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Abstract low voltage operations are reported in [1], [2]. E©Oused in
I the measurements subbject of the present work f&thes

We deoTzonstrgte the fea_15|t_)|l|ty of .10'7 Gbis erreef shelf Lithium Niobate (LN) Mach-Zehnder modulatovgth
(BER < 107) optical transmission on distances up to 2 knén electro-optic bandwidth (-3 dB) of 12.5 GHz dfd7Gb/s
using a recently developed ultra-low-voltage comum@r . ,cission rate. They have been fabricated byréxgnow
EI_ectro-Opt_lc M_odulator (EOM) that is d_nven b_y 0/p and Oclaro) company. The LN modulators have been proodut
with an optical input power of 1 mw. (_3|ven t.h's loritage excellent from the point of view of radiation reaisce [3],
operation, the modulator could be driven directigni the [4]; they are immune to high magnetic field andytian be

detectors’ board signals without the need of ansthér oo .
amplification reducing significantly the power dsstion and %%(?(r:z?iaodnssafely down to -20°C, according to produce

the material budget.

B. Experimental Setup

The measurement setup is schematically drawn undid.
|. INTRODUCTION A 2 km SM fibre has been used between modulator and
The Large Hadron Collider (located at CERN, Genevd€ceiver, a distance which is exceeding by far lange any
CH) is foreseen to be upgraded in the future tachrean possible application in SLHC detectors. The CWrasaches
ultimate peak luminosity of 0cm? s*: that will be the so- the modulator via a 2 m PMF (with an optical powed mW
called Super-LHC stage. In the SLHC scenario, tredvidth @t 1550 nm wavelength) while the power at receimput is
needed for data extraction from tracking detectaitsgrow  €qual to -7 dBm.
significantly due to the huge particle contentighfrepetition -
rates. Increase in bandwidth of the optical linkikey factor | g s e

to allow fast data processing and to reduce lateimogs. Code: PRBS -1 - P@Rx =-7 Bm
Actual trend is focused on the development of 5sGlgvices S /

(10 Gb/s in perspective) as elements of the totak | Tunable| PMF | avanex w (Clock and Data
architecture. However a further increase in thesmaission el BEEE Feuckery o ie]
rate could be necessary either to reduce the nuaflmgtical (Agient 8164) oo

links per detector, leading to volume and cost ctidn, or to e el

fulfil the higher rate requested from possible na&igger (T?Bf\;]t) Error Detector
schemes. Voltage driving and power consumption ar (AP0 MPL769R)
strategic features of the data link in order topkéew the |

required power budget. EOMs allow using CW lasess a (~) e == Ezg‘zﬂl;fa”la'

optical source sitting outside the harsh radiagomironment, h

with positive impact on the reliability of the sgat and on the VRRIEIRRTTE]

detector global required power budget.
Figure 1:Schematic drawing of the measurement setup

IIl. LINK CONCEPT ANDMEASUREMENTS The physical dimensions of the 10Gb/s modulator are
) (48.0x9.3x5.0) mr) plus fibre connections (13 mm IN and 18
A. Electro Optic Modulators mm OUT). The transmission bit rate is set to 1067s@Gwith a

Electro-Optic Modulators are widely employed in thePSeudo-random bit sequence (PRBS2
telecom industry and represent a standard for 180Bb/s
transmissions. Recent developments on modulatormgiat



The modulator used in these measurements has & smal
package size, which is directly comparable to SERndard
A Results dlmen5|ons; in any case, options to further redacerall
. . . footprint are still open and under study. In theHEL
The Bit Error Ratio (BER) was measured varying thgerspective, EOMs are not meant to be used on esingl

I1l. RESULTS ANDDEVELOPMENTS

amplitude of the RF signal driving the modulatos shown  detectors, but rather on the serialized output ofeg of
in figure 2, a BER equal to 18 can be reached already at adetectors, in order to efficiently use the avagabhndwidth

driving voltage of 0.6 , over the 50Q impedance of the and reduce the number of needed data links.

modulator input. Such a low driving voltage mayagtg help

in the use of EOMs as elements of the architeaéir®@LHC

tracking detector readout systems; this featurédavithe need
of higher voltages (usually 3 to 5 V) solely dediéichto data
link operation.
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Figure 2:Measurement of Bit Error Ratio vs driving voltage

The above result opens up the possibility of ddgvthe
modulators directly with buffered detection boarditel
signals

B. Developments and Applications

At SLHC, in a tracking semiconductor detector, the

transmission data rate can be of the order of détsttion
barrel layer, depending on type of the transmiiteta [5].
The above figure implies the use of few hundreddnaitters

per layer at a digital rate of20 Gb/s. The use of EOMs,

which can presently reach speeds of 40 Gb/s, caid alata
transmission bottlenecks.

Tests with 1300 nm single mode fibre, together véth
study of polarization effects over the fibre lergtelevant for
SLHC detectors, are already planned.

IV. CONCLUSIONS

A demonstration of 10 Gb/s transmission with BERGE?
on a 2 km fibre optics employing a driving voltaag low as
V = 0.6 Vpp (on 50 Ohm impedance) is given. Furstedies
on polarization are ongoing, and form factor reurcis an
option to be still explored. Integration on boardsd
serialization of data are necessary to cope wittHGL
requests. The use of LN-EOMs may fulfil possiblguests of
faster than 10 Gbps/ devices while limiting the povand
material budget imposed by the next generationraxking
detectors for high energy physics. This is the orawhy
LNM EOMs are attractive in the implementation oé thext
generation experiment optical-links.
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