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Abstract—A control scheme for accurately optimizing (and also ~ 16%6bs Hybrid-integrated SMZ switch 10.5-Gbs
- o . . pseudo-random data pulses, demultiplexed data, A1
automatically stabilizing) the interferometer phase bias of sym- Al= 1564 nm hase shifier SOA P ’
Al l l
—

metric-Mach—Zehnder (SMZ)-type ultrafast all-optical switches is L &S %mm

proposed. In this control scheme, a weak continuous-wave light is ’ i
used as a supervisory input light and its spectral power ratio at the - *
switch output is used as a bipolar error signal. Our experimental  10.5-GHz

result at 168-Gbh/s 16:1 demultiplexing with a hybrid-integrated  control pulses, A2= 1546 nm :
SMZ switch indicates the feasibility and the sensitivity of this con- Control signal '  Error signal (lerr)

trol scheme. CW supervisory light, A3= 1580 nm : o

..........

Modulated CW, A3

Index Terms—All-optical, control scheme, demultiplexing,

interferometer, Mach—Zehnder, phase bias, semiconductor, rig 1. Experimental setup for demonstrating the phase-bias control scheme.
supervisory light. The feedback system drawn with dashed lines is proposed only in this work.

I. INTRODUCTION a bipolar error signal in optimizing the phase bias (Fig. 1). The

LTRAFAST all-optical demultiplexing has successfullyce\glrv \?V\;?/Ieelgathtf;Q?Eg:tfebgs\l’{wcﬁ:%L%g%eégsggrt?gc%?:ﬂ
been demonstrated at 168-252 Gb/s with hybrid-int% waveleng . gnt o .

: : ination inside the semiconductor optical amplifiers (SOAS) is

grated symmetric-Mach—-Zehnder (SMZ)-type semiconductor . . . .

. . X negligibly small as compared with that induced by the control

switches [1]-[3]. The response times of these switches arSIses
not limited by the semiconductor’'s carrier relaxation timel n r.inci le. the CW liaht reaches the switch outout onl

[4]. It has also been demonstrated that the SMZ-type all-op- P pie, 9 P y

tical-switch structure is applicable for ultrafast wavelengtggﬁgetgjesnvt\{;c?hs :JL};T;@K%EQZ?}S% Si&heg?‘?(::wjl tﬁzls(:e\}v
conversion [51, [(.3] and 3R regeneration [7], 8], as well aﬁght in a manner similar to a SMZ-type wavelength convertor
all-optical demultiplexing.

For specific applications that require a large switch—extinctiég]’ [10]. As aresult, the spectrum of the CW light at the switch

i . S .output is broadened. As was reported in an earlier work [10],
ratio, the interferometer phase bias inside the SMZ-type swﬁ&H F;,hape of this spectrum in thepregion around the original[ C\}V

has to be accurately optimized and also automatically Stabilizvevavelen th chanaes dramatically when the interferometer’s
for long-term operation. One example of such applications 9 9 y

I ; : . )
N : 1 demultiplexing, wheréV is relatively large. In this work, p%ase bias yvanders slightly away from its optimum value.
L7 Based on this phenomenon, we propose the use of the power
we propose a control scheme for optimizing (and also automat-: o
ically stabilizing) the interferometer’s phase bias ratio between two specific components of the output spectrum
' as an error signal for adjusting the phase bias to its optimum

value [11].
Il. PRINCIPLE OF THECONTROL SCHEME

We propose the input of a weak continuous-wave (CW) light Ill. EXPERIMENTAL RESULTS

to the SMZ switch as a supervisory light. A specific signal ex- We have tested the feasibility and the sensitivity of this con-

tracted from the CW light at the switch output is then used )1 scheme by applying it to the all-optical demultiplexing of
168-Gb/s pseudorandom data pulses to 10.5 Gb/s (16: 1) with

