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1 GENERAL INFORMATION

1.1 COMPLIANCE STATEMENT ELECTROMAGNETIC COMPATIBILITY AND DEVICE SAFETY
Hereby, we declare that this system has been designed and tested for compliance for the following directives.

1.1.1 INTERNATIONAL
IEC 62368-1
CISPR 11:2003 in accordance with EN 61326-1: 2006

1.1.2 UNITED STATES OF AMERICA
FCC 47 CFR Part 15, Subpart B Class A, Measurement process ANSI C63.4 (2009)

1.1.3 EUROPEAN UNION

EN 55022:2011

EN 61326-1: 2013

EN 61000-6-2: 2006

EN 61000-6-4: 2011

EN 61000-3-2: 2010

EN 61000-3-3: 2009

This conformity statement for includes EU directive 2002/95/EG (RoHS) and EU directive EG1907/2006 (REACH).

1.2 LIMITATION OF COMMUNICATION INTERFACES
Operation of all USB Ports is limited to a maximum cable length of 3 m and a maximum length of 30 m for all
Ethernet ports present.

1.3 EUROPEAN WEEE DIRECTIVE COMPLIANCE

ID PHOTONICS has established processes in compliance with the Waste Electrical and Electronic Equipment
(WEEE) directive, 2002/96/EC. This product should not be disposed of as unsorted municipal waste and should be
collected separately and disposed of according to your national regulations. In the European Union, all equipment
purchased from ID PHOTONICS can be returned for disposal at the end of its useful life. ID PHOTONICS will ensure
that all waste equipment returned is reused, recycled, or disposed of in an environmentally friendly manner, and
in compliance with all applicable national and international waste legislation. It is the responsibility of the
equipment owner to return the equipment to ID PHOTONICS for appropriate disposal. If the equipment was
imported by a reseller whose name or logo is marked on the equipment, then the owner should return the
equipment directly to the reseller. If you have questions concerning disposal of your equipment, contact ID
PHOTONICS’s at WEEE@id-photonics.com.

1.4 LINE VOLTAGE SELECTION
The unit operates from any single-phase AC power source that supplies 100 ~ 240 VAC at a frequency of 50/60 Hz.
The input line voltage setting is done automatically by the internal power supply.

1.5 SERVICE

Do not attempt to service or adjust this instrument unless an authorized person is present. Do not install
substitute parts or perform any unauthorized modifications to this instrument. Contact ID Photonics or your local
distributor to obtain service support.

1.6 HELP AND USER FEEDBACK
ID Photonics GmbH is dedicated to continuously improve customer experience of our products. Thus, if you have
any feedback that might help us to improve our products send us an E-Mail to: feedback@id-photonics.com .
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1.7 SAFETY

1.7.1 GENERAL SAFETY PRECAUTIONS

The following general safety precautions must be observed during all phases of operation of this instrument.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument.

ID Photonics assumes no liability for the customer's failure to comply with these requirements.

Before operation, review the instrument and manual for safety markings and instructions. You must follow these
to ensure safe operation and to maintain the instrument in safe condition.

1.7.2 GENERAL
This product is a Safety Class 1 instrument (provided with a protective earth terminal). The protective features of
this product may be impaired if it is used in a manner not specified in the operation instructions.

1.7.3 ENVIRONMENT CONDITIONS

This instrument is intended for indoor use in an installation category Il, pollution degree 2 environment. It is
designed to operate at a maximum relative humidity of 95% and at altitudes of up to 2000 meters.

Refer to the specification’s tables in the inspection report for the ac mains voltage requirements and ambient
operating temperature range.

NOTE

Before connecting electrical power to the unit, make sure the unit could acclimatize to ambient temperature for
at least 2 hours to avoid damage by i. e. condensed humidity on electrical parts inside the unit.

1.7.4 FUSE REPLACEMENT
For continued protection against the possibility of fire, replace the fuse only with a fuse of the specified voltage,
current and type ratings.

1.7.5 BEFORE APPLYING POWER

Verify that all safety precautions are taken. The power cable inlet of the instrument serves as a device to
disconnect from the mains in case of hazard. The instrument must be positioned so that the operator can easily
access the power cable inlet. When the instrument is rack mounted the rack must be provided with an easily
accessible mains switch.

1.7.6 MAXIMUM RATINGS
ALWAYS operate the unit within the maximum ratings listed. Ignoring these limits may result in permanent
damage to the unit and loss of warranty.

1.7.7 GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cover must be connected to an electrical protective earth
ground. The instrument must be connected to the ac power mains through a grounded power cable, with the
ground wire firmly connected to an electrical ground (safety ground) at the power outlet. Any interruption of the
protective (grounding) conductor or disconnection of the protective earth terminal will cause a potential shock
hazard that could result in personal injury.

1.7.8 DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes.

4
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1.7.9 DO NOT REMOVE THE INSTRUMENT COVER

Keep away from live circuits inside the equipment. Operating personnel must not remove equipment covers.
Opening the instrument will result in loss of all warranty given for the instrument and may exhibit lethal health
risks.

Only factory authorized service personnel or other qualified service personnel may remove equipment covers for
internal subassembly or component replacement or any internal adjustment. Do not install substitute parts or
perform any unauthorized modification of the equipment or the warranty may be voided.

Instruments that appear damaged or defective should be made inoperative and secured against unintended
operation until they can be repaired by qualified service personnel.

1.7.10 VENTILATION

Keep a space of 30 cm or more between the rear side of the device and any other objects such as walls to
guarantee sufficient cooling of the device.

Never block the air fan and ventilation openings.

1.7.11 CLEANING THE INSTRUMENT
To avoid personal injury, power down the device and disconnect it from line voltage before performing any of the
following procedures.
To clean the exterior surface, perform the following steps:
Remove loose dust on the outside of the instrument with a lint-free cloth.
Use a soft cloth dampened with water to clean the device. Use 75% isopropyl alcohol solution as a cleaner.
Do not use any abrasive or chemical cleaning agents.

1.7.12 SAFETY SYMBOLS ON INSTRUMENTS

1.7.12.1 WARNING OR CAUTION

If you see this symbol on the product, you must refer to the manual for specific Warning or Caution
information to avoid personal injury or damage to the product.

1.7.12.2 ESD SAFETY WARNING

‘ This sign indicates that the respective modules, boards or RF inputs and outputs are susceptible to
\ damage by electro static discharge (ESD), and require proper protection procedures for storage and
‘h handling. Refer to the manual for the necessary protection procedures.

1.7.12.3 OUTPUT OF LASER RADIATION WARNING

This unit can contain an active source of laser radiation, if the option “internal laser source” is

installed, that may cause harm to the eye. Please refer to section O for laser safety warning.

Please note that even if the unit has no internal laser source installed, it can be connected to

external laser sources such that some ports can radiate laser light in such a configuration. Device
output ports, which potentially emit laser radiation, are indicated by this sign:

1.7.12.4 WEAR EYE PROTECTION
Wear eye protection if exposure to high-intensity rays or laser radiation exists.

1.7.12.5 DO NOT DIRECTLY VIEW OPTICAL MODULATOR OUTPUT
Under no circumstances should you use any optical instruments to view the laser output (optional) or optical
modulator output directly.
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1.7.12.6 WARNING LASER SAFETY
The laser sources specified by this user guide are classified according to IEC
INVISIBLE LASER RADIATION]  60825-1 (2007) Laser Notice No. 50 dated 2007-June-24 and comply with CFR
OPDT?C'\AIC_)T”\\I/S'EQUVI\\/A';HTS 1040.10 except deviations per Laser Notice No. 50, July 2001 Key Feature
CLASS 1M LASER PRODUCT Number 4.
(IEC 60825-1/2007) Do not view the laser output from this device directly with optical instruments
(e.g., eye loupes, magnifiers, microscopes). Viewing the laser output with
certain optical instruments within a distance of 100mm may pose an eye hazard. The class 1M laser product
definition is based on all conditions defined in this section.

Please pay attention to the following laser safety warning: Under no circumstances look into the end of an optical
cable attached to the optical outputs when the device is operational. The laser radiation can seriously damage
your eyesight. Do not enable the laser when there is no fiber attached to the optical output ports. The laser is
enabled by pressing the ‘Laser on’ button in the operating software delivered with the instrument. The laser is on
when the virtual red LED in the front panel of the instrument is lit. The use of optical instruments with this
product will increase eye hazard.

In doubt about laser safety requirements consult a trained laser safety instructor for local safety requirements of
this product.

1.7.12.7 OPTICAL OUTPUT OF LASER PORT

A The laser port, only installed on devices containing the optional

Connector Key internal laser source, features a polarization maintaining fiber
output which can be both used with standard single mode fibers
and polarization maintaining fibers.

Stress Rods 1-7-12.8 PRECAUTIONS
WITH CONNECTORS
It is essential to ensure that all optical and electrical connectors are
in good condition. Dirty connectors can lead to poor performance,
while broken connectors can cause damage to other equipment!
Before using a microwave connector, check it visually, using an
optical microscope (20x magnification is recommended). If the connector needs to be cleaned, swab it with clean
isopropyl alcohol. Dry the connector by blowing it with clean compressed air or nitrogen.
Microwave connectors must be tightened with a torque wrench. Overtightening connectors can damage the
thread and render the connector unusable!
Before an optical connector is used, check it visually by using an optical microscope as recommended by the
manufacturer of the connector. Please pay attention to the laser safety warning in section 0 before inspecting
optical connectors. If the connector needs to be cleaned, apply the cleaning procedure recommended by the
manufacturer of the connector.
Make sure you are familiar with these issues to avoid damage to your device and possible violation of warranty.

v
Slow Axis

NOTE

Before connecting the inputs or outputs to any measurement equipment or device under test, make sure that a
suitable attenuator, if necessary, is fitted. The maximum levels of each individual input/output are shown in
section 8
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2 QUICK START

This section contains redundant information from other chapters but is useful for a first-time usage of the
instrument.
- Insert power cord to power cord socket located at read side of the unit (6).

NOTE

Do not turn-on OMFT, before hardware setup is completed!

©
- ~ LINE

REMOTE CONTROL 6
USB LAN
Mt 5\, . o 100-240% - 50-60H2 -

B - Teoek BOVA Max, FUSE 16A (S}

- Connect the optical input (2) of the Modulator to the laser output port (1) using the supplied PM Patch cord
or an external laser source. Connect the modulator output to your setup (3)).

1Q MQDU_LATQ.R ’ (
‘ : ‘ 3 IOHI Q) ©
e\
2JI N

MODULATOR

RF INPUT (185 mm A\ max 1v,
X X-Q 5 5 Y-l Y-Q

e ) <f)‘(i‘) (j Cro) > Q C) QIR
IDPHOTONIES

- Never exceed the maximum optical input power.

- Use only matching fiber connectors.

- Refertoinspection report for connector type installed in actual sample.
- Never open or close optical fiber connection when optical power is on.
- Never expose to laser radiation.

- Ensure clean fiber facets, when connecting.

Make sure that the input polarization to the modulator is preserved by using PM Patch cords and a laser
source with PM output. Use the blue PM Jumper Fiber provided with the unit for this task.

- Attach eight electrical RF cables to the RF inputs (4) and connect it to your RF electrical signal source (the RF
signal source is not part of this product).

NOTE

- If you plan to drive the unit single ended, make sure to properly terminate the unused RF ports by
suitable 50 Ohm RF terminators

- Make sure the RF signal source output is disabled
- Ensure proper skew-matched cables at the OMFT input plane.

- Never exceed the maximum RF input voltage swing.
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- Turn-off the OMFT internal RF amplifiers as well as the external RF signal source when changing the
electrical cabling.

- Use RF cables with matching connectors. Refer to inspection report for connector type installed in
actual sample.

Switch on the OMFT using the switch located at the rear panel next to the power socket (6)

NOTE

Turn-off any optical amplifier subsequent to the OMFT in case:
- The OMFT is started or shut down

- The bias controller is reset or bias values are restored
- The electrical signal source is turned on or off
- The electrical signals are changed

- The optical input signals are changed or turned on/off

The unit will indicate its readiness in the local touch panel (5). The RF amplifier outputs and laser out are
switched off by default.

Set the IQMOD Frequency to the value set to same value as the laser source that is used. If the internal laser
is used, there is an option to automatically synchronize the settings.

Enable the laser source connected to the OMFT IQ Modulator setting 16 dBm as target power. This is
typically the internal laser of the unit. Make sure to never exceed a maximum total input power defined in the
maximum ratings of the instrument. If the internal laser is used, set the desired frequency and power to the
laser and enable the output by pressing the laser “Laser on” button on the local touch panel for about 2
seconds(5). Wait for the laser to finish tuning indicated by “Laser on” indicator.

LASER S0A MANUAL  -33.4
ON ON MODE LosS

-

-

DRIVER GAIN  PEAKING
[ | 0.000 V
0.000 V
0.000 V
0.000 V
‘ LASER | [193.4000] [ 16.00 0.000V

ON/OFF THz dBm 0.000 V

RF DRIVER SOA ABC

[¢g| [ ON/OFF l ON/OFF MODE PAUSE INIT

Class 80 only: Enable the SOAs by pressing the SOA on/off button for 2 seconds.

