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Performance evaluation of an
RZ-DQPSK/ASK label signal generated by
a simple and conventional transmitters

Student : Shen-You Tsai Advisor : Dr. Jyehong Chen

Institute of Electro-Optical Engineering

National Chiao Tung University

Abstract

Multilevel modulation signals like differential quadrature phase-shift keying
(DQPSK) have received renewed attention to improve the spectral efficiency of a
lightwave communication system.

In this thesis, we provide a simple and cost effective method to generate
DQPSK payload/ASK label signal which only needs two dual-drive Mach-Zehnder
modulator (DD-MZM). First, we use bias position (bias=V z/2) and drive signal of
dual-drive Mach-Zehnder modulator to generated DQPSK signal which replaced two
Mach-Zehnder modulator. Second, we also used mixer to mix the sinwave and the low
bit rate label data into Mach-Zehnder modulator replace pulse carver and ASK
modulator. Finally, the thesis evaluate performance of conventional DQPSK/ASK

label transmitter and dual-drive DQPSK/ASK label signal transmitter.
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Chapter 1

Introduction

1-1 motivation

Phase-shift keying (PSK) for fiber-optic data transmission first attracted significant
attention around 1990. Most of these early experiments were focused on coherent optical
communications, with the main emphasis being the receiver sensitivity. For practical
applications, however, PSK requires precise alignment of the transmitter and
demodulator center frequencies, which was difficult to achieve at the low data rates in the
early1990s. The capacity of fiber-optic transmission, on the other hand, increased
dramatically during the same time period. , The introduction of wavelength-division
multiplexing (WDM) for data transmission|provided.a new direction for increasing the
system capacity, in addition to-increasing the data rate per wavelength channel. For
example, the channel data rate of commercially deployed systems has improved from 2.5
Gb/s in the mid-1990s to 40 Gb/s today, and the number of wavelength channels has
reached , enabling a multiterabit system in a single fiber. As a result, the spectral
efficiency (SE) of fiber-optic communications has improved significantly, from a very
low SE of single channel transmission around 1990 to 0.4 bit/s/Hz for the current
commercial system, and even higher in research experiments. Concurrent to the rapid
expansion of fiber capacity, the unregenerated reach of fiber-optic transmission has also
increased dramatically, mainly driven by the desire to achieve a transparent all-optical
network and ultimately reduce the cost of data transmission.

Multilevel modulation signals like differential quadrature phase-shift keying (DQPSK)

have received renewed attention to improve the spectral efficiency of a lightwave



communication system. Those demonstrations of DQPSK signals usually have a spectral
efficiency more than 1 b/s/Hz. One of the recent demonstrations by achieves a distance of
6400 km for 64 channels of a 12.5-Gb/s DQPSK data stream. The spectral efficiency can

be up to 2.5 b/s/Hz for system with polarization multiplexing.
1-2 Label swapping application for packet switch network

Future Internet routers will need optical label switching to route and forward a
massive number of packets per second independently of IP packet length and payload
bit rate. Orthogonal amplitude shift keying /differential quadrature phase shift keying
(IM/DQPSK) optical label has been proposed as a competing scheme to sub-carrier
multiplexed optical label due to its compact spectrum, simple label swapping and
remarkable scalability to high bit rates.

At the ingress edge router, the incoming [P packets are assigned an amplitude shift
keying (ASK) label, orthogonally modulated-torthe' RZ-DQPSK payload. The packet
switched network architecture requires the-optical label to be swapped during the
routing process to establish an appropriate optical path through the transmission fiber

network, as shown in the Fig. 1-1.

edge

o router fiber t‘ igfﬁer fiber

node A

node B

ASK label A
RZ-DQPSK payload

ASK label B
RZ-DQPSK payload

Fig 1-1 System architecture for DQPSK/ASK label signal

The high speed packet data is in DQPSK format, while the low speed label is written



with a low extinction ratio amplitude shift keying format. At network nodes, the label
read by detecting and low pass filter some fraction of the signal. The label on the routed
signal can then be erased and rewritten using an intensity modulator. At the packet

destination, the data is read using a DQPSK receiver.

1-3 New scheme to generate DQPSK payload/ASK label signal

Transmitter Router

Data 1

v

E Laser ]—{ DQPSK J—{Pulse carver ASK label ]—

I

Data 2

[ EAM |—{ New label [~

label 4 1 0 1 1

Fig 1-2 Structure of RZ-DQPSK/ASK label signal transmitter and router

The RZ-DQPSK/ASK label signal transmitter and label router setup is shown Fig
1-2 However, to implement such an ASK/RZ-DQPSK orthogonal modulation format,
three cascaded optical modulators are required for phase encoding, pulse carving and
label impressing, an arrangement that is extremely costly and difficult to manage due to
the size and the electronic components required in each modulator. In addition, the
heritage loss is usually so high that two EDFAs will be needed in the transmitting end.
This thesis proposes a simple and elegant method to generate ASK/RZ-DQPSK signal
which used the two dual-drive Mach-Zehnder modulator. The first Mach-Zehnder
modulator generates NRZ-DQPSK. The second Mach-Zehnder modulator is used to
impress the label data and perform pulse carving. First, the sin wave mix the low bit rate

label data used mixer into Mach-Zehnder modulator before.



Chapter 2
DQPSK payload/ASK label signal

2-1 Mach-Zehnder modulator

At bit rates of 10 Gb/s or higher, the frequency chirp imposed by direct modulation
becomes large enough that direct modulation of semiconductor lasers is rarely used. For
such high-speed transmitters, the laser is biased at a constant current to provide the CW
output, and an optical modulator placed next to the laser converts the CW light into a
data-coded pulse train with the right modulation format. The most commonly used
Mach-Zehnder external modulators are based on LiNbO3 (lithium niobate) technology,
therefore this section will deal only with these types of devices.

The linear electro-optic effect that is used. to produce the phase changes in the
branches of the Mach-Zehnder modulator is ’ known as the “Pockels-effect”. For LiNbO3,
the application of an electric field results in a change.in the refractive index and therefore
varies the phase of the propagating light. The strength of this electro-optic effect is
dependent on the direction of the applied electric field and the orientation of the LiNbO3

crystal. Hence, the electrode placement and configuration is a critical design issue.

Intensity trimmer

’ < Intensity trimmer >

Fig 2-1 The Mach-Zehnder modulator having two intensity trimmers

Fig 2-1 shows a Mach-Zehnder modulator having two intensity trimmers in the arms.

By using the trimmers, we can compensate the amplitude imbalance due to fabrication



errors, where the intensity trimmers can be also constructed by MZ structures.
The most general case is a dual-drive modulator with two possibly independent

drive signals. Where the dual-drive modulator formula is:

_ Ap+AP
E=E, {leM‘L+lejA¢2L}=E0-cos(—A¢‘ Af, -LJ-e/ z )
2 2 2
Ag —A
power = |E0|2 cos’ (%LJ ()
Ad+A4¢,
: J—5—L
phase — modulation: € 3)
amplitude — modulation: cos (w . Lj 4)

2-2 Differential quadrature phase shift keying (DQPSK)

In the case of PSK (phase shift’keying) format, the optical bit stream by modulating the
phase while the amplitude and the frequency-of:the optical carrier are kept constant. For
binary PSK, the phase takes two values; eomimonly chosen to be 0 andz. The PSK
formats carry the information in the optical phase itself. Due to the lack of an absolute
phase reference in direct-detection receivers, the phase of the preceding bit is used as a
relative phase reference for demodulation. This results in differential phase shift keying
(DPSK) formats, which carry the information in optical phase changes between bits.

The commonly used DPSK transmitter setups are shown in Fig 2-2. The transmitters
consist of a continuously oscillating laser followed by one external modulator, typically
based on LiNbO3 technology. Phase modulation can either be performed by a

Mach—Zehnder modulator.



