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I Agenda

= Challenge for coherent 100G/400G
= Design and build reference coherent transmitter
= Considerations for ideal coherent receiver

= Summary
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I Challenges for 100G/400G

= Even as 100G coherent optical systems are being deployed,
architecture for 400G systems and beyond are in development

= Current proposals vary considerably from the number of carriers, to
the carrier spacing, to the modulation format used

= High accuracy complex modulation scheme more than QPSK

= The test and measurement system must have the flexibility to
support any combination of system parameters
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Example Industry Approaches to 400G and Beyond

= No industry consensus on how to -
bu||d SuperChannels system rate | carriers format

_ o 400 Gb/s! 2 DP-16QAM
= Vendors differ on characteristics as 500 Gb/s? 5 DP-QPSK
basic as carrier count and carrier 500 Gb/s? 10 DP-QPSK
spacing to what modulation format 1.0 This* 10 DP-QPSK
should be used 1.5 Th/s® 8 DP-16QAM

1.5 Tb/s, 8 carriers
400 Gb/s, 2 carriers 500 Gb/s, 10 carriers 1.0 Tb/s, 10 carriers a
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I Coherent Optical T&M Platform

Tektronix offers complete end-to-end testing of coherent

Coherent Signal Analys
Receiver Acquisitl is
O n OM1106 Optical Modulation SOftW

(scop e) Analysis Software

Included with OM41 (a re

Coherent Coherent
Signal Modulati
Generati on/

QL. Transmitt

Pattern Generator

=

| 4/ Multi-format Optical Transmitter
fo - s (% 72 aogd ' Fibgf Opti

OM4106D Coherent Lightwave
Signal Analyzer ) DP073304DX Digital Phosphor Oscilloscope
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AWG70000A Arbitrary Waveform Generators

= Wideband RF signals at carrier up
to 20GHz

= 10 bit Vertical Resolution

— Allows for multi-level and signal

compensation(PAM 4~16)

= 50 GS/s DAC

— Can generate signal up to and

above 32GBaud

“The sampling rate of 50 GS/s combined with the ability to synchronize two AWGs
enabled us to generate 30-GBaud signals per optical carrier, with a data rate of 233
Gb/s, more than twice the previous record. The performance and signal purity of the

AWG70000 more than met our requirements for this demanding experiment.” —

e S. Chandrasekhar, Bell Labs N
A Tektronix Company 7



OM5110 Tektronix Coherent Optical Modulator

'li;ku‘on/ix OM5110 Multi-format Optical Transmitter

[ Signal Input °
Power Laser 1 & < ggﬁw A <Q (3 (Q (@
R “‘”

33
Zas8
ga8%

= 46 GBaud Coherent optical transmitter offers modulation of common
complex modulation formats such as BPSK, DP-QPSK, PM-16QAM.

= Built-in C- or L-band lasers offer setup convenience. Instrument also
supports use of external lasers.

= Instrument can be placed under control of Tektronix optical

modulation analysis software and offers both manual and automatic
bias control.
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Challenges upgrading from QPSK to QAM

= For 20 years external optical modulators (typically LINbO; Mach-Zehnder) have
successfully generated binary signals
— OOK, BPSK and QPSK are all examples of binary modulation

= Drive amplifiers operated with output stage in saturation
— gives clean 2-level signal even if frequency response of linear stages is not flat

= Mach-Zehnder has natural sine-shaped response
— hides ISl in drive signal, impact of non-flat frequency response of modulator

Binary modulation Multilevel modulation
= = S
o o
o > S st >
2 volts in NN I - volts in
= With multilevel modulation response of amp + modulator no longer hidden
KEITHLEY Tektronix-
A Tektronix Company /



Challenges upgrading from QPSK to QAM

= Lithium niobate modulator has structure in its
frequency response at low frequencies

— skin loss in microstrip electrode

— phase matching of backward travelling wave
component

—__ With Reflections ‘

= Example (right) is for z-cut Ti-diffused waveguide
[Gopalakrishnan et al., JLT, vol. 12, 1994, p. 1807-1819]

Optical Response (dB electrical)

