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Industry;Updaterand Commentany,

SPI-5 Specification Approved

® OIF Specification

® Physical layer and Link layer interactions
® Allows packet and cell transfers in OC-768
° Enables OC-768 ATM and POS
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[Fate BreakingrAgiientiNews

New Dispersion Measurement Products:
* Agilent 86038A Optical Dispersion Analyzer

* Simultaneous PMD, CD, GD, PDL and
IL measurements

* High speed measurements

* High accuracy for CD and PMD
measurements: < 0.05ps

* High dynamic range > 50 dB
* CD measurements corrected for PMD

* Wavelength accuracy: £0.3pm with
integrated wavelength meter

* §, C and L band wavelength coverage
(1370 - 1640nm)
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[Fate BreakingrAgiientiNews

New VCOs for 40Gb/s applications:

® 1st Surface-Mount VCOs for 40Gb/s
°* 19.9 GHz and 39.81 GHz
°* Low Phase Noise
* Differential Outputs
° Available at FEC rates
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Viewer Pollland Eeedback

Will 40Gb/s first be used for

a) Short Reach Interfaces
b) Long Haul transport
c) Too close to call.......

Poll Results:
a) Short Reach Interfaces *
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The Road to 40 Gbit/s

Topics

Conceptual review of chromatic and polarization-mode dispersion

Impact of CD and PMD on high-speed digital lightwave systems

Common CD and PMD measurement methods

New dispersion measurement solutions offered by Agilent
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The Road to 40 Gbit/s

Chromatic Dispersion and PMD
post speed limits for high-speed systems

(\R Mind your bit rate }
10 Gbls Not to:@
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Review of CD and PMD

Types of dispersion in optical fiber

(first order only)

Modal dispersion (MMF)

| i o |
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Review of CD

Chromatic dispersion in single-mode fiber

* Arises from material properties and details of the waveguide design.

* Broadens pulses, causing inter-symbol interference.

Frequency
components
/”:‘?Ut Red Blue
pie oo ————————o- > it
g ..... E ___________________ >
T e e e e e e e = = = = = > Output pulse
. . “"-."i.
Time
._>
Time

* Static compensation to 10Gb/s, and to 40Gb/s at medium length.

* Temperature dependence requires adaptive compensation at 40Gb/s.
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Review of CD

|

Speed of light versus speed of the signal

Group
Phase F| eloci | {l
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Review of CD
Chromatic dispersion definitions

Relative *""°"°
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Review of PMD

Birefringence: the root of
polarization mode dispersion (PMD)

Birefringence is the
difference in
Example: Linearly refractive index
birefringent crystal. between orthogonal
polarization states.

slow Birefringence = n

slow = Nfast

n el
fast Page 18 % Agilent Technologies




Review of PMD

“Time domain” picture of PMD

Polarized
input
pulse

Differential Group Delay
(DGD)

° Output contains two differentially delayed images of the input pulse
* Output polarizations are orthogonal if there is no PDL
° Relative intensities depend upon the input state

* Causes inter-symbol interference and bit errors
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Review of PMD

“Frequency domain” picture of PMD

Output polarizations

Q
O

* Each frequency component transforms differently

All linearly
polarized

11,

Pulse spectrum

* Signals tend to depolarize

° Pulses overshoot, and distort into adjacent bit slots

¥ ; . Lighrwave .
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Review of PMD

Origins of birefringence in single-mode fibers
Single-mode fiber (SMF)

This has two primary origins:
Form birefringence characteristic

Core: Slow

of a non-circular waveguide.
Ideal

Stress birefringence due to forces
Oval set up by a non-circular core.

In unperturbed, short fibers (meters in length),
fiber PMD is proportional to length.
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Review of PMD

Fiber modeled as a chain of birefringences

®
London

Birefringences

°Linear
*Similar Lg

Mode coupling —

(modeled as random rotations
or as random scattering
on the Poincare sphere)

DGD
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Review of PMD

Birefringence and mode coupling

Mode coupling represented
as a simple rotation

11,

° Polarization states fransform, pulses broaden
° The process is highly frequency-dependent
‘ * Causes avg DGD to increase with sgrt length
t
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Review of PMD

DGD versus wavelength
S.Sarkimukka, et al., JEEE J. Lightwave Techn., vol.18, 1374, October 2000
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Review of PMD

The Principal States Model of PMD

C.Poole, R.Wagner, £E/ect. Lett., 1029, Sept. 1986.