Enable the Automatic BIAS Control (ABC) by pressing the button “ABC MODE”. The ABC will start the
optimization process indicated by a variation of the 6 displayed Voltages.

Setup the AWG RF Signal properly. See Section 8.1 for some reference settings of a typical setup using a
Keysight AWG.

Typical good settings are: RF input swing Vpp differential = 250mV, Vpp single ended = 500mV, OMFT Driver
Gain = 30% (Class 40) or 70% (Class 60), Peaking of 0% to 50%.

The unit does have calibrated default RF driver settings which are suitable to achieve good results for most
applications.

Make sure to properly include the inter-channel skew of the OMFT into the waveform generation. The OMFT
internal skew is implemented in the supplied S2P Files or can be found in the inspection report of the unit at
hand. Both can also be retrieved from the Web GUI (Dropdown Files in upper right-hand corner) or by
plugging in the USB connection which installs a Mass Storage device on the host PC (“USB Stick”).
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- Switch on the RF signal source connected to the OMFT (the RF signal source is not part of this product)

- Enable the OMFT internal RF drivers by pressing “RF driver on/off” for 2 seconds. The RF driver indicator
should read “RF driver on” now.
The LOS (Loss of signal) indicator in the touch panel should now deactivate to indicate that optical power is
detected at the output of the Modulator. The ABC will continue to optimize its BIAS Point now.

- Make sure that the Automatic BIAS Control is enabled by pressing “ABC Mode” to let the OMFT find the
optimum operating point of the modulator. This process can take a few seconds up to 3 Minutes. The unit
will indicate “ABC settled” once the process is complete

- The Voltages shown in the box “IQMod BIAS” should now be changing constantly, the factory default
start values are close the optimal values already. Wait for “Auto Settled” indicator to become
“green”. The voltages should now be changing in very small steps only.

- Wait for about 60 seconds until the upper status indicator declares “ABC settled” or “ABC paused”.
This is close to optimum but paused because the feedback signal is below -25dBm which is the Loss of
Signal (LOS) threshold.

- Validate that the ABC status indictor changed from “INIT” and then “Auto” to “Auto Settled” and “LOS
Status” indicate “green” and “Alarm pending” indicator is off.

NOTE

In Auto mode with no RF Power applied to the IQMOD (RF Amp off and/or RF signal source out off), the ABC will
control to the transmission minimum causing the output power to drop below -25dBm or a “LOS” and “Auto
Pause” since no modulation of the IQMOD is performed.

- The unit is ready now and the optical constellation can be detected.

2.1 REFERENCE VALUES

For a 32 GBaud/s PDM-QAM32 signal and a Laser source power of +16 dBm, the default gain settings of the RF
drivers, Vpp differential = 250mV, Vpp single ended = 500mV for the RF signal source, the typical average output
power of the OMFT should be in the range of -10 to -13dBm.

2.2 ACCESS OF WEBGUI
Connect the USB Port located at the rear of the unit to your Windows10 PC or connect the Ethernet Port to your
LAN.

1. For USB based access, all drivers will be installed automatically, Windows device manager should

show now 3 devices:

1. A storage device containing manual etc.

2. Avvirtual Ethernet Interface “RNDIS”

3. Avirtual COM Port

Both virtual COM and Ethernet Ports can be used to remote control the unit. The installed COM Port
number can be retrieved from Windows device manager.

To access the WebGUI, the USB virtual Ethernet IP address is needed. If the DNS configuration of your
computer allows, the IP address can also be retrieved by entering the command shell “ping
omft.local” orretrieve it from the label located on back of the unit. For a DX chassis, it can also
be retrieved via the Touch panel under “Device Setup”.

2. For Ethernet based access, the default IP of the unit is 192.168.0.1. Make sure that the host PCIP is in
the same subnet as the laser unit (192.168.0.x). If this is not the case, you can change the IP settings
of the unit via the touch screen or using the USB Port of the unit. Use http://omft.local/ as an
alternative to the IP address to connect to the unit if your DNS configuration of the network allows
this access.

3. Open your Web browser, enter http://omft.local/ or the IP address in the address field of the
browser and hit <enter>. The Webpage allowing to control the laser remotely should open now.
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Note: Depending on the configuration of your host PC DNS structure, the http://omft.local/ name representation
might not be resolved into the correct IP address. In such a case, for a DX unit, retrieve the IP Address on the local
touch panel under “Device Config — Network Config” and use it instead of the name. For a DX2 unit, open a
connection to the USB virtual serial interface and type the command “USBIPADDR?;” to retrieve the USB IP
Address or “IPADDR?;” for the IP address of the Ethernet interface or retrieve the IP address from the type
label located on the unit. Note that not all units have this information printed on.

3 OVERVIEW

The Optical Multi-Format Transmitter (OMFT) enables modulation of single or multiple optical carriers with
various modulation formats, such as polarization-division multiplexed quaternary phase-shift keying (PDM-QPSK)
or 16-ary quadrature amplitude modulation (PDM 16-QAM).

The block diagram below illustrates the overall architecture of the OMFT system and its signal flow between the
optical, electrical, and control domains.

At the heart of the system is a tunable laser, which provides the optical carrier signal. This laser output is
internally routed via a polarization-maintaining (PM) loop patch cord to the Optical IN port. From there, the signal
passes through the Gain & Peaking stage, which includes the Semiconductor Optical Amplifiers (SOAs) and related
circuitry that optimize the optical power level before modulation.

The optical signal then enters the modulator section, consisting of two Mach-Zehnder Modulators (MZMs)
arranged in an I/Q configuration. This dual-modulator setup allows precise amplitude and phase modulation of
the optical carrier for high-speed signal generation. Each MZM is managed by the system’s Automatic Bias Control
(ABC) circuit, which continuously monitors and adjusts the operating points to maintain optimal performance and
signal quality.

The modulator section is implemented twice (x2), reflecting the system’s capability for parallel or redundant
modulation channels, depending on the selected configuration. The RF Input ports feed the electrical modulation
signals into the MZM drivers, enabling the generation of advanced optical modulation formats.

After modulation, the optical signal is routed to the Optical OUT port, where it can be monitored on the Local
Display or used for further optical processing or measurement.

All internal processes are supervised by the Control unit, which communicates with external systems via USB or
Ethernet interfaces. These interfaces support multiple communication modes, including COM Port, Ethernet, and
Mass Storage access.

User interaction is available through various interfaces:
e  Web GUI (browser-based control)
e Terminal interface (command-line control)

e User software using SCPl commands

This architecture allows full remote control and monitoring of all system parameters, providing a flexible and
powerful platform for high-speed optical signal generation and testing.
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3.1 BLOCK DIAGRAM - CLASS 40G & 60G
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3.2 BLOCK DIAGRAM - CLASS 80G
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3.3 CLASS 80 ONLY - SOA OPERATIONS

The OMFT 80 is equipped with Semiconductor Optical Amplifier (SOA) block that functions as an integrated
optical power amplifier. The SOA boosts the optical output power of the laser without converting the optical
signal into an electrical one, allowing the system to achieve higher output levels and improved performance,

especially for high-speed applications up to 80 Gbit/s.

The SOA can be activated or deactivated in several ways:

e By pressing the SOA on/off button in the Touch GUI,
e By using the corresponding control in the Web GUI, or
e Via the SOAONOFF SCPI command, which can be sent in the SCPI Control section of the Web GUI.

Note: User level 1 is required in the Web GUI to enable or disable the SOA. The Touch GUI is always authorized.
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Internally, the OMFT 80 contains four SOAs, 2 for each polarization, one before and one after the MZM device.

Depending on the operating state, the system’s four SOAs (two pre-SOAs and two post-SOAs) can be in one of
three states. These states are color-coded in the Web and Touch GUI as follows:

e Gray: all four SOAs are off
e Orange: both pre-SOAs are on, both post-SOAs are off

e Green: all four SOAs are on; only in this state is optical power emitted

The diagram below illustrates the operating states along with the corresponding color-coded SOA states:

Laser: off
RF Driver: off

~ 3
SOA: off
activate RF Driver
e
Ve
[EE deactivate Laser  deactivate RF Driver Laser: off
/ RF Driver: off deactivate L v RF Driver: on
deactivate RF Driver SOA: off deactivate RE Driver o voe LasEL. SOA: off
/ s
deactivate Laser/ Ve
" activate Laser
aser: on
’ / deactivate SOA RF Driver: on
/ SOA: off
\ I activate SOA | deactivate SOA
\ activate RF Driver
N
A ~
~ ~
~
~

Compared to non-80G devices, 80G models feature four discrete peaking levels instead of a gradual increase,
allowing for finer control of the output signal characteristics.

3.4 FUNCTIONAL BLOCK DIAGRAM

3.5 RF CHAIN

For that purpose, the OMFT amplifies four externally provided electrical drive signals (in-phase and quadrature
drive signals for x- and y-polarization, respectively, generated by e. g. an arbitrary waveform generator or bit
pattern generator) and subsequently converts them to the optical domain by means of an electro-optical dual-
polarization in-phase and quadrature modulator (DP-IQ modulator). If the OMFT is equipped with an optional
internal laser source, this source can be used to generate an optical carrier.

3.5.1 RF DRIVERS

The unit features 4 differential RF inputs which are electrically amplified by internal RF amplifiers. Each amplifier

channel can be individually optimized for RF gain and peaking. Peaking elevates the amplification if higher

12

frequencies to achieve an overall flat frequency response since other components such as cables tend to exhibit a

response that falls with frequency. Please refer to the inspection report of the unit at hand for details on the
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frequency transfer curves.

Gain

E/O Transfer (521)

3.6 AUTOMATIC BIAS CONTROL
For turn-key operation of the OMFT, the modulator bias voltages are automatically controlled by an internal bias
control device that sets and maintains the Optical IQ Modulator in an optimal operating point.

3.7 GENERAL

The instrument is operated via the local touch panel and an installation free Web interface operating in Web
Browsers. Alternatively, a SCPI style command set can be used to operate the unit using a terminal window or
third-party software.

The bandwidth and skew of the OMFT are characterized and provided to the user as calibration data. Hence, the
user can fine compensate for the electrical skew and the bandwidths of the four electrical paths in case an
arbitrary waveform generator (AWG) is used as a signal source by applying the corrections to the waveforms
loaded in the AWG.

3.8 FRONT PANEL AND BACK PANEL VIEW
The front panel and back panel connectors are labelled and numbered as shown below. The following sections
refer to this numbering.

3.8.1 FRONT PANEL

1Q IVIODULATOR O

Optical Multi-Fo Transmitte Yy
4

RF INPUT @185mm [\Max. 1V,
MODULATOR

Y-
N LASEROUT )

oXeYole oleYele

[DPHOTONIGS

(1) Optical laser output (optional) and status LED, indicating laser on/off state
Refer to inspection report for connector type installed in actual sample.

(2) Optical modulator input
Refer to inspection report for connector type installed in actual sample.

(3) Optical modulator output
Refer to inspection report for connector type installed in actual sample.

(4) Electrical RF inputs
Refer to inspection report for present configuration in your sample.

(5) Touch Panel
Local control and status information on the unit
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3.8.2 BACK PANEL

7 IDPHOTONIGS[Dl o 000 o
(@ Optical Multi-Format Transmitter OOIF\QC%’LL)C)OOOO(‘\ él
Made in GERMANY NG "’j Y '("/ NG
m e 6
OO0
REMOTE CONTROL OOOO0O00
-=-USB LAN OO,:E;%)O - 7
/— O (M
@ IE’ I:l 1 0 3 100-240V~ S0-50H2 @
nierloc! 1 1 BOVA Max, FUSE 1,6A (3)
(6) Power cord socket, On/off switch
100 to 240V, 50 to 60 Hz
(7) Main fuse compartment
one piece, 100 VA, 4A, slow
(8) Fan outlets
do not cover!
(9) USB port
USB-A female, for remote control
(10) LAN port
RJ45, port for remote control
(11) Interlock

Will disable Laser Output by Hardware for units with laser equipped
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3.9 MACH ZEHNDER MODULATOR - THEORY OF OPERATION
Mach-Zehnder modulator structures are a popular way of modifying the intensity

or phase of light waves that are based on a Mach Zehnder interferometric setup.
The light is split, guided in 2 distinct paths and combined again to achieve
interference. Utilizing materials with a strong electro optical effect allow changing

Tj the relative phase of the optical carrier waves that are converted into intensity
changes by means of interference at the output achieving a modulation of the
light.

The power transfer curve of a single MZM as a function of applied voltage is shown below.

X < Vpi >

e\

0.8 \ / \ /

0.7 \ / \ /
T / \* /
BN \

0.2 \ / \ /

o \ |/ \  /

02 0 0.5 wﬂ 1.5 2

-1.5 T -0.5

The Voltage change required to change the output power from maximum to minimum or vice versa is defined das
Vi (V). The mid-point between maximum and minimum transmission is defined as Quadrature (Quad).

