B Hr OFDMYGIEAE R A AAH T

Tektron/iX®



MYy T

<
D

oot = oSt SR

oF o = 3 3
O

i

OFDMJGIEAE & ek

OFDM il A5 2 A Jif 2
FDMYEIEAE R el i 5k bk

i tir OFDM G R A ok 7 5

it OFDMYEIE S R G M 5 R s /N

%1#

2 Tektron/iX@



I 58 11 OF DMOGIE {5 4 1 A R AL

WPRRZ N ", HAZ OB AR NOFDM. 1EAZHI4rE H
OFDM(Orthogonal Frequency Division Multiplexing) 2 — f*%%ﬂiﬁ?
HOFEBU S R TR N

OFDMH (MCM) & RE k. 3% B %77 BAE B 4011 50-605F
Rt 7 HA LE - TMMCMAS,

TE197 0T A H R H AR 1~ 2y Al F R OFDM &%t . {BAE
DL JE A YK 1 — B it 1], OFDMIE [H] S B 11 A5 i 22
Q0EAX, OFDMIFUE#E KM AR RN vz BT #6458 @8 1 v i B s 18
= (DAB)~ ( YAl

( )o FEFEDSP I BRI AN,
EI0E Esw NINIVAEER OFMDB‘M(EI’J;@JWFH =15 H ﬁ

20084E5H, HARKDDI B 5T & HGOFDM s AL IE FioR, fEH A H
IR S B SE AN F 23 BUORME Y A K g A2 14 B FP 100Gbps )5 5, 1A 2131
A AR H AR bR L04E BB .

3 Tektron/ix\%


http://hanyu.iciba.com/hy/%E7%AC%AC%E5%9B%9B%E4%BB%A3%E7%A7%BB%E5%8A%A8%E9%80%9A%E4%BF%A1%E6%8A%80%E6%9C%AF
http://hanyu.iciba.com/hy/%E5%A4%9A%E8%BD%BD%E6%B3%A2%E8%B0%83%E5%88%B6
http://hanyu.iciba.com/hy/%E9%A2%91%E7%8E%87%E9%87%8D%E5%8F%A0
http://hanyu.iciba.com/hy/%E6%95%B0%E5%AD%97%E9%9F%B3%E9%A2%91%E5%B9%BF%E6%92%AD
http://hanyu.iciba.com/hy/DAB
http://hanyu.iciba.com/hy/%E9%AB%98%E6%B8%85%E6%99%B0%E5%BA%A6%E6%95%B0%E5%AD%97%E7%94%B5%E8%A7%86
http://hanyu.iciba.com/hy/HDTV
http://hanyu.iciba.com/hy/%E6%97%A0%E7%BA%BF%E5%B1%80%E5%9F%9F%E7%BD%91
http://hanyu.iciba.com/hy/WLAN
http://hanyu.iciba.com/hy/DSP
http://hanyu.iciba.com/hy/%E6%A0%BC%E6%A0%85%E7%BC%96%E7%A0%81%E6%8A%80%E6%9C%AF
http://hanyu.iciba.com/hy/%E8%BD%AF%E5%88%A4%E5%86%B3%E6%8A%80%E6%9C%AF
http://hanyu.iciba.com/hy/%E4%BF%A1%E9%81%93%E8%87%AA%E9%80%82%E5%BA%94%E6%8A%80%E6%9C%AF
http://hanyu.iciba.com/hy/%E4%BF%A1%E9%81%93%E8%87%AA%E9%80%82%E5%BA%94%E6%8A%80%E6%9C%AF

OFDM$E AR FEAS JH HE

= [EXHI4 5 HOFDM (Orthogonal Frequency Division Multiplex) & —Ff 22 &k i 41 7 2%
, X IR IN T T BB TE] B PG B 52 R o {5 T8 AR I BV TR . B AR B RS
SECAND TGS, AJE AND TGS 20 AR HRINA A B IEAS T8k . BT 8 n
WS AR EE S, I ] LS R s o U1 JLEFOFDMYE oLl (5 SIS 2] 7T
IR

OFDM Transmitter

{1
E11)
2

Data S/P | *|Subcarrier| | | \ner Transmitted
‘| symbol . > a1 ™ o™ LPF'—'®—' BRF Signal s(t)
Mapper .
|

OFDM Receiver

tt
A1t

Data -« PIS| - Data

- | symbor | - |PFT @ A/D [ LPF
- | Decision | - Received
-— -— 1 +—BPF Signal r(t)
Frequency offset T
compensation
o & » LO2
Subcarrier