= 28 Gbaud 16-QAM optical signals ees 10.05 2005 30.05 40.05
— Examples use clean (<4% EVM) electrical signal Frequency (GHz)
Without equalization: EVM = 9% With equalization: EVM = 6.4%

' ive signal is better than usual 4-level drive signal for 16-QAM )
Te tron/lxe
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I Pre-compensation in RFXpress for Coherent
Modulation and transmission

= Calibration is performed using RFXpress from Tektronix

= SignalVu/OUl software running on DPO73304DX is used to measure
the EVM

AWG 70000 A
De-embed the distortions up to this point

KEITHLEY Tektron/ix-‘
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Using RFXpress design waveform

constellation distortions:
Setp)| Hopping | Powe Ramping |12 b2 | Dvstorbon Addison | Muls-Path | Interference Addison | St LIMING Skew, axis angle,

I/Q imbalance
Basecats:  [pres  +][3s =
:J Single Carrier
Baseband Offset [0 3l Hz Amplitude: [100 1S vims
BPSK, QPSK, QAM, offset PRBS (including
formats, user defined polynomial definition)
constellation + more or specific pattern
:_l Modulation
Modulation [ 16 - Coding [None ~
Symbolrate:  [3200p000000G  (Of Mz
~| FiterWindow
Filter |Raised Cosine - Window. |None K
AlphaB*T {025 o : : :
: rectangular pulse
Convolution length s p i
21 £} Symboks shape, raised cosine,
' root raised cosine +
others
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Using RFXpress design waveform

= Apply correction, either from the file supplied by Tektronix or user’s
own calibration

— Corrections for multiple hardware elements can be applied in turn, e.g.
first AWG then optical transmitter

WoomUm WX
e ! " 1 A
Name | Longth | Samp. Rate [ Foomat | G0 o b S e
Wovefor. S11k  S000GS4 | l_‘n
(Wavetor 13130 1500063 10 g - .
hend 10 AWG »
HOw Hragh

Sove Data e

Appdy S Paramater.

Ou
imgon from Fée
Irmpont from Tektrona Osalioscope B
Delete
Delete A
-
Ferame 4
Appty Callaation
>end L0 Emvvronment plug-n Waveform Lt
KEITHLEY IxX
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Using RFXpress design waveform

= RFXpress included calibration wizard, to obtain calibration of AWG +

following hardware

= Connects directly to AWG & oscilloscope, sends test waveforms,
acquire results, and process them to give calibration file

1. RFXpressis used to create baseband
32Gbaud QSPK signal

2. RFXpress ‘RF’ Calibration used to create
the correction coefficients.

3. Signal is connected to scope to find roll off
point and correction coefficients are send
back to RFXpress

4. RFXpress is used again to recreate the
signal with correction coefficients/pre-
compensation applied

5. Final waveform is downloaded to
AWG70001A for transmission

KEITHLEY
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System Calbeation Wizard (Screen 1) ol @

WHicome 10 the AWG COMBIBON wiZard Use this wizaed 10 Credie 3 comrection file which can be applied on
e 0eNeraied sional 10 08t 3 Tean signal

You can perform following types of Calideation

1. RF COMbeaton, which requires oaly an AWG and an 0soNOSCOpe OF 2 specirum analyzec

2 IF Caldeaton, which requires an AWG, an 0salioscope Of 3 specirum analyZer, and 3 device hat
Changes Ihe IreQuincy range Cenerated by he ANG. For exampie. Muer and Local osollator

3. 10 CHBeABON, which reQuires an ANG, an 0SONOSCODE OF 3 SPACEUM analyZer, and 3 device that
UECOMVErtS e IreQUency range 0eneraled Dy e AWG 10 e CHMeT Irequenty

Foe 10 and IF CalBeation, e COmection file CONtaINg the COMPENnsIton 10 e entire System
INAUSNG e mexer 000 UPCOrrverter

This wizard guices you Twoogh e $e8u0 Daramelers 304 CONNOCIONs
Caibeaton Yoo Calbrate using

CRF CF K s Cscloscope " RSA

Back |L Neat» I Cancel I
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Examples of equalized OM5110 transmitter output

