Optical Modulation Analyzer

Preliminary specification sheet

Highly flexible OMA system for a complete
characterization of coherently modulated signals.

Up to 70GHz of system bandwidth
+  Characterize 400ZR and 800ZR signals up to 140GBaud

Supports single and dual polarization PSK and QAM
formats

Visual signal analysis using constellation and eye
diagrams

Performance parameter measurement including EVM,
BER, Bias errors and more

« Two built-in narrow linewidth tunable lasers for receiver
hardware self-calibration

EEN
Coherent Solutions — OMA specifications sheet

1of 25

70GHz OMA system consisting of
IQRx-1004 and 2 x DPS77004SX



The industry’s most flexible OMA system is here

Coherent Optical Receiver

Get the most out of your investment with Tektronix
oscilloscope’s scalable architecture. Use the stack as
a single 70GHz OMA system today then use it as four
independent oscilloscopes tomorrow.

Features

High-performance, low-noise coherent
receive.r
IQRX™ is the gold standard coherent
receiver with market-leading performance.
It is designed and built using the highest-
performing discrete fiber optic components
to provide superior fidelity measurement of
coherently modulated signals.

Full characterization of coherent modulation
formats

Complete coherent signal analysis for
polarization-multiplexed QPSK, QAM,
differential BPSK/QPSK, and other advanced
modulation formats.

Multi-system configuration

1 % Simultaneously displays data from multiple
% OMAs at same or different wavelengths,
simplifying multi-channel measurements.
Feature rich OMA software
— Superior user interface offers
Tl

——— comprehensive visualization for ease-of- use
combined with the power of MATLAB®.

_ (Cjerem‘\\i &

Whether you are working with 100G coherent transceivers
or 1 Terabit long haul communication systems, our OMA
can be configured to suit your exact requirements.
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Dual polarization measurement

IQRX houses polarization selective hardware
to characterize polarization multiplexed
signals. LO input, signal input and internal
laser outputs all use polarization maintaining
(PM) fiber for the highest versatility.

Built-in narrow linewidth tunable laser

IQRX comes with a built-in narrow 25 KHz
instantaneous linewidth laser, making it
perfect for coherent modulation formats that
require high phase stability.

19 inch rack mountable

IQRX can be paired with the rack mount
brackets for easy mounting in any 19 inch
rack.

Superchannel measurement made simple
Superchannel configuration allows you
to define number of channels, channel
frequency, and channel modulation format.
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Target applications

Coherent DSP development - Custom modulation format development

Coherent transmitter testing + Mil / Aero communications R&D

OMA system schematic diagram
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DSP Algorithms
Pre-processor, Dispersion Compensation,
Polarization Demultiplexing, Carrier Recovery, Filter, Equalizer

Visualizers
Constellation, Trajectories, Eye Diagrams, Spectrum

Measurements
EVM, 1&Q, Error ... Etc.
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A scalable system that grows with your needs

100G testing “Peek” at 400G signals Full 400G/800G Two test systems for
analysis 400G/800G analysis
Use four 33 GHz channels By simply switching to Full dual-polarization Single-polarization 140
for dual-polarization signals. ~ 70GHz inputs at 200GS/s, 140GBaud analysis. GBaud analysis.
single polarization signals
up to 140GBaud.

Enable higher signal analysis
without additional
investment.

Upgrade to higher signal analysis
with existing hardware and
minimal investment. Double capacity.

Scalable configuration to match your requirements

Max Baud Rate / System Bandwidth

26 GBaud dual pol 32 GBaud dual pol 46 GBaud dual pol 66 GBaud dual pol 700 GBaud dual pol 140 GBaud dual pol
13 GHz BW 16 GHz BW 23 GHz BW 33 GHz BW 50 GHz BW 70 GHz BW
Configuration: Coherent Receiver

IQRX-1002 IQRX-1004
((oses:: mmm |

Configuration Scope: (Bandwidth upgradable)

DP071304SX DP071604SX DP072304SX DPS73308SX 2x DPS75004SX 2x DPS77004SX
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One system, multiple applications

Thanks to the modular architecture of DPO70000SX
series oscilloscopes, you can decouple some of the
oscilloscopes to use for direct measurement, when not in
use as an OMA system.

Coherent & PAM4/NRZ Solutions

DPO70000SX
series oscilloscope

Accessory

IQ-RX coherent receiver

+[c emse [ EE |
Coherent measurements
(QPSK, 16QAM, 64QAM ..)

Optical-to-electrical converter

+ IR

Direct-detect measurements
(NRZ, PAM4, PAMS ...)
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Powerful OMA software

The OM1106 Optical Modulation Analysis (OMA) software
provides an ideal platform for research and testing of
coherent optical systems. It is a complete software
package for acquiring, demodulating, analyzing, and
visualizing complex modulated systems from an easy-
to-use interface. The software performs all calibration
and processing functions to enable real- time burst-
mode constellation diagram display, eye-diagram display,
Poincaré sphere, and bit-error detection. Advanced users
can take advantage of the provided MATLAB signal
analysis source code and modify the signal processing
algorithms while still taking advantage of the rich

user interface for acquisition, signal visualization, and
numerical measurements.

OMA software showing 2-carrier 64-QAM 32-GBd analysis. The carriers

can be captured simultaneously or sequentially.

OMA user interface

The OMA software has displays for all of the standard
coherent optical visualizations such as eye diagrams,
constellation diagrams, Poincaré spheres, and so on. The
software also provides a complete measurement suite

to numerically report key measurements. Constellation
measurements include 1Q Offset, IQ Imbalance, elongation,
real and imaginary bias, magnitude, phase angle, EVM, and
others. Eye diagram measurements include many key time
domain metrics such as Q-factor, eye height, overshoot,
undershoot, risetime, falltime, skew, and crossing point.
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Get up and running fast with the easy-to-use OMA interface

The OMA software lets you easily configure and display
your measurements and also provides software control
for customer test automation using WCF or .NET
communication. The software can also be controlled from
MATLAB or LabVIEW™.

The following image shows a QAM measurement setup.
The plots can be moved, docked, or resized within the
application work space or into separate windows on the
desktop. You can display or close plots to show just the
information you need.

QAM measurements on the OMA software.

In addition to the numerical measurements provided
on individual plots, the Measurements tab provides
a summary of all numeric measurements, including
statistics.

