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Executive summary and conclusion 

Telecommunication service provider companies need to keep track of the fast growing 
demands of their customers and have to adopt themselves to the new trends and 
technologies in order to be able to compete in the market. 

High bitrates have the advantage of using the bandwidth more efficiently and having 
an increased capacity which is a key factor for bandwidth-demanding services like 
Video-On-Demand, Mobile Internet and Broadcast TV. To meet these demands, service 
providers are upgrading to more promising higher bitrates. However, service providers 
have widely invested large amounts of money in legacy bit rate of 10 Gbps and it 
would be too costly for them to have a new infrastructure for higher bitrates while 
they technically lose what they have spent in the legacy bit rate. Therefore, it is much 
more affordable for them to use current structure to transport higher bit rates.  

This report investigates the possibilities and probable penalties associated with using 
10 Gbps systems for propagating 40 Gbps and 100 Gbps signal along with the legacy 10 
Gbps signals in the system and studies their co-existence conditions and imposed 
limitations. 

Throughout this report, compatibility of various equipments and methods currently 
used for 10 Gbps systems has been studied. Drawbacks that worth an extra attention 
have been pointed out and finally some suggestions for the optimized performance of 
studied equipments and methods have been presented. 

Organization in this report is as the following: 

The first chapter discusses the fundamental knowledge and definitions about DWDM 
networks. Second chapter gives a detailed view about the most important parameters 
of 10 Gbps systems and continues with reviewing what changes these parameter 
would have in 40 Gbps DPSK and 100 Gbps DP-QPSK systems. It finished with a brief 
look at what makes the upgrade urgent and how critical and cost-bearing are the 
coexistence scenarios. The third chapter begins with the equipments that have been 
tested and touches upon their manufacturing technique and implementation and later 
on presents the details of the tests performed and the achieved results. It is concluded 
by suggesting a number of guidelines to improve and facilitate the compatibility and 
coexistence of 40 Gbps and 100 Gbps signals in 10 Gbps systems. A list of references is 
provided at the end of the report. 

Key words: DWDM, 10 Gbps OOK, 40 Gbps DPSK, 100 Gbps DP-QPSK 
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1 Background 
 

1.1 A short description of WDM networks 

1.1.1 What is WDM? 

Wavelength Division Multiplexing (WDM) is a method of multiplexing optical signals by 
aggregating different wavelengths (colors) in a single optical fiber. By choosing 
different wavelengths, this single span of optical fiber can be a “bidirectional” link (i.e. 
Uplink and Downlink).In a DWDM network, these wavelengths shall be chosen from a 
certain bandwidth range (ITU-T’s C and L band). 

In the mid-90s, WDM technology, with help of a new kind of fiber amplifier called EDFA 
(Erbium Doped Fiber Amplifier), could dramatically increase the data traffic capacity 
(as shown in figure 1-1) by almost two orders of magnitude and this was the beginning 
of a new era in optical fiber communication.  

 

Figure  1-1: A noticeable jump in traffic capacity in mid-90s 
[After B.Swanson and G.Gildez, Jan 2008] 

 

1.1.2  WDM network hierarchy 

Based on the coverage distance, DWDM networks are divided into three major 
categories: 

• Long Haul Networks 

• Metropolitan Area Networks (core & regional) 

• WDM Access 

Long haul reach, as the naming suggests, is ranging thousand kilometers and beyond 
which is optimized for maximum performance that makes it a good choice to 
interconnect cities or different regions. 

Metropolitan Area networks or in short Metro networks along with Regional Networks 
(as shown in figure 1-2) have the role of interconnecting central offices together or to 
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the next sub layer called Access Network. Access Network is a median between central 
offices that directly feed the end users such as business or residential or service 
providers or etc. Access network reach could be in order of few tens of kilometers and 
has the role of interconnecting customers’ traffic to carrier side which is located at 
central office (CO). Metro network has a broader reach than access network; it 
connects a number of COs with each other within a region. Having length of few 
hundred of kilometers to a thousand kilometer, metro network acts as the interface 
between access network and long haul network or in other words, connecting “end-
user costumers” to the global networks.  

 

 

Figure  1-2: Separation criteria between the long haul and metropolitan area networks 
 [Transmode, 2009] 

 

1.1.3 Different WDM channel patterns 

WDM system is basically categorized into two different wavelength patterns: 

• Coarse WDM (CWDM) 

• Dense WDM (DWDM) 

CWDM mainly focuses on the short range networks (metro and access) while DWDM, 
by using amplifiers, can accommodate almost all three ranges that has been defined 
earlier. 
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Figure  1-3: CWDM and DWDM wavelength grid based on ITU-T rec. G.694.2 
[http://www.cable360.net/ct/strategy/businesscases/30007.html 

 

On the other hand, as shown in figure 1-3, DWDM systems have many channels 
(Typically channel spacing could be 200, 100, 50 and 25 GHz) aggregated in a smaller 
bandwidth called the C band .C Band is defined as frequency range between 191.9 THz 
up till 195.8 THz for even channels (100 GHz spacing) and 191.85 THz up till 195.75 THz 
for odd channels (50 GHz spacing) .This strict limitation requires precise and stable 
lasers accompanied by narrow-band filtering and could support amplification and 
regeneration in order to increase the reach up to thousands of kilometers. 
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2 Modulation formats under study 

 

2.1 10 Gbps OOK technology 

Currently, 10 Gbps is today’s commodity technology for high capacity fiber optic 
networks. It seems to be highly efficient in many aspects; most of service providers 
have made a large amount of investment in buying system equipments working in 10 
Gbps. 

Like the previous lower bit rate formats, 10 Gbps has its own set of characteristics as 
they are discussed in the coming subchapters. 

 

2.1.1 Modulation format 

One of the modulation formats that are widely used in 10Gbps systems is On-Off 
Keying (OOK) which itself is the simplest form of a more general modulation scheme 
called Amplitude Shift Keying (ASK). The most important advantages of this format are 
its low cost implementation and a simple modulator design which makes it the 
modulation format of choice for commercial 10 Gbps transmission [1, 2, 3]. To 
generate electrical binary bits in this format, as shown in figure 2-1, laser light shall be 
simply turned on (for “1” bit) and off (for “0” bit). 

OOK is considered to appear in two different digital data formats: 

• Non-Return to Zero (NRZ-OOK): In this format, voltage levels are high (“1”) or 
low (“0”) for the entire bit duration.  

 

 

Figure  2-1: NRZ-OOK signal format  
[1] 

• Return to Zero (RZ-OOK): High voltage level (“1”) in this method is basically 
shorter than the bit duration and does not occupy the entire bit slot as shown 
in figure 2-2. Depending on the type of RZ it can have 33%, 50 % or 67 % duty 
cycle which means voltage is high in those portions of bit duration. To 
implement a RZ, a NRZ modulator could be used followed by a pulse carver 
which practically filters out the bit slot according to the targeted duty cycle [2, 
3]. 
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Figure  2-2: RZ-OOK signal format  
[1] 

Beside the low cost and simplicity, the advantage of NRZ-OOK is its small bandwidth 
which makes it so promising in the transmission schemes where bandwidth is a 
limitation. On the other hand, RZ is more tolerant toward pulse broadening and 
intrinsically has the clock recovery but has the disadvantage of less energy per symbol 
and higher frequency [1, 2, 3, 4]. 

 

2.1.2 Data rate 

Probably the most important terminology in a transmission format is bit rate. The Bit 
rate is defined with the speed in which the data is being transmitted through the line 
and is quantified with the number of bits sent/received per second (bps). Since year 
2000 and onward, bit rate of most operational systems are presented in order of Mega 
bps and Giga bps or even higher. In order to have a standardized bit rates which could 
be internationally accepted ITU-T and IEEE have introduced a series of standards to 
represent a logical hierarchy of data rates. Examples of these standards are 
SDH/SONET and Ethernet. In this sub chapter we mainly focus on 10 Gbps which could 
be translated into any of the mentioned standards in fixed but different bit rate values 
which would be describe as the following: 

• SDH / SONET: Synchronous Digital Hierarchy / Synchronous Optical 
NETworking’s10Gbps is considered to be the STM-64/OC-192 generation with 
the fixed data rate of 9.953280 Gbps[5]. 

• Ethernet: R-series interfaces (R, LR, SR and ER) of 10GbE (also known as LAN 
PHY) have all the same fixed data rate of 10.3125 Gbps[6]. 

These standards are further enhanced (in term of errors) by introducing a technique 
that adds extra bits to data streams using a code. At the receiver side these added bits 
would be used to correct the errors occurred during transmission in the fiber length. 
This technique is called Forward Error Correction (FEC) .The FEC scheme used in ITU-T 
recommendation G.709 used Reed-Solomon coding (RS(255,239)) which means over-
head bits are 6.27 % more[7]. Table 1 discusses the change in bit rate of SDH/SONET 
and Ethernet with added over-head: 

Client Signal 

Type 

Client Signal OTN Line Signal 

(G.709) 

Bit Rate before 

FEC (Gbps) 

Bit Rate after 

FEC (Gbps) 

SDH/SONET STM-64/OC-192 OTU2 9.953 10.709 

Ethernet/Fiber 

Channel 

10GbASE-

R/FC10G 
OTU2e 10.3125 11.095 

Table 1: Bit rate increased caused by adding FEC [7] 
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2.1.3 Dispersion 

Dispersion is a considerable impairment in optical fiber communication. It could be 
seen as the difference in phase velocity of light when traveling inside a fiber. There are 
two important types of dispersion affiliated with fiber optics: 

• Chromatic Dispersion (CD): As the name suggests, is referred to as the delay in 
arrival time at the destination for optical signals with different wavelengths 
(colors of light) traveling through fiber. Refractive index is wavelength-
dependant so this is the main reason behind the timing delay. This delay time is 
directly related to the wavelength of light meaning that optical signals having 
shorter wavelengths arrive at a different time at the destination than the ones 
having longer wavelength this phenomenon causes broadening of optical 
pulses distorting the original pulse shape. When the bit rate of the signal is 
relatively high, each individual pulse would be shorter and positioned closer to 
the neighboring pulse. By introducing chromatic dispersion after some length 
of fiber, pulses become broader and interfere with each other.10 Gbps signals 
suffer more from the distorting effects of dispersion which can limit the reach. 
Different modulation formats have different resilience toward the CD; for 
instance, Ethernet has lower CD limits (ps/nm.km) than SDH/SONET at the 
same data rate [8]. 

