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2. PARAMETRIC INTERACTIONS
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FIGURE 4 The AgGaSe, optical parametric oscillator output energy versus Er:YLF pump
energy.

decreases according to a sin2(x)/x2 relation. An allowable mismatch can be
defined as

AKl[2=7/2 . (29

At this point, a nonlinear interaction decreases to about (4/12) the efficiency of
the ideally phase-matched interaction. For nonlinear interactions in the optical
region of the spectrum, the ratio of the length of the nonlinear crystal to the
wavelength is a large number. Thus to make the phase mismatch small, the rela-
tion among the three refractive indices becomes relatively strict. Because the
refractive indices depend on the direction of propagation and temperature as
well as the wavelengths, rather small variances are set for these parameters in
order to satisfy the phase-matching condition.

Allowable variances for these parameters can be calculated by expanding
the phase-matching condition in a Taylor series about the phase-matching condi-
tion. In general, if x is the parameter of interest, the mismatch can be expanded
as follows [7]

Ak=Bky+ 98K Ay +éaaA2kAx2 . (30)
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TABLE 1  Physical Properties of Selected Nonlinear Crystalsa

Point Variation Thermal
Crystal group Transmission Index of index conduction
ADP o 42m 0.18-1.5 1.5065 —49.3 1.26
e 1.4681 =0.0 0.71
KDP o 42m 0.18-1.7 1.4938 -34.0 1.34
e 1.4599 —28.7 1.21
CD*A o 42m 0.27-1.7 1.5499 -23.3 1.5
e 1.5341 -16.7
LiNbO, 0 3m 0.33-5.5 2.2340 0.2 4.6
e 2.1554 409 4.8
BBO o 3m 0.20-2.2 1.6551 -16.6 1.2
e 1.5426 -9.3 1.6
KTP x mm?2 0.354.5 1.7386 22.0 20
y 1.7458 259 3.0
z 1.8287 42.8 33
LBO x mm?2 0.16-2.3 1.5656 -1.9 35
y 1.5905 -13.0 3.6
z 1.6055 -83
AgGaS, o 42m 0.50-13 2.4508 17.2 1.5
e 2.2924 18.3 1.4
AgGaSe, 0 42m 0.71-18 2.7005 77 1.1
e 2.6759 45 1.0
CdSe o 6mm 0.75-20 2.5375 120 12.0
e 2.5572 141
ZnGeP, o 42m 0.74-12 3.2324 204.9 35
e 3.2786 2235 36
TL,AsSe, 0 3m 1.30-13 3.3799 —45.2 1.8
e 3.1899 35.5
Units Hm 107¢/K W/mK

aRefractive indices and the variation of the refractive indices with temperature evaluated at 1.064 pm
except for TAS, which is evaluated at 2.1 um. Thermal conductivities are quoted for the different
crystallographic directions where available. In some cases, only a single value for the thermal con-
ductivity was available.

information, the effective nonlinear coefficient can be obtained by decomposing
the interacting electric field vectors into the coordinate system of the nonlinear
crystal and performing the matrix multiplication indicated in the previous sec-
tions. However, this has already been done and the effective nonlinear coefficient
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FIGURE 13 Phase-matching curve for CD*A for a 0.532-pm pump.
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FIGURE 14  Phase-matching curve for LiNbO, for a 0.532-im pump.

At least five different optical parametric oscillators can be made using a
2.10-um pump. A device that could tune between about 2.5 um to beyond 10.0
um could be based on AgGaS,, AgGaSe,, CdSe, ZnGeP,, or Tl;AsSe, (Figs. 19
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