The unit at hand provides 2 nested Mach-Zehnder structures as depicted below. Each structure contains 2 inner
Mach-Zehnders for 1&Q modulation (XI, XQ for X Polarization and YI, YQ for Y Polarization) which are nested in an
outer Mach-Zehnder structure that shifts the optical phase between the two inner Mach-Zehnders (XP and YP
respectively).

The functional diagram below shows the configuration for the dual Pol IQ Modulator setup used in this instrument
consisting of a Super MZM structure of 2 nested MZMs used for | and Q modulation. The incoming single
polarization signal from a laser source is split into 2 parts and the polarization of 1 part is rotated orthogonally
before routing them through 2 parallel of structures X and Y Polarization each handling 1 Polarization

Laser |1

3.9.1 AUTOMATED BIAS CONTROL

The Automated BIAS Control feature of this unit is used to set the BIAS Voltage of Mach Zehnder Modulators
(MZM) to its optimal operating point over carrier frequency, temperature and time by means of dither tones
imposed onto the BIAS Electrodes and feedback signals generated from a photodiode monitor tap located after
the MZM elements.
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A key feature is the independence of the applied modulation format for IQ Modulator control supporting
advanced modulation formats such as Nyquist shaped signals, QAM, SSB and pre-distorted signals. Furthermore, a
BIAS optimization is possible without a RF signal present.

The control loop utilizes feedback signals derived from a feedback photodiode located after the MZM structure by
means of dither tones that are applied to the BIAS electrodes of the MZM.

4 HARDWARE SETUP

This section describes the step-by-step procedure to connect the OMFT to external hardware and to put the OMFT
device into operation.

4.1 GROUND THE INSTRUMENT
To ensure proper grounding of the OMFT device, connect the electrical power cord to the power cord socket (6).

NOTE
Do not turn-on the OMFT before the steps 4.2 to 4.6 are properly performed.

4.2 LAN OR USB CABLE FOR REMOTE CONTROL
The user can use both USB and Ethernet as interface for remote control of the OMFT with the provided GUI or
using SCPI commands from self-built software.

4.2.1 ETHERNET CONNECTION

This section covers connectivity using Ethernet, skip it if you plan on using USB.

The default IP address is 192.168.0.1, DHCP off. If you plan to connect using the Ethernet interface, make sure the
host PC is within the same subnet as the OMFT Ethernet Interface (The PC IP Address is 192.168.0.x then). The
connectivity can be tested by opening a command shell (type “cmd” in windows search field and hit <enter>, a
“black window with a DOS shell should open) and executing the command “ping 192.168.0.1".

g C\Windows'system32\cmd .exe =RICN X

Microsoft Windows [Version 6.1.76011]
Copyright <(c? 2082 Microsoft Corporation. All rights reserv

C:xUserssUserrping 192.168.8.1
Pinging 192.168.2.1 with 32 hytes of data:z

Ping statistics for 192.168.8.1:
Packets: Sent = 4, Received = 4, Lost
Approximate round trip times in milli-secon
Minimum = Bms, Maximum = Bms,. Average = Bms

C:\UserssUser>

4.2.1.1 CHANGE OF IP SETTINGS WITH REMOTE ACCESS

If you do wish to change the IP settings and do not have remote access to the unit, use the local touch panel and
press device Setup (Gear symbol). Then press “Network setup” and configure the interface accordingly.
Alternatively, use the WebGUI or the SCPI interface to change the settings. Note that this change will require a
reboot (soft reset of the unit) to become effective.

Note that changing the IP address requires the user to be connected with user level 1 or higher. Send the
command “pass IDP” or enter the password “IDP” in the GUI to elevate the user level to 1.

4.2.2 OPENING A REMOTE CONNECTION VIA ETHERNET
The device supports a session based remote access on Port #2000.
Start the terminal program “putty.exe” supplied with the unit or use any other terminal program.
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Set the following parameters in Putty and open the connection:

#2 PuTTY Configuration ? >
Zateqaony:
Basic options for your PUTTY session
Specify the destination you want to connect to
melaaillamaslan P address) Port
192.168.0.1 200 |
‘... Features ion type:
=1 Window ® Raw | i Telnet () Rlogin ()SSH () Serial
Arnearanres

Alternatively to the default IP Address shown above, enter “omft.local” or the IP address currently set to the unit.
If in doubt, use the touch panel display “Device config” — “IP config” to retrieve the actual IP Address.

Note that the must be a valid route on the IP layer between the device and the host PC (i. e. the ethernet port of
the host PC is set to the same subnet as the device, for example 192.168.0.2) must be established before
continuing. Use a command shell and command “ping omft.local” to test the route.

Once the connection is established, type in “*idn?” and hit <ENTER>. The unit responds with its *idn? String.

EP 192.168.0.1 - PuTTY - O X

Alternatively, a request based remote control via http Port 80 is possible. To test this, open a browser window and
type the following string into the address field:

http://omft.local/scpi/*idn?
For more details, see section 7.2 and section 4.2.

4.2.3 USB CONNECTION
This section covers connectivity using USB, skip it if you plan using Ethernet.
Once the unit is powered up and the USB cable is connected to the host computer for the first time, a new device
installation should be triggered automatically within Windows.
Once installation is complete, three devices are installed on the host computer:
1. Virtual Ethernet Interface
2. Virtual COM Port
3. Virtual Storage device that contains resources such as manual and programming devices as well as drivers
for Windows 7. It also contains the S2P Files as well as the inspection report of the unit.

4.2.3.1 WINDOWS 10
Windows 10 will automatically install 3 devices allowing to connect the unit
1. Avirtual Ethernet interface (RNDIS)
2. A generic virtual COM port driver “Serial USB device”. If you have several COM ports installed in the host
PC, you may want to note the COM Port number under which the unit got installed. For further details on
USB connection, see section 4.2.3.3.
3. A storage device similar to an USB Stick containing resources for the laser unit
The virtual COM Port and the virtual Ethernet interface are concurrent ways to access the unit for remote control.
The web-based control is automatically accessed via entering “omft.local” or 192.168.0.1 (if default is set) into
your browser.

4.2.3.2 WINDOWS 7


http://omft.local/scpi/*idn
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Windows 7 will install the same structure as described in the windows 10 =, Device Manager (o ==
section above. It will automatically install a virtual Ethernet interface File Action iew Help

(RNDIS) and the USB storage device (“Linux File- Store Gadget USB | ® =&l ]I H &l & = % b
Device”). However, it does not have a preconfigured driver setup for the e e

virtual COM Port. It will try to locate a driver for the unit on the host PC . Computer

first and then check online. Stop the search and select the option “Install a

custom driver”. Point the installation routine to the driver located on the

by Linux File-Stor Gadget USE Device I
T e T e e e Device
g WD WDL0EZRX-00A8LE0 ATA Device

USB storage device provided by the unit in directory “USBDriverWin7” and - g'\;;fg;'::g::f;
= - rives
Select ﬁle ”OMFTUSBserialDriVerWindOWS7.inf” in thIS f0|der. If the ﬂ Hurnan Interface Devices
installation has been completed already, open Windows Device Manager, by el
locate “CDC Serial”, right click on it and select “Update driver”. Proceed as P:f mic?anmherminting devices
= onitars
deSCI’Ibed befOI'e 4B Metwork adapters

----- &F Realtek PCIe GEE Family Controller

Continue with the installation routine. Once installed, the virtual COM port _;---Othe'rd“;iczjHUSt'On'vEthemetAdaPter
should appear in Windows Device Manager as shown below. The COM Port £}y COC Serial
number will be different for your system. Note down the number for later Bt e b

usage in remote control applications. 7 Druckeranschluss (LPTY

Ports (COM & LPT)

- 7" Kommunikationsanschluss {(COMI)
=T N
15" CaBrite Tunable Laser Serial (COMST) . Sound, video and game controllers
T ETE T ET o o T e .43 Storage controllers

15" Komraunikationsanschluss (CORMI) .M Systern dewices

‘? USE Serial Port (COMT) .- Universal Serial Bus controllers

n Processars

4.2.3.3CONNECTION TO THE DEVICE VIA USB VIA HOST PC

Once installed properly, the USB connection provides a virtual COM Port and a virtual Ethernet Port to the
instrument. To access the unit via virtual Ethernet, follow the instructions as in section 4.2.2 but note that the IP
Address of the unit will be different as for the physical Ethernet Port.

To access to the unit using the virtual COM port, open a terminal window using the installed COM port number
per description above.

4.3 INSTALLATION OF CONTROL SOFTWARE

This instrument does not require any installation of software for operation. Once connected to a host PC or a local
network, simply enter “omft.local” into the address field of your Web browser to access the unit. For more details,
see section 7.2 and section 4.2.

4.4 LASER OUTPUT (OPTIONAL, DEPENDING ON DEVICE CONFIGURATION)

Before connecting or disconnecting the optical fibers to the OMFT, it is strongly recommended to turn-off the
laser sources any time! Never directly expose yourself or others to laser radiation! Permanent eye damage may
occur!

The laser output port (1) is an optional feature to the OMFT unit. The internal laser source provides a narrow line
width tunable source suitable for coherent transmission. A virtual red status LED in the touch panel GUI indicates
the laser on/off state.

In case an internal laser is installed, the laser output (1) may be connected to the optical modulator input (2) using
the supplied blue PM jumper patch cord. Use the local touch panel or remote control to enable and configure the
laser (refer to Section 0 for further instructions).

4.5 OPTICAL MODULATOR INPUT AND OPTICAL MODULATOR OUTPUT

Before connecting or disconnecting the optical fibers to the OMFT, it is strongly recommended to turn-off the
laser sources any time! Never directly expose yourself or others to laser radiation! Permanent eye damage may
occur!
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Connect a laser source (or sources) to the optical modulator input of the OMFT (2) using the appropriate
connector cable. Refer to inspection report for connector type installed in actual sample. The laser source can
either be the optional internal laser, if it is installed, or an external laser source. If the optical modulator input of
the OMFT is PM, ensure that the laser source (or sources) has PM outputs.

Connect the optical modulator output of the OMFT (3) to the user’s measurement equipment, e.g. a coherent
receiver, using an appropriate connector cable. Refer to inspection report for connector type installed in actual
sample.

NOTE

Clean the fiber connectors each time they are connected to the OMFT device. Dirty connectors will increase the
optical losses and/or possibly damage the connector! Dirt or pollution may also lead to damage of the fiber facets
inside the OMFT.

NOTE

Do not turn-on any laser source(s) connected to the optical modulator input of the OMFT, before the OMFT is
started. Start-up of the OMFT device resets the bias values to default values, resulting in fast changes of the
modulator output signal intensity or loss of the modulator output signal. These fast changes in combination with
optical amplifiers such as EDFAs (Erbium-doped fiber amplifiers) might cause optical transients or surges which
can damage any equipment connected to the optical modulator output of the OMFT.

NOTE

Never exceed the absolute maximum ratings for the optical modulator input power (refer to section 0).

4.6 CONNECT THE RF INPUTS

NOTE

Avoid any electrostatic discharge, which may harm the RF devices inside!

Turn-off the electrical RF-amplifiers (RF Driver indicator in Touch panel must be OFF) as well as any signal source’s
electrical outputs connected to the OMFT, each time the cables are connected or disconnected.

Connect the electrical signal source (e. g. bit pattern generator or arbitrary waveform generator) to the electrical
inputs of the OMFT device (4) by means of high-quality electrical cables (i. e. high bandwidth, high phase stability)
mechanically matching the electrical input connectors of the OMFT. Refer to inspection report for connector type
installed in actual sample.

The user should ensure properly de-skewed electrical signals at the OMFT input plane. The remaining skew of the
electrical paths inside the OMFT can be compensated either by software in combination with an arbitrary
waveform generator or by mechanical phase shifters (see Appendix 8.2.3 De-skewing of RF Drive ).

The output of the electrical signal source providing the electrical input signals to the OMFT can be turn-on after
connection of the cables.

NOTE

Never exceed the specified maximum electrical peak-to-peak amplitude to the OMFT (refer to section 0).

It is recommended to use a torque wrench with defined torque (e. g. 0.90 Nm for 1.85mm type - connectors) to
tighten the nuts of the cable and connectors. Excessive torque will damage the cable and/or the connectors on the
unit!

The unit utilizes differential RF inputs for optimum performance. However, the unit can be operated in single-
ended configuration as well. In this case, terminate the unused input with proper 500hm terminators.
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4.7 SWITCH ON THE OMFT DEVICE

After steps 4.1 to 4.6 are performed, the OMFT can be started by pressing the main power-on switch located at
the rear panel of the unit. Wait for approximately 1 minute until the OMFT device has booted and ready which is
indicated on the touch panel display.

Now, the external optical signal sources or the internal laser (optional) connected to the optical modulator input
of the OMFT can be switched on.

NOTE
Make sure that the total optical input power level to the OMFT does not exceed the specifications given in
section 0 and that no fiber connector is open or dirty.

Start-up of the OMFT device resets the bias values to default values, resulting in fast changes of the optical
modulator output signal intensity or loss of the optical modulator output signal. These fast changes in
combination with optical amplifiers such as EDFAs (Erbium-doped fiber amplifiers) might cause optical
transients or surges which can damage any equipment connected to the optical output path of the OMFT.