N foeover /

S/P: Serial-to-parallel Gl: Guard Time Insertion D/A: Digital-to-Analog (I)DFT:
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File

i Select: OFDM -

View  Configure

i IF/RF -
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=8 Owverview

Help

“& Find Instruments

& Graph ¥ Compie -
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Graph Preview
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2500

g Basic Setup | Symbols | Packets | Frames | Distortion-Addition
E)
% Symbol List: Define Selected Symbol
E Symbol Name ~ Spacing between Carriers: |[312.500 k g Hz
i Short_preamble [] User-defined Frequency Weight:
Ié?;r?;p:f:bb;:e Subcarrier table Padding/Prefix
Payload1 @ -to+ O all + () Zero Padding
Payload 2 Add new subcarriers: 2 3 Add O Time-
Emenyioaay Subcarrier Type Modulation Base Data = @ .
Payload 4 o) Percent:
Pavload 5 -18 Data 16-QAM FPayload Data
PEYIOEd e 17 Data 16-QAM Payload Data
ayloa 16 Data 16-QAM Payload Data
-15 Data 16-QAM Payload Data Frequency Offset: |0
-14 Data 16-QAM Fayload Data L .
13 Data 16-QAM Payload Data WG Ipping|Eatios
-12 Data 16-Q2AM FPayload Data ™ Tone Nuling _
-11 Data 16-QAM Fayload Data
-10 Data 16-QAM FPayload Data 7
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Type: Modulation: Base Data:
= Null -
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-32 Apply ] [ Delete
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AWGT7122CHIMatlabr] PASEZEN TG 4% 1% 2, 7 {5 P i G g8 5 Fh i

o
fEMatlabZEFEAWGT7122C £ 514 2% 5 % 3E7EPC .

| H Matlabfh E 3 5= 4 5 i OFDMEEAE 5, 2R J5F H
AWGT7122CH:OFDM{E S HiH .

& Editor - C:\desktop 1\AWG7K\Matlab_Sample_ssj.m = =]

File Edit Text Cel Tools Debug Desktop  Window  Help ™~ Ao
O | $ Bl o & F | 88|88 E DM | seofeee | HODBE SO
1 I%This sample shows how to connect to AWGTK instruments using MEX dl11 =
2- clear all;
3 - echo off;
4 %Initialize the driver and connect to instrument

5 - [AWK7K, msgl=NewSession (" TCPIP::192. 168.0. 187: :INSTR", ~LAN")
6 %[AWKTK, msgl=NewSession ( 192. 168. 0. 187", TCPIP’ ) ;

7 % Reset the instrument.

8 % Write(AWKTK, *RST’ ) ;

9 - [status, idn]l=query (AWK7TK, ~ *idn?” )

10 %Create a sample waveform u
11 - Data = sin{(2 * pi * [1:1000] ,/ 1000) ;

12

13 %Create marker data with alternating 0 and 1 walues.

14 - Markerl = int32(mod ([1:1000] * 1 + 1, 2));
15 - Marker2 = int32(mod ([1:1000] * 1, 2));

16
17 %Send it to the instrument
18 - TransferWfmReal (AWKTK, ~example.wfm , Data, Markerl, Marker2, 1000) ; 3

script Ln 1 <ol 1

.'_' start = B o MNew Folder AWG Fundamental Po... i untited - Paint

& Editor - C:\desktop ...
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Optical Modulation Analyzer Solutions for
Coherent Optical Testing
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Outline

24

Coherent modulation background material

Introduction to the Coherent Lightwave Signal Analyzer

Measurement capabillities

Hardware configurations

Receiver test and transmitter test value proposition

Summary/Conclusion
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OM4106D 33 GHz Coherent Lightwave Signal
Analyzer for > 100 Gb/s Analysis

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 computational
engine offers powerful phase-recovery analyses
with polarization, bit-error rates, and
record/playback

= [ntuitive graphical user interface controls

frequently-used instrument functions:
— Laser control
— Modulation schemes
— PRBS or user-generated data

= Accessories available to easily verify optical
calibration

25
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I Why do | need a Coherent Lightwave Signal Analyzer?