• Polarization Mode Dispersion (PMD): This type of dispersion is caused by the 
birefringence in the fiber meaning that the refractive index of the fiber is 
different for orthogonal polarization components causing each polarization 
component to travel with different speed and creates a timing delay between 
two components at the destination as shown in figure 2-3. PMD can be 
quantified by Differential Group Delay (DGD) measured in picoseconds. It is 
considered to be the timing difference introduced between the two 
polarization modes and can be observed at the receiver side of the link. For a 
10 Gbps system, the maximum allowable PMD value is considered to be 
approximately 5 ps [8]. 

 

Figure  2-3: Distorted signal caused by PMD 
 [9] 

There is an important and widely used common term affiliated with optical 
communication called “dispersion penalty” which is defined as the differences in 
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received power levels in two situations i) Having no length of optical fiber in the link 
called back-to-back communication and ii) having a certain length of optical fiber called 
over-the-fiber communication. The difference in power level is basically contributed by 
the dispersion introduced in (ii) situation distorting the signal.  

Mentioned power difference shall be compensated to maintain the back-to-back 
received signal quality.  Dispersion tolerance is defined as the maximum and minimum 
dispersion we can accept in a system while having a certain amount of dispersion 
penalty. 

 

2.1.4 Non-linear effects 

Non-Linear Effects (NLE) refer to a phenomenon that relates the intensity of light 
inserted to the fiber with a change in refractive index. Also, inelastic scattering 
phenomena can be a trigger to the non-linear effects [10]. Change in refractive index 
according to the intensity of input signal is called the Kerr Effect. 

 Based on the type of the input signal, Kerr Effect generated nonlinearities in fiber can 
be divided into 3 categories: 

• Four Wave Mixing (FWM): type of a fiber non-linearity that is generated by the 
interference between 3 different channels (λ’s) interacting with each other and 
producing unwanted fourth channel. It is often a sum-and-subtraction 
phenomena happening between 3 different signals wavelengths which their 
sum or subtraction of two of them with the third one produces a new 
component interfering with one of the main components. Chromatic 
Dispersion, by introducing a delay relative to wavelength to each channel 
component, can help reduce the unwanted effects of FWM. Also, by arranging 
irregular channel spacing (Due to channelized nature, this is not a good solution 
for DWM networks); FWM can be reduced to some extent. 

• Self Phase Modulation (SPM): it could be seen as an effect which a signal has on 
itself and the resulting signal becomes wider than the original. When light 
intensity increases, it will change refractive index of the fiber modulating the 
phase of the signal in those spots causing a spread in the wavelength spectrum. 
The resulting spread is a shift toward shorter wavelengths at the trailing edge 
(blue shift) and a shift toward longer wavelengths at the leading edge (red shift) 
of the signal. This phenomenon acts as an exact opposite to effect of a positive 
Chromatic Dispersion in fiber. 

• Cross Phase Modulation (XPM): The effect which a signal in one channel has on 
the phase of another signal in another channel is XPM. The unwanted effect is 
(due to the Kerr effect) to broaden the signal.  

Beside the Kerr effect on the signal, there are two other unwanted phenomena 
categorized under scatterings. They are based on the scattering of laser signal by fiber 
molecular vibrations or by induced virtual gratings. When a photon converts to a lower 
energy photon and the energy difference will be in form of a phonon. Depending on 
the type of produced phonon (optical or acoustic), Raman and Brillouin scatterings 
would rise respectively [4].  



8 

 

• Stimulated Raman Scattering (SRS): Transfer of power of a signal at shorter 
wavelengths to signals at longer wavelengths. Photons of the laser light are 
absorbed by the fiber molecules and are re-emitted. This process changes the 
wavelength of light and shifts it to lower or higher frequencies. The shift is 
proportional to the amount of energy being converted to phonon. Wavelength 
difference (shift) is around 100 nm [8]. 

• Stimulated Brillouin Scattering (SBS): is a scattering phenomenon in which 
backscattered light in fiber causes loss of power. When inserting high powers to 
the fiber, refractive index of fiber changes periodically acting like a grating. The 
grating-like media would scatter the incoming optical signal in backward 
direction. 

 

2.1.5 OSNR 

It is the ratio between signal powers at its peak value to the noise power ground 
measured at (virtually) the same point as the peak. OSNR is one of the most important 
parameters in WDM networks’ design and it is much influenced by different factors 
such as attenuation and dispersion (CD and PMD) in the fiber. OSNR is related to Bit 
Error Rate (BER) which is a measure of number of bits that have been identified as 
errors in the transmission. To increase the performance and improve OSNR value, 
amplifiers should be used but it should be kept in mind that by using amplifiers, not 
only the signal is amplified but noise which is passing through the same path as the 
signal will be amplified too. In addition, amplifier itself will contribute noise to the 
system. 

 

2.1.6 Cost and complexity 

10 Gbps system has an elevated level of complexity in comparison with its predecessor 
bitrates in different domains: 

The level of complexity in 10 Gbps systems is varied. The modulation format (NRZ-
OOK) is relatively simple method of modulation since the only requirement is to detect 
a signal power (exceeding than a threshold) for “1”s and receiving no light (below a 
threshold) for “0”s. Therefore modulator / Demodulator implementation is 
technologically not so difficult. Spectral efficiency is 0.2 bits/ Hz in a 50 GHz grid 
system [11].  

A bit rate of 10 Gbps imposes rather tight conditions to many raised impairments in 
optical fiber communication. It has a stronger effects in provoking dispersion related 
impairments (CD and PMD) and non-linear effects such as FWM, SPM and XPM. 

In a long haul / Metro WDM network, with a conventional SMF (CD coefficient of 17 
ps/nm.Km [12]), pulse spreading can be problematic but at the same time, CD is a 
counter-measure to non-linear impairment. 
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Figure  2-4: Non-linear impairments in a WDM system  
[13] 

It has been demonstrated [14] that dispersion management can decrease the 
destructive effect of FWM, SPM and XPM in an OOK-modulated 10 Gbps system but 
still there is a need for CD compensator ( Dispersion Compensator Fiber (DCF) or 
Dispersion Compensation Module (DCM) life Fiber Bragg Gratings (FBG)…).Figure 2-4 
illustrates the most important impairments by increasing the bit rate. For a 10 Gbps 
OOK signal, the dominant nonlinear impairment at the Standard Single Mode Fiber is 
SPM while for example it is IXPM for 40 Gbps and IFWM for 100 Gbps signals. 

PMD could (in a limited extend at 10 Gbps) be an issue to proper signal detection 
therefore a PMD compensator should be provided to decrease the unwanted effect. 

 

2.2 40 Gbps DPSK technology 

2.2.1 Modulation format 

Differential Phase Shift Keying (DPSK) is one of the modulation formats of choice for 40 
Gbps. There are a number of different other formats but DPSK could be considered as 
the most cost effective one. It encodes information on the binary phase change 
between two consecutive bits where it encodes “1” into π phase shift and no phase 
change for “0” bits. 

It appears (like OOK format) in two digital data formats of RZ and NRZ with/without 
implementing a pulse carver respectively. 

The most important advantage of DPSK to OOK would be a 3-dB better receiver 
sensitivity for fixed average optical power which is gained by a √2 more symbol spacing 
in constellation diagram shown in figure 2-5. 
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Figure  2-5: Signal constellation of binary on-off keying (left), and binary phase shift keying (right)  
[http://code.ua.pt/attachments/1476/Imagem_4.png] 

 

Since exact phase modulation is vital for DPSK, therefore transmitters are most 
conveniently implemented using Mach Zehnder Modulator as phase modulator so that 
an exact π phase jump would be produced.  

On the receiver side, transmitted signal by a DPSK module cannot be directly received 
without any further implementation since signal becomes more complex by phase 
modulation. However, delay-and-add Mach-Zehnder Interferometer (MZI) is required 
to decode the DPSK signal [11]. It is inserted in the optical path of the receiver in order 
to convert differential phase modulated signals into intensity modulated ones in which 
the demodulation process is much easier. MZI block would split the phase modulated 
signal into two paths, from which they will experience a delay difference equal to the 
bit duration T (25 ps at 40 Gbps) in order to let two neighboring bits interfere at the 
output and by comparing the delayed version with the original version, π or 0 phase 
difference could be translated to “1”s and “0”s [11, 13].  