Differentially encoded
NRZ data Im{E}

[ . 0
[ Laser ]——[ MZM ]—»
rlolx e |

Fig 2-2 the DPSK transmitter and DPSK modulation

There have been a number of applications that have been propose and demonstrated
for PSK. One of these is to increase spectral efficiency through the use of multilevel
signaling is DQPSK. The basic principle of optical DQPSK (differential quadrature phase
shift keying) modulation is to represént each couple of two bits (so called “dibit”) of the

information sequence to be transmitted by optical phase differences between consecutive

symbols taking values into {—%, 0,%, 72} .Each transmitted symbol therefore corresponds

to two bits of information, meaning that the symbol rate (in baud) is equal to half of the
bit rate (B, in bit/s).
The Fig 2-3 illustrates the partitioning of a typical pulse stream for DQPSK modulation.

Fig 2-3(a) shows the original data stream d, (¢)=d,,d,,d,,...consisting of bipolar pulses;
that is, the values of d, (t) binary one and zero, respectively. The pulse stream is

divided into an in-phase stream, d, (¢), and a quadrature stream, d,, (¢), illustrated in Fig

2-3(b), as follows:

d,(t)zdo,dz,d4,... (even  bit)
dy(t)=d,,d;,d,... (odd  bit)



Note that d,(¢) and d, () each have half the bit rate ofd, (7).

d, (t)
1
dOEdl dzld4 dsédﬁ E d;
0 H ] | t
T 2T 3T 4T 5T 6T 7T 8T
@
d; (1)
1
dO dZ d4 d6
0 L t
2T 4T 6T 8T
dy(t)
1
I- ds 1 d7
0 : t
2T 4T 6T 8T
(b)

Fig 2-3 (a) QPSK modulation (b) in-phase stream and quadrature stream

2-2.1 Convention optical DQPSK tfansmitter i

|

Balanced
detector
Balanced
detector

Fig 2-4 The structure of an optical DQPSK system

The most widely used implementation of a DQPSK transmitter is shown in Fig 2-4.



The transmitter consists of two parallel DPSK modulators that are integrated together in
order to achieve phase stability (a serial arrangement is also possible, and has been used
in experimental demonstrations).

The electric field of DPSK signal at the modulator output is

() = %{exp [1'7%@)} . exp[—jggé(t)}} ©)

Now consider, t he electric field of QPSK signal at the modulator output s
E(t)=¢ (1)+ je, (1)
sl o] £u0]
SINE R
sin qu (z)} +cos[%¢2 (z)}

¢(¢) is the normalized binary dtive signal

4,(1)= 3 bp(1-KT) ®)

Where b,,, =%l is the transmitted random data stream, p(t) is the pulse shape of

the drive signal, n=1 and 2, and T is the bit interval of the data. The receiver essentially
consist of two DPSK receivers, although the phase difference in the arms of the delay
interferometers is now set to +z/4 and-x/4. Whose differential delay is equal to the
bit period. The benefit of DQPSK is that, for the same data rate, the symbol rate is
reduced by a factor of two.

2-2.2 Variety of dual-drive DQPSK signals

A DQPSK signal can also be generated using a conventional dual-drive

Mach-Zehnder modulator. The dual-drive Mach-Zehnder modulator consists of two



phase modulators that can be operated independently. The Fig 2-5 shows the three kinds
of method to generate DQPSK signals and the conventional method to generate DQPSK
signals, which are the eye diagram of the drive signal and output intensity of the DPQSK
transmitter. The fig2-5(a) is used with two two-level drive signals having a peak to peak

drive voltage of2V_ . The fig 2-5 (b), (c) and (d) separately represent to drives the
dual-drive Mach-Zehnder modulator with a four-level drive signal, two-level drive signal
and three-level drive signal. The peak to peak drive voltage is reducing from 1.5V, for
four-level signal to V, for two- and three- level drive signals. The output intensity of

conventional transmitter has optical intensity ripples between consecutive symbols. With
two or three levels of drive signal, the_output intensity of the dual-drive Mach-Zehnder

modulator also has ripples between consecutive symbols.

Drive Signal
[ | i
L y LW AT ‘ X

L E:I
:I "ft + +

¥ ¥ L

Qutput Intensity P . — . — .

i T ! |
T
-4 >
(a) (b) (©) (d)

Fig 2-5 Eye diagram of the drive signal and output intensity, where (a) the conventional transmitter and

dual-drive transmitter (b) four-, (c) two-, and (d) three-level drive signals



2-2.3 Two level drive DQPSK transmitter

We focused how to generate DQPSK signals which used two-level drive signals at
this thesis. The Fig 2-6 shows the input data streams and bias point of the dual-drive
Mach-Zehnder modulator to generate DQPSK signals. First, a continuous wave is
externally modulated by a dual-drive Mach-Zehnder modulator. Biased at the quadrature,
the two arms of the MZM are fed by two independent data streams, V;and V,, and each

with peak to peak amplitude (V,p) equals to the switching voltage, V.

Datal

|_|_| |_| V” Bias: &

L Z L Z )

L N

111"

Data 2

Fig 2-6 Two-level drive signals used one dual drive Mach-Zehnder modulator

The output electrical field can be written as:

©)

out m

[ Vi+Vy+V,
A ﬁ}’[m d
2

s

E =F. cos(

Where V, =V_/2 is the biased voltage.

Now we consider four cases ( the input datal is zero and data2 is zero, the input
datal is zero and data2 is one, the input datal is one and data2 is zero and the input datal

is one and data2 is one ) in two independent data streams.

10



The case 1 (0, 0)

E,  =E, cos — 2 7 le =F, cosZe' (10)
2V, 4

The case 2 (0, 1)

0+V,,+V—”
O—Vﬂ+§ j[ 27, ZHJ 7\ A
Eout = E,'n COosS 7272' e =F COS[—ZJ et (l 1)

T

The case 3 (1, 0)

V,,+0+Q
Vﬂ—0+& j[ 27, 2”} 37
E,, =E, cos Tzﬂ' e LB dos e ¢ (12)

The case 4 (1, 1)

Ty
13
2 (13)

\d Ly

61 (1,0)

Fig 2-7 the symbol constellation of DQPSK signal

According to those examples, the (0, 0) case is at the first coordinates, the (1, 0) case is at

11



the second coordinates, the (0, 1) case is at the third coordinates and the (1, 1) case is at
the forth coordinates. The Fig 2-7 illustrates the symbol constellation of DQPSK signal,
which has four phases depending on the input signal V, and V,.

2-2.4 Transition of two level drive DQPSK

The two-level scheme has overshoot ripples doubling the output intensity. Those
variations of electric field are equivalent to frequency chirp. The output intensity of
two-level scheme has five kind of power fluctuates that show in Fig 2-5(c). This thesis
provides two kind of methods to discuss how to happen overshoot ripples when symbol
change to another symbol. First, the Fig 2-8 shows the symbol constellation with electric

field locus of a dual-drive transmitter.

0,1)w » (0,0)

a,n*® * 1.0

Fig 2-8 the symbol constellation with electric field locus of a dual-drive transmitter

When symbol (0, 0) change to symbol (1, 1), the electric field locus follow route 1 to
arrive symbol (1, 1) simultaneously, vice versa. The output intensity of DQPSK signal is
constant power at transition state. When the symbol (0, 0) change to (0, 1), the electric
field locus follow route 2 to arrive symbol (0, 1) simultaneously, vice versa. When the
symbol (1, 1) change to (0, 1), the electric field locus follow route 3 to arrive symbol (0,

1) simultaneously, vice versa. The output intensities of route 2 and route 3 will increase

12



to maximum value at transition state. When the symbol (0, 0) change to (1, 0), the electric
field locus follow route 4 to arrive symbol (1, 0) simultaneously, vice versa. When the
symbol (1, 1) change to (1, 0), the electric field locus follow route 5 to arrive symbol (1,
0) simultaneously, vice versa. The output intensities of route 4 and route 5 will reduce to
minimum value at transition state. When the symbol (0, 1) change to (1, 0), the electric
field locus follow route 6 to arrive symbol (1, 0) simultaneously. The output intensities
will reduce to minimum value then increase to maximum value at transition state. When
the symbol (1, 0) change to (0, 1), the electric field locus follow route 6 to arrive symbol
(0, 1) simultaneously. The output intensities will increase to maximum value then reduce
to minimum value at transition state. When symbol does not change its state, the output
intensity is constant power at transition state.