26

Understand and optimize optical networks employing advanced
modulation

— Measure constellation parameters, quadrature and modulator bias
values, symbol masks, EVM, signal and phase spectra, BER, Q vs.
decision threshold

— Save time, enable a wider range of users

Transition from R&D to qualification and production environments
— Enable automation

Test equalization and phase recovery algorithms
— CD, PMD, ISI

Understand effects of bandwidth limitations
— At the transmitter, digitizer, and receiver
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I Optical Modulation Methods
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I Optical Modulation Methods continued
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I Optical Modulation Methods continued
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Intradyne + DSP Make It Work

TABLE 1
CoHERENT OPTICAL TRANSMISSION SYSTEMS (IF = INTERMEDIATE

FREQUENCY; B = BANDWIDTH OF BASEBAND SIGNAL) Signal Spectra

system IF spectrum IF
A LO
homodyne IF =90 ,
Optical T T
FLL >
-B B
intradyne f IF <B 4
AZEE_.
~IF-B IF+B >
[
heterodyne 3 . E? . fi IF>B A
[} 1 T T
~IF IF-B IF 1F+B >
= Derr, 1992, PTL Without PLL, frequency and phase

error must be corrected in DSP
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Integrated Dual Polarization Intradyne
Coherent Recelvers

- T T 1
: I . X | ADC
. | —{&H :(_’X' .
Replace input | | pes E&Eﬁﬁ & | Replace ADC with
signals with P : N Mixcer : — real-time
reference signals , - &) *a i XQ oscilloscope
: . : DSP
I | . YE : : 1 ADC
I 90 deg | -
r Y | BS Hybrid |
LOCAL | - #H W
OSCILLATOR Q ¥a .
: . : YQ
- J
New OIF Agreement Test overall:
IA OIF2009.033.06 =  Path gains

= Cross talk
» Phase angles
At any frequency or wavelength
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I Coherent Detection

1
1
Lr:n::al . ' Lq:u:a

. Oscillator [LID]

N a1 r”*

90-deg shifted LO 90-deg 5h1-fted LO

E N

x-polarization y-polarization
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I Coherent Lightwave Signal Analyzer Architecture

= The optical signal analyzer uses burst-mode coherent detection — it includes a
local oscillator laser and a phase/polarization diverse hybrid

Photo- A/D
Detectors Converters _
Optical Signal phase/ | | | Processor Display
polarization
diversity | | RAM —— ]
(all passive) —

= Qutputs from several photodetectors are digitized by high speed (e.g. 50
Gs/s) A/D converters for an interval of time and stored in RAM

= A microprocessor asynchronously reads the values from RAM and computes
the required parameters of the signal

= All the information about the signal over the interval of time is known

— electric field (in-phase & quadrature parts) in both polarization states

= So in principle any signal parameter can be deduced by an appropriate

algorithm
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Typical Configuration with Real-Time Scopes

34

Typical Real-Time System

using intradyne detection

|

—_——— e e f—— o —

7
IF freq < Signal BW

Intradyne Detection

Pattern Generator
Xpol Y pol
I Q [ Q

Transmitter

Laser Modulator

.
qim 1
e
:
.....
o =) i i
I S S 4
) [} [ ] E.&
MEmen e s v o -« o - -
o o .&. 1
—r 2 Y s s ] . ®
- -

——— Y —

Input signal —— Note: Reference input

P g
usually connected internally
to laser local oscillator.
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Typical Configuration with Sampling Scopes

Typical Equivalent-Time System
using homodyne detection

Homodyne Detection

Pattern Generator
Xpol Y pol
I Q l Q

) () e [ T

) o R

(o) e ) s (2 (BED

S =

Transmitter

Laser {Modulator

35

[ I[_1F®s &8
@ ::'...,_J!! - '".";II."‘ -‘_“' = = @ -II; -
-— - —
subClock : Note: 8B0EQ9 sampling
for pattern trigger heads are used but
not shown in drawing.
Tkiromiy  CWHAT 35 0 L hamend S ] St
—
5 -8 T3 Q SV

Input signal
Reference local oscillator
R — ___
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= The OM4106D and the OM1106 software have
been modified to support the DSA8300 sampling
scope.

= Any existing OM4106D is capable of supporting
both DSA/DPQO70k real-time scopes and the
DSA8300 sampling scopes with a software upgrade.

= Using the sampling scope for acquisition provides greater vertical
resolution at a lower total system price compared to real-time
solutions.

— 16 bits vertical resolution and 450uV rms noise floor at 60 GHz provide
added dynamic range and accuracy.

— Up to 60 GHz sampler bandwidth on four channels provides future-proof
capability for next-gen baud rates.