NOTE

Turn-off any optical amplifier subsequent to the OMFT in case
- The electrical signal source is turned on or off

- The electrical signals to the OMFT are changed
- The optical input signals are changed or turned on/off

- Or the bias controller is reset or bias values are restored

5 TUNABLE LASER

This section only applies to units with a built-in tunable Laser source.
The integrated tunable Laser provides a grid-less step tuning mode (Coarse tuning) with a feature to detune the
frequency set by Coarse tuning with higher resolution (Fine tuning).

5.1 LASER TUNING MODES

Coarse tuning allows accessing the full specified tuning range while fine tuning (FTF) allows for offsetting from the
coarse tuning set point by a small range. The resulting set point is the sum of coarse tuning set point and FTF/fine
tuning value.

1. Coarse tuning setpoint

!
I : I

fmin fmax

5.2 COARSE TUNING
This tuning mode allows tuning the laser to any frequency of the available range specified for the laser port. The
tuning process will require the laser output to be disabled for a short period of time.
Description of tuning process:
1. Laser output will be switched off (~1 second)

2. Laser output is switched on using new frequency

3. Power is increased until final laser output power is reached. Maximum tuning time for this step is
15seconds
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4. Power is stabilized, tuning process is completed.

Power

time

Frequency/
Wavelength

5.3 FINE TUNING (FTF)
Fine tuning allows detuning the laser within a small range of a few GHz from the target frequency that was set

using the coarse tuning parameter. The laser will detune to the target setting with laser output power on during
the tuning process which changes the output frequency in a linear ramp. Tuning target setting resolution is 1MHz.
1. Tuningis triggered

2. Tuning process is executed with a rate of ~0.11 GHz per second. During the process, the Laser output
power remains constant.

3. Laser settles on new value

Power

Frequency/
Wavelength

6 USER INTERFACES — TOUCH PANEL AND WEB INTERFACE
(WEBGUI)
6.1 LOCAL TOUCH PANEL BASED USER INTERFACE (TOUCH GUI)

6.1.1 MAIN SCREEN
This Screen is partitioned into several areas controlling the building blocks of the unit (See also section - for details

of the building blocks).



REMOTE [W:E43: 00 RF DRIVER S0A MANUAL -33.4
S ON OFF ON MODE LOS
DRIVER GAIN  PEAKING
30 [ ] 0.000 V
30 Q RRsIl 0.000 V -Q
30 Y-l AGl 0.000 V Y-l
30 Q Yl 0.000 V -0
LASER 193.4000 16.00 0.000V
ON/OFF THz dBm 0.000V
RF DRIVER S0A ABC
[¢§| [ ON/OFF l ON/OFF MODE PAUSE INIT
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1. The top bar is used for indicators that inform about the status of the unit

Green/grey dot: The dot is slowly blinking to indicate the application is ready and polling data
Remote: A remote session via Ethernet or USB is currently active

Alarm (not displayed): If any Alarm is pending, the indicator is showing up. Tick the indicator the
retrieve more detailed information on the alarm

Interlock (not displayed): Indicates that the hardware safety interlock located at the rear of the
unit is currently active. A built-in laser cannot be enabled if Interlock is active. The interlock
jumper is located at the rear panel of the device.

Laser on/off/tuning (units with internal laser): Indicates the output status of the built-in tunable
laser.

RF Driver on/off Indicates the output status of the RF Drivers for the IQ Mod Component.

SOA on/off (only displayed for 80G devices) Provides information on whether the SOA is on or off
BIAS Control Status This indicates the status of the IQ MOD BIAS Control. It can assume the
states: {Manual/Init/Auto/Auto Settled/ABC Paused}. See details in section 6.5).

Power Indicator The optical output power of the unit is monitored by a tap Photodiode. The
output power is indicated here. In case the signal power drops below the Loss of Signal Threshold
(LOS) the indicator color is turned to red and LOS is declared. This will halt the IQ MOD BIAS
Control (Auto Pause).

2. Driver Gain and Peaking indicate the current setting of the RF channels and allows controlling the gain
level and the spectral peaking setting by a touch on the corresponding bar. This will open up a pop up
with a slider of which the setting is immediately transferred to the hardware.

— -
Ity
L
3

> Change gain for Y-I

-

100%

[ a

4 G0

(o] |

€

“Link Values” will apply the same setting of the current channel to all other channels. Click on the upper
arrows to access the other channels. Press ok to close the pop up.
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Laser (only on units with built-in laser): Press and hold the Laser on/off button to enable or disable the
laser. The buttons indicate the status of the lasers and allow to change the setting by clicking on the
buttons. This will open a popup that allow to change the laser settings. “Synch IQMOD” will set the same
Frequency/Wavelength setting dialed in for the laser to the IQ Modulator. Changes will be applied when
the ok button is pressed.

A ity

D [ FTFI[POWEHI_\

Laser out will
be switched 1 g - 7 0 THZ
off during 1572.063 nm
tuning
Cancel ]
<

RF Driver on/off Press and hold the RF driver on/off button to enable or disable the RF channels. Make
sure that the RF Inputs are properly connected before the RF Amplifiers are enabled. Note that there are
optical transients may occur when the RF amplifiers are enabled and an RF Input signal is present. Make
sure to protect the downstream setup like Photodiodes accordingly.

SOA on/off (only displayed for 80G devices) Press and hold the SOA on/off button to activate or
deactivate the SOA. Note that the laser must be switched on to activate the SOA.

IQMOD Frequency indicates the current frequency setting of the IQMOD and allows controlling the
setting by touching on it. Always set this value to the Carrier Frequency of the connected laser source to
ensure optimal performance of the device.

IQMOD BIAS Indicates the current settings of the BIAS Voltages. See section for details 0. In Auto Mode,
these values are automatically optimized. In Manual mode, the values can be changed by touching any of
the bars. This will open up a pop up allowing to change the setting. This will be applied immediately upon
input. Use the arrows to cycle to the next electrode. Press ok to close the pop up.

A ity

-

D Change voltage for X-P =

2.7 7 7 Vv
(o] |
K

ABC Mode Press this button to toggle the Automatic BIAS Control (ABC) for the IQMOD between Auto
Mode and Manual Mode. The current status is indicated in the status bar at the top. In Manual mode, the
BIAS Values can be changed by the user. When switched from Manual to Auto, the settled status is
cleared and reacquired. For short stops of the ABC, use the Pause/Mute mode instead.

Pause halts the ABC in the current setting. This can be used to take measurements without the
interference of the working ABC. Toggle again to restart the ABC. In contrast to switching into manual
mode, the ABC will immediately halt even if an active ABC cycle is performed and does not re-acquire the
settled status when resumed.
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10. Init Will Initialize the ABC to its startup status. Note that there are optical transients may occur when Init
is performed. So, make sure to protect your setup like Photodiodes accordingly.

11. Setup (Gears) allows to show and change system settings of the unit. See next section for details.

6.1.2 SETUP SCREEN
Pressing the “Gear” button in main screen opens a popup to access the setting of the unit.

av— 4
5 DEVICE SETUP R
FREQ LOCK OUT START DEVICE
MODE REMOTE CONFIG INFO
ETHERNET RESTART HUTDOWI
SETTINGS UNIT UNIT

1

g

Frequency/Wavelength Mode allows toggling between system wide display of carrier wavelength or frequency.
Lock Out Remote will close current remote sessions to the device and reject future requests as long as this mode

is active-
Start Config enables the user to set the configuration for the next reboot. It can be chosen between the last save

configuration or the factory defaults. Also the user can en- or disable the autostart of the laser.

A 4
B
, START CONFIG B
Start configuration: [ Last configuration
Laser autostart: [ Disabled l
r CLOSE 1
|

Device Info provides Device configuration, software and hardware version and serial number information
Ethernet Settings provides access to the settings of the physical and virtual Ethernet interface of the unit. Touch
the corresponding buttons to change the settings. Changes to the settings become effective only after a reboot of

the unit.
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A
ETHERNET SETTINGS

‘ DHCP \ |IP addressl 192.168.0.1
is OFF

Netmask 255.255.255.0

RESET
CONFIG | Gateway IP I
169.254.6.230

CLOSE http://omft.local _l

T

S0:ZDF4:1E:SE: 64

Restart unit will perform a soft reset of the unit.
Shutdown unit Will safely shut down the hardware and software of the unit. Always perform this step before
switching off the unit using the main power switch.

6.2 WEB BASED GRAPHICAL USER INTERFACE (WEBGUI)

The WebGUI can be accessed from any host device such as a PC that is either on the same Ethernet Network as
the OMFT unit or is connected via Ethernet and supports the USB virtual Ethernet structure (i.e. Windows 10
devices).

The WebGUI can be accessed by entering “omft.local” into the address field of the internet browser. The WebGUI
was tested with Edge, Chrome and Firefox with current revisions at the time of testing.

6.3 WHAT IF “OMFT.LOCAL” CANNOT BE REACHED BY HOST COMPUTER?

Depending on the configuration of your host PC DNS structure, the http://omft.local/ address might not be
resolved into the correct IP address of the device.

In case the name resolution is not working in your network, open the device settings on the local touch panel to
retrieve the IP address of the unit. Enter the IP address in the address field of the browser instead.

6.3.1 IP ADDRESS RETRIEVAL - LOCAL TOUCH GUI

Retrieve the IP Address in local Touch display under “Device Config — Network Config” and use it instead of the
name.

Note that there are 2 IP addresses shown, one for the physical Ethernet interface (Network Interface) and one for
the virtual Ethernet interface installed via USB.

6.3.2 ETHERNET METHOD

If the default IP address of the device was not altered, it is “192.168.0.1”. Configure the Ethernet address of the
host PC to 192.168.0.2. Make sure to disable to disconnect other Ethernet interfaces on this PC to avoid potential
interference. Connect the Ethernet cable to the host PC and the unit. LEDs next to the Ethernet should become
green. Enter “192.168.0.1” into your Browser on the Host PC.

6.3.3 LABEL
There is a label showing the serial number and part number located at the back of the unit that has the default IP
Address for both Ethernet IP and USB IP.

6.4 DESCRIPTION OF WEBGUI

The WebGUI was tested on Windows 7, Windows 10 and Windows 11 Computers using Edge, Chrome and Firefox
and iPhone/iPad using Safari browser. Note that we cannot guarantee operation in any Browser environment in
general.

The WebGUI functionality is very similar to the local touch interface. A short overview is given here. For details,
see the local Touch WebGUI description.


http://omft.local/
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6.4.1 HEADER BAR

On its right side, the header bar contains status indicators such as the current output power, alarm status, device
mode etc., as well as the device’s IDN string, which includes information such as the serial number and firmware
version. Furthermore, the user has the option to log into the device. Note that the SOA ON/OFF status indicator is
only visible for Class 80G devices.

IDPHOTONIGS[D]:

OMFTVZ , 5N 24420088, F/AW Ver 2.6.0(463), HW Ver 1.10(304,60,1.3.5), IP 192.168.1.48, USE 169.254.6.230

e orr J Rr DRVER OFF ] 50 0rF ] ANAL MODE ] Nanv 105 =D

On the header bar’s left side, the user can open the main menu by clicking the burger menu icon. This menu
allows the user to access resources such as the user manual related to the unit. These resources are stored locally
on the device. In addition, the user can update the firmware and restart the unit from this menu.

Downloads
User Manual

USB Ethernet Driver for Windows 7

Getting help
Download service logs
Run service scripts...

Give product feedback

Remote control code
Download example for Matlab
Download example for LabView

Download example for Python

Unit management
Network settings...

@ Update device firmware...
@ Restart unit...

@ Shutdown unit...

Test report

Inspection_Report_OMFT-C-01-FA_21140002_vO01.pdf

6.4.2 RF DRIVER/IQMOD BIAS TAB
This tab allows accessing most of the device features for daily usage. It is essentially divided into three sections.

The top section enables the user to interact with the ABC. The user can change the DRIVER GAIN, PEAKING and
IQMOD BIAS values by clicking the corresponding bars and entering the new values in the popup window that
appears. Changing the IQMOD BIAS values requires manual mode.

In the case of a Class 80G device, the user has the option to activate the SOA here by clicking the corresponding
button. Changing the SOA status requires user level 1.

Note: the laser must be switched on before the SOA can be enabled. Unlike non-80G devices, 80G devices feature
four peaking levels instead of a gradual increase.

The following provides a more detailed description of the components in this section.
e Driver Gain: these controls set the RF driver gain of the integrated RF amps.
e Peaking: these controls set the RF driver peaking of the integrated RF amps
e 1QMOD Bias: these controls display the BIAS of the MZM structure control
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e Buttons

o RF Driver On/Off: En- or disables the RF driver output

o SOA On/Off (only displayed in the case of a Class 80G device): Activate/Deactivate SOA

o 1QMOD x: Sets the current frequency/wavelength for the IQMOD to x THz/nm in order to
optimize its performance

o ABC Mode: changes the ABC status between automatic mode and manual mode

o Pause: pauses the automatic mode of the ABC

o Init: Initializes the ABC which will change the current BIAS setting and therefore may cause
sudden optical output power changes of the MZM structure

DRIVER GAIN PEAKING 1QMOD BIAS
X
(. | 0.000 v
I
(. | 0.000 v

Independent of the device type, the second section always contains a graph which visualizes the IQMOD BIAS
values in Volt. The legend on the graphs to right corner shows which graph corresponds to which channel.

