMF Input> Typical 53 VIW
<MMF Input> Typical 29 VIW
K Connector (f)
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A.8 Sampling Oscilloscope

Table A.3.10-4 Optical Channel Performance
(When MP2110A-x8x Scope Option Is Installed)

Item Specifications
Data Input Optical Input Connector ChA, ChB, ChC, ChD
Connector FC Connector
Fiber Singlemode fiber (9 pm)
Wavelength 1260 to 1650 nm
Bandwidth (No Typical 60 GHz
Filter)

Filter Response

Supports the following specifications®

<PAM4 standards>
53.125 Gbaud, 26.5625 GHz [D]
53.125 Gbaud, 39.84 GHz [D]
55.78125 Gbaud, 27.890625 GHz [D]
56.666 Gbaud, 28.333 GHz [D]
106.25 Gbaud, 53.125 GHz [D]
107.912 Gbaud, 53.956 GHz [D]
112.5 Gbaud, 56.25 GHz [D]
113.4375 Gbaud, 56.71875 GHz [D]
115.103 Gbaud, 57.5515 GHz [D]

Optical Noise

Conditions MP2110A-x8x installed
1310 nm, 53.125 GHz Filter, Typ. 11.0 uWrms
When used at room temperature | Max. 15.8 pWrms
(25+5°C)
Maximum Input <Peak>

Power (Before
Distortion)
Absolute Maximum
Power (Before
Damage)

Optical Return Loss

Typical +1.5 dBm @ the signal of 1310 nm

<Average>
+5 dBm
<Peak>
+8 dBm

Typical 24 dB @ 1310 nm SMF Fiber is connected

Optical Power Meter
Accuracy

Typical £0.55 dB (0 to +2 dBm)

Typical +0.35 dB (=12 to 0 dBm)
Typical +0.6 dB (~18 to —12 dBm)
When used at room temperature (25°C)

*;

Available when Sampling Mode is set to Coherent Eye and Test
Pattern is set to any option other than to Variable.

[D] represents a filter that is implemented through digital signal
processing.
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Appendix A Specifications

A.3.11 CRU (MP2110A-x54)
Table A.3.11-1 CRU Input

Item Specifications

Data Format NRZ, PAM4 available (PRBS pattern)
Operation Baud Rate | 25.5 to 28.2 Gbaud

25.5 to 28.9 Gbaud*!

Sensitivity Typical 10 mVp-p*2 *3, *4

Max. 20 mVp-p*2 *3
Maximum Amplitude | 800 mVp-p

Maximum Amplitude |1 Vp-p

(Before Damage)
Tolerance against 500 bits or more at Zero Substitution Pattern PRBS 215-1
consecutive Os
Connector K Connector (f)
Termination 50 Q, AC coupled*>

*1: When MP2110A-x59 is installed

*2: With 25.78125 Gbit/s, PRBS 231-1 NRZ, Loop Bandwidth = 10 MHz,
Single-ended, Mark ratio 1/2, using MP2110A PPG

*3: When MP2110A-x59 is installed, with 28.9 Gbit/s, PRBS 231—-1 NRZ,
Loop Bandwidth = 10 MHz, Single-ended, Mark ratio 1/2, using
MP1900A PPG

*4: At 25+£5°C

*5: DC component is terminated to the GND through a resistance of 50
Q.

A-40



A.8 Sampling Oscilloscope

Table A.3.11-2 CRU Output

Item Specifications
Output Mode The signal output from CRU Output can be selected from Recovered Clock or
input signal.
The through output of the input signal can be output only when the input
signal is Clock.
Recovered Mode When CRU Output is set to Recovery Clock
Amplitude Typical 480 mVp-p
Clock Frequency 12.75 to 14.1 GHz (Half Rate Clock)
12.75 to 14.45 GHz (Half Rate Clock) *1
Additive Jitter Typical 250 fg*2, *3, *4, *5
(RMS) Max. 400 fs*3, *6
Loop Bandwidth Selectable from the list as follows.
4MHz
10MHz
Bitrate/1667
Attenuation: —20 dB/dec
Lock Detection Detection function is available.
Through Mode When CRU Output is set to Through
Amplitude Typical 500 mVp-p
Operation 0.1 to 1.7625 GHz (1.7625 GHz is the 1/16 Clock of 28.2 GHz)
Frequency 0.1 to 1.80625 GHz (1.80625 GHz is the 1/16 Clock of 28.9 GHz) *1
Additive Jitter Typical 200 fg*5, *6, *7, *8
(RMS) Max. 400 fs*6 *7. %8
Connector SMA, female
Termination 50 Q, AC coupled
Waveform Format Square wave

*1: When MP2110A-x59 is installed

*2: With 25.78125 Gbit/s, 26.5625 Gbit/s, and 28.05 Gbit/s, 1/4Clock
Pattern, Loop Bandwidth = 10 MHz, Single-ended, using MP2110A
PPG

*3: When MP2110A-x59 is installed, with 28.9 Gbit/s, 1/4Clock Pattern,
Loop Bandwidth = 10 MHz, Single-ended, using MP1900A PPG

*4: Input amplitude 400100 mVp-p
*5: At 25+5°C
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*6: Input amplitude 400 mVp-p
*7: With 25.78125 Gbit/s, 26.5625 Gbit/s, and 28.05 Gbit/s, 1/16Clock
Pattern, Single-ended, using MP2110A PPG

*8: When MP2110A-x59 is installed, with 28.9 Gbit/s, 1/16Clock Pattern,
Single-ended, using MP1900A PPG
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A.3.12 26G/53G CRU (MP2110A-x55)

Table A.3.12-1 Optical Data Input

Item

Specifications

Fiber

Wavelength

Data Format
Operation Baud Rate

Sensitivity (for 53G)
Sensitivity (for 26G)

Stress Signal
Sensitivity
Absolute Maximum
Power

Optical Return Loss

Tolerance against
consecutive Os

Connector

Singlemode fiber

1260 to 1620 nm

NRZ, PAM4 available

51.0 to 58.0 Gbaud

25.5 to 28.9 Gbaud

TypicalOuter OMA 100 pW*1
Max. Outer OMA 265 pW*2
TypicalOuter OMA 100 pW+3
Max. Outer OMA 265 pW+4
Typical Outer OMA 630 pW*3

+9.0 dBm (Average)

+12.0 dBm (Peak)

Typical -30 dB*¢

500 bits or more at Zero Substitution Pattern PRBS 215-1

FC/PC

*1: 53.125 Gbaud, PRBS13Q, PAM4, LBW =4 MHz, TDECQ < 2.0 dB, at
25+5°C

*2: 51 Gaud, 53.125 Gbaud, 58 Gbaud, PRBS13Q, PAM4, TDECQ < 2.0
dB, LBW = 4MHz

*3: 26.5625 Gbaud, PRBS13Q, PAM4, LBW =4 MHz, TDECQ < 2.0 dB,
at 25+5°C

*4: 25.5 Gbaud, 26.5625 Gbaud, 28.9 Gbaud, PRBS13Q, PAM4, TDECQ
<2.0dB, LBW =4 MHz

*5: 53.125 Gbaud, SSPRQ, PAM4, LBW = 4 MHz, TDECQ ~ 3.4 dB, at
25+5°C

*6: At 1310 nm

Table A.3.12-2 Data Out SMF Optical

Item

Specifications

Insertion Loss

Typical 1.5 dB*

Max.

2.3 dB*

*:

At 1310 nm
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A.8 Sampling Oscilloscope

Table A.3.12-3 Recovered Clock Output

Item Specifications
Output Mode The signal output from CRU Output can be selected from Recovered Clock or
input signal.
The through output of the input signal can be output only when the input
signal is Clock.
Recovered Mode When Recovered Clock Out is set to Recovered Clock
Amplitude Typical 440 mVp-p
Min. 340 mVp-p
Clock Frequency 6.375 to 7.25 GHz (1/8 Clock for 53 Gbaud Operation and 1/4 Clock for 26
Gbaud Operation)
Additive Jitter Typical 200 fg*1, *2,*3
(RMS) Max. 400 fg*1, *2
Loop Bandwidth Selectable from the list as follows.
2 MHz
4 MHz
10 MHz
Bitrate/1667
Attenuation: —20 dB/dec
Lock Detection Detection function is available.
Through Mode When Recovered Clock Out is set to Through
Amplitude Typical 220 mVp-p
Min. 200 mVp-p
Operation 0.1 to 1.81 GHz, 3.19 to 3.625 GHz (3.625 GHz is the 1/16 Clock of 58 GHz)
Frequency
Additive Jitter Typical 200 fg*1, *3
(RMS) Max. 400 fs*1
Connector SMA, Connector (f)
Termination 50 Q, AC coupled
Waveform Format Square wave

*1: 26.5625 Gbaud, 53.125 Gbaud, when inputting a clock pattern, Outer
OMA =0 dBm input

*2: LBW =4 MHz
*3: At 25+5°C
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Appendix A Specifications

A.4 General Performance

Table A.4-1 Functions

Item

Specifications

LED indicator
BERT Option
Scope Option

Standby, Power, Remote
Fail, Status, Output, Error
Fail, Status

Function

Panel lock, initialization, minimization of application window

File operation

Setup file save/load, result file save, screen copy, (jpg or png file format)

Recovery Disk

OS recovery can be executed using this disk. The application is installed by
the user.

Remote interface

Ethernet, GPIB*!

Peripheral Devices

Front panel:

connection USB2.0 (6 ports)
Rear panel:
CPU Board Version 00 CPU Board Version 01
HDMI, Display Port, HDMI, Display Port++,
USB3.0 (4 ports), USB3.2 (3 ports),
Ethernet (2 ports, 10/100/1000 USB3.2 Type-C (1 port),
Base-T), Ethernet (3 ports,
Line-Out, Mic 10/100/1000/2500 Mbps),
Line-Out, Mic
0S Windows Embedded Standard 7

or
Windows 10 IoT Enterprise 2019 LTSC*2

Internal storage
devices

SSD, 60 GB or more

*1: Not included in MP2110A units ordered in or after March 2026.
MP2110A-x02 is required to use GPIB.

*2: Operation not warranted when software installed after factory

shipment
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A4

General Performance

Table A.4-2 Environment Performance

Item

Specifications

EMC

EN61326-1, EN61000-3-2

LVD

EN61010-1

Power voltage™!

AC 100 to 120 V, 200 to 240 V, 50 to 60 Hz

Power consumption

300 VA or less*2

Operating +5 to +40°C
temperature
Storage temperature | —20 to +60°C

*1: Auto switch: 100/200 V

*9: The power consumption in the typical configuration (MP2110A-x14,

x23) is 150 VA.

Table A.4-3 Size and Mass

Item

Specifications

Dimensions

142.5 mm(H) x 422 mm(W) x 389.4 mm(D), (excluding protrusions)

Mass

11 kg max.

A-45
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Appendix B Initial Values

B.1 System Menu

Table B.1-1 Initial Values of System Menu

Item Initial Value
Dock/Undock Dock
Remote Control
GPIB
| Address 1
Raw Socket
| Port Number 5001
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Appendix B Initial Values

B.2 PPG/ED

Table B.2-1 Initial Values of PPG/ED

Item Initial Value
Data/XData OFF
Bit Rate Standard Variable
Bit Rate 25781250 kbit/s
Bit Rate Offset 0 ppm
PPG Amplitude 0.40 Vp-p
Ext ATT 0dB

ED Input Condition

Single-Ended Data

Ext ATT

0dB

Threshold 0 mV
PPG Test Pattern PRBS 279-1
PPG Test Pattern Logic POS
ED Test Pattern PRBS 279-1
ED Test Pattern Logic POS
ED Test Pattern Tracking ON
ED Result “All”
Result Time Start Time
Reference CLK Internal
Sync Out PPG_1/8Clk
Clk Out Ch1/2
Gating Cycle Repeat
Gating Period 1S
Current ON




B.3 Scope

B.3 Scope
Table B.3-1 Initial Values of Result Window
Item Initial Value

Ch A ON*1, *3
OFF*2

ChB ON

Ch C ON*3

Ch D ON*3

Control Ch All

Graph display mode setting Overlap*t *3
Single*2

*1: For MP2110A-x21, MP2110A-x22, MP2110A-x23, MP2110A-x32,
MP2110A-x33, MP2110A-x42, P2110A-x43, and MP2110A-x84

*2: For MP2110A-x25, MP2110A-x26, MP2110A-x35, MP2110A-x36,
MP2110A-x45, MP2110A-x46, and MP2110A-x85,
Ch A is not displayed in Version 7 or later.

*3: For MP2110A-x30, MP2110A-x39, MP2110A-x40, MP2110A-x49,
MP2110A-x80, and MP2110A-x84+MP2110A-x74

For initial values of Scale/Offset, refer to Table B.3-7 “Amplitude Dialog
Box”.
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Appendix B Initial Values

*;

Table B.3-2 Setup Dialog Box

Item Initial Value
General
Sampling
Sampling Type NRZ
Sampling Mode Eye
Test Pattern Variable
Number of Samples 2048
Accumulation Type Persistency
Limit Type Time
Time 10.0 sec
Samples 10 million
Waveforms 100 wfms
Pattern 10 patterns
Averaging Off
Fast Sampling* Auto
Utilities
Color
Waveform Gray Scale
Mask Purple
Display Information
Preset Information On
Label (None)
Warning
Questionable Eye due to On
Overload
Questionable Eye due to On
Waveform
Save
Screen Copy
EYE/Pulse Shot Capture
Inverse Background Color Off
Waveforms Only Off
Pattern Capture
Samples / UI 32

When MP2110A-x69 is installed.




B.3 Scope

Table B.3-3 Measure Dialog Box

Item Initial Value

Amplitude/Time

Display On
Equalizer*!

Display Equalized Waveform On

Equalizer Type*2*5 TDECQ

Equalizer No.1 Enable*3 On

Equalizer No.2 Enable*4 On

Equalizer No.3 Enable*2 On

De-embedding File*3 N/A

De-embedding Mode*3

De-embedding

De-embedding Flip S-Parameter*3

Off

De-embedding 4 Port Numbering*3 |1 & 2
3 & 4

De-embedding Antialiasing Filter*3 | Off

CTLE File*4 N/A

Optimization*2 Auto

Number of Precursors*2 2

Tap Count*2 5

*1:
*2:

*3:

*4:

*5:

When MP2110A-x62, MP2110A-x95, or MP2110A-x98 is installed.
When MP2110A-x62 or MP2110A-x95 1s installed.