= 28 Gbaud 16-QAM optical signal
= EVM=5.8%

|© X Const |3 Poincare 4 b | @ X Eye v

Vert: 0.02v W/Div
X-1 Eve Measurements

X Const Measurements

|' Meas. Stat |BER

[l Reset BER every new record ‘ X-Q Eve Measurements

KEITHLEY Tektron/ixe
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Examples of equalized OM5110 transmitter output

= 32 Gbaud 16-QAM optical signal
= EVM=6.5%

|© X Const (& Poincare 4b (@ XIEye" 4

X-1 Eve Measurements

Horiz: 0.02+ W/Div
X Const Measurements

| Meas. Stat |BER

) errors

Vert: 0.02+v W/Div i
[l Reset BER every new record X-Q Eve Measurements
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I 400G Multi-Carrier Super-Channel

Example . Spect rum of 4-Carrier Super-Channel
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| 400G Multi-Carrier Super-Channels I Im:: ; @ I
Demo on OFC2

OM2012
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Dpurwns COUAKA L St

BER = 2.046E-004

1 errors in 4888 bits.

XRe : 0 errors in 2444 bits
XIim : 1 errors in 2444 bits

I Facet BER evry tew recond
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I OM4106D 33 GHz Coherent Lightwave Signal Analyzer

Complete and open solutions to
complex measurement challenges in
long-haul fiber-optic
communications

=Advanced dual-polarization in-phase

and quadrature receiver with integrated

signal and reference tunable laser

sources

=Open-architecture MATLAB-based T

computational engine offers : e o
= powerful phase-recovery analyze|” -
= polarization, bit-error rates —
= record/playback

HiEtLEVEesgraphical user interface Tektron/ix@

~ ATektronisCompany 1
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Tektronix OM4000 series ‘ICR’ compliance with OIF

= Only the T&M vendor in OIF member list

= First instrumentation ICR in the world

OPTICAL
INTERNITWORKING
FORUM

NEC

NeoPhotonics

Nokia Siemens Networks
NTT Corporation

Oclaro

Opnext

Picometrix

PMC Sierra

QLogic Corporation
Semtech

SHF Communication Technologies
Sumitomo Electric Industries
Sumitomo Osaka Cement
TE Connectivity

IA # OIF-DPC-RX-01.1
IA for Integrated Intradyne Coherent Receivers

Tektronix

Telcordia Technologies
Tellabs

TeraXion

Texas Instruments lain Robertson
Time Warner Cable
TriQuint Semiconductor
u2t Photonics AG
Verizon

Vitesse Semiconductor
Xilinx

Xtera Communications
Yamaichi Electronics Ltd.
ZTE Corporation

Tektron/ixe




Example Real Time Scope Configuration

Note: Ethernet connections not shown. All instruments assumed to be connected to same network.

Local Laser:
Wavelength Range: C+L
Output power:14.5dBm
Power adjustable: 0.01dBm
Gridding: 12.5GHz

Pattern Generator
X pol Y pol
I Q I Q
Customer’s
Transmitter
Laser Modulator

Receiver:
Linewidth tolerance:>5MHz
Linear receiver
EVM floor <2% (with scope)

e-2
le : >1M pts

A Tektronix Company

Customer’s g

DSA/DPO70k-Series

uwwﬂﬂﬂﬂl

OM4106D

- J' X A4
) v !
— i~ | 4
gnal \-— Note: Reference input
usually connected internally
10 laser local oscillator

Measurement | Value
RGN 1 0007
Real Bas (%) | 0.1438 M
Magnaude | 0.0438
StdDev Quad 1 | 0.0005

Pt N ~

| Measurement | Valve |
Fnasenr'g-e 'ce, | 85.9848 |

| StdDevQuad2 | 0.0005 |

talAannar oY ~ | Aaanar

| Valve Mouutmm Value .
Clonganon 0.9952 PhageA"g‘e (ceg) 9«/ 0127
Real Baas (%) | 0.0457 B Bins (% 10.1101
Magntude 0.0438

StdDev Quad 1 | 0.0004

Measurement

Sld:)e/ Quad 2 C' 0004 |



I Introducing the DPO/DSA70000DX Series

Industry leading
| combination of 33 GHz

bandwidth and 100 GS/sec
sample rate

' 6.25mV/div the most
accurate vertical resolution

* Most flat frequency
response +0.5dB

The World’s Most Accurate Oscilloscope

KEITHLEY Tektron/ixa
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Full Automatically Measurements over 50+ items

= QOptical Field

= Electrical Field

Quadrature phase angle
Constellation bias.