If the OMFT contains a laser, the third section enables the user to modify the laser settings. To change a setting,
the user must click a parameter and enter a new value, which is applied either by clicking the check mark or
pressing <enter> on a keyboard. Each setting is applied separately.

LASER

549.500 1934769 0000 1000 o

Alternatively, the user can modify all laser settings at once by clicking the Settings button and entering the new
values in the popup window that appears. This window also allows the user to sync the IQMOD Calibration carrier
frequency to the current setting of the laser.



6.4.3 SYSTEM TAB

Laser settings
Port
1-1-1

Wavelength (1524.498 .. 1572.063 nm)
1549.500

Frequency (190.7000 .. 196.6500 THz)
193.4769

Automatic Sync IQMOD to Laser Frequency/Wavelength

FTF (+/-6.000 GHz)
0.000

Set Power (10.00 .. 16.02 dBm)
10.00

Laser on/off status
LASER OFF

Note, laser out will be switched off during tuning if frequency
parameter is changed.

Set changes Discard & close

OMFT Manual

This tab displays the current unit configuration number, which increments each time the unit configuration is

changed. In addition, the user can store all system settings to a file or, conversely, restore system settings from a

file. Restoring system settings from a file requires manual mode. The user also has the option to reset all user

settings to factory defaults.

6.4.4 SCPI CONTROL TAB

This tab enables the user to communicate with the device via SCPI. The responses will be displayed in a popup

window. Also, the user has the option to log the SCPI commands used and their responses. Note that some SCPI

commands require user level 1.

28

For more detailed information about SCPI commands, please refer to chapter section General SCPl Commands and

the following sections.

Start configuration

Start with last configuration

Laser autostart disabled

Settings storage

Config ID
37

Save configuration to file
Restore configuration from file

Reset all user settings

SCPI control

Send command:

partno?

Communication log

Log events:
SCPI commands SCPI replies

*idn?

=> OMFTV2 OMFT-C-02-FA, SN 24420099, F/W Ver 2.7.0(492), HW Ver 1.10(504,60,1.3.5)

partno?
=> OMFT-C-02-FA
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6.5 BIAS CONTROL LOOP STATE MACHINE
The automated BIAS control is based on a finite state machine model. It can assume the following states MANUAL,

TRACKING, TRACKING_PAUSE, INIT, INIT_PAUSE and FAULT.
Please see below a state diagram including all possible state transition conditions.

INIT command

INIT command INIT cormand

Start Autostart ON & Quickstart OFF

LOS or Clip or Mute

MManual Mode

ABC on & Quickstart OFF & Quickstart not completed

INIT completed

utostart ON & Quickstart ON .
LOS or Clip or Mute—m»|

ABC on && Quickstart ON or Quickstart completed

Manual Mode

The automated BIAS control will find and track the optimal BIAS points in 3 phases:
1. INIT (if QuickStart is off): A coarse sweep of one or multiple BIAS electrodes is performed.

2. TRACKING (not settled): The control loop runs in an accelerated tracking mode to swiftly move close to
the target setting.

3. TRACKING (settled): The control loop runs in a slower tracking mode to achieve best accuracy and
performance.

In the GUI, the ABC states translate to the following description:
Init: Init

Manual: Manual

Tracking: Auto

Tracking settled: Auto settled

Tracking pause: Auto pause
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7 REMOTE CONTROL

This device operates using SCPI standard style commands which are ASCIl based and allow easy communication
and interpretation with the instrument. Refer to chapter “Board and Connector description” on how to establish
communication to the ports available at the instrument. More detailed information on SCPI syntax can be found
here: https://www.ivifoundation.org/downloads/SCPI/scpi-99.pdf

7.1 OPERATING MULTIPLE INTERFACE PORTS

This unit supports parallel usage of all remote-control ports available. Note that responses to commands issued
are only returned to the according interface from where the command was issued.

Commands are generally executed in order of time wise arrival to the controller and buffered into an Event queue.
If a stack overflow occurs, an error is issued.

Note that there is no control exclusivity for a specific interface or user. Thus, parallel commands issued by different
instances will be might lead to inconsistencies. It is therefore recommended to poll current parameter status to
ensure integrity of set vs. actual parameters and query the operation complete register (“*opc?”) to make sure
all previous commands have been executed.

7.2 CONNECTION TYPES
There are 2 types of connections that can be used to remote control the unit via SCPI:
1. Connections made with the device can be session based by a raw terminal connection (see 4.2.2) using
Port 2000 for Ethernet or a COM Port session (4.2.3.3).
2. Connections through HTTP Service (Port 80). In this case, the SCPI command is encapsulated in the
following http request:
http://<OMFT IP>/scpi/<SCPI-Command>
A typical example is: http://omft.local/scpi/*idn? Which queries the identification string of the unit.
The ASCII encoded response is identical to the session-based response.
<wsp> characters defined in the SCPI definitions are to be replaced with ASCII string “%20”. No

“w.n

termination character “;” or <CR> is needed for HTTP based access.

7.3 SYNTAX CONVENTIONS FOR COMMANDS

7.3.1 LONG AND SHORT FORM

The key words feature a long form and a short form. Either the short form or the long form can be entered in one
command, other abbreviations are not permissible.

Example: “: SYStem: IPADDRess?” is equal to “ITPADDR?”

NOTE

The short form is marked by upper-case letters; the long form corresponds to the full expression. Upper-case and
lower-case notation only serve the above purpose, the instrument itself accept both upper-case and lowercase
letters.

NOTE

All commands are case insensitive. Long and short form may not be mixed within a single command.

7.3.2 QUERY COMMANDS
Most commands serve a double function that allows either setting or executing a query on a parameter.

NOTE

Query commands are terminated by a “?” character.


https://www.ivifoundation.org/downloads/SCPI/scpi-99.pdf
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7.3.3 PARAMETER
Parameters must be separated from the header by a “white space”. If several parameters are specified in a

an

command they are separated by a comma “".

7.3.4 COLON CHARACTER
A leading colon character “: “ instructs the instrument to interpret the command starting at the root (highest
level) of the command tree. Since the Instrument also starts at the root each time you send it a new command,

the leading colon is not required (although the instrument will accept it if you send it).

7.3.5 COMMAND TERMINATION CHARACTER

Each command must be terminated either by a “; ” character or a carriage return (ASCIl #13) to signal completion
of the command telegram to the controller.

NOTE

Sending two termination characters is a common mistake causing the unit to respond with “ERR 100 ;" since
the first command is executed once the first termination character is received and the second termination
character causes the unit to interpret an empty command. Example:

Command: “volt 1,2;<CR>"

Response “;<CR>ERR 100, unknown command;”

The unit will set BIAS voltage 1 to 2V but additionally receives the empty command which causes the error
response.

7.3.6 ACKNOWLEDGEMENT OF EXECUTED COMMANDS
The mainframe controller will always acknowledge successful execution of commands by a “;” character. If the
echo option is set (for details, see command list), the accordingly sent command is returned first.

7.3.7 COMMUNICATION EXAMPLE

Host sends: *idn?;

unit response: IDP-OMFTV2 OMFT-C-00-FA, SN 19160001, F/W Ver 1.0.0(101), HW Ver
1.00;

7.3.8 BASIC SCRIPT EXAMPLE
The following commands can be a minimal script to perform a basic set up of the unit and read the data

COMMAND COMMENT

INTI; Initialize Communication settings

*IDN?; Query idn string of unit

PASS IDP; Raise user level to 1

*opc?; Queries if command has been executed (status 1)

Screenshot of script example result:

EP 192.168.0.1 - PuTTY - O X
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<ENTER> was used to execute the command. Alternatively, use “;”. If both is used, it is interpreted as 2 commands
of which the second one is empty so that the first command is executed but the second produces an error since
empty.

7.4 USER ACCESS LEVEL (UAL)

This feature allows execution of commands protected in standard access level to avoid accidental change of
important parameters or reboot and shutdown of the unit. See command description

“l:8YStem: ] PASSword” for details on how to enable enhanced access.

Custom passwords can be set to the unit for enhanced security requirements. See details in description for
“[:SYStem:]SetPASS<wsp>,<P>, <P>".

Note: User access level is granted session based. Each time, a new remote connection is made; the standard User
access level 0 is set per default.

USER ACCESS LEVEL (UAL) | PASSWORD

0 -

1 IDP

7.5 NOTATION OF SYNTAX FOR COMMAND DEFINITION

SYNTAX AND TYPE DESCRIPTION

An optional command level that can be omitted. For example

[l [:SYStem:]IPADDRess? allows sending the command IPADDR?.

Denotes a parameter. The placeholder is replaced with the parameter value
defined for the corresponding command. For example, the definition
[:SYStem:]IPADDRess<WSP><P> allows setting parameters such as
[:SYStem:]IPADDRess 192.168.0.1.

<P>

/<P> Denotes an optional parameter.

A leading colon (':") instructs the instrument to interpret the command from the
root (highest level) of the command tree. However, since the instrument starts
at the root each time a new command is sent, the leading colon is optional. The
instrument will accept it if included, but it is not required.

<WSP> Denominates a white space character.

<INT> Denominates an integer value.
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SYNTAX AND TYPE DESCRIPTION
<FLOAT> Denominates a float value.
Read/Write (R/W) Provides information on whether the command reads or writes data.

Specifies the User Access Level required to execute the command. It can be

] A L | (UAL
ser Access Level ( ) either 0 or 1. The password for access level 1 is 'IDP'.

Indicates whether the setting set by the command is saved permanently.
Possible values are 0, 1, and 2. 0: Setting is not saved permanently. Any user
setting is discarded after reboot. The unit will start with factory defaults upon
restart. 1: Setting is saved only after sending command SaveCurrSTATe. The unit
will start with this saved setting upon restart. 2: If STArtDEFault is set to 0, this
setting is saved immediately upon executing the command. The unit will start
with this last setting set by user upon restart. If STArtDEFault is set to 1, the
behavior is identical to SB = 0.

Storage Behavior (SB)

Indicates whether Manual Mode is required to execute the command: 'x' means

Manual Mode (MM
! ( ) Manual Mode is required; '-' means it is not required.

7.5.1 CONVENTIONS FOR WRITING TO MULTI-CHANNEL OUTPUTS

For read queries issued to a Multi-Channel output such as the BIAS Electrodes, the interpreter will return the
current setting of all channels available, i..e.:

Query VOLT?;

Response: 2.34,-5,6.98,3.1,9.99,12.93;

For Write Commands, each channel must be set separately by a command. The following example sets the BIAS
Voltage for channel 2 to 5.67V:

Command VOLT 2,5.67

Response:;

CHANNEL # DUALPOL IQ

1 XP
2 XI
3 XQ
4 YP
5 vI
6 YQ

This parameter represents the channel. Possible values are {1;2;3;4;5;6}. When used in a
query that reads data, the <CH> parameter is optional. If it is omitted, the results for all four
ports are shown. Variant 1: Query: FOFFset? 1 -> Response: 0.00e+00; (The current offset
value of channel 1is 0) ; Variant 2: Query: FOFFset? -> Response:
0.00e+00,0.00e+00,0.00e+00,0.00e+00,0.00e+00,0.00e+00; (The current offset values of all
six channels are 0). In the following examples, we will always use Variant 1.

<CH>
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7.6 GENERAL SCPI COMMANDS

SYNTAX

*IDN?

Queries system type and software version. The second section is the part number that is determined by the
laser configuration of the actual device and matches the part number printed on the unit's label. The
commencing sections include the software version installed and hardware version.

Response Type: STR e.g.: IDP-OMFTV2 OMFT-C-0x-FA, SN 24440001, F/W Ver
2.4.0(357), HW Ver 1.10(504,4,1.3.5)

Example: *IDN?

*OPC?

Queries whether all pending commands have been executed. Note that this does NOT indicate whether the
physical tuning of laser ports has been completed. Use the busy? query for this.

Response Type: INT {0;1}

Example: *OPC?

*WATt

Unit waits to response until *opc? returns 1 and then acknowledges the command. This eliminates the need for
a polling loop of *opc? on the remote side.
Example: *WAI

*RST

Resets the controller, which will perform a warm start of the instrument. All connections and sessions will be
closed. Requires user level 1.
Example: *RST

*CLS

Clears all status and alarm registers of the unit. This command is used to clear latched alarm registers.
Example: *CLS

7.7 COMMANDS ON SYSTEM LEVEL

SYNTAX R/W UAL SB MM

[:SYStem: ] INFOrmation? R 0 0 -

Queries system type and software version. The second section is the part number that is determined by the
laser configuration of the actual device and matches the part number printed on the unit's label. The
commencing sections include the software version installed and hardware version. This command is equivalent
to the *idn? command.

