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ABSTRACT 

We have directly measured the c-ruds optical absorptivity of a large single crystal of 

Lat.s7Sro.13Cu04 between 9 and 80 cm-1 at 2 K using Fourier transform spectroscopy and an absorbed 

power technique. We see an absorptivity onset at 41 cm-1, which is 2-3 cm·l higher than that measured at 

6 K with reflectance on the same sample, suggesting that a significant fraction of the electrons remain 

unpaired at 6 K. The absorption increases with frequency below the onset, increasing from 0.3% at 9 cm-1 

to 8% at 40 cm-1. Our data are particularly significant at frequencies below the plasma edge, for which the 

reflectance is close to unity. 

Keywords: superconductivity, optic~ properties, direct absorptivity 

2. INTRODUCTION 

Below the superconducting critical temperature Tc. the far-infrared reflectance perpendicular to the 

Cu02 planes (EIIc) in La2-xSrxCu04 is dominated by an edge structure arising from the plasma oscillation 

of the carriers in the superconducting state.l 

Below the plasma frequency, reflectance measurements are difficult when the loss (-1%) becomes 

comparable to .the accuracy of the measurement This experimental difficulty has hindered efforts to describe 



the material's behavior at these low frequencies. In addition, optical measurements below the edge are 

necessary for Kramers-Kronig analysis of reflectance data at higher frequencies to reduce the uncertainty 

introduced by low frequency extrapolations. We have directly measured the absorption of a 

Lat.s7Sro.13Cu04 crystal along the c-axis between 9 and 80 cm-1 at 2 K. These measurements 

complement reflectance measurements made on the same sample between 40 and 700 cm-1 at 6 K. 

3. EXPERIMENTAL 

A detailed description of the experimental method and apparatus has been published.2 To directly 

measure the optical absorptivity. of the superconducting crystal, we have used it as the absorbing element in 

a composite bolometric far-infrared detector. The crystal is suspended in vacuum by nylon threads. A small 

neutron-transmutation-doped (NTD) thermistor and a NiCr heater are attached to the back side of the crystal. 

The time constant t=C/G of the bolometer is determined by the heat capacity C of the crystal and 

attachments and the thermal conductance G of the electrical leads connecting the -2 K thermistor to the heat 

sink at -1.5 K. 

Infrared radiation chopped at 7 Hz from a Fourier Transform spectrometer passes through a light 

pipe and both a warm and a cold low pass filter and is split approximately symmetrically by a roof mirror. 

One half of the beam passes through a polarizer to the superconducting sample; the other half is directed to 

a sapphire bolometer with a well-characterized gold surface as the absorbing element. We measure the 

response of the Lat.s7Sro.13Cu04 detector and that of the gold reference bolometer with a lock-in 

amplifier. The output spectrum from each detector can be represented by F(ro) = L(ro)A(ro)R(f), where 

L(ro) is the submillimeter spectrum incident on the bolometer, A(ro) is the absorptivity, and R(f) is the 

responsivity of the detector to absorbed optical power chopped at frequency f. If the absorptivity of the 

reference (gold) detector and responsivities of the two detectors are known, the unknown absorptivity of the 

superconducting sample can be determined from 

ftts(ro) = Fs(ro) Rr(f) A,.{ro) 
Fc(ro) Rg(f) T( ro) 

Here the subscripts rands refer to the reference and sample channels, respectively, T(ro) is the transmittance 

of the polarizer, and Ar(ro) is the absorptivity of the gold reference absorber, which is well described by a 

Drude Model. 

To determine the optical responsivity of the detectors at chopping frequency f we pass an AC 

current through the NiCr heaters and directly measure the electrical responsivity. We confirm that the 

2 



frequency dependences of the responses to chopped optical and electrical power are identical. Thus, all 

internal time constants in the bolometers are shorter than 't, and the sanie simple thermal circuits can be 

used to model the devices in the case of both optical and electrical loading. 

4.RESULIS 

In Figure 1 we plot our measurement of the c-axis absorptivity between 9 and 80 cm-1 of the 

Lat.s1Sro.13Cu04 crystal at 2 K (open symbols.) There is a steep increase in absorptivity at 

approximately 41 cm·l, which we identify as the screened plasma frequency. For comparison, we plot the 

c-axis absorptivity derivedfrom reflectance measurements made between 40 and 100 cm-1 on the same 

crystal at 6 K as a solid line. The plasma edge seen in the 2 K absorptivity measurement occurs at a 

frequency tha~ is 2-3 cm-1 higher than that Seen in reflectance, which suggests that even at 6 K, far below 

the superconducting critical temperature Tc. a significant fraction of the carriers remain unpaired. We are 

currently making more careful measurements to confirm that the shift in the plasma frequency is real and 

not an artifact of tlie -15% discrepancy in absorptivity measured near the maximum by the two techniques. 
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Figure 1 Open circles show measured c-axis 
optical absorptivity of La1.s7Sro.13Cu04 at 2 K. 
Solid line is derived from reflectance measurement 
made at 6 K on same crystal 
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Figure 2 Measurement of c-axis optical 
absorptivity of Lat.s1Sro.13Cu04 at 2 K for 
frequencies below the plasma edge. 

In Figure 2 we replot the absorptivity data from Figure 1 for frequencies below the plasma edge. 

Below the onset, the absorptivity is a monotonically increasing function of frequency varying from 0.3% at 

9 cm-1 to 8% at 40 cm-1. The signal-to-noise ratio decreases rapidly as frequency is reduced below 10 cm-1 

because the incident power from the spectrometer is much reduced. We are currently extending 

3 



measurements down to lower frequencies and considering mechanisms for the absorptivity below the plasma 

edge. 
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