We also can use symbol position of Mach+Zehnder modulator transfer curve that shows
in Fig 2-9. Since the symbol tranSitionspasses through the minimum and the maximum of
the transfer curve, the power fluctuates around-the symbol edge owing to the rise-fall

time of the drive signal.

vV, V)

1,1)
0,1) ,0)

0,0

Transfer function

Voltages

Fig 2-9 The symbol position of Mach-Zehnder modulator transfer function

The symbol (0, 0) and symbol (1, 1) position were at V_ /2 of Mach-Zehnder

modulator transfer curve, so that the output intensities are constant power at transition
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state of symbol (0, 0) to symbol (1, 1) or symbol (1, 1) to symbol (0, 0). The symbol (0, 1)

position is at —V_/2 of Mach-Zehnder modulator transfer curve, so that the output

intensities will increase to maximum value at transition state of symbol (0, 0), symbol (1,
1) to symbol (0, 1) or symbol (0, 1) to symbol (0, 0), symbol (1, 1). The symbol (1, 0)
position is at 3V /2 of Mach-Zehnder modulator transfer curve, so that the output

intensities will reduce to minimum value at transition state of symbol (0, 0), symbol (1, 1)
to symbol (1, 0) or symbol (1, 0) to symbol (0, 0), symbol (1, 1). The symbol (0, 1) to
symbol (1, 0) will follow transfer curve which increase to maximum value then reduce to
minimum value at transition state. Adversely, the symbol (1, 0) to symbol (0, 1) also will
follow transfer curve which reduce to minimum value then increase to maximum value at
transition state.

1,1) —s (0,0
00 — @Y
1) — @Y
0,00 —> (0,0
01) —s (01
(10) —— (10

®y

01 —> 0.0
1)

0.0) —> (0,1)

*D
(0,0)

==
——

1,00 —>

6y — o

7\
N
0,1) —> (10 %
A

10 — (O

Fig 2-10 the five kind power fluctuates of symbol transition

There are sixteen kind of symbol transition which have five kind of power fluctuates



that shows in Fig 2-10. The overshoot ripples between symbols will influence
NRZ-DQPSK signal quality so that the dual-drive Mach-Zehnder modulator pulse carver

will change NRZ-DQPSK to RZ-DQPSK signal.

2-2.5 Eye spreading of two level drive DQPSK

The ripple of the drive signal transfer to the optical signal. With the conventional
transmitter, no amplitude ripple of the drive signal transfers to the phase ripple. Even
when the drive signal has a large ripple, the intensity ripple of the transmitted signal is
compressed by the nonlinear transfer function of Mach-Zehnder modulator. For the
NRZ-DQPSK signal, the ripples from the drive signal may be increase by the
Mach-Zehnder modulator. This section will discuss and calculate optical eye spreading of

NRZ-DQPS. The eye spreading is defined asA, = (0,4 0,)/d , where 6, and o, are the

spreading in the upper and lower level, and @ is the’high of the eye diagram, the Fig

2-11 shows eye spreading of the two-level eye spreading.

¢

Fig 2-11 eye spreading of the two-level eye spreading

&y

iy

4

Assume 0,=0, >0=A,d/2 (14)
) . o ) 2 5,0+,

Consider bias pointis V, =d/2 into P=E cos (772') (15)

—>P:chosz(A"d/2+d/27r)

2d

A +1
—P=E’ cosz(eTzr)

15



A, +1

1+ cos(

)
A, +1 A V4 A Vs
—>P=E’ 2 — cos(——— ) = cos(—= ) cos(—) —sin(—= x) sin(—
e ( 5 ) ( ) (2 ) (2) (2 ) (2)
s cosRetl 7y = —sin(Aze ) (16)
Assume —sin( A, T)=-— A, Vs
2 2
l-—rx
1 A
S P=E(—2 )=F(——"¢x 17
e ( 5 )=E.( 52 ) (17)
Because 1/2 is influence of bias point, we don’t consider this item.
— P, =-E’ A,
4
Now NRZ eye spreading is defined as:
2-E2 5 )
onrz = T = _Aeﬂ. (1 8)
2

After calculating, the NRZ-DQPSK eye spreading A, will simplify to A,z

2-3 Pulse carver for RZ-DQPSK

Since DQPSK carries information in the phase of the optical signal, optical phase

distortions (such as chirp) will have a severe impact on DQPSK receiver performance. At

the transmitter, phase distortions may be caused by imperfect pulse carvers.

In order to operate chirp-free, a dual-drive MZM pulse carver has to have infinite DC
extinction, and has to work in perfect push-pull operation, i.e., the sinusoidal drive

amplitudes have to be of the same amplitude and of opposite phase. The Fig. 2-12 shows

three commonly used ways of pulse carving by applying a sinusoidal drive signal to a
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MZM-based pulse carver. The resulting RZ duty cycles are 33%, 50%, and 67%.

s
Differentially encoded 50% EZ
NRZ data s
! g \ 67% RZ /
| Laser —{ mzm —{ mMzm |— = < - >
3
<
\ E/ 33 RZ R
Z R

Voltages

Fig 2-12 Three commonly used ways of pulse carving by applying MZM-based pulse carver

Three important facts are evident from the optical intensity and phase waveforms shown
in Fig 2-13: First, when sinusoidally carving at the data rate (50% RZ), the residual
optical phase variations are identical for:éach bitywhile they are different for adjacent bits
when carving at half the data rate<(33% and 67% RZ): Since it is the difference between
the optical phases of two adjacent bits that isused to decode DPSK signals at the receiver,
higher degradations due to pulse €arver chirp are found for 33% and 67% duty cycle
RZ-DQPSK than for 50% RZ-DQPSK. Second, we see from the opposite phase
curvatures (50% and 67%) or slope (33%) that chirp due to finite DC extinction ratios of
the MZM can partially be compensated by imbalancing the drive amplitudes. Third, we
notice that for 33% RZ a drive-signal amplitude imbalance leads to linear phase
transitions (i.e., to optical frequency shifts) at pulse center, while a drive-signal phase
error produces a phase offset at pulse center. Since pure bit-alternating frequency offsets
do not disturb the phase difference between adjacent bits at pulse center (where the
intensity is highest, and thus the contribution to the demodulated signal is largest), a
higher tolerance is found for drive amplitude imbalance than for drive phase errors in the

case of 33% RZ. For 67% RZ, the situation is opposite, and we find a higher tolerance to

17



drive phase errors than to drive amplitude imbalance.

50% RZ 33% RZ 67% (CS)RZ

/\/\

A]l 0.2% drive phase error |

S

Trm

il

intensity

_...

(B) 3 dB drive amplitude imbalance

optical phase

(C) 12 dB MZM DC extinction |

Fig 2-13 the optical intensity and phase waveforms (50% RZ, 33% RZ and 67%RZ)
2-4 DQPSK demodulation

A typical balanced DQPSK receiver issshown in-Fig. 2-14. The receiver essentially
consist of two DPSK receivers; although the phase- difference in the arms of the
Mach-Zehnder delay-interferometer. (DI) is'now set to +7/4 and—-7z/4. The optical
signal is first passed through a Mach:Zehnder delay-interferometer (DI), whose
differential delay is equal to the bit period. This optical preprocessing is necessary in
direct-detection receivers to accomplish demodulation, since photodetection is
inherently insensitive to the optical phase; a detector only converts the optical signal
power into an electrical signal. In a direct-detection DQPSK receiver, the DI lets two
adjacent bits interfere with each other its output ports. This interference leads to the
presence (absence) of power at a DI output port if two adjacent bits interfere

constructively (destructively) with each other.
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Constructive Port

Balanced
detector N
\ i Destructive Port

Balanced
detector

RZ-DQPSK signal
S

Fig 2-14 typical balanced DQPSK receiver

Thus, the preceding bit in a DQPSK-encoded bit stream acts as the phase reference

for demodulating the current bit. (Note that in the case of coherent detection, this phase
reference can be provided by a local:laser within the receiver, which beats with the
received signal to produce constructive and:destructive interference.)
Ideally, one of the DI output ports is adjusted for destructive interference in the absence
of phase modulation (“destructive port”), while the other output port then automatically
exhibits constructive interference due to energy conservation (“constructive port”). For
the same reason, the two DI output ports will carry identical, but logically inverted data
streams under DQPSK modulation.

