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Abstract: For the first time we demonstrate sampling dowreosion of a 10GHz phase
modulated optical signal using an integrated cafteexeiver with feedback. At a downconverted
frequency of 100 MHz we measure 19dB improvemeisIR.
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1. Introduction

The need for extreme linearity and low noise figureertain analog link applications has resulteén increased
interest in optical links that employ phase modafat{1]. However, the challenge in leveraging thatemtial
benefits of such links resides in the receiver ig@cture where standard interferometer based delatolu of
phase generates a sinusoidal response betweenpingse and output photocurrent. Our effort to geteea linear
response uses a feedback loop to a linear tragitiage modulator [2]. Other efforts include lineatian of the
receiver response using digital signal processBig However, both these approaches suffer from Waitt
limitations when the input frequencies are in esxceta few GHz. In the former approach, even witmpact
integration of electronics and photonics, physitedhys in the feedback path limit the stable loapdwidth.

In this paper we demonstrate optical down-sampl#jgas a viable technique for extending the inpeqgtiency
range of a coherent integrated receiver. By downedimg a 10GHz input signal to baseband, we ale tabutilize
the feedback architecture of the receiver to lilyedemodulate the phase of the carrier frequen@netough it
exceeds the bandwidth of the receiver.

2. Optical Sampling Experiment

In this technique a train of short optical pulsesf a high repetition rate pulsed optical sourgei¢ally a mode-
locked laser (MLL)) is used to sample the opticahge of the input RF signal via an optical phasdutador as
shown in Figure 1, right. The input signal is samapht a rate that's close to its RF period, thegmibre integrated
by the detector capacitance and a downconvertegudrecy component, is obtained. The frequency o thi
component is the difference between the pulseaatethe input signal frequency,fsf.2). The optoelectronic
integrated receiver uses this downconverted si¢gmdinearly demodulate the phase encoded carrgmabias
described in [5].
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Fig. 1. Left: Experimental link. Right: Optical Spiimg of phase modulated signal using pulse source

Figure 1, left shows a schematic of the experimdimia used to demonstrate optical sampling. A coeneial MLL
with fouse<9.95327GHz and pulse width<1.4ps is used. The leatths in the two arms of the fiber interferomete
need to be accurately matched in order to ensurpdeal overlap of the optical pulses from the sigamad



reference path. Here, an optical delay line is usedpath length matching. Polarization maintainfiitger and

components are used for stability. Currently, wendd have an optical filter that has high bandwidtid high

power handling capability (>26dBm) to filter out EShoise from the EDFA. Consequently, this limite toise

performance of the receiver. Another limitatiorréceiver performance arises from the super modsergenerated
in the laser cavity about -60dBc.

3. Results

Figure 2, left shows the detected fundamental pcaamer the power of the intermodulation distortiomts as a
function of modulator drive power at a downconverfeequency of 100MHz. The input RF tones#.852GHz
and f2=9.853GHz) are applied to the transmittersphaodulators whose ¥ are 4.4V and 5.5V, respectively.
When the receiver is operated without any feedi§apkn loop) the SIR is measured to be 35dB fonpatipower
of 6.75dBm. When the receiver is operated closeg lith feedback in effect several observations lmammade.
First, for a higher input power (9.75dBm) the SER1BdB higher. This gives a clear indication thme teference
phase modulator in the feedback path is lineadgking the sampled incoming signal phase at a &eacy of
100MHz. Second, the output RF power is nearly 20mier than the open loop case. This can be explaiye
noting that when feedback is in effect, there ietdecrease in phase swing across the phase diateodasulting
in a lower output power. Also, the signal is nopdad at the input of the reference phase modulatarthe output
of the balanced detectors as in the open loop cdSgure 2, right shows the degradation in SIR ighér
downconverted frequencies under closed loop omeralihis is consistent with the baseband measursnoéi2]
where at higher frequencies, the feedback gairedsess resulting in reduced phase tracking.
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Fig. 2.Left: Measured power of fundamental and IM2300MHz. Right: SIR as a function of downconedrfrequency.

The measured noise (-120dBm/Hz) is relatively hégid can be attributed to noise contributions frasthkithe
EDFA and the MLL.

4. Summary

In this paper we demonstrate photonic downconveraging an integrated coherent receiver with feeklb@he
19dB improvement in SIR realized at 100MHz downarted frequency suggests that this method can dx fos
linear optical phase demodulation at carrier fregies in excess of the bandwidth of the receiver.
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