Manuscript received February 19, 2002; revised July 11, 2002. This wdAkr hybrid-integrated SMZ switch (Fig. 1). Thermooptic optical
was supported in part by the New Energy and Industrial Technology Devglhase shifters were incorporated into the silica-based planar-
opment Organization (NEDO) under the Femtosecond Technology Reseaﬁ@fhtwave-circuit (PLC) part of the SMZ switch. The 168-Gb/s

Association (FESTA). .
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2 2 at the switch output. The waveforms of the demultiplexed data
;‘:3'20 - were measured with a high-speed streak camera (Hamamatsu
0 . . L o . . / Photonics, C6860). The dashed lines in the spectra indicate
40 20 0 +20  +40 15795 15800 15805 1sslo  the original CW wavelength. Once the phase bias had been
Time (ps) Wavelength (nm) optimized to achieve the maximum output extinction ratio

(22 dB), the spectrum formed a smooth envelope [Fig. 3(a)],
Fig. 3. Demultiplexed data-pulse waveforms =(averaged) and e \yag theoretically predicted [10]. At this point, the ratio
corresponding supervisory-light spectra at the SMZ output. The relative . 7. .
phase bias determined with one of the phase shifters was: (ay (tBe P€etween the intensities of thel0-GHz sideband/( 1o ch.)
optimum value for this particular device); (b) 158nd (c) 1.24. Insets show and the—10-GHz sideband/( 19 gu,) was 2.1 (3.2 dB) and
the eye diagrams of the demultiplexed random data pulses. the bit-error rate was less thanxl 10~9. The effect of the
input of the CW supervisory light on the bit error rate was
The wavelength of the CW supervisory light was set tnot detectable. When the phase bias was increased byr(.21
1580.09 nm with a single-mode external-cavity tunable laséne intensity ratio/ 1o gu./I—10 gu. rapidly decreased, and
Furthermore, the input power of the CW light was sufficientlyhe level of the output extinction was significantly degraded
suppressed so that the CW power at the SMZ output under {R&. 3(b)]. On the other hand, the value bf,y ¢u./I-10 cu-
demultiplexing operation was less that20 dB of the control rapidly increased when the phase bias was decreased by 0.13
pulse power (Fig. 2). This CW power suppression assures tfraim its optimum value [Fig. 3(c)]. The insets in Fig. 3 show
the CW-light-induced carrier recombination inside the SOAs the respective eye diagrams of the demultiplexed random
sufficiently reduced. data pulses observed with a 30-GHz optical sampling scope.
Fig. 3 is a set of examples that show the correlation betwe&he decrease in the extinction ratio as measured with the
the (averaged) demultiplexed data-pulse waveform and thieeak camera in Fig. 3(b) and (c) was not so visible in the
shape of the spectrum produced by the CW supervisory ligieispective eye diagram. In the eye diagram, only an increase in
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the zero-level noise in average was observed (because of the
limited bandwidth). BN
The correlation between the output pulses’ extinction
ratio and the spectral intensity ratid o cu, /I-10 GHz)
is summarized in Fig. 4(a). These results indicate that
ITerr Iioguzl-10gu. — v (v = 2.1 in the present
example) is effective as a bipolar error signal. The value of
Ierr is sensitive to phase and crosses zero when the phase bias
drifts across its optimum value [Fig. 4(b)]. For comparison, the
average power of the demultiplexed signal is also effective as[3]
an error signal [Fig. 4(c)]. It is, however, unipolar and is less
sensitive in terms of optimizing the phase bias.

(2]

(4]

IV. CONCLUSION 5]

We proposed a new control scheme for accurately opti-
mizing the interferometer phase bias of a SMZ-type ultrafast
all-optical switch. A CW supervisory light is input to the
switch and generates a bipolar error signal at the output.
This control scheme does not require any high-speed optor,
electronics. The error signal derived as a result of this work,
Terr = 1110 guz/I-10 gz — v, appears to provide a feasible
and sensitive means for the phase-bias control. This scheme
will be useful for building a feedback circuit that automati- [g]
cally optimizes and stabilizes the interference phase bias in
SMZ-type all-optical switches.

(6]

9]
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