Now we consider DI how to determine 0 and 1, that the RZ-DQPSK signal through
Mach-Zehnder delay-interferometer. The optical signal is first passed through a
Mach-Zehnder delay-interferometer whose differential delay is equal to the bit period
and does not delay bit will rotate +7/4 and—-x/4. The intensity of two bit through
Mach-Zehnder delay-interferometer compose vector will decide the zero and one The
Fig 2-15 shows the constellation of zero and one determined method. Assume into

Mach-Zehnder delay-interferometer signal sequence is the symbol (0, 1) and the symbol
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(0, 0). That rotated +7/4 and—7z/4 represents the transmitter input two kind of data,

datal and data2.

@ (b)

The Fig 2-15 the constellation of zero and one determined method (a) rotated —z/4 ,the
composed vector is zero, (b) rotated +7/4 , the composed vector is one

Every symbol change to another symbol has sixteen case of symbol changing totally.
The constellation do not consider pphase, the large compose vectors represent one and

the large compose vectors represéntzero.
2-5 Structure of DQPSK/ASK Label

Future Internet routers will need ‘optical label switching to route and forward a
massive number of packets per second independently of IP packet length and payload
bit rate. Orthogonal amplitude shift keying /differential quadrature phase shift keying
(ASK/DQPSK) optical label has been proposed as a competing scheme to sub-carrier
multiplexed optical label due to its compact spectrum, simple label swapping and
remarkable scalability to high bit rates.

At the ingress edge router, the incoming IP packets are assigned an amplitude shift
keying (ASK) label, orthogonally modulated to the RZ-DQPSK payload. The packet
switched network architecture requires the optical label to be swapped during the

routing process to establish an appropriate optical path through the transmission fiber
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network, as shown in the Fig. 2-16.

edge

0 router fiber core
9 router fiber

node A
node B

ASK label A
RZ-DQPSK payload

ASK label B
RZ-DQPSK payload

Fig 2-16 system architecture for DQPSK/ASK label signal

The high speed packet data is in DQPSK format, while the low speed label is written
with a low extinction ratio amplitude shift keying format. At network nodes, the label
read by detecting and low pass filter some fiaction of the signal. The label on the routed
signal can then be erased and rewritten using an intensity modulator. At the packet
destination, the data is read usinga DQPSK receiver: The RZ-DQPSK/ASK label signal

transmitter and label router setup is shown Fig2-17.

Transmitter Router
Data 1
[ Laser J—{ DQPSK ]—{Pulse carver — ASK label J—»
Data 2 [ EAM }—»[New |abe|}—»

label 4 1 0 1 1

Fig 2.17 The RZ-DQPSK/ASK label signal transmitter and router setup
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2-5.1 Simple RZ-DQPSK/ASK Label transmitter

However, to implement such an ASK/RZ-DQPSK orthogonal modulation format, three
cascaded optical modulators are required for phase encoding, pulse carving and label
impressing, an arrangement that is extremely costly and difficult to manage due to the
size and the electronic components required in each modulator. In addition, the heritage
loss is usually so high that two EDFAs will be needed in the transmitting end. This
thesis proposes a simple and elegant method to generate ASK/RZ-DQPSK signal which
used the two dual-drive Mach-Zehnder modulator. The first Mach-Zehnder modulator
generates NRZ-DQPSK. The second Mach-Zehnder modulator is used to impress the
label data and perform pulse carving. First, the sin wave mix the low bit rate label data
used mixer into Mach-Zehnder modulator before. Thus the pulse will include ASK label

signal is shown the Fig 2-18.

Transmitter

Sinwave (bate/2HZ) ASK label
)
Data 1

[ 2R J_’[ DQPSKJ [Pulsecarver]—»...

1 \

label » 1 0 1 1

Fig 2-18 The simple RZ-DQPSK/ASK label signal transmitter
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Chapter 3

Experiment setup and result (DQPSK)

3-1 Dual-Drive DQPSK experiment setup

DCF

DQPSK Payload i 80-km
20 |Gb/s Clock i SSMF
delay EDFA

DQPSK Receiver

The Fig 3-1 Dual-Drive DQPSK signal experiment setup

The experimental setup is shown in the Fig 3-1, which mainly contains three part:

dual-drive Mach-Zehnder modulators. The first modulator generates a 20Gbit/s

NRZ-DQPSK signal. Biased atV_ /2, two independent electrical data streams, which is

driven by 10Gbit/s (PRBS 2" —~1) NRZ data stream individually. The second
modulator generates a 10GHz RZ pulse train with 33% (The modulator is biased at the
peak of its transmission curve and differentially driven at twice the switching voltage
with an AC-coupled half-bitrate SGHz sine wave), 50% (The modulator is biased at the

linear range of its transmission curve and differentially driven at twice the switching

23

payload transmitter, transmission fiber, and payload receiver. The RZ-DQPSK

transmitter consists of continuously oscillating laser at 1546.96nm, two external



voltage with an AC-coupled 10GHz sine wave) and 67% (The modulator is biased at
the null point of its transmission curve and differentially driven at twice the switching
voltage with an AC-coupled half-bitrate SGHz sine wave)duty cycle. A tunable optical
delay line is inserted in between the two modulators to synchronize the pulse train and
the 20Gbit/s data. There is place boot amplifier before the transmission fiber and
control appropriate power.

The transmission span consists of 82km standard singlemode fiber with matching
length of 14.564km dispersion compensating fiber (DCF) in a post compensation
scheme. The fiber loss of the singlemode fiber and the dispersion compensating fiber is
16.54dB and 6.18dB, respectively.

The RZ-DQPSK receiver consists of pre-e;r;}p'liﬁgr, the optical band pass filter, two
integrated Mach-Zehnder delay .i‘nterfer(‘)'r'i;et:é'r_‘_-'('the phlase difference in the arms of the
Mach-Zehnder delay-interferoﬁlr_e'ter (Dl)w set to +7/4 and—z/ 4), the photo
detector, and the BER tester. The:banc-l’width of optical band pass filter is 40GHz. The
payload is then input to an integrated Mach-Zehnder delay interferometer to
demodulate the RZ-DQPSK signal. The length difference between the two arms of the
MZDI is corresponding to 100ps delay. The signal at the output of MZDI is detected

by photo detector and input to a 10Gbit/s BER test.

(a) eye diagram of MZM electrical driver (b) eye diagram of NRZ-DQPSK signal

The Fig 3-2 (a) eye diagram of MZM electrical driver (b) eye diagram of NRZ-DQPSK signal
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The Fig 3-2(b) shows the eye diagram of NRZ-DQPSK signal. We measure optical eye
spreading to compare with the eye spreading using electrical eye spreading calculated
value.
Using

A, =(5,+8,)/d=(04+0.4)/5=16%

A,,.=-A,7=0.16%3.14=50.02%

onrz
The measure value is corroding to calculated value.

A,,.=0.789/1.575=0.5=50%

onrz

3-2 Spectrum of DQPSK demodulation

— 135

Received Power (dBm)

Frequency (GHz)

Fig 3-3 the spectrum of DQPSK signal demodulation

The Fig 3-3 shows the spectrum of DQPSK signal after Mach-Zehnder
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delay-interferometer demodulation. The phase is set to +7/4 of Mach-Zehnder

delay-interferometer whose constructive port is 45° and destructive port is -135°. Thus

the phase is set to —7/4 of Mach-Zehnder delay-interferometer whose constructive
port is 45° and destructive port is 135°. The two ports (constructive and destructive) of

Mach-Zehnder delay-interferometer are differing 180°, which like the Fig 2-14 shown.