Electrical channels are available when MP2110A-x98 is installed.
Optical channels are available when MP2110A-x62, MP2110A-x95,

or MP2110A-x98 is installed.
When MP2110A-x98 is installed.

This item can be set when PAM4 is selected.
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Appendix B Initial Values

Table B.3-3 Measure Dialog Box (Cont’d)

Item Initial Value
Equalizer*! (Cont’d)
Tap*2
1 0.000000
2 0.000000
3 1.000000
4 0.000000
5 0.000000
6 0.000000
7 0.000000
8 0.000000
9 0.000000
10 0.000000
11 0.000000
12 0.000000
13 0.000000
14 0.000000
15 0.000000
16 0.000000
17 0.000000
18 0.000000
19 0.000000
20 0.000000
21 0.000000




B.3 Scope

Table B.3-3 Measure Dialog Box (Cont’d)

Item Initial Value
Mask Test
Mask Test Off
Eye Mask Select N/A
Test Method One Shot
Margin Type Hit Count
Hit Count 1 samples
Hit Ratio 5.0E-05
Mask Margin 0.0%
Align Method Zero/One/Crossing
Align Marker Display Off
X1 0.50 UI
AX 1.00 UI
Y1 *5
AY *5
Mask Area Restriction Off
Angle 0 degrees
Width 0.10 UI

*5: Initial value is not defined.

Table B.3-4 Setup (NRZ Amplitude/Time) Dialog Box

Item Initial Value

Time

Rise/Fall Time 20/80%

Rise/Fall Time Correction Off

Correction Factor 0.0 ps
Eye Boundary

Offset form Crossing 0.50 UI

Width 0.20 UI
SNR Definition

Noise Measure Area

Zero Level + One Level
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Appendix B Initial Values

Table B.3-5 Setup (PAM4 Amplitude/Time) Dialog Box*

Item

Initial Value

Configuration

Sample Timing

Track to Middle Eye
Timing

Eye Center Type

Maximum Eye Width

Peak Power Hit Ratio

1.00%

EYE Height/Widths

Eye Opening Definition

Zero Hits

Linearity Definition

IEEE Clause 94

TDECQ
Target SER IEEE
(mantissa) 4.80
(exponent) E-04
Optimize Threshold On
Adjustment Limit 1.00
Optimize TDECQ Histogram On
Noise Coefficient 1.00

*2 When MP2110A-x62 and MP2110A-063 are installed, or when

MP2110A-x95 is installed.




B.3 Scope

Table B.3-6 Jitter Measure Dialog Box*

Item Initial Value
Algorithm
PDJ Measurement Off
Standard STM-0(51.84M)
PDJ Filter LP
Measurement Edge Type ALL
Advanced
TJ Measurement BER 1.00E-012
Fixed RJ Off
RdJ Value 1.00 ps rms
Correction Factor Off
DJ (Scale) 1.00
RJ (Scale) 1.00
RJ (rms) 1.00 ps rms
Define Threshold Auto
Manual Crossing 50%

*: When MP2110A-x96 is installed.
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Appendix B Initial Values

Table B.3-7 Amplitude Dialog Box

Item Initial Value
Scale Offset
Scale 100 mV/Div*!
(None)*2
Offset 0 mV*!
0 uW*2
Attenuation 0dB
Tracking*3 Off
Channel Math*4 Off
Define Function CHA-CHB
Scale *5
Offset 0 mV
Digital Filter *1.*6 No Filter
O/E*2
Input Connector (Wavelength) MMF 850nm*7
SMF 1550nm*8
Conversion Gain *9
Responsivity *9
Input Power —7.00 dBm
Filter Selection No Filter
Extinction Ratio Correction Off
Extinction Ratio Correction Factor | 0.00%

*1: For electrical channels

*2: For optical channels

*3: Excluding MP2110A-x23, MP2110A-x25, MP2110A-x26,
MP2110A-x33, MP2110A-x35, MP2110A-x36, MP2110A-x43,
MP2110A-x45, MP2110A-x46 and MP2110A-x85

*4: For MP2110A-x21

*5: Initial value is not defined.

*6: When MP2110A-x98 is installed.

*7. For MP2110A-x26, MP2110A-x36, MP2110A-x39, MP2110A-x46, and
MP2110A-x49

*8: For MP2110A-x22, MP2110A-x23, MP2110A-x25, MP2110A-x30,
MP2110A-x32, MP2110A-x33, MP2110A-x35, MP2110A-x40,
MP2110A-x42, MP2110A-x43, MP2110A-x45, MP2110A-x80,
MP2110A-x84, and MP2110A-x85

*9: This value has been set at the factory to achieve Input Connector
(Wavelength) default wavelength.
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B.3 Scope

Table B.3-8 Time Dialog Box

Item Initial Value
Rate
Data Clock Rate
Tracking Off
Tracking Target 26G
Recalculate Option Clock Rate
Clock Rate 6 445 313 kHz*3
26 562 500 kHz*4
Divide Ratio 4
Symbol Rate 25 781 250 kbaud*3
106 250 000 kbaud*4
Divide Ratio Detect On
Precision Trigger*! Off
Scale/Offset
Unit Ul
UI On Screen 2 UI
Offset*2 0.00 UI
Pattern Length
Tracking Off
Master PPG1
Length 511 symbols
Software Delay
Channel A 0.0 ps
Channel B 0.0 ps
Channel C 0.0 ps
Channel D 0.0 ps

.1
»g;
.5
r4

When MP2110A-x24 is installed.
When Sampling Mode is set to Pulse.
When any scope option other than MP2110A-x8x is installed.

When the MP2110A-x8x scope option is installed.

B-11
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Appendix B Initial Values

Table B.3-8 Time Dialog Box (Cont’d)

Item Initial Value
CRU or CRU(26G)*5
Operation Mode Off
Clock Recovery
Operation Rate Variable
(Rate) 25 781 250 kbaud
CRU Loop BW 10 MHz
Auto Relock On
CRU or CRU(53G)*6
Operation Mode Off
Clock Recovery
Operation Rate Variable (51.0-58.0Gbaud)
(Rate) 53 125 000 kbaud
CRU Loop BW 4 MHz
Auto Relock Off

*5: When MP2110A-x54 is installed.
*6: When MP2110A-x55 is installed.
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B.3 Scope

Table B.3-9 Histogram Panel
Item Initial Value
Histogram Off
Axis Amplitude
X1 0.50 UI
X2 1.50 UI
Y1 100 mV*!
100 pW*2
Y2 —100 mV*1
—100 pW*2

*1: For MP2110A-x21, MP2110A-x23, MP2110A-x33, and MP2110A-x43
*2: For MP2110A-x22, MP2110A-x25, MP2110A-x26, MP2110A-x30,

MP2110A-x32, MP2110A-x35, MP2110A-x36, MP2110A-x39,
MP2110A-x40, MP2110A-x42, MP2110A-x45, MP2110A-x46,

MP2110A-x49, MP2110A-x80, MP2110A-x84, and MP2110A-x85

Table B.3-10 Marker Panel

Item Initial Value
Marker Disp Off
X1 Off
X2 Off
Y1 Off
Y2 Off
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Appendix C File Specifications

Appendix C describes the specifications for mask files.

C.1  Mask file Specifications
C.2 S Parameter File
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Appendix C File Specifications

C.1 Mask file Specifications

The mask file specifications reading with Sampling oscilloscope is as

follows.
Table C.1-1 Mask File Specifications
Item Specification
Save folder C:\Users\Public\Documents\Anritsu\MX2
10000A\Userdata\Mask
File extension txt

The mask file is the text format file.

Describe the coordinates of the mask vertices, in which the mask margins
are 100% (max.), 0%, and —100% (min), in the file.

Top

1 00% (max.)

~100% (fhin.)
° >

Middle

Bottom

Figure C.1-1 Coordinate System of Mask




C.1 Mask file Specifications

The following items are described in the mask file.

Table C.1-2 Details of Mask File

Item

Parameter to be set

Description

Version

Masks Version#1

Make sure that the version is written.

Mask name

Mask name

Mask name displayed on the
measurement screen.

Mask type

Relative Mask
Fixed Mask

Relative: Sets coordinate of amplitude
direction by rate. The Mask
coordinate varies with the
amplitude of input signal.
Sets coordinate of amplitude
direction at the fixed value.
The Mask coordinate does not
vary with the amplitude of
input signal.

Fixed:

Coordinates in
the top

TOPXY X min Y min
X max Y_max

Coordinates in
the middle

MIDDLE XY X_min
Y _min X max Y _max

Coordinates in
the bottom

BOTTOM XY Y_min
X max Y_max

Specifies each X and Y coordinate in
the area of Top/Middle/Bottom.

As for X_min and Y_min, set the
coordinate at —100% of Mask Margin.
As for X_max, and Y_max, set the
coordinate at +100% of Mask Margin.
The coordinate can be set up to 10
points. If it is not used, set “~1”.
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Appendix C File Specifications

>>>>>>>>>> START >>>>>>>>>>
Masks Version#1
<1GFC ; 1G Optical Fibre Channel Mask (1.0625 Gbps)> Relative Mask;

Top X

Middle X

Bottom

-1
-1
-1
-1
-1

Y
99
1.3
1.3
99
-1
-1
-1
-1
-1
-1
Y
0.5
0.8
0.8
0.5
0.2
0.2
-1
-1
-1
-1
Y
-99
0.2
0.2
-99
-1
-1
-1
-1
-1
-1

X_min Y_min X_max Y_max

0

0

1

1

-1
-1
-1
-1
-1
-1
X_min
0.5
0.5
0.5
0.5
0.5
0.5
-1
-1
-1

-1
-1
-1
-1
-1
-1

99
1.6
1.6
99
-1

-1

-1

-1

-1

-1
Y_min
0.5
0.5
0.5
0.5
0.5
0.5
-1

-1

-1

-1
Y_min
-99
-0.4
-0.4
-99
-1
-1
-1
-1
-1

-1

>S>>>>>>>>> END >>>>>>>>>>

0

0

1

1

-1
-1
-1
-1
-1
-1
X_max
0
04
0.6
1
0.6
0.4
-1
-1

99

1

1
999
-1
-1
-1
-1
-1

Y_max
-99

-99
-1
-1

-1
-1

Figure C.1-2 Example of Mask File




C.2 S Parameter File

C.2 S Parameter File

When the MP2110A-x98 is added, the Equalizer of the Scope loads a
frequency characteristics file and adds and cancels the contained
frequency characteristics. The frequency characteristics are loaded from a
text file that describes the frequencies and S parameters.

The file is stored in the folder below:
C:\Users\Public\Documents\Anritsu\MX210000A\Userdata\DeEmbedding

s2p format

Text files with description of 2D S parameter values

Frequency and amplitude/phase data of pass characteristics (S21, S12) and
reflection characteristics (S11, S22) are described.

The Equalizer processing uses only the pass characteristics data in the
s2p format file.

The MX210000A does not use the reflection characteristics data even if it
exists in the file to load.

IMX210002A 2011/6/20

1

!freq-unit param-type data-format keyword impedance-ohms

# GHz S MA R 50

1

IFreq MagS11 AngS11 MagS21 AngS21 MagS12 AngS12 MagS22 AngS22

0.000000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.025000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.050000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.075000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.100000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.125000 0.0 0.0 1.002635 -7.374129 0.0 0.0 0.0 0.0

0.150000 0.0 0.0 1.002509 -7.969909 0.0 0.0 0.0 0.0

0.175000 0.0 0.0 1.002497 -8.516415 0.0 0.0 0.0 0.0

0.200000 0.0 0.0 1.002532 -7.058710 0.0 0.0 0.0 0.0

0.225000 0.0 0.0 1.002561 -6.454731 0.0 0.0 0.0 0.0

0.250000 0.0 0.0 1.002616 -5.939568 0.0 0.0 0.0 0.0

0.275000 0.0 0.0 1.002790 -6.543123 0.0 0.0 0.0 0.0

0.300000 0.0 0.0 1.002752 -6.029175 0.0 0.0 0.0 0.0

0.325000 0.0 0.0 1.002562 -5.344590 0.0 0.0 0.0 0.0

0.350000 0.0 0.0 1.002473 -5.669611 0.0 0.0 0.0 0.0

0.375000 0.0 0.0 1.002506 -5.325497 0.0 0.0 0.0 0.0

0.400000 0.0 0.0 1.002543 -3.542136 0.0 0.0 0.0 0.0

0.425000 0.0 0.0 1.002522 -3.351720 0.0 0.0 0.0 0.0

0.450000 0.0 0.0 1.002260 -2.983581 0.0 0.0 0.0 0.0

0.475000 0.0 0.0 1.002289 -3.177759 0.0 0.0 0.0 0.0

0.500000 0.0 0.0 1.002500 -3.566260 0.0 0.0 0.0 0.0

0.525000 0.0 0.0 1.002587 -3.764469 0.0 0.0 0.0 0.0 .g
0.550000 0.0 0.0 1.002462 -2.703423 0.0 0.0 0.0 0.0 o]
0.575000 0.0 0.0 1.002529 -1.676393 0.0 0.0 0.0 0.0 ')
0.600000 0.0 0.0 1.002482 -1.864907 0.0 0.0 0.0 0.0 =
0.625000 0.0 0.0 1.002535 -2.331279 0.0 0.0 0.0 0.0 9-
0.650000 0.0 0.0 1.002554 -2.544649 0.0 0.0 0.0 0.0 x
0.675000 0.0 0.0 1.002582 -2.113384 0.0 0.0 0.0 0.0

0.700000 0.0 0.0 1.002786 -1.604808 0.0 0.0 0.0 0.0

0.725000 0.0 0.0 1.002910 -1.886435 0.0 0.0 0.0 0.0

0.750000 0.0 0.0 1.002988 -0.975934 0.0 0.0 0.0 0.0

0.775000 0.0 0.0 1.003041 -1.125352 0.0 0.0 0.0 0.0

0.800000 0.0 0.0 1.003146 -0.299080 0.0 0.0 0.0 0.0

L
3
@
=
e
<
Q

Figure C.2-1 File Example for s2p Format




Appendix C File Specifications

s4p format

The Equalizer processing uses the values of the Mixed Mode S
parameters calculated from the pass characteristics corresponding to the
De-embedding Flip S-Parameter and De-embedding 4 Port Numbering
settings.