— Timing jitter as low as 450fs RMS lets you see signal jitter.
(as low as 100fs when using the 82A04B Phase Reference Module)

36
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Differences between ET systems and RT systems

Target Customers

Optical detection

Vertical Resolution

Maximum data rate

Measurements
available

System Price

37

Pattern Generator
Xpol Ypol
rQa 1 Q

Customer’s o t *7 w & e
Transmitter e L5 8

Laser Modulator

Often favored by Network Equipment
Manufacturers and system integrators due to
high RT sample rate and intradyne detection.

Intradyne — high sampling rate of RT scope
allows frequency and phase tracking to be
performed mathematically. No separate laser
reference is required.

Determined by real-time scope vertical
resolution.

With 33GHz RT scope: 60Gbaud
With 20GHz RT scope: 40Gbaud

All that are supported today.

Largely affected by choice of real-time scope.

Pattern Generator

Transmitter

Laser 'e Modulator

[ @Llﬂ

- Note: 80EDO sampling
for pattern trigger hends are used bt

Input signal

Reference local oscillator,

Often favored by optical component
manufacturers due to very high vertical and
time resolution. Homodyne detection is often
fine.

Homodyne — due to low sampling rate of ET
scope a separate laser reference, split prior to
the customer’s modulator, must be provided to
allow proper frequency and phase tracking.

Determined by equivalent-time scope vertical
resolution.

With 80E09: 60Gbaud (limited by OM4000)
With 80E07: 60Gbaud (limited by 80EQ7)

All supported today except for:
PMD, laser freq. error, laser phase noise, true
BER (equivalent BER may be supported)

Can be lower due to lower scope price.
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I Instrument Requirements for Equivalent-Time Systems

= OM4106D Coherent Lightwave Signal Analyzer
(the same instrument works for ET and RT)
opt. EXT must be ordered to allow reference laser input
other options may be ordered as desired

= DSAB8300 Digital Serial Analyzer Sampling Oscilloscope

= 80EO09 Dual 60GHz Electrical Sampling Modules, 2 required
(80E10 will also work, but offer no advantage over 80EQ9 for coherent

optical testing.)
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I Measuring TX Constellation Imperfections: EVM

Im = Distance of a symbol point
u from the ideal location.
02y EVMy,
= |nstantaneous or rms
X value

= Normalized to ideal
symbol magnitude

VESN [ pl? * QAM EVM often
|1 normalized to largest

® | ® symbol magnitude

Re
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Measuring TX Constellation Imperfections: Q-factor

= Counts errors as decision

Im threshold is moved.
..@. A .:@ . : Errors”fitted to error function in “Q-
e 7 v space

= — Plot, max-Q and optimum
decision threshold

Re

S 1
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Measuring TX Constellation Imperfections: Phase Angle

41

| € X Const ) PSphere q b
{ J (]
Im °e
o.‘*‘ [ ]
0 ©
Re
[ )
...m [ ]
—t%T .
e © . .
Vert: 1. 500E-002+ W /div Horiz: 1.500E-002+ W /div
X Const ¥ |
® Measurement | Value M =
Elongaton 0.59350 Phasefngle (deg) | 762065 S
Real Bias (%) 002425 Imag Bias (%) -1.6558 i
Magnitude 0.0603 EVM{%%) 15.0126 '-E_
StdDev Quad 1 | 00034 StdDev Quad 2 0.0037 E
o

Std ey Quad 3

0.0031 StdDev Quad 4 0.0035
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Example: Modulator Bias Adjustment

€ X Const ' £3 PSphere 4 b |© XEye 4 b ]

[ @ X Const ' £3 PSphere ar |ox Eye q4 b I

Vert: 5.000E-003y W/div Horiz: 5.000E-003v W/div

X Const ¥

Measurement | Value Measurement Value «
|EBRESEA 05795 || PhaseAngle (deg) | 87.9316

Real Bias (%) 2.927 Imag Bias (%) 0.2024 2

Magnitude 0.0189 | EVM(%) 10.9132 %

StdDev Quad 1| 0.0017 [l SwDevQuad2 [ 00013 BN §

[l Vert: 5.000E-003y W

StdDev Quad 3 | 0.0013 | StdDev Quad 4 0.0015

ameten (O O Powert :
0 AnlysisParameters | O Mstiab | O PowerEye | 4 b D JealysiaPor D Masb] O PowsrEye L

Measurement = Value Measurement Value

E : 0.9656 B PhaseAngle (deg) | 88.2697
Real Bias (%) 1.4960 BN Imag Bias (%) -0.6576
Magnitude 0.0200 [ EVM(%) 10.4957

StdDev Quad 1 | 0.0013 B StdDev Quad 2 | 0.0014
StdDev Quad 3 | 0.0013 [N StdDev Quad 4 | 0.0016
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Example: Adjusting Tributary Timing Skew