Principal States of Polarization (PSP’s):

Input
principal states * The modes of PMD
o * A—independent over a small A\ (by definition
London * Orthogonal (in the absence of PDL)
Fast glow

Output
principal states

Differential Group Delay (DGD): Bristo| @
Differential propagation time for signals Slow

Fast
(eg pulses) launched into the fast and slow PSP’s. s
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Review of PMD

Measurement of DGD over wavelength and time
M.Karlsson, et al., IEEE. J. llglltwave Techn., vol. 18, 941, July 2000

DGD

Time (days)

Wavelength (nm : .
fage( zo) Agilent Technologies




Review of CD and PMD

Group Delay (CD) and Differential Group Delay (PMD)

" DUT -

Intensity
A

0
Differential _—— 1 | ¥

Group Delay
Arg

» Time

* PMD splits the pulse into images separated by +DGD/2.
* Amplitudes of the pair of pulses depend upon input polarization.
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Review of CD and PMD

Group Delay (CD) and Differential Group Delay (PMD)

» DUT >
Intensity
A
: / \/\ » Time
Differential / T
Group Delay Group Delay
A’Cg T
g

* Both images are widened by chromatic dispersion.

* Widening of fast, slow pulses differ due to second-order PMD.
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The Road to 40 Gbit/s

Topics

Conceptual review of chromatic and polarization-mode dispersion

Impact of CD and PMD on high-speed digital lightwave systems

Common CD and PMD measurement methods

New dispersion measurement solutions offered by Agilent
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Impact of CD and PMD

Dispersive and polarization impairments

in a typical DWDM network

EDFA’s
Laser—¥»{ Mod > Transmission fiber CcD —» DC || PMDC || RCVR
CD, PMD PMD
Laser —»| Mod | ’Sgé > DC |PMDC | RCVR
M ¥ M
Laser—¥»{Mod > U DSC U P DC| PMDC | RCVR
X oD X
Laser —¥»{ Mod > PMD —» DC || PMDC || RCVR
Disp. Comp. fiber
Laser —»{ Mod > CD, PMD —» DC || PMDC || RCVR
PM fiber CD CD CD PDL PD
PXT PMD PVUD PMD PMD Resp.
PDL PDL
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Review of CD and PMD
System tolerance of CD/PMD

100,000 ‘ | |
= 16,000(941km) <&~ Mean DGD limit
%_ 10,000 | ~@- Chromatic dispersion limit |
70 1000 (59%m)  Dg-L=107/B2
= -8 1,000 | |
O3 250 R.M.Jopson, Symposium on Opt.
Q Fiber Measurements, SOFM’2000.
8 O 100 T |
= L 040 \T 63ps/nm(4km)
o
£ 10
g 10 - & <>5 10% of the bit period
|
© <%2.5ps
1 | |
0 10 20 30 40 50

Bit rate (Gb/s)
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Review of CD and PMD

Dispersion limit is highly bit rate dependent

25

10

Gbit/s ::

Gbit/s B Fiber optic transmission system Iﬁ

0

Broader spectrum > More spreading

Narrower bit slot = More sensitive to spreading
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Dispersion Management
Dispersion Compensating Fiber (DCF)

. ﬂoper

it Ly

Conventional single-mode fiber

. ﬂoper

JHRA =~ TTT

Dispersion compensating fiber .
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Dispersion Management
Chirped fiber Bragg gratings

/\nput pulse

T TT Frequency components reflect

at different locations along the grating.

&
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: Output pulse
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Impact of severe 1st-order PMD in a
10 Gb/s system

DGD=0 ps

DGD~1 bit period, light roughly split between fast, slow modes)

A

In actual systems, the average
DGD over time and wavelength
must be < 0.15 bit period.
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Dispersion Management

Optical PMD compensation at the receiver

PMD Compensator

Optical IC PM fiber
Fiber coils Polarizing delay line
- Liquid crystal i
— N Polarization DGD L »Receiver
—»| DWDM [— controller* compensator?
demux |— m m
Control «— Impair_ment <«
system monitor
*multiple
DOP sensor pairs may
Scanning SOP be used

Detector/RF filter bank

Adjust to cancel DGD or to transmit on a single polarization mode.
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Dispersion Management
Strategies for 1st-order optical PMDC

A |

Ly >t
A: Cancel the link DGD 5: Bring the signal polarization
with the compensator DGD. and a PSP into alignment. This
This slides the ‘fast’ & slow’ darkens the other pol’n mode.

pulses back together.
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Dispersion Management
Optical network

Terminal

Terminal
Data ) . . . Data
l Wide-band OIptlcaI f|b1_=.r WI'[I.] Wide-band
Dispersion different dispersion Dispersi T
Narrow-band : ISpersion Narrow-band
dispersion compensating compensating . .
: : dispersion
compensating fiber (DCF) fiber (DCF) compensating
devices devices