EEN
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Make measurements faster

The OMA software is designed to collect data from the
oscilloscope and move it into the MATLAB workspace
with extreme speed to provide the maximum data refresh
rate. The data is then processed in MATLAB to extract and
display the resulting measurements.

Take control with tight MATLAB
integration

Since 100% of the data processing occurs in MATLAB,
test engineers can easily probe into the processing to
understand each step along the way. R&D labs can also
take advantage of the tight MATLAB integration by writing
their own MATLAB algorithms for new techniques under
development.

Meas. vs. Chan. (Multi Setup Matlab |I'v'|easurements'

Measurement Value | Mean Min Max StdDev | Unit | Count
=X - Eye

- X-0) Q-Factor 24061 23.61702 22427 24763 0.58863 dB 52

- %-0) Eye Height 3.042 2.90963 2.783 3.042 0.11522 +/mwW 52

- X~ Rail 0 5td Dev 0.104 0.09953 0.085 0.122 0.00730 +mw 52
- X~ Rail 15td Dev 0.087 0.09249 0.080 0.103 0.00588 +mw 52
- %=1 Q-Factar 23.711 2336730 22,568 24563 045167 dB 52
- X-1 Eye Height 3.064 2.94771 2.811 3.085 0.12143 +mw 52
- X-1 Rail 0 5td Dev 0.096 0.09929 0.078 0.115 0.00877 +mw 52
- -1 Rail 15td Dev 0.104 0.10119 0.084 0.120 0.00873 +mw 52

+- ¥ - Eye
=I- X -Const
- Xconst Quadrature... 3.697  4.21963 3.259 4.835 032670 deg 52
- X¥oonst IQ Offset -33.537 -33.60336 -38.451 -31.037 134148 dB 52
- XconstIQ Imbalance 0.112  0.11823 0.079  0.159 0.01938 dB 52
- ¥const Elongation 0.987  0.28648 0,982 0.991  0.00220 52
- ¥const Bias,Real 2.35 2.3289 133 3.28 04343 % 52

- XconstBias,Imag 1.83 1.8199 0.97 2.58 04211 % 52
- XconstPhaseAngle  93.70 94.2196 93.26 94.84 0.3267 deg 52
- Xconst Magnitude 2.166 2.07437 1.985 2.167 0.08622 +mw 52
- XeonstEVM,Average 7.08 7.1479 6.76 7.67 0.1949 % 52
- Xeonst MaskViolat.. 0 0.00 0 0 0.00 52
- Xconst Symbols Dis... 942 942.00 o942 o942 0.00 52
- Xconst Symbol Std....  0.003 0.00262 0.002 0.003 0.00015 +mw 52
¥ -Const
- X - Trans
- ¥ - Trans
- Pow - Trans
- XY Measurements
Sig Freg Offset -165.7 5470 -271.7 270.9 174,339 MHz 52
Signal Baud Rate 12.00 12.0001 12.00 12.00 0.0001 GHz 52

F FH B

The Measurements tab - a summary of all measurements in one place.

Use the optimum algorithm

Don't worry about which algorithm to use. When you select
a signal type in the OMA software (for example, PM-QPSK),
the application applies the optimal algorithm for that
signal type to the acquired data. Each signal type has a
specially designed signal processing approach optimized
for that signal. This means that you get results right away.

Don't get stymied by laser phase noise

Signal processing algorithms designed for electrical
wireless signals don't always work well with the much
noisier sources used for complex optical modulation
signals. Our robust signal processing methods tolerate
enough phase noise to make it possible to test signals that
would traditionally be measured by differential or direct
detection such as DQPSK.

Find the right BER

Q-plots are a great way to get a handle on your data
signal quality. Numerous BER measurements versus
decision threshold are made on the signal after each
data acquisition. Plotting BER versus decision threshold
shows the noise properties of the signal. Gaussian noise
will produce a straight line on the Q-plot. The optimum
decision threshold and extrapolated BER are also
calculated. This gives you two BER values: the actual
counted errors divided by the number of bits counted, as
well as the extrapolated BER for use when the BER is too
low to measure quickly.
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Constellation diagrams

Once the laser phase and frequency fluctuations are
removed, the resulting electric field can be plotted in

the complex plane. When only the values at the symbol
centers are plotted, this is called a Constellation Diagram.

When continuous traces are also shown in the complex
plane, this is often called a Phase Diagram. Since the

continuous traces can be turned on or off, we refer to both

as the Constellation Diagram.

The scatter of the symbol points indicates how close
the modulation is to ideal. The symbol points spread out
due to additive noise, transmitter eye closure, or fiber
impairments. The scatter can be measured by symbol
standard deviation, error vector magnitude, or mask
violations.

© X Const ' ) PSphere .

| Main | EvM | Mask .
Meassmment | Vae
Elongaton

Fieal Baas %

Magniude

Constellation diagram.

Constellation measurements

Measurements made on constellation diagrams are
available on the “fly-out” panel associated with each
graphic window. The measurements available for
constellations are described below.

Measurement

Elongation

Real Bias

Imag Bias

Magnitude

Phase Angle

StdDev by Quadrant

EVM (%)

EVM Tab

Mask Tab

Quadrature Error

1Q Offset

1Q Imbalance
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Description

The ratio of the Q modulation amplitude
to the | modulation amplitude is a
measure of how well balanced the
modulation is for the | and Q branches
of a particular polarization’s signal.

Expressed as a percent, this says how
much the constellation is shifted left

or right. Real (In-phase) bias other than
zero is usually a sign that the In-phase
Tributary of the transmitter modulator
is not being driven symmetrically at eye
center.

Expressed as a percent, this says how
much the constellation is shifted up

or down. Imaginary (Quadrature) bias
other than zero is usually a sign that the
Quadrature Tributary of the transmitter
modulator is not being driven
symmetrically at eye center.

The mean value of the magnitude of all
symbols with units given on the plot.
This can be used to find the relative
sizes of the two Polarization Signals.

The transmitter |I-Q phase bias. It should
normally be 90.

The standard deviation of symbol point
distance from the mean symbol in units
given on the plot. This is displayed for
BPSK and QPSK.

The RMS distance of each symbol point
from the ideal symbol point divided

by the magnitude of the ideal symbol
expressed as a percent.