X Const ! PSphere 4 b X-| Eye q b

Vert: 5.000E-003v W/div
M1: -1.329E-002 VW
M2: 1.392E-002 y W

X-| Eye
Measurement | Value Measurement = Value
QScR(@BIIN 2025 | Eye Height 0.0287

StdDev O-Level | 0.0013 StdDev 1-Level | 0.0015

X Const y Wt

SRS

Bl Vert: 5.000E-003v W/div T ——— L ri7: 20 ps/div
Meas_uremem Value Measurement Value Nl 1 -1.3126-002 VW : T1: -57.2ps
|Elongation 0.9566 B PhaseAngle (deg) | 88.0724 M2: 1.312E-002 vV W T2: 42.2p
Real Bias (%) | 2.6931 [ Imag Bias (%) | -0.2055 X-Q Eye
Magnitude 0.0199 B EVM(%) 10.4608 Measurement = Value Measurement | Value

Qfactor(dB) N 1338 | Eye Height 0.0278

StdDev Quad 1| 0.0014 StdDev Quad 2 0.0013

StdDev Quad 3 | 0.0012 B StdDev Quad 4 0.0015

Gx Options

StdDev O-Level | 0.0018 StdDev 1-Level | 0.0016

43 Tektron/ix-@



Measurements Availlable for QPSK Signals

Offline  Home  Setup Calibrate  Alerts  About

Controls i | AnalysisParameters | €3 Matlab ™. 4 | % Const ' €3 PSphere | GPlots ' £3 ¥ Const 4 b | -l Eye q B
5000|Rec Len| ——— Analysis Controls |———
500000 |Blk Size Clock Frequency - ;
RUH'StOp 22.000 GHz | Freguency Xl Eye
¥ 4 Measurement | Value Mezsurement
Single 30.800 GHz | Frequency Hi ] Q factor (dB} 18.25 Eye Height
Record # 105 25.200 GHz | Frequency Lo B 6 StdDev O-Level | 0.0011 || StdDev 1-Lavel
L Block# 1/1 | 5| 5
M 20| TracePtsPerSym 1 4 4
@JC 3 3
olo Const Scale 2 2}
3.000E-003 2 Pol QPSK = || Signal Type 1 11~ :
810 | v w/div 0 SE-1 0 X0 Eye
olo OrthAnalysingSOPs ‘1 5 15 ‘1 5 Measurement | Value Measurement Value
— TwoStagePhaseEstimate ) . ’ factor 8.74 e Hes 0.0196
? " Rel] () x 102 ImizX] R, ¢ Eye fleght 198
n Eye Scale CenstFineTrace StdDev O-Level | 0.0012 | StdDev 1-Level | 0.0011
5.000E-003 Max Line Q 0.00 =
m— Power flat phase modulation =
30K | V W/div Y-l Eye
— Q(dE) = 19.95 |

/| Balanced Diff Detection
¥-| PRES Gen  [2731-11TUT |+

¥-@PRBESGen Z3-1ITUT |=| =

4 T 2

DTraceCoIor -
=Sl B R = 0.000E+000
SR O rrors in 88468 bits.

= M W o
= R L b o -

=]
i

-1.5
Im[zY]

]
| &n

Reset BER
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Measurements Available for QAM Signals

Optametra OM4006 User Interface .
About

-@ Offine | Home | Setup  Calibrate
% = BF OO0 A

Plot Tools

Conrols i AnalysisParameters (

Xl Eye a4
8000 Rec Len —

C —— —
8000 Blk Size. < Frequency : S [ e — P
30,000 GHz | Frequency] - - - e
r 1 e m—— e < ]
33.000 GHz|Frequency Hi .
Record # 2 27.000 GHz |Frequency Lo Horiz: 18. v
E Block# 1/1 Summary ¥
— [Unknown}—— 0 :
) 10| TracePtsPerSym! GidB) Eve Hessht | Radl Sid Dev | Raidl Std Dev -
©|Oc t Scal h g 2 ’ 158888 2435 019 a8
onst Scale
16.23 dB 9 0
olo 1.200E-001 2 Fol GAM 16 = ]| Signal Type = - z
8IO |/ W/div [Hl InvertedRearFace q4b
olo
o S A S —
e Eye Scale

1.200E-001
X | v widiv Fawer flat phase mor

Balanced Diff Detection
B TraceColar -

- : 5 G 23 -AITUT [ xd G 2731 -1ITUT [+
BlendTr QF——® REHESc - PRES Gen

167 [-]] XQPRBSGen (Z7-1671 [r

BlendSym (G———§—6 -0 PRES Gen

Y-IPRESGen (215-1MUT [-]  YPRESGen (2715-11TUT [«

Y-QPRESGen (2715-11TUT [+]  Y-QPRBSGen |2715-11TUT [+

Power PRES G.. (271671 [-] | CopyMSB Pattems 137 1 . 7 137

RelzX]  (Whx 101 Imizx] o) x 101

Max Line Q 800

BER = 0.000E+000
0 errors in 79912 bits.