3-3 Sensitivity of Dual-drive DQPSK

3-3.1 DD NRZ DQPSK

The Fig 3-4 shows eye diagram for NRZ-DQPSK demodulation. The Fig 3-4(a) is
the phase set to —7z/4 of Mach-Zehnder delay-interferometer whose destructive port

i8135°. The Fig3-4(b) is the phase set toy #7214, of Mach-Zehnder delay-interferometer

whose destructive port is -135°. = - ;]_—i T

The Fig 3-5 shows the BER curves for_'NI'{.Z-DQPsK in the back to back case. The
=0 | b i1

sensitivity of 135° case is -24dBnr, and the 'é'é:n-'s;i'tivif}z-'of -135° case is -24.8dBm. There

are differing about 0.8dB penalty. After ziVérag'i'ﬁg, the sensitivity of NRZ-DQPSK in the

back to back case is -24.3dBm.

(a) Eye diagram ( 135") for (b) Eye diagram ( -135") for
NRZ-DPQSK demodulation NRZ-DPQSK demodulation

The Fig 3-4 Eye diagram for DD NRZ-DQPSK demodulation
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BER
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Fig 3-5 BER‘of DD NRZ-DQPSK

3-3.2 DD 33%RZ DQPSK

The Fig 3-6 shows eye diagram for 33% RZ-DQPSK demodulation. The Fig 3-6(a)
is the phase set to —z /4 of Mach-Zehnder delay-interferometer whose destructive port

is 1357 and the Fig 3-6(b) constructive port is -45°. The Fig 3-6(c) is the phase set to
+7/4 of Mach-Zehnder delay-interferometer whose destructive port is -135° and the
Fig 3-6(d) constructive port is 45°.

The Fig 3-7 shows the BER curves for 33% RZ-DQPSK in the back to back case.

The sensitivity of 135" case is -29.1dBm, the sensitivity of -45" case is -29.2dBm, the
sensitivity of -135" case is -28.9dBm, and the sensitivity of 45" case is -29.6dBm. The

worst case (-135) and the best case (45) are differing maximum value which plenty is
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about 0.9dB. After averaging, the sensitivity of 33% RZ-DQPSK in the back to back

case is -29.11dBm.

(2) Eye diagram ( 135°) for (b) Eye diagram ( -45°) for
33% RZ-DPQSK demodulation 33% RZ-DPQSK demodulation

(C) Eye diagram ( -135° ) for (d) Eye diagram ( 45° ) for
33% RZ-DPQSK demodulation 33% RZ-DPQSK demodulation

The Fig 3-6 Eye diagram for DD 33% RZ-DQPSK demodulation
- IR
F ki S
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10-10 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R

10'11
-35 -34 -33 -32 -31 -30 -29 -28
Received Power (dBm)

Fig 3-7 BER of DD 33% RZ-DQPSK
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3-3.3 DD 50%RZ DQPSK

The Fig 3-8 shows eye diagram for 50% RZ-DQPSK demodulation. The Fig 3-8(a)
is the phase set to —z /4 of Mach-Zehnder delay-interferometer whose destructive port

is 135° and the Fig 3-8(b) constructive port is -45°. The Fig 3-8(c) is the phase set to
+7/4 of Mach-Zehnder delay-interferometer whose destructive port is -135° and the
Fig 3-8(d) constructive port is 45°.

The Fig 3-9 shows the BER curves for 50% RZ-DQPSK in the back to back case.
The sensitivity of 135° case is -28.1dBm, the sensitivity of -45" case is -28.1dBm, the
sensitivity of -135" case is -28.2dBm, and the sensitivity of 45° case is -28dBm. The

worst case (-135) and the best case (~4‘5) are dlfﬁgmng maximum value which plenty is

.J'H.I. ':I

about 0.2dB. After averaging, the semsﬂ: ul_ & |0f 5‘0%"RZ DQPSK in the back to back

case is -28.1dBm.

(a) Eye diagram ( 135° ) for (b) Eye diagram ( -45°) for
50% RZ-DPQSK demodulation 50% RZ-DPQSK demodulation

(¢) Eye diagram (-135") for (d) Eye diagram (45") for
50% RZ-DPQSK demodulation 50% RZ-DPQSK demodulation

The Fig 3-8 Eye diagram for DD 50% RZ-DQPSK demodulation
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3-3.4 DD 67%RZ DQPSK

The Fig 3-10 shows eye diagram for 67% RZ-DQPSK demodulation. The Fig
3-10(a) is the phase set to —z/4 of Mach-Zehnder delay-interferometer whose

destructive port is 135° and the Fig 3-10(b) constructive port is -45°. The Fig 3-10(c) is

the phase set to +7/4 of Mach-Zehnder delay-interferometer whose destructive port

o
g
]
w
o
1
N
©
1
N
(o]
N
~

Received Power (dBm)

is -135° and the Fig 3-10(d) constructive port is 45°.

The Fig 3-11 shows the BER curves for 67% RZ-DQPSK in the back to back case. The

sensitivity of 135" case is -27.3dBm, the sensitivity of -45° case is -27.1dBm, the
sensitivity of -135" case is -26.7dBm, and the sensitivity of 45" case is -27.3dBm. The

worst case (-135) and the best case (45and 135) are differing maximum value which
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Fig3-9 BER of DD 50% RZ-DQPSK



plenty is about 0.6dB. After averaging, the sensitivity of 67% RZ-DQPSK in the back to

back case is -27dBm.

(a) Eye diagram ( 135") for
67% RZ-DPQSK demodulation

(B) Eye diagram ( -45") for
67% RZ-DPQSK demodulation

(c) Eye diagram ( -135") for
67% RZ-DPQSK demodulation

(d) Eye diagram (45") for
67% RZ-DPQSK demodulation

The Fig 3-10 Eye diagram for DD 67% RZ-DQPSK demodulation
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Fig 3-11 BER of DD 67% RZ-DQPSK
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3-3.5 Transmission penalty of dual-drive DQPSK

The eye diagrams through 80km transmission are shows the Fig3-12. The Fig 3-13
shows the BER curves in the back to back case and after transmission over 80km. For a
NRZ-DQPSK signal, the back-to-back sensitivity is -25.5dBm and the transmission
sensitivity is -25.5dBm. For a 33%RZ-DQPSK signal, the back-to-back sensitivity is
-29.3dBm and the transmission sensitivity is -28.6dBm. The penalty is 0.6dB. For a
50%RZ-DQPSK signal, the back-to-back sensitivity is -28.8dBm and he transmission
sensitivity is -28.6dBm. The penalty is 0.2dB. For a 67%RZ-DQPSK signal, the
back-to-back sensitivity is -26.4dBm and he transmission sensitivity is -26.4dBm. The

penalty of NRZ and 67% cases are 0dB.
RTINS

() Eye diagram of NRZ-DQPSK " (b) Eye diagram of 33%RZ-DQPSK
after 80km transmission after 80km transmission

(c) Eye diagram of 50%RZ-DQPSK (d) Eye diagram of 67%RZ-DQPSK
after 80km transmission after 80km transmission

The Fig 3-12 Eye diagram of DD DQPSK after 80km transmission
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Fig 3-13 BER in the back to back caseland-after transmission over 80km (DD DQPSK)
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3-4 Timing misalignment of dual-drive DQPSK

The timing misalignment causes phase discontinuity at the pulse shift and make the

eye diagram of the received signal closed. The Fig 3-14 shows power penalty for 33%,
50% and 67% RZ-DQPSK signal measured as a function of timing delay form the
optimal condition that offers continuous- phase modulation. For 33%RZ-DQPSK case,
the margin to keep the penalty less than 3dB (at BER =10~") was more than 37ps. For
50%RZ-DQPSK case, the margin to keep the penalty less than 3dB (at BER =10~) was
more than 29ps. For 67%RZ-DQPSK case, the margin to keep the penalty less than 3dB
(at BER =10"") was more than 22ps. We can find the 33% case that has the highest

tolerant to the timing misalignment; it is not required to strictly design the length and

stabilities of feeder lines for the clock and data'signal:
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Fig 3-14 power penalty for DD DQPSK signal measured as a function of timing delay
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The Fig 3-15 shows the eye diagrams of 33% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