 

Balanced DPSK receiver with an optical Delay Line 
 [13] 

2.2.2 Bit rate and FEC 

Like 10 Gbps, 40 Gbps comes in different data rate formats like SONET/SDH, Ethernet 
and Optical Transmission Network (OTN) which is a combination of SONET/SDH with 
bandwidth expansion capabilities offered by DWDM [33]. OTN defines a standard bit 
rate of 43,02 Gbps (using Reed-Solomon (RS) code to realize Forward Error Correction. 
RS coding is chosen because of its low complexity, relatively high error correction 
capabilities and low burst sensitivity) [33].OTU-3 has RS (255/236) coding scheme 
times SDH/SONET data rate of 39,81 Gbps resulting in 43,02 Gbps [34]). OTU-3e2 is 
over clocked (increasing clock tolerance of ±100 ppm instead of standard OUT’s clock 
tolerance of ±20 ppm to better control the jitter) bit rate format of OUT-3 composed 
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of 4 x OTU-2e (4 x 11,09 ≈ 44,58 Gbps) which OTU-2e itself is designed to transmit 10 
GbE LAN PHY. This is specified in G.Sup43.In figure 2-6, three important parts of an 
OTN signal that are overhead, Payload (data) and FEC (correcting part of the stream) 
are outlined. In figure 2-7, the advantages of OTN (that are a combination of 
advantages of SDH/SONET together with that of Fiber Channel and Gigabit Ethernet) 
are discussed. 

 

Figure  2-6: The three parts of OTN format (G.709) in which FEC is separated from data  
[15] 

 

Figure  2-7: Advantages of OTN format 
 [The Value of OTN for Network Convergence and IP/Ethernet Migration]  

 

2.2.3 Dispersion 

As in 10 Gbps, the most important dispersion forms are chromatic dispersion and 
polarization mode dispersion. Both of them are investigated according to the 
dispersion referenced on 10 Gbps defined in 2.1.3.  

• Chromatic Dispersion: In a 40 Gbps system, dispersion shall be tightly 
controlled since the signal is more prone to degradation caused by dispersion. 
40 Gbps signal is almost 16 times more sensitive to dispersion effects than 10 
Gbps signal due to factors such as having a 4-times wider spectrum which 
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results in more severe pulse broadening and 4-times smaller bit period, making 
the signal more sensitive to inter-symbol-interference (ISI) [16]. Having said 
this, it seems that precisely controlling dispersion in 40 Gbps systems is 
mandatory in order to have a distortion-free transmission. To compensate for 
static CD, there are two technologies available, Fiber Bragg Grating (FBG) and 
Dispersion Compensator Fibers (DCF) and for tunable DC, Gire-Tournois Etalons 
(discussed in details in 3.1.7) and Fiber Bragg Gratings are used.  

• PMD: It has a random nature which makes it so difficult to predict and control 
in a 40 Gbps system. It is originated by many different factors among which are 
geometrical asymmetries, mechanical stress, temperature changes, and fiber 
movement [17]. Therefore it is harder to handle than chromatic dispersion.40 
Gbps system is very sensitive to the effects of PMD (about 2,5 ps). It is 4x more 
sensitive than 10 Gbps system (10 ps) therefore PMD is described as one of the 
main limiting factors in 40 Gbps system. PMD is related to the length of fiber 
through the equation below: 

 

PMD coefficient is a proportionality coefficient with unit of ps/Km⅟₂ rela_ng the 
length of the fiber (L) to PMD value (in ps) of it and <Δt> is the average 
Differential Group Delay [9]. For 40G DPSK, this imposes a reach limit of a few 
tens of kilometers. [17] 

 

2.2.4 Non-linear effects 

 At such high bitrates, isolated pulse transmission does not suffer from nonlinear 
impairments because of large pulse broadening .On the other hand, interactions 
between pulses of the same channel are enhanced which sets the limit for nonlinear 
transmission [18] . On the contrary to 10 Gbps as it is discussed in 2.1.4, a strong pulse 
overlaps occurs in the case of 40 Gbps transmission due to four times reduced signal 
period (or 16 times stronger dispersive effect).Thus the main non linear effects are 
intrachannel four wave mixing and cross phase modulation [19].The limitation caused 
by these two nonlinear effect take two different forms. The first is the production of 
timing and amplitude jitter of the “1”s originating from intrachannel XPM and the 
second is connected to intrachannel FWM and results in significant amplitude 
fluctuations as well as creation of Ghost Pulses at the center of “0”s which will gain 
sufficient energy to be detected as “1”s over a number of spans. The first can be 
greatly reduced by using a “symmetric” dispersion managed link [18, 19].DPSK signal 
format suffers less from XPM due to equal pulse energy in each bit period but major 
nonlinearity penalty in 40 Gbps DPSK is IFWM induced nonlinear noise phase due to 
the dependence of refractive index of the medium on the intensity of the applied 
electrical field [20]. 
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2.2.5 OSNR 

DPSK has a 3-dB better OSNR sensitivity than OOK due to differential detection. Every 
doubling of bit rate results in a 3-dB decrease in OSNR. So 40 Gbps has a worse OSNR 
than 10 Gbps by 6-dB. In summary, 40 Gbps DPSK has 3-db worse OSNR than 10 Gbps 
OOK. [13, 21, 22] .Amplifiers (like Erbium Doped Fiber Amplifier (EDFA)) are essential 
for amplifying the signal level to increase the OSNR but at the same time, the 
Amplified Spontaneous Emission (ASE) noise generated by the EDFA degrades OSNR in 
Also, by using DPSK format, there would be a gain of about 2.5 dB over long distances.  

 

2.2.6 Cost and complexity 

40 Gbps DPSK system has an elevated level of complexity in comparison with its 
predecessor bitrates. It uses a more complex method of modulation/demodulation 
based on phase variation and therefore detecting phase variation needs a more 
advanced modulator/demodulator set. [23] 

Distortion caused by the both forms of dispersion (CD and PMD) shall be largely 
eliminated which requires DCMs and DCFs along the link and a Tunable Dispersion 
Compensator (TDC) module for compensating CD at the receiver side increasing overall 
cost and complexity of the system.   

However, this complex modulation format has the advantage of better resilience 
toward nonlinearities. It only suffers from IXPM and IFWM but it is reported that the 
unwanted effect are much lower than they are for 10 Gbps OOK since it has a ~3 dB 
lower peak power. [19] 

 

2.3 100 Gbps DP-QPSK technology 

2.3.1 Modulation format 

Dual-Polarization Quadrature Phase Shift Keying with coherent detection seems to be 
modulation of choice for 100 Gbps long haul transmission. It is a rather complex 
modulation format coding 4 bits per symbol by utilizing a beam splitter dividing the 
output signal of a Continuous Wave signal from laser into the two arms of in-phase (I) 
and quadrature phase (Q) modulators. Then the output of each arm (named X and Y 
components) are again recombined producing an output that has X and Y polarized 
components orthogonal to each other and each component is comprised of I and Q 
signals making four signals denoted as X/I, X/Q, Y/I and Y/Q yielding symbol rate of 32 
Gbaud [24, 25] as shown in figure 2-8. 
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Figure  2-8: DP-QPSK Transmitter block diagram 
 [26] 

At the coherent receiver, received signal is mixed with a tunable laser local oscillator at 
a frequency close to that of received optical signal which generates mixing products at 
the difference frequency. Polarization and phase diversity are maintained with help of 
a beam splitter and optical phase hybrids. The resultant analog signals are then down 
converted, detected electronically, linearly amplified, digitized in high-speed Analog to 
Digital Converters and finally passed to Digital Signal Processor Application-Specific 
Integrated Circuit (ASIC) chip as shown in figure 2-9. DSP ASIC has the important 
functionality of compensation and equalization for impairments added to the signal 
along the propagation path through optical fiber such as CD, PMD and non-linear 
effects distortion.  

 

Figure  2-9: DP-QPSK Receiver block diagram  
[27] 

2.3.2 Dispersion 

At 100 Gbps, chromatic dispersion and polarization modulation dispersion are two critical 
factors for linear signal propagation impairments because they introduce signal distortions 
penalties that prevent high performance transmission. Their unwanted effects are 
worsened compared to 10 Gbps and even 40 Gbps. CD tolerance is approximately 100x 
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smaller compared to 10 Gbps and 6.25x smaller than 40 Gbps. Also, DGD tolerance is again 
10x smaller comparing to 10 Gbps and 2,5x smaller than 40 Gbps causing the PMD-limited 
reach become 100x shorter than 10 Gbps and 6.25x shorter than 40 Gbps. But since the 
optical signal is converted to electrical at the receiver side and is fed to the DSP, all of 
these distorting impairments are compensated in the electrical domain without any extra 
cost for physical CD and PMD compensators. Also, at 100 Gbps, there is a DSP at the 
receiver side, leaving no need for DCFs and DCMs along the link  

 

2.3.3 Non-linear effects 

Noise accumulated from amplifiers and nonlinear impairments like SPM and XPM are the 
only factors that limit the reach. There are no DCF and DCM in the link; therefore intra-
channel nonlinearities can be largely reduced since they are produced by those eliminated 
lumped compensators. The remaining inter-channel nonlinearities such as IXPM between 
WDM channels (generating timing jitter and nonlinear phase noise) and nonlinear 
polarization scattering (nonlinear polarization rotation) are considered as the major 
nonlinear impairments in a 100 Gbps system. [28, 29] 

 

2.3.4 OSNR 

The required OSNR for 100 Gbps is 10 dB higher than 10 Gbps and 4 dB higher than 40 
Gbps. [30, 32]  

DP-QPSK modulation format has 2,5-3 dB better OSNR than direct detection. Also, DSP and 
FEC (with over head of 20% as compared to 7 % for 10 Gbps and 40 Gbps) can help 
improve the OSNR with 1,3 dB .The limiting factors are the optical noise added by 
amplifiers along the link degrading signal to noise ratio. The solution would be to balance 
the amplifiers’ launch power with noise and non-linear effects since increasing input 
power will increase the nonlinear effects in fiber [32].  