The separate EVM tab shown in the
right figure provides the EVM% by
constellation group. The numbers

are arranged to correspond to the
symbol arrangement. This is ideal for
setting Transmitter modulator bias. For
example, if the left side groups have
higher EVM than the right side, adjust
the In-phase Transmitter modulator bias
to drive the negative rail harder.

The separate Mask tab shown in the
right figure provides the number of
mask violations by constellation group.

The numbers are arranged to
correspond to the symbol arrangement.
The mask threshold is set in the Engine
window and can be used for pass/fail
transmitter testing.

The deviation of the transmitter 1Q
phase from 90 degrees.

The ratio between the carrier leakage
power and the signal power in dB. This
metric is impacted by Quadrature Error,
Real and Imaginary bias.

The ratio of the real and imaginary
constellation size in dB. It is related to
the linear measure, Elongation.



Color features

The Color Grade feature provides an infinite persistence
plot where the frequency of occurrence of a point on
the plot is indicated by its color. This mode helps reveal
patterns not readily apparent in monochrome. Note that
the lower constellation groups of the example below
have higher EVM than the top groups. In most cases this
indicates that the quadrature modulator bias was too
far toward the positive rail. This is not evident from the
crossing points which are approximately correct. In this
case an improperly biased modulator is concealing an
improperly biased driver amp.

Color Grade Constellation.

Color Grade with fine traces.

Color Key Constellation Points is a special feature that
works when not in Color Grade. In this case the symbol
color is determined by the value of the previous symbol. If
the prior symbol was in Quadrant 1 (upper right) then the
current symbol is colored Yellow. If the prior symbol was in
Quadrant 2 (upper left) then the current symbol is colored
Magenta. If the prior symbol was in Quadrant 3 (lower left)
then the current symbol is colored Light Blue (Cyan). If

the prior symbol was in Quadrant 4 (lower right) then the
current symbol is colored Solid Blue.

This helps reveal pattern dependence. The following
figure shows that pattern dependence is to blame for the
poor EVM on the other groups. In QPSK modulation, the
modulator nonlinearity would normally mask this type of
pattern dependence due to RF cable loss, but here the
improper modulator bias allows that to be transferred to
the optical signal.

Color Key Constellation.
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Eye diagrams

Eye diagram plots can be selected for appropriate
modulation formats. Supported eye formats include Field
Eye (the real part of the phase trace in the complex plane),
Power Eye (which simulates the eye displayed with a
Tektronix oscilloscope optical input), and Diff-Eye (which
simulates the eye generated by using a 1-bit delay-line
interferometer). As with the Constellation Plot you can
right-click to choose color options as well.

£ X Eye ™, q b

Vert: 1.200E-001
Summary ¥ |
Q(dB) | Eve Heioht | Rad0 Std Dev | Rail Std Dev =
15.68 dB | .2485 01974 02114 E|
| 15.83 0B | 2512 01988 02072 L
| 15.87 4B | 2435 01954 02022 Ad |

Field eye measurements

In the case of multilevel signals, the above measurements
are listed in the order of the corresponding eye openings
in the plot. The top row values correspond to the top-most

eye opening.

Q (dB) Computed from 20 x Log10 of the linear
decision threshold Q-factor of the eye

Eye Height The distance from the mean 1-level to the
mean O-level (units of plot)

Rail0 Std Dev The standard deviation of the O-level as
determined from the decision threshold
Q-factor measurement

Rail1 Std Dev The standard deviation of the 1-level as

determined from the decision threshold
Q-factor measurement

The above functions involving Q-factor use the decision
threshold method described in the paper by Bergano'.
When the number of bit errors in the measurement interval
is small, as is often the case, the Q-factor derived from

the bit error rate may not be an accurate measure of the
signal quality. However, the decision threshold Q-factor is
accurate because it is based on all the signal values, not
just those that cross a defined boundary.

"N.S. Bergano, FW. Kerfoot, C.R. Davidson, “Margin measurements in
optical amplifier systems,” [EEE Phot. Tech. Lett,, 5, no. 3, pp. 304-306
(1993).
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Measurements versus time

In addition to the eye diagram, it is often important to
view signals versus time. For example, it is instructive
to see what the field values were doing in the vicinity

of a bit error. All of the plots that display symbol-center
values will indicate if that symbol errors by coloring the
point red (assuming that the data is synchronized to the
indicated pattern). The Measurement versus Time plot
is particularly useful to distinguish errors due to noise,
pattern dependence, or pattern errors.

£ AnalysisParameters | Mallab | © XvT

Errored symbol (red dot) in Measurement versus Time plot.

Additional measurements available for
nonoffset formats

Measurement

Description

Overshoot The fractional overshoot of the signal.
One value is reported for the tributary,
and for a multilevel (QAM) signal it is

the average of all the overshoots.

The fractional undershoot of the signal
(overshoot of the negative-going
transition).

Undershoot

Risetime The 10-90% rise time of the signal. One
value is reported for the tributary, and
for a multilevel (QAM) signal it is the

average of all the rise times.

Falltime The 90-10% fall time of the signal.

Skew The time relative to the center of the
power eye of the midpoint between the

crossing points for a particular tributary.

Crossing Point The fractional vertical position at the

crossing of the rising and falling edges.

3D visualization tools

Complex-modulation signals are inherently 3D since in-
phase and quadrature components are being changed
versus time. The 3D Eye Diagram provides a helpful
combination of the Constellation and Eye diagrams into a
single 3D diagram. This helps to visualize how the complex
quantity is changing through the bit period. The diagram
can be rotated and scaled.

Also available in 3D is the Poincaré Sphere. The 3D

view is helpful when viewing the tpolarization state of
every symbol. The symbols tend to form clusters on the
Poincaré Sphere which can be revealing to expert users.
The non-normalized Stokes Vectors can also be plotted in
this view.

