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1.25-Gb/s Incoherent Spectral OCDMA Transmission
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B. Huiszoon, Student Member, IEEE, T. Spuesens, Student Member, IEEE, E. Tangdiongga, J. H. C. van Zantvoort,
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Abstract—The performance of an incoherent spectral optical
code-division multiple-access system using integrated en/decoders
is experimentally evaluated. Results are shown for a 1.25-Gb/s
transmission over 2.25-km standard single-mode fiber in case of a
single and two active users. Additionally, the optical and electrical
correlation values as well as the crosstalk factors are measured.

Index Terms—Code-division multiaccess, coding, decoding, inte-
grated optics, optical fiber communication, passive filters.

I. INTRODUCTION

T HE primary application domain of optical code-division
multiple-access (OCDMA) is the access network because

it offers cost-effective network deployment and management
combined with physical layer security [1]. Researchers em-
ploying the various OCDMA techniques currently focus on the
increase of the transmission performance. Cost-effectiveness is
a key issue in the access domain which make the properties of
an incoherent spectral OCDMA system particularly interesting.
It uses incoherent broadband sources, the coding rate thus
the system bandwidth (BW) is in the order of the bit rate and
complementary en/decoding effectively suppresses interferers
[2], [3].

Recently demonstrated systems employ fiber-based en/de-
coders (E/Ds) and bit rates below 1 Gb/s [4], [5]. Integrated
E/Ds are preferred to fully exploit the potential of monolithic
or hybrid integration. Future BW demands in access are largely
fuelled by peer-to-peer networking and user-generated content
such as digital video. Therefore, the access network should
anticipate and provide at least gigabit speeds symmetrically [6].

This work considers Mach–Zehnder interferometer (MZI)-
based integrated E/Ds first used in a cascade or ladder config-
uration by [7] which presented single-user transmission results
at 100 Mb/s in a back-to-back (BTB) configuration. A parallel
or tree E/D has been developed to process the code set with a
single device which is typically done at the central office (CO) of
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Fig. 1. Experimental setup, downstream PON configuration.

a passive optical network (PON). Recently, both E/D types have
been integrated in the low-loss Si N –SiO material system [8].
To the best of the authors’ knowledge, the first multiple-user
transmission results are presented in this letter. The system op-
erates at 1.25 Gb/s and a standard single-mode fiber (SSMF) of
2.25 km is used without dispersion compensation.

The remainder of this letter is organized as follows. Section II
describes the experimental setup in detail after which Section III
presents measured values of the correlation and crosstalk
within the code set. The transmission performance is shown in
Section IV. Finally, conclusions are drawn in Section V.

II. EXPERIMENTAL SETUP

The experimental setup is depicted in Fig. 1 for a down-
stream PON configuration. The output of the superluminescent
light-emitting diode is filtered by a bandpass filter (BPF) which
is placed after an isolator and has a 3-dB cut-off frequency
of 5 nm. This value is equal to the free-spectral range (or pe-
riodicity) of the MZI-based E/Ds. Then an erbium-doped fiber
amplifier (EDFA) is used to amplify the spectral slice before it
is encoded and modulated. A second BPF filters the amplified
spontaneous emission (ASE) noise generated by the EDFA and
has a 3-dB cut-off frequency of 12 nm. This value should be
closer to 5 nm in order to rigorously filter ASE noise but such
filters were not available. A performance degradation was ob-
served if BPFs of 5 nm were used after the EDFA because the
edges of the passband affect the shape of the spectral slice.

The optical power is optimized for the transverse-electric
(TE) mode via a polarization controller in front of the polar-
ization-dependent tree encoder (ENC). The MZI-based tree
ENC passively splits and filters the spectral slice and, as a
result, multiple 5-nm-wide amplitude distributions appear at
all its outputs which represent the spectral codes. Obviously,
such parallel coding occurs at the expense of a power penalty.
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TABLE I
MEASURED STATIC CORRELATION OF TWO-STAGE E/Ds, OPTICAL [mW]

TABLE II
MEASURED DYNAMIC CORRELATION OF TWO-STAGE E/Ds AT 1.25 Gb/s,

ELECTRICAL [dBm]

Tunable phase shifters in the ENC enable modification of the
filter patterns such that orthogonal codes can be produced.
An integrated MZI naturally has two complementary optical
outputs which are used in a modulation format referred to as
spectral shift keying (SSK). SSK transmits as a logical
“0” and as a logical “1” such that a binary data stream is
represented by a sequence of complementary filter patterns.

Here, a 2 8 tree ENC is used which is able to generate
four complementary sets of spectral codes [8]. The insertion
losses are 16.5 dB for each output. As shown in Fig. 1, a po-
larization-dependent high-speed 2 2 optical switch is used
for the SSK modulation and a second EDFA compensates for
the experienced losses at the ENC and switching. A third BPF
BW nm filters the ASE noise and the optical stream is

launched into an SSMF with a length .
At the receiver side, the optical stream is again optimized for

the TE-mode after which it is launched into a 2 2 cascade de-
coder (DEC) with an insertion loss of 8.5 dB. Then, a 12-GHz
balanced photodetector (PD) unit with a transimpedance
amplifier detects the optical intensity. The electrical signal
is filtered by a 938-MHz low-pass filter and amplified by a
12-GHz broadband amplifier with a gain of about 20 dB. The
polarization-dependency of the ENC and DEC can be signif-
icantly reduced [8].