S

e

Fig 3-15 Time delay eye diagrams of DD 33% RZ-DQPSK signal
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The Fig 3-16 shows the eye diagrams of 50% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

Fig 3-16 Time delay eye diagrams of DD 50% RZ-DQPSK signal
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The Fig 3-17 shows the eye diagrams of 67% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

Fig 3-17 Time delay eye diagrams of DD 67% RZ-DQPSK signal
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3-5 Convention DQPSK experiment setup

DQPSK Payload 80-km
20 |Gb/s Clock SSMF DCF
¥ @ © O
= dela )
y EDFA /

DQPSK Receiver
The Fig 3-18 convention DQPSK signal experiment setup
The experimental setup is shown-in the Fig3-18, which mainly contains three part:
payload transmitter, transmission fiber;rand—payload receiver. The RZ-DQPSK
transmitter consists of continuously oscillating laser at 1546.96nm, three external

dual-drive Mach-Zehnder modulators. The first and second modulator generates a

10Gbit/s NRZ-DPSK signal {0,7} which is driven by 10Gbit/s (PRBS2" —1) NRZ

data stream individually and phase of the second modulator rotate 7 /2 {%,—%} Two

DPSK signal combine to become DQPSK signal. The third modulator generates a
10GHz RZ pulse train with 33% (The modulator is biased at the peak of its
transmission curve and differentially driven at twice the switching voltage with an
AC-coupled half-bitrate SGHz sine wave), 50% (The modulator is biased at the linear

range of its transmission curve and differentially driven at twice the switching voltage
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with an AC-coupled 10GHz sine wave) and 67% (The modulator is biased at the null
point of its transmission curve and differentially driven at twice the switching voltage
with an AC-coupled half-bitrate SGHz sine wave)duty cycle. A tunable optical delay
line is inserted in between the two modulators to synchronize the pulse train and the
20Gbit/s data. There is place boot amplifier before the transmission fiber and control
appropriate power.

The transmission span consists of 82km standard singlemode fiber with matching
length of 14.564km dispersion compensating fiber (DCF) in a post compensation
scheme. The fiber loss of the singlemode fiber and the dispersion compensating fiber is
16.54dB and 6.18dB, respectively.

The RZ-DQPSK receiver consists of pre-amplifier, the optical band pass filter, two
integrated Mach-Zehnder delay.interferometer.(the phase difference in the arms of the
Mach-Zehnder delay-interferometer (D) is now setto +7/4 and-x/4), the photo
detector, and the BER tester. The bandwidth of Optical band pass filter is 40GHz. The
payload is then input to an integrated Mach-Zehnder delay interferometer to
demodulate the RZ-DQPSK signal. The length difference between the two arms of the
MZDI is corresponding to 100ps delay. The signal at the output of MZDI is detected

by photo detector and input to a 10Gbit/s BER test.
3-6 Sensitivity of convention DQPSK
3-6.1 Convention NRZ DQPSK

The Fig 3-19 shows eye diagram for NRZ-DQPSK demodulation. The Fig 3-19(a) is the
phase set to —z/4 of Mach-Zehnder delay-interferometer whose destructive port

is135°. The Fig 3-19(b) is the phase set to +x/4 of Mach-Zehnder
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delay-interferometer whose destructive port is -135°.
The Fig 3-20 shows the BER curves for NRZ-DQPSK in the back to back case.

The sensitivity of 135" case is -27.3dBm, and the sensitivity of -135" case is -27.25dBm.

There are differing about 0.05dB penalty. After averaging, the sensitivity of

NRZ-DQPSK in the back to back case is -27.15dBm.

(a) Eye diagram ( 135") for (b) Eye diagram (-135") for
NRZ-DPQSK demodulation NRZ-DPQSK demodulation

The Fig 3-19 Eye diagram for convention NRZ-DQPSK demodulation
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Fig 3-20 BER of convention NRZ-DQPSK

40



3-6.2 Convention 33%RZ DQPSK

The Fig 3-21 shows eye diagram for 33% RZ-DQPSK demodulation. The Fig
3-21(a) is the phase set to —z/4 of Mach-Zehnder delay-interferometer whose

destructive port is 135° and the Fig 3-21(b) constructive port is -45°. The Fig 3-21(¢c) is

the phase set to +7/4 of Mach-Zehnder delay-interferometer whose destructive port

is -135° and the Fig 3-21 (d) constructive port is 45°.

The Fig 3-22 shows the BER curves for 33% RZ-DQPSK in the back to back case.

The sensitivity of 135° case is -30.7dBm, the sensitivity of -45" case is -30.75dBm, the
sensitivity of -135° case is -30.75dBm, and the sensitivity of 45° case is -31.1dBm. The

worst case (135) and the best case ;(.4,§_r)j'éfér Hiffgr}ipg maximum value which plenty is
-\":-::.'.' r — -—!.. i _-"\‘—' ‘.-.l:,a .
about 0.4dB. After averaging, thp'_ss'en51tﬁ/[ftIy:‘,o£-‘3{5%"-_RZ-DQPSK in the back to back
- I Bl e W2

2
=
..‘l

case is -30.8dBm.

!

(a) Eye diagram ( 135") for (b) Eye diagram ( -45") for
33% RZ-DPQSK demodulation 33% RZ-DPQSK demodulation

S

(c) Eye diagram ( -135") for (d) Eye diagram (45°) for )
33% RZ-DPQSK demodulation 33% RZ-DPQSK demodulation

The Fig 3-21 Eye diagram for convention 33% RZ-DQPSK demodulation
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BER

Received Power (dBm)

Fig 3-22 BER of convention 33%RZ-DQPSK

3-6.3 Convention 50%RZ DQPSK

The Fig 3-23 shows eye diagram for 50% RZ-DQPSK demodulation. The Fig
3-23(a) is the phase set to —z/4 of Mach-Zehnder delay-interferometer whose

destructive port is 135° and the Fig 3-23(b) constructive port is -45°. The Fig 3-23(¢) is

the phase set to +7/4 of Mach-Zehnder delay-interferometer whose destructive port
is -135° and the Fig 3-23(d) constructive port is 45°.

The Fig 3-24 shows the BER curves for 50% RZ-DQPSK in the back to back case.

The sensitivity of 135° case is -30.2dBm, the sensitivity of -45" case is -29.8dBm, the
sensitivity of -135" case is -30.2dBm, and the sensitivity of 45° case is -30dBm. The

worst case (-45) and the best case (135 and -135) are differing maximum value which
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plenty is about 0.4dB. After averaging, the sensitivity of 50% RZ-DQPSK in the back to

back case is -30 dBm.

(a) Eye diagram ( 135°) for (b) Eye diagram ( -45") for
50% RZ-DPQSK demodulation 50% RZ-DPQSK demodulation

Lo ; i
(¢) Eye diagram ( -135") for (d) Eye diagram (45°) for
50% RZ-DPQSK demodulation 50% RZ-DPQSK demodulation

The Fig 3-23 Eye diagram for convention 50% RZ-DQPSK demodulation
EEEQ%

i" 3 R
o =]

1074 T T T I

: i ; m 45

; ; ; ¢ -135

' ' o 135

- ; ; o -45
1075 proeeeees N S - S :
L] S T oo e e

e : : : :

@ : . : :
(iRESEEEEEEEE SR e R g s m oo e Po----ees -
1078 fe-meee - LA IR R B R e -
109 promeeee e s R
1010 k- - A I R - -
et i i I | | i i

236 -35 -34 -33 -32 =31 -30 -9

Received Power {(dBm)

Fig 3-24 BER of convention 50%RZ-DQPSK
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3-6.4 Convention 67%RZ DQPSK

The Fig 3-25 shows eye diagram for 67% RZ-DQPSK demodulation. The Fig
3-25(a) is the phase set to —z/4 of Mach-Zehnder delay-interferometer whose

destructive port is 135° and the Fig 3-25(b) constructive port is -45°. The Fig 3-25(¢c) is

the phase set to +7/4 of Mach-Zehnder delay-interferometer whose destructive port

is -135° and the Fig 3-25(d) constructive port is 45°.

