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. Electronic PMD equalization
Position of our work

> 10Gb/s, SONET (OC-192)

u Long link length, >100km
Single-mode fiber !

u Optical amplification (EDFA, 1.55um)

c

c

u Transmission limited by
» Optical noise (OSNR limited)
» Chromatic dispersion (GVD)
» Fiber non-linearity (SPM, FWM, XPM, Raman)
» PMD (some fibers)

Mitigation of these impairments
» Optical signal processing (e.g. DCEF,...)
» Post-detection electronic signal processing

c
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Electronic PMD equalization
Fiber PMD

¥
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u PMD model = cascaded optical birefringences of transmission fiber

» w. signal splitting at butt coupling points

u leads to multi path propagation

. UQO89 e

u Similar to DMD where the signal spreads omong many
waveguide modes (= paths) w. different group delays
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. Electronic PMD equalization
PMD induced distortion

u Pulse responses of high PMD lab fibers w. 60ps and 200ps PMD

input 60ps PMD 200ps PMD
'10PS! 1 60ps M\ - 20098 — -t [\L___ |
m__”‘\},\?“_ | ] -/\»/\V/,V_I\l\ A
NERRN B VL

u First-order PMD leads to dual path propagation

10Gb/s NRZ distorted by PMD
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s Electronic PMD equalization

Numerical analysis of 1st-order PMD equaliza’riii 1

u 1st-order PMD distortion quantified by
» differential group delay (DGD) At
» relative fast axis power y

J_|_® — M’(/'Wi' _H_LL_Y

N

S
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Electronic PMD equalization

Numerical analysis of 1st-order PMD equalizati

ALCATEL

u Residual penalty (reduction of receiver sensitivity)
vs. PMD distortion plane

DFE
(1 feedback)

w/o. equalizer

7

.

7
7

.
_

u PMD induced high penalty and penalty poles can be mitigated by
ization

electronic equal

7
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. Electronic PMD equalization
SiGe equalizer chips 1

u Transversal filter (TF) = Feed forward equ. (FFE)
» 10Gb/s
» 8 taps
» 55ps spacing (fractionally spaced)
» “analog” processing (HBT)
. delays by amp cascades
. = 200mV differential signals

T T
Co % Cq % Ce C;
2
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s Electronic PMD equalization

SiGe equalizer chiis 2

u Decision feedback equalizer
» 10Gb/s
» 1 feedback loop

» high-speed realization  (S.Kasturia, J.H.Winters, J. on Select. Areas
Commun., 1991, pp. 71)

» “analog” processing (HBT)

u Functionality u Realization

Bl pa—
}/T
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n-1

v
CyvE vy
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. Electronic PMD equalization
Set-up for measurement of PMD equalization

c

10Gb/s
1st-order PMD emulator
manual optimization of taps

EDFA preamp determines noise
(optical signal-to-noise ratio limited, OSNR)

L penaltyqgng = 2x penaltyyermal noise

c

c

c
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. Electronic PMD equalization
Measured transversal filter signals 1

PMD distortion of y = 0.5 and At = 70 ps

TF input

..............

TF output -~
N H_'L/ﬁ\”’”‘”‘””
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Electronic PMD equalization
Measured residual penglty

¥
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Since OSNR limited (EDFA)

[1 more than 2x thermal noise penalty (dB)

Electron. Lett., v.36, n.2, 2000, pp.163

Co e 241 y=05 w/o. equaliser
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0 10 20 30 40 50 60 70 80 90 100
Differential group delay / ps
u FFE (TF) + DFE superior to TF or DFE
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. Electronic PMD equalization
Adaptation 1

Transversal Filter (SiGe IC)

. Eye Monitor (SiGe IC)
8taps, 55ps spacing

decision circuits

T o u Transversal filter adaptation by
‘:F : ..... ° > >
':" g, &

Hy optimization of output signal
V) C, ‘:‘ Ce .:‘ o 0 Ex —bfdt ieye
| . e e » TF output signal analyzed by
E eye monitor IC (SiGe)
e \ / u Dithering of taps
\m » some 10ms speed
—iATi— t transversal eye monitor,
/ filter decision gate
» TF EM |—»
—» 7y Y recovered
¢ signal
1B Glock rec.
Uee
Uly
ADC / DAC
Tap voltages via
Adaptation look-up tablis. Dithering
LOGIC (PC) °/ of
estimated
At, At v,
Ye
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. Electronic PMD equalization
Adaptation 2

u DFE (+ 1 FFE tap) adaptation by zero-forcing scheme
» hybrid setup for feasibility demo

» speed well below 1ms (w/o. optimization of electronics)
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s Electronic PMD equalization

ConC|Uii0n
Detected PMD of single-mode fiber = DMD of multi-mode fiber -

u Post-detection signal processing can be applied to mitigate PMD

u Equalizers ICs in SiGe (HBT) have been manufactured
for analog processing at 10G

» 8 tap FFE
» 1bit delay DFE

u Concept confirmed experimentally by demonstration
of strong penalty reduction

u First adaptation experiments

] equalization at 10G works for PMD
] attractive concept also for DMD mitigation
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s Electronic PMD equalization
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