III. CORRELATION AND CROSSTALK EVALUATION

The available code set is characterized via the auto- and cross-
correlation peaks (ACP, CCP) similar to [3] in case of a BTB
configuration, i.e., in Fig. 1. The ACP and CCP are
determined for the static and dynamic operation of the setup
using any of the four codes. Regarding the former, the optical
powers are measured at position in Fig. 1 when either or

is launched in the DEC. Regarding the latter, an encoded
1.25-Gb/s bit stream is decoded by the DEC and the electrical
power is measured at the output of the optical networking unit
(ONU) in Fig. 1. The results are shown in Tables I and II. In the
static case, two values are shown when either the spectral code
(left) or the complementary (right) is selected. The “row”-codes

TABLE III
MEASURED CROSSTALK FACTORS OF TWO-STAGE E/Ds

are set at the ENC while the “column”-codes are set at the DEC.
The values in Table I represent the optical power difference be-
tween the upper and the lower output of the DEC. As shown,
the ACP has a high and bipolar output while the CCP remains
low. In the dynamic case, the measured values in Table II in-
dicate that a contrast ratio of more than 16 dB can be achieved
between decoding with a matched and mismatched code.

The static correlation values in Table I can be used to calculate
the inbound and outbound crosstalk values for each code [9].
The outbound crosstalk value indicates to which extent a code
generates crosstalk at other users while the inbound crosstalk
indicates to which extent a user is affected by crosstalk from
other codes. Let us take Code A as an example. Then, with re-
spect to the values in Table I, its outbound crosstalk values are
determined by dividing the maximum CCP value found for ei-
ther the spectral code (0.08 at Code B) or the complementary
(0.08 at Code C) in the column of Code A by its ACP (0.52 and

0.39). Its inbound crosstalk value is determined by a similar
procedure in the row of Code A. The (absolute) crosstalk factors
are shown in Table III.

The values in Table III differ significantly from the values
determined via analysis in [9]. However, the analysis was done
considering ideal components and, therefore, represents the op-
timal case. The measured crosstalk values exhibit discrepan-
cies and in some cases a factor two difference may be observed
within a set of complementary spectral codes. Most likely de-
vice imperfections cause this difference. Regarding the inbound
crosstalk, Codes C and D display an equal response both for the
spectral code and the complementary. Considering the outbound
crosstalk of these two, D generates a large amount of crosstalk
(at Code A). Therefore, in the transmission experiments, Code
C is preferred using these devices.

IV. TRANSMISSION PERFORMANCE

The transmission performance of the setup shown in Fig. 1
is evaluated. The optical switch is operated by a pulse pattern
generator which generates a pseudorandom bit sequence
(PRBS) at a bit rate of 1.25 Gb/s. A higher order PRBS was not
allowed due to a poor low-frequency response of the amplifier
driving the switch. An SSMF with km is inserted
between the CO and the ONU which is close to the dispersion
limit of this system. The measured optical powers are shown in
dBm at various positions in Fig. 1. The decoded and detected
data stream is processed by a bit-error-rate (BER) tester. A time
gating of 100 s has been employed during the measurements.

In case of a single active user, the BER versus the received
optical power is depicted in Fig. 2 for all four codes. Note that
the received optical power at the input of the ONU is taken
and not the decoded optical power at the input of the balanced
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Fig. 2. BER versus received optical power, 1.25 Gb/s and PRBS � � � �.

Fig. 3. Eye diagram measured after 2.25-km SSMF transmission with two ac-
tive codes, BER � �� and PRBS � � � �.

PDs. Error-free transmission BER is clearly shown
in Fig. 2 with a transmission penalty smaller than 1 dB; no sig-
nificant difference is observed between the four codes and no
error-floor is present. The relatively poor receiver sensitivity of

7 dBm is merely caused by the losses of the DEC and a low
sensitivity of the balanced PD unit with respect to the ACPs
shown in Table I. If these values are improved, a significant im-
provement can be expected.

In case of two active users, an additional switch is placed
at the tree ENC in Fig. 1 and Code C is combined with any

of the three other available codes. Fig. 2 clearly shows the ef-
fect of adding a second channel by a roughly 3-dB increase
of received power. Error-free transmission is only determined
in case of the BTB because the received optical power level
was not raised higher than 12 dBm to prevent damage to the
equipment. Given that no error-floor exists for BTB prior to
the error-free BER level and the low transmission penalty for
a single user transmission, error-free performance may be ex-
pected for two users at higher received power levels. However,
a multiple-user interference penalty has to be taken into account.
The eye diagram in case of two active users after 2.25-km SSMF
transmission is shown in Fig. 3 at 12 dBm.

V. CONCLUSION

This work presents the first multiple-user transmission exper-
iments at a bit rate of 1.25 Gb/s for an incoherent spectral ampli-
tude encoded OCDMA system using integrated E/Ds. Error-free
transmission over 2.25-km SSMF is clearly shown for a single
user and up to a BER of could be measured in case of two
active users for a PRBS. The latter is expected also to per-
form error-free under improved conditions. The measured cor-
relation and crosstalk values confirm orthogonality of the code
set.
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