oy we Lo LEICAL ATIA E-leftl'ﬂl'ljl: E“ illl.‘er'n PR - - . .. .
Vol. 1, No.1, 2001 Brneering Lo N1 g A N A tigd Al et Algeal

ooty amdl oy ala

Performance of Double — Frequency Parameter Shift Keying

(DFPSK) System in the Presence of Dichroism

R.S.Fyath and M.T. Rashid

Department of Electrical Engineering
Ccilegé of Engineering
University of Basrah
Basrah, Iraq

Abstract

The reliability and feasibility of optical coherent communication systern are strongly
conditioned by laser phase noise and fluctuations of the state of polarization (SOF) of the
optical field at the output of conventional single — mode fiber, The double - frequency
parameter shift keying (DFPSK) system has been proposed in the literature as an efficient
scheme that allows compensation of both effects by sending a reference channel that is
suitably frequency shified by using polarization modulation. This paper presents 2
comprehensive theoretical analysis for the performance of this systém in the presence of
dichroism which in introduced when the transmission channe! have polarization — dependent
losses or amplifications. The results indicate that the performance of DFPSK system is
affected by dichroism even in the low —noise frequency regime.
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1. Introduction: - the fliber bandwidth. However, the
performance of these systems 15 strongly
affected by the laser phase noise and the

random - fluctuation  of the state of

Coherent  optical  communication
systems offer significant improvement over

conventional direct detection in twp main
areas [1,2]: increase in receiver sensitivity
and the possibility of using frequency
division multiplexing to efficicntly utilize

potarization {SOP) of the optical field at the
output of a conventional single - mode
fiber (SMF) (3,41
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Different schemes have been reported
in the literature to solve the problem of
phase noise in cohersnt communication
systerns. Among these schemes are: (i)
employing phase diversity transmission [51;
(i} using lascr sources with improved
spectral characteristics (e.g., external cavity
semiconductor laser } {6]; (iii) adopting
cnvelope detection for ASK {amplitude
shift keving) and FSK {frequency shift
keying) systems  [7,8] in spite of their
reduced  semsilivity  with  respect 1o
synchronous  PSK  {phase shift keying)
coherent systems,

Reparding the problem of SOP
tluetuations, different solutions have been
proposed to overcome it including the
utilizing of (i) polarization diversity scheme
[9): (i) polarization shift keying (POLSK)
technique [10 — 12], {iii) polarization
controller in the receiver to match the
polarization states of the received signal
wave and the local oscillator wave [1].
Although these solutions prevent complete
fading, they add exira complexity o the
transmission system.

Recently, there is increasing intetest in
coherent systems that offer high immunity
to both laser phase nolse and SOP
fluctuations. One of the binary modulation
schemes, that achieves this purpose with a
himited penalty with respect to the quantum
limit of conventional coherent systems, is
the double — frequency parameter shiit
keying (DFPSK) sysiem depicted in Fig.1
113]. In this system, the teansmission of 2
reference signal derived from a common
optical lascr, and suitably frequency shifted
with respect to the phase modulated sipral,
allows practical insensitiveness to phase

noise, Compatibility with the use of a
polatizalion —  independent detection
scheme makes the DIPSK system
independent of SOP fluctuations. The
petformance of this system: has been studied
by Betti et al. [13] in the absence of
dichroism. [n this paper, we extend the
analysis of [13] to address the effect of
dichroism on the system performance.

The problem of dichroism arises in
optical communication links due to the
presence  of polarization — dependent
attenuation gr/and optical amplification.

Splices, couplers, switches, and
semiconductor optical amplifiers usually
show polarization - dependent
characteristics  [14].  The  dichroism

phenomenon seems fo be present cven in
etbium - doped fiber awmplifiers. Thus we
expect that dichraism becomes important
when a large number of oplical amplifiers is
employed. Here, when a two orthogonally
polarized waves are eoupled to the fiber, the
orthogonality i3 not assured between fiber
cutput S0P,

2. System Performance Lvaluation: -

A simplified block diagram of the
DFPSK system is shown in Fig.] [13]. At
the transmitter, the laser heam, which is
assumed to have an optical frequency [, is
divided into two orthogonal polarization
cmﬁponents. The x component is phase
modulated by the input data m{t) while the
¥ component is frequency shifted to a new
frequency f,. The frequency difference { f;
- 11 } is 10 be suitably choscn such that a
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negligible crosstalk is produced at the
receiver, The two components are then
combined together using polarization beam

splitter (PBS) and coupled to the Aber.

