Iraq J. Electrical and Electronic Engineering,

RIR T RAUE WER EJURT
Tt oY Y -.51.}-!

¥Yel. L, No.1, 2001

Effect of System Impairment on the Performance of a
Polarization Shift Keying Coherent Detection System
Incorporating Jones Matrix Inversion Technique
R.S.Fyath and M. T. Rashid

Department of Electrical Engineering,
College of Engineering,
University of Basrah,

Basrah, Iraq.

Abstract

Recently, Jones matrix parameter shift keying (JMPSK) technique has been proposed in
the literature to achieve phase neise and polarization state insensitive optical communication
aysierns. The aim of this paper 15 to examine the performance of this system in the presence of
systetn impairments, namely channel dichrolsm. A comprehensive analysis is presented 10
assess the effect of dichroism on the bit — error — rate (BER) charactertstics of IMPSE

TeCelver.
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1 - Introduction to both lsser phase nioise and SOP

In coherent optical communication
systems, the main problems affecting the
receiver performance are laser phase noise
and fluctmations of the state of polarization
{(SOP} of the optical field atthe output of
conventional sitngle - mode fibers (SMFs)
[1 —4]. At presents, there is great interest in
coherent systems that offer hipgh immunity

fluctuations with a linnted penalty with
respect  to the  quantum  limit  of
conventional coherent systems. A mong
these systems are [3]:

1. Antipedal Stokes parameter shifi
keying (ASPSK) system. This system is
based on the property that orthogonal SOPs
are  antipodal  crilerion 1o demodulale
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polarization modulated signal can be
carried out by operating the decision in the
Stokes space.

2. Jones matrix parameter shifi keying
{JMPSK) system. This system uses Jones
matnx inversion technique at the receiver
and it is based on the transmmssion of phase
shift keying twodulated sigrnal and the
reference optical carrier on two linear
orthogenal SOPs. At the receiver, the
transmitted polarizations are recovered by
means of a pure electronic feedforward
scheme so that no optical polarization
control 15 needed.

The main contributions of this paper
are:

s (omprehensive analysis is
presented 1o assess the performance of
JMPSK  system in the presence of
dichroism, birefringence,
effects associated with the transmission
optical channel.

and coupling

« I'o compure the performance of both
ASPSK and IMPSK system in the presence
aof system impairments.

The problem of dichroism arises in
optical communication links due to the
presence of polarization - dependent
attenuation orfand optical amplification,
Splices, switches, and
semiconductor optical  arplifiers usually
show polarization—dependent characteristics
6], The dichroism phenomenon seems to
be present sven in erbium - doped fiber
amplifiers [6]. Thus we expect that
dichroism becomes important when a large
number of optical amplifiers is employed.
Here, when a twe onthogonally polarized
waves are coupled to the fiber, the
orthogonality is nol assured between fiber
cutput SOPs.

couplers,

The simulation results presented here
indicate clcarly that JMPSK scheme is
dichroism,
effects

more robust against

birefringence and  coupling

compated with ASPEK system.

7 . Jones Matrix Parameter Shift Keying

{IMPSK) System

The principle operation of this system
depends on the inversion Jones matrix that
estimated from the received signal. The
effect of fiber propagation can be evaluated
by means of Jones matrix ], a unitary
pperater  which takes ipto account the
polarization evaluation a long the fiber duc
to coupling between the polarization modes
[ 7 1. A block diagram of the JMFSK
system ig given in Fig. 1.

1.1 - System Descriptivm  and_ Signal
Anulysis
A, The transmitter
At the transmitier, the laser fleld, which
is assumed 10 be linearly polanized at angle

ni4 with respect to reference axis, 15 divided
inte two components by the polarization
beam splitter {(PBS). The y-componcnt is
phase modulated between 0 and « by the
message m(t), whereas the x-compenent is
wsed as the reference carrer.