 

2.3.5 DSP 

The main advantage of a Digital Signal processing module in a coherent detection 100 
Gbps DP-QPSK system is to compensate for the linear signal distortions due to the fiber 
length like CD and PMD. It simplifies the coherent receiver by moving the complexity of 
phase and polarization tracking into the digital domain. DSP reconstructs the received 
signal with help of the blocks detailed in the figure 2-10. [33] 
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Figure  2-10: Schematic of the DSP blocks in a digital coherent receiver 

 [34] 

2.3.6 Cost and complexity 

100 Gbps is a relatively new technology and the key components such as transponders and 
especially DSP chips are still very expensive.  But by further establishment of 100 Gbps 
systems, its cost would decrease accordingly as in other previous bit rate technologies. 

At 100 Gbps, a more sophisticated modulation format is used to minimize the optical 
impairments effects. DP-QPSK modulator itself is relatively more costly and much more 
complex than 10 Gbps but having 4 bits of data to be encoded and sent as one optical 
symbol optical impairments are easier to compensate. 

At the receiver side, there are many different stages in a coherent receiver making it 
complex and costly. DSP and other high speed components have the main share in the 
high price. But this complexity has a number of advantages as well: 

The high speed ADCs and DSP compensate for linear optical impairments that makes 
administration and control easier. Besides it will eliminate lumped CD compensator along 
the link and PMD compensator at the receiver. [35] 
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2.4 40/100 Gbps migration necessity 

2.4.1 A comparison with 10 Gbps system 

In the recent years, development of services that require more bandwidth consumption 
(like broadcast TV, video on demand, mobile internet, etc.) is demanding a fast expansion 
of capacity. In such a perspective, the ability to carry 40/100 Gbps is inevitable. Operators 
have invested in large amounts on the infrastructure that now utilize 10 Gbps DWDM 
system but at the same time this rapid growth in data rates is forcing them to move 
forward to more promising technologies and this is the major drive behind the necessity of 
find a coexistence guidelines with 40/100 Gbps systems and keep 50-GHz ITU-T grid. 

An important challenge is not to interfere with the operation of the existing 10 Gbps 
system and try to use the same resources for 40/100 Gbps systems. 

For the proper performance of 40/100 Gbps in 10 Gbps infrastructure, the following 
features need to be adapted: 

• Modulation format: the migration from the amplitude modulation (OOK) to phase 
modulation (DPSK for 40 Gbps and DP-QPSK for 100 Gbps) can provide a better 
resilience against non-linear impairments because signal amplitude remains almost 
constant. Because the points in the constellation diagram of both DPSK and DP-
QPSK formats have equal distance to the origin, they offer constant signal power in 
the fiber making this modulation formats more tolerant to the fiber non-linear 
impairments than OOK. On the other hand, OOK does not require sophisticated 
modulator/ demodulator as 100 Gbps coherent detection.[36] 

• Dispersion:  

a. Chromatic dispersion penalty is squared when bit rate increases, meaning that it 
becomes 16 times for 40 Gbps and 100 times for 100 Gbps than what it is for 10 
Gbps. Increase in chromatic dispersion is not problematic for 100 Gbps because it is 
compensated electronically in DSP but it will cause impairments in 40 Gbps system. 
Therefore like 10 Gbps, there is a need for inline compensators (DCMs and DCFs) 
and a Tunable dispersion compensator at the end of line. For 10 Gbps, a residual 
dispersion of ±500 ps/nm (about 30 Km) can be tolerated but this figure is 
decreased to about 31 ps/nm (about 2 Km) which stresses the need to use a 
precise compensation at 40 Gbps. It is in the range of 50’000 ps/nm for 100 Gbps 
DP-QPSK. [31,36] 

b.  The common PMD figure for 10 Gbps is accepted as 10 ps .This requires the 
system to be able to tolerate a Differential Group Delay of 30 ps which will be the 
same limitation for 40 Gbps and 100 Gbps system, meaning that it becomes 2,5 ps 
and 1 ps respectively. Again compensation seems necessary for both of the figures. 
PMD compensator is used in 40 Gbps but it is handled electronically in the DSP 
module for 100 Gbps. 
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2.4.2 Compatibility and co-existence 

In order to better utilize the capacity of current fiber optical network, carriers need to be 
able to transmit 10 Gbps NRZ-OOK signals along with 40 Gbps DPSK and 100 Gbps DP-
QPSK signals on different neighboring channels of the same DWDM system with 50 GHz 
channels grid and make sure higher bit rate systems are compatible with 10 Gbps design 
rules. 

40 Gbps and 100 Gbps systems have high signal power levels so the main impairment 
arises and that is XPM (phase noise distortion) occurring between 10 Gbps with 40 Gbps 
and 100 Gbps channels. CD and PMD tolerances are decreased in higher bitrates so they 
should be compensated in a network that transmits 10 Gbps signal along with 40 Gbps 
signal or 100 Gbps signal. 

3 Details of migration scenario 

 

3.1 Equipment 

To verify the proper functionality and compatibility of the equipment which were 
currently used for 10 Gbps system with 40 Gbps and 100 Gbps, a series of tests and 
measurements needed to be undertaken. First, equipments and optical components are 
briefly introduced and then the technology which they work with is discussed. Component 
data sheets give more detailed information about each of the component used in my tests 
that are gathered in appendix 1 at the end of this report. 

 

3.1.1 Transceivers 

They are the most basic components in an optical network. Transceivers are 
“transmitter + receiver” in a same package. The pluggable transceiver has the ability to 
work in different wavelengths in C band or L band or both (in the Tunable versions, 
they support a wide range of wavelengths and the working wavelength can be easily 
chosen).They come in a variety of form factors, abilities and specifications. The ones 
used in the following measurements are 10 Gbps XFP and 40 Gbps 300 pin transceiver. 
They are used on the line side of the transmission. 

• XFP: The module is a hot pluggable small footprint serial-to-serial data-agnostic 
multirate optical transceiver, intended to support Telecom (SONET OC-192 and 
G.709 “OTU-2”) and Datacom applications (10 Gbps Ethernet and 10 Gbps Fibre 
Channel). Nominal data rates range from 9.95 Gbps, 10.31 Gbps, 10.52 Gbps, 
10.70 Gbps, and the emerging 11.09 Gbps. The modules support all data 
encodings for these technologies. The modules may be used to implement 
single mode or multi-mode serial optical interfaces at 850 nm, 1310 nm, or 
1550 nm.[37] 

The used XFP for my test is made by “company A”. 

• 300-pin transceiver: as naming suggests the connection to the board is via 300 
pins and has a pair of input and output. It can be used for OOK and DPSK 
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modulation. The only part that defers in two modulation format is just its 
modulator and demodulator units that are phase modulation/demodulation for 
DPSK and amplitude modulation/demodulation for OOK. The kind that has 
been used during tests in this report is a 43/44 Gbps NRZ-DPSK transponder. In 
the data sheet that is in appendix 1 (sub-chapter 5.1.2),it is evident that data is 
fed through 16 X 2.5 Gbps electric input signals and is multiplexed into one 40 
Gbps electric signal and is converted to optical with help of a laser and the 
transmitted optical signal is phase-modulated. At the receiver side, it is 
demodulated using a delay line interferometer and pin photodetector and 
finally demultiplexed. 

The 300-pin transceiver that was used in the coming tests is from “company O”. 

 

3.1.2 Filters 

In my tests, there were different devices that can mimic the effect of filters by cutting 
the spectrum and blocking a range of frequencies. Narrowing the spectrum causes 
signal distortion which is not desirable. Signal passing through a number of devices and 
components experienced filtering effects such as multiplexer/demultiplexer, 
wavelength blocker and Optical Interleaver Unit. 

• Multiplexer/Demultiplexer: this module couples a single input to multiple 
output and multiple input to single output respectively. Each wavelength in the 
incoming signal’s spectrum entering the Mux module will be separated and exit 
monochromatically and similarly each of these wavelengths entering multiple 
port of demux will be combined again and continue to propagate in a single 
output. In the process of separation/recombination, a portion of the signal 
spectrum is cut and therefore the signal is filtered.  

Mux/Demux used in my test is from “company B” and work based on Arrayed 
Waveguide Grating (AWG). 

• Wavelength Blocker: It works like a tunable filter. It is capable of filtering 
(blocking) the signal spectrum. It is outlined in details in figure 3-1. When a 
number of tunable transmitters’ signals are combined and sent to Demux with 
the help of a splitter. At demultiplexer, each optical signal is decomposed into 
single wavelength components and each wavelength is passed through a 
switch. It is in these switches that one can keep a wavelength (let it pass 
through) or cancel a wavelength by simply opening the corresponding switch. 
Passed wavelength are again combined in a multiplexer and sent to an OCM for 
power level control. By using splitters, right before the demultiplexer unwanted 
wavelengths can be dropped and right after multiplexer some wanted 
wavelengths can be added to the main signal. 
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Figure  3-1: Wavelength blocker block diagram 
[http://www.nordu.net/development/fiberworkshop2007/NNW03022007%20OSB.pdf] 

 

The wavelength blocker module used in my test is from “company C”. It can filter 
DWDM channels (50 GHz spacing) and also further filtering to a minimum of 20 GHz. 

• Optical Interleaver Unit: This three-port passive device combines the set of input 
even channels (100 GHz spaced channels in 50 GHz grid DWDM) and odd channels 
(50 GHz spaced channels in 50 GHz grid DWDM) and has one output signal in which 
even and odd channels are arranged consecutively as shown in figure 3-2. Signal 
passing through OIU experiences a degree of filtration and its spectrum becomes 
narrower. 

 

Figure  3-2: Building block for the interconnection of Mux/Demux and OIU 
 

OIU used in my test worked based on Gire-Tournois etalon (GTE) from “company D”. 