XRe 0 errors in 9989 symbols

137 138
RelzY]  (W)x 10%1 ImizY] G x 10%1

Xlm 0 errors in 9989 symbols
YRe 0 errors in 9989 symbols
Reset BER YIm 0O errors in 9989 symbols
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20 G RZ DQPSK

Home Duaclyy Setp Colldepte Noms

p—
88 2 n g BE 2 @ f;?’xmod X csﬂsmsmwuv.x D";fodwm ¢ 6‘.‘:‘”![2:[‘5 Load Preset Save Precet 8

Plot Tooky Lot

Controls 9110 AnslysaDseamerers | O Matlod t 5 XComst ' PSpheve
10000 Rec Len Roayia Ceenrols

10000 Bk Sze Frref e :

RnSop ,

mi':’:"m 22600 GH: Frequency Hi

b mecke it 18020 G frequenty Lo

{ Aqaneg

2

Const Scale 10| TexcePusPerfym
AATRE00
v W/ ey 4 FaaSmoothSyms

%

O
Q

1PQP (o SanalType

—— »
|

n Eye Scale Ao

— 21081E-003 OrhAnalysing 509y

X v 7 Te gernaselinmate |

- — !

weriegfeaf e

Ve

Mackes Mespsemeas Versserers Ve

RS 01370 H Prasalagie (teg) | 90 tisd |
Bas'Baa(n) | 248248 N sy San 0N cesse |

|
oooces |
|

Maznaie
ZeOev Qa2

$az0uv Oues 3 | 0 0008)

|
|
|

|

Reset BER |

Messurements

GFXOptices |
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One CD Module Being Compensated. CD =900 ps/nm

| Analysisparameteré @ Matlab 4 b | X Const | F'Spheré
4| Matlak Engine Command '7
|
Dpsnm =900;

CoreProcessingCD

4| Matlab Engine Response Ii

4| Matlab Engine Command Ii

Dpsnm =00;
CoreProcessingCD

4| Matlak Engine Response Ii

47
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2 CD Modules CD = 1700 ps/nm

J | AnalysisParameters Matlak 4 b | ¥ Const'| €3 PSphere
4| Matlak Engine Command Ii
Dpsnm =1700;
| ||CoreProcessingCD
4| Matlal Engine Response Ii
AnalysisParameter-s Matlab 4 b | X Const | PSpheré
4| Matlab Engine Command Ii

Dpsnm =00;
CoreProcessingCD

4| Matlab Engine Response Ii

48
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32 Gbaud Optical Signal Digitized with the DSA73304D
In 50Gs/s mode (~23 GHz BW)

Controls 4] (© AnalysisParameters (@ Matisb . 4 b [ SignalSpectrumX 4 b | (@ XConst () PSphere ab [©xIEe b
5000|Rec Len| ——— Analysis Controls -————
20000 |Blk Size 32.000 GHz[ Frequency i
Run-Stop 35.200 GHz | Freguency Hi
5ir|g|e 28.200 GHz | Freguency Lo

E R%Tgiiﬁf 20| TracePtsPerSym :
— {Connected | ———
OIQ Const Scale 1Pol GPSK =] Signal Type Vert: 1.000E-00

— 7.000E-003 OrthAnalysingSOPs Summary ¥

ole v W/ div TS B e QidBY Ewe Heioht | R=il Std Dev | Raidl Std Dev

. 18.68 dB .C<21 00223 00267
[ /| ConstFineTrace
— Eye Scale Power flat phase modulation
1.000E-002 Vert: 1.000E-++001 Horiz:
+ W/ div Balanced Diff Detection Signal Spectrum
~ 10 |5 dB/Div 0.00 = Ref Leve
: G 7A@ |- -
—— ¥-| PRES Gen [4.7] i . .
- ) g m 5 || GHz/Div | Time Window= 7.

