NLO Lecture 21: Terahertz Generation and
Applications

11.2 Optical rectification (Continued)
11.2.1 Optical rectification with tilted-pulse-fronts
11.2.2 Optical rectification by Quasi-Phase Matching (QPM)



Tilted pulse front technique

Optical Beam
E (@.50.20). £l (0+Q, %0, 20)

4
/ % Tilted Pulse Front
f
Ef”;’

) (m’x0920)

Diffraction

k(0+Q) - k(w)
Hz
_ k(o)
R+~
(a) RREN

(z,x) = hsina,hcosa
g |
/ I
Initial conditions _)l
E,p(@x~L-hsine) [< I

2
n(@);y =0

-~ .
Back™ Eppp (. x hsina+z,)

1 (X, (L~ 1)sin@) =0 | optcalfield iTHz Output
from z,=0 Fi el d

(z,x) = -(L-h)sina,-(L-h)cosa

(b)



Non-collinear phase matching

Figure 11.6: Noncollinear phase-matching condition for pulse-front-tilted optical
rectification.
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which also includes the THz absorption. For the optical field, we obtain
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Transmitted Optical Spectra
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Figure 11.7: Comparison of experimental and simulated optical spectra for different
amounts of generated THz.
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Figure 11.8: Conversion efficiencies as a function of
effective length are calculated by switching on/off
various effects. Material dispersion and absorption
are considered for all cases. The pump fluence is 20
mJ/cm?2, for a crystal temperature of 100 K. (a)
Gaussian pulses with 500-fs FWHM pulse width with
peak intensity of 40 GW/cm?2 are used. Cascading
effects together with GVD-AD leads to the lowest
conversion efficiencies. The drop in conversion
efficiency is attributed to the enhancement of phase
mismatch caused by dispersion due to the large
spectral broadening caused by THz generation (See
Figs. 11.7(b)-(c)). However, since group velocity
dispersion due to angular dispersion (GVD-AD) is
more significant than GVD due to material dispersion
at optical frequencies in lithium niobate, cascading
effects in conjunc- tion with GVD-AD is the strongest
limitation to THz generation. SPM effects are much
less detrimental since they cause relatively small
broadening of the optical pump spectrum (see 11.7
(a)). (b) Cascading effects along with GVD-AD are
most detrimental even for a 150-fs Gaussian pulse
with 3x larger peak intensity. [19]



2D - Simulation
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THz Generation results

~1% optical to THz conversion
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Single-cylce THz generation: Measured THz Waveform
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1.4 mJ THz Generation Results from Ti:Sapphire Laser
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1.4 mJ THz Generation Results from Ti:Sapphire Laser
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11.2.2 Optical rectification by Quasi-Phase Matching (QPM)
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Figure 11.10: Schematic illustration of collinear THz-wave generation in a nonlin- ear crystal
with periodically inverted sign of x(2). (a) Optical rectification with femtosecond pulses, (b)
difference-frequency generation with two picosecond pulses (Q = w3 - w2) [10].
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Plane-wave analysis of optical-to-THz conversion in QPM crystals with ultrashort pulses
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Optical to THz conversion effficiency
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Influence of optical bandwidth
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Figure 11.11: Relative THz generation reduction due to g1(€p).
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For long pulses
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Influence of walk-off
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Figure 11.12: Relative THz generation reduction due to 92(2%).
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Optimal length of the EO crystal
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Enhancement factor
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Figure 11.13: Enhancement factor h as a function of the focusing parameter &.
Solid curve is based on Ref. [26]. Dashed curve — plane-wave approximation. Dots
represent calculations based on the Green’s function method. Inset: far-field THz
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Cascading and red shift

optical pulse spectrum will be red-shifted by Aw/wy ~ N1y,

N = 0.5 x (acceptance bandwidth) / (terahertz frequency).
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Summary
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