P 7/13/2011 3:38:22 PM

D E:¥HIT_H18 27INCHES 334PTS WITH BLUE CABLES_D.S4P
I CHANMEL . 1

I TR MEASUREMENT

| CORRECTED. DATA

# GHZ S RI R 50.0

! FREQ.GHZ S11RE ST1IM S12RE S12IM S13RE S131M S14RE S14IM

! S21RE S211M S22RE S22 IM SZ3RE S23IM S24RE S241M
! S31RE S31IM S32RE 332IM S33RE 333 IM S34RE S34 1M
! S41RE S411M S42RE S42 1M S43RE S43IM S44RE S441M
I

; PortSelection: Port_1234

0.000070000 0.0284027 00009668 -0.0004664  0.0006219 0.6534484  -0.0059120 -0.0008744  -0.0015127
-0.0006316  0.0005547 0.0240792  -0.0003294 -0.00087592  -0.0015253 0.6628518  -0.0041101
0.6619428  -0.0041337 -0.0003821  -0.0004105 00271173 0.0017439 0.0002420  -0.0008705
-0.0005134  -0.0004431 0.6647865  -0.0068479 0.0002165  -0.0008964 0.0296025  0.0025547

0.125383108 0.0477104  -0.0024019 0.0420808  0.0259672 0.6144245  -0.4755415 0.0030628  0.0078372
0.0419931 0.0259166 0.0533130  -0.0087509 0.0030931 01.0084906 0.6184164  -0.4788730
0.6748008  -0.4766030 0.0030486 0.00851086 0.0478268  0.0277937 0.0225848  0.0419859
0.0031333  0.0079110 06191277 -0.4808471 0.0226212  0.0419986 0.0352512  0.03067154

0.250896216 0.0380989  -0.0397731 0.0536892  -0.0084251 0.2395749 -0.6915352 0.0745081 0.0084102
0.0537139  -0.0084368 0.0392565  -0.0463589 0.0150198  0.0065719 0.2425124  -0.6943401
0.2405008  -0.6935092 0.0149321 0.0063984 0.0439622  0.0356846 0.0388077  0.0349467
0.0746098  0.0064701 02417046 -0.6973683 0.0385598  0.0349180 0.0384348  0.0395513

0.376009323 -0.0123182 0.0053029 0.0070809  -0.0107667 -0.1586659  -0.6829085 0.0213362  -0.0074848
0.0071771  -0.0108284 -0.0212343 0.0074978 0.0213267  -0.0078433 -0.1570560  -0.6854615
-0.1599129  -0.6334644 0.0213164  -0.0079516 -0.0102746  0.0103038 0.0086972  0.0084803
0.0214681  -0.0075305 -0.1586202  -0.6876989 0.0086368  0.0084608 -0.0212468  0.0086875

0.501322431 0.0303552 0.0294044 0.0181837  0.0341020 -0.4790811  -0.4722240) 0.0780806  -0.0181143
0.0182229  0.0341093 0.0219857 0.0270775 0.0176553  -0.0179271 -0.4734309  -0.4775E58
-0.4798781  -0.4729796 0.0175831  -0.0180%49 -0.0447503  0.0175638 -0.03h9664  -0.0008053
00179634  -0.0181908 -0.4753204  -0.4775928 -0.0360006  -0.0009413 -0.0434380  0.0242183

0.626635539 0.0532951 01, 0032930 0.0588308  0.0154783 -0.6255297  -0.1488052 0.0084022  -0.0262436
0.0587991 0.0156024 0.0550492 0.0005107 0.00933887  -0.0283408 -0.68276904  -0.1532331

Figure C.2-2 File Example for s4p Format




Appendix D Performance Test Record Form

Document number:

Test Location:

Date:

Test person in charge:

Product name:

Serial number:

Software version:

Option:

Power voltage: \Y
Power frequency: Hz
Ambient temperature: °C

Relative humidity:

%

Instruments used:

Model name

Serial number

Remarks:

Model name

Serial number

Model name

Serial number

Model name

Serial number
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Appendix D Performance Test Record Form

D.1 Pulse Pattern Generator

Measurement Uncertainty

The measurement uncertainly is up to double the amplitude
measurement accuracy of the measuring instrument. When a value of
which the measurement uncertainly is added or subtracted to/from the

measurement value is in the range of the specifications, the value passes.

The measurement uncertainty of the frequency accuracy when using
MF2412C Microwave Frequency Counter as the frequency counter is
shown below.

Without MF2412C-003: 0.1 ppm

With MF2412C-003: 0.01 ppm

Refer to Amplitude accuracy in Table A.3.9-2 “Electrical Channel
Performance” for the amplitude measurement uncertainty when using
MP2110A as the sampling oscilloscope. Examples of calculating the
amplitude measurement uncertainty are listed below.

Table D.1-1 Amplitude Measurement Uncertainty

Measured Measurement Measurement
Value (V) Accuracy (mV)* Uncertainty (mV)
0.96 19.6 39.2
0.80 17.2 34.4
0.64 14.8 29.6
0.12 7.0 14.0
0.10 6.7 13.4
0.08 5.5 11.0
*  The measurement uncertainty when Scale and Offset are set as
follows:
Scale: 100 mV/div
Offset: 0 mV




D.1 Pulse Pattern Generator

Table D.1-2 Pulse Pattern Generator Performance Test Record Form

(Without MP2110A-x93)
Frequency Accuracy
Connector Set Bit Rate Minimum Value | Measured Value | Maximum Value Pass/Fail
(kbit/s) (kHz) (kHz) (kHz)
Sync Out 28200000 3524964.8 3525035.2 | Pass/Fail
24300000 3037469.7 3037530.3 | Pass/Fail
Measurement Channel PPG 1 2 3 4
Waveform (Amplitude)
Connector | Set Amplitude | Minimum Value | Measured Value | Maximum Value | Pass/Fail
Data Out 0.1 Vpp 0.06 Vp-p Vpp 0.14 Vp-p | Pass/Fail
0.8 Vpp 0.62 Vp-p Vpp 0.98 Vp-p | Pass/Fail
Data Out 0.1 Vpp 0.06 Vp-p Vp-p 0.14 Vp-p | Pass/Fail
0.8 Vpp 0.62 Vp-p Vpp 0.98 Vp-p | Pass/Fail
Waveform
Connector Item Minimum Value | Measured Value | Maximum Value | Pass/Fail
Data Out Crossing 40% % 60% | Pass/Fail
Rise Time ps 17 ps | Pass/Fail
Fall Time ps 17 ps | Pass/Fail
Jitter (rms) ps 0.9 ps | Pass/Fail
Data Out Crossing 40% % 60% | Pass/Fail
Rise Time ps 17 ps | Pass/Fail
Fall Time ps 17 ps | Pass/Fail
Jitter (rms) ps 0.9 ps | Pass/Fail
Skew
Connector | Set Amplitude | Minimum Value | Measured Value | Maximum Value | Pass/Fail
Data Out, i .
Data Out 0.3 Vpp ps +8 ps | Pass/Fail

>
S
=
o
S
=
X

{ xtpusddy



Appendix D Performance Test Record Form

Table D.1-3 Pulse Pattern Generator Performance Test Record Form (With MP2110A-x93)

Frequency Accuracy
Connector Set Bi.t Rate Minimum Measured Maximum Pass/Fail
(kbit/s) Value (kHz) Value (kHz) Value (kHz)
Sync Out 28200000 3524964.8 3525035.2 | Pass/Fail
9500000 1187488.2 1187511.8 | Pass/Fail
Measurement Channel PPG 1 2 4
Waveform (Amplitude)
Connector | Set Amplitude Mi\;\eil:r:l:m Mtilaaslzged Me\l;:lr:: :m Pass/Fail
Data Out 0.1 Vp-p 0.06 Vp-p Vpp 0.14 Vp-p | Pass/Fail
0.8 Vpp 0.62 Vp-p Vpp 0.98 Vp-p | Pass/Fail
Data Out 0.1 Vp-p 0.06 Vp-p Vpp 0.14 Vp-p | Pass/Fail
0.8 Vp-p 0.62 Vp-p Vpp 0.98 Vp-p | Pass/Fail
Waveform
Connector ltem Minimum Measured Maximum Pass/Fail
Value Value Value
Data Out Crossing 40% % 60% | Pass/Fail
Rise Time ps 17 ps | Pass/Fail
Fall Time ps 17 ps | Pass/Fail
Jitter (rms) ps 0.9 ps | Pass/Fail
Data Out Crossing 40% % 60% | Pass/Fail
Rise Time ps 17 ps | Pass/Fail
Fall Time ps 17 ps | Pass/Fail
Jitter (rms) ps 0.9 ps | Pass/Fail
Skew
Connector | Set Amplitude Mi\';;:?‘:m M(ilaasI:;ed M?;:;E :m Pass/Fail
Data Out, 0.3 Vpp ps +8 ps | Pass/Fail

Data Out




D.2 Error Detector

D.2 Error Detector
Table D.2-1 Error Detector Performance Test Record Form (Without MP2110A-x93)

Measurement Channel ED 1 2 3 4

Operating Frequency

Minimum Measured ER Maximum

Connector Set Bit Rate Value Value Value Pass/Fail
Data Out 28200000 kbit/s 1E-12 Pass/Fail
24300000 kbit/s 1E-12 Pass/Fail

Data Out 28200000 kbit/s 1E-12 Pass/Fail
24300000 kbit/s 1E-12 Pass/Fail

Rx Sensitivity

Minimum Measured ER Maximum

Connector Set Bit Rate Value Value Value Pass/Fail
Data Out 1 95781950 kbit/s 1E-12 Pass/Fail
Data Out 25781250 kbit/s 1E-12 Pass/Fail

Input Level e Pattern

Minimum Measured ER Maximum

Connector Pattern Value Value Value Pass/Fail
Data Out PRBS2A7-1 1E-12 Pass/Fail
PRBS2/9-1 1E-12 Pass/Fail
PRBS2715-1 1E-12 Pass/Fail
PRBS2723-1 1E-12 Pass/Fail
PRBS2/31-1 1E-12 Pass/Fail ‘;f
=
Data Out PRBS2/7-1 1E-12 Pass/Fail | [
PRBS249-1 1E-12 Pass/Fail ETP
PRBS2/15-1 1E-12 Pass/Fail cg:
PRBS2/23-1 1E-12 Pass/Fail 5
PRBS2731-1 1E-12 Pass/Fail




Appendix D Performance Test Record Form

Table D.2-1 Error Detector Performance Test Record Form (Without MP2110A-x93) (Cont’d)

Error Detection
\ Minimum Measured Maximum \
Connector Set Bit Rate Value EC Value Value Pass/Fail
Data OQut 95781250 kbit/s 20 Pass/Fail
Data Out 95781250 kbit/s 20 Pass/Fail




D.2 Error Detector

Table D.2-2 Error Detector Performance Test Record Form (With MP2110A-x93)

Measurement Channel ED 1 2 4
Operating Frequency
Connector Set Bit Rate Minimum ER Measured Maximum Pass/Fail
Value Value Value
Data Out 28200000 kbit/s 1E-12 Pass/Fail
9500000 kbit/s 1E-12 Pass/Fail
Data Out 28200000 kbit/s 1E-12 Pass/Fail
9500000 kbit/s 1E-12 Pass/Fail
Rx Sensitivity
Connector Set Bit Rate Minimum ER Measured Maximum Pass/Fail
Value Value Value
Data Out 1 55781950 kbit/s 1E-12 Pass/Fail
Data Out | 95701950 Khit/s 1E-12 Pass/Fail
Input Level e Pattern
Connector Pattern Minimum ER Measured Maximum Pass/Fail
Value Value Value
Data Out PRBS247-1 1E-12 Pass/Fail
PRBS279-1 1E-12 Pass/Fail
PRBS2715-1 1E-12 Pass/Fail
PRBS2/23-1 1E-12 Pass/Fail
PRBS2731-1 1E-12 Pass/Fail
Data Out PRBS2/7-1 1E-12 Pass/Fail
PRBS279-1 1E-12 Pass/Fail
PRBS2715-1 1E-12 Pass/Fail
PRBS2723-1 1E-12 Pass/Fail
PRBS2731-1 1E-12 Pass/Fail
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Appendix D Performance Test Record Form

Table D.2-2 Error Detector Performance Test Record Form (With MP2110A-x93) (Cont’d)

Error Detection

. EC .
Connector Set Bit Rate Minimum Measured Maximum Pass/Fail
Value Value
Value
Data Out 1 95781950 kbit/s 20 Pass/Fail
Data Out | 55781950 kbitls 20 Pass/Fail




D.3 Sampling Oscilloscope

D.3 Sampling Oscilloscope

For details of the performance test, refer to 7.3 “Performance Test for
Sampling Oscilloscope”.

Amplitude Accuracy

Table D.3-1 Level Accuracy
Connector 3:::::;% Mi\';airl::m Me\:laaslﬂzed M?,);:I'E :m Pass/Fail
Ch A +200 mV +188 mV mV +212 mV | Pass/Fail
—200 mV —215 mV mV —185 mV | Pass/Fail
ChB +200 mV +188 mV mV +212 mV | Pass/Fail
—200 mV —215 mV mV —-185 mV | Pass/Fail
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Appendix D Performance Test Record Form

Optical Power Meter / Optical Input Accuracy:

+0.35 dB or less (typical)

Input level

—12 to 0 dBm

When used at room temperature (25°C)

+0.35 dB is a typical value. In the actual measurement, it is necessary to
consider the uncertainty due to the optical fiber connector.