BlendTr (=HI— ) — —
BlendSym \/T\'—m_\/_\' | £ 9

BER = 0.000E+000
O errors in 4828 bits.

Vert: 1.000E-00 idi
XRe 0 errors in 2414 symbols Summary v
Reset BER XIim 0 errors in 2414 symbols OB Eveteahy | Rl S Do Rl S Dev
49
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Equivalent Time Scope—based Analysis
©

Offine Home Setup Calibrate A&lerts About
©O.n. y Singlepol  Singlepol  Dualpol Dual-pol e i
Y, x o Load Preset Save Preset
O|0 == BPSK/DPSK QPSK/DQPSK BPSK/DPSK QPSK/DQPSK S e
Plot Tools
| Controls 2 ‘j‘(\ﬁ—

4 b

50000 Rec Len
100000 Blk Size

Record # 726
B Block# 1/1

{Unkno\!\i\_}
®|0
OlQ Const Scale

5.000E-003

.lo v W/div
Olo

| Eye Scale
— | 3.000E-003
XX | v w/div

 AnzlysisParameters

£ Matlab | © PSphere3D 4» O

I TraceColor ~
BlendTr & J———®
BlendSym kf)—|_ﬂ—\‘i"

Reset BER
l=——

= Note that this is the same software used with real-time scopes, now
modified to support sampling scopes.
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Effect of Front-end Bandwidth and Sampling Rate on a
Data Signal

33GHz DSA73304D 100Gs/s> ax=

DSA73304D 50GS/S > pume =
[@XiEe av

0idB) | Fve Heioht | Radd Std Dev | Rail Std Dev |

[EEEEE 5174 02763 02141

0idB) | Fve Heioht | Rad0 Std Dev | Rail Std Dev |

ORIl 245 02653 02138

0dB)__| Eve Heioht | Radd Std Dev | Rail Std Dev | 0 X Eye’ a0

Summary ¥ |

FEeEE 2761 02488 02814

20GHz 50Gs/s DSA72004B
20GHz 40GSs/s - i

32 Gb/s electrical data

OB} | Eve Heioht | Rail0 Sid Dev | Rail Sid Dev |

S oss 02616 02656
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I 100G Transceiver Testing

52

OM4106 TX Test

Wavelength range
Quadrature phase angle
Constellation bias.

Std. dev. by quadrant
Eye crossing points
Q-factor

EVM, noise-loaded BER
1/Q skew

Total skew

Polarization ER

Laser phase noise

OM1206/ OM2210 RX Test

Wavelength range

LO freq error tolerance
Quadrature phase angle
Channel skew

Crosstalk, channel gain
w/ Ref TX

— Q-factor

— Std. dev. by quadrant

— Eye crossing points

— EVM, noise-loaded BER
— LO phase noise
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I Transponder Level Test
with Framing, Scrambling, FEC

= The following measurements are still valid for random data
— Q-factor (soon), SNR, extrapolated BER (soon)
— EVM
— Mask violation
— Constellation bias
— Phase Angle
— Laser phase vs. time
— Laser phase spectra
— Laser frequency offset
— TX timing skew (harder to measure with random data)
— Signal spectrum

= BER can’t be measured with random data
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OM4106 Single Band Options

sl |l ~ CorL OM4006\ OM4106 Base product is either C or L band. Laser 2
2llell e band Is internally connected for use as the Reference Laser (LO).
Sl s Optical
O hybrid

RX I RX

[
[

sl <l CorL EXT Modifies base product to allow use of external laser for
Sllell e band Reference Laser (LO). Includes armored PM jumper cable for
Sl <]l < Optical :
(@)
SH=11-= ybrid use of internal laser.
RX I RX Shown with base model receiver. Can also be ordered with C+L
L LB

All OM4000 Series can be ordered as B or D units. The D unit is only compatible with
Tektronix oscilloscopes

Other software and service items are also available. Please see
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OM4106 C+L Configuration Options

55

Controller

C+L
Optical
hybrid

RXIRX

Controller

L-Laser

C+L
Optical
hybrid

C-Laser

RXIRX

Controller

L-Laser

C+L
Optical
hybrid

C-Laser

RXIRX

OM4006\ OM4106 NL Base C+L receiver for operation over
C+L (1530 to 1610nm). No lasers are included in base C+L
model.

OM4006\ OM4106 CL Modifies base C+L product to include 1 C
and 1 L band laser internally coupled to the Optical Receiver

EXT Modifies base product to allow use of external laser for
Reference Laser (LO). Includes armored PM jumper cable for
use of internal laser.