 

3.1.3 Amplifiers 

The power of an optical signal that enters the input port of an amplifier will experience an 
increase. The optical amplifier used in my test is Erbium Doped Fiber Amplifier is from 
“company E”. 
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3.1.4 Wavelength Selective Switch (WSS) 

It is the main component in a Reconfigurable Add Drop Multiplexer module which is a 
key component in optical telecommunication networks. It can route, attenuate or 
blocks any number of wavelengths on the optical path. Wavelength entering this 
device can be attenuated, blocked or simply passed through in any selection. 

The switching engine for the WSS used in my tests is based on Liquid Crystal (LC) 
technology made by “company F”. 

Polarization modulation is used in the switching engine of tested WSS and figures 3-3 to 3-
5 illustrate them. It is based on the switching between two orthogonal polarization states 
of the input optical signal. The working principal of the LC switch is described in the 
following figures: 

Input light will pass through without any change in polarization if LC cell is off (no voltage 
applied) but when it is on, it changes the polarization of light to the orthogonal state. 

 

Figure  3-3: Changing polarization of incoming light by applying a voltage to LC cell  
[http://www.fiberoptics4sale.com/wordpress/what-is-wavelength-selective-switchwss/] 

 
Switching is done using a polarization beam splitter (a device that splits the signal into two 
orthogonally polarized beams) that changes the optical signal’s path according to its 
polarization state. Signal path will be different when the LC is off compared to the state 
where the LC is on and this is the basis of directing a signal to the desired path 

 

 

Figure  3-4: Signal switching based on polarization state 
 [http://www.fiberoptics4sale.com/wordpress/what-is-wavelength-selective-switchwss/] 

 

To perform a binary switching, N liquid crystal (LC) cells can select among 2N
 output ports. 

And an extra liquid crystal (LC) cell and polarizer can be used to provide attenuation. 
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Figure  3-5: Binary switching configuration 
 [http://www.fiberoptics4sale.com/wordpress/what-is-wavelength-selective-switchwss/] 

Company F’s WSS that works in the range between ITU-T channel 18.5 to channel 58 
(50 GHz spacing) was used in my test. 

3.1.5 Optical Channel Monitor (OCM) 

This device has the ability to monitor different parameters in an optical channel 
without directly measuring the bit sequence. An important parameter in a DWDM 
network is to keep track of each channel’s power level and controlling it. Other 
elements measured by an OCM are wavelength and OSNR and has a critical role in 
control loops. It sets an alarm when wavelength of the channel is out of range and 
when the signal power is low or is about to be lost. 

The first OCM module tested was from “company G” is a thick Volume Phase Grating 
to spatially separate different wavelength in a DWDM signal as shown in figure 3-6. A 
signal that contains a number of wavelengths is reflected to a lens to be collimated and 
from lens to a VPG where each wavelength is separated and directed (using a second 
lens) to the output. 

 

Figure  3-6: (a) Separation of different colors in a DWDM signal using VPG (b) their power spectrum 
[Company G’s VPG white paper] 

 

Then, as figure 3-7 shows, ultra-sensitive InGaAs array detector will detect each 
channel’s power and finally processed by a Digital Signal Processor unit. 
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Figure  3-7: Functional schematic of company G’s OCM module [after OCM spec] 

 

The next OCM is a 4 port and is made by “company H” and worked based on Micro 
Electro Mechanical Systems (MEMS) tunable filter, a photodetector and a 1x4 switch. 

The passband of the filter is determined by the aperture of the MEMS mirror. The 4 
input DWDM signals containing different wavelengths is passed through a 4x1 switch 
and reflected to a free-space grating and from that is reflected back to the MEMS 
variable aperture mirror. By increasing or decreasing the surface of aperture, desired 
spectrums of wavelengths are let through. 

Then the output signal is directed to a photodetector and then to a processor unit. The 
output signal is then fed to a 1x4 switch to be sent in 4 output ports. The details are 
discussed in figures 3-8 and 3-9. 
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a) 

 

b) 

Figure  3-8: a) MEMS tunable filter schematic b) 4x1 switch 
 [39,photo switch] 

 

Figure  3-9: Schematic of OCM module 
 [Company H’s spec] 

 

The last OCM was MEMS-based with the technology described above from “company 
I” with an exception; it is single port therefore there is no need to 1x4 switch. 
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3.1.6 Dispersion Compensating Module (DCM) 

It is a finished module that compensates for signal dispersion created along the optical 
fiber link. Dispersion compensating fiber can compensate for the dispersion using its 
negative dispersion characteristic (negative slope). Spectrum of a signal that passes 
through a certain length of DCF is compressed at the output of fiber. In general, signal 
power is more attenuated in a DCF than in equal length of ordinary fiber and also, DCF 
introduces PMD to the signal. 

DCM used in my test is made by “company J” and consists of a fixed length of 
dispersion compensating fiber in a box. 

 

3.1.7 Tunable Dispersion Compensator (TDC) 

 This device, like DCM, can compensate for the dispersion created through the fiber 
optical link. Also, tunability helps to compensate for all the dispersion and leaves no 
residual dispersion uncompensated.  

The TDC module that I used for my tests was from “company K” and used Gire-
Tournois Etalons as the method of compensation. 

Gire-Tournois etalon is practically a Fabry-Pérot etalon with one surface is 100% 
reflective and the other partially reflective. Light hitting on the partially reflective 
surface will experience a phase shift depending on the wavelength of the light. This 
phase shift can be thermally controlled by changing the thickness of the surface, its 
reflectivity changes [40] TDC from company K works based on this technology. There 
are 12 cascaded single etalons in it that each has an individual group delay response. 
The orientation of the slope is determined by where in spectrum is cascaded group 
delay responses distributed. Figure 3-10 shows individual and synthesis role of each 
etalon in forming a dispersion slope. 
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Figure  3-10: Group Delay Response for individual etalons (up) and cascaded etalons (middle) and 
different slopes resulted from different distribution of GDR curves 

 [company K’s marketing document] 
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3.2 Experimental results 

The aim of the tests performed on the equipments mentioned in the previous sub-
chapter was to evaluate and possibly verify their credibility and compatibility to 10 
Gbps OOK, 40 Gbps DPSK and 100 Gbps DP-QPSK modulation formats on. 

Purpose of each test, test method, the target parameter to be evaluated and the 
outcomes of each test are presented according to desired bit rate and modulation 
format of operation. The achieved goals or failures and their possible reason are briefly 
discussed in the next chapter. All tests have been carried out with following systems: 

- 40 Gbps DPSK system from “company L and M”. 

- 100 Gbps DP-QPSK (coherent det.) system from “company N”.  

 

3.2.1 BER versus OSNR for 40 G and 100 G  

• The purpose of this test: was to evaluate the effect of neighboring channels on 
the center channel. In this test, the two neighboring channels’ signals that have 
similar bit rates are positioned 200 GHz, 100 GHz and finally 50 GHz higher and 
lower on the spectrum according to the signal on the center channel which has 
different bit rate comparing to its neighbors. For example, if we suppose the 
center channel being positioned on channel 939 (ITU-T DWDM grid), the 
neighboring channels are on (channel 937 - TARGET channel - channel 941) for 
200 GHz separation, on (channel 938 - TARGET channel- channel 940 ) for 100 
GHz spacing and on (channel 938,5 - TARGET channel - channel 939,5 ) for 50 
GHz spacing. 

• Test method: center signal and two neighbor signals are sent through the setup 
in figure 3-11. BER is read from the Graphical User Interface of the signal 
generator of the center channel. OSNR is read from spectrum analyzer. Each 
wavelength has an independent PRBS sequence.  
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Figure  3-11: Test setup 

 

• Target of the test: is to evaluate the effect of neighboring channels on center 
channel’s BER versus changes in OSNR. 

• Outcomes: 

BER vs. OSNR for 200 GHz, 100 GHz and 50 GHz spacing: 

Channel A (neighbor-10 G) - Channel B (target-40 G) - Channel C (neighbor-10 G)  

First, one target channel carrying 40 Gbps signal and two neighbor channels that are 
positioned on 50 GHz separation (one with 50 GHz higher frequency and the other 
with 50 GHz lower frequency) each carrying 10 Gbps signals are fed into odd and even 
multiplexer/demultiplexer units. The output of each multiplexer are combined using 
odd and even ports of optical interleaver units and a single output from OIU is sent 
through the link. Extra noise is added by two EDFAs. Finally, the target signal is 
returned back to receiver port of 40 Gbps signal generator for BER measurement. 
Target signal is sent alone in the link to have a reference for better investigating the 
unwanted effects of neighbor signals on the target signal and to find the OSNR penalty 
that they will impose on the target signal. In figure 3-12 either all three signals have 
similar power level or just target signal has a specific power level but two neighbors 
have no power at all. Three different power levels for this test are 3,5 dBm, 6,5 dBm 
and finally 9,5 dBm. 
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Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels 2,0 dBm 2,0 dBm 2,9 dBm 

Figure  3-12: 50 GHz spaced A (10G) – B(40G) – C(10G) and OSNR penalties for each power level 

 

Single input curves have very low OSNR level at reference BER (1,0E-4) which seems 
unrealistic. As it was expected, lower input power level (3,5 dBm) has better OSNR and 
also smaller OSNR penalty compared to high input power level curve (9,5 dBm). The 
OSNR penalty is caused by non linear impairments that neighboring 10 Gbps signal 
impose on out 40 Gbps target signal. The OSNR penalty increases with increase in 
input power level because of higher interaction of nonlinear impairments in higher 
input powers. Also, nonlinear impairments are credible for the BER floor that is visible 
in the curve in which all three signals have 9,5 dBm of input power. 