Table D.3-2 Optical Power Meter / Optical Input Accuracy (Ch A)

Measured
Value
Reading of Average - .
Wavelength | Optical Power Power Minimum .Level Maximum
Value Difference Value
Meter (dBm)
Histogram
(dBm)
dBm dB
850 nm dBm
dBm dB
dBm dB
1310 nm dBm
dBm dB
dBm dB
1550 nm dBm
dBm dB

D-10




D.3 Sampling Oscilloscope

Table D.3-3 Optical Power Meter / Optical Input Accuracy (Ch B)

Measured
Value
Reading of Average - .
Wavelength | Optical Power Power Minimum .Level Maximum
Value Difference Value
Meter (dBm)
Histogram
(dBm)
dBm dB
850 nm dBm
dBm dB
dBm dB
1310 nm dBm
dBm dB
dBm dB
1550 nm dBm
dBm dB

Table D.3-4 Optical Power Meter / Optical Input Accuracy (Ch C)

Measured
Value
Reading of Average - .
Wavelength | Optical Power Power Minimum .Level Maximum
Value Difference Value
Meter (dBm)
Histogram
(dBm)
dBm dB
850 nm dBm
dBm dB >
T
T
(1]
dBm dB 2
1310 nm dBm x
dBm dB
g
dBm dB g
1550 nm dBm 2.
dBm dB NU
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Appendix D Performance Test Record Form

Table D.3-5 Optical Power Meter / Optical Input Accuracy (Ch D)

Measured
Value
Reading of Average - .
Wavelength | Optical Power Power Minimum .Level Maximum
Value Difference Value
Meter (dBm)
Histogram
(dBm)
dBm dB
850 nm dBm
dBm dB
dBm dB
1310 nm dBm
dBm dB
dBm dB
1550 nm dBm
dBm dB

D-12



D.3 Sampling Oscilloscope

CRU (MP2110A-x54)
Table D.3-6 CRU Output

Sensitivity
Pass/Fail
Additive jitter
Operation Rate | Jitter RMS*" Jitter RMS*? C?,':Il:‘ I:,t: d

25.78125 Gbaud
26.5625 Gbaud
28.05 Gbaud

*1: Result obtained by measuring PPG1 Data waveform
*2: Result obtained by measuring CRU Out waveform

*3: Calculate the value using the following formula.

S paa = \/(JCRU )2 - (JPPG )2

26G/53G CRU (MP2110A-x55)
Table D.3-7 CRU Output

Sensitivity Pass/Fail
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Appendix £ Software Licenses

This product contains the software listed in the table below, which is covered

by the license shown in the table, respectively. The identified software is not

owned by Anritsu.

For further details, please refer to our web site at: https://www.anritsu.com/

Table E-1 Packages and Corresponding Licenses

Package Version License Remarks
Core.Renci.SshNet 2021.10.2 MIT License (*1)
MaterialDesignThemes.MahApps 0.3.0 MIT License (¥2)

Prism.Dryloc 8.1.97 MIT License (*3)
ReactiveProperty. WPF 8.1.2 MIT License (*4)
SshNet.Security.Cryptography 1.3.0 MIT License (*5)
Microsoft.CSharp 4.7.0 MIT License (*6)
System.Data.DataSetExtensions 4.5.0 MIT License (*7)

U-Boot

socfpga_v202
4.01

GPLv1 (*8),
GPLv2 (*9),
GPLv3 (*10),
LGPLv2.1 (*11),
LGPLv3 (*¥12)
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Appendix E Software Licenses

(*1) Core.Renci.SshNet 2021.10.2:

The MIT License (MIT)
Copyright (¢c) Renci, Oleg Kapeljushnik, Gert Driesen and contributors

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the

Software 1s furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or

substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

(*2) MaterialDesignThemes.MahApps 0.3.0:

The MIT License (MIT)
Copyright (¢c) James Willock, Mulholland Software and Contributors

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the

Software 1s furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or

substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.




Appendix E Software Licenses

(*3) Prism.Dryloc 8.1.97:
The MIT License (MIT)

Copyright (¢) .NET Foundation

All rights reserved. Permission is hereby granted, free of charge, to any person obtaining a
copy of this software and associated documentation files (the "Software"), to deal in the
Software without restriction, including without limitation the rights to use, copy, modify,
merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit

persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

(*4) ReactiveProperty. WPF 8.1.2:
The MIT License (MIT)

Copyright (c) 2018 neuecc, xin9le, okazuki

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the
Software 1s furnished to do so, subject to the following conditions:
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The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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Appendix E Software Licenses

(*5)

SshNet.Security.Cryptography 1.3.0:

The MIT License (MIT)

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the

Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or

substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

(*6) Microsoft.CSharp 4.7.0:

The MIT License (MIT)
Copyright (c) NET Foundation and Contributors
All rights reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the

Software 1s furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or

substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.




Appendix E Software Licenses

(*7) System.Data.DataSetExtensions 4.5.0:
The MIT License (MIT)

Copyright (¢) .NET Foundation and Contributors
All rights reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software
and associated documentation files (the "Software"), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the
Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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Appendix E Software Licenses

(*8) U-Boot socfpga_v2024.01:
GPLv1

GNU GENERAL PUBLIC LICENSE
Version 1, February 1989

Copyright (C) 1989 Free Software Foundation,
Inc.
<https://fsf.org/>

Everyone is permitted to copy and distribute
verbatim copies of this license document, but
changing it is not allowed.

Preamble

The license agreements of most software
companies try to keep users at the mercy of those
companies. By contrast, our General Public
License is intended to guarantee your freedom to
share and change free software--to make sure the
software is free for all its users. The General
Public License applies to the Free Software
Foundation's software and to any other program
whose authors commit to using it.

You can use it for your programs, too.

When we speak of free software, we are
referring to freedom, not price. Specifically, the
General Public License is designed to make sure
that you have the freedom to give away or sell
copies of free software, that you receive source
code or can get it if you want it, that you can
change the software or use pieces of it in new free
programs; and that you know you can do these
things.

To protect your rights, we need to make
restrictions that forbid anyone to deny you these
rights or to ask you to surrender the rights. These
restrictions translate to certain responsibilities
for you if you distribute copies of the software, or
if you modify it.

For example, if you distribute copies of a such a
program, whether gratis or for a fee, you must
give the recipients all the rights that you have.
You must make sure that they, too, receive or can
get the source code. And you must tell them
their rights.

We protect your rights with two steps: (1)
copyright the software, and (2) offer you this

license which gives you legal permission to copy,
distribute and/or modify the software.

Also, for each author's protection and ours, we
want to make certain that everyone understands
that there is no warranty for this free software.
If the software is modified by someone else and
passed on, we want its recipients to know that
what they have is not the original, so
that any problems introduced by others will not
reflect on the original authors' reputations.

The precise terms and conditions for copying,
distribution and
modification follow.

GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any
program or other work which contains a notice
placed by the copyright holder saying it may be
distributed under the terms of this General Public
License. The "Program", below, refers to any
such program or work, and a "work based on the
Program" means either the Program or any work
containing the Program or a portion of it, either
verbatim or with modifications. Each licensee is
addressed as "you".

1. You may copy and distribute verbatim copies
of the Program's source code as you receive it, in
any medium, provided that you conspicuously and
appropriately publish on each copy an
appropriate copyright notice and disclaimer of
warranty; keep intact all the notices that refer to
this General Public License and to the absence of
any warranty; and give any other recipients of the
Program a copy of this General Public License
along with the Program. You may charge a fee
for the physical act of transferring a copy.

2. You may modify your copy or copies of the
Program or any portion of it, and copy and
distribute such modifications under the terms of
Paragraph 1 above, provided that you also do the
following:

a) cause the modified files to carry prominent
notices stating that you changed the files and
the date of any change; and

E-6
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b) cause the whole of any work that you
distribute or publish, that in whole or in part
contains the Program or any part thereof,
either with or without modifications, to be
licensed at no charge to all third parties
under the terms of this General Public
License (except that you may choose to grant
warranty protection to some or all third
parties, at your option).

c) If the modified program normally reads
commands interactively when run, you must
cause it, when started running for such
interactive use in the simplest and most
usual way, to print or display an
announcement including an appropriate
copyright notice and a notice that there is no
warranty (or else, saying that you provide a
warranty) and that users may redistribute
the program under these conditions, and
telling the user how to view a copy of this
General Public License.

d) You may charge a fee for the physical act of
transferring a copy, and you may at your
option offer warranty protection in exchange
for a fee.

Mere aggregation of another independent work
with the Program (or its derivative) on a volume
of a storage or distribution medium does not bring
the other work under the scope of these terms.

3. You may copy and distribute the Program (or
a portion or derivative of it, under Paragraph 2)
in object code or executable form under the terms
of Paragraphs 1 and 2 above provided that you
also do one of the following:

a) accompany it with the complete
corresponding machine-readable source code,
which must be distributed under the terms of
Paragraphs 1 and 2 above; or,

b) accompany it with a written offer, valid for
at least three years, to give any third party
free (except for a nominal charge for the cost
of distribution) a complete machine-readable
copy of the corresponding source code, to be
distributed under the terms of Paragraphs 1
and 2 above; or,

¢) accompany it with the information you
received as to where the corresponding source
code may be obtained. (This alternative is

allowed only for noncommercial distribution
and only if you received the program in object
code or executable form alone.)

Source code for a work means the preferred form
of the work for making modifications to it. For
an executable file, complete source code means all
the source code for all modules it contains; but, as
a special

exception, it need not include source code for
modules which are standard libraries that
accompany the operating system on which the
executable file runs, or for standard header files
or definitions files that accompany that operating
system.

4. You may not copy, modify, sublicense,
distribute or transfer the Program except as
expressly provided under this General Public
License. Any attempt otherwise to copy, modify,
sublicense, distribute or transfer the Program is
void, and will automatically terminate your rights
to use the Program under this License. However,
parties who have received copies, or rights to use
copies, from you under this General Public
License will not have their licenses terminated so
long as such parties remain in full compliance.

5. By copying, distributing or modifying the
Program (or any work based on the Program) you
indicate your acceptance of this license to do so,
and all its terms and conditions.

6. Each time you redistribute the Program (or
any work based on the Program), the recipient
automatically receives a license from the original
licensor to copy, distribute or modify the Program
subject to these terms and conditions. You may
not impose any further restrictions on the
recipients' exercise of the rights granted herein.

7. The Free Software Foundation may publish
revised and/or new versions of the General Public
License from time to time. Such new versions
will be similar in spirit to the present version, but
may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version
number. If the Program specifies a version
number of the license which applies to it and "any
later version", you have the option of following the
terms and conditions either of that version or of
any later version published by the Free Software
Foundation. If the Program does not specify a

E-7
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version number of the license, you may choose
any version ever published by the Free Software
Foundation.

8. If you wish to incorporate parts of the
Program into other free programs whose
distribution conditions are different, write to the
author to ask for permission. For software
which is copyrighted by the Free Software
Foundation, write to the Free Software
Foundation; we sometimes make exceptions for
this. Our decision will be guided by the two
goals of preserving the free status of all
derivatives of our free software and of promoting
the sharing and reuse of software generally.

NO WARRANTY

9. BECAUSE THE PROGRAM IS LICENSED
FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN OTHERWISE STATED IN WRITING
THE COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM "AS IS"
WITHOUT WARRANTY OF ANY KIND,
EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE
OF THE PROGRAM IS WITH YOU. SHOULD
THE PROGRAM PROVE DEFECTIVE, YOU
ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.

10. IN NO EVENT UNLESS REQUIRED BY
APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE PROGRAM AS
PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE THE
PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES
SUSTAINED BY YOU OR THIRD PARTIES OR
A FAILURE OF THE PROGRAM TO OPERATE
WITH ANY OTHER PROGRAMS), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN

ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS

Appendix: How to Apply These Terms to Your
New Programs

If you develop a new program, and you want it
to be of the greatest possible use to humanity, the
best way to achieve this is to make it free
software which everyone can redistribute and
change under these terms.

To do so, attach the following notices to the
program. It is safest to attach them to the start
of each source file to most effectively convey the
exclusion of warranty; and each file should have
at least the "copyright" line and a pointer to
where the full notice is found.

<one line to give the program's name and a
brief idea of what it does.>
Copyright (C) 19yy <name of author>

This program is free software; you can
redistribute it and/or modify it under the
terms of the GNU General Public License as
published by the Free Software Foundation;
either version 1, or (at your option) any later
version.

This program is distributed in the hope that
it will be useful, but WITHOUT ANY
WARRANTY; without even the implied
warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more
details.

You should have received a copy of the GNU
General Public License along with this
program; if not, see
<https://www.gnu.org/licenses/>.

Also add information on how to contact you by
electronic and paper mail.

If the program is interactive, make it output a
short notice like this when it starts in an
interactive mode:

Gnomovision version 69, Copyright (C) 19xx
name of author
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Gnomovision comes with ABSOLUTELY NO
WARRANTY; for details type ‘show w'.

This is free software, and you are welcome to
redistribute it under certain conditions; type
“show c' for details.

The hypothetical commands "show w' and “show c¢'
should show the appropriate parts of the General
Public License. Of course, the commands you
use may be called something other than ‘show w'
and “show c'; they could even be mouse-clicks or
menu items--whatever suits your program.

You should also get your employer (if you work as
a programmer) or your school, if any, to sign a

"copyright disclaimer" for the program, if
necessary. Here a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright
interest in the program ‘Gnomovision' (a program
to direct compilers to make passes at assemblers)
written by James Hacker.

<signature of Moe Ghoul>, 1 April 1989
Moe Ghoul, President of Vice

That's all there is to it!
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(*9) U-Boot socfpga_v2024.01:
GPLv2

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor,
Boston, MA 02110-1301 USA Everyone is
permitted to copy and distribute verbatim copies
of this license document, but changing it is not
allowed.

Preamble

The licenses for most software are designed to
take away your freedom to share and change it.
By contrast, the GNU General Public License is
intended to guarantee your freedom to share and
change free software--to make sure the software
is free for all its users. This General Public
License applies to most of the Free Software
Foundation's software and to any other program
whose authors commit to using it. (Some other
Free Software Foundation software is covered by
the GNU Lesser General Public License instead.)
You can apply it to your programs, too.

When we speak of free software, we are
referring to freedom, not price. Our General
Public Licenses are designed to make sure that
you have the freedom to distribute copies of free
software (and charge for this service if you wish),
that you receive source code or can get it if you
want it, that you can change the software or use
pieces of it in new free programs; and that you
know you can do these things.

To protect your rights, we need to make
restrictions that forbid anyone to deny you these
rights or to ask you to surrender the rights. These
restrictions translate to certain responsibilities
for you if you distribute copies of the software, or
if you modify it.

For example, if you distribute copies of such a
program, whether gratis or for a fee, you must
give the recipients all the rights that you have.
You must make sure that they, too, receive or can
get the source code. And you must show them
these terms so they know their rights.

We protect your rights with two steps: (1)
copyright the software, and (2) offer you this
license which gives you legal permission to copy,
distribute and/or modify the software.

Also, for each author's protection and ours, we
want to make certain that everyone understands
that there is no warranty for this free software.
If the software is modified by someone else and
passed on, we want its recipients to know that
what they have is not the original, so that any
problems introduced by others will not reflect on
the original authors' reputations.

