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We examine the possibil it ies of applying spectroscopic el l ipsometry for the determinat ion  of the far-infrared 
dielectric function of high temperature superconductors. On the example of YBa~Cu3Ov at 20 K we show that  
the potential of the method lies in the accurate determination of e~ rather than the details of the onset of c~. 

Spectroscopic eilipson~etry, highly succesful in 

dctermini,,g the dielectric fu,,ction of ":~' ....... 

pera ture  supe rconduc to r s  in the visible and ultra- 
violet, has been recently extended towards  lower 
frequencies and proven to give reliable results 
on YBa2Cu3OT_,~ [1,2]. In this paper ,  we want 
to take a realistic look at wl~at in fo rmat ion  the 
method  can yield regarding the open quest ions 
in the infrared region. YFlauCuaOr_~ is particu- 
larly well sui ted for this purpose, as its ii,-pla,w 
dieh'ctric ful~ctio,~ is well kllOWll all,:l verilied t)y. 
different techniques [1-3] a~d c-axis d a t a  at low 
t empera tu re  have rece~tly bct:~, ob ta ined  [.1]. \Vc 
have used these exper imenta l  dielectric functions 
a~.~ input into the s t anda rd  expression for a uni- 
axial mediu~,  [5] to calculate various quant i t ies  
relevaI~t to an e l l ipsometry  nmasureme~t .  

Ellip.;ometry measures  the (complex)  retlectiv- 
ily ra~,io of s- and p-polarized ligl~t incident  on 
tim sample surface at  an oblique angle: 

/5 - ~,/~,  = tan ~,e - i ' s  (11 

'Fwo quant i t ies  per frequency are obtained.  
usually ext)ressed 1~ the form of t{~e ell~l)SO~et- 
:'ic a,,gles ,:' and  _\. Fro,~ t t~est, ~l a,~d ~'2, re- 
Sl)ectively, can be dct.er~i,~ed ',l,ro,,gl, a~lalyti- 
cal expressions if  and o, l~ ~) tl~(: isotropic two- 
pl,ase ~nodel (i.e. a:;su,~it,g tt,e sa, , ,ple being a 
se~,~i-infi~ite, isotrol)ic ,,~ediu~,t) [5] is adequate .  

*l)e,t,,ane,tt a(hlres.,,: llcst:;m.h I n s t i t u t e  for Solid S,xtc 
t)hysics, Ilunga,'ia,~ Ac~M,:my of Sci,mc,'~. !LO.14ox .19, II 
1525 Budapest. llu,,ga,'y. A. v,:;, i l,,,nl.,~ldt F'o,,nd:~ti-,, 
I:,~{ h w,' 1992-93. 

In o t h e r  cases  ( a n i s o t r o p i c  or m u l t i l a y e r  s a m p l e s )  
...1 ~ '~ i .  ~', • ~u~.., . . . .  ,~, i~ , f -r ;nat ion is required  and n u m e r i c a l  

i . l n o d ,  are u.-. d for evaluat ion .  Such addi t iona l  
infor~: : ,  !,m ca,, })e ob ta ined  in principle by Inea- 
sur ;ng at ,,,,,r': ~ilan one angle of incidence. In 
the case t,l ' tBa2CuaOT_a this is hardly a possi- 
bility, as i l lustrated in Fig 1,s t~owizlgthedepel l -  
dmlce of the ellit~solllctric ailgles alr 300 cn1-1 on 
tim angle of inci~:tcnlce. For ~iie pilase inforu~ation 
1o bc xi~cai,iIlgflal. __X t,'~s to be signilicantly dif- 
fc:',:l:', [ru~ll 150 ° ltlis ec'~:lr~ i~, a very llarrow 
raIl,,e above 0 - 8() ° w}l,:?r,:~ t}le c!lrve is very 

peri~nent [1,2] show. however, tha t  the d o m i n a n t  
ab-plane response is largely unaffected by the c- 

ax is  s t ructure .  'I'i, is insensit ivi ty on the c - a x i s  is 

not necessarily a universal  feature of all high "I'~ 
superconductors ,  since in TI2Ba=Ca.~CuaO~0 the 
c-axis phonons have been observed in reflectlei%' 

4s 0 [sl. 
A serious shor tcoming  of reflectivity measure-  

~mnts  has been addressed repeatedly in the past:  
tl~c inevitable scali~g errors in R (due to geomet-  

• 1 ' " ' 

e,~c(:) lead to large t iuctu;dions in ('2 (and conse- 
<t~,, : l l iv i~: tt~,' :)!~,~ical co~ld,~:tivit))x,.'[,c~ H a [ >  
proacl~es unity. This  efl'ect obscures the onse~ of 
absorp t ion  at low frequency. \Ve o~::::::;,~oa i.~le 
.question wi,etl,,::: ~l~t: error can be reduced in ci- 
]~p.-,o~etry and show our resulls i~ Fig. 2. 'l't~e 
solid lilies arc calc,~lat.:d fro:~ ll~e ab-t)ia[~c r(> 
[lectivily of ll,:f. [3]. a:~s~,~,,e,i ~o t)e 1 t:,~dow 130 
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Figure 1. Ellipsometric angles for YBa2Cu307-6 
;it 300 cm-~ vs. angle of incidence. 

Figure 2. "Ideal" and "scaled" R, e ,A and ¢ 
curves (see text). 

c m - l ;  the dashed lines were obtained after scal- 
ing this curve by 0.99. On both sets ofreflectivity 
data,  we performed a standard I<ramers-Kronig 
analysis to obtain c1 and ~'2, respectively; ~,hen we 
proceeded with the calculation for an ani,.~otropic 
nlediunl as Illentioned above, witl~out adjusting 
the c-axis input,  in order to get w and A. This 
way we obtain the variations in the ellipsomet- 
tic angles causing the same error in the dielectric 
function as 1 percent in reflectivity: 0.4 ° in A and 
1.60 in ~, in the region below 400 cm -1, where a 
gap feature would be expected. These values are 
within or only sligh¢ly above the error bars cor- 
responding to 1 degree variation in tlle angle of 
incidence, the lower iinlit of our convergence an- 
gle (0.70 for ~, and 70 for A from the curves of 
Fig. 1). Thus tl~e sar~l,, p_~,_,ble::~.s are e,:co,,;utcred 
in ellipso)iletry as in I~or~)~al-incidence reflectivity 
~vl~en tryi~g to defi~(~ tile fine details of (., ~oil~g 
i o z e r o .  

The effects of error propagation are far tess d ca- 
n~atic on ~ ,  whose low-frequency ~)el~aviour ca~,~ 
be used for determini~g the penetration depth 

through the oscillator s t rength of the superfluid 
condensate [3]. Ell ipsometry can give essential 
contributions in determining this quanti ty with- 
out the distorting effects of low-frequency extrap- 
olations on Kramers-Kronig analysis. 
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