By farther increase in neighbor-target signals separation, we expected to see that 
nonlinear impairment effects are becoming less and less critical because of the 
distance. Therefore, increase the separation to 100 GHz and made exactly the same set 
of measurements. Results of increased separation (100 GHz) curves can be seen in 
figure 3-13. 
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Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels < 0,1 dBm < 0,1  dBm < 0,1 dBm 

Figure  3-13: 100 GHz spaced A (10G) – B(40G) – C(10G) and OSNR penalties for each power level 

 
In this test, OSNR levels are increased to 14 dBm and are more realistic. The OSNR 
penalties are very small now meaning that the unwanted effects from neighboring 
channels are reduced. But still BER floor for high input power level (9,5 dBm) is 
present. 

To see how signals interfere with each other in larger separations, 200 GHz spacing 
was taken as the new separation. The same tests as the two previous cases were 
carried out on the signal. The results are shown in figure 3-14. 

 
Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels 0,5 dBm < 0,1  dBm 0,5 dBm 

Figure  3-14: 200 GHz spaced A (10G) – B(40G) – C(10G) and OSNR penalties for each power level 
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In 200 GHz, OSNR penalties are smaller than 50 GHz case but larger than 100 GHz case. 
Also, OSNR levels are lower than 100 GHz but larger than 50 GHz case. BER floor is still 
maintained. 

 
Channel A (neighbor-10 G) - Channel B (target-100 G) - Channel C (neighbor-10 G)  

The same setup and power levels and spacing as the first case was applied to this test 
with exception of the target channel carrying 100 Gbps signal. 

Figure 3-15 shows the result of test for 50 GHz separation 

 

 
Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels 0,3 dBm 0,2  dBm - 

Figure  3-15: 50 GHz spaced A (10G) – B(100G) – C(10G) and OSNR penalties for each power level 

 

No BER could be measured at 9,5 dBm because of nonlinear effects  from two neighbor 
channels increased errors. OSNR penalties are smaller for 10-100-10 than 10-40-10. 

Figure 3-16 shows the case in which the separation is increased to 100 GHz. 

 

 
 

 

 



32 

 

 

Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels < 0,1 dBm 1  dBm - 

Figure  3-16: 100 GHz spaced A (10G) – B(100G) – C(10G) and OSNR penalties for each power level 

 

BER floor exists for both 6,5 dBm and 9,5 dBm signal. For input power of 3,5 dBm, 
there is almost no penalty but for 6,5 dBm, OSNR penalty is even larger than that for 
50 GHz spacing. Again because of high non linear impairments interaction, there is no 
OSNR curve for 9,5 dBm with neighbors. 
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200 GHz separation for 10-100-10 is shown in figure 3-17. 

 

Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels 0,25 dBm 0,7  dBm 1,8 dBm 

Figure  3-17: 200 GHz spaced A (10G) – B(100G) – C(10G) and OSNR penalties for each power level 

 

With 200 GHz separation, the unwanted effects of nonlinear impairments are not that 
severe so BER vs. OSNR curve for input power of 9,5 dBm with two 10 Gbps neighbors 
is measured. BER floor also exists and has smaller slope compared to 50 GHz and 100 
GHz case because of high input power and large nonlinear impairments. OSNR 
penalties are also large. 

Channel A (neighbor-40 G) - Channel B (target-100 G) - Channel C (neighbor-40 G)  

The last set of measurements is 40-100-40 with 50, 100 and 200 GHz spacing. It is 
especially interesting because both target and neighbor signals are phase modulated. 
Fluctuations in intensity can cause cross phase modulation between 40 Gbps signals as 
neighbors and 100 Gbps signal as target signal which degrades OSNR and creates OSNR 
penalty. 

In figure 3-18, 50 GHz spaced 40-100-40 is shown. 
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Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels <  0,1 dBm < 0,1 dBm 0,9 dBm 

Figure  3-18: 50 GHz spaced A (40G) – B(100G) – C(40G) and OSNR penalties for each power level 

 

OSNR penalty is much less than when neighbor channels were 10 Gbps. There is a BER 
floor for high input power (9,5 dBm). 

100 GHz and 200 GHz separations are shown in figure 3-19 and figure 3-20. 

 

Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels 0,3 dBm < 0,1 dBm 1,1 dBm 

Figure  3-19: 100 GHz spaced A (40G) – B(100G) – C(40G) and OSNR penalties for each power level 
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Input power level 3,5 dBm 6,5 dBm 9,5 dBm 

OSNR penalty due to unwanted effects of neighboring channels <  0,1 dBm < 0,1 dBm 1,5 dBm 

Figure  3-20: 200 GHz spaced A (40G) – B(100G) – C(40G) and OSNR penalties for each power level 

 
Corresponding OSNR level for each input power is the same at 100 and 200 GHz 
separation. OSNR penalty at 9,5 dBm of input power is large for both separations. 

 

3.2.2 The effects of filtering on 40 Gbps and 100 Gbps signals 

• The purpose of this test: was to evaluate the effect of signal spectrum filtration 
by passing through components that have bandwidth smaller than the 40 Gbps 
and 100 Gbps signals. These components are Mux/Demux, WSS, OIU and finally 
WavelengthBlocker. 

• Test method: The following test setup in figure 3-21 was used in general. For 
“no Filter”, the signal was coupled directly to optical spectrum analyzer. For the 
other arrangements, involved components were cascaded and the output 
signal was fed to the spectrum analyzer. 

 

Figure  3-21: Filtering effect measurement setup 
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• Target parameter: is to study the effect of narrowing of bandwidth on the 
performance of the signal 

• Outcomes: 

Unfiltered spectrum of 40 Gbps and 100 Gbps are shown in figure 3-22. The green line 
shows the 3-dB reference and by that, 3-dB band width can be calculated as ~33 GHz 
for 40 Gbps and ~27 GHz for 100 Gbps signals.  

Unfiltered signal spectrum comparison (40G vs. 100G)

-35,00

-30,00

-25,00

-20,00

-15,00

-10,00

-5,00

0,00

5,00

193880 193900 193920 193940 193960 193980 194000 194020 194040 194060 194080

Frequency (GHz)

P
o
w
e
r 
(d
B
m
)

No f ilter-40G No f ilter-100G 3-dB BandWidth

 

Figure  3-22: Unfiltered 40 G and 100 G signal spectrum 

 

The first test is to find the effect of bandwidth narrowing on 40 Gbps signal. Signal was 
passed through a series of cascaded components like multiplexer, wavelength selective 
switch, optical interleaver units to check their filtering effect on signals spectrum and 
the resulting spectrum could be seen on spectrum analyzer. WSS cascaded with either 
of other devices determines the tightest filtering with 3-dB band width of ~28 GHz. 
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Figure  3-23: Filtering effect of different components on 40 G signal 

 

For 100 Gbps signal, the same test was carried out. Again, it was WSS cascaded with 
OIU or multiplexer that determined the filter with minimum band width which in this 
case is ~26 GHz. 
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Figure  3-24: Filtering effect of different components on 100 G signal 

3.2.3 The effects of filtering on BER versus OSNR  

• The purpose of the test: was to study the effect of decreasing bandwidth on 
BER versus OSNR performance for 40 Gbps and 100 Gbps signals 

• Test method: basically the setup in figure 3-11 was used but with different 
components as is indicated in the figure 3-21. The narrowest filter bandwidth 
belongs to wavelength blocker with 30 GHz bandwidth. 
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• Target of the test: To verify the destructing effect of narrow bandwidth on BER 
versus OSNR value for 40 Gbps and 100 Gbps signals. 

• Outcomes: 

To evaluate the effect of filtering on BER vs. OSNR, cascaded devices like OIU, 
multiplexer/ demultiplexer and WSS was used. Also to squeeze the signal even more, 
Wavelength Blocker was used that has the ability to filter down to 20 GHz. Figure 3-25 
and 3-26 show the filter profiles used in this test. 

 

 

Figure  3-25: Filter profile 

 

Filter spectrum for wavelengthBlocker

-30,00

-25,00

-20,00

-15,00

-10,00

-5,00

0,00

5,00

193935 193945 193955 193965 193975 193985 193995 194005 194015

Frequency (GHz)

P
o
w
e
r 
(d
B
m
)

Filter BW 50GHz Filter BW 44GHz Filter BW 38GHz Filter BW 32GHz Filter BW 26GHz

Filter BW 20GHz 3-dB BandWidth

 

Figure  3-26: Filter profile from 50 GHz to 20 GHz 

 

First, 40 Gbps signal was fed to multiplexer unit. After passing through a number of 
attenuators and amplifiers and 700 Km of single mode fiber; its BER versus OSNR was 
measured. The result can be seen in the figure 3-27. 
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BER vs. OSNR for filtered 40 G signal
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Figure  3-27: BER vs. OSNR for filtered 40 G signal 

 

OSNR level is degraded for filtering tighter than 33 GHz. The OSNR penalty at tight 
filtration is about 2 dB. The reason is that some significant portion of signal (unfiltered 
bandwidth equal to 33 GHz is cut that leads to increase in BER and degradation of 
OSNR. 

100 Gbps signal was also subjected to a similar test to evaluate the effect of filtering 
on OSNR performance of the signal. As can be seen in figure 3-28 filtering even as tight 
as 32 GHz has negligible effect on OSNR levels. 

BER vs. OSNR for filtered 100 G signal
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Figure  3-28: BER vs. OSNR for filtered 100 G signal 

 

There is a very small penalty in BER when decreasing the filter bandwidth from 46 GHz 
down to 30 GHz.  
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100 G BER for decreasing BW (46 GHz to 30 GHz)
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Figure  3-29: BER penalty for decreasing BW from 46 GHz to 30 GHz 

 

WavelengthBlocker from company C’s bandwidth decrease is stepwise, therefore the 
next bandwidth setting is 26 GHz which is smaller than ~28 GHz (unfiltered bandwidth 
of 100 Gbps signal) so the signal is lost with filtration tighter than 30 GHz and no BER 
can be achieved for this filtration. 

