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A tunable modulation format converter based on spectral line-by-line pulse shaper is proposed to realize different 

format conversions. The pulse shaper works as a format converter by setting its frequency response equivalent to the 

transform function between two formats. The working principles show that the format converter is suitable for 

different formats by adjusting its frequency response. Examples of format conversion from return to zero differential 

phase-shift keying (RZ-DPSK) to on-off keying (OOK) with different data packets and from return to zero (RZ) to 

non-return to zero (NRZ) are given. The results show that the format converter is not only suitable for different 

formats but also for random data packets. 
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All-optical signal processing has aroused much attention 

in recent years due to its ability to eliminate the optical- 

to-electric and electric-to-optical conversions. Optical 

arbitrary waveform generation (OAWG) is a technique 

for generating arbitrary waveforms by manipulating 

intensity and phase of individual spectral lines from 

incident signal[1]. It is widely applied in all-optical signal 

processing, such as data packets generation in different 

modulation formats and all-optical modulation format 

conversion[2,3]. 

Different devices and techniques have been used to 

realize all-optical modulation format conversions. Previous 

reports have achieved all optical format conversions 

from 120 Gbit/s RZ-D8PSK to 80 Gbit/s RZ-DQPSK, 

and from RZ to NRZ using a highly nonlinear fiber[4,5]. 

Recently, the format conversion from OOK to 16-QAM 

using a nonlinear optical loop mirror has been 

demonstrated[6,7]. A fiber delay interferometer followed 

by two parallel tunable narrow-band filters is used to 

realize CS-RZ to NRZ format conversion[8], and a fiber 

delay interferometer with a cascaded SOA is used to 

accomplish RZ to NRZ format conversion[9]. However, 

these structures can only complete one kind of format 

conversion. 

In this paper, a tunable modulation format converter 

based on spectral line-by-line pulse shaper is proposed. 

Different sorts of format conversions can be accom-  

plished by changing the frequency response of the pulse 

shaper. DPSK to OOK modulation format conversion is 

needed when the information carried by a long-range 

DPSK signal has to be transferred into a short-range 

OOK signal. All-optical RZ to NRZ format conversion is 

an important interface technology for future optical 

networks, which will include both wavelength division 

multiplexing (WDM) and optical time division multiplexing 

(TDM) technologies. Two examples (RZ-DPSK to OOK 

and RZ to NRZ) are demonstrated to illustrate the 

converter’s function.  

Fig.1 shows the schematic diagram of the proposed 

tunable modulation format converter. The input signal is 

incident to the spectral line-by-line pulse shaper through 

an optical isolator. The pulse shaper is based on two fiber 

Bragg grating arrays. It can manipulate the amplitude 

and phase of individual spectral line and realize 

independent phase control. In Ref.[10], detailed analysis 

about the pulse shaper in this structure has been 

demonstrated. The pulse shaper is based on the principle 

of linear filtering. There are not new spectral lines in the 

output signal compared with the input signal. The pulse 

shaper can be used as a modulation format converter by 

setting its frequency response as the transform function 

between two formats. In time domain, assume the input 

signal and the corresponding output signal are x(t) and 

y(t), respectively. In frequency domain, the output of the 

format converter Y(f) is the product of the input signal 

X(f) and the frequency response of the format converter 

H(f), which is shown as 
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( ) ( ) ( )Y f X f H f= .                        (1) 

 

Fig.1 Schematic diagram of the proposed tunable mo- 

dulation format converter 

 

Each RZ-DPSK symbol is formed by the same 

temporal shape with power dropping to zero between bits. 

In an RZ-DPSK signal, the ‘1’ bit is represented by a π 

phase shift and the ‘0’ bit is represented by the 

unchanged phase from one bit period to the next. In an 

OOK signal, the temporal shape mentioned above 

indicates the ‘1’ bit, or else it indicates the ‘0’ bit. 