Analysis controls

The various Analysis Control tabs in the OMA software
let you set parameters for the system and relevant
measurements.

|I'u1-eas.v5.Chan.' "Multi Setup' |Mat|ab' (Measurements q [ =

[ Matlab Engine Command |

Channel{1}.Patt¥Re Values = seql;

CaorePracessing MY

MATLAB tab.

qPF x

Multi X Eye 'LRCP |MCSpect

|
qr“ll “l”
||| |||
M \
\ H\

|
W (il lj.n\lﬁhll‘l p

|'n' {
l| |'j|h||h |'| J) |"l .I|| lq.
¥

Multicarrier Spectrum Controls
3 GHz +| A A Frea/Div Absolutel |
193.9500 THz | < | > |Cent Freg Autocenter
30 |- | +|RefaBw|5 | A |.AdBDIv

Signal Spectrum tab.

[ N |
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Analysis parameters tab setting types

You can assign user data patterns in the MATLAB tab. The
data pattern can be input into MATLAB or found directly
through measurement of a high SNR signal.

Frequency Clock recovery is performed in software,
so only a frequency range of expected
clock frequencies is required.

Signal Type The signal type (such as PM-QPSK)

determines the algorithm used to
process the data.

Data Patterns Specifying the known PRBS or

user pattern by physical tributary
permits error counting, constellation
orientation, and two-stage phase
estimation.

Signal spectra

An FFT of the corrected electric field versus time can
reveal much about the data signal. Asymmetric or shifted
spectra can indicate excessive laser frequency error.
Periodicity in the spectrum shows correlation between
data tributaries. The FFT of the laser phase versus time
data can be used to measure laser phase noise.

LaserPhaseSpectrumX

3 SignalSpectrumX | 4)

Horiz: 1.000E +000 GHz/div
LaserPhaseSpectrumX

Vert: 1.000E+001 dB/Div

10

ME=
L L -

-1 dB/Div | Ref Level dB

12| GHz/d | Ras Bandwicth = 25.1584 MHz

Laser Phase Spectrum window.

Poincaré Sphere

Polarization data signals typically start out well aligned to
the PM-fiber axes. However, once in standard single mode
fiber, the polarization states will start to drift. However,

it is still possible to measure the polarization states and
determine the polarization extinction ratio. The software
locks on each polarization signal. The polarization

states of the two signals are displayed on a circular plot
representing one face of the Poincaré sphere. States on
the back side are indicated by coloring the marker blue.
The degree of orthogonality can be visualized by inverting
the rear face so that orthogonal signals always appear

in the same location with different color. So, Blue means
back side (negative value for that component of the Stokes
vector), X means X-tributary, O means Y-tributary, and the
Stokes vector is plotted so that left, down, blue are all
negative on the sphere.

InvertedRearFace — Checking this box inverts the rear face
of the Poincaré sphere display so that two orthogonal

polarizations will always be on top of each other.

PSphere

AnalysisParameters |

Poincaré Sphere window.
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Impairment measurement and
compensation

When studying transmission implementations, it is
important to be able to compensate for the impairments
created by long fiber runs or optical components.
Chromatic Dispersion (CD), and Polarization Mode
Dispersion (PMD) are two important linear impairments
that can be measured or corrected by the OMA software.
PMD measurement is based on comparison of the
received signal to the back-to-back transmitter signal or to
an ideal signal. This produces a direct measure of the PMD
instead of estimating based on adaptive filter behavior.
You can specify the number of PMD orders to calculate.
Accuracy for 1st-order PMD is ~1 ps at 10 Gbaud. There
is no intrinsic limit to the CD compensation algorithm.

It has been used successfully to compensate for many
thousands of ps/nm.

Recording and playback

You can record the workspace as a sequence of .MAT files
using the Record button in the Offline ribbon. These files
are recorded in a default directory, usually the MATLAB
working directory, unless previously changed. You can play
back the workspace from a sequence of .MAT files by first
using the Load button in the Offline Commands section

of the Home ribbon. Load a sequence by marking the

files you want to load using the Ctrl key and marking the
filenames with the mouse. You can also load a contiguous
series using the Shift key and marking the first and last
filenames in the series with the mouse. Use the Run button
in the Offline Commands section of the Home ribbon to
cycle through the .MAT files you recorded. All filtering and
processing you have implemented occurs on the recorded
files as they are replayed.

O\
@ Offine  Home Setup Calibrate

Loop Offline Data

Record Load Run-Stop

|Record_ || Offline Commands

Workspace record and playback.

Multi-carrier and multi-OMA support

Even as 100G and 200G coherent optical systems are
being deployed, architectures for 400G, 1T, and beyond

are being proposed and developed. Two important
approaches include the “superchannel” and spatial-
division multiplexing on few-mode or multi-core fibers. The
configurations of superchannels vary, while optical MIMO
systems are still in the research phase. Clearly, flexible test
tools are needed for such next-generation systems.

[ﬁ Multicarrier Setup’ \

Preset Default

1 193.40 19340 [V
_ 2 193.45 19345 [V
___________________ 3 193.50 19350 (¥
4 19355 19355 [V
"""""""""" 5 193.60 19360 [¥]
— 5 193 72 w7 ¥
7 193.85 19385 [V

Multi-carrier setup.
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- Yronst Symbol D 2042 2 ey 2
L~ Yeonst symboloal . 0aT4 sosi 0570 0068 Vi
e X Trans
e
ok Pyt = Tepeng
¥ KY Measorements
FH D

Multi-carrier measurements.
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User-definable superchannels

For manufacturers getting a jump on superchannels, or
researchers investigating alternatives, user-definable
superchannel configurations are a must. The multicarrier
lets you set up as many carriers within the superchannel
definition as necessary. Each carrier can have an arbitrary
center frequency; no carrier grid spacing is imposed. The
carrier center frequencies can be set as absolute values (in
THz) or as relative values (in GHz).

Typically, the application software retunes the IQRX

local oscillator for each carrier. However, in cases where
multiple carriers will fit within the oscilloscope bandwidth,
multiple carriers can be demodulated in software from

a common local oscillator frequency. This provides the
flexibility to specify the preferred local oscillator frequency
for each carrier.

GHz +| A LA Freq/Div

THz +| < | > |Cent Freg

sz

Superchannel spectrum.

For software version 3.x the channels may also span
multiple Optical Modulation Analyzers. This facilitates
simultaneous recovery of widely spaced carriers or
separate spatial channels. The data is simultaneously
acquired and analyzed from the OMAs and presented

in the multi-channel analysis plots. The simultaneously
collected data also resides in the Matlab Engine using cell-
array variables. These data may be used by researchers to
do their own multi-channel signal processing.