Let the optical laser field be expressed
as:

E, (t)= Ae"™ % cos-X +
A et M ging.y ., (13
where Ay Amplitude of the optical feld.
I Laser phase noise.

w: Transmitter
frequency.

optical  angular
{0 : Polarization angle with respect to
reference axis.
These two lield components at ihe
input of the 2™ PBS are given by

(123)
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where a, = 4, cos(8} and &y = A, sin{g)
m{t): Modulated signal,
The output of the transmitter is given

by

E() < [a, x+a c¥emm Jpeimen, oy 3
B. The receiver
E—\_-____
The optica) field signal is carried bya

SMF fiber characterized by a Jones mairix
[7]. The received signal is expressed a5

E(=[x y] [J]L j:nmJe“'*”’=“>’ ey
¥

here the unitary marrix 1] is defined by [7]

[ ek V1=-T gl

[1)= — _ el 5
~l—Ta Fam#

In egn. {3},

X1, Xz! Phase shifts due to SMT effect ang
they  are independent random
variabies with uniform distribution
betwoen 6 and 1.

r Variation of Power due to SMF effegy
and jt js g tandom varighle Wwith
uniform distribution between 0 angd I

The received optical field cap be
Wlitten as
Er(t)zEm(r]+EW[t) ........ {6}
where

En(t=)a, e™ .

3, V1= e v 78]
E ()= [a, Dgltrmitixy _
a, i1~ e ]eii'-ﬁ"'@. i [ Th)

These two components E, and Fryare

mixed with the l[ocal jaser fieid and theg

detecte separately. The estimator circuit
predicts the Joneg matrix parameters, Then
the mairix s inverted by an electronic
adaptive circuit jn order t0 separate the
modulated signal from the reference carrijer,
Afterwards, the two signals are fiitereg by
two IF  filerg FI and Fr» and the
corresponding filter currents are given by

Lity=2a Deovnete |
2a Vi~ gilnrionimngy,y +n,{1) ...{8a}

- ] ‘j{w-r-r+!:"|]+a:m{1j-1‘]
Iy(t]—_?ayl"c I -

28,4112 gltuairettig “n, (t) {85)
where

wiE = [w, — wio| lotermediate angnlay
frequency, with WiLo is the lneal oscillater

angular frequency.

DD): Difference between phase npise ofthe
transmitter and locgl lasers,

N(th ny(t): Detection noise components,

The signals afier the Jones matrix
inversion and the JF fHltering can be wrilien
as follows,

Woit)=2a, gltmwony Fin, (b, (1)]
G ""I_-Fz_[ny(t)*hj(t)]c"*‘ -.4Ga)

Wy =2a  efrrtromemy | 3 [n, ()
"1™ a0 b, 1y o -~ {3b)

where hy(t) and nz(t) are the tranafer
functions of the IF Flters F, and F
respectively, and * denotes convolution
The filter F; has a cutoff frequency cual to
reference carrier, and g bandwidth B ~= kB,
wiere k i Proportionality constant and B,
s the sum of the linewidths for the
transmitter and Lo lasers. The filter F 1 acts
on the modylated signal and it has a

(124)
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bandwidth W =R~ kB, where R is the bit
Tate.

The decision variable g is obtained by
beating W{t) and W,(t) so that
g=2Re{W, Wy} UVOTRRRR g L 1)

2.2 - Evaluation of Bit — Error — Rate

{BER}
The BER Pe can be calculated

following 2 well-known analytical method
[7] that has been applied for IMPSK
system.

Pe = -'é-[l _QUE JED QG DO

where Q(*.*) 15 the Marcum function and

. I;? N rar__l I 12
5 =3 ‘Jﬁ + ‘\[_ZW ~{123)

= Y
gL ?‘w__IJfJ_ b
& 2(\’23 2w1 -

~ &
Q)= 5 e [—‘g\{—ﬂ] NES

kY

S

. _ 2
QU "E}zlv—% e:fc[“E"’ﬁg}.(lsh)

Then the BER De can be expressed as

e
Pe = % erfch—é’—ﬁ@] (14

\

where erfc( * ) denotes the error function
complement for the argument.

The received power is praportional to
22 = g, +a, and P = &/R is the number of
detected photon per bit. If y 1 the power
splitting ratio for the PBS, then

2
o
Pof- 15
Ry {158)
2 (15b)
- R[l _?) ---------

The optimum value of v that maximizing
the argument of the BER is given by.