Response Type: STR e.g.: OMFT: IDP-OMFTV2 OMFT-C-0x-FA, SN 24440001, F/W Ver
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SYNTAX R/W UAL SB MM
2.4.0(357), HW Ver 1.10(504,4,1.3.5)

Example: INFO?

:SYStem:RESet W 1 0 -

Resets the controller, which will perform a warm start of the instrument. All connections and sessions will be
closed. Requires user level 1. This command is equivalent to the *rst command.

Example: :SYS:RES

[:SYStem: ]ECHO? R 0 0 -
Queries the echo command's sent status. This setting applies to the current session only.

Response Type: INT {0;1}

Example: ECHO?

[:SYStem: ] ECHO<KWSP><P> W 0 0 -
Sets the echo command's sent status. This setting applies to the current session only.

Parameter Type: INT {0;1}

Example: ECHO 0

[:SYStem: ]FACtoryDEFault W 1 0 X
Resets all parameters saved by SCSTAT back to Factory defaults.

Example: FACDEF

[:SYStem: ] STArtDEFault? R 1 0 -

Queries whether the unit starts with the last settings applied before a reboot or with the device's default
settings. This affects all settings except the remote interface settings and laser port on/off status. 0 indicates
that each change is saved and that the unit restarts with the current configuration upon the next reboot. 1

indicates that the unit always reboots with its factory defaults.
Response Type: INT {0;1}
Example: STADEF?

[:SYStem: ] STArtDEFault<wWSP><P>

W

Sets whether the unit starts with the last settings applied before a reboot or with the device's default settings.
This affects all settings except the remote interface settings and laser port on/off status. 0 indicates that each
change is saved and that the unit restarts with the current configuration upon the next reboot. 1 indicates that

the unit always reboots with its factory defaults.
Parameter Type: INT {0;1}
Example: STADEF 0

[:SYStem: ] REMOte?

R

0

0

Queries the remote status of the device and checks for any open remote sessions via Ethernet.

Response Type: INT {0;1}
Example: REMO?

[:SYStem:] PASSword?
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SYNTAX

R/W

UAL

SB

MM

Queries the current user level status.
Response Type: INT {0;1}
Example: PASS?

[:SYStem: ] PASSword<wsSpP><pP>

W

Sets a new user level status for this session by sending a password.

Parameter Type: STR
Example: PASS IDP

[:SYStem: ] SetPASSword<wsSP><P>

W

Sets a password to access the current user level. The current user level must match the level for which the

password is being set. The parameter is a string defining the password.

Parameter Type: STR
Example: SPASS IDP

[:SYStem:]INTerfacelnit

W

0

0

Resets session parameters to their defaults. Call this after opening the remote port. This command resets ECHO,

PASS, FORMAT, unit:X, LINLOG and EVENT.
Example: INTI

[:SYStem: | TIME?

R

0

0

Queries the system time. Note that the time is stored in volatile memory only and must be set after each cold

start.
Response Type: INT {0;1;...;2147483647}
Example: TIME?

[:SYStem: ] TIME<WSP><P>

W

0

0

Sets the system time. Note that the time is stored in volatile memory only and must be set after each cold start.

Parameter Type: INT {0;1;...;2147483647}
Example: TIME 946685651

[:SYStem: ]ALARM? R 0 0 -
Queries the alarm status of device. See the “Alarm code definition” section for details.

Response Type: INT {0;1;...;65535}

Example: ALAR?

[:SYStem: JERRor [ :NEXT]? R 0 0 -
Queries data from the error queue and deletes it.

Example: ERR?

[:SYStem: ]FAN? R 0 0 -

Queries the chassis fan level as a percentage of the maximum level, if a fan is present in the chassis.

Example: FAN?
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SYNTAX R/W UAL SB MM

[:SYStem:COMMunicate: ] LOCKout? R 0 0 -

Checks if other sessions are allowed to execute write commands on the unit.
Response Type: INT {0;1}
Example: LOCK?

[:SYStem:COMMunicate: ] LOCKout<WSP><P> W 1 0 -

Locks other sessions from performing write commands on the unit. The lock is automatically released if the
active session closes.

Parameter Type: INT {0;1}

Example: LOCK 0

[:SYStem:COMMunicate: ]ParameterREFresh? R 0 0 -

This query detects any changes made to the unit configuration. Each time the counter increases, it indicates a
configuration change. This is useful in multi-user environments to determine if a parallel session has modified
the unit's settings.

Response Type: INT {0;1;...;2147483647}

Example: PREF?

[:]ABORt W 0 0 -

Aborts all currently executing pending commands as quickly as possible. Query *OPC? to determine the status
once all pending commands have been aborted.
Example: ABOR

[:SYStem: ] IDENTify<WSP><P> W 0 0 -

Enables or disables blinking on the unit, allowing identification of the unit controlled by this remote session.
This is helpful for installations with multiple ABC units.

Parameter Type: INT {0;1}

Example: IDENT 0

[:SCRIPTing: ]WAITMilliSeconds<WSP><P> W 0 0 -

This command causes the unit to wait for specified time until the next command in buffer is executed. This is
helpful if a batch of commands is uploaded to the unit for execution. Requires Firmware Version 1.2.1 or later
Parameter Type: INT {0;1;...;60000}

Example: WAITMS 100

[:SYStem: ]LAYout? R 0 0 -

Queries the chassis configuration. The response includes the chassis type and lists the installed slots along with
the corresponding number of lasers.
Example: LAY?

[:SYStem: ] INTLock? R 0 0 -

Queries the status of the interlock setting. The optical output of lasers can only be enabled if the interlock
jumper is set. A response of 0 indicates that the laser can be activated.
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SYNTAX R/W UAL SB MM

Response Type: INT {0;1}
Example: INTL?

[:SYStem:]CARD: INFOrmation?<wsSP><C>, <S> R 0 0 -

Queries card-level information. The response is identical to the *IDN? query.
Example: CARD:INFO? 1,1

[:SYStem: ]JENABl1eAUTOSTArt? R 1 0 -

Queries whether the laser port on/off status is saved and applied upon reboot.
Response Type: INT {0;1}
Example: ENABAUTOSTA?

[:SYStem: ]JENABl1eAUTOSTArt<wspP><p> W 1 1 -

Enables or disables whether the laser port on/off status is saved and applied upon reboot.
Parameter Type: INT {0;1}
Example: ENABAUTOSTA 0

[:SYStem: ]OUTputRANGEselect? R 0 0 -

Queries the scaling of output BIAS values in the VOLT command. 0: X5 (0 - +5V) ; 1: X1 single-ended (+/-15V) ; 2:
X1 differential (+/-30V) ; 3: X5 (+/- 5V)

Response Type: INT {0;1;2;3}

Example: OUTRANGE?

[:SYStem: ]OUTputRANGEselect<WSP><P> W 1 1 X

Scaling of output BIAS values in the VOLT command. 0: X5 (0 - +5V) ; 1: X1 single-ended (+/-15V) ; 2: X1
differential (+/-30V) ; 3: X5 (+/- 5V)

Parameter Type: INT {0;1;2;3}

Example: OUTRANGE 0

[:SYStem: ]CSTATus? R 0 0 -

Queries the current state of BIAS Control.
Response Type: STR
Example: CSTAT?

[:SYStem: ] LOSThresh?<WSP>/<CH> R 0 0 -

This queries the Loss of Signal (LOS) threshold of the unit. If the power at the feedback path drops below the
specified value, the ABC stops tracking and a warning is issued. Note that this feature requires a valid power
calibration of the feedback path.

Example: LOST? 1
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7.8 BIAS CONTROL COMMANDS

SYNTAX R/W UAL SB MM

[:BIAS:]AUToSTart? R 0 0 -

0: Bias Control will remain in Manual mode after startup. 1: Bias Control will automatically run INIT and
continue in TRACKING state.

Response Type: INT {0;1}

Example: AUTST?

[:BIAS:]QuickSTArt? R 0 0 -

Skips INIT state after startup. This option is only recommended if a settled state was saved previously via SCSTAT
command. States 1 and 2 are identical.

Response Type: INT {0;1;2}

Example: QSTA?

[:BIAS:]SETTled? R 0 0 -

Indicates whether automatic BIAS control has settled (only in TRACKING mode).
Response Type: INT {0;1}
Example: SETT?

[:BIAS:]VPI?<WSP>/<CH> R 1 0 -

Queries VPI of BIAS Electrodes. Note: Changing these parameters will impact the performance of the
automated control loop. See section “Conventions for writing to multi-channel outputs” for details on the
parameter convention.

Response Type: FLOAT [V]

Example: VPI? 1

[:BIAS:]INIT? R 0 0 -

Set VPI of BIAS Electrodes. Note: Changing these parameters will impact the performance of the automated
control loop. See section “Conventions for writing to multi-channel outputs” for details on the parameter
convention. Indicates whether control loop is currently in initialization phase. 1: Init active 0: No Init in progress
Response Type: INT {1;2;...;6},FLOAT [-,V]

Example: INIT?

[:BIAS:]INIT W 0 0 -

Will trigger the initialization routine. 1: Init active 0: No Init in progress
Example: INIT

[:BIAS:]MODE? R 0 0 -

Queries current MZM configuration. 1=DP1Q(1),2=DPIQ(2), 3=SP1Q(1), 5=DPII(1), 6=DPII(2), 7=SPII(1), 8=custom;
Number in brackets denotes the number of feedback photodiodes. See chapter “BIAS Control Loop State
Machine” for details.

Response Type: INT {1;2;...;8}

Example: MODE?
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SYNTAX R/W UAL SB MM

[:BIAS: ]MODE<WSP><P> W 1 0 X

Sets current MZM configuration. 1=DP1Q(1),2=DPIQ(2), 3=SPIQ(1), 5=DPII(1), 6=DPII(2), 7=SPII(1), 8=custom;
Number in brackets denotes the number of feedback photodiodes. See chapter chapter “BIAS Control Loop
State Machine” for details.

Parameter Type: {1;2;...;8}

Example: MODE 1

[:BIAS:]VOLTage?<WSP>/<CH> R 0 0 -

Query current BIAS voltages. Response will be all 6 BIAS Voltages without Channel ID. See section “Conventions
for writing to multi-channel outputs” for details on the parameter convention.

Response Type: FLOAT, FLOAT, FLOAT, FLOAT, FLOAT, FLOAT [V]

Example: VOLT? 1

[:BIAS:]VOLTage<WSP><CH><P> W 0 0 _

Set BIAS Voltages. First Parameter is Channel ID, second is BIAS Voltage to be set to selected electrode. Set is
only possible in manual mode. See according table for electrode type assignment. See section “Conventions for
writing to multi-channel outputs” for details on the parameter convention.

Parameter Type: INT {1;2;...;6},FLOAT [-,V]

Example: VOLT 1,5.365

[:BIAS:]FOFFset?<WSP>/<CH> R 0 0 -

Queries the current offset value. Response will be all 6 feedback offsets without Channel ID. See section
“Conventions for writing to multi-channel outputs” for details on the parameter convention.

Response Type: FLOAT, FLOAT, FLOAT, FLOAT, FLOAT, FLOAT [dB]

Example: FOFF? 1

[:BIAS:]FeedBackDIRection?<WSP>/<CH> R 0 0 -

Query control loop direction. Response will be 6 Feedback directions without Channel ID. See section
“Conventions for writing to multi-channel outputs” for details on the parameter convention.
Response Type: INT, INT, INT, INT, INT, INT {-1,1}

Example: FBDIR? 1

[:BIAS:]CHannelACTive?<WSP>/<CH> R 0 0 -

Queries Control loop for the channel, which can be either active or inactive.
Response Type: INT, INT, INT, INT, INT, INT {0;1}
Example: CHACT? 1

[:BIAS:]CHannelASSign?<WSP>/<CH> R 0 0 -

Assignment of control loop channel to H/W channel. See section “Conventions for writing to multi-channel
outputs” for details on the parameter convention.

Response Type: INT, INT, INT, INT, INT, INT {1;2;...;6}

Example: CHASS? 1

[:BIAS:]CHannelASSign<WSP><CH><P> W 0 0 X
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SYNTAX R/W UAL SB MM

Will set control loop channel assignment to different H/W Channel Example: CHASS 1,4; Will assign logical
output 1 to Hardware channel 4, logical output 1 is then left unused (0) See section “Conventions for writing to
multi-channel outputs” for details on the parameter convention.

Parameter Type: INT{1;2;...;6}

Example: CHASS 1,1

[:BIAS:]STAtusVOLTage?<WSP>/<CH> R 0 0 -

Queries if any BIAS Voltage is 5% or less to maximum or minimum.
Response Type: INT {0;1}
Example: STAVOLT? 1

[:BIAS:]CONTrol? R 0 0 -

Queries status of automated BIAS Control. 1: Control Active 0: Manual Mode Active
Response Type: INT {0;1}
Example: CONT?