Automated measurements

Once the superchannel is configured, the OMA software
can take measurements on each channel without further
intervention. The software automatically tunes the 1Q-RX
local oscillator, takes measurements at that channel, re-
tunes to the next channel, and so on, until measurements
of the entire superchannel have been taken. Results of
each channel are displayed in real-time and persist after all
measurements are made for easy comparison.

Integrated measurement results

All of the same measurement results that are made for
single channels are also available for individual channels
in a superchannel configuration.

Additionally, multi-carrier measurement results are
available side-by-side for comparison between channels.
Visualizations such as eye diagrams, constellation
diagrams, and optical spectrum plots can be viewed a
single channel at a time, or with all channels superimposed
for fast comparison.

For separating channels in a multi-carrier group, several
different filters can be applied, including raised cosine,
Bessel, Butterworth, Nyquist, and user- defined filters.
These filters can be any order or roll-off factor and track
the signal frequency.
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Receiver test

The OMA software can perform many of the
coherent receiver measurements specified in the OIF
Implementation Agreements and elsewhere. These
measurements include:

Small signal bandwidth, including:
Absolute magnitude frequency
Response relative 1/Q and X/Y

Magnitude response relative 1/Q and X/Y phase
response

P/N, 1/Q and X/Y skew

Total harmonic

Distortion Image

Rejection ratio

Quadrature phase

Error 1Q; XY gain imbalance IQ phase error

O/E frequency response

[© IRRVireq (& PhaseVireq | © Amp\freq

Freq (GHz) for 1,527.605 (nm)

Relevant measurements are a function of wavelength. In
order to optimize test time, you can specify the start and
stop wavelengths, the step size, and a wide range of other
parameters. The Wavelength Sweep can also produce a
calibration file that is used by OM1106 software to correct
for coherent receiver impairments.

X H}'ZTest\ 4

e
A Reference Laser 3¢ Click to Select Reference Laser
Signal Laser 3¢ Click to Select Signal Laser
Folarization Switch 3€ |Z|
Connected to Scope J€ |W| Multiplier
Power Meter SN 3€ | P2000034 1.00|
Test Vs. |Wavelength |E| Start Test
{ Test Properties

4 Sweep paramelers

Laser Grid Spacing 0125 THz

Start wavelength 1

Stop wavelength

Step 1 Ch Step |2

Heterodyne Fregenecy 0.7 GHz

TIA gain control mode Fixed gain

Shew measurement range 100 _:_'_._.

Freguency sweep step size 5000 -
4 Analysis setfings

Total harmenic distorticn True

¥-Y and |-Q Skew =ach Step [E True
I» Addifional Parameters

R, Output Channel Map/Filter #*

Ejpm g?glls;cupe De-embed filter location
¥IP None [None - | Import |
¥IN |  MNone |[Nnne * | Import |
¥aP | None |[Nnne | Import |
KON | None |[Ncne - | Import |
YIP | MNone |[Nnne * || Import |
YN | MNone |[Nnne | Import |
YaprP | None |[Ncne | Import |
YOMN | MNone |[Nnne « | Import |

Test results are displayed both graphically and numerically
based upon the user’s preference. Some receiver test
measurements require the use of the PXIE-RXTester-1000
Receiver Calibration Source. The new software version 3.0
software supports the faster tuning laser available in the
PXIE-RXTester-1000. With the fast tuning laser, coherent
receiver characteristics can be measured in a matter of
minutes.
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Interaction between OMA and MATLAB

The OMA software takes information about the signal
provided by the user together with acquisition data

from the oscilloscope and passes them to the MATLAB
workspace. A series of MATLAB scripts are then called

to process the data and produce the resulting field
variables. The software then retrieves these variables and
plots them. Automated tests can be accomplished by
connecting to the OMA software or by connecting directly
to the MATLAB workspace.

You do not need any familiarity with MATLAB; the OMA
software can manage all MATLAB interactions. However,
advanced users can access the MATLAB interface internal
functions to create user-defined demodulators and
algorithms, or for custom analysis visualization.

o Acquire oscilloscope
data

o Write data to MATLAB |3

estimation
e Phase estimation

o Ambiguity resolution

OMA OMA
o Write analysis e Clock recovery e Plot results; eyes,
parameters to MATLAB - constellation diagrams,
e Polarization .
workspace Poincare sphere

e Report bit errors

e Report Q-factors,
constellation

workspace e 2nd phase estimate parameters
e Count bit errors
e Calculate constellation
parameters
Vblock
SigType, Freq HiAls P E—
Window, etc. workspace zXSym, zYSym, zX, zY,
DecTh, etc.
EEN
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Signal processing approach

For real-time sampled systems, the first step after data
acquisition is to recover the clock and retime the data

at 1 sample per symbol at the symbol center for the
polarization separation and following algorithms (shown
as upper path in the figure). The data is also re-sampled
at 10X the baud rate (user settable) to define the traces
that interconnect the symbols in the eye diagram or
constellation (shown as the lower path).

The clock recovery approach depends on the specified
signal type. Laser phase is then recovered based on the
symbol-center samples. Once the laser phase is recovered,
the modulation part of the field is available for alignment
to the expected data for each tributary. At this point

bit errors can be counted by looking for the difference
between the actual and expected data after accounting
for all possible ambiguities in data polarity. The software
selects the polarity with the lowest BER. Once the actual
data is known, a second phase estimate can be done to
remove errors that may result from a laser phase jump.
Once the field variables are calculated, they are available
for retrieval and display by the OMA software.

At each step the best algorithms are chosen for the
specified data type, requiring no user intervention unless
desired.

scope sample rate symbol rate
[

symbaol
ApplyPhase  center

E-field

"

ClockRetime

g

ApplyPhase

o

EstimateClock EstimateSOP  EstimatePhase AlignTribs EstimatePhase count bit errors
O-factor
scope COnst params
record
continuous
| 1 E-field
ClockRetime ApplyPhase
scope sample rate N x symbol rate
-———

Data flow through the “Core Processing” engine.

