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A Measurement of Evanescent Fields Generating 
on Metal Thin Films and Langmuir-Blodgett 

Ultrathin Films 

TAKAYUKI NAKANO~, TAKASHI WAKAMATSU~, 
HAJIME KOB AYASHIa, FUTAO KANEKOa, KAZUNARI SHINBOa, 

KEIZO KATOa and TAJSAHIRO KAWAKAMIa 

aNiigata University, Ikarashi 2-8050, Niigata 950-2181, Japan and blbaraki 

Japan 
National College of Technology, Nakane 866, Hitachinah, Ibaraki 312-8508, 

Surface plasmons (SPs) were resonantly excited for aluminum (Al) thin films and arachidate 
acid (C20) LB ultrathin films on the substrates in a Kretschmann configuration of the attenu- 
ated total reflection (ATR) method. Evanescent fields generating on the A1 thin films and the 
LB films due to excitations of the SPs were detected as luminescent light from a metallic nee- 
dle probe covered with CdS in the localized evanescent fields. The luminescent light, that is, 
the evanescent fields were measured as a function of the incident angle of the laser beam 
exciting the SPs and as a function of the distance from the surface. The luminescent light 
intensity was biggest at a lower angle than the resonant angle. These properties were calcu- 
lated and discussed. Evanescent fields were also measured for C20 LB films on A1 thin films. 

Keywords: evanescent field; surface plasmon; ATR; A1 thin films; C20 LB film 

INTRODUCTION 

Surface plasmons (SPs) are known as non-radiative optical modes due to plaqma 
oscillations of bee eledrons resonantly excited at a metal surface and pmpagate 
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236 TAKAYUKl NAKANO er al. 

FIGURE1 Thesampleodgumtm ' FIGURE2 AnATRpIoperty 
to detect the evanesceat fields OfAlthinfi lm.  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

46
 1

6 
A

ug
us

t 2
01

2 



EVANESCENT FIELDS ON AULB FILM 231 

llwmmum 
?he AIR m e  for the Al thin film is Shawn in Fs 2 'Ihc minimum m the 
retlectivity was obsemd at a resooant incidm! angle of about 43.@, 8, whue 
the SPS were nsonantly excited at the SUrEace of the Al thin film by the laser 
beam at 488nm. "he solid awe in F% 2shrrws thetkmtkalmcdadatd 

one well. 
usingthetransfea-matrixmdhod~! mtIBXddawe6ttedthe~ 

Figure 3 shows the luminescent intensity at 652 mn 89 a function of the dismcc, 
Z, from the sample mike at the nsanant i m i ~  angle, 8, = 43.@, fn the 
same sample as used in Fig. 2 The 1- -d=@exponeatialY 
near the sample mface, and the decay length was about 180 mn. 
lllis length was -y equal to the txlk&ai ptnetlation &!#I of the 
e v m m  fields, ie. 14Omn. 

FIGURE3 Theluminescent FIGURE4 Theluminsscent 
intensity a~ a function ofthe intensity and the calculatad 
&tame from the sample surfiace property of the evanescent fields 
at the mesonant incident angle, asafuncthofthe incident angle 
e = 43.00. of the lamr beam. 
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238 TAKAYUKI NAKANO ef al. 

Figure 4 shows the luminescent intensities as a funaion of the incident angle of 
the laser beam exciting SPs. The closed Circles are the experimental results and 
the solid curve is the normalized calculation of the square evanescent fields at the 
sample surface. The maximum intensity was obtained at an angle, about 425", 
lower than the resonant incident angle, 8, = 43.0". It is tentatively estimated that 

an absorption property of the Al film may caw the difference in the angles 1'1. 

I k  luminescent intensity was also measured as a function of the distance from 
the sample surface for AVCM LB (7 layers). The incident angle of the law beam 
was tixed at the resonant angle of A I L  The luminescent intensity for 
films exponentially decayed near the sample surface and was weaker than that of 
theAlfilm. 

CONCLUSION 

Evanescent fields due to SPs resonantly excited in the ATR method we~e detected 
a5 luminescent light from a Pt needle probe mered with CdS. ?he decay length 
of the evanescent fields was about 180 nm and the maximum intensity was 
obtained at the lower angle, about 425", than the mnant incident angle, 8, = 
43.0" in the AlX measurement. 
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