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Abstract: In this paper, a transceiver is presented £ e
which monolithically integrates a tunable wavelength §74 3t
duplexer, a reflective SOA (RSOA) and a detector. The gf <) g o
. . . 3 : <]
first characterization shows that the tunable wave- w_ | < S| s g
length duplexer has less than 2 dB excess loss, bet- 2 £ ; 3
ter than —15dB optical isolation between the up- N
stream and downstream signals, and can be tuned ef- ; ;
ficiently by electro-optical (Y= 2.5V) and thermal . B
(Ix = 15mA) effects, independent of the input polar- §H > z |-
ization state. A 750 um long RSOA achieves around  £-—[TRIHSRT— £ ;i 5
20dB on-chip gain, and a 30 um long photodetector 3 i bt 6
o : & ~——[IRUGFFSRI— 1
shows good responsivity of 0.4 A/W-a2V bias volt- 0 — kl 8
age. (a) (b)
Figure 1: (a) Wavelength allocation scheme at the lo-
Introduction cal exchange. (b) The spacing between the upstream

and downstream channels is 500 GHz, while the spac-
ing between the different channels in the network is

The single mode optic fiber has been adopted as the
50 GHz.

workhorse for the core and metropolitan networks,
and is also increasingly penetrating the access do-
main to meet the rapidly growing bandwidth require-
ment for different communication services from the
subscribers[1, 2]. The Dutch Broadband Photonics
Access project is dedicated to providing the users
with a congestion-free (first up to 1 Gbit/s, later up
to 10 Gbit/s) optic fiber access network, whose capac-

Tunable wavelength duplexer

RSOA
2 modulator

ity can be adapted according to the instantaneous and
temporal user needs. In this access network, the local
exchange, fig.1, distributes two wavelengths spaced

Figure 2: (Up) The layout of the integrated transceiver
consisting of a wavelength duplexer, a reflective SOA
modulator and a detector. (Below) The fabricated
transceiver used for characterization.

500 GHz for each user, one for the downstream data,
and the other one (CW) for later carrying the upstream )
data, while the spacing between the different channels'€ngth duplexer, a RSOA as transmitter, and a photode-
in the network is 50 GHz. Thus, a transceiver (ONU) tector. However, due fco the cost, it is not practical to
at the user site is needed not only to separate these tw§€PI0Y such a transceiver at the user site.
wavelengths, but also to detect the optical downstreamin this paper, we present a reflective transceiver which
data required by the user, and transmit the upstreanmonolithically integrates all above discrete compo-
data from the user. Since the wavelengths are decidedents within one chip based on butt-joint regrowth
by the local exchange, the transceiver has to be wave-on InP, fig.2. The wavelength duplexer is a Mach-
length agnostic, which is why a reflective semiconduc- Zehnder (MZ) interferometer, composed of two 3 dB
tor amplifier is chosen as a transmitter. In this way, the MMIs, connected by two waveguides with different
wavelength specified by the local exchange could belength. The length difference between two MZ-arms
amplified, modulated and reflected at the user site. Pre-is 85um, to match the 500 GHz band spacing between
vious research [3] has demonstrated a transceiver upgach upstream and downstream channel-pair. To max-
to 1.25 Ghit/s by using discrete components: a wave-imize the transmission for the upstream/downstream
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i : e Figure 4: A polarization insensitive duplexer with

500GHz 500 GHz channel spacing. Shown is the measured
transmission as a function of the wavelengths.

Figure 3: Incoming wavelengths from the local ex-

change with the passbands of the wavelength du-

plexer organic-vapor-phase epitaxy (MOVPE). The first epi-

taxy finished with a 120 nm thick SOA active InGaAsP

_ layer (Q1.55Agap= 1.55um), embedded between two
channel-pair selected by the local exchange, the waveqyaternary confinement layers (Q1.25) with different
length duplexer of the transceiver has to be able to tunegoping levels, covered by a 200 nm thick p-InP layer.
the proper wavelength, fig. 3. In order to tune this in- Next, the active sections were defined by lithography
terferometer, both arms have been provided with 2mmanq reactive ion etching (RIE) using a SiMyer as
tuning electrodes. The RSOA is realized by applying etching mask. In the second epitaxy step, a n-Q1.25
a high reflectivity coating (HR) at one side of the chip. |nGaAsP layer and a 200 nm non-intentionally-doped
To avoid lasing, the other facet of the chip, where the (n j d) InP buffer layer were selectively grown for the
light is coupled into and out of the device, is provided passive sections with the Sishask protecting the ac-
with an anti-reflection coating (AR). To further reduce tjye sections[4]. In the third epitaxy step, the p-doped
any residual reflections, the input waveguide is placed|np cladding layers with graded doping level and the

at an angle with the chip facet, and a mode filter is p.InGaAs contact layer were grown with a total thick-
inserted to filter first-order modes. ness of 1300 nm.

