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Abstract 
We describe the first observation of terahertz emis- 

sion from unbiased YBa2Cus07-6 thin films ex- 

cited by 150 fs optical pulses for temperatures, T, 

4 K< T < 300 K and demonstrate that this emis- 

sion is generated by bulk electric quadrupole optical 

rectification. 
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mendation, or favoring by the United States Government or any agency thereof. The views 
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The generation of subpicosecond terahertz bandwidth radiation via the illumination of nonlinear ma- 

terials with visible femtosecond pulses is of interest both as a spectroscopic source and as a probe of the 

electronic and vibrational properties of materials. Previous studies have included terahertz emission from 

semiconductors [l] where such emission is the result of optical rectification and/or the evolution of a transient 

photogenerated current [2,3]. Terahertz emission has recently been observed from superconducting (T < T,) 
YBa2Cu307 thin films configured as biased antennas [4] and unbiased in a magnetic field [5]. We describe 

here the first observation of terahertz emission from unbiased YBazCu307_6 (YBCO) thin films. These films 

are excited by 150 fs, 1.5 eV and 3.0 eV, optical pulses for a range of temperatures, T ,  4 K < T <300 K and 

for a range of oxygen doping from optimally-doped (6 = 0) to  insulating (6 = 0.8). We demonstrate that 

this emission is generated by optical rectification due to the bulk electric quadrupole source term, comprising 

the first observation of such a source term in terahertz emission. 

We use 60-300 nm thick, c-axis oriented, twinned YBazCu307-6 films deposited on 1 mm thick (100) 

MgO substrates using DC off-axis sputtering. X-ray analysis of the films indicates that the c-axis of the film 

is well aligned with the surface normal and that the a and b axes are aligned with the MgO axes. 

The terahertz waveforms observed from these films when excited by 150 fs, 1.5 eV and 3.0 eV pulses are 

always bi-polar with a width limited by the 1 ps resolution of the photoconducting detector. The emitted 

terahertz electric field scales linearly with incident intensity up to  fluences of 4 mJ/cm2, consistent with a x2 
process; however, because YBCO is centrosymmetric, the bulk electric dipole contribution to x2 vanishes. 

Since different x2 processes exhibit distinctive dependences on incident and detected polarizations, as well 

as on orientation of crystal axes, we measure the peak-to-peak emitted terahertz field as a function of 

incident and detected polarization and rotation about the surface normal, $. The result for YBa2Cu307 

at T = 300 K and excited at 1.5 eV is shown in Figure 1. The strong anisotropy with 4$ symmetry, 

(cos(4$) for P-detected emission and sin(44) for S-detected emission) in the emitted field is consistent with 
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a bulk electric quadrupole process from a twinned orthorhombic crystal like YBCO. In Figure 2 we plot the 

temperature dependence of this emission at q5 = 0 and 45 degrees where the emission has been corrected for 

the temperature-dependent terahertz absorption. At both angles the emission increases by roughly 65% at 

the superconducting transition temperature of 85 K. A model of this emission assuming that the nonlinearity 

is caused by carriers with different masses and relaxation times in the three crystallographic directions agrees 

with the data. Note that the peak S-polarized field emitted from YBazCu307 is 12 times weaker than that 

emitted from InP where the emission results from an electric dipole x2 process. 

The dependence of the terahertz emission on polarization and crystal orientation for YBa2Cu306.5 at 

T = 300 K and excited at 1.5 eV is shown in Figure 3. This data exhibits the same 4q5 symmetry as the 

YBazCu307 data, consistent with a bulk electric quadrupole x2 process. The peak emission from this film is 

about 3 times smaller than that from the YBazCu307 film, consistent with the lower number of free carriers 

in this partially quenched material. Finally, the negative offset measured for the S-incident , P-detected data 

cannot be explained by a free carrier nonlinearity unless local disorder corresponding to rotations about 

an axis in the a-b plane is included in the model. Such disorder should be much more pronounced for 

YBa2cu306.5 than for YBazCu307. 
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Figure Captions: 

Figure 1: Peak-to-peak terahertz field amplitude versus azimuthal angle (crystal orientation, r$), 

for a YBazCu307 film excited by P- (filled symbols) or S-polarized (open symbols), 1.5 eV pulses 

at an incident angle of 50 degrees and detecting P- (circles) or S-polarzied (squares) radiation. 

Figure 2: Peak-to-peak terahertz field amplitude versus temperature for a 60 nm thick 

YBazCu307 (37, = 85 K) excited by 1.5 eV pulses at an incident angle of 50 degrees and at 

4 = 0 and 45 degrees. The emission has been corrected for the temperature-dependent terahertz 

absorption. 

Figure 3: Peak-to-peak terahertz field amplitude versus azimuthal angle for a YBazCu306.5 film 

excited by P- (filled symbols) or S-polarized (open symbols), 1.5 eV pulses at an incident angle 

of 50 degrees and detecting P- (circles) or S-polarized (squares) radiation. 
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J. L.W. Siders et al. Figure 1. 
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J. L. W. Siders et al. Figure 2. 
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J. L.W. Siders et  al. Figure 3. 
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