Finally, any free program is threatened
constantly by software patents. We wish to
avoid the danger that redistributors of a free
program will individually obtain patent licenses,
in effect making the program proprietary. To
prevent this, we have made it clear that any
patent must be licensed for everyone's free use or
not licensed at all.

The precise terms and conditions for copying,
distribution and modification follow.

GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License applies to any program or other
work which contains a notice placed by the
copyright holder saying it may be distributed
under the terms of this General Public License.
The "Program", below, refers to any such program
or work, and a "work based on the Program"
means either the Program or any derivative work
under copyright law: that is to say, a work
containing the Program or a portion of it, either
verbatim or with modifications and/or translated
into another language. (Hereinafter, translation
is included without limitation in the term
"modification".) Each licensee is addressed as

n n

you".

Activities other than copying, distribution and
modification are not covered by this License; they
are outside its scope. The act of running the
Program is not restricted, and the output from
the Program is covered only if its contents
constitute a work based on the Program
(independent of having been made by running the
Program). Whether that is true depends on what
the Program does.
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1. You may copy and distribute verbatim copies
of the Program's source code as you receive it, in
any medium, provided that you conspicuously and
appropriately publish on each copy an
appropriate copyright notice and disclaimer of
warranty; keep intact all the notices that refer to
this License and to the absence of any warranty;
and give any other recipients of the Program a
copy of this License along with the Program.

You may charge a fee for the physical act of
transferring a copy, and you may at your option
offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the
Program or any portion of it, thus forming a work
based on the Program, and copy and distribute
such modifications or work under the terms of
Section 1 above, provided that you also meet all of
these conditions:

a) You must cause the modified files to carry
prominent notices stating that you changed
the files and the date of any change.

b) You must cause any work that you
distribute or publish, that in whole or in part
contains or is derived from the Program or
any part thereof, to be licensed as a whole at
no charge to all third parties under the terms
of this License.

c) If the modified program normally reads
commands interactively when run, you must
cause it, when started running for such
interactive use in the most ordinary way, to
print or display an announcement including
an appropriate copyright notice and a notice
that there is no warranty (or else, saying that
you provide a warranty) and that users may
redistribute the program under these
conditions, and telling the user how to view a
copy of this License. (Exception: if the
Program itself is interactive but does not
normally print such an announcement, your
work based on the Program is not required to
print an announcement.)

These requirements apply to the modified work as
a whole. Ifidentifiable sections of that work are
not derived from the Program, and can be
reasonably considered independent and separate
works in themselves, then this License, and its
terms, do not apply to those sections when you

distribute them as separate works. But when
you distribute the same sections as part of a
whole which is a work based on the Program, the
distribution of the whole must be on the terms of
this License, whose permissions for other
licensees extend to the entire whole, and thus to
each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim
rights or contest your rights to work written
entirely by you; rather, the intent is to exercise
the right to control the distribution of derivative
or collective works based on the Program.

In addition, mere aggregation of another work not
based on the Program with the Program (or with
a work based on the Program) on a volume of a
storage or distribution medium does not bring the
other work under the scope of this License.

3. You may copy and distribute the Program (or
a work based on it, under Section 2) in object code
or executable form under the terms of Sections 1
and 2 above provided that you also do one of the
following:

a) Accompany it with the complete
corresponding machine-readable source code,
which must be distributed under the terms of
Sections 1 and 2 above on a medium
customarily used for software interchange;
or,

b) Accompany it with a written offer, valid for
at least three years, to give any third party,
for a charge no more than your cost of
physically performing source distribution, a
complete machine-readable copy of the
corresponding source code, to be distributed
under the terms of Sections 1 and 2 above on
a medium customarily used for software
interchange; or,
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¢) Accompany it with the information you
received as to the offer to distribute
corresponding source code. (This alternative
is allowed only for noncommercial
distribution and only if you received the
program in object code or executable form
with such an offer, in accord with Subsection
b above.)
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The source code for a work means the preferred
form of the work for making modifications to it.
For an executable work, complete source code
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means all the source code for all modules it
contains, plus any associated interface definition
files, plus the scripts used to control compilation
and installation of the executable. However, as
a special exception, the source code distributed
need not include anything that is normally
distributed (in either source or binary form) with
the major components (compiler, kernel, and so
on) of the operating system on which the
executable runs, unless that component itself
accompanies the executable.

If distribution of executable or object code is made
by offering access to copy from a designated place,
then offering equivalent access to copy the source

code from the same place counts as distribution of
the source code, even though third parties are not
compelled to copy the source along with the object
code.

4. You may not copy, modify, sublicense, or
distribute the Program except as expressly
provided under this License. Any attempt
otherwise to copy, modify, sublicense or distribute
the Program is void, and will automatically
terminate your rights under this License.
However, parties who have received copies, or
rights, from you under this License will not have
their licenses terminated so long as such parties
remain in full compliance.

5. You are not required to accept this License,
since you have not signed it. However, nothing
else grants you permission to modify or distribute
the Program or its derivative works. These
actions are prohibited by law if you do not accept
this License. Therefore, by modifying or
distributing the Program (or any work based on
the Program), you indicate your acceptance of this
License to do so, and all its terms and conditions
for copying, distributing or modifying the
Program or works based on it.

6. Each time you redistribute the Program (or
any work based on the Program), the recipient
automatically receives a license from the original
licensor to copy, distribute or modify the Program
subject to these terms and conditions. You may
not impose any further restrictions on the
recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance
by third parties to this License.

7. If, as a consequence of a court judgment or
allegation of patent infringement or for any other

reason (not limited to patent issues), conditions
are imposed on you (whether by court order,
agreement or otherwise) that contradict the
conditions of this License, they do not excuse you
from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your
obligations under this License and any other
pertinent obligations, then as a consequence you
may not distribute the Program at all. For
example, if a patent license would not permit
royalty-free redistribution of the Program by all
those who receive copies directly or indirectly
through you, then the only way you could satisfy
both it and this License would be to refrain
entirely from distribution of the Program.

If any portion of this section is held invalid or
unenforceable under any particular circumstance,
the balance of the section is intended to apply and
the section as a whole is intended to apply in
other circumstances.

It is not the purpose of this section to induce you
to infringe any patents or other property right
claims or to contest validity of any such claims;
this section has the sole purpose of protecting the
integrity of the free software distribution system,
which is implemented by public license practices.
Many people have made generous contributions
to the wide range of software distributed through
that system in reliance on consistent application
of that system; it is up to the author/donor to
decide if he or she is willing to distribute software
through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear
what is believed to be a consequence of the rest of
this License.

8. If the distribution and/or use of the Program
is restricted in certain countries either by patents
or by copyrighted interfaces, the original
copyright holder who places the Program under
this License may add an explicit geographical
distribution limitation excluding those countries,
so that distribution is permitted only in or among
countries not thus excluded. In such case, this
License incorporates the limitation as if written
in the body of this License.

9. The Free Software Foundation may publish
revised and/or new versions of the General Public
License from time to time. Such new versions
will be similar in spirit to the present version, but
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may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version
number. If the Program specifies a version
number of this License which applies to it and
"any later version", you have the option of
following the terms and conditions either of that
version or of any later version published by the
Free Software Foundation. If the Program does
not specify a version number of this License, you
may choose any version ever published by the
Free Software Foundation.

10. If you wish to incorporate parts of the
Program into other free programs whose
distribution conditions are different, write to the
author to ask for permission. For software
which is copyrighted by the Free Software
Foundation, write to the Free Software
Foundation; we sometimes make exceptions for
this. Our decision will be guided by the two
goals of preserving the free status of all
derivatives of our free software and of promoting
the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED
FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN OTHERWISE STATED IN WRITING
THE COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM "AS IS"
WITHOUT WARRANTY OF ANY KIND,
EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE
OF THE PROGRAM IS WITH YOU. SHOULD
THE PROGRAM PROVE DEFECTIVE, YOU
ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY
APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE PROGRAM AS
PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR

CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE THE
PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES
SUSTAINED BY YOU OR THIRD PARTIES OR
A FAILURE OF THE PROGRAM TO OPERATE
WITH ANY OTHER PROGRAMS), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New
Programs

If you develop a new program, and you want it
to be of the greatest possible use to the public, the
best way to achieve this is to make it free
software which everyone can redistribute and
change under these terms.

To do so, attach the following notices to the
program. It is safest to attach them to the start
of each source file to most effectively convey the
exclusion of warranty; and each file should have
at least the "copyright" line and a pointer to
where the full notice is found.

<one line to give the program's name and a
brief idea of what it does.>
Copyright (C) <year> <name of author>

This program is free software; you can
redistribute it and/or modify it under the
terms of the GNU General Public License as
published by the Free Software Foundation;
either version 2 of the License, or (at your
option) any later version.
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This program is distributed in the hope that
it will be useful, but WITHOUT ANY
WARRANTY; without even the implied
warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more
details.

o Xtpuaddy

You should have received a copy of the GNU
General Public License along with this
program; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth
Floor, Boston, MA 02110-1301 USA.
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Also add information on how to contact you by
electronic and paper mail.

If the program is interactive, make it output a
short notice like this when it starts in an
interactive mode:

Gnomovision version 69, Copyright (C) year
name of author Gnomovision comes with
ABSOLUTELY NO WARRANTY; for details
type ‘show w'. This is free software, and you
are welcome to redistribute it under certain
conditions; type “show c' for details.

The hypothetical commands “show w' and “show ¢'
should show the appropriate parts of the General
Public License. Of course, the commands you
use may be called something other than "show w'
and ‘show c'; they could even be mouse-clicks or
menu items--whatever suits your program.

You should also get your employer (if you work as
a programmer) or your school, if any, to sign a

"copyright disclaimer" for the program, if
necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright
interest in the program

*Gnomovision' (which makes passes at
compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit
incorporating your program into proprietary
programs. If your program is a subroutine
library, you may consider it more useful to permit
linking proprietary applications with the library.
If this is what you want to do, use the GNU
Lesser General Public License instead of this
License.
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(*10) U-Boot socfpga_v2024.01:
GPLv3

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation,
Inc. <https:/fsf.org/>

Everyone is permitted to copy and distribute
verbatim copies of this license document, but
changing it is not allowed.

Preamble

The GNU General Public License is a free,
copyleft license for software and other kinds of
works.

The licenses for most software and other
practical works are designed to take away your
freedom to share and change the works. By
contrast, the GNU General Public License is
intended to guarantee your freedom to share and
change all versions of a program--to make sure it
remains free software for all its users. We, the
Free Software Foundation, use the GNU General
Public License for most of our software; it applies
also to any other work released this way by its
authors. You can apply it to your programs, too.

When we speak of free software, we are
referring to freedom, not price. Our General
Public Licenses are designed to make sure that
you have the freedom to distribute copies of free
software (and charge for them if you wish), that
you receive source code or can get it if you want it,
that you can change the software or use pieces of
it in new free programs, and that you know you
can do these things.

To protect your rights, we need to prevent
others from denying you these rights or asking
you to surrender the rights. Therefore, you have
certain responsibilities if you distribute copies of
the software, or if you modify it: responsibilities
to respect the freedom of others.

For example, if you distribute copies of such a
program, whether gratis or for a fee, you must
pass on to the recipients the same freedoms that
you received. You must make sure that they, too,
receive or can get the source code. And you must
show them these terms so they know their rights.

Developers that use the GNU GPL protect your
rights with two steps:
(1) assert copyright on the software, and (2) offer
you this License giving you legal permission to
copy, distribute and/or modify it.

For the developers' and authors' protection, the
GPL clearly explains that there is no warranty for
this free software. For both users' and authors'
sake, the GPL requires that modified versions be
marked as changed, so that their problems will
not be attributed erroneously to authors of
previous versions.

Some devices are designed to deny users access
to install or run modified versions of the software
inside them, although the manufacturer can do so.
This 1s fundamentally incompatible with the aim
of protecting users' freedom to change the
software. The systematic pattern of such abuse
occurs in the area of products for individuals to
use, which is precisely where it is most
unacceptable. Therefore, we have designed this
version of the GPL to prohibit the practice for
those products. If such problems arise
substantially in other domains, we stand ready to
extend this provision to those domains in future
versions of the GPL, as needed to protect the
freedom of users.

Finally, every program is threatened constantly
by software patents.
States should not allow patents to restrict
development and use of software on
general-purpose computers, but in those that do,
we wish to avoid the special danger that patents
applied to a free program could make it effectively
proprietary. To prevent this, the GPL assures
that patents cannot be used to render the
program non-free.
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The precise terms and conditions for copying,
distribution and modification follow.

TERMS AND CONDITIONS
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0. Definitions.

"This License" refers to version 3 of the GNU
General Public License.
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"Copyright" also means copyright-like laws that
apply to other kinds of works, such as
semiconductor masks.

"The Program" refers to any copyrightable work
licensed under this License. Each licensee is
addressed as "you". "Licensees" and "recipients"
may be individuals or organizations.

To "modify" a work means to copy from or adapt
all or part of the work in a fashion requiring
copyright permission, other than the making of
an exact copy. The resulting work is called a
"modified version" of the earlier work or a work
"based on" the earlier work.

A "covered work" means either the unmodified
Program or a work based on the Program.

To "propagate" a work means to do anything
with it that, without permission, would make you
directly or secondarily liable for infringement
under applicable copyright law, except executing
it on a computer or modifying a private copy.
Propagation includes copying, distribution (with
or without modification), making available to the
public, and in some countries other activities as
well.

To "convey" a work means any kind of
propagation that enables other parties to make or
receive copies. Mere interaction with a user
through
a computer network, with no transfer of a copy, is
not conveying.

An interactive user interface displays
"Appropriate Legal Notices" to the extent that it
includes a convenient and prominently visible
feature that (1) displays an appropriate copyright
notice, and (2) tells the user that there is no
warranty for the work (except to the extent that
warranties are provided), that licensees may
convey the work under this License, and how to
view a copy of this License. If the interface
presents a list of user commands or options, such
as a menu, a prominent item in the list meets this
criterion.

1. Source Code.

The "source code" for a work means the
preferred form of the work for making
modifications to it. "Object code" means any
non-source form of a work.

A "Standard Interface" means an interface that
either is an official standard defined by a
recognized standards body, or, in the case of
interfaces specified for a particular programming
language, one that is widely used among
developers working in that language.