[:BIAS:]CONTrol<wspP><P> W 0 0 -

Sets status of automated BIAS Control. 1: Control Active 0: Manual Mode Active
Parameter Type: INT {0;1}
Example: CONT 0

[:BIAS:]OPOWer?<WSP>/<CH> R 0 0 -

Queries current optical output power in [dBm]. For ABC only: This value is only correct if power calibration was
performed before. The optional parameter allows to read only 1 channel. i.e. OPOW? 1; reads the optical power
of feedback channel 1.

Response Type: FLOAT [dBm]

Example: OPOW? 1

[:BIAS: ] MONPower?<WSP>/<CH> R 0 0 -

Queries current DC feedback level. Note that the unit uses an automated gain switch so that this value cannot
be used as a power monitor. The optional parameter allows to read only 1 channel. i.e. OPOW? 1; reads the
optical power of feedback channel 1.

Example: MONP? 1

[:BIAS: ]MUTE? R 0 0 -

Queries MUTE status. If MUTE is active, automated BIAS Control will not change any BIAS Voltage and switch to
a low noise mode intended for delicate measurements. A query will also indicate the MUTE status that is set by
the external H/W input. 1: Mute Active 0: Standard Operation

Response Type: INT {0;1}

Example: MUTE?

[:BIAS: ]MUTE<WSP><P> W 0 0 -

Sets MUTE status. If MUTE is active, automated BIAS Control will not change any BIAS Voltage and switch to a
low noise mode intended for delicate measurements. A query will also indicate the MUTE status that is set by
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SYNTAX R/W UAL SB MM

the external H/W input. 1: Mute Active 0: Standard Operation
Parameter Type: INT {0;1}
Example: MUTE 0

[:BIAS:]LOSStatus? R 0 0 -

Queries if output power of device is too low for automatic BIAS Control. 1: Loss of Signal (LOS) - Signal too low.
Control loops stops. ; 0: Signal within valid range Note that this feature requires a valid power calibration of the
feedback path.

Response Type: INT {0;1}

Example: LOSS?

[ :BIAS:]MAXRange? R 1 0 -

Queries maximum Voltage applied to BIAS electrodes in [V]. Setting is possible only with User Access Level 1 or
higher and in MANUAL mode of BIAS control. This value can be between 0V and 48V.

Response Type: FLOAT {0;...;48} [ V]

Example: MAXR?

[ :BIAS: ]MAXRange<WSP><P> W 1 0 X

Sets maximum Voltage applied to BIAS electrodes in [Volts]. Setting is possible only with User Access Level 1 or
higher and in MANUAL mode of BIAS control. This value can be between 0V and 48V.

Parameter Type: FLOAT {0;...;48}

Example: MAXR 0

[ :BIAS:]HWMAXRange? R 1 0 -

Queries Voltage setting of HARDWARE. This is the maximum Voltage range addressable by the hardware in [V].
This value can be 12,24 or 48V. This value is automatically set by the S/W, following HWMAXRange >
MAXRange.

Response Type: INT {12;24;48} [V]

Example: HWMAXR?

[:BIAS:]TRackInLOS? R 1 0 -

If enabled(1), control loop is forced to continue operating even if LOS alarm is present. CAUTION: The control
loop will drift away if no feedback signal is present (i.e. no photodiode connected).

Response Type: INT {0;1}

Example: TRILOS?

[:BIAS:]TRackInLOS<WSP><P> W 1 0 -

If enabled(1), control loop is forced to continue operating even if LOS alarm is present. CAUTION: The control
loop will drift away if no feedback signal is present (i.e. no photodiode connected).

Parameter Type: INT {0;1}

Example: TRILOS O

[:BIAS:]UNWrapThresh? R 0 0 -

(Firmware 1.5.1 or later) Will set set threshold at which unwrap of BIAS electrodes is triggered.
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Response Type: FLOAT {0;100}
Example: UNWT?

7.9 RF AMPLIFIER CONTROL COMMANDS

SYNTAX R/W UAL SB

[:TransX:]AMPPeaking? R 0 0

Queries peaking level of Transmitter RF Amplifiers.
Response Type: INT {0;1;...;255}
Example: AMPP?

[:TransX:]AMPPeaking<WSP><CH><P> W 0 2

Sets peaking level of Transmitter RF Amplifiers.
Parameter Type: INT {1;2;3;4}, INT {0;1;...;255}
Example: AMPP 1,3

[:TransX:]AMPGain? R 0 0

Queries gain level of Transmitter RF Amplifiers.
Response Type: INT {0;1;...;255}
Example: AMPG?

[:TransX:]AMPGain<WSP><CH><P> W 0 2

Sets gain level of Transmitter RF Amplifiers.
Parameter Type: INT {1;2;3;4}, INT {0;1;...;255}
Example: AMPG 1,2

[:TransX:]AMPSQuelch? R 0 0

Queries if squelching of the RF Amplifier is en- or disabled.
Response Type: INT {0;1}
Example: AMPSQ?

[:TransX:]AMPSQuelch<WSP><P> W 0 0

En- or disables squelching of the RF Amplifier.
Parameter Type: INT {0;1}
Example: AMPSQ 0

[:TransX:]PEQUalizer? R 0 0

Queries the relative power between X Polarization and Y Polarization by attenuating one polarization.
Response Type: INT {0;1;...;100}
Example: PEQU?
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[:TransX:]PEQUalizer<WSP><P> W 0 0
Sets the relative power between X Polarization and Y Polarization by attenuating one polarization

Parameter Type: INT {0;1;...;100}

Example: PEQU 0

[:TransX: ] TFREQuency? R 0 0

Queries the operating frequency of the IQ MZM. It will internally apply a calibration to optimize performance

for this particular frequency.
Response Type: FLOAT [THz]
Example: TFREQ?

[:TransX: ] TFREQuency<wSP><P>

W

0

Sets the operating frequency of the IQ MZM. It will internally apply a calibration to optimize performance for

this particular frequency.
Parameter Type: FLOAT [THz]
Example: TFREQ 193.4

[:TransX:]TWAVelength?

R

0

0

Queries the oparting wavelength of the IQ MZM. It will internally apply a calibration to optimize performance

for this particular wavelength.
Response Type: FLOAT [nm]
Example: TWAV?

[:TransX: ] TWAVelength<wWSP><P>

W

0

0

Sets the oparting wavelength of the IQ MZM. It will internally apply a calibration to optimize performance for

this particular wavelength.
Parameter Type: FLOAT [nm]
Example: TWAV 1550.1

[TransX:]preSOAONOFE? R 1 0
Queries the SOA status, where 0 indicates ‘off’ and 1 indicates ‘on’.

Respone Type: INT {0;1}

Example: SOAONOFF?

[TransX: ] preSOAONOFF<WSP><P> W 1 0

Sets the SOA status, where 0 indicates ‘off’ and 1 indicates ‘on’.
Respone Type: INT {0;1}
Example: SOAONOFF 0
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7.10 TUNABLE LASER CONTROL COMMANDS
Note that the following commands are only available if the internal tunable laser option is installed.

SYNTAX R/W UAL SB

[ :SOURce: ]TYPe?<WSP><C>, <S>, <D> R 0 0

Queries the laser type present at the specified location. Use the wildcard * to retrieve the full chassis inventory.
When using a wildcard, port coordinates are also included in the response. Example: Command -> type? 1,1,1
Response -> NC

Response Type: STR

Example: TYP? 1,1,1

[ :SOURce: ]WAVelength?<WSP><C>, <S>, <D> R 0 0

Queries the wavelength setting of a tunable laser port. The value is provided in nanometers (nm).
Response Type: FLOAT [nm]
Example: WAV? 1,1,1

[ :SOURce: ]WAVelength<WSP><C>, <S>, <D>, <P> W 0 0

Sets the wavelength setting of a tunable laser port. The value is provided in nanometers (nm). Example: WAV
1550.012; sets Laser Port 1,1,1 to 1550.012nm. Use the WAVelength:LIMit? command to get the wavelength
limits of your device.

Parameter Type: FLOAT [nm]

Example: WAV 1,1,1,1550.012

[ :SOURce: ]WAVelength:LIMit?<WSP><C>, <S>, <D> R 0 0

Queries the wavelength setting limits of a tunable laser port. The values are provided in nanometers (nm).
Example: Command -> WAV:LIM?; (queries Laser Port 1,1,1) Response -> 1528,1565; (minimum and maximum
limits)

Response Type: FLOAT, FLOAT [nm,nm]

Example: WAV:LIM? 1,1,1

[ :SOURce: ] FREQuency?<WSP><C>, <S>, <D> R 0 0

Queries the frequency setting of a tunable laser port. The value is provided in terahertz (THz).
Response Type: FLOAT [THz]
Example: FREQ? 1,1,1

[ :SOURce: ]FREQuency<WwSP><C>, <S>, <D>, <P> W 0 2

Sets the frequency setting of a tunable laser port. The value is provided in terahertz (THz). Example: FREQ
192.15; sets Laser Port 1,1,1 to 192.15THz. Use the FREQuency:LIMit? command to check the frequency limits
of your device.

Parameter Type: FLOAT [THz]

Example: FREQ 1,1,1,192.15

[ :SOURce: ]FREQuency: LIMit?<WSP><C>, <S>, <D> R 0 0

Queries the frequency setting limits of a tunable laser port. The values are provided in terahertz (THz). Example:
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Command -> FREQ:LIM?; (queries Laser Port 1,1,1) Response -> 191.1020,196.1020; (minimum and maximum
limits)

Response Type: FLOAT, FLOAT [THz, THz]

Example: FREQ:LIM? 1,1,1

[ :SOURce: ]OFFset?<WSP><C>, <35>, <D> R 0 0

Queries the frequency offset setting of a tunable laser port. The value is provided in gigahertz (GHz).
Response Type: FLOAT [GHz]
Example: OFF? 1,1,1

[ :SOURce: ]OFFset<WSP><C>, <S>, <D>, <P> W 0 2

Sets the frequency offset setting of a tunable laser port. The value is provided in gigahertz (GHz). Example: OFF
11.15; sets Laser Port 1,1,1 offset to 11.15 GHz. Value can be positive or negative. Use the OFFset:LIMit?
command to get the offset limits of your device.

Parameter Type: FLOAT [GHz]

Example: OFF 1,1,1,11.15

[ :SOURce: ]OFFset :LIMit?<WSP><C>, <S>, <D> R 0 0

Queries the offset setting limits of a tunable laser port. The value is provided in gigahertz (GHz) Example:
Command -> OFF:LIM?; (queries Laser Port 1,1,1) Response -> 12; (a single value, as the offset is symmetrical to
0)

Response Type: FLOAT [GHz]

Example: OFF:LIM? 1,1,1

[ :SOURce: ] POWer?<WSP><C>, <S>, <D> R 0 0

Queries the optical output power target setting of a tunable laser port. The value is provided in dBm.
Response Type: FLOAT [dBm]
Example: POW? 1,1,1

[ :SOURce: ]ActualPOWer?<wSP><C>, <S>, <D> R 0 0

Queries the current optical output power reading of a tunable laser port. The value is provided in dBm.
Example: Command->APOW?; (queries the Laser Port 1,1,1) Response -> 11.15 (indicating 11.15 dBm)
Response Type: FLOAT [dBm]

Example: APOW? 1,1,1

[ :SOURce: ] POWer<WwsSP><C>, <S>, <D>,<P> W 0 0

Sets the optical output power target setting of a tunable laser port. The value is provided in dBm. Example:
POW 11.15; sets the power of Laser Port 1,1,1 to 11.15 dBm. Use the POWer:LIMit? command to get the power
limits of your device.