The Fig 3-26 shows the BER curves for 67% RZ-DQPSK in the back to back case.

The sensitivity of 135" case is -28.8dBm, the sensitivity of -45" case is -29.5dBm, the
sensitivity of -135" case is -28.8dBm, and the sensitivity of 45" case is -29.1dBm. The

worst case (-135 and 135) and the b .sl_:fféélbé:-‘('—?}?:)‘?are differing maximum value which

- ol

A mmm s W .
plenty is about 0.6dB. After averagiflg,.Ih[EjE nsitivity of 67% RZ-DQPSK in the back to
=~ S

| Pt R

back case is -29dBm.

-

i
=1
.

(a) Eye diagram ( 135") for (b) Eye diagram (-45") for .
67% RZ-DPQSK demodulation 67% RZ-DPQSK demodulation

(c) Eye diagram (-135") for (d) Eye diagram (45") for
67% RZ-DPQSK demodulation 67% RZ-DPQSK demodulation

The Fig 3-25 Eye diagram for convention 67% RZ-DQPSK demodulation
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Fig 3-26: BER of convention 67%RZ-DQPSK

3-6.5 Transmission penalty of convention DQPSK

The eye diagrams through 80km transmission are shows the Fig3-27. The Fig 3-28
shows the BER curves in the back to back case and after transmission over 80km. For a
NRZ-DQPSK signal, the back-to-back sensitivity is -27dBm and the transmission
sensitivity is -27dBm. For a 33%RZ-DQPSK signal, the back-to-back sensitivity is
-31dBm and the transmission sensitivity is -30.4dBm. The penalty is 0.6dB. For a
50%RZ-DQPSK signal, the back-to-back sensitivity is -30.2dBm and he transmission
sensitivity is -29.9dBm. The penalty is 0.3dB. For a 67%RZ-DQPSK signal, the
back-to-back sensitivity is -29.3dBm and he transmission sensitivity is -29.3dBm. The

penalty of NRZ and 67% cases are 0dB.
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(a) Eye diagram of NRZ-DQPSK (b) Eye diagram of 33%RZ-DQPSK
after 80km transmission after 80km transmission

(c) Eye diagram of 50%RZ-DQPSK (d) Eye diagram of 67%RZ-DQPSK
after 80km transmission after 80km transmission

The Fig 3-27 Eye diagram of convention DQPSK after 80km transmission
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Fig 3-28 BER in the back to back case and after transmission over 80km (convention DQPSK)
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3-7 Timing misalignment of convention DQPSK

The timing misalignment causes phase discontinuity at the pulse shift and make the
eye diagram of the received signal closed. The Fig 3-29 shows power penalty for 33%,
50% and 67% RZ-DQPSK signal measured as a function of timing delay form the
optimal condition that offers continuous- phase modulation. For 33%RZ-DQPSK case,
the margin to keep the penalty less than 3dB (at BER =10"") was more than 44ps. For
50%RZ-DQPSK case, the margin to keep the penalty less than 3dB (at BER =10~) was
more than 37ps. For 67%RZ-DQPSK case, the margin to keep the penalty less than 3dB
(at BER =10"") was more than 31ps. We can find the 33% case that has the highest

tolerant to the timing misalignment; it is not required to strictly design the length and

stabilities of feeder lines for the clock and data'signal:

Fower Penalty (dB)

Delay Time (ps)

Fig 3-29 Power penalty for convention DQPSK signal measured as a function of timing delay
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The Fig 3-30 shows the eye diagrams of 33% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

Fig 3-30 Time delay eye diagrams of convention33% RZ-DQPSK signal
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The Fig 3-31 shows the eye diagrams of 50% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

Fig 3-31 Time delay eye diagrams of convention 50% RZ-DQPSK signal
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The Fig 3-32 shows the eye diagrams of 67% RZ-DQPSK signal which measures as a

function of timing delay ( from left to right ).

Fig 3-32 Time delay eye diagrams of convention 67% RZ-DQPSK signal
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3-8 Result & discussion (RZ-DQPSK)

3-8.1 BER penalty
The Fig 3-33 shows the BER curve (dual-drive DQPSK versus convention

DQPSK) the penalty is 2.9dB for NRZ case and 2dB for 33%, 50%, and 67% case.

corvention MRZ-DOPSK,
Dual-Drive MREZ-DOPSK,
corvention 33%00PSK
Doal-Drive 33%00P 5K,
corvention S0%00PSK,
Dual-Drive 0% DGR S
convention 67 %00P Sk,
Dual-Drive 67 %0DQRP S
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Fig 3-33 the BER curve (dual-drive DQPSK versus convention DQPSK)

We can know to Fig3-34 that will cause vectorial synthetic vectorial size two to
differ, such a result is diminishing too in eye spreading coming out in DI demodulation.
It is the larger in amplitude jiter, eye spreading will this one that will represent DI
demodulation to come out small. So we can know that amplitude jiter influence the
difference between DQPSK signal efficiency produced of two kinds of methods. The

Fig 3-33 shows eye diagram of dual-drive NRZ-DQPSK and convention NRZ-DQPSK.
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The Fig 3-34 Amplitude jiter influences the vectorial sketch map of demodulation

S e v e e Eyespre‘d:ing46%i

(a) convention NRZ-DPQSK (b) dual-drive NRZ-DPQSK

The Fig 3-35 eye diagram of dual-drive NRZ-DQPSK and convention
NRZ-DQPSK (emphasize amplitude)

3-8.2 Timing misalignment tolerance

At section 3-4 and, 3-7 the timing misalignment tolerance for 33% case is 44ps
(convention DQPSK) and 37ps (dual-drive DQPSK), representatively. Why tolerate
degree the two differently? We can know to Fig 3-36 as our pulse should cut away the
transition period of signal. When transition periods of signal are larger which timing
misalignment tolerances are smaller. The Fig 3-37 shows eye diagram of dual-drive
NRZ-DQPSK and convention NRZ-DQPSK. We can find the transition period of
convention NRZ-DQPSK bigger than dual-drive NRZ-DQPSK so its timing

misalignment tolerances better than dual-drive NRZ-DQPSK
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The Fig 3-36 transition period influences timing misalignment tolerance

(a) convention NRZ-DPQSK (b) dual-drive NRZ-DPQSK

The Fig 3-37 eye diagram of dual-drive NRZ-DQPSK and convention
NRZ-DQPSK (emphasize transition period)

T

53



Chapter 4
Experiment setup and result (DQPSK

payload/ASK label)
4-1.1 Dual-Drive DQPSK/ASK label experiment setup

DQPSK Payload

Clock o Label |
20 Gbrs IOGHZT 622 Mb/s :

=Rt ~

Label
Processor

LPF O/E

[ HEA

DQPSK Payload/ ASK Label Receiver

The Fig 4-1 dual-drive DQPSK/ASK label signal experiment setup

The experimental setup is shown in the Fig 4-1, which mainly contains three part:
payload transmitter, transmission fiber, and payload receiver. The RZ-DQPSK
payload/ASK label transmitter consists of continuously oscillating laser at 1546.96nm,
two external dual-drive Mach-Zehnder modulators. The first modulator generates a

20Gbit/s NRZ-DQPSK signal. Biased atV_ /2, two independent electrical data streams,

which is driven by 10Gbit/s (PRBS2’ —1) NRZ data stream individually. The second
Mach-Zehnder modulator is used to impress the label data and perform pulse carving.