3.2.4 OCM performance 

• Purpose of the test: was to evaluate the performance of three OCM modules 
from company G, H and I. The aim is to see the smallest difference between 
power levels detected by the OCM and a calibrated power meter. Also, it is 
desirable that OCM is able to detect very low light power levels. 

• Test method: setup is the same as in figure 3-11. For multiport OCMs, 
measurements were carried on one of the ports. 

• Target parameter: to have the minimum difference between power levels 
detected by OCM to that of a calibrated power meter. 

• Outcomes: 

Company G 

This OCM device has two output ports. Figure 3-30 shows the test setup used to 
evaluate the performance of this OCM 

 
Figure  3-30: Test setup for company G OCM 
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The launched signal (10 Gbps and 40 Gbps) were fed to the multiplexer module and 
from there to an EDFA. The OCM was connected to the monitoring port of the EDFA. 
There was a control loop that could balance the launch signal’s level by help of in-built 
optical attenuator in the multiplexer .To verify the effect of the signal wavelengths on 
the performance of the OCM, three different channels (one in the upper C band, one in 
the middle and one in the lower C band) were chosen. Power levels detected by OCM 
(10 Gbps signal and 40 Gbps signal) and a calibrated power meter are presented in 
figure 3-31. 

 

Figure  3-31: Power difference between OCM and calibrated power meter for 10G and 40G signals 

 

The difference between the power levels detected by OCM and a calibrated power 
meter is about 0,3 dB. 

In the next test, three signals, arranged in three neighboring channels with 100 GHz 
spacing, are fed to the multiplexer to check the effect of neighboring signals on the 
target signal in the middle to evaluate the sensitivity of OCM. By keeping the 
neighboring signals’ power levels constant, target signal’s power level is continuously 
decreased until it is no longer reported by the OCM. Test is performed with the 
following arrangement: 10G-10G-10G, 10G-40G-10G and 40G-10G-40G 
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Figure  3-32: Adjacent channels’ power effect on center channel for 10G and 40G 

Difference is largest when two neighboring signals are 40 Gbps and the target channel 
is 10 Gbps because two neighbors are much broader than target channels spectrum 
and by decreasing the power level of target channel, it will disappear in the tails of two 
neighbors. 
Company H 

This OCM is a four port. Test setup is as described in figure 3-11. Measurements are 
done with port one of OCM. At 10Gbps, 40Gbps and 100 Gbps, three different 
wavelengths have been launched to the setup. Without filter (NoF), with Mux/Demux 
and finally with OIU. 

Figure 3-33 shows the power level of each arrangement measured by OCM versus the 
same value measured by a calibrated power meter for 10 Gbps signal. The ideal 
performance should be the closest to the blue line in. Figure 3-34 shows the same 
measurement results with difference for each case in a more graphical way. It can be 
seen that there an offset in power differences. 
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Figure  3-33: 10G signal, OCM detected power vs. calibrated power meter for different conditions 
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Figure  3-34: 10G signal, difference with calibrated power meter for different conditions  
 

Figures 3-35 to 3-38 show the result of the same measurements but with a 40 and 100 
Gbps signal instead of 10 Gbps 

 

 
 

 

 

 

 

 

 

 

 

 
 

 
Figure  3-35: 40G signal, OCM detected power vs. calibrated power meter for different conditions 
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Figure  3-36: 40G signal, difference with calibrated power meter for different conditions 
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Figure  3-37: 40G signal, difference with calibrated power meter for different conditions 
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Figure  3-38: 100G signal, difference with calibrated power meter for different conditions 
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Based on above figures, OCM measures more precise power levels for 40 and 100 
Gbps signal In comparison with 10 Gbps. The difference between the values measured 
by OCM and by a calibrated power meter is relatively smaller. 

Minimum detectable power is a test to find the minimum power level of the input 
signal to the OCM for 10 Gbps, 40 Gbps and 100 Gbps by constantly decreasing the 
input light until the OCM is unable to detect it. Figure 3-39 shows the minimum 
detectable power levels for 10, 40 and 100 Gbps signals. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  3-39: Minimum detectable power levels 

 

Minimum detectable power for this OCM is around -47 dBm. This measurement is 
more precise for 40 and 100 Gbps signal since they are closer to the blue line 
representing ideal performance of OCM. 

Adjacent channels’ power effect on the center channel is studied through a test by 
decreasing the power level on the middle channels accompanied by two neighbors 
(one positioned 50GHz up on the spectrum and the other, 50 GHz lower in spectrum 
having same power level and same bit rate) until the OCM is unable to detect any 
power in the middle channel. The middle channel has varying bit rate. Figure 3-40 
shows the differences.  
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Figure  3-40: Adjacent channel power effect for 10G, 40G and 100 G 

 

In table 2, a summary of the power levels of two neighbor channels and the middle 
channels along with the value detected by a calibrated power meter is provided 

 
Table 2: Power levels (dBm) for center channel measured by the company H’s OCM and power meter 

and its neighbors 
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The difference between target channel’s power levels with two neighbors is in range of 
17 dB (for 10 Gbps signal as target) and 7 dB (for 40 Gbps signal as target). For most of 
the cases, the difference between the value measured by OCM and the same value 
measured by a calibrated power meter is less than 1 dB. 

Company I 

It is a single port OCM. The performance of it has been tested with the same set of 
methods described in the previous section. Figures 3-41 to 3-46 show the achieved 
results with company I’s OCM for different tests. 
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Figure  3-41: 10G signal, OCM detected power vs. calibrated power meter for different conditions 
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Figure  3-42: 10G signal, difference with calibrated power meter for different conditions 
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Figure  3-43: 40G signal, OCM detected power vs. calibrated power meter for different conditions 
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Figure  3-44: 40G signal, difference with calibrated power meter for different conditions 
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Output port (100G signal)
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Figure  3-45: 100G signal, OCM detected power vs. calibrated power meter for different conditions 
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Figure  3-46: 100G signal, difference with calibrated power meter for different conditions 

 

The difference between the value measured with OCM and the same value measured 
with a calibrated power meter is relatively larger compared to company H’s OCM.  
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Minimum detectable power 

Output port minimum detectable power

-50

-49

-48

-47

-46

-45

-44

-43

-42

-41

-40

-50 -49 -48 -47 -46 -45 -44 -43 -42 -41 -40

Minimum Detectable Power by OCM (dBm)

M
in
im
u
m
 D
e
te
c
ta
b
le
 P
o
w
e
r 
b
y
 c
a
li
b
ra
te
d
 

p
o
w
e
r 
m
e
te
r 
(d
B
m
)

Port 1-10 G @ch939 Port 1-40 G @ch939 Port 1-100 G @ch939 IDEAL OCM PERFORMANCE

 

Figure  3-47: Minimum detectable power for 10G, 40G and 100G compared with a calibrated power 
meter 

 

Minimum detectable power for this OCM is around -42 dBm for 40 and 100 Gbps 
which is obviously worse than the same results for company H’s OCM.  

Adjacent channels’ power effect 

Figure 3-48 shows the effect of adjacent channels’ power level on the detection of 
smallest power level in target channel. Also here it can be seen that the differences are  

Larger compared to company H’s OCM meaning that the value detected by the OCM is 
not that precise. 
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Figure  3-48: Adjacent channel power effect for 10G, 40G and 100 G 

 

A summary of the power levels of two neighbor channels and the middle channels 
along with the value detected by a calibrated power meter is provided in table 3. 

 

Table 3: Power levels (dBm) for center channel measured by the company I’s OCM and power meter and 
its neighbors 
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3.2.5 TDC performance 

• Purpose of the test: was to evaluate the performance of TDC module in 40 
Gbps system. The module is subjected to series of tests in three different 
ambient temperatures and two different filtering schemes (weak and strong) to 
verify the desired performance. 

• Test method: setup is the same as in figure 3-49.The module is put in a heat 
chamber to mimic different ambient temperatures (at -5°C, 23°C and 58°C) and 
check the effect of temperature change on the performance of TDC module 
input signal to the TDC module was chosen to be 5 dBm. Filtering scheme was 
weak (a Mux and Demux having bandwidth approximately equal to 75 GHz) and 
strong (A Mux and Demux and 2 OIUs having a bandwidth approximately equal 
to 45 GHz) exhibiting the effect of filtering on the compensation at high 
dispersion levels (both positive and negative).To create a negative dispersion 
along the link, a single mode fiber optic with length of 40 Km was used and for 
positive dispersion a dispersion compensating fiber with the same length. 

 
 
 
 
 
 
 
 

 

 

 

Figure  3-49: Measurement setup for company K’s TDC 

• Target parameter: to evaluate the ability to compensate for a range of 
dispersion (from 0 ps/nm.Km up to ±700 ps/nm.Km) with the two different 
filtration schemes. 