Signal processing customization

The OM1106 software includes the MATLAB source
code for the “CoreProcessing” engine (certain proprietary
functions are provided as compiled code). You can
customize the signal processing flow, or insert or remove
processes as desired. Alternatively, you can remove

all Tektronix processing and completely replace it with
your own. By using the existing variables defined for the
data structures, you can then see the results of analysis
processing using the rich visualizations provided by the
OMA software. This lets you focus your time on algorithms
rather than on tasks such as acquiring data from the
oscilloscope or displaying constellation diagrams.

Dynamic MATLAB integration

Customizing the CoreProcessing algorithms provides an
excellent way to conduct signal processing research. In
order to speed up development of signal processing the
OM1106 software provides a dynamic MATLAB integration
window. Any MATLAB code typed in this window is
executed on every pass through the signal processing
loop. This lets you quickly add or “comment out” function
calls, write specific values into data structures, or modify
signal processing parameters on the fly, without needing
to stop the processing loop or modify the Matlab source
code.

7 Editor - C:\Program Files\Ts OUN\Core Processing\CoreProcessing.m fella ==
Eile Edit Iet Go Cell Taols Debug Desktop Window Help ERE Y
NEH| R0 |22 - e k-850 -BRE BB | stk e Ix a -
EeE| -0+ |+ | x [EEY| O
37 — end e
438 $S0PEstlT = toc;
439
440 % Initial phase estimate
441 — mlerts.CurrZone = 'Initial phase estimate';
442 — EstPhParams = struct('aAlpha',2lpha, 'Homodyne', false, 'CentFreq',
443 — switch SigType |
444 — case {3,4,8,10,15,17} $2-pol 8PSK and 2-pol BQAM added
445 — [ThetaSym¥, EstimatePhaseBoundValsl,Alerts] = EstimatePhase(z
446 — [zXSym, RpplyPhaseBoundvalsl rts] = ApplyPhase (zXsym, Theta
447 — [ThetaSymY,EstimatePhaseBoundVals2,Alerts] = EstimatePhase(z
448 — [2YSym, ApplyPhaseBoundVals2,Alerts] = ApplyPhase (z¥Sym,Theta
449 — case 11
450 — [Thetasym¥, EstimatePhassBoundvalsl,Rlerts] = EstimatePhase(z
451 — [2XHalfSym, RpplyPhaseBoundValsl,Alerts] = ApplyPhase (zXHalfs
452 — ThetaSymY = ThetaSymX;
453 — case 12
454 — [Thetasym¥, EstimatePhassBoundvalsl,Rlerts] = EstimatePhase(z
455 — [ThetaSym¥, EstimatePhaseBoun 2,Alerts] = EstimatePhase(z
456 — [zXHalfSym, & y \lerts] = ApplyPhase (zXHalfs
457 — [zyHalfsSym, 2 2lerts] = RpplyPhase (zvHalfs
458 — case 13
4595 — [ThetaSym¥,EstimatePhaseBoundValsi,Alerts] = EstimatePhase (z
460 — [zXSym, ApplyPhaseBoundvValsl,Alerts] = ApplyPhase (zXSym, Theta
< i '

CoreProcessingAF Ln 1024 Col 1 OVR
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CoreProcessing functions

The following are some of the CoreProcessing functions used to analyze the coherent signal. Full details on these
functions, their use in the processing flow, and the MATLAB variable used, are available in the OM1106 user manual.

EstimateClock determines the symbol clock frequency
of a digital data-carrying optical signal based on
oscilloscope waveform records. The scope sampling
rate may be arbitrary (having no integer relationship)
compared to the symbol rate.

ClockRetime forms an output parameter p,
representing a dual- polarization signal versus time,
from four oscilloscope waveforms V. The output p is
retimed to be aligned with the timing grid specified by
Clock.

EstimateSOP reports the state of polarization (SOP)

of the tributaries in the optical signal. The result is
provided in the form of an orthogonal (rotation) matrix
RotM. For a polarization multiplexed signal the first
column of RotM is the SOP of the first tributary, and the
second column the SOP of the second tributary. For a
single tributary signal, the first column is the SOP of the
tributary, and the second column is orthogonal to it. The
signal is transformed into its basis set (the tributaries
horizontal vertical polarizations) by multiplying by the
inverse of RotM.

AlignTribs performs ambiguity resolution. The
function acts on variable which is already corrected
for phase and state of polarization, but for which the
tributaries have not been ordered. AlignTribs uses the
data content of the tributaries to distinguish between
them. AlignTribs processes the data patterns in order
according to the modulation format, starting with X-I.
For each pattern it tries to match the given data pattern
with the available tributaries of the signal. If the same
pattern is used for more than one tributary, the relative
pattern delays will be used to distinguish between
them.

The use of delay as a secondary condition to
distinguish between tributaries means that AlignTribs
will work with transmission experiments that use a
single data pattern generator which is split several
ways with different delays. The delay search is
performed only over a limited range of 1000 bits in the
case of PRBS patterns, so this method of distinguishing
tributaries will not usually work when using separate
data pattern generators programmed with the same
PRBS.

EstimatePhase estimates the phase of the optical
signal. The algorithm used is known to be close to

the optimal estimate of the phase. The algorithm first
determines the heterodyne frequency offset and then
estimates the phase. The phase reported in the .Values
field is after the frequency offset has been subtracted.

ApplyPhase multiplies the values representing a single
or dual polarization parameters versus time by a phase
factor to give a resulting set of values.

Spect estimates the power spectral density of the
optical signal using a discrete Fourier transform. It can
take any many of our time waveforms as input such as
corrected oscilloscope input data, front-end processed
data, polarization separated data, averaged data, and
FIR data. It can also apply Hanning or Flat-Top window
filters and produce the desired resolution bandwidth
over a set frequency range.

GenPattern generates a sequence of logical values, Os
and 1s, given an exact data pattern. The exact pattern
specifies not only the form of the sequence but also the
place it starts and the data polarity. The data pattern
specified may be a pseudo-random bit sequence
(PRBS) or a specified sequence.

LaserSpectrum estimates the power spectral density
of the laser waveform in units of dBc. The function
LaserSpectrum takes ThetaSym, the estimated relative
laser phase sampled at the symbol rate, as input and
defines the frequency centered laser waveform. This
waveform is then scaled by a hamming window, and the
power spectral density of the waveform is estimated as
the discrete Fourier transform of this signal.

