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arid jitter ;ire 22 p ~ i d  aiid 85 p a d ,  rcspci- 
lively. The p i n l i n g  ;icioracy is less than 3.3 

We Iiave clcmnnslrated t he  ~CSOIvI using it 
miinoc1irom;itir light soi~rcc ;it h3 i -n1 i i  wave- 
length and  a (;RIN lens with a 2-1 i im wiirking 
~1ist;ince. A 3D iiitciisityplot n f a  s.implc spccci- 
m e n  ( 2 S - p i  pitch line-and-space nictallic 

tratcd in I;ig. 3. Tlic lick of 
OM 'ivas 100 I*."' x 100 (Llll. 

Sqii;irc-nicsh sc;inniiig without XI' cmss tnlk 
was pcrf~irmcd Iiy using 11 cdiI~r:itiin~ t a l i l e  
pr i igrammcd on pcrsiinal conipnter. I i  
achieved a transverse rcsnluii~in i i f  5. pin 
FWHM and iiii axid resiiluti~~ii of 80 pi11 
I'WHlVI. The spot size i s  larger tliiiii the  theii- 
rcticnl h i t  (2.5 pin) due  tii the niirrcr's ciir- 
vature (2-nim siicliiis n f c u  
*Ais/. OJ lwaiiistrid Scierice, 
Jllpi"' 
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Fiber-optic microsensors to measure 
backscattered light intensity in biofilms 
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liiotiliiis arc a prcdominant micrtihial growth 
mode in natural and engineered systcnis.' lliii- 

are i iupl icatc i l  io biiirelnedia- 
tinn 0 1  tnxic compriunds,2 nral Iiygicnc,' sour-  
ing of oi l  fnrrnatiuiis;' micriibially i i i f l i icnccd 
corrosion,' ;nid irlicctimi n l  priistlictic de- 

'1'1) evaluate mctdiiilic activity i i l  Iiio- 

sure c h e m i c a l  gradients of iuitricnt 
concentration across miirobial deposits less 
h i n  A Ccw liundrcd i i i i c ro i i s  $hick. Presently, 
electriiclieinical micnisens,irs are t~sccl with tip 
diameters not cxcccdiiig a lew IO 'S oimicroiis. 

Micro-xalc liber-optic sc1isnrs7 h;n,r scv- 
cral potential adv;int;igcs. 'They arc iiiiiiiinic io  
clcctromagnetic noise, need no reiercncc clcc- 
trodcs and are easier i o  fabric;iLc. Wr Iiwc 
dcveloped a iilicr-iiptic micriiscnsiir 11 
coniniercially available iqitical tclecoiiiiiiuiii- 
cntioiis components that I I I ~ : B S I I S ~ S  Iiack- 
scattered liglii fiolii a kipcrcd fihcr tip. 

'l'lic Iiiiifilni preparation and standard mea- 
s u r e m e n t  techniques a re  described elsc- 
wlicrc.lt.9 A 670-11111 or 1320-11111 1~d)ry-l'csnt 
laser diode operated I ~ c l o w  ilireshold was 

lilm micriii)rgaiii.\ms it is impel. cl t '  IVC io lllCa- 

coupled throiigh ii 2 X 2, 5O:SO s ing lc -n i~~~ lc  
film couplcr. One iiriii nf tlic cntiples was 
monitiircd using a P I N  diiidc, l 'he oilier COLI- 

single-mock fiber with a Liipcrcd rnd.  Any 
bad(scattcrcd light wiis ciillrctccl Iiy ;I second 
PIN diode, Dais WJS rccortlerl as Lhe ratio bc- 
twccii tlic backscettcred aiid rc icrrncc signals. 