Eye crossing points

Std. dev. by quadrant

Wavelength range
Polarization ER
Laser phase noise
PDL/ PMD/ CD

1/Q skew
Total skew

= System

Q-factor

EVM, noise-loaded BER

= Time Domain

KEITHLEY

A Tektronix Company

- ¥ronst IQ Imbalance
- ¥ronstBias,Real
- ¥rconst Bias, Imag
- Xconst Phasedngle
- ¥ronst Magnitude
- Xconst EVM Average
- ¥const MaskViolat..
- ¥ronst Symbals Dis...
----- ¥const Symbal Std....

=} % - Const

- Yronst IQ) Imbalance
- Yconst Bias,Real
- Yconst Bias, Imag
- Yronst Phasedngle
- Yronst Magnitude
- Yoonst EVM Average
- Yoonst MaskViolat..
- Yroonst Symbols Dis....
----- Yronst Symbol Std....

=I- X - Trans

- X-0) Crossing Point
- -0 Skew

- %=-0) Risetime

- ¥-0) Falltime

- ¥-0) Overshoot

- ¥-0) Undershoot

- ¥-1Crossing Point
- -1 Shew

- X-IRisetime

Clear Statistics

[ LnalysisParameters | I"-'IatIaB|
Measurement Value
+- X - Eye
+- ¥ - Eye
—}- X -Const

0.962
1.02
-3.23
90.76
0.725
12.03
31
1379
0.002

0.997
0.81
-0.87
90.25
0.810
9.39
4
1379
0.002

47.71
-2.12
X441
23.48
-1.88
-1.60
49.96
-2.85
23.40

Measurements "

Mean

1.001
-0.89
-1.17
50.00
0.715
11.73
34
1379
0.002

1.000
0.51
-0.15
30.00
0.309
d.68

1379
0.002

43.04
-2.58

24.02
333
-1.64

-0.72
4934
-2.57
23.92

Min

0.939
-4.60
-4.08
38.60
0.587
10.62
10
1379
0.001

0.972
-0.70

-1.77
d8.74
0.671
741

1379
0.001

45.67
339
22.85
22.49
-3.81
-2.02
45.949
-3:40
22.64

XvsT 3
Max StdDev | Unit | Count -
1,051  0.036 1611
170 131 % 1611
271 1.07 % 1611
91,64 048 deg 1611
0.73% 0.027 Vmw 1611
16,43  0.56 % 1611 )
210 14 1611 |
1380 0 1611
0.003 0.000 mW 1611
1,018  0.010 1611
186 037 % 1611
132 0.62 % 1611
9136 0.40 deg 1611
0.828 0.029 VmwW 1611
1473 073 % 1611 o
87 5 1611
1380 0 1611
0.003 0.000 mW 1611
50.17  0.88 % 1611
-1.66 039 ps 1611
2526  0.58 ps 1611
2413 0.22 ps 1611
0.09  0.58 % 1611
0.62 042 % 1611
53.08 2.01 % 1611
172 039 ps 1611
2542  0.69 ps 1611 -
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I Exclusive:
Measuring TX Constellation Imperfections: Q-factor

= Counts errors as decision

Im threshold Is moved.