QDecTh uses the decision threshold method to
estimate the Q-factor of a component of the optical
signal. The method is useful because it quickly gives
an accurate estimate of Q-factor (the output signal-to-
noise ratio) even if there are no bit errors, or if it would
take a long time to wait for a sufficient number of bit
errors.
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Supported measurements and display tools

Characteristic

Multi-channel eye

Multi-channel measurements

Multi-carrier spectrum

EVM versus channel and Q versus

Multi-channel constellation

Constellation diagram

Constellation elongation

Constellation phase angle

Constellation | and Q bias

IQ offset

IQ imbalance

Quadrature error

Constellation mask

Eye Decision threshold Q-factor

Decision threshold Q-plot

Frequency response

3-dB point

Image rejection ratio

Common mode rejection ratio

Channel skew

Phase error

Phase response

Phase skew

Phase distortion

Total harmonic distortion

Relative gain

Displays coherent eye diagrams for each channel in a multi-channel measurement.

Displays all numerical measurements by channel.

Displays the spectra collected on each channel and each OMA of a multi-channel measurement.

Channel plots graphical display these measurements versus channel number.

Displays the Constellation Diagram for each channel of a multi-channel measurement.

Constellation diagram accuracy including intradyne and demodulation error can be measured by the RMS error
of the constellation points divided by the magnitude of the electric field for each polarization signal.

Ratio of constellation height to width.

Measure of transmitter 1Q phase angle.

Measure of average symbol position relative to the origin.

The ratio between the carrier leakage power and the signal power in dB. This metric is impacted by Quadrature
Error, Real and Imaginary bias.

The ratio of the real and imaginary constellation size in dB. It is related to the linear measure, Elongation.

The deviation of the transmitter IQ phase from 90 degrees.

User-settable allowed EVM level. Symbols violating the mask are counted.

The actual Q achieved will depend on the quality of the data signal, the signal amplitude, and the oscilloscope

used for digitalization.

Displays BER versus decision threshold for each eye opening. The Q value at optimum decision threshold is the
Q-factor.

The normalized power output from each receiver channel when excited by two optical fields with a given
frequency difference (a given heterodyne frequency).

The frequency at which the response of a receiver channel has fallen by 3 dB relative to its response near zero
frequency.

The ratio between the power in the negative (image) and positive frequency components in the receiver output
when excited by a signal with positive frequency.

A measure of the departure from the ideal behavior of the differential, balanced photodetectors in a receiver.
The relative time delay between the signals output from each channel of a receiver.

The departure of the phase angle between | and Q signals near zero frequency from the ideal value of 90°.

The I-Q phase difference as a function of frequency.

The linear part of the phase response.

The phase response after subtracting the phase skew.

The ratio between the power in higher harmonics of the output signal to the power in the fundamental frequency

when excited by a sinusoidal input.

Ratios between the frequency response of different channels.

EEN
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Characteristic

Amplitude

Relative amplitude

Signal spectrum and laser
spectrum

MATLAB window
Measurements versus time

3D measurements

Differential Eye Diagram display
Frequency offset

Poincare Sphere

Signal quality

Tributary skew

CD compensation

PMD measurement
Oscilloscope and/or cable delay
compensation

Calibration routines

Data export formats

Raw data replay with different

parameter setting

Bit Error Ratio measurements

Offline processing

Coherent eye diagram

Power eye diagram

The peak-to-peak voltage of the signal output from each channel when excited by a sinusoidal input.

Ratios between the amplitudes of the signals produced by different channels.

Display of signal electric field versus time in the complex plane FFT of power signal or laser phase noise.

Commands may be entered that execute each time signals are acquired and processed.

Pre-defined measurement versus time measurements include Optical field, symbol-center values, errors, and
averaged waveforms. Any parameter can be plotted versus time using a custom-created MATLAB expression.

3D Eye (complex field values versus time), and 3D Poincaré Sphere for symbol and tributary polarization display.
Balanced or single-ended balanced detection is emulated and displayed in the Differential Eye Diagram.
Frequency offset between signal and reference lasers is displayed in Measurement panel.

Polarizations of the Pol-muxed signal tributaries are tracked and displayed on the Poincaré Sphere. PER is
measured.

EVM, Q-factor, and mask violations.

A time offset for each tributary is reported in the Measurement panel.

No intrinsic limit for offline processing — FIR-based filter to remove CD in frequency domain based on a given

dispersion value.

PMD values are displayed in the Measurement panel for Polarization-multiplexed formats with a user- specified
number of PMD orders.

The OMA software corrects cable, oscilloscope, and receiver skew through interpolation. Additional cable
adjustment is available using the oscilloscope Ul.

Receiver Skew, Frequency response, DC Offset, and Path Gain Mismatch Hybrid angle and state of polarization.
Receiver frequency response, SOP, gain, and phase angle are factory calibrated.

MATLAB (other formats available through MATLAB or ATE interface); PNG.

Movie mode and reprocessing.

Number of counted bits/symbols.

Number or errors detected.

Bit error ratio.

Differential-detection errors.

Save acquisition on detected error.

Run software on a separate PC or on the oscilloscope.

Shows the In-Phase or Quadrature components versus time modulo two bit periods.

Shows the computed power per polarization vs time modulo 2 bit periods.

Note: Most features require a real-time oscilloscope.
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Technical specifications

General Specifications
Dimensions (H x W x D)

Weight

Operating temperature range
Storage temperature range
Model Number

Operating wavelength range
Number of polarizations

RF outputs

Optical connector type

Coherent receiver RF connector type
Photodetector bandwidth (-3 dB)’
RF impedence

Low frequency cutoff

Damage level external LO input
Damage level signal input
Polarization extinction ratio LO input
System Specifications
Maximum detectable symbol rate
System bandwidth ?