Parameter Type: FLOAT [dBm]

Example: POW 1,1,1,11.15

[:SOURce: ] POWer:LIMit?<WSP><C>, <S>, <D> R 0 0

Queries the output power setting limits of a tunable laser port. The values are provided in dBm. Example:
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Command -> POW:LIM?; (queries Laser Port 1,1,1) Response ->9.50,15.50; (minimum and maximum limits)
Response Type: FLOAT, FLOAT [dBm, dBm]
Example: POW:LIM? 1,1,1

[ :SOURce: ] STATe?<WSP><C>, <S>, <D> R 0 0

Queries whether the laser port is on (1) or off (0).
Response Type: INT {0;1}
Example: STAT? 1,1,1

[ :SOURce: ] STATe<WSP><C>, <S>, <D>,<P> W 0 2

Switches the laser port on (1) or off (0).
Parameter Type: INT {0;1}
Example: STAT 1,1,1,0

[:SOURce: ]LIMit?<WSP><C>, <S>, <D> R 0 0

Queries the maximum tuning parameters of the laser at location C-S-D in CSV format. <Minimum
Frequency>,<Maximum Frequency>,<Fine tuning Range>,<Minimum Power>,<Maximum Power> Example:
Command -> LIM?; (queries Laser Port 1,1,1) Response -> 191.1000,196.2500,6.000,9.50,15.50;

Response Type: FLOAT, FLOAT, FLOAT, FLOAT, FLOAT [THz, THz,GHz, dBm, dBm]

Example: LIM? 1,1,1

[ :SOURce: ]CONFiguration?<WSP><C>, <S>, <D> R 0 0

Queries the current configuration of the laser at location C-S-D in CSV format: <Frequency>,<Offset>,<Output
Power>,<Output state>,<Busy state>,< Dither state>; Busy State (INT): 1 (busy), O (not busy) ; Dither State (INT):
1 (enabled), 0 (disabled), -1 (not supported) If queried and -1 is reported, the laser does not support this
feature. If set and the laser does not support the feature, the parameter must be -1. Example: Command ->
SOUR:CONF? 1,2,3; Response ->191.42,10.134,6.12,0,1,-1; Interpretation: The laser is set to 191.42 THz, 10.134
GHz fine-tuning offset, 6.12dBm output power, output off (0) , busy tuning (0), dither not supported(-1)
Response Type: FLOAT, FLOAT, FLOAT, INT, INT, INT [THz,GHz,dBm,-,—, -]

Example: CONF? 1,1,1

[ :SOURce:]CONFiguration<WwSP><C>, <S>, <D>, <P><P><P><P><P> W 0 0

Sets the current configuration of the laser at location C-S-D in CSV format: <Frequency>,<Offset>,<Output
Power>,<Output state>,< Dither state>, Dither State (INT): 1 (enabled), 0 (disabled), -1 (not supported); If
queried and -1 is returned, the laser does not support this feature. If setting the parameter and the laser does
not support the feature, the value must be -1. Example: Command -> SOUR:CONF 1,1,1,193,1,7,1,-1; will set the
frequency to 193 THz,the fine-tuning offset to 1 GHz,the output power to 7dBm, 1: laser on (1): dither not
supported(-1). Note: For SC Type lasers, frequency and offset cannot be changed within a single command. Use
two seperate commands to set them individually.

Parameter Type: FLOAT, FLOAT, FLOAT, INT, INT [THz,GHz,dBm, -, —]

Example: CONF 1,1,1,193,1,7,1,-1

[ :SOURce: ]BUSY?<WSP><C>, <S>, <D> R 0 0

Queries if the laser port is currently tuned (1) or settled (0).
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Response Type: INT {0;1}
Example: BUSY? 1,1,1

[ :SOURce: ]MONitor?<WSP><C>, <S>, <D> R 0 0

Queries monitor readings from the laser. The response includes the following parameters: LD Chip Temperature
(°C), format: nn.nn ; LD Base Temperature (°C), format: nn.nn; LD Chip Current (mA), format: nnnn.n ; TEC
Current (mA), format nnnn.n Example: Command -> MON? 1,2,3; Response ->29.23,25.12,125.1,1043.2;
Interpretation: LD Chip Temperature: 29.23°C ; LD Base Temperature: 25.12°C; LD Chip Current: 125.1 mA ; TEC
Current: 1043.2 mA

Response Type: FLOAT, FLOAT, FLOAT, FLOAT [°C, °C,mA, mA]

Example: MON? 1,1,1

7.11 SCPI CODE ERROR DEFINITION

ERROR # DESCRIPTION

100 Invalid SCPI Command: i.e. wrong parameter, parameter out of range or device is
incompatible.

102 Invalid SCPI Command due to an illegal parameter.

200 Occurs when the SCPI command cannot be executed due to settings or the current system
state; so far, this only occurs with 'SOAONOFF 1' when the laser is not switched on.

501 Occurs if the SCPI authentication level ( = user access level / UAL) is insufficient for the
command (i.e., the required 'pass xxx' is missing).

202 Occurs when the internal command queue overflows.

204 Occurs when VPISearch or offset measurement cannot be completed.

205 Occurs when VPISearch or offset measurement cannot be completed.

206 Occurs when VPISearch or offset measurement cannot be completed.

207 Occurs if 'Lock’ is set using the LOCK command.

208 Occurs when a command requires MANUAL_MODE, but the system is in a different mode.

224 Error during the offset measurement.

225 Occurs when an OMFT-specific command is to be executed on an ABC device.

226 Occurs if CDM is not available or shut down.

227 Occurs when a Class 80G module is required but a different module is installed.
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BIT # ALARM CONDITION/DESCRIPTION

0 BIAS Value at limit The BIAS settings of modulator are close to limit.

1 Init error The initialization of Automatic BIAS Control failed.

2 Feedback signal warning The feedback for Automatic BIAS Control failed.

3 Gain error, feedback signal too The gain of the feedback circuit for the Automatic BIAS

low or too large Control failed.

4 generic Fault A general error occurred.

5 H/W error A hardware related error occurred.

6 Reserved
The photocurrent of the Automatic BIAS Control

7 DC signal warning feedback is high. This alarm occurs only if no LOS is
present.

8 Input Signal warning PHD1 ;I':eedrt):;(c)l'iolc?sr;ei;c].of the Automatic BIAS Control

9 Input Signal warning PHD2 fT:eedEZEIEOZC:JSrLeig;_Of the Automatic BIAS Control

10 Start Init search failed The start procedure of the Automatic BIAS Control
failed.

11 FB Fail The feedback for the Automatic BIAS Control failed.

12 Laser Fail Due to a laser failure.

13 IQMOD Failure Due to a modulator failure.

14 Reserved

15 Reserved




8 APPENDIX

8.1 REFERENCE SETTINGS FOR KEYSIGHT AWGS
These settings are provided for reference for a standard setup to enable a quick start. For any further details on
the AWG and this software, contact Keysight support.
For this typical setup, we recommend the OMFT Gain settings of ~ 30% (Class40) or 70% (Class 60) and peaking

between 0% and 50%.

Block Diagram of a typical setup
RF- Cable

OMFT

Reference Plane
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Output Settings for an AWG, 250mVpp differential, OV offset, screenshot from Keysight Software.

' MB1844: Arbitrary Waveform Generator, DESSADOTIE
File Wiew Utilities Toals Help
Cutput Clock/Sync | Standard Waveform | Multi-Tone Waveform | Complex Modulated Waveform | Serial Data Waveform | Import Waveform
Mode: Four Channel
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fizet: 0.0000 v [ /.-:'_ Data Cut
Diff. Offset: |0 B - @
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Diata Out
= o Enabled
Amplitude: (25000 mV | E—
[+ %\UTerm |n.0000 ¥ E [
Offset: 00000 2 —] Data Out
Diff. Offset: |0 E/ - —®
Channel 3
Data Out
P ¥ Enabled
Amplitude: (25000 mV R
P %\UTerm 0.0000V o *
Offset: QL0000 v v ] - Data Cut
Diff. Offset: |0 E/ - —®
Channel 4
Data Out
3 & Enabled
Amplitude: | 250,00 mV 2
. £ ] vierm [00000v B [ °
Offset: 0.0000 V 2 \->— Data Cut
Diff. Offset: [0 E/ - ———®
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For single ended operation, make sure to properly terminate the unused RF Ports with 50 Ohm and double the
output swing from the AWG to 500mV.

50 ohm Termination RF- Cable

Reference Plane for S-paramters and skew

- ‘
Fle View Utities Tools Help File Preset Clock VSA -

Output | Clocks/Sync | Standard Wavelorm | Muiti-Tone Waveform  Complex Modulated Wavelorm  Serial Data Waveform | Import Waveform

Sample Rate (Hz 120e9
Waveform Destination . .
Oversamping rate 15
Channel 1/ Segment Number Channel /0 Segment Mum DAC Mas 1 | Rt 05
Symbol Rate &

x| <[>

! ! o DAC Mirs
L - 8 of sampies b4 Auto

«» <> 7

<
7

Type of data PRES2*15-1

| Generate |/ Data Apply Offset Freq. Spectrum Reversed

#of symbols

Data content

Modulaton type QPsK v Pot

o

Puise shapng fler  Root Ramed . v

Nsym/Apha 80
Qued./ 10 / Gan |,
N Er  Skew Wt
Save to File b Set Defaults 8 of carriers [ Ve

Pulse Shaping Root Raised Cosine | Alpha: 035

TP

PRES 215 * | Data Length: 32768

11 Delay: ops al
Carrier spacing (H2)

Carmier oftfset (Hz

rel magntudes (@5)
- Apply comection [} | Show Correction

Download WCh1 4 QeCh23

VSA Calbration parameters

fc 0 Resut Leagth 256

Flter length %2 Convergence 1e-7

Viscalze n MATLAS Download

Setup VSA (W) Re-calwrate

Conrected: USE-PX10-5564-4934-68210993A58081- 1:INSTR, Siot 1. /N DESBADD116

Reference Settings for the free Keysight “IQ Tool” to generate a DP-QPSK Signal

8.2 MANUAL OPERATION OF OMFT

Although the OMFT is designed to operate in automatic bias mode, it is useful to understand the impact of the
modulator bias settings on the generated optical signal.

For this purpose, the user can set the OMFT to manual bias mode.

The following steps describe how to adjust the modulator bias voltages manually. It is recommended to perform
the manual adjustment with NRZ-QPSK signals. Furthermore, it is assumed that the user has set up the OMFT with
an output monitor coupler to record the optical output spectrum of the OMFT using a high-resolution optical
spectrum analyzer (OSA) such as the ID Photonics ID OSA as well as a sampling oscilloscope (DCA) with a fast
photo detector to view the optical envelope.

8.2.1 ADJUST THE BIAS VOLTAGES (“X-1”, “X-Q”, “Y-I” AND “Y-Q”) USING THE OSA:

On the OSA a spectrum for NRZ-QPSK, similar to the one shown in the figure below, should be seen. Change the
bias voltages for “X-1”, “X-Q”, “Y-I” and “Y-Q” via the GUI to minimize the clock lines (marked by red circles in the
figure below) as well as the residual CW carrier in the center of the spectrum. The clock lines can be suppressed as
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shown in the figure in the optimum case. If not, the RF drive signals might have some skew, which needs to be de-
skewed first (8.2.3 De-skewing of RF Drive ).

-104 . -10-
I E
g -204 c -204
S )
S -304 S -30-
= 1 c
£ 401 E 401
=) o
T -50- T -50-
@ ] g
§ -60+ g -60- | |
15495 1550.0 1550.5 1549.5 1550.0 1550.5
wavelength (nm) wavelength (nm)
(poor 1/Q bias) (optimum 1/Q bias)

Figure 1: Optical spectrum for NRZ-QPSK at the output of the OMFT for poor (left) and optimum
(right) setting of the | and Q modulator bias voltages.

8.2.2 ADJUST THE BIAS VOLTAGE FOR “X-PHASE” AND “Y-PHASE” USING THE DCA
On the DCA a picture similar to the one shown below
should appear. Change the bias voltage for “X-Phase"
and “Y-Phase” via the GUI to minimize the standard
deviation of the high intensity level of the envelope on
the DCA. An optimum optical envelope is shown in the
following figure (measured for NRZ PDM-QPSK at 28
GBd with the DCA). If the DCA envelope exhibits more
features, double rails or alike, the RF drive signals
might be too large or have some skew, which needs to
be de-skewed first (see section 8.2.3 De-skewing of RF
Drive ).

Figure 2: Optical envelope for NRZ PDM-
QPSK at the output of the OMFT for
optimum setting of the modulator phase
bias voltage.

Finally, go back to section 8.2.1 to check if the clock lines in the optical spectrum are still well suppressed. If not,
continue the manual adjustment procedure iteratively between section 8.2.1 and 8.2.2 (including possibly an RF
drive signal de-skew (see section 8.2.3 De-skewing of RF Drive ).

After manual optimization of the modulator bias settings, it is recommended to save these settings using the save
button of the GUI.

NOTE

The optimum bias voltages strongly depend on the ambient parameters such as the temperature, temperature
drift, and the RF-drive amplitude. A slight drift can occur during several hours, leading to non-optimal
performance. In this case a re-adjustment of the bias voltages is recommended.
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8.2.3 DE-SKEWING OF RF DRIVE SIGNALS

One reason that the optical spectrum and optical envelope cannot be well optimized by the modulator bias
voltages is that the RF drive signals might have a skew (intra-bit skew between the driving signals). Follow the
following steps to perform a de-skew of the signals using the DCA:

- Turn-on the RF amplifier for the “X-1"-input only. Use the horizontal time delay knob of the DCA to move a
characteristic point of the optical envelope (e. g. the minimum intensity at the symbol transition) to the center of
the screen.

- Next, turn-off this amplifier and turn-on the next amplifier (“X-Q”-input). A similar picture as before
should appear on the DCA screen, but the characteristic point of the envelope might not be located at the center
of the screen. DO NOT touch the DCA delay adjustment knob during the procedure. Now adjust the delay between
your electrical data source and the “X-Q”-input of the OMFT (e. g. by re-programming the respective output of
your electrical data source or by using an electrical phase shifter between the source and the OMFT input) to
move the characteristic point of the envelope to the center again. This will de-skew the delay of “X-Q” with
respect to the “X-1” input.

NOTE

The intra-bit skew adjustment may depend on the symbol rate. Therefore, the intra-bit skew adjustment has to
be re-done each time the symbol rate is changed.
- Repeat this procedure for “Y-1” and “Y-Q”, so that all four RF-channels are de-skewed. DO NOT touch the
DCA delay adjustment knob during the procedure.
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