= Errors fitted to error
function in “Q-space”

:

Re = — Plot, max-Q and

S 1

KEITHLEY Tektron/ixe
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Open All Algorithms for Power User with Matlab™

Interaction Between GUI and Matlab

— GUI

= write Analysis
Parameters to
matlab
workspace

" acquire scope
record

= write record to
matlab
workspace

Matlab

clock recovery
polarization
estimation
phase estimation
ambiguity
resolution

2nd phase
estimate

count bit errors
calculate
constellation
parameters

GUl—

plot results —
eyes, constellation
diagrams,
Poincaré sphere
report bit errors
report Q-factors,
constellation
parameters

KEITHLEY

A Tektronix Company

zZXSym,
zYSym, zX,
zY, DecTh,
etc. Tektron/ix'



Example Industry Approaches to 400G and Beyond

= No industry consensus on how to -
bU||d Super-Channe|S — no one system rate | carriers format

architecture fits all requirements. 400 Gb/s: 2 DP-16QAM
_ o 500 Gb/s? 5 DP-QPSK
= Vendors differ on characteristics as 500 Gb/s? 10 DP-QPSK
basic as carrier count and carrier 1.0 Th/ss 10 DP-QPSK
spacing to what modulation format 1.5 Thiss 8 DP-16QAM
should be used.
1.5 Tb/s, 8 carriers
400 Gb/s, 2 carriers 500 Gb/s, 10 carriers 1.0 Th/s, 10 carriers ’ FAFFARARRFARFA — oo
x /) s S R NS O
.l 'J .l ! {? - j I l’:'..m,-
o e
| 1 | | 1l 1] s —
190 GHz 375 GHz B 05 1850 1 15516 w5

4——87.5 GHz —»

KEITHLEY Tektronix
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Example Industry Approaches to 400G and Beyond

# of modulation system req’d scope
system rate | carriers format bandwidth | bandwidth

400 Gb/st DP-16QAM 87.5 GHz 44 GHz

500 Gh/s2 ) DP-QPSK 190 GHz 95 GHz
500 Gb/s? 10 DP-QPSK 190 GHz 95 GHz
1.0 Th/s* 10 DP-QPSK 375 GHz 188 GHz
1.5 Th/s® 8 DP-16QAM 260 GHz 130 GHz

Tektronix recently announced a 70GHz real-time oscilloscope(ATI
Technology),

but current oscilloscopes still do not have sufficient
bandwidth to capture an entire super-channel with a single
acquisition.

KEITHLEY Tektron/ixe

A Tektronix Company



I Acquiring Super-Channels — Local Oscillator Tuning

KEITHLEY

Coherent detection works
by combining the input
signal with a local
oscillator.

The local oscillator
frequency determines the
center of the frequency
range that is detected.

By sweeping the local
oscillator, different
frequency ranges can be
captured in sequence.

A Tektronix Company

3dB optical

ANNNNN
YUY =

input signal

reference
local oscillator
(LO)

coupler

i

=>

photodetector

%

=>

intermediate
frequency
(IF)

Tektron/iXG



I Acquiring Super-Channels — Configuration

£ Multi Setup™

Default [

Available mulicamer channel lists

(2]

| Channel List Options v|

Multicamer channel list

| o — |

Channel

Frequency Prefemed
{THz) LO{THz)

Include in
scan

]
2
3
4

193.9700
194.0055
154.0410
194.0765

193.9700
194.0055
154.0410
194.0765

& & E

Acquisitions
per frequency:

=

KEITHLEY

A Tektronix Company

Example

4 Carrier Super-Channel

Center frequencies spaced
at 35.5 GHz:

Channel 1: 193.9700 GHz
Channel 2: 194.0055 GHz
Channel 3: 194.0410 GHz
Channel 4: 194.0765 GHz

Tektron/ixe



I Acquiring Super-Channels — Captured Spectrum

””\”“1

i
: m f gl




Acquiring Super-Channels — Digital Channel Filtering

Analysis Params

|

Dhiii

[ Analysis Parameters |

Front end filter

Filter type

Filter order

Filter roll-off factor

Cutoff frequency (GHz)
Aurto-center filter on signal
CcD

Chromatic dispersion
Compensate CO

MNone
Besszel
Butterworth
Square root raised cosine
Raised cosine
|lser-specified fitter
Matched fitter
Myquist fitter

T FEEE

&

-

Multicarrier Spectrum Controls

A Tektronix Company

Matlab

— | Matlab Engine Command ———

MutiCarChanID
gwitch QUL MuttiCar CumCh

case 1
|UserFitter = UserFitter1b;

case 2
|UserFitter = UserFitter?h;

case 3

|lserFilter = UserFilter1b;

case 4
|Userfitter = UserFitter1b;

end

m




Dpurwns COUAKA L St

BER = 2.046E-004

1 errors in 4888 bits.