REQUIRED for operation with a sampling scope.
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Coherent Recelver Testing

| |
: I . 1 | IAF}?IC
, | s0deg —1E :
Replace input | lpss ﬁiﬂﬂii? : Replace ADC with
| x xa oscilloscope
: d : DSP P
| | #) YE : : ADC
5 I oe 90 deg | i
| i B
LOCAL | _ W
OSCILLATOR Q YQ -
: . : YQ
o J
New OIF Agreement Test overall:
IA OIF2009.033.06 = Path gains

= Cross talk
» Phase angles
At any frequency or wavelength
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Optametra/Tektronix Innovations

57

Signal processing algorithms designed for optical recovery of optical signals
Decision-based Q-factor plots for QPSK and higher order constellations
Ambiguity resolution to provide consistent identification of X-I, X-Q, etc.

Direct Matlab interface
— Enable quick calculations based on any variable
— Functionality can be customized
— Custom variables can be retrieved remotely

Lasers included for rapid calibration verification

Optametra User Interface
— Easytouse
— Customizable

Data and screen-shots collected remotely via WCF interface
Calibration source for direct measurement of receiver properties
Ready compatibility with 3 party receivers

High bandwidth single-oscilloscope 4-channel measurement system
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Customer Types

Commercial Longhaul Transmission System Ecosystem

Network Equipment Manufacturers (NEMS)
Developing complete systems for coherent systems.

Examples: ADVA, Alcatel-Lucent, Ciena, Cisco, Huawei

Component Manufacturers (CMs)
Developing modules/components used by NEMs

Examples: JDSU, Emcore, Finisar, Fujitsu, Corning,
Oclaro, u?t, Neophotonics, Mitsubishi

Government/Defense Universities

Systems integration and staying abreast of Education and development of next-
latest communications technologies. generation technologies

Examples: Boeing, Measurement Analysis Examples: ChangChun University,
Corporation, Air Force Research Labs, other Tamagawa University, Georgia Tech.

government “agencies”

Note: Customer listed here are examples and not necessarily current Tektronix OMA customers.
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Typical Configuration for Transmitter Component Testing

59

Typical Equivalent-Time System
using homodyne detection

Homodyne Detection

Pattern Generator
Xpol Y pol
I Q l Q

) () e [ T

) o R

(o) e ) s (2 (BED

S =

Transmitter

Laser {Modulator

[ I[_1F®s &8
@ ::'...,_J!! - '".";II."‘ -‘_“' = = @ -II; -
WESWEE S I E B
subClock : Note: 8B0EQ9 sampling
for pattern trigger heads are used but
not shown in drawing.
Tkiromiy  CWHAT 35 0 L hamend S ] St
—
Ij“-@% _Qﬂu d N K

Input signal
Reference local oscillator
R — ___
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Typical Configuration for Transmitter System Testing

Typical Real-Time System

using intradyne detection

|

—— e v | sl e e s

]l
IF freq < Signal BW

Intradyne Detection

Pattern Generator
Xpol Y pol
| Q I Q
Transmitter
Laser Modulator

System

60

3 g i i
—~ J X L
[r— au — o o o L - .I
"%"Q '“.L#""g H H H H .
- . o . ®
. -
Tekoromdn OAii0c 13 ik C-lam i Caharend Loy lievs fogual dnslyier
B 3R
D - Ll - = Lo
l—;--% I
= ] LTy X -

Ere e ——

‘\-— Note: Reference input
usually connected internally
to laser local oscillator.

Input signal
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Typical Configuration for Recelver Testing

Pattern Generator
Xpol Y pal
I Q | Q
Customer’s Receiver Under Test C— — R
Golden Transmitter i
boam A =
ot splitter o I @_ X
Laser Modulator ;gﬂg E Hybrid A
Mixer E:
=]
! g VI
o | B>
Hybrid
reference ) [
local {Zl M|xer0 % [ Ya
- b E
oscillator s:ﬁtrper

Tektronbx OMA1/ D 33 Gifx C-Bund Cobucant Lightwors Sigaad Andyos

g T - @ 2 B B
oy X

s | (Y
Q v

i T ———

An OM4106D, OM2210, or OM2012 could be used as the LO.
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Conclusions

= OMA4000 Series Analyzer and DPO70000
Series Oscilloscope
— Oscilloscope best matched to application

— Best coherent signal analysis algorithms
(“designed for optical”)

— Preferred user interface
— Open architecture DSP based in Matlab
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Thank you!!l

PS205 Optical Modulation Analyzer Solutions for Coherent Optical Testing
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