The received field is first decomposed
into the x and y components (according to
the gapmetrica] reference system defined at
the receiver site). The two components are
mixad with the corresponding components
of the local osciltator {LO) laser field and
separately  detected.  The resulting
intermediate frequency (IF) signals are
filtered by two bandpass filters, Fy for the
modulated signal and Fa for the reference
carrier. Further beating and filtering (using
a bandpass filter Fa} allow phase noise
compensation. The phase - locked loop
(PLL) system is used to recover the TF
carrier,

In the absence of birefringence,
coupling, and dichroism , the receivad

optical signal field can be expressed as

E(t) = {aexp{i[2nf,t + ®, (U +y + m{t)n}]
—cexpli{2nf,t+ @ (OHIX +
|2 expli{2nf,1 + @, () + m(t)m}] +

¢ exp[H{2nE 1+ @, (1) = WHIY-oer o M
whers

X, ¥ : Refcrence axis unit vectors.

dn(t): Transmilter laser phase noise.

w : Phase shift between the output
polarization (assumed constant
during a bit time}

m{t): 0 (1) when a binary ¢ {binary 1) is
transmitted.

a, ¢ : field amplimdes.

The prescuce of birefringence and
coupling along the optical link yields
rotation in the received Poincare sphere by
anples y and L, respectively. [See the
appendix]. The presence of dichroism
affects the system performance via three
patameters

i. p which represents the effect of

dichroism on the rotation angle ¥,
ii. & which represents the effect of
dichroism on the rolation angle &.

iii. f which represents the dichroism —

induccd amuplitude unbalance.

I8 =8 =p =0, the transmission
medium s not dichroic and the output SOP's
are nrthcguhal.

Under non-ideal transmission
characteristics, the received optical signal

field can be expressed as

E,(1} = [a, exp[i{2nft + () + O, + vy
+o, explii2aft + @0+ E}h}]];
+[a,, exp{j{2nfit+ R, (1 + 9, 3]+

¢, explH2nf,t + D)+, - -.pr}]];.....(za}
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E (t) = [an; expli{2nfit + 'mﬂ () + @y, +y}]

— Cgo EXPLHZALL + D, (1) + Oy HIX
+[ay, exp[{2nlit + D, (1) + O, ) |+

where E; and E, refer, respectively, to the
field mssociated with the message bit m = 1
and . Further,

B

2

~

a,, = —a(l+ }sin(@+-§)

ay, =afl —%}msﬁ
_ a8 ]
8, =-a(l+ 2)c{:-s(q+ 2)

a,, =afl -n-gv]sinﬁ

@11 = %"’I
G =X > 3)
<y, :—c(1+%)sin(g+§}

Cp, = =e(l= %}cos;

¢, = -:(L+~§) cos(y +%}
p

Cpy =c(1—5jsim‘;
__F
Q, .hﬂz,...x
E}ﬂ)' ==L S

At the receiver, the received feld s
mixed with the LO field which is lingarly
polarized at 45° with respect 1o the
reference mxis. The LCr Inser generates the

optical ficld

E o (1) = cos[2af ot + B o (1] v, (4)

where fip and it} are, respectively,

frequency and phase noise.

By means of suitable normalization of
the optical LO power, the IF signal after
detection end filtering can be written as
follows
I (ty=2 I&nx cos[2nf t+ B+ 6, +y]+

Cq, COB[2RE,E + D( + &, ]

+1,, (1)
1,.(t) = 2 [a,, cos[2nf ,t + D{) + @, +y]+

chcus[hfnnw(th@h]]

+n, (1) RO 1 )
L, (1) = 2[a,, cos[2mE,t + DY+ @, ]+

Ca, COS[ 20T, 0+ B+, hw]]

+1,, (1)
1,1y = 2{a,, cos[2nf, 1+ B(1) + ©, 1+

¢, cos[Znt, t + P{1}+ 0, - w}]

=1, (1)

where fi3 = |f, - fio| and £y = |y - flo| are
the IF frequancies, O = B0 - Dol is
the overall phese neise of the fransmitter
and LO lasers, and ni, ny, (=0, 1) are the
detection noise soufces.
To  simplify the analysis, the
following a.ssumptinns are assumed
1. The detection noise  sources  are
assumed 1o boc  characterized by
uttcortelated Gaussian while
processes which are dominated by the
L shot noise components [5].
ii. The crosstalk Demween the modutated

and reference IF signals is negligible.
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The bit ~ eror - rate P, can be
calculated by averaging the bit — error — rate

cenditioned to mark or space transmission:
Pe=Ya{Pyp+Py] ............(8)

In writing eqn. (6} it is assumed that
the transtnission of mark and space oecurs
at equal probability. The error probabilities
assoctated  with  mark  and  space
transmission (P and Py) can be calculated
using the tollowing expressions

R

NI B (7

where Q(*,*) is the Marcum function and

3, = %(Jf+ O (8a)
dyy = %(’Vﬁr’hnl - \Ehr:)z oo (8}

In the eqn. (8) the signal -- 1o - noise
ratios { SNRs ) fim and yam (m = 0, 1), are
given by ( assuming ideal bandpass filters
Frand s )

1 R
=—ia_ cos (B Y+
Ylm ZB{ ™ ( m:]
a, cos’(@, )}......00)

1 L)
Yom = mo o €050 )+
J’zm zw( T ( mu}

¢,,} c0s(@, )} ... (9b)

LI

where

B : Bandwidth of the IF filter Fs.