The device works as follows. Two wavelengths (Al the waveguides were fabricated by RIE. Polyimide
and A2) come from the network into the transceiver a5 spun for passivation and planarization. By etching
from the left side. They are spatially separated by the hack the polyimide, the p-InGaAs contact layer was
tunable wavelength duplexer and guided to the pho-eyposed and Ti/PYAu metal layers were evaporated to
todetector4s) and the reflective SOA modulatakd).  form the electrodes on the top and the ground (n-InP)
The downstream data, carried By, is detected by 4t the packside. After annealing and cleaving, the chip
the photodetector, whilk; is a continuous wave (CW)  \yas soldered on a copper chuck with a Peltier cooler
light and is guided to the RSOA where it is modulated, {5 the characterization.

amplified and reflected back to the network. Since _ .

the polarization state of the incoming light varies with For measuring the transmls_spn of the duplexer, we
time, the device should be polarization insensitive. used the spontapeou_s em|SS|on_spectrum from an
EDFA to couple light into the device. The spectral

Below, we present th_e fabrication and measurementresponse was recorded with an optical spectrum ana-
results of the transceiver. The tunable duplexer Waslyzer. The result of the measurement is shown in fig. 4.
tuned by both the electro-optic effect and the thermal 1o yertical axis shows the transmission of the du-

effect for TE and TM polarization. The saturation eyar normalized to a shallowly etched straight wave-
power of the RSOA was measured at different injec- ¢jiqe " From the figure, we can see that the excess

tion currents, and the gain of the RSOA was obtained. s is Jess than 2 dB; the isolation between two datas-
The dependence of the photodetector responsivity OMreams is better than 15 dB; the peak transmission is

_the wgvelength and on the input optical power Were jnsengitive to the polarization state of the light.
investigated.

When a voltage is applied in reverse bias over the

2mm long electrode on one of the MZ-arms, a change
Fabrication and Characterization in the effective refractive indexNgsr) is induced by

the electro-optical effects[5]. The measured values
The devices were fabricated in material grown on an are shown in fig. 5, from which we also see a polar-
N-type InP substrate by three-step low pressure metaldzation insensitivity over a 5V range. According to
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Figure 5: The extracted effective index change due to
electro-optical effects as a function of the reverse bias
voltage, for TE and TM polarization.
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Figure 6: The extracted effective index change due to
thermal effect as a function of the injection current for
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Figure 7: Fiber-fiber gain as a function of the input
optical power forA = 1524 nm at different injection
currents.
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Figure 8: Small signal fiber-fiber gain (before satu-
ration) as a function of the injection current fdr=
1524 nm. The input optical power is18 dBm.

TE and TM polarization. fiber-fiber gain for a fixed input injection power of
—18 dBm s shown in fig. 8. Near the peak wavelength
the equatio\@ = 2"ANegrL, a value fo;; ~ 2.5V is (1524 nm) a gain of more than 8 dB can be obtained,
obtained, for both TE and TM polarization. The po- which is sufficient for our application. The maximum
larization insensitive tuning with high efficiency under injection current is limited by the the lasing threshold
electro-optical effects are mainly due to the carrier in- of the RSOA, and the measured threshold current is
duced effects [6], the high field confinement due to the about 100 mA. We believe that this can be improved

deep etch, and a thin depletion buffer layer above theby further removing residual reflections.

waveguide film [7]. The modulation speed of the RSOA is limited mostly

Instead of applying a tuning voltage, we can also in- by the carrier lifetime, which is shortened with higher

ject a current through the electrode, to generate heat tanjection current. For an InP based SOA the carrier
change the refractive index. The result, fig. 6, shows lifetime is on the order of hundreds of picoseconds,
that the thermal tuning is polarization insensitive, and thus corresponding to GHz modulation rates. Koren et
the tuning current for obtaining phase shiftly, is al. [8] have measured the modulation bandwidth of a
about 15 mA for a 2 mm long gold electrode. The mea- single SOA at different injection currents, up to 3 GHz

surement results show that the refractive index changewhen SOA was saturated.

is linear with the injected electric power (i.e. quadratic The photodetector has the same layer structure as the
with the injected current). RSOA, but works under reverse bias. We fabricated
We measured the saturation power and gain of thedetectors with lengths ranging from gt to 60um.
RSOA for a device with 750m length. Fig.7 shows Here we present the measurements of tham3dong

the fiber-fiber gain for different injections currents. At and 2um-wide detector. The dark current of the pho-
the highest injection current (80 mA), the gain starts todetector is less than 50 nA-ab V reverse bias volt-

to saturate at an injection power level ofl5 dBm, age. The measured responsivity, shown in fig. 9, is
shifting to —10 dBm at lower injection currents. The ~0.4A/W at—2V bias. This corresponds to ~90% in-
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Figure 9: Responsivity of 3@m long detector as a
function of the wavelength at difference reverse bias
voltages.
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Figure 10: The photocurrent as a function of the input

optical power input from the angled input side for a
30um long photodetector ipeax= 151518 nm.

(6]

ternal quantum efficiency if the fiber chip coupling loss

is estimated at-4.3dB. The photocurrent increases
linearly with the input optical power up to more than
4dBm (2.5 mW) when the photodetector is reversely
biased, shown in fig. 10. The estimated bandwidth for [7]
this detector is up to 25 GHz based on RC time and
carrier-transit time calculation.

_ (8]
Conclusion

In this paper, we reported a monolithically integrated
transceiver that consists of a polarization insensitive
tunable duplexer, a RSOA modulator and a photode-
tector. The tunable duplexer has less than 2 dB excess
loss and gives better than 15 dB isolation between the
downstream and upstream data channels. Polarization
insensitive tuning is realized by employing both the
electro-optic effects\f; ~ 2.5V) and the thermal ef-
fect ;= 15 mA). The transceiver obtained more than

8 dB fiber-fiber gain at 90 mA injection current, and a
good responsivity ot 0.4 A/W for a 30um-long pho-
todetector, at-2 'V reverse bias.
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