Mux Demux

600 - 6000 km amplified optical link
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The Road to 40 Gbit/s

Topics

Conceptual review of chromatic and polarization-mode dispersion

Impact of CD and PMD on high-speed digital lightwave systems

Common CD and PMD measurement methods

New dispersion measurement solutions offered by Agilent
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CD and PMD Measurements

All components require CD and PMD to be
measured at rates above 10 Gb/s

End ] — End
Terminal Long Fiber < 0.5 ps/~km Terminal

%\
Q’Q’Q

W/

/‘ \ EDFAs <0.25 ps Optical /

-IIIIIJ

Jeandg

Optical & Isolators < 0.05 ps
MUX <0.25 ps DEMUX <0.25 ps

Short Connector
Fiber < 0.003 ps < 0.001 ps
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CD and PMD Measurements

CD measurement methods

°* Modulation Phase Shift Method - Agilent 86038A

* Differential Phase Shift Method

* Swept Homodyne Method - Agilent 81910A
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CD and PMD Measurements

Modulation Phase Shift method - block diagram
Test set
1x2 Dual or
Modulator oo Refl/Trans  device comparison
Al —~ testing testing testing
Tunable > D%
laser _l ?
_ T Pol’n
GP-IB Bias scanner ?
S "\ . —
J 2{17?
< R v | u
- Ad 4
ggg?:} <« B %A Optical 2 <J
receiver | f +— <—
Performance
Network Adp
Analyzer A % Optical p
receiver

‘ Temperature e 3
control system ~i.z Agilent Technologies




CD and PMD Measurements

How relative group delay is determined

Modulator
drive /\/
signal l

Phase |
—> <+— A¢ detector Af
Recovered T
modulation
envelope
F——— =
Phase Phase ATg — A(p . 1
at 4,1 at 4, 360 f. o4

(adjusted to zero)

\ J \ J
) 4

# cycles period
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CD and PMD Measurements

Zooming in on group delay ripple

Dispersion Compensating Fiber Bragg Grating SN 019816012

1600 ‘ :
—Swept 2GHz 100Hz
1400 —— Swept 1GHz, 100Hz
—Swept0.5GHz 100Hz
1200 Swept 0.25GHz, 100Hz
——Swept 0.125GHz, 100Hz
1000
m
2
o) 800
) \
(14
600 N~ -
\ \\'\M\/
400 -
200 -
0 I I I I
1552 15521 1552.2 1552.3 15524 1552.5 1552.6 1552.7

Wavelength (nm)
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CD and PMD Measurements
Swept Homodyne Method

® Polarization resolved swept homodyne method uses Jones calculus for determination

of Group Delay and Differential Group Delay.

DUT]

a \ / \_/_ Polarization
_/_\ /_\_ resolving detector

Interferometer

Tunable laser &
polarization controller

200

= *Group Delay TE

= = Group Delay TM

150 - GD is calculated
—agd as average T
100 1 ——dgd of TE and TM.
50 |
A | [

0 ; - ;
1551.4 1551.42 51.4 1551.46 1551.
-50 - 1

GD [ps]

DGD is the

"1 difference.

=150 |

-200




CD and PMD Measurements

Common PMD measurement methods

Ne
\
1\./“""11' v
S?: .q/ N =10
5 "I” -
?1 y wll“ 11
531 AN NP 5
bl NIV
Wavelength Time
Fixed analyzer (wavelength scanning) Low coherence interferometry
PSP+ PSP:
EI\ANY
Ao 1
¢
DGD(Ag )= :
Wavelength — ( o) 360 o

Polarimetric Modulation phase shift
(e.g., JME, PSA, Mueller matrix) ;
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CD and PMD Measurements

Fixed Analyzer PMD measurement method

Tunable Test Fiber
narrowband —\ Polarimeter| Agilent 8509C
source Polarizer * '
Ne
Output 1 '
polarization st NATYIN /\V/\\//\ 10

! N\ 1
2 /Y7\ 1"

3 NN A -

Wavelength

° Fully measures the evolving output polarization.
® Analyzes the normalized Stokes parameters:
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CD and PMD Measurements
JME method (Jones Matrix Eigenanalysis)

Linear ,A B C

polarizers: 0 45 90 deg

Agilent 8509 \

Polarimeter

=
A oAg AN e ® (I) Fiber or ‘
t
Tunable B! componen
narrowband |- O _ () § () h
source POI. adj. vy — \“ﬂ
A,B,C— ]
, B, s ~
1) DGDj, <55 )
Measured J Mo~y O
Jones DGD), 3 /> O
: el a
matrices ] "3~
| B D(li3~x4 p ‘ Wavelength —=
M4 ¢ (Aq#2,)/2
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CD and PMD Measurements