W : Bandwidth of the IF filler Fy.
If the SNRs are high enough, ie yq =)
and yam == {m =0, 1}, the bit — error — rate

can be approximated by

P lcrfc[m] (109
2 V2

where erfc is the error function complement.

3. Simulation Results: -

Unless otherwise stated, the simulation
results  will be presented using the
parameter values given in Table 1. The
fllers Fy and F; are assumed to be ideal
bandpass filters that W = R + kB, and
B = kB, wide, respectively. R is the bit rate
and By is the sum of the transmitter and LO
lager linewidths. In addition, k is a
coefficient that atlows transmission of bath
the medulated and reference signal to be

undistorted through the filters.

fe 10-*

p 47 photons/bit

R 10 Gbiv's

B, 1 GHz
£=x 0"
3=p 0"

[¢ 0%

Table 1 Parameter values used to assess

the performance of DFPSK system.

In Fig. 2, we plot the BER
characteristics of DFPSK receiver for
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different values of bit rate to laser linewidth
ratioc R/B.. The number of photons per bit,
P, required 1o achieve a BER of 10 7 is
equal to 47 and 18 when R/B =10 and o,
respectively. The result of 18 photons / bit
al R /By = « indicates clearly that the
performance of DFPSK  system tends to
that of synchronous PSK in the low -- phase
noise regime, The value of P is computed
from

where a° = ac + af, ¢l = o + c,,z, and ¢
1s the power splitting ratic.

The optimum valme of o {the

mimimizes the BER) is approximalely piven
by

W l+k%
Pop . R (12)
B+ W 1+zk%L

Equation [12) can be obtained by
maximizing the argument of the error

funetion in eqn. (10}

Figures 3a - 3¢ show the variation of

BER with the splitting ratio ¢ for different
values of R/B; and assuming P = 47
photons/hit. The result reveals that the
optimum value of ¢ is an accord with that
eomputed from eqn. (12). Note further as
R/By tends to zero, the optimum value of ¢
approaches 1. This result is expected sinee
no reference sipnal 18 needed. 10 be

transmitied in this case.

The variation of BER with dichroism
patameter p and B are depicted m Figs. 4
and 5, assuming P = 47 photons/bit. The
results are independent of the third
dichroism parameter, & Note that the
systern performance  deprades  with
increasing p and B. The power penally due
10 the presence of dichroism effect is
evaluated for BER = 10 ° and the resulis
arc depicted in Figs 6 and 7, Power penalty
as high as 2 dB may oceur (for example,
when p = 60 % and p = 60°). Note further
that the cffect of [ on system perfon.nance

is more pronounced than the effect of p.

To show the effect of birefringence
patametct ¥ on BER characteristics, we plot
the curves in Fig. 8. lovestigating these
plotz reveals the following fact: the

minimum BER is achieved when ¢ = 0"
4. conclusions: -

The performance of double frequency

parameter  shift  keying (DFPSK) s
addregsed in the presence of dichroism
effect.  Signal analysis and BER
characterdsties are reported in the presence
ot system impairments, The resulls indicate
clearly that the ampiitude unbalance
parameter B has more effect on system
performance when compared with the etfect

mismatch angle p. Power penatty of 0.8 dB

(112)
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will be oecurred when the system s
affecied by dichroism having p = 3¢ % and
p = 30° . The penaity increases to 2 dB
when p = 60 % and p = 60",
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Appendix

Representation X and & on the Poincare sphere

Figure shows the focation of % aod { on the Poincare sphere,

The angles ¥ angd § represent the rotation of the Poincare
sphere due 1o birefringence and coupling, respectively,
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Fig. 2 BER as a function of number of detected photons per
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Fig. 3 BER versus power splitting ratio ¢ for DFPSK receiver.
(a) R/B.=10, (b) R/B, =100, (c) R/B,=10".
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Fig.4 BER versus the dichroism ~ induced amplitude unbalance p.
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Fig. 3 BER versus the dichroism —induced mismatch p.
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Fig. 6 Power penalty versus the dichroism - induced amplitude
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Fig.7 Power penalty versus the dichroism — induced mismatch p.
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