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Numerous kinds of pawer splitters are propased for optical communications, such as star couplers,
cascaded Y-branch, and multimode interference (MMI) based splitters. Recently. multimode intetference
(MMI) devices get much atfention for its use of photonic integrated circuits requiring low lass,
compactness and ease of fabrication There are many research cfforts regarding MM itsclf as a power
splitter or a coupler [1,2] and WDM devices integrated MM

The epitaxial wavegnide structure was grown by MOCVD (metal organic chemical vaper deposition),
which are composed of | pm-thick [nGaAsP core and 0.3 pm-thick InP ciad layers. The waveguide
region and the MMI region are detply ciched to 1.5 m employing CH,/H; reactive ion ctehing with 100
nm $iNx masking The Ix§ MMI was designed to have the ceater wavelenuth of 1540 am, and MM
width of 32 pm far 8 gutput ports The widths of both input and output waveguide need to be 2 um for

ion with i ization for a given cpitaxial structure.

We measured the wavelength dependence of the splitter for TE and TM modes as shown in Fig. 1{2)
and (b). The output power distribution is within 2 dB for 1520 nm to 1555 nm for TE/TM modes TM
mode is less disturbed for waveguide roughness, then the spectral response of TM mode shows better than
TE mode, From the above results, the wavelenpth or mode dependency doesn’t grealy affect on the
splitting ratio or intensity over the measured range.

In summary, we have shown that the 1x8 MMI splitter shows good performance at power splitting ina
wide wavelength range around centered wavelengrh. From the experimental results, the dominant factor
that affects on the splitter performance is the MMI splitice widih, The incident light mode or wavelength
does not sensitively act on power splitting in MMI.
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Balanced RF photonic tinks are of great interest because they can suppress faser relative intensity noise (RIN)
and amplified spontancous emission moise (ASE) from aptical amplifiers, achieving shot noise-limited
performance {1). To date, the highest performance RF photonic links have employed LiNbO3 Mach-Zehnder
modulators (X-MZM). Due to their interferometric operation, X-MZM links cannot simultanecusly achieve.
RIN cancellafion and large linear dynamic range [2]
We propose 2 navel balaucod RE photonic link using a balanced eleciroabsarption modulator (B-EAM). In
contrast to X-MZM, the B-EAM enables the simultaneous cancellation of laser RIN, added ASE noise, all even-
order distortions, and the 3" order distortion  The schematic of the B-EAM link is shown in fig 1 Differential
modulation of the B-EAM is achieved by feeding the
RF signals to the common electrode between the two

RF,
v
L EAMs, while the DC bias is equally split hetween
#_.# _C: w5 EAMs. The 130° out-of-phase signals from the two
—_ EAMs have cqual amplitudes for all bias voltages,

Buredn Since the balanced receiver detects the difference
photocurrent, the RF signals fom the two
diodes add in phase, while common-mode
noises and even-order distortion terms are cancelled
Therefore, the bias voltage on the EAM can be used to null the 3" order derivative of the modulator transfer
function Thus, the leading distortion term becomes the 5% order intermodulation.
We have developed a theoretical model to simulate the performance of the proposed link. The madel uses a
Taylar series representafion of the EAM transmission function to calculate the small signal gaie, harmonic and
intermodulation distortions. To determine the output noise floor, Lherma, shot, and intensity noisss from laser
and SOA have been taken into account The equivalent Vr of the EAMS is assumed to be 0 5V Total link loss
per amm is 10 4B, amplifier gain and noisc figure are 20 dB and 10 dB respectively Biasing the EAMs at 3%
order null results in a link gain of 3 25 dB, assuming 1mW laser pawer Figure 2 shows a camparison between
single and balanced link in term of
noise figure (NF) and spurious free
dynamic range (SFDR) In the
single-EAM link, for small taser
power, the use of the SOA lead to
shat noise-limited  performance.
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Fig | Trangmissium spectra of 1x& MMI splitter; {2} for TE-miode (b for TM-modz

same performance. In addition,
the achievable NF and SFDR are
limited by the additional noise
from the SOA [n contrast, in the B-EAM lin the suppression of common-maode intensity noises allows shot-
noise limited performance in a much wider range of laser power. NF as low as 5.841 and a multi-octave SEDR
of 130 dB-Hz"* can be achieved with 2 laser power of 1 mW, in the presence of RIN as high as —140 dB/Hz
As optical power increases, NF asymptotically approaches 0 dB and SFDR saturates since the B-EAM link is
ultimately firnitcd by the thermal noise generated at the input and successively amplified by the link.

In summary, we have proposed & novel balanced i d link that si cancels
RIN, added ASE noise, alt even-order distortions, and 3 order distortions The B-EAM can be monolithically
integrated with a DFB laser and SOA, allowing the possibility of all semicanductor RF lightwave transmitters to
achieve ultra-wide spuricus free dynamic range and low noise figure
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Fig 2 (s) Caloviated NF vs Pyand (b} SFDR v3 Py for single (dashed) and balancad
(solid) EAMs.
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