B
N
bl R
- = T amrr-tes 16
TR WLy B 4o
R

Figute 2 shows the BER Pe versus the
number of detected pholons per bit where
Pe is drawn using the optimum values of
power splitting ratio. Notc that Pe reduces
with the increase of R/BL. For B/BL.= 10
and P = 47 photons/bit, pe=10" . For the
ideal case whete RiBL — o3 P=18 is
needed 10 gel Pe=10 ?

In Fig 3, wesnow the effect of power
splitting ratio on the BER when P=47
photons/bit and R/B,=10. The optmum
value of 7 (which makes Pe~10"} is 0.69.
This result isan accord with that predicted
by eqn. (16}. The effect of R/BL on the BER
's drawn in Fig. 4, when P = 47 photons/bit.
Note that Pe increases diamatically when
R/R,, is reduced beyond i3, The optimum
value of yox a5 & function of R/Br. is plotted
in Fig 5. For low values of R/Bu Yept 1ends
o 0.5where about onc half of the
uansmitted power is camed by the
reference cartier.

1 - Effect _of Dichroismm_on JIMESK
Nystem

Tn this section, we show how the
RER of IMPSK receiver is affecied by
dichroist, The results are pased on a
comprehensive signal analysis camried ott
for this
dichroism.

system in the presence of

3.1 Signal
Effeet: -
Assume  that the optical signal is

transmitted through a channel that presents

Analvsis  with Dichroism

(125)
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random birefringence,
dichroistm. The
corresponding to mit) =
transmitted) and m{t) = 1 (ie logic 1is

transmitted) can be expressed as follows

coupling  and
signals

received

E.(t)= [(a - %)l e cosa +
(a— ;-}m ‘e cos n::| ekt dlily |
[(a - -Eu}['e""-‘ sino —
2 .
{a- %ﬁ'ﬁ g sina}"mwihmﬂ?-(l 7a)

E, (t)= [{a+ %)l"cj’" sin(c.c, + g] -

CitweeEad o]
-J Y +5+ 1(l_I

fE+EJ1I'1—l—'3-£'j”" sinlo +E)-]c
2 2’|
- {(a +%}1"e‘j“' cosfa + E} +{a+ %}\l‘l -r?
|r{u:m——¢n] '
e cos(a+ } 5 ¥ {17k}
2 J

where:
The IF signals at the electrical branches are

L..(t)=2{a - g)f‘cc—sa

il g + {40 () E .
ghvermi i m i +2a-W1-17

FA TR PR EY Ry |

cosoe +a, (1) ...(IRa)

(ty=2{a- —}l" sina

)'J' o

ej[“s""-;'n“'“’f[':'} _ 2{3 - E’}, ||1 _1—‘2

Jwy v=s s Gy 1)

simer e +n,(t} ...(18b}

L ()= 2(a+§:1rsm(a+i‘23}

Jowyles, of2e Do (b0 £ —_—
g -2(a+5)1"1_ur1

: e
, et tg+ Q= el (21
sm({1+~{§)e T

11, {t}....{18e}

O(ie logic 0is -

L, (t)=-2a+ %)l‘ cos{a + %)

w00 —%mtcrn

By I oz
-2{34-5)\{1—]

r
-k =li—=rid, (41
cos{ol + g) e 2

+n,(1)...{18d)

The signal after the Jones matrix
inversion and the IF filicring can be wrilten
a8 follows

Wm (t)=2{a— .g.} cas G Eﬁ‘*|r'*‘ﬂ+m| LU

[n, (b ()le™ -
V- [ (1) =h (Dle"

W (1) =28 - ,.;.} simo elvel-ReO )

190)

JI=T7|n, (h*h,y (0] e ™ +

Ma,(m+*h(tle™ L {19b)
W (8) = 20 + Dsingo + )
T L ek (e -

V=T n, (1), (D] e

W, ()= ~2(a + %} cos(cl + %)

v = _B, B
Y AT e, (00
e +Mn {t)*xh ()™ .. {15d)

The decision wvariable q is obtained by

the beating between W, and W,, that
described in eqn. {10).