• Outcomes: 

OSNR levels are measured for each dispersion value between -700 to +700 ps/nm.Km. 
Input power to the DPSK module can be changed using an amplifier positioned before 
the TDC module to find the optimum input power. The result for the both filtering 
schemes (weak and strong) and three different temperatures are presented in figures 
3-50 to 3-52.  
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OSNR (dB) vs. Dispersion value (ps/nm.Km) @ -5degC
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Figure  3-50: OSNR vs. dispersion value for weak and strong filtration at -5° C 
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Figure  3-51: OSNR vs. dispersion value for weak and strong filtration at 23° C 
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Figure  3-52: OSNR vs. dispersion value for weak and strong filtration at 70°C 

 

Weak filtration has lower OSNR level for all three temperature settings at 0 ps/nm.Km 
dispersion value but as dispersion increases in both positive and negative axis, strong 
filtration shows lower OSNR level. As figure 3-53 demonstrates, this is because at 0 
ps/nm dispersion, significant part of the signal is wide band (~48 GHz) so cutting a part 
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of it with filter (strong filtration) leads to degradation of OSNR while weak filtration 
can let through almost entire signal bandwidth unaltered (the difference between 
weak and strong filtration OSNR levels at 0 ps/nm is not that large since strong 
filtration has a bandwidth of about 45 GHz). At high dispersions, significant part of the 
signal is much narrower (~38 GHz) so filtration leads to better OSNR. 

 

Figure  3-53: Operating bandwidth for different dispersion settings at 10 ps Group Delay Ripple 
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3.3 Guidelines for upgrade 

Based on the results achieved from the tests discussed in previous section, a number 
of suggestions and guidelines for migrating from 10 Gbps to 40 Gbps and 100 Gbps 
signals (and even coexistence of 10 Gbps signal with either of them) are derived from 
the results: 

 

3.3.1 BER versus OSNR for 40 G and 100 G  

 10-40-10: according to figures 3-12 to 3-14, having a single channels at 40 Gbps and 
3,5 dBm of launch power would have the lowest OSNR (13,5 dB) at reference BER for 
with FEC (1.00E-4). By adding 2 neighbor channels containing 10 Gbps and with 200 
GHz spacing with center channels, a penalty of 0,4 dB is added to the OSNR. This 
penalty is because of nonlinear effects imposed to center 40 Gbps signal by two 10 
Gbps neighbors. By increasing the launch power to 6,5, OSNR tends to increase to 14,2 
dB. Higher launch power means stronger effects of nonlinearities and this is the reason 
why one sees higher OSNR at higher launch powers. This trend continues by launching 
9,5 dBm that has OSNR of 14,5 and a nonlinear effect penalty (adding two 10Gbps 
neighbors) of 0,4 dB. 

By decreasing the spacing from 200 GHz to 100 GHz, OSNR of 3 dBm launch power 
increases to 14 dB but the penalty drops to >0,1 dB for all the higher launch power. 
This is because here the dominant effect is nonlinear effects triggered by 40 Gbps 
signal’s high launch power. 

By decreasing the separation even more to 50 GHz, a strange phenomenon happens 
and that is 40 Gbps single channel signal, with either high or low launch power, has 
lower OSNR than the case being accompanied by two 10 Gbps. 

10-100-10: according to figures 3-15 to 3-17, lowest OSNR is again for single channel 
100 Gbps signal at 13,5 dB and then comes 3,5 dBm with two 10 Gbps neighbors with a 
small penalty to previous one at around 13,6 (extrapolated). In tighter spacing, the 
lowest OSNR belongs to lower launch power and then the same power with neighbors. 
Also the penalty between two (without and with neighbors) increases as the launch 
powers increase. 

40-100-40: According to figures 3-18 to 3-20, the above mentioned trend is sharply 
pronounced in this case 

Conclusion: at tighter spacing (50 GHz spacing which is the target spacing for 40 Gbps 
and 100 Gbps DWDM) lower launch power has always lower OSNR (because of smaller 
nonlinear effects from neighbors plus from the target signal itself).But when having 
broadband signals such as 40 Gbps and 100 Gbps both at target and as two neighbors) 
the interference increases which results in degradation of OSNR. At very low launch 
power, the dominant unwanted effect is ASE noise from amplifiers. 
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3.3.2 The effects of filtering on 40 Gbps and 100 Gbps signals 

Based on figure 3-23 and 3-24 with tighter filters (narrower bandwidth) one can 
understand that the signal spectrum becomes narrower. The order could be like this 
(larger bandwidth>…>smaller bandwidth): 

MDU > OIU > WSS > any combination of MDU, OIU, WSS > wavelengthBlocker 

The smallest possible bandwidth for 100 Gbps signal is 30 GHz .Tighter filtering than 30 
GHz leads to signal loss by the receiver. 

Although it could be thought that tight filtering in general is not desirable (because of 
cutting the significant part of the signal) but in some cases (like using the TDC) it is 
beneficial to have a tighter signal for better compensation of dispersion at high 
dispersion settings. 

 

3.3.3 The effects of filtering on BER versus OSNR  

Figure 3-29 shows that tight filtering imposes a penalty of around 2 dB for 40 Gbps but 
it is less than 1 dB for 100 Gbps. This is because 40 Gbps signal has wider spectrum 
than 100 Gbps. The highest penalty is for the wavelengthBlocker that has 30 GHz 
bandwidth. 

There is very small BER penalty for 100 Gbps signal when its bandwidth is decreases 
from 46 GHz to 30 GHz (loss of signal limit). 

 

3.3.4 OCM performance 

According to figures 3-33 to 3-40, company H’s OCM has the best results among the 
other two (although company G is the current OCM that Transmode supplies for its 
customers) because of: 

• Has four ports 

• Supports 10, 40 and 100 Gbps (while for example, company G and I don’t ) 

• Has lower minimum detectable power (~46 dBm) 

• The offset between OCM detected power and a calibrated power meter is 
constant (around 1 dB) which can be easily compensated and have a precise 
performance 

• Fulfils Transmode’s requirement for the minimum margin between neighbors 
for 10 Gbps and 40 Gbps (minimum 17 dB between 10 Gbps and its neighbors 
and minimum 7 dB between 40 Gbps and its neighbors) 

 



57 

 

3.3.5 TDC performance 

With regard to figure 3-50 to 3-52, at zero dispersion, weak filtration has lower OSNR 
because the entire signal passes and nothing is cut. At high dispersion (both + and – 
dispersions) the signal spectrum is smaller and therefore strong filtration has lower 
OSNR. 

 

3.4 Future works 

It seems necessary to perform more tests and measurements on  

• PMD compensator for 40 Gbps 

• the effect of the other forms of transceivers (like QSFP+) in 40 Gbps and 100 
Gbps 

• the possible effect of different manufacturing technology in the equipments 
that have been tested in this report 

Also, based on the results that are presented in this report, it is beneficial to carry out 
test on the equipments  and methods tested in the report but with optimized and 
more educated test conditions (such as input power, temperature, setup and etc.) 
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5 Appendices 

5.1 Appendix 1: Data sheets 

5.1.1 XFP 

• Company A: 

 
 
Company A produces the XFP transceivers used in the mentioned test to transmit and 
receive a 10 Gbps signal required for some tests. Beside 8G FC, it can support 10 GbE 
LAN/WAN PHY. It has a MZ modulator in the transmitter and a PIN receiver. It also can 
tolerate dispersions in the range of ±40 Km. 
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5.1.2 300-pin transceiver 

• Company O: 

 
Company O suggest this block diagram schematic to show the inside building blocks of 
a 300-pin transceiver. It consists of a connector that is connected to both the 
transmitter and receiver parts. Transmitter part has a tunable laser that is modulated 
by a driver that is fed with the output of a 16:1 mux and the generated signal is sent 
from the output of the modulator. At the receiver side, the signal is detected by a PIN 
and fed to a 16:1 demux unit. 
 

5.2 Multiplexer/Demultilexer 

• Company B: 
Mux/Demux unit used in the tests that were carried out in this report are an Athermal 
Arrayed Waveguide Grating which has a 40 channels each having a 100 GHz of spacing 
between each other. 
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5.3 Wavelength blocker 

• Company C: 
It has a 8 channel wavelength blocker plus an OCM unit to measure the power levels. 
The spacing is 50 GHz with a channel passband of ±12,5 GHz 
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5.4 Optical Interleaver Unit (OIU) 

• Company D: 
This specification clarifies the technical optical characteristics of the Optical Interleaver 
Unit used throughout the test. The spacing between the input channels is 100 GHz and 
it supports ITU channel grid between 192000 GHz up to 196000 GHz. 
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5.5 Optical Amplifier (EDFA)  

• Company E: 

 
Erbium Doped Fiber Amplifies device building block diagram is as illustrated in the 
above figure. It consists of number of fiber spans that are amplified by a pumping unit 
that has the role of amplification of the input signal. The power level of the out put can 
be tuned by help of a variable optical attenuator. There is a monitoring port to check 
on the output of the EDFA. It can amplify opical signals in the range between 1529 nm 
to 1565 nm. The saturated output power is 19,5 dBm. 
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5.6 Dispersion Compensating Module 

• Compnay J: 
The following table gives the nominal fiber length in the corresponding operating 
wavelength region in the C band in which chromatic dispersion is compensated by the 
DCM made by company J. 

 
 

5.7 40 Gbps DPSK module 

The following pictures illustrate the technical characteristics of the 40 Gbps DPSK 
module. It also gives a view of the schematic block diagram of the 50 GHz and 100GHz 
setup for OSNR using these modules. The DPSK module that is made by the company L 
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is working in the range between 43.1 Gbps to 44.6 Gbps with a minimum output 
power of about 3 dBm 

• Company L: 

 

The transmitter and receiver technical characteristics of the module made by the 
company M are listed below. As it can be read from the text above the table, this 
module works over the data rates in the range of 43.02 Gbps to 44.57 Gbps. 
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• Company M: 
o Transmitter 
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o Receiver 

 
 
 
 

5.8 100 Gbps DP-QPSK module  

The following pictures outline the technical specification of DO-QPSK 100Gbps 
modules. It illustrates the data rates that are supported on the client side of this 
module. 100 Gbps signal is arranged in 50 GHz ITU-T grid. 

• Company N: 
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