According to the features of RZ-DPSK and OOK, in 

time domain, the output OOK signal yOOK(t) can be 

generated by the superposition of the input RZ-DPSK 

signal xDPSK(t) and a replica of xDPSK(t) with T1 time 

delay and an extra π phase shift, which is expressed as  

( ) ( ) ( ) jπ

OOK DPSK DPSK 1
ey t x t x t T= + − ,            (2) 

where T1 is the bit period. In frequency domain, the 

output of the format converter YOOK(f) is the product of 

the input signal XDPSK(f) and the frequency response of 

the format converter H1(f). H1(f) is described as 

( ) 1

j(π-2π )

1
1 e

T f

H f = + .                         (3) 

Eq.(2) demonstrates that yOOK(t) has a π phase shift in 

adjacent ‘1’ bits. It is a modified duobinary return to zero 

(MD-RZ) signal. The MD-RZ signal has the advantages, 

compared with the conventional RZ signal, that self- 

phase modulation in single channel and cross-phase 

modulation and intra-channel four-wave mixing in WDM 

transmission systems can be reduced[11].  

In an RZ signal, the power level drops to zero between 

bits. In an NRZ signal, two consecutive ‘1’ bits are 

transmitted without the power level falling to zero 

between bits. The temporal shape of a ‘1’ bit in RZ 

signal and that in NRZ signal are represented by xRZ(t) 

and yNRZ(t), respectively. In frequency domain, the 

converted NRZ signal YNRZ(f) is the product of the input 

signal XRZ(f) and the frequency response of the format 

converter H2(f), which is described as 

( ) ( ) ( )
NRZ RZ 2

Y f X f H f= .                    (4) 

The transform function H2(f) can be easily obtained from 

Eq.(4) in condition that xRZ(t) and yNRZ(t) are defined. 

When values of the phase shift of each spectral line 

caused by the first array and the second one are adjusted 

according to H1(f), the line-by-line pulse shaper can 

accomplish RZ-DPSK to OOK modulation format 

conversions. Then adjust the phase shift values in the 

light of H2(f), and the pulse shaper will become an RZ to 

NRZ format converter.  

For demonstrating the RZ-DPSK to RZ-OOK and RZ 

to NRZ modulation format conversions, we need to 

determine the temporal shape of each symbol. The 

raised-cosine filter has an impulse response with zero 

intersymbol interference. In the following simulation, the 

temporal shape of each RZ-DPSK symbol and ‘1’ bit in 

RZ signal are a special waveform whose Fourier 

transform is a raised-cosine function in frequency 

domain. The temporal shape of ‘1’ bit in NRZ signal is 

defined to be a raised cosine roll-off waveform. 

The first zero crossing width of the temporal shape of 

each RZ-DPSK symbol is set to be 3.44 ps. Then the 

bandwidth of RZ-DPSK signal is limited to 1000 GHz. 

The bit period T1 is set to be 6.88 ps. A pulse shaper with 

25 gratings in each array, which are centered at 1550 nm 

and spaced at 40 GHz, is used to accomplish the 

RZ-DPSK to OOK modulation format conversion. 

In order to make the pulse shaper to be an RZ-DPSK 

to OOK format converter, the pulse shaper needs to 

realize the transform function described by H1(f) via 

adjusting the fiber stretchers in the FBG arrays. The 

length of the fiber delay line G in Fig.1 is set to be 40 m. 

