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ABSTRACT

The possibiSty of using Ti • LiNbO3 and stogie mode Ebers for nu-

cl_ear particle al'erection and transmission in Large-scale machines, such

as: Superconducting Super Co_ct'er, cMl,s form detailed ra_ati.on daznage

study. In this report, we present racliation studies on Ti • LiNb03 Mach-

Zehnder interferometric optical modulators with fast neutrons and high

energy Gamma-rays.
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Ra_ation StudiesofOpticalInterferometMcMod_ators with FastNeutruns and High

Energy Gamma-rays, T. Tsang and V. Radeka, Brookhaven NationalLaboratory,Up-

ton,NY 11973,C.H. Bulmer and _V.K.Burns,Naval ResearchLaboratory,'VVashington

D.C. 20'375-5000.
d,

Prehminary res_ts using optical motivators to detect and transfer signals gener-

ated by high. energy particles are very promising.t Successful operation of these devices

in the radiation hazard environment requires a detailed radiation damage study. There

have been extensive studies on Ti : LiNbO3 waveguides and directional couplers exposed

to a variety of ionization radiation. 2 However, data concerning irradiation of an opera-

tional device with fast neutrons and high energy Co-60 Gamma-rays are lacking but are

essential when _,he TJ: LiNbOa: Mach-Zehnder modulators are used in nuctear particle

detection. The change of the optical properties (transmission or photorefractive-like

properties) would affect the operational characteristics of the device.

A total of 27 interferometric modulators a were fabricated in x-cut y-propagating

Ti : LiNbOa, without a buffer layer, at the Naval Research Laboratory. The waveguide

branching angle is 1.2° with electrodes of length 14 mm and arm spacing of 60 #m. The

interferometer loss, as compared tc the straight channel, is 3 - 4 dB. The interferomet-

ric fringe intensity has an extinction ratio of ,-- 26 dB with a Vr voltage of ,_ 2.0 volt

and an input capacitance of a few pF. These modulators, and 2 straight channel waveg-

uides for transmission test, were separated into three batches and then exposed to total

doses of 4.3x10 ta, 0.82x10 t3' and 0.31x10 ta neutrons/cm _, respectively, in 5 hours. An-

other 6 modulators and one straight channel were not exposed to neutrons and are used

as a reference. Fast neutrons are generated via the 7Li(p, n)TBe reaction by bombard-

ing a thick metallic Li target with. protons from the CN Van de Graaff accelerator at

the University of Lowell. The energy of the fast neutrons is > 10 keV and the ratio of

'Gamma-rays to neutrons production in this facility is only 1:12, 4 therefore, minimum

effects caused by gamma-rays arc avoided. Because the devices are not pigtailed with

fibers, the transient behavior can not be obtained in-situ. However, several tests of the
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optical characteristics were performed immediately (within 1 hour) after the irradia-

. tion, therefore, any anneafng effect would have been observed. We examine the optical

trans_ssion at the wavelength of 1.3 #m, the extinction ratio, the modulation voltage

• V_,, and the magnitude and stability of the zero voltage phase bias point ¢o, on all

interferometers including the reference. Figure 1 shows a typical transfer characteristic

of a modulator before and after fast neutron irradiation. The channel transmission was

-4.0 + 0.1 dB before and after neutron radiation. Within experimental error, there

. was no change in optical transmission (in contrast to electron ionization where color

centers are usually formed), 2 modulator phase bias angle _o, modulator V,T or the ex-

tinction ratio, see Table 1. In an actual detector situation, the signal charge applied

to the electrode of the modulator will generate an optical signal output. The optical

signal is then transfered through a fiber to a fast preamp-shaper receiver at a remotely

_oca_ed and electrically noise-free environment. Figure 2 shows a typical result of the

charges detected by a modulator-receiver after fast pulse shaping technique is applied. 5

Another batch of similar single-channel devices has been fabricated by NRL. Ra-

diation damage experiments, to be performed at BNL, using high energy gamma-rays

Co-60 source are in progress. With pigtailed fibers attached to one device, the transient

behavior may be obtained during the irradiation in this experiment. We will present

the details of the results at the conference.
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Figure Captions

n

Figure 1.

Transfer characteristics of a Mach-Zehnder modulator before and after receiving a total

dose of ,,_4.3xi0 ta n/cm 2 fast neutrons.

Figure 2.

A typical modulator-receiver response at the shaping time of _ = rd = 3 ns with 2.5x10 5

electrons injected to the modulator.
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Table 1: Summary of the fast neutron irradiation

(

@NRL Before radiation After radiation •

modulator # Vn (volt) I ¢o (degrees) Vn (volt) ¢o (degrees),,=,,

3 2.00 -29.4 2.06 -29.7

4 2.06 22.7 2.06 22.7

6 1.98 -45.5 1.98 -45.5

7 2.00 -131.4 2.01 -131.6

8 2.03 -84.4 2.02 -84.7
,

9 2.02 -50.8 2.02 -51.7

10 2.04 165.4 2.05 166.0

12 2.09 -159.3 2.07 -158.6

13 1.99 -123.9 2.03 -124.3

14 2.03 -69.2 2.03 -69.2
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