Tayelcil tilis ~ v c s c  fnrmed I iy wci etching 
i l i c  filicr ciid i n  l iydr i i f lonr ic x i d .  'The tips 
usu;illy had a sid-iiiicroii end di;imeier wiili a 
smot,llilyt;iFcrerI lciigchof500-I 0UO p i ,  Pig- 
uic 1 is an SliM imigc iifa lgl i ical tnpc~ccl  tip. 
The  Glier tip w a s  stepped into tlie biolilm in 
20-pin steps, followed Iiy an  identical data set 
using a local effective ilillusivity electriichemi- 

p l ~ r  O L I ~ I L I ~  Was coiiticctcd til a shori section d 

the data ;it 1320 11111 li,s the pr111ic locatcd out- 
side rii the bioiilm, bot still s u l ~ m e i g c d  in  the 
solution. Tlic ~ni i roclcctrnde ~ c s p o n s e  is 
show~n lor ciinqiarison. 'l'hc Ii,ick-scattcrcd lip 
tical signal .it 1320 nni hhorved a large iutcnsity 
variaiinii ( : i In i i is t  a fiictor of .5) 21s the tip 
mnved t1irtiu~:h ~ h c  b~nli lni Lowards the hiit- 
t o in  Morenver, Llic varintimis ribserved corrc- 
laied wel l  with the I i i ca l  e 
niicri iclcctroclc. t:urtlier, the  ~iicasurcmentc at 
670 nni showed a i i i i i ch  smallcr ( i 5 'Yo )  iiitcn- 
s i t y  variiiiiiin as ilic probc 111oI~Cd through the 
liiiililni. 

'l'licse results wcrc highly iepc'italilc. l 'hc  
ci)rrekitioo LiieCkieili, R', ovcr many trials 
was illways greater 111.111 0.85. w e  3lso obscr\,ed 
dilfcrcni, l iut  rcpe~itable cdilir.itiiiii equations 
(with I(' :; 0.85) ;it diflcrent Iircetions in the 
liiiifilni, presinnably diic ti) sirocturd l i c tc i i i -  
geneity o i i h c  biiifilni. 

' l ' l ie dramatic wavelength dcpcnclcnce of 
the lmck scattered sigilal v;irintiiins wiis unex- 

pected. blie scnttering, !lie M i e  cilcct"' and ii 

sirongwalcralisiirption band iicar 1.3 poi" all 
playa rolcincxplaining thcobscrvcd Iicl~avior. 
'I'lie simplicity of the S C I I S O ~  and tlie kirgc re- 
sponsivity in niiniinally transpxeni biolilnis 
~ i i a l e  it ii priiniising candidate lor routine Inb- 
oratory iisc. 
*ikpar!riii!n/ OJ I I / < ~ r r i w l  I ! n ~ J i i ~ i ~ i ~ i , q ,  Mirw-- 
tuna Sicilc [ J i i i ~ ,  USA 
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Super-resolution fluorescence 
microscopy by up-conversion-depletion 
using two color lasers 

Y. Iketak i ,  T. Oinatsii,x 0. Sain," 
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We 1m)piise ii i i nvc l  sc;inniog fluiircsccncc nii- 
crosiiipe capiiblc o l  1)r~~akiiig the dillractiiin 
rcsolutiiin limit by up-ciinvr~siiin proccss with 
iw-co lo r  piimp and 

I ,  

c,'ir., ~ / J ~ l l i / l l l S  ( ) l J / ; C d  CO., Lti/. 2-3, 

groulld state thrnllgll l l u~ l rcscence proccss.~ 
On the other hand, the I-adiativc relaxation of 
tlic molecules wit11 ii higher excited S , ,  state to 
tlic ground State is aliiiiist inhil~itcil. Ily i r rad-  
sting 0 1  piimp bc;im ;ind aiioliier liiscr ( i .r . ,  
erase lxcr , )  tiir S,, + S ,  pli~it~i~cxcitatioii at I Iic 
saiiietimc, [lie ni~ileculcs with the S, state are 
tip-converted, and t h e  iluiiresccncc ciin l i e  re-  
duccd. I C  t l ie  hcusecl p i m p  and erase beanis 
are partially ovcilapped (111 a saniplc staiiicd by 
dye ~nolccules, the fluor 
ginn irr;idiatcd by boll1 I 