XRe : 0 errors in 2444 bits
XIim : 1 errors in 2444 bits

I Facet BER evry tew recond
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Tektronix Multi-Carrier Support — Option MCS for 400G/1T
Integrated Measurement Results

| @ Meas. vs. Chan.™

- Integrated measurement reSUItS Measurement | unit | ch-all [ ch-1 |ch2 |ch3 |chs |

Can be Viewed for eaCh Channel _..-x--:ESQ-FactDr dB 11,937 11.937 10.703 11721 11448

. . - %-Q Eye Height YmW 1614 1614 1975 1390 1252
Slde-by-S|de --¥-Q Rail 05td Dev ~ vmW 0216 0216 0311 0195 0.166

~¥-QRail 15td Dev  VmW 0207 0207 0275 0.160 0.163
-1 Q-Factor dB  12.148 12148 10.740 11528 11.878

[ ] Eye d|agrams’ Conste”a'uon - %-1 Eye Height VmW 1443 1443 1823 17247 1147

— ¥-I Rail 0 5td Dev vmW 0.180 0.180 0.294 0.163 0.149

dlagramS, and OptICa| Spectrum +."Y--:)é;lIERaiI15thev VmW 0,130 0490 0236 0479 0.149

plOtS Can be Vlewed IndiVidua”y by - ¥constIQ Imbalance 1.091 1091 1094 1.093 1.095

. - ¥const Bias,Real % 248 248 -6.05 1.87 2.32

Channe' or W|th a” Channe's - XconstBias,Imag % 142 142 528 087 057

- ¥ronstPhaseAngle deg 8930 8930 8970 B89.64 §9.54
1 H - ¥ronst Magnitude VmW  3.231 3231 4209 2801 2558

superimposed for easy comparison XeonstEVMAversge % 683 683 772 75 738

- Xconst Mask Violat.. 41 41 66 45 45

- ¥ronst Symbols Dis... 1,231 QiSEa 1,237 | 1234 | 1,234

----- XconstSymbol Std.... +/mW 0.006 0.006 0.008 0.005 0.005

¥ - Const

- X - Trans

Y - Trans

- Pow - Trans

- XY Measurements

i1+ R OF

‘- Sig Freq Offset MHz 6742 6742 -199.6 306.0 552
i-SignalBaudRate ~ GHz 25.899 2509 2589 2599 25.09
‘- PER dB
b PDL dB

% PMD

KE'TH LEV pril 2014 Tektron/ixe
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I Coherent Optical System

Tektronix offers complete end-to-end testing of coherent

modulation formats.
Coherent Coherent
Signal Modulati
Generati on/

(O] BN Transmitt

= er

4/ OM4106D Coherent Lightwave
Multi-format Optical Transmitter Signal Analyzer

] o - L b L - ..; - - . s

| R ]

Coherent
Recelver

J Fiber Optic 5% X igege | 4/

-

ICR Meas./
ICR Cal.

AR
\'\)

Fiber Optic

OM2210 Calibration source

=

EONFIDENTIAL

KEITHLEY

A Tektronix Company

Signal Analys
Acquisitl is
O n OM1106 Optical Modulation S OftW

(scop E) Analysis Software

Included with OM41(8. r e

DPO73304D Digital Phosphor Oscilloscope

00000
»

o

- . -

g8 en-

| Emn e ——rr

Tektron/ixe



I Optical hybrid calibration

V = [H]E Apply Ex or Ey, measure phase angle
How to set Ex? Ey?

V., [h, h,) h, hH_-EU What about crosstalk effect on angle?