..(18¢)

3.2 - Evaluation of Bil — Errer - Rate

{BER)
One can evaluate the BER by using

eap. (1)
B =2 1= Qu (BB )+
QulfEm VBl nn20)

where m(1) = 0, 1.
The total error probability is given by

(126)
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can be determined from the following
equations.

Qu (B2 ) =
% i —ﬁﬁ%kii'} (222)

Qo s )
] erf{@] (225

Then Pew cen be expressed as

L N I
P, = —2- erfc[—mw—;‘rf—-—l

and

e HE"‘B_ 1} 2w] {200

1{ ”'“ ............ 24b

[ 2B U (240)
where

z, =a,cosueos(y L {23a)

z,, =2,sinecosfl L25b)

Z,, =a,sin{c + %} cos(Ld + g) ..... {25¢)

2, =4, co8(¢t+ %] cos((} + -%) ..... (25d)

The power splitting ratio between s,
and a, is computed from eqns. {15a) and
{15b).

Fipures 6 and 7 display the influgpce of
dichroism parameters on BER P.. The
values used in the
calculations are listed in Table 1. Mote that
the receiver performance degrades in the
presence of dichroism. This result is
illustrated further in Figs. & and 9 where the
power penalty at P, = 107 is estimated as a

systeml paraineter

foncticn of e and o, respectively. Note that
penalty  exceeds 032 dB when o
apprdachcs 60 ° and this effect iz mors
pronounced in the presence of & and p.

Table 1 Parameter values used to assess
the performance of JMPSK system.

R _ 107
Do 47 photons / i:nit
R 1I0Ghit/s
B 1GHz
o=0 0°
©=p 0°
£ 0%
To show the effect of coupling

perameter o and birefringence parameter £2
ot BER characteristics, we plot the curves
in Figs, 10 and 11, respectively.
Investigating  these plots reveals the
following fact: The minimum BER is
achieved when ¢ = 0° and (2 =0 or 180°.

4 - Discussions and Conclusions

In this section, the performange of
IMPSK receiver is compared with that
related to antipodal Stokes parameter shift
keying  (ASPSK) system. The ASPSK
system has been proposed by Bettl et al. [7]
a5 a phase noise and polarization state
inséusitive  coherent  system  and  ils
performance has been addressed in the
presence of dichroism by Bettietal. [ 6]
This system is based on the property that
orthogonal polarization staies are antipodal
in the Stokes veclor space. The system does
not require optical polarization control and
only electronic processing of the [F signals
allows estimation of the position on the

(127)
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Poineare sphere of the received SOP so that
the decision ¢an be made in an optimized
way [ 7].

Table 2 compares the receiver
sensitivity and dichroism - induced penalty
for ASPSK and JMPSK systems, The
parameter values used in the calculations
are P, = 16, R = 10 Gbit/sand B = 1
GHz. The values of ot and £2 are set to 45°
(0 ) and 45° (0 *), respectively, for ASPSK
(IMPSK} system. These valnes are
optimum  since the semsitivity attains the
minimum Jevel. Investigating Table 2
reveals the following findings.

(i) In the absence of dichroism, the
IMPSK system gives 1.8 dB improvement
in receiver sensitivity over ASPSK system.

(ii). The IMPSK system is more robust
against dichroism effects than ASPSK
system. '

(iii}. The sensitivity improvement gained
by employing IMPSK system, over ASPSK
system, increases in  the presence of
dichroism. When £ = 30%, ¢ = 60° and
p=30%  the  sensitivity improvement
becomes approximately 2.4 dB.

Tables 3 and 4  summarize,
tespectively, the effect of « and 0 on the
performance  of ASPSK and JMPSK
systems in the absence of dichroism. The
parumeter values of R, By and Pe used in
the simulation are identical to those
employed in producing the resuits in Table
2. The results in these tables indicate clearly
that JMPSK system is more robust against
variation of « and Q compared with
ABPEK system.

