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Abstract A new optical D8PSK modulator implementation is proposed. The proposed scheme removes the need 
for precise driving signal voltage control. Simulation results show the scheme enables modulation signal 
generation with more relaxed EO bandwidth requirements. 

Introduction 
Various optical multilevel modulation formats have 
been studied extensively to meet the increasing 
demand for capacity in optical communication 
systems. In particular differential quadrature phase-
shift keying (DQPSK) scheme has been investigated 
in long-haul transmission experiments1,2 due to its 
advantage of high nonlinear tolerance and better 
OSNR performance comparing with other alternative 
formats. Recently, optical differential 8-level phase-
shift keying (D8PSK) system has been proposed and 
verified experimentally3. It offers higher spectral 
efficiency than DQPSK scheme and can be used in 
high spectral efficiency direct detection or coherent 
detection optical communications systems. The 
implementation of D8PSK modulator typically uses a 
cascade structure including a QPSK modulator and a 
phase modulator (PM). However, the generated 
constellation diagram is a strong function of the 
driving voltage and the frequency response of the PM. 
The voltage amplitude of the driving signal for PM has 
to be precisely tuned to obtain the desired phase 
deviation of /4. Currently there is no reported 
technique for achieving automatic tuning of the driving 
voltage to meet this requirement. Furthermore, any 
bandwidth limitation or non-flat amplitude spectral 
response of the driving amplifier or the modulator will 
translate directly to the deviation of the resulted 
constellation diagram from the ideal one and thus will 
impact on the system performance. Therefore PM 
modulator with high electrical-optical (EO) bandwidth 
and broadband driver amplifier is necessary in this 
D8PSK optical modulator implementation. 
In this paper, a new optical D8PSK modulator 

implementation is proposed for eliminating the 
problems above. The scheme uses two cascaded 
QPSK modulators with an interferometer in between. 
The simulation results further show that the modulator 
has more relaxed requirements for EO bandwidth of 
the DQPSK modulators used and can achieve 
performance close to that of an ideal D8PSK 
modulator. 

Working Principle 
Fig.1a and Fig.1b show the configurations of two 
possible implementations of D8PSK modulators. In 
the conventional modulator implementation, a QPSK 
modulator is followed by a phase modulator3.The 
proposed new D8PSK modulator in Figure 1b can be 
constructed with a delay-line Interferometer (DLI) 
placed between two QPSK modulators. The first 
DQPSK modulator together with the DLI serve the 
same function as the phase modulator used in a 
conventional D8PSK modulator implementation by 
selection between two subsets of DQPSK 
constellations with /4 phase shift between them. 
While the second DQPSK modulator serves the same 
function as the DQPSK modulator in conventional 
implementation. 
The DQPSK constellation { i=(i-1) /2+ /4, i=1..4} 
after the first QPSK modulator is shown in the left 
diagram of Fig.1c. The driving signals {I’ Q’} are 
selected such that the differential phase between two 
successive output symbols are either zero or /2. As 
a result there are eight possible combinations for 
neighbouring driving signals, as seen in Table1. In the 
DLI one symbol will interfere with the next one with 

/4 phase offset. For the differential phase of zero or 
/2 (illustrated in Diagram I and II of Fig.1c) the 
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Fig. 1: (a) conventional modulator (b) new proposed modulator (c) the working principle of the new modulator 
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output phase after the DLI has one value of the 
subset I(i) or II(i) separately. With those two 
subsets as the input, the second QPSK modulator 
has the output of two DQPSK constellations 
respectively: I’(i) and II’(i), having /4 phase shift 
between each other. Therefore the differential phase 
value of zero or /2 is decided by the following {I’ Q’} 
of the differentially encoded D8PSK data enabling the 
selection between I’(i) and II’(i). Further in the 
selected constellation which one would be the output 
phase is decided by differentially encoded {I Q} . 
With the typical D8PSK demodulator and receiver3, 
the logical relations for the differential electrical 
encoder with Gray code implementation are found as 
the following: 
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where I’i, Q’i, Ii, and Qi are the output bits of electrical 
encoder in time slot i with the input: the given bits to 
be transmitted, a, b, c, and the encoder output in 
preceding time slots (i=Ii-1 and q=Qi-1).These 
equations are confirmed by numerical simulations. 
The proposed modulator does not need complex 
tuning of driving signal voltages and only requires 
automatic DC bias control for D8PSK modulation. DC 
biases control of the two QPSK modulators can be 
implemented with the reported scheme4. In the DLI if 
the phase offset has a deviation from the ideal value 
of /4, the interference output will have different 
power for the zero and /2 differential phase. And the 
resultant noise-like power fluctuation induces low 
frequency components in RF spectrum. By minimizing 
the integrated energy of low-frequency components 
the bias of the DLI is stabilized at the /4. 
Simulation Results 
Performance of the two modulator implementations 
are compared by simulating the generation of a 
112Gb/s D8PSK signal (having the Symbol Rate (SR) 
of 37.77GHz) assuming the EO bandwidth of the 
modulator is limited. The rise/fall time of the driving 
signals is assumed to be fixed 25% of the symbol 
period and the bandwidth of the photo detector is 
assumed to be 0.75 of the symbol rate. The driving 

signal is filtered by 3rd low-pass Bessel filter before 
injected into modulators for simulating the limited EO 
bandwidth. Eye-opening penalty (EOP) for the middle 
eye of the signal after demodulation and balanced 
photo-detection is shown in Fig.2 as a function of 3dB 
cut-off frequency of the electrical filter. With 0.5dB 
penalty the required minimum EO bandwidth for the 
conventional and proposed modulator is around 
0.9*SR and 0.6*SR respectively. With the same 
bandwidth of 0.9*SR for two modulators the 
generated signals are filtered by 3rd Gaussian optical 
filter and the induced penalties are compared in Fig.3. 
The new proposed modulator has much higher 
tolerance to narrow filtering than the conventional one. 

 Conclusions 
A new D8PSK modulator without the need of precise 
data amplitude tuning is proposed. The simulation 
results show its advantages of lower EO requirements, 
higher tolerance towards narrow filtering compared 
with the conventional implementation. 
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Fig. 2: The EOP vs. modulator EO bandwidth 
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Fig. 3: The EOP vs. optical filter 3dB bandwidth

Tab. 1: the phase in the proposed modulator 
 

Neighboring Driving Signals and the Corresponding 
Output Phase in First QPSK Modulator 

Differential Phase 
After the First 

 QPSK Modulator {I’(n) Q’(n)} {I’(n+1) Q’(n+1)} 

The Phase 
After the DLI 

The Phase 
After the Second
QPSK Modulator

{0 0}  1 {0 0}  1 1+ /8 
{1 0}  2 {1 0}  2 2+ /8 
{1 1}  3 {1 1}  3 3+ /8 Zero 

{0 1}  4 {0 1}  4 4+ /8 

I(i)= i+ /8 
i=1,2,3,4 

I’(i)= i+ /8
+ /4 

i=1,2,3,4 

{0 0}  1 {1 0}  2 1+ /4+ /8
{1 0}  2 {1 1}  3 2+ /4+ /8
{1 1}  3 {0 1}  4 3+ /4+ /8/2 

{0 1}  4 {0 0}  1 4+ /4+ /8

II(i)= i+ /4
+ /8 

i=1,2,3,4 

II’(i)= i+ /8
+ /4+ /4 
i=1,2,3,4 
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