Vi b B ks ha| B Or

ER RCTIRCCTY B Apply E1 and E2, find all hybrid parameters

Vi L hy hy hy] Ey E1-E2 = 0 (new coordinate system)
Rotate back to hybrid system

-1
E=[H]'V

Entire H is needed to find H'
1 A
E W ? This gives full impact of finding E given V
S [l & 2
§

Eio [f]
[a]

[h] Tektron/ix




ControD

e Polarization &
g Switch 2
©
- -
= -
10-90 Splitter

USB Optical Power

Meter

»

Computer

Receiver Testing Detail

OM2210CC orLL (C orL-band Calibration Kit)

LO

Signal

/

RX under
test

Polarization
diverse
Coherent front-end

Real-time

Oscilloscope

Tektron/ix'



hamdd Dddays

4-Channel Skew Measurement

Frequescy Range e ]
Prcoseconds ’ . .
M (M) Swp (de2) Max (Viz)
556 s = -
J 400,00 2 10403 [1,130.0012
13 18 40
Pegrss
14 -15 26 Caltraton Sxceeetsl

Racakuiote Delayys

User sets up heterodyne
Frequency Sweep Range
Relative phase plotted vs.
frequency

Average slope provides the
Channel Delay

Status =~

Choelay: [8 -2.5981e-611 -1.8306e-611 -1.5257e-011)
HinFreq: 3.1548e+0D8
HaxFreq: 9.7618e+008

rmsErrDeqg12: 0.6983

naxErrDeg12: 0.2504

rmsErrDeqgid: 0.1741

NaxeErrDeqgi1d: 04614

rmsErrPeg3h: B.1407

naxerrDeg3s: 0.3690
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Example RX Measurement Results

o

Quadrature phase vs. wavelength
Gain vs. wavelength
Crosstalk vs. wavelength G E

6 'l L L I I L I 2 e
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Customized ICR testing with Hybrid Cal

ontrols Xl
5000 Rec Len
20000 Blk Size

Record # 5
Block# 1/1
Unknown |

==

BIO

Const Scale
D O 3.000E-002
BJO v W/div
olo

3 Matlab

[Ma813b Engine Command |

DiepCalElpses

| Matlab Engine Response

— Eye Scale
2.000E-001
v W/div

B TraceColer ~

‘ Mzan field {radiuss of blue cirdle), X poin = 8.52e-002

Mendlr fa—di "
&\ MATLAB Command Window

Mean field {adus of blue circle), Y poin = 2.62e-003

X RMS noise + elipticity = 18 5273 %

Y RMS noisa + eliplicity = 51.4768 %

if substaritial agnal power i3 In scope channels 1§ 2, and(ely
circudar, run CorrectX in the separate Matlab Applcation Wiae
if substantial signal power iz in scope channels 3& 4, and ey
circutar, run ComectY in the separate Matlab Applcation Winc
Finally, un ComectXY. and pasie new pHyb into matlab windc

To get started, type
For

b Correcty
pHyb has been nodified.

one of these: helpwin, helpdesk, or

product information, visit wmw.nathworks.con.

Run DispCalEllipse again to verify

{Paste the line belou into tnt' natlab uinuow neFore CoreProc

KEITHLEY

Tektronix

A Tektronix Company

© Matlab

{ Matlab Engine Command |

oHyb = [0.60904+"1.048e-018,0.055926+"1.3208,-0.0010549+"-
0.016723.0.015578+"0.00019584:3.144e-018+i"-2.882e-018 -
0054126+70.0012627,1.0261+™-1.108%-017.0.034528+"1.036

£

DispCalElipses

| Matlab Engine Response |

pHyb =

0.6080 + 0.0000: 0.0559 « 1.3208& -0.0011-0.016% 0.0156-
0.0002

0.0000 - 0.0000i -0.0054 + 0.0013 1.0261-0.0000 0.0345+
1.0366i

Mean field (radius of blue circle), X poln = 8.06e-002

Mean field (radius of blue circle), Y poin = 2.59¢-003

X RMS noise + ellipticity = 3.8551 %

Y RMS noise + elliticity = 51.5069 %

If substantial signal poweris in scope channels 1 & 2. and ellipse is not
circutar, un ComectXin the separate Matlzb Application Window

if substantial signal power is in scope channels 3 & 4. and ellipse is not
circular, run ComectY in the separate Matlab Application Window.
Finally, run ComrectXY, and paste new pHyb into matlab window before
CoreProcessng

€ X Const
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I Tektronix Coherent Optical T&M Platform

Tektronix offers complete end-to-end testing of coherent
modulation formats.
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