In cenclusion, a comprehensive
analysis has been given to assess the effect
of dichroism on the bit ~ error — rate
characteristics of JMPSK receiver, The
results indicate clearly that this svstem is

mote  robust against dichroism compared
with ASPSK receiver.
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* Table 2 Performance of ASPSK and JMPSK systems in the presence of dichroism effect.
; Dichroism Parameters ASPSK System JMPSK System
Power Power
g (%) | ¢ (deg) | pideg)) b penalty P penalty
) " dB dBm
0 0 -40.37 0 -42.2 0
30 -39.04 0.46 -42.14 0.08
30 60 -38.5 1 -41.87 0.34
30 30 ! -38.14 L.46 -41.5 0.8
30 60 30 -37.2 14 -41.1 1.2

Table 3 Performance of ASPSK system in the absence of dichroism for different values

of & and £
P.= 10", R=10Gbitis, By =1 GHz, e =0 = p=0.
(1 =45° _ 0 =30°
g Power Fower . Power Power
o (deg:) (dBm) | penalty (@B) o (deg.) (@Bm) | penalty 6B
N 45° 4037 0 45" -40.37 0
40° -39.1 127 40° -38.7 1.66
35° -38.24 .13 35° 3711 3.26
30° -37.1 3.27 30° 3488 5.5
w=435" e=30"
Power Power C Pawer Power
2 (deg) @Bus) | penalty (@B) Qedeg) | (pm) | penalty (9B)
45° -40.37 0 45° 371 3.27
50° -38.24 2.13 50° -35.18 4.6
55° -35.66 4,71 55° -33.03 7.34
60° -31.44 8.93 o 60° 271.85 12.3
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Table 4 Performance JIMPSK system in the absence of dichroism for different values of

o and £,
Poc 10, R= 10 Ghit's, BL=1GHz,e=0=p=0.
Q=0n" 0=15°
o (deg) Power Power o (deg) ' Power Power
(dBm)} penalty (dB) {dBm) penalty (dB)
0° -422 L] 0° -41.92 0.27
£*® -42.19 92410 -3 5° -41.88 0.31
10" -42.1 011 10° 41,78 .41
15° -41.92 0.27 15° -41.62 0.57
a=0"° x=15"°
Power Power Power Power
2 (deg) (dBm) | penalty (dB) € (deg) {(dBm) | penalty (dB)
0? -42.2 0 ¢° -41.92 0.27
§° 42,19 9.2%1{) -3 5°¢ -41.88 031
10° -42.1 011 190° -41.78 0.41
15° 41,92 0.27 15° -41.62 2.37
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Bit — error — rate log(Pe)

L == ) _
Q 10 20 30 40 50 &0

Nuruber of detected phiotons per bit P
Fig.2 BER P, versus the number of detected photons per bit P.
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Fig.3 BERP.asa function of power splitting ratie -
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o " P =47 photons / bit

O S

Bit — error — rate log(P,)

R/B;

Optimum power splitting ratio ( ¥oy )

1 0 1734} 1"'1E:|3
Bit rate to line width ratio (R /B )

Fig. 5 Power splitting ratio y,; as a function of bit rate to
linewidth ratio R/B,. .
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Bit — error — rate log(P.)

P =47 photons / bit

(p‘m)={3ﬂn.ﬁﬂn}““t R/G =10

_ (0°,30°)
i .,

(0°,0°)

0 10 20 30 40 50 40
Amplitude unbalance € (%) %

BER P, versus the dichroism-induced amplitude unbalance &

P — R e e _ -
P, p)y={0%, 00 ) P = 47 phatons/bit
o T R/B,=10 i
6 | (20% . D-J ) ) ‘-.‘_\‘ =
; (30%,30°)
- ? ._ . . \‘;“. x\\
o
1 - T 1 S
0 10 20 30 40 50 60
Mismatch ¢ {in degree)

Fig.7 BER P, versus the dichroism — induced mismatch .
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Fig. ¢ Power penalty versus the dichroism - induced mismatch .
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Fig. 11 BER P, versus birefringeﬁce effect 2.
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