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Nanophoto nics ha s grea t  potentia l to control , struct ure and mult iplex the 3 D spa tial  w ave functions  of the la ser fiel d. W e propos e to overcome the l imita tions  of 

optica l tweez ers mode for  biophot onics by dev eloping a new instr ument coupli ng a photo nic sour ce and i nno vativ e nanocr ystal s for bi ologi cal  studies. 

GO A L S

V ECSEL TECHNO L OGY

O P TICAL TW EEZER S

(VERTICAL EXTERNAL CAVITY SU RFACE EMITTING LASER) of a pla no-conc ave ca vit y
A d v a n t a ges  f o r  Opt i c a l  T r app ing
Single Frequency and  transver se mode 
operation

Allow s electi on of high o rder Lague rre-Ga uss t rans verse 
(with OAM ) modes:

Allow t he manipul atio n, control  and meas ure of bio logic al objects  at the na nometri c scal e in a no n-destr uctiv e w ay, by exploiting the vari ous
photonic  forces o f laser s beams.

High spatial coher ence  to focus  wav efront to the w avelength 

Key element i n optica l tr apping is the high nu merical 
aperture o bjective, typica lly 1.2 fo r w ater  immersi on. A 
high NA gener ates a n impor tant intensity gr adient, the f ocus 
beam is less tha n 1 um in thi s confi gur ati on the gr adient 
force i s domina nt and the pa rtic ule is o ptic ally tr aped.
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The opti cal fo rce gener ated by a highly fo cus la ser beam ha s two compo nents:
 - Gradient force, F grad , oriented i n the dir ection o f higher intensity
 - Force of r adiation press ure, F rad , oriented t oward the di recti on of la ser pro pagati on
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In opt ical t rapping,the g radient f orce is d ominant

A  wide Var iet y  o f  Par t icu les  c a n b e t r apped  

in pa rticul ar :  

LG*
0+/- 1

Idea l for opti cal  tr apping

Meta-surface technology :  Photonic  Cryst al made by E-Bea m 
litho gr aph y. Modula te Round-tr ip phase (<< 2�:) in order  to lift  
degener acy  of mo des to  create artificial phase mo rpho logy

Inno vati on for our  optica l tweez ers appl ica tion, 
will  rota te part icules

laser  prop agatio n
direct ion 

R e sul t s  a n d p e r pect ive s  

Atomes, mo lecules, ba cteries  and sythet ic par t icules  can be t rapped in  
optica l tweez ers mi crosco pes

Cylindrical nano crystals  wil l be fab r icat ed in the c lean ro om by  laser   
interference lithogr aphy and trapped in an  optical tweezers  in orde r the 
image the surface of a bio logica l cel l  

Simil ar t o the AFM but ad apted to s oft mate r ial s because of it is 
nonin vasive 

 Image obt ained by scanni ng the 
tip of the c ylindr ical    

nanocr ystal s on the sur face of 
blood cel l tr apped in t he optica l 

tweez ers set up

F u t ure  work  

 

Integrate 
mutiplexed 

VECSEL light and 
focalisation of a   

high charge o f 
Vortex m ode in 

the optical 
tweezers set up 

in order  to 
manipulate and 
rotate sever al 

particules at the 
same time  

Its effi ciency i s 17% a t 25 °C

Single f requency and si ngle tr ansv erse 
mode

VECSEL bea m has a hi