Oscilloscope sensitivity range
Record length (standard)
Extended record length (optional)
Oscilloscope sample rate

ADC resolution

Relative skew after correction ?
Quadrature error after correction ?
EVM noise floor ®

Image suppression ratio *

441 x 440 x 528 mm | 1.74 x 17.32 x 20.79 inch

~92kg|~203lbs

5°Cto45°C |41 °Fto 113 °F

-40°Cto70°C|-40 °Fto 158 °F

1002 1004

152710 1630 nm
2

4:Xi, Xq, Yi, Yq

FC/PC standard (FC/APC available on request)

2.4 mm female

>45 GHz (Typical)

IQRX-1002 + IQRX-1004 +
DP073304SX 33GHz oscilloscopes DP077002SX 70GHz oscilloscopes

66 GBaud
33 GHz
62.5 mVfs to 6 Vfs
62.5M/Ch
1G/Ch
100 GS/s
8 bits
<+0.5ps
<+0.5°
<1.3% at 2.5GHz, <1.8% at T0GHz

>40 dB

50 ohms

0 Hz

+25dBm

+25 dBm

>20 dB
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1.85 mm female

>70 GHz (Typical)

140 GBaud

70 GHz
100 mVfs to 300 mVfs

62.5 M/Ch
1G/ch

200 GS/s
8 bits

<+0.5ps
<+0.5°

<1.3% at 2.5GHz, <1.8% at 10GHz

>40 dB



Internal Laser Specifications 1002 1004

Number of internal lasers 2

Maximum optical CW output power 15.0 dBm
Minimum optical CW output power 8 dBm

Internal laser wavelength tuning range 1527.60 to 1568.70 nm
Minimum wavelength step ~T1 ppm
Minimum frequency step 100 MHz

Tuning time/sweep speed <30s

Absolute wavelength accuracy 10 ppm
Linewidth (short term) <100 kHz, 25 kHz (Typical)
Sidemode Suppression Ratio (SMSR) 55 dB (Typical)
Relative Intensity Noise (RIN) -145 dB/Hz (10 MHz to 40 GHz)

PRELIMINARY SPECS AS OF JUNE 2020

Notes:

T Bandwidth of individual photodetectors in balanced pair.

2 When paired with DPO70000SX series oscilloscopes. Digitally compensated.

3Test conditions: Dual polarization, 13GHz channel bandwidth, 2.5GHz or T0GHz frequency offset, 13.5dBm LO input power, 8.0dBm signal input power,
Viterbi & Viterbi phase estimation

* Preliminary specifications only. All specifications are subject to change without notice.

System requirements

Supported platforms for the OM1106 Optical Modulation The following platforms are supported but may not be
Analysis (OMA) software: able to use certain advanced graphics features such as
color grade and 3D: Tektronix 70000 Series Oscilloscopes

Computer with nVidia graphics card running US
Windows 10 64-bit and MATLAB 2016a (64-bit) running Windows 7 64-bit and MATLAB 2011b (64-bit)

Computer with non-nVidia graphics running US

Computer with nVidia graphics card running US Windows 7 64-bit and MATLAB

Windows 7 64-bit and MATLAB version 2011b (64-bit),
2014a (64-bit) or 2016a (64-bit) Computer with nVidia
graphics card running US Windows XP 32-bit and
MATLAB 2009a (32-bit)

2011b (64-bit) Computer with non-nVidia graphics
running US Windows XP 32-bit and MATLAB 2009a
(32-bit)
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Ordering Information

IQRX - XXXX - XX

Connector type
Model number FC =FC/PC
1002 = 45 GHz Photodetector bandwidth FA = FC/APC

1004 = 70 GHz Photodetector bandwidth

IQRX - RM

Side mounting brackets for 19-inch racks

Signal analyzer software

OM1106 Optical Modulation Analysis software
OM1106 options
OM1106 Optical Modulation Analysis (OMA) Software only

OM1106 QAM Adds QAM and other software demodulators
OM1106 MCS Adds multi-carrier superchannel support

Individual oscilloscopes

DPO77002SX
DP075902SX
DP0O75002SX
DPO073304SX
DP072304SX

ATI performance oscilloscope with 1 Ch x 70 GHz, 200 GS/s or 2 Ch x 33 GHz, 100 GS/s
ATI performance oscilloscope with 1 Ch x 59 GHz, 200 GS/s or 2 Ch x 33 GHz, 100 GS/s
ATI performance oscilloscope with 1 Ch x 50 GHz, 200 GS/s or 2 Ch x 33 GHz, 100 GS/s
Digital phosphor oscilloscope with 2 Ch x 33 GHz, 100 GS/s or 4 Ch x 23 GHz, 50 GS/s
Digital phosphor oscilloscope with 2 Ch x 23 GHz, 100 GS/s or 4 Ch x 23 GHz, 50 GS/s

Multi-unit systems

DPS77004SX
DPS75904SX
DPS75004SX
DPS73308SX

70GHz ATI Performance Oscilloscope System: 2 Ch x 70 GHz, 200 GS/s or 4 Ch x 33 GHz, 100 GS/s
59GHz ATI Performance Oscilloscope System: 2 Ch x 59 GHz, 200 GS/s or 4 Ch x 33 GHz, 100 GS/s
50GHz ATI Performance Oscilloscope System: 2 Ch x 50 GHz, 200 GS/s or 4 Ch x 33 GHz, 100 GS/s
33GHz Digital Phosphor Oscilloscope System: 4 Ch x 33 GHz, 100 GS/s or 8 Ch x 23 GHz, 50 GS/s

Record length options

Opt. 10XL
Opt. 20XL
Opt. 50XL

125 MS/Ch
250 MS/Ch
500 MS/Ch on 4 channels, 1 GS/Ch on 2 channels

Product Warranty
N This product comes with a 1 year warranty.
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Instrument dimensions

About Coherent Solutions

Coherent Solutions is a world-leader in photonics test and measurement. Our portfolio of benchtop and modular test
instruments is rapidly expanding to meet the needs of scientists, engineers and manufacturers around the world. No
matter where you are, we'll work with you to solve complex problems with simple, intuitive solutions.

To find out more, get in touch with us today.

Coherent Solutions Ltd www.coherent-solutions.com

General enquiries: sales@coherent-solutions.com [ www.linkedin.com/company/coherent-solutions-ltd
Technical support: support@coherent-solutions.com 31 www.facebook.com/CoherentSolutionsLtd
Telephone: +64 9 478 4849 [ www.youtube.com/CoherentSolutionsLtd

North America: +1-800-803-8872

© 2020 Coherent Solutions Ltd. All rights reserved. No part of this publication may be reproduced, adapted, or translated in any form or by any means without the prior permission from Coherent Solutions
Ltd. All specifications are subject to change without notice. Please contact Coherent Solutions for the latest information. Product and company names listed are trademarks or trade names of their respective
companies.
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