Then the values of the phase shift of each spectral line 

caused by the first array and the second one, φ1,n and φ2,n, 

are obtained according to H1(f), which are indicated by 

‘*’ symbols in Fig.2. The frequency response of the 

format converter is shown in Fig.3(a). Fig.3(b) shows the 

impulse response of the format converter. The two main 

peaks in Fig.3(b) have a T1 time interval and a π phase 

difference, which are consistent with Eq.(3). Under such 

conditions, the pulse shaper can transform the input 

RZ-DPSK signal into the corresponding OOK signal 

with the same bit rate. Two examples of RZ-DPSK to 

OOK format conversion with different data packets are 

shown in Fig.4 and Fig.5, respectively. In Fig.4 and Fig.5, 

the output OOK signals have a T1 time delay compared 

with the input RZ-DPSK signals, and adjacent ‘1’ bits 

have a π phase difference in OOK signal. Those features 

are in agreement with Eq.(3). The results demonstrate 

that the proposed modulation format converter could 

convert RZ-DPSK signal with random data packets into 

OOK signal correctly with one bit period delay.  

 

 
(a) 
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(b) 

Fig.2 Values of φ1,n and φ2,n in RZ-DPSK to OOK 

converter (‘x’) and RZ to NRZ converter (‘∗’) 
 

 
(a) 

 
(b) 

Fig.3 RZ-DPSK to OOK format converter: (a) The 

spectral response; (b) The impulse response  
 

 
(a) 

 
(b) 

Fig.4 RZ-DPSK [1011011] to OOK [1011011] format 

conversion: (a) Input signal; (b) Output signal 
 

 
(a) 

 
(b) 

Fig.5 RZ-DPSK [1101011001] to OOK [1101011001] 

format conversion: (a) Input signal; (b) Output signal 
 

For simplicity, the temporal shape of a “1” bit in RZ 

signal is the same as that of RZ-DPSK signal mentioned 

above. The temporal shape of a “1” bit in NRZ signal is a 

raised cosine roll-off waveform with a roll-off factor of 

0.5, and its first zero crossing width is 8 ps. So the 

transform function of RZ to NRZ format conversion, 

H2(f), can be obtained according to Eq.(4). A pulse 

shaper with the same structure as mentioned above is 

used to realize H2(f) via adjusting the fiber stretchers in 

the FBG arrays. The length of fiber delay line G in Fig.1 

is also set to be 40 m. The phase shift values φ1,n and φ2,n 

indicated by ‘×’ symbols in Fig.2 are acquired according 

to H2(f). The frequency response of the RZ to NRZ 
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format converter is shown in Fig.6(a). Fig.6(b) is the 

impulse response of the RZ to NRZ format converter. 

Fig.6(a) demonstrates that the transform function supresses 

the spectral lines on the side strongly and the centeral ones 

not so much, which corresponds to the spreading in time 

domain. In such conditions, the pulse shaper can transform 

the input RZ signal into the corresponding NRZ signal with 

the same bit rate. For example, the RZ signal [11010011101] 

is converted into the corresponding NRZ signal correctly 

after transmission through the pulse shaper, which are 

shown in Fig.7(a) and Fig.7(b), respectively. 

From the two examples, it can be concluded that by 

changing the phase shift values indicated by ‘*’ symbols 

into the ones indicated by ‘×’ symbols in Fig.2, the pulse  
 

 
(a) 

 
(b) 

Fig.6 NRZ to RZ format converter: (a) The spectral 

response; (b) The impulse response  

 

 
(a) 

 
     (b) 

Fig.7 RZ [11010011101] to NRZ [11010011101] format 

conversion: (a) Input signal; (b) Output signal 

 

shaper becomes an RZ to NRZ format converter from an 

RZ-DPSK to OOK format converter. The pulse shaper is 

able to implement different format conversions by only 

adjusting the phase shift value of each spectral line.  

In this paper, a tunable modulation format converter 

based on line-by-line pulse shaper is proposed. For a 

given transform function between two modulation 

formats, the converter can accomplish this format 

conversion by setting the phase shift values caused by 

the FBG arrays in accordance with the transform 

function. With this method, the pulse shaper is used to 

accomplish RZ-DPSK to OOK format conversion and 

RZ to NRZ format conversion. By means of changing its 

frequency response equivalent to different transform 

functions, the pulse shaper can realize different format 

conversions with random data packets. 
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