MPS method with random polarization scanning

HF

Network Analyzer or
Vector Voltmeter

Phase ref.
elect. V) >
source {
m

—<__"

Scan
MZ Mod. L.
polarization
Tunable
laser

—I—CLQ-I—»DUT—>§Z

T

DGD =
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CD and PMD Measurements

Accuracy of CD measurements is affected by PMD

100 ¢
50 ¢t
. R.M.Jopson
w .
2 “Measurement issues
> 0 for dispersion compensation”
g Symp. Optical Fiber Meas.
S0 .« SOFM’2000, p171.
-100 ¢t
1541.5 1542.0 15642.5

Wavelength (nm)

* Places a limit on dispersion compensation, due to change of PMD with time

* Becomes an issue at high bit rates (10Gb/s, mainly 40+Gb/s)
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The Road to 40 Gbit/s
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Agilent Measurement Solutions

Agilent 86038A - Simultaneous measurements
of PMD, CD, GD, PDL and IL




Agilent Measurement Solutions
Agilent 86038A Preliminary Specifications

Group delay accuracy (CD) <* 0.05 ps (50 fs) *
(100MHz to 2GHz)

Group delay resolution 1fs
Differential group delay accuracy (PMD) <% 0.05 ps (50 fs)*
(100MHz to 2GHz)

Insertion loss accuracy <+ 50 mdB
Polarization Dependent Loss accuracy (PDL) <100 mdB
Dynamic range > 50 dB
Measurement Speed for CD / IL < 3 ms/point
Wavelength accuracy +0.3 pm*

(with integrated 86122A wavemeter)

* Industry leading accuracy
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Agilent Measurement Solutions
rAPTOr 81910A Photonic All-parameter Analyzer

" .. ® What happened in 19997 Critical
| components moved into DWDM.

. __j ® Agilent invented a laser with

®  unprecedented wavelength accuracy
/ and signal purity.
1999 2002

® What happens today? In addition to loss,
dispersion measurement is required for
critical components as well.

® Agilent combines its laser performance
with a high resolution dispersion
measurement to the 81910A: optimized
for all-parameter test.
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Agilent Measurement Solutions
rAPTOr 81910A Photonic AII-parameter Analyzer

Insertion Loss

POL

QS uncertainty ® < + 30mdB uncertainty

® > 55dB dynamic range

Group Delay
® < + 50fs uncertainty

= Thorougly measure spectral loss, PDL, group delay and DGD with high accuracy and throughput
= Advances and integrates the industry standard for spectral loss measurement
= Swept performance of all measurements for highly accurate, hi-throughput test and characterization

All parameters
are measured
simultaneously in
transmission

and reflection

Differential Group Delay

® < + 5h0fs uncertainty for
narrow-band devices

® < + 100fs uncertainty else

= Removes uncertainty for Loss and Group Delay by averaging over polarization dependency
= Integrated optical bench - device connected once for all parameters - single setup, one button test
= Upgrading already existing tunable laser based loss setups saves prior investment.
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Agilent Measurement Solutions
Agilent 86038A and Agilent 81910A

Both Agilent 86038A and 81910A provide :

v Accurate measurements of all 4 device parameters IL, PDL, GD, DGD with single
connection and a single button approach both in transmission and reflection from
1370 — 1640nm.

v’ Reduced cost of test, increased throughput, and maximum yield by measuring all
device parameters using just a single test setup.
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Agilent Measurement Solutions
86038A and 81910A: Product specific features

Product specific features of 86038A:

v/ Successor of golden standard 86037C CD test system

v Best optimized for dispersion measurements

v/ Best optimized for broadband components with good leverage into
narrow-band devices

Product specific features of 81910A:

v Member of Agilent Lightwave Measurement Sysltm:wk “

v/ Best optimized for all-parameter test

v/ Best optimized for narrow-band components with
good leverage into broadband devices

.......
.,
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The Road to 40 Gbit/s

Conclusions

« CD and PMD limit the performance of high
speed networks.

* Overcoming CD and PMD will likely be the

biggest barrier in deploying 40 Gbit/'s DWDM
networks.

* Dynamic CD and PMD compensation may be
required in lowering 40Gbit/s network costs for
commercialization.
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lest & lVieasurement:Email Updates

Keep up to date with Agilent's free Test and Measurement
Email Updates.

As a subscriber, you will receive customized email updates that
match your subject and frequency interests.

Your updates will include support, products and services,
applications, promotions, events and other areas.

Subscribe today:

Our Privacy Statement at describes our
commitment to you regarding your privacy.

Please direct any questions about Agilent's privacy program to
privacy_advocate@agilent.com.
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