The "System Libraries" of an executable work
include anything, other than the work as a whole,
that (a) is included in the normal form of
packaging a Major Component, but which is not
part of that Major Component, and (b) serves only
to enable use of the work with that Major
Component, or to implement a Standard Interface
for which an implementation is available to the
public in source code form. A "Major
Component", in this context, means a major
essential component (kernel, window system, and
so on) of the specific operating system
(if any) on which the executable work runs, or a
compiler used to produce the work, or an object
code interpreter used to run it.

The "Corresponding Source" for a work in object
code form means all the source code needed to
generate, install, and (for an executable work)
run the object code and to modify the work,
including scripts to control those activities.
However, it does not include the work's System
Libraries, or general-purpose tools or generally
available free programs which are used
unmodified in performing those activities but
which are not part of the work. For example,
Corresponding Source includes interface
definition files associated with source files for the
work, and the source code for shared libraries and
dynamically linked subprograms that the work is
specifically designed to require, such as by
intimate data communication or control flow
between those subprograms and other parts of the
work.

The Corresponding Source need not include
anything that users can regenerate automatically
from other parts of the Corresponding Source.

The Corresponding Source for a work in source
code form is that same work.

2. Basic Permissions.
All rights granted under this License are

granted for the term of copyright on the Program,
and are irrevocable provided the stated conditions

E-16



Appendix E Software Licenses

are met. This License explicitly affirms your
unlimited permission to run the unmodified
Program. The output from running a covered
work is covered by this License only if the output,
given its content, constitutes a covered work.
This License acknowledges your rights of fair use
or other equivalent, as provided by copyright law.

You may make, run and propagate covered
works that you do not convey, without conditions

so long as your license otherwise remains in force.

You may convey covered works to others for the
sole purpose of having them make modifications
exclusively for you, or provide you with facilities
for running those works, provided that you
comply with the terms of this License in
conveying all material for which you do not
control copyright. Those thus making or
running the covered works for you must do so
exclusively on your behalf, under your direction
and control, on terms that prohibit them from
making any copies of your copyrighted material
outside their relationship with you.

Conveying under any other circumstances is
permitted solely under the conditions stated
below. Sublicensing is not allowed; section 10
makes it unnecessary.

3. Protecting Users' Legal Rights From
Anti-Circumvention Law.

No covered work shall be deemed part of an
effective technological measure under any
applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20
December 1996, or similar laws prohibiting or
restricting circumvention of such measures.

When you convey a covered work, you waive
any legal power to forbid circumvention of
technological measures to the extent such
circumvention is effected by exercising rights
under this License with respect to the covered
work, and you disclaim any intention to limit
operation or modification of the work as a means
of enforcing, against the work's users, your or
third parties' legal rights to forbid circumvention
of technological measures.

4. Conveying Verbatim Copies.
You may convey verbatim copies of the

Program's source code as you receive it, in any
medium, provided that you conspicuously and

appropriately publish on each copy an
appropriate copyright notice;

keep intact all notices stating that this License
and any non-permissive terms added in accord
with section 7 apply to the code;

keep intact all notices of the absence of any
warranty; and give all recipients a copy of this
License along with the Program.

You may charge any price or no price for each
copy that you convey, and you may offer support
or warranty protection for a fee.

5. Conveying Modified Source Versions.

You may convey a work based on the Program,
or the modifications to produce it from the
Program, in the form of source code under the
terms of section 4, provided that you also meet all
of these conditions:

a) The work must carry prominent notices
stating that you modified it, and giving a
relevant date.

b) The work must carry prominent notices
stating that it is released under this License
and any conditions added under section 7.
This requirement modifies the requirement
in section 4 to "keep intact all notices".

¢) You must license the entire work, as a
whole, under this License to anyone who
comes into possession of a copy. This
License will therefore apply, along with any
applicable section 7 additional terms, to the
whole of the work, and all its parts,
regardless of how they are packaged. This
License gives no permission to license the
work in any other way, but it does not
invalidate such permission if you have
separately received it.
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d) If the work has interactive user interfaces,
each must display Appropriate Legal Notices;
however, if the Program has interactive
interfaces that do not display Appropriate
Legal Notices, your work need not make
them do so.

o Xtpuaddy

A compilation of a covered work with other
separate and independent works, which are not
by their nature extensions of the covered work,
and which are not combined with it such as to
form a larger program, in or on a volume of a
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storage or distribution medium, is called an
"aggregate" if the compilation and its resulting
copyright are not used to limit the access or legal
rights of the compilation's users beyond what the
individual works permit. Inclusion of a covered
work in an aggregate does not cause this License
to apply to the other parts of the aggregate.

6. Conveying Non-Source Forms.

You may convey a covered work in object code
form under the terms of sections 4 and 5, provided
that you also convey the machine-readable
Corresponding Source under the terms of this
License, in one of these ways:

a) Convey the object code in, or embodied in,
a physical product (including a physical
distribution medium), accompanied by the
Corresponding Source fixed on a durable
physical medium customarily used for
software interchange.

b) Convey the object code in, or embodied in,
a physical product (including a physical
distribution medium), accompanied by a
written offer, valid for at least three years
and valid for as long as you offer spare parts
or customer support for that product model,
to give anyone who possesses the object code
either (1) a copy of the Corresponding Source
for all the software in the product that is
covered by this License, on a durable physical
medium customarily used for software
interchange, for a price no more than your
reasonable cost of physically performing this
conveying of source, or (2) access to copy the
Corresponding Source from a network server
at no charge.

¢) Convey individual copies of the object code
with a copy of the written offer to provide the
Corresponding Source. This alternative 1s
allowed only occasionally and
noncommercially, and only if you received the
object code with such an offer, in accord with
subsection 6b.

d) Convey the object code by offering access
from a designated place (gratis or for a
charge), and offer equivalent access to the
Corresponding Source in the same way
through the same place at no further charge.
You need not require recipients to copy the
Corresponding Source along with the object

code. If the place to copy the object code is a
network server, the Corresponding Source
may be on a different server (operated by you
or a third party) that supports equivalent
copying facilities, provided you maintain
clear directions next to the object code saying
where to find the Corresponding Source.
Regardless of what server hosts the
Corresponding Source, you remain obligated
to ensure that it is available for as long as
needed to satisfy these requirements.

e) Convey the object code using peer-to-peer
transmission, provided you inform other
peers where the object code and
Corresponding Source of the work are being
offered to the general public at no charge
under subsection 6d.

A separable portion of the object code, whose
source code 1s excluded from the Corresponding
Source as a System Library, need not be included
in conveying the object code work.

A "User Product" is either (1) a "consumer
product", which means any tangible personal
property which is normally used for personal,
family, or household purposes, or (2) anything
designed or sold for incorporation into a dwelling.
In determining whether a product is a consumer
product, doubtful cases shall be resolved in favor
of coverage. For a particular product received by
a particular user, "normally used" refers to a
typical or common use of that class of product,
regardless of the status of the particular user or of
the way in which the particular user actually uses,
or expects or is expected to use, the product. A
product is a consumer product regardless of
whether the product has substantial commercial,
industrial or non-consumer uses, unless such uses
represent the only significant mode of use of the
product.

"Installation Information" for a User Product
means any methods, procedures, authorization
keys, or other information required to install and
execute modified versions of a covered work in
that User Product from a modified version of its
Corresponding Source. The information must
suffice to ensure that the continued functioning of
the modified object code is in no case prevented or
interfered with solely because modification has
been made.
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If you convey an object code work under this
section in, or with, or specifically for use in, a
User Product, and the conveying occurs as part of
a transaction in which the right of possession and
use of the User Product is transferred to the
recipient in perpetuity or for a fixed term
(regardless of how the transaction is
characterized), the Corresponding Source
conveyed under this section must be accompanied
by the Installation Information. But this
requirement does not apply if neither you nor any
third party retains the ability to install modified
object code on the User Product (for example, the
work has been installed in ROM).

The requirement to provide Installation
Information does not include a requirement to
continue to provide support service, warranty, or
updates for a work that has been modified or
installed by the recipient, or for the User Product
in which it has been modified or installed.
Access to a network may be denied when the
modification itself materially and adversely
affects the operation of the network or violates
the rules and protocols for communication across
the network.

Corresponding Source conveyed, and
Installation Information provided, in accord with
this section must be in a format that is publicly
documented (and with an implementation
available to the public in source code form), and
must require no special password or key for
unpacking, reading or copying.

7. Additional Terms.

"Additional permissions" are terms that
supplement the terms of this License by making
exceptions from one or more of its conditions.
Additional permissions that are applicable to the
entire Program shall be treated as though they
were included in this License, to the extent that
they are valid under applicable law. If
additional permissions apply only to part of the
Program, that part may be used separately under
those permissions, but the entire Program
remains governed by this License without regard
to the additional permissions.

When you convey a copy of a covered work, you
may at your option remove any additional
permissions from that copy, or from any part of it.
(Additional permissions may be written to require
their own removal in certain cases when you

modify the work.) You may place additional
permissions on material, added by you to a
covered work, for which you have or can give
appropriate copyright permission.

Notwithstanding any other provision of this
License, for material you add to a covered work,
you may (f authorized by the copyright holders of
that material) supplement the terms of this
License with terms:

a) Disclaiming warranty or limiting liability
differently from the terms of sections 15 and
16 of this License; or

b) Requiring preservation of specified
reasonable legal notices or author
attributions in that material or in the
Appropriate Legal Notices displayed by
works containing it; or

¢) Prohibiting misrepresentation of the origin
of that material, or requiring that modified
versions of such material be marked in
reasonable ways as different from the
original version; or

d) Limiting the use for publicity purposes of
names of licensors or authors of the material;
or

e) Declining to grant rights under trademark
law for use of some trade names, trademarks,
or service marks; or

f) Requiring indemnification of licensors and
authors of that material by anyone who
conveys the material (or modified versions of
it) with contractual assumptions of liability
to the recipient, for any liability that these
contractual assumptions directly impose on
those licensors and authors.
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All other non-permissive additional terms are
considered "further restrictions" within the
meaning of section 10. If the Program as you
received it, or any part of it, contains a notice
stating that it is governed by this License along
with a term that is a further restriction, you may
remove that term. If a license document
contains a further restriction but permits
relicensing or conveying under this License, you
may add to a covered work material governed by
the terms of that license document, provided that
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the further restriction does not survive such
relicensing or conveying.

If you add terms to a covered work in accord
with this section, you must place, in the relevant
source files, a statement of the additional terms
that apply to those files, or a notice indicating
where to find the applicable terms.

Additional terms, permissive or non-permissive,
may be stated in the form of a separately written
license, or stated as exceptions;
the above requirements apply either way.

8. Termination.

You may not propagate or modify a covered
work except as expressly provided under this
License. Any attempt otherwise to propagate or
modify it is void, and will automatically terminate
your rights under this License (including any
patent licenses granted under the third
paragraph of section 11).

However, if you cease all violation of this
License, then your license from a particular
copyright holder is reinstated (a) provisionally,
unless and until the copyright holder explicitly
and finally terminates your license, and (b)
permanently, if the copyright holder fails to notify
you of the violation by some reasonable means
prior to 60 days after the cessation.

Moreover, your license from a particular
copyright holder is reinstated permanently if the
copyright holder notifies you of the violation by
some reasonable means, this is the first time you
have received notice of violation of this License
(for any work) from that copyright holder, and you
cure the violation prior to 30 days after your
receipt of the notice.

Termination of your rights under this section
does not terminate the licenses of parties who
have received copies or rights from you under this
License. If your rights have been terminated
and not permanently reinstated, you do not
qualify to receive new licenses for the same
material under section 10.

9. Acceptance Not Required for Having Copies.
You are not required to accept this License in

order to receive or run a copy of the Program.
Ancillary propagation of a covered work occurring

solely as a consequence of using peer-to-peer
transmission to receive a copy likewise does not
require acceptance. However, nothing other
than this License grants you permission to
propagate or modify any covered work. These
actions infringe copyright if you do not accept this
License. Therefore, by modifying or propagating
a covered work, you indicate your acceptance of
this License to do so.

10. Automatic Licensing of Downstream
Recipients.

Each time you convey a covered work, the
recipient automatically receives a license from
the original licensors, to run, modify and
propagate that work, subject to this License.
You are not responsible for enforcing compliance
by third parties with this License.

An "entity transaction" is a transaction
transferring control of an organization, or
substantially all assets of one, or subdividing an
organization, or merging organizations. If
propagation of a covered work results from an
entity transaction, each party to that transaction
who receives a copy of the work also receives
whatever licenses to the work the party's
predecessor in interest had or could give under
the previous paragraph, plus a right to possession
of the Corresponding Source of the work from the
predecessor in interest, if the predecessor has it
or can get it with reasonable efforts.

You may not impose any further restrictions on
the exercise of the rights granted or affirmed
under this License. For example, you may not
impose a license fee, royalty, or other charge for
exercise of rights granted under this License, and
you may not initiate litigation (including a
cross-claim or counterclaim in a lawsuit) alleging
that any patent claim is infringed by making,
using, selling, offering for sale, or importing the
Program or any portion of it.

11. Patents.

A "contributor" is a copyright holder who
authorizes use under this License of the Program
or a work on which the Program is based. The
work thus licensed is called the contributor's
"contributor version".

A contributor's "essential patent claims" are all
patent claims owned or controlled by the
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contributor, whether already acquired or
hereafter acquired, that would be infringed by
some manner, permitted by this License, of
making, using, or selling its contributor version,
but do not include claims that would be infringed
only as a consequence of further modification of
the contributor version. For purposes of this
definition, "control" includes the right to grant
patent sublicenses in a manner consistent with
the requirements of this License.

Each contributor grants you a non-exclusive,
worldwide, royalty-free patent license under the
contributor's essential patent claims, to make,
use, sell, offer for sale, import and otherwise run,
modify and propagate the contents of its
contributor version.

In the following three paragraphs, a "patent
license" is any express agreement or commitment,
however denominated, not to enforce a patent
(such as an express permission to practice a
patent or covenant not to sue for patent
infringement). To "grant" such a patent license
to a party means to make such an agreement or
commitment not to enforce a patent against the

party.

If you convey a covered work, knowingly relying
on a patent license, and the Corresponding Source
of the work is not available for anyone to copy,
free of charge and under the terms of this License,
through a publicly available network server or
other readily accessible means, then you must
either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the
benefit of the patent license for this particular
work, or (3) arrange, in a manner consistent with
the requirements of this License, to extend the
patent license to downstream recipients.
"Knowingly relying" means you have actual
knowledge that, but for the patent license, your
conveying the covered work in a country, or your
recipient's use of the covered work in a country,
would infringe one or more identifiable patents in
that country that you have reason to believe are
valid.

