All-optical modulation via nonlinear cascading in type Il second-harmonic
generation
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Utilizing a type Il interaction for second-harmonic generation in a crystal of potassium titanyl
phosphate, we experimentally demonstrate the all-optical action of a light modulator with both
signal and output at the same optical wavelength. This modulator is controlled by the intensity of the
injected signal, a characteristic that makes it a suitable candidate for all-optical transistor action and
ultrafast analog processing in transparent networks for telecommunicatiod®9® American
Institute of Physics.

All-optical effects constitute an active area of interest dA(w,£)

which is beginning to expand into the research and develop- 'd—g—A’gij(wf),B(Zw,é)+iji(“”§)'

ment community. Transparent networks and all-optical real- 1)
time reconfigurable systems have become common concepts . dB(2w,§)

in those areas of investigation dealing with ultrafast dé =A@, Az @,6) +keB(20,8),

telecommunications.Recently, a new spur of activities in o
nonlinear optics for all-optical applications has been pro- 1=1.2,
moted by the novel, although physically well understoodwith A; and B slowly varying field amplitudes
concept of large phase shifts via cascading of second-ordein W2 m™b, kaﬁj(w)/X\/ﬁa kB:ﬂB(zw)/Xﬁ, I3
nonlinear effect$;® partly because of the mature technology:ZX\/E, P the total input power, and x
available in second-order materials in comparison to third-47/\d(2\/1/2ceyn? the effective nonlinear coefficient.
order systems. The cascading nonlinearity, however, is not These equations, however, encompass a richer phenom-
only being investigated as a potentially more suitable mechaenology when the initial conditions on the fundamental fre-
nism for producing phase shifts in all those configurationsquency (FF) waves are nonidentical, i.e., when one of the
for which the optical Kerr effect used to be considered thenput components is largéweakej than the other on&**
optimum candidat&? but it is revealing its peculiar poten- Under these circumstances, the well-known 3ggh) solu-
tials in other areas, such as new solitarylike solutions irtion for the transmission of the FF wave is replaced by a
space and tinfe® and analog processing. For the latter, vari- solution where energy is periodically exchanged between FF
ous all-optical modulator schemes have been proposed whigind second harmoni¢SH). This is illustrated in Fig. 1,
rely on the coherent nature of cascading nonlineawhere a small imbalance between the FF inputs results in-
interactions™*> One of them, utilizing a weak phase-
modulated second-harmonic seed signal to produce large , ,
throughput changes in the fundamental frequency pump in a
potassium titanyl phosphat&TP) crystal, has been recently
reported by us? 208 1
In this letter we report, to the best of our knowledge, the ~
first experimental demonstration of a KTP all-optical transis- % 06 3
tor which, in contrast to the schemes previously investigated, §
does not rely on a specific phase relationship between signafé 3
and pump and, moreover, is capable of producing an ampli- 5 0-4 ]
fied signal at the same optical frequency as the input. 1
The present scheme for all-optical modulation if based
on type Il second-harmonic generati@®HG), in the case of
unbalanced input components along the spatial directions 3
corresponding to the allowed propagation eigensolutions in 0.0 - ! SRRRERRES T
an anisotropic crystdf The equations governing the three- ‘ ' ‘ ' '
wave interaction for type Il SHG are the classical set describ-

ing parametric generation: FIG. 1. Total normalized fundamental intensjz)=(|A.(2)|?

+|Ax(2)|)1(|AL(0)]?+]A,(0)|?) vs distancez/L at phase matching far

=|A,(0)|%|A1(0)|?=1 (solid line) andr=0.9 (short dashex In the latter

AVisiting from the Department of Electronic Engineering, Terza University case the long-dashed line represents the wegke(%)|?) component. Total
of Rome, Via Eudossiana 18, 00184 Rome, ltaly. Electronic mail:input excitation wad.?y?’P=25 atw, and the calculation was carried out
assanto@diewshpl.ing.uniromal.it using plane waves and cw fields.
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FIG. 3. Fundamental throughpytvs total FF input fluence for a fixed ratio

5 R F=0.98 between the FF componentszr-0. (a)Numerical simulation for
+]A,(0)]%) vs angle of polarization at the entrance facet of the crystal. 45 ABL=0, 0.05m, 0.1, and time integrationtb) experimental results. A

corresponds to balanced excitation, i.e., standard type Il $S&®lumerical . AP . .
calculation including time averaging over a Gaussian pulse and for varioug:::zmahzed excitatiorl. “y“P=30 corresponds to an intensity of 32 GW/

wave vector mismatchegh) experimental results with 26 ps pulses.

FIG. 2. Fundamental throughputy=(]AJ(L)|?+|A(L)|?)/(|AL(0)|?

complete switching of energy from SH to FF waves. Whilefield_ at the en.trance of the crystal, so as to control t.he pro-
the case =1 (balanced FF inpujscorresponds to the stan- Jectl_on of_ the mpu_t onto the tw_o orthogonal _polanzatlon di-
dard type Il SHG caséhe standard configuration employed rections mvolvc_ed in a type Il |_nteract_|on. First, the cr_ys_tal
in KTP frequency doublejsa large transmission change is 2"d the electric field were aligned in order to maximize
introduced forr close(but not equalto 1. Such occurrence SHG, with an angle of 45° at the input facet. This resulted in
is more rapid withr and with better high/low contrast the & Substantial depletion of the fundamental. We verified that a
smaller the wave vector mismatch3= Bg(2w)— B,(w)  Waveplate rotation of-22.5° about this position resulted in a
— B,(w) characterizing the interactidi. Moreover, this Nnegligible amount of second harmonic, even at the largest
throughput variation, as also indicated by Hutchiegsl!®  Power available from the laser source. Then, after placing an
in the framework of frequency nondegenerate interactions, i§naging systent5x) and a 100um pinhole at the output of
insensitive to the phase offset of either FF input componentdhe crystal in order to reduceor eliminate the effects of
lending itself to all-optical transistor action with treela- ~ Spatial averaging, we measured the total throughput versus
tive) intensity control. waveplate rotation. Such rotation corresponds to a variation
For the experimental demonstration of this all-opticalin the ratio between the FF inputs. Figure@2and 2b)
modulation scheme, we utilized a 2-mm-thick flux-grown show the predicted and experimental results, for an input
KTP crystal. The crystal was mounted in an three-axis gobeam waist (1¢%) of 80 um and an estimated FF intensity
niometric stage and placed at the waist of a focused Gaussian 32 GWi/cnt. The effective nonlinearity was takerdﬁf)
beam from a 1.064m Q-switch mode-locked Nd:YAG laser =3.1 pm/V2® and for the simulation we assumed that a
producing single, switched-out 26 ps puls€8VHM) at a  certain phase mismatch was achieved over a pulse Gaussian
rep-rate of 10 Hz. The laser beam was linearly polarized anih time but planar in space. The latter assumption is accept-
a M2 waveplate allowed the angular shift of the FF inputable in view of the imaging geometry adopted for the mea-
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surement. The FF transmittance was normalized to its lineagrease in nonlinearity and/or interaction length would indeed
value, and no corrections were introduced for angular or temallow for two/four orders of magnitude reduction in power,
poral walk-off due to crystal birefringence. The results ex-with further reductions possible when using smaller cross
hibit an abrupt switching feature about 45°, with a transmissections and/or shorter pulses.
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