First, the sin waves mix the low bit rate label data (the label information at 622Mbit/s
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and PRBS2’ —1) used mixer into Mach-Zehnder modulator before. A tunable optical
delay line is inserted in between the two modulators to synchronize the pulse train and
the 20Gbit/s data. There is place boot amplifier before the transmission fiber and
control appropriate power.

The RZ-DQPSK payload/ASK label consists of pre-amplifier, the optical band pass
filter, the electroabsorption modulator (EAM), two integrated Mach-Zehnder delay
interferometer (the phase difference in the arms of the Mach-Zehnder
delay-interferometer (DI) is now set to +7/4 and—x/4), the photo detector, and the
BER tester. The labeled signal is split using a 3dB optical coupler. The output of one
arm is directly detected by photodiode and thus the optical label is converted into the
electrical domain. Form the second output of the ‘coupler the label signal is input to
another EAM driven by the inverted label data with suitable delay and amplitude for
label erasure. The payload is«then. input-to as' integrated Mach-Zehnder delay
interferometer to demodulate the RZ-DQPSK signal. The advantage of using the EAM
for label erasure is its negligible frequency chirp. The length difference between the two
arms of the MZDI is corresponding to 100ps delay. The signal at the output of MZDI is

detected by photo detector and input to a 10Gbit/s BER test.

4-2 Sensitivity of dual-drive DQPSK/ASK label

The detected RZ-DQPSK eye diagrams without and with label erasure are shown in
Fig 4-2(a) and (B), respectively. It should be noted that the receiver sensitivity of the
ASK label improves as the ASK extinction is increased, while the sensitivity of the
RZ-DQPSK payload deteriorates owing to the reduced signal power when an ASK “0’is

transmitted. Therefore, in our experiment a compromise value of 4 dB is selected for the
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extinction ratio of the ASK label. The Fig 3-26 shows the BER of dual-drive DQPSK
payload/ASK label and pure payload. For DQPSK payload that sensitivity is -21.4dBm
signal. The ASK label signal that sensitivity is -21dBm. The pure payload (not add label

signal) that sensitivity is -26.7dBm.

== .

(a) Eye diagrams for payload without label erasure (b) Eye diagrams for payload with label erasure

The Fig 4-2 Eye diagrams of dual-drive DQPSK for payload without and with label erasure
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The Fig 4-3 BER of dual-drive DQPSK payload/ASK label and pure payload
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4-3 Convention DQPSK/ASK label experiment setup

DQPSK Payload Clock Label

X —
20 Gb/s 10GHZJ” 622 Mb/s ;

¥

Label
Processor

DQPSK Payload/ ASK Label Receiver

The Fig 4-4 convention DQPSK/ASK label signal experiment setup

The experimental setup is shown in the Fig 4-4, which mainly contains three part:
payload transmitter, transmission fiber,“and payload receiver. The RZ-DQPSK
payload/ASK label transmitter consists‘of continuously oscillating laser at 1546.96nm,

two external dual-drive Mach-Zehnder modulators. The first and second modulator

generates a 10Gbit/s NRZ-DPSK signal {0,7} which is driven by 10Gbit/s

(PRBS2"—~1) NRZ data stream individually and phase of the second modulator

rotate 7 /2 {%,—%} Two DPSK signal combine to become DQPSK signal. The

second Mach-Zehnder modulator is used to impress the label data and perform pulse

carving. First, the sin waves mix the low bit rate label data (the label information at

622Mbit/s and PRBS2’ —1) used mixer into Mach-Zehnder modulator before. A

tunable optical delay line is inserted in between the two modulators to synchronize the
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pulse train and the 20Gbit/s data. There is place boot amplifier before the transmission
fiber and control appropriate power.

The RZ-DQPSK payload/ASK label consists of pre-amplifier, the optical band pass
filter, the electroabsorption modulator (EAM), two integrated Mach-Zehnder delay
interferometer (the phase difference in the arms of the Mach-Zehnder
delay-interferometer (DI) is now set to +7/4 and—x/4), the photo detector, and the
BER tester. The labeled signal is split using a 3dB optical coupler. The output of one
arm is directly detected by photodiode and thus the optical label is converted into the
electrical domain. Form the second output of the coupler the label signal is input to
another EAM driven by the inverted label data with suitable delay and amplitude for
label erasure. The payload is then input to as integrated Mach-Zehnder delay
interferometer to demodulate the.RZ-DQPSK signal. The advantage of using the EAM
for label erasure is its negligible frequency chirp.-The length difference between the two
arms of the MZDI is corresponding to 100ps delay: The signal at the output of MZDI is

detected by photo detector and input to a 10Gbit/s BER test.

4-4 Sensitivity of convention DQPSK/ASK label

The detected RZ-DQPSK eye diagrams without and with label erasure are shown in
Fig 4-5(a) and (B), respectively. It should be noted that the receiver sensitivity of the
ASK label improves as the ASK extinction is increased, while the sensitivity of the
RZ-DQPSK payload deteriorates owing to the reduced signal power when an ASK “0’is
transmitted. Therefore, in our experiment a compromise value of 4 dB is selected for the
extinction ratio of the ASK label. The Fig 4-6 shows the BER of dual-drive DQPSK

payload/ASK label and pure payload. For DQPSK payload that sensitivity is -26.1dBm

58



signal. The ASK label signal that sensitivity is -25.5dBm. The pure payload (not add

label signal) that sensitivity is -30.3dBm.

(a) Eye diagrams for payload without label erasure (b) Eye diagrams for payload with label erasure

The Fig 4-5 Eye diagrams of convention DQPSK for payload without and with label erasure
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The Fig 4-6 BER of convention DQPSK payload/ASK label and pure payload
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4-5 Result & discussion (DQPSK payload/ASK label)

Using two kinds of method (dual-drive DQPSK and convention DQPSK) to
generated DQPSK payload and ASK label which the performance differ too much
(dual-drive DQPSK payload -21.4 dBm label -21dBm and convention DQPSK payload
-26.1 dBm label -25.5dBm), but the second modulator (pulse carver and ASK label
modulator) that were the same way to generated RZ pulse and ASK label. When
amplitude jiter of NRZ-DQPSK is larger, which amplitude jiter influence more serious
to add label after the second modulator. Therefore, we used label eraser to erase label
that can not .complete clearly. The section 3-8.1 has discussed amplitude jiter influence
the performance of NRZ-DQPSK. That is the reason to cause two kinds of method to
generated DQPSK payload and ASK label which the, performance differ too much. The

fig 4-7 shows EAM can not eras¢-label complete clearly.

Delay Label Eraser

EAM

[T

The Fig 4-7 EAM incomplete to dispel label
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Chapter 5

Conclusion
IN this thesis, we provide a simple and cost effective method to generate DQPSK
payload/ASK label signal which only needs two dual-drive Mach-Zehnder modulator
(DD-MZM). First, we use bias position (bias=V z/2) and drive signal of dual-drive
Mach-Zehnder modulator to generated DQPSK signal which replaced two
Mach-Zehnder modulator. Second, we also used mixer to mix the sinwave and the low
bit rate label data into Mach-Zehnder modulator replace pulse carver and ASK
modulator.
This thesis also tries to contract perfermances with two kinds of method (dual-drive
DQPSK and convention DQPSK)-shown:the Table5-1. The performance of dual-drive

DQPSK signal will be improved when MZM drive are promoted in the future.

DD DQPSK DD DQPSK Conventional Conventional
Gt el | (it lelss)) DRI IDCJEiC
(without label) (with label)
Number of
MZM 1 2 2 3
Sensitivity
(NRZ-DQPSK) -24.2 dBm -27.1 dBm
Sensitivity
(33%RZ-DQPSK) -29.1 dBm -30.9 dBm
Timing
misalignment 37 ps 44 ps
(33% RZ-DQPSK)
i;g;ﬁ:g -26.7dBm 21.4 dBm -30.3 dBm -26.1dBm
Sensitivity
(label) -21dBm -25.5dBm

Table 5-1 Performance evaluation of Dual-Drive DQPSK and Convention DQPSK transmitters
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