If, pursuant to or in connection with a single
transaction or arrangement, you convey, or
propagate by procuring conveyance of, a covered
work, and grant a patent license to some of the
parties receiving the covered work authorizing
them to use, propagate, modify or convey a
specific copy of the covered work, then the patent

license you grant is automatically extended to all
recipients of the covered work and works based on
it.

A patent license is "discriminatory" if it does
not include within the scope of its coverage,
prohibits the exercise of, or is conditioned on the
non-exercise of one or more of the rights that are
specifically granted under this License. You
may not convey a covered work if you are a party
to an arrangement with a third party that is in
the business of distributing software, under
which you make payment to the third party based
on the extent of your activity of conveying the
work, and under which the third party grants, to
any of the parties who would receive the covered
work from you, a discriminatory patent license (a)
in connection with copies of the covered work
conveyed by you (or copies made from those
copies), or (b) primarily for and in connection with
specific products or compilations that contain the
covered work, unless you entered into that
arrangement, or that patent license was granted,
prior to 28 March 2007.

Nothing in this License shall be construed as
excluding or limiting any implied license or other
defenses to infringement that may otherwise be
available to you under applicable patent law.

12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by
court order, agreement or otherwise) that
contradict the conditions of this License, they do
not excuse you from the conditions of this License.
If you cannot convey a covered work so as to
satisfy simultaneously your obligations under
this License and any other pertinent obligations,
then as a consequence you may not convey it at all.
For example, if you agree to terms that obligate
you to collect a royalty for further conveying from
those to whom you convey the Program, the only
way you could satisfy both those terms and this
License would be to refrain entirely from
conveying the Program.
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13. Use with the GNU Affero General Public
License.
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Notwithstanding any other provision of this
License, you have permission to link or combine
any covered work with a work licensed under
version 3 of the GNU Affero General Public
License into a single combined work, and to
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convey the resulting work. The terms of this
License will continue to apply to the part which is
the covered work, but the special requirements of
the GNU Affero General Public License, section
13, concerning interaction through a network will
apply to the combination as such.

14. Revised Versions of this License.

The Free Software Foundation may publish
revised and/or new versions of the GNU General
Public License from time to time. Such new
versions will be similar in spirit to the present
version, but may differ in detail to address new
problems or concerns.

Each version is given a distinguishing version
number. If the Program specifies that a certain
numbered version of the GNU General Public
License "or any later version" applies to it, you
have the option of following the terms and
conditions either of that numbered version or of
any later version published by the Free Software
Foundation. If the Program does not specify a
version number of the GNU General Public
License, you may choose any version ever
published by the Free Software Foundation.

If the Program specifies that a proxy can decide
which future versions of the GNU General Public
License can be used, that proxy's public
statement of acceptance of a version permanently
authorizes you to choose that version for the
Program.

Later license versions may give you additional
or different permissions. However, no additional
obligations are imposed on any author or
copyright holder as a result of your choosing to
follow a later version.

15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE
PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM "AS IS"
WITHOUT WARRANTY OF ANY KIND,
EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. THE ENTIRE RISK

AS TO THE QUALITY AND PERFORMANCE
OF THE PROGRAM IS WITH YOU. SHOULD
THE PROGRAM PROVE DEFECTIVE, YOU
ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.

16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY
APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MODIFIES
AND/OR CONVEYS THE PROGRAM AS
PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE THE
PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES
SUSTAINED BY YOU OR THIRD PARTIES OR
A FAILURE OF THE PROGRAM TO OPERATE
WITH ANY OTHER PROGRAMS), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of
liability provided above cannot be given local
legal effect according to their terms, reviewing
courts shall apply local law that most closely
approximates an absolute waiver of all civil
liability in connection with the Program, unless a
warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New
Programs

If you develop a new program, and you want it
to be of the greatest possible use to the public, the
best way to achieve this is to make it free
software which everyone can redistribute and
change under these terms.

To do so, attach the following notices to the
program. It is safest to attach them to the start
of each source file to most effectively state the
exclusion of warranty; and each file should have
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at least the "copyright" line and a pointer to
where the full notice is found.

<one line to give the program's name and a
brief idea of what it does.>
Copyright (C) <year> <name of author>

This program is free software: you can
redistribute it and/or modify it under the
terms of the GNU General Public License as
published by the Free Software Foundation,
either version 3 of the License, or (at your
option) any later version.

This program is distributed in the hope that
it will be useful, but WITHOUT ANY
WARRANTY; without even the implied
warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more
details.

You should have received a copy of the GNU
General Public License along with this
program. If not, see
<https://www.gnu.org/licenses/>.

Also add information on how to contact you by
electronic and paper mail.

If the program does terminal interaction, make
it output a short notice like this when it starts in
an interactive mode:

<program> Copyright (C) <year> <name
of author>

This program comes with ABSOLUTELY NO
WARRANTY:; for details type “show w'.

This is free software, and you are welcome to
redistribute it under certain conditions; type
“show c¢' for details.

The hypothetical commands ‘show w' and “show c'
should show the appropriate parts of the General
Public License. Of course, your program's
commands might be different; for a GUI interface,
you would use an "about box".

You should also get your employer (if you work
as a programmer) or school, if any, to sign a
"copyright disclaimer" for the program, if
necessary. For more information on this, and how
to apply and follow the GNU GPL, see
<https://www.gnu.org/licenses/>.

The GNU General Public License does not
permit incorporating your program into
proprietary programs. If your program is a
subroutine library, you may consider it more
useful to permit linking proprietary applications
with the library. If this is what you want to do,
use the GNU Lesser General Public License
instead of this License. But first, please read
<https://www.gnu.org/licenses/why-not-lgpl.html
>,
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(*11) U-Boot socfpga_v2024.01:
LGPLv2.1

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software
Foundation, Inc.

51 Franklin Street, Fifth Floor, Boston, MA
02110-1301 USA

Everyone is permitted to copy and distribute
verbatim copies of this license document, but
changing it is not allowed.

[This is the first released version of the Lesser
GPL. It also counts as the successor of the GNU
Library Public License, version 2, hence the
version number 2.1.]

Preamble

The licenses for most software are designed to
take away your freedom to share and change it.
By contrast, the GNU General Public Licenses
are intended to guarantee your freedom to share
and change free software--to make sure the
software is free for all its users.

This license, the Lesser General Public License,
applies to some specially designated software
packages--typically libraries--of the Free Software
Foundation and other authors who decide to use
it. You can use it too, but we suggest you first
think carefully about whether this license or the
ordinary General Public License is the better
strategy to use in any particular case, based on
the explanations below.

When we speak of free software, we are
referring to freedom of use, not price. Our
General Public Licenses are designed to make
sure that you have the freedom to distribute
copies of free software (and charge for this service
if you wish); that you receive source code or can
get it if you want it; that you can change the
software and use pieces of it in new free
programs; and that you are informed that you can
do these things.

To protect your rights, we need to make
restrictions that forbid distributors to deny you
these rights or to ask you to surrender these
rights. These restrictions translate to certain

responsibilities for you if you distribute copies of
the library or if you modify it.

For example, if you distribute copies of the
library, whether gratis or for a fee, you must give
the recipients all the rights that we gave you.
You must make sure that they, too, receive or can
get the source code. If you link other code with
the library, you must provide complete object files
to the recipients, so that they can relink them
with the library after making changes to the
library and recompiling it. And you must show
them these terms so they know their rights.

We protect your rights with a two-step method:
(1) we copyright the library, and (2) we offer you
this license, which gives you legal permission to
copy, distribute and/or modify the library.

To protect each distributor, we want to make it
very clear that there is no warranty for the free
library. Also, if the library is modified by
someone else and passed on, the recipients should
know that what they have is not the original
version, so that the original author's reputation
will not be affected by problems that might be
introduced by others.

Finally, software patents pose a constant threat
to the existence of any free program. We wish to
make sure that a company cannot effectively
restrict the users of a free program by obtaining a
restrictive license from a patent holder.
Therefore, we insist that any patent license
obtained for a version of the library must be
consistent with the full freedom of use specified in
this license.

Most GNU software, including some libraries,
is covered by the ordinary GNU General Public
License. This license, the GNU Lesser General
Public License, applies to certain designated
libraries, and is quite different from the ordinary
General Public License. We use this license for
certain libraries in order to permit linking those
libraries into non-free programs.

When a program is linked with a library,
whether statically or using a shared library, the
combination of the two is legally speaking a
combined work, a derivative of the original
library. The ordinary General Public License
therefore permits such linking only if the entire
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combination fits its criteria of freedom. The
Lesser General Public License permits more lax
criteria for linking other code with the library.

We call this license the "Lesser" General Public
License because it does Less to protect the user's
freedom than the ordinary General Public License.
It also provides other free software developers
Less of an advantage over competing non-free
programs. These disadvantages are the reason
we use the ordinary General Public License for
many libraries. However, the Lesser license
provides advantages in certain special
circumstances.

For example, on rare occasions, there may be a
special need to encourage the widest possible use
of a certain library, so that it becomes a de-facto
standard. To achieve this, non-free programs
must be allowed to use the library. A more
frequent case is that a free library does the same
job as widely used non-free libraries. In this
case, there is little to gain by limiting the free
library to free software only, so we use the Lesser
General Public License.

In other cases, permission to use a particular
library in non-free programs enables a greater
number of people to use a large body of free
software. For example, permission to use the
GNU C Library in non-free programs enables
many more people to use the whole GNU
operating system, as well as its variant, the
GNU/Linux operating system.

Although the Lesser General Public License is
Less protective of the users' freedom, it does
ensure that the user of a program that is linked
with the Library has the freedom and the
wherewithal to run that program using a
modified version of the Library.

The precise terms and conditions for copying,
distribution and modification follow. Pay close
attention to the difference between a "work based
on the library" and a "work that uses the library".
The former contains code derived from the library,
whereas the latter must be combined with the
library in order to run.

GNU LESSER GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any
software library or other program which contains
a notice placed by the copyright holder or other
authorized party saying it may be distributed
under the terms of this Lesser General Public
License (also called "this License"). Each licensee
is addressed as "you".

A "library" means a collection of software
functions and/or data prepared so as to be
conveniently linked with application programs
(which use some of those functions and data) to
form executables.

The "Library", below, refers to any such
software library or work which has been
distributed under these terms. A "work based on
the Library" means either the Library or any
derivative work under copyright law: that is to
say, a work containing the Library or a portion of
it, either verbatim or with modifications and/or
translated straightforwardly into another
language. (Hereinafter, translation is included
without limitation in the term "modification".)

"Source code" for a work means the preferred
form of the work for making modifications to it.
For a library, complete source code means all the
source code for all modules it contains, plus any
associated interface definition files, plus the
scripts used to control compilation and
installation of the library.

Activities other than copying, distribution and
modification are not covered by this License; they
are outside its scope. The act of running a
program using the Library is not restricted, and
output from such a program is covered only if its
contents constitute a work based on the Library
(independent of the use of the Library in a tool for
writing it). Whether that is true depends on
what the Library does and what the program that
uses the Library does.
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1. You may copy and distribute verbatim copies
of the Library's complete source code as you
receive it, in any medium, provided that you
conspicuously and appropriately publish on each
copy an appropriate copyright notice and
disclaimer of warranty; keep intact all the notices
that refer to this License and to the absence of
any warranty; and distribute a copy of this
License along with the Library.
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You may charge a fee for the physical act of
transferring a copy, and you may at your option
offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the
Library or any portion of it, thus forming a work
based on the Library, and copy and distribute
such modifications or work under the terms of
Section 1 above, provided that you also meet all of
these conditions:

a) The modified work must itself be a
software library.

b) You must cause the files modified to carry
prominent notices stating that you changed
the files and the date of any change.

¢) You must cause the whole of the work to be
licensed at no charge to all third parties
under the terms of this License.

d) If a facility in the modified Library refers
to a function or a table of data to be supplied
by an application program that uses the
facility, other than as an argument passed
when the facility is invoked, then you must
make a good faith effort to ensure that, in the
event an application does not supply such
function or table, the facility still operates,
and performs whatever part of its purpose
remains meaningful.

(For example, a function in a library to
compute square roots has a purpose that is
entirely well-defined independent of the
application. Therefore, Subsection 2d
requires that any application-supplied
function or table used by this function must
be optional: if the application does not supply
it, the square root function must still
compute square roots.)

These requirements apply to the modified work as
a whole. Ifidentifiable sections of that work are
not derived from the Library, and can be
reasonably considered independent and separate
works in themselves, then this License, and its
terms, do not apply to those sections when you
distribute them as separate works. But when
you distribute the same sections as part of a
whole which is a work based on the Library, the
distribution of the whole must be on the terms of
this License, whose permissions for other

licensees extend to the entire whole, and thus to
each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim
rights or contest

your rights to work written entirely by you;
rather, the intent is to exercise the right to
control the distribution of derivative or collective
works based on the Library.

In addition, mere aggregation of another work not
based on the Library with the Library (or with a
work based on the Library) on a volume of a
storage or distribution medium does not bring the
other work under the scope of this License.

3. You may opt to apply the terms of the
ordinary GNU General Public License instead of
this License to a given copy of the Library. To do
this, you must alter all the notices that refer to
this License, so that they refer to the ordinary
GNU General Public License, version 2, instead of
to this License. (If a newer version than version
2 of the ordinary GNU General Public License has
appeared, then you can specify that version
instead if you wish.) Do not make any other
change in these notices.

Once this change is made in a given copy, it is
irreversible for that copy, so the ordinary GNU
General Public License applies to all subsequent
copies and derivative works made from that copy.

This option is useful when you wish to copy part
of the code of the Library into a program that is
not a library.

4. You may copy and distribute the Library (or
a portion or derivative of it, under Section 2) in
object code or executable form under the terms of
Sections 1 and 2 above provided that you
accompany it with the complete corresponding
machine-readable source code, which must be
distributed under the terms of Sections 1 and 2
above on a medium customarily used for software
interchange.

If distribution of object code is made by offering
access to copy from a designated place, then
offering equivalent access to copy the source code
from the same place satisfies the requirement to
distribute the source code, even though third
parties are not compelled to copy the source along
with the object code.
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5. A program that contains no derivative of any
portion of the Library, but is designed to work
with the Library by being compiled or linked with
it, is called a "work that uses the Library". Such
a work, 1n 1solation, is not a derivative work of the
Library, and therefore falls outside the scope of
this License.

However, linking a "work that uses the
Library" with the Library creates an executable
that is a derivative of the Library (because it
contains portions of the Library), rather than a
"work that uses the library". The executable is
therefore covered by this License. Section 6 states
terms for distribution of such executables.

When a "work that uses the Library" uses
material from a header file that is part of the
Library, the object code for the work may be a
derivative work of the Library even though the
source code is not.

Whether this is true is especially significant if the
work can be linked without the Library, or if the
work is itself a library. The threshold for this to
be true is not precisely defined by law.

If such an object file uses only numerical
parameters, data structure layouts and accessors,
and small macros and small inline functions (ten
lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is
legally a derivative work. (Executables
containing this object code plus portions of the
Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the
Library, you may distribute the object code for the
work under the terms of Section 6.

Any executables containing that work also fall
under Section 6, whether or not they are linked
directly with the Library itself.

6. As an exception to the Sections above, you
may also combine or link a "work that uses the
Library" with the Library to produce a work
containing portions of the Library, and distribute
that work under terms of your choice, provided
that the terms permit modification of the work for
the customer's own use and reverse engineering
for debugging such modifications.

You must give prominent notice with each copy
of the work that the Library is used in it and that
the Library and its use are covered by this
License. You must supply a copy of this License.

If the work during execution displays copyright
notices, you must include the copyright notice for
the Library among them, as well as a reference
directing the user to the copy of this License.
Also, you must do one of these things:

a) Accompany the work with the complete
corresponding machine-readable source code
for the Library including whatever changes
were used in the work (which must be
distributed under Sections 1 and 2 above);
and, if the work is an executable linked with
the Library, with the complete
machine-readable "work that uses the
Library", as object code and/or source code, so
that the user can modify the Library and
then relink to produce a modified executable
containing the modified Library. (It is
understood that the user who changes the
contents of definitions files in the Library will
not necessarily be able to recompile the
application to use the modified definitions.)

b) Use a suitable shared library mechanism
for linking with the Library. A suitable
mechanism is one that (1) uses at run time a
copy of the library already present on the
user's computer system, rather than copying
library functions into the executable, and (2)
will operate properly with a modified version
of the library, if the user installs one, as long
as the modified version is
interface-compatible with the version that
the work was made with.

¢) Accompany the work with a written offer,
valid for at least three years, to give the same
user the materials specified in Subsection 6a,
above, for a charge no more than the cost of
performing this distribution.

d) If distribution of the work is made by

offering access to copy from a designated
place, offer equivalent access to copy the
above specified materials from the same

place.

e) Verify that the user has already received a
copy of these materials or that you have
already sent this user a copy.

For an executable, the required form of the
"work that uses the Library" must include any
data and utility programs needed for reproducing
the executable from it. However, as a special
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exception, the materials to be distributed need
not include anything that is normally distributed
(in either source or binary form) with the major
components (compiler, kernel, and so on) of the
operating system on which the executable runs,
unless that component itself accompanies the
executable.

It may happen that this requirement
contradicts the license restrictions of other
proprietary libraries that do not normally
accompany the operating system. Such a
contradiction means you cannot use both them
and the Library together in an executable that
you distribute.

7. You may place library facilities that are a
work based on the Library side-by-side in a single
library together with other library facilities not
covered by this License, and distribute such a
combined library, provided that the separate
distribution of the work based on the Library and
of the other library facilities is otherwise
permitted, and provided that you do these two
things:

a) Accompany the combined library with a
copy of the same work based on the Library,
uncombined with any other library facilities.
This must be distributed under the terms of
the Sections above.

b) Give prominent notice with the combined
library of the fact that part of it is a work
based on the Library, and explaining where
to find the accompanying uncombined form of
the same work.

8. You may not copy, modify, sublicense, link
with, or distribute the Library except as expressly
provided under this License. Any attempt
otherwise to copy, modify, sublicense, link with,
or distribute the Library is void, and will
automatically terminate your rights under this
License. However, parties who have received
copies, or rights, from you under this License will
not have their licenses terminated so long as such
parties remain in full compliance.

9. You are not required to accept this License,
since you have not signed it. However, nothing
else grants you permission to modify or distribute
the Library or its derivative works. These
actions are prohibited by law if you do not accept
this License. Therefore, by modifying or

distributing the Library (or any work based on
the Library), you indicate your acceptance of this
License to do so, and all its terms and conditions
for copying, distributing or modifying the Library
or works based on it.

10. Each time you redistribute the Library (or
any work based on the Library), the recipient
automatically receives a license from the original
licensor to copy, distribute, link with or modify
the Library subject to these terms and conditions.
You may not impose any further restrictions on
the recipients' exercise of the rights granted
herein.

You are not responsible for enforcing compliance
by third parties with this License.

11. If, as a consequence of a court judgment or
allegation of patent infringement or for any other
reason (not limited to patent issues), conditions
are imposed on you (whether by court order,
agreement or otherwise) that contradict the
conditions of this License, they do not excuse you
from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your
obligations under this License and any other
pertinent obligations, then as a consequence you
may not distribute the Library at all. For
example, if a patent license would not permit
royalty-free redistribution of the Library by all
those who receive copies directly or indirectly
through you, then the only way you could satisfy
both it and this License would be to refrain
entirely from distribution of the Library.

If any portion of this section is held invalid or
unenforceable under any particular circumstance,
the balance of the section is intended to apply,
and the section as a whole is intended to apply in
other circumstances.

It is not the purpose of this section to induce you
to infringe any patents or other property right
claims or to contest validity of any such claims;
this section has the sole purpose of protecting the
integrity of the free software distribution system
which is implemented by public license practices.
Many people have made generous contributions
to the wide range of software distributed through
that system in reliance on consistent application
of that system; it is up to the author/donor to
decide if he or she is willing to distribute software
through any other system and a licensee cannot
impose that choice.
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This section is intended to make thoroughly clear
what is believed to be a consequence of the rest of
this License.

12. If the distribution and/or use of the Library
1s restricted in certain countries either by patents
or by copyrighted interfaces, the original
copyright holder who places the Library under
this License may add an explicit geographical
distribution limitation excluding those countries,
so that distribution is permitted only in or among
countries not thus excluded. In such case, this
License incorporates the limitation as if written
in the body of this License.

13. The Free Software Foundation may publish
revised and/or new versions of the Lesser General
Public License from time to time.

Such new versions will be similar in spirit to the
present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version
number. If the Library specifies a version
number of this License which applies to it and
"any later version", you have the option of
following the terms and conditions either of that
version or of any later version published by the
Free Software Foundation. If the Library does
not specify a license version number, you may
choose any version ever published by the Free
Software Foundation.

14. If you wish to incorporate parts of the
Library into other free programs whose
distribution conditions are incompatible with
these, write to the author to ask for permission.
For software which is copyrighted by the Free
Software Foundation, write to the Free Software
Foundation; we sometimes make exceptions for
this. Our decision will be guided by the two
goals of preserving the free status of all
derivatives of our free software and of promoting
the sharing and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED
FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE LIBRARY, TO THE EXTENT
PERMITTED BY APPLICABLE LAW.

EXCEPT WHEN OTHERWISE STATED IN
WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE
LIBRARY "AS IS" WITHOUT WARRANTY OF

ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE
OF THE LIBRARY IS WITH YOU. SHOULD
THE LIBRARY PROVE DEFECTIVE, YOU
ASSUME THE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY
APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS
PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES, INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO
LOSS OF DATA OR DATA BEING RENDERED
INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF
THE LIBRARY TO OPERATE WITH ANY
OTHER SOFTWARE), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Libraries

If you develop a new library, and you want it to
be of the greatest possible use to the public, we
recommend making it free software that everyone
can redistribute and change. You can do so by
permitting redistribution under these terms (or,
alternatively, under the terms of the ordinary
General Public License).
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To apply these terms, attach the following
notices to the library. It is safest to attach them
to the start of each source file to most effectively
convey the exclusion of warranty; and each file
should have at least the "copyright" line and a
pointer to where the full notice is found.

o Xtpuaddy

<one line to give the library's name and a
brief idea of what it does.>
Copyright (C) <year> <name of author>

This library is free software; you can
redistribute it and/or modify it under the
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terms of the GNU Lesser General Public
License as published by the Free Software
Foundation; either version 2.1 of the License,
or (at your option) any later version.

This library is distributed in the hope that it
will be useful, but WITHOUT ANY
WARRANTY; without even the implied
warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE.
See the GNU Lesser General Public License
for more details.

You should have received a copy of the GNU
Lesser General Public License along with
this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth
Floor, Boston, MA 02110-1301 USA

Also add information on how to contact you by
electronic and paper mail.

You should also get your employer Gf you work as
a programmer) or your school, if any, to sign a
"copyright disclaimer" for the library, if necessary.
Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright
interest in the library ‘Frob' (a library for
tweaking knobs) written by James Random
Hacker.

<signature of Ty Coon>, 1 April 1990
Ty Coon, President of Vice

That's all there is to it!
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(*12) U-Boot socfpga_v2024.01:
LGPLv3

GNU LESSER GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation,
Inc. <https:/fsf.org/>

Everyone is permitted to copy and distribute
verbatim copies of this license document, but
changing it is not allowed.

This version of the GNU Lesser General Public
License incorporates the terms and conditions of
version 3 of the GNU General Public License,
supplemented by the additional permissions
listed below.

0. Additional Definitions.

As used herein, "this License" refers to version
3 of the GNU Lesser General Public License, and
the "GNU GPL" refers to version 3 of the GNU
General Public License.

"The Library" refers to a covered work governed
by this License, other than an Application or a
Combined Work as defined below.

An "Application" is any work that makes use of
an interface provided by the Library, but which is
not otherwise based on the Library.

Defining a subclass of a class defined by the
Library is deemed a mode of using an interface
provided by the Library.

A "Combined Work" is a work produced by
combining or linking an Application with the
Library. The particular version of the Library
with which the Combined Work was made is also
called the "Linked Version".

The "Minimal Corresponding Source" for a
Combined Work means the Corresponding Source
for the Combined Work, excluding any source
code for portions of the Combined Work that,
considered in isolation, are based on the
Application, and not on the Linked Version.

The "Corresponding Application Code" for a
Combined Work means the object code and/or
source code for the Application, including any
data and utility programs needed for reproducing
the Combined Work from the Application, but

excluding the System Libraries of the Combined
Work.

1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections
3 and 4 of this License without being bound by
section 3 of the GNU GPL.

2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your
modifications, a facility refers to a function or
data to be supplied by an Application that uses
the facility (other than as an argument passed
when the facility is invoked), then you may
convey a copy of the modified version:

a) under this License, provided that you make
a good faith effort to ensure that, in the event
an Application does not supply the function or
data, the facility still operates, and performs
whatever part of its purpose remains
meaningful, or

b) under the GNU GPL, with none of the
additional permissions of this License
applicable to that copy.

3. Object Code Incorporating Material from
Library Header Files.

The object code form of an Application may
incorporate material from a header file that is
part of the Library. You may convey such object
code under terms of your choice, provided that, if
the incorporated material is not limited to
numerical parameters, data structure layouts and
accessors, or small macros, inline functions and
templates (ten or fewer lines in length), you do
both of the following:
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a) Give prominent notice with each copy of the
object code that the Library is used in it and
that the Library and its use are covered by
this License.

o Xtpuaddy

b) Accompany the object code with a copy of
the GNU GPL and this license document.

4. Combined Works.
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You may convey a Combined Work under terms
of your choice that, taken together, effectively do
not restrict modification of the portions of the
Library contained in the Combined Work and
reverse engineering for debugging such
modifications, if you also do each of the following:

a) Give prominent notice with each copy of the
Combined Work that the Library is used in it
and that the Library and its use are covered by
this License.

b) Accompany the Combined Work with a copy
of the GNU GPL and this license document.

¢) For a Combined Work that displays
copyright notices during execution, include the
copyright notice for the Library among these
notices, as well as a reference directing the
user to the copies of the GNU GPL and this
license document.

d) Do one of the following:

0) Convey the Minimal Corresponding
Source under the terms of this License,
and the Corresponding Application Code
in a form suitable for, and under terms
that permait, the user to recombine or
relink the Application with a modified
version of the Linked Version to produce a
modified Combined Work, in the manner
specified by section 6 of the GNU GPL for
conveying Corresponding Source.

1) Use a suitable shared library
mechanism for linking with the Library.
A suitable mechanism is one that (a) uses
at run time a copy of the Library already
present on the user's computer system,
and (b) will operate properly with a
modified version of the Library that is
interface-compatible with the Linked
Version.

e) Provide Installation Information, but only if
you would otherwise be required to provide
such information under section 6 of the GNU
GPL, and only to the extent that such
information is necessary to install and execute
a modified version of the Combined Work
produced by recombining or relinking the
Application with a modified version of the
Linked Version. (If you use option 4d0, the
Installation Information must accompany the

Minimal Corresponding Source and
Corresponding Application Code. If you use
option 4d1, you must provide the Installation
Information in the manner specified by section
6 of the GNU GPL for conveying
Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work
based on the Library side by side in a single
library together with other library facilities that
are not Applications and are not covered by this
License, and convey such a combined library
under terms of your choice, if you do both of the
following:

a) Accompany the combined library with a
copy of the same work based on the Library,
uncombined with any other library facilities,
conveyed under the terms of this License.

b) Give prominent notice with the combined
library that part of it is a work based on the
Library, and explaining where to find the
accompanying uncombined form of the same
work.

6. Revised Versions of the GNU Lesser General
Public License.

The Free Software Foundation may publish
revised and/or new versions of the GNU Lesser
General Public License from time to time. Such
new versions will be similar in spirit to the
present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version
number. If the Library as you received it specifies
that a certain numbered version of the GNU
Lesser General Public License "or any later
version" applies to it, you have the option of
following the terms and conditions either of that
published version or of any later version
published by the Free Software Foundation. If the
Library as you received it does not specify a
version number of the GNU Lesser General
Public License, you may choose any version of the
GNU Lesser General Public License ever
published by the Free Software Foundation.

If the Library as you received it specifies that a
proxy can decide whether future versions of the
GNU Lesser General Public License shall apply,
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that proxy's public statement of acceptance of any
version 1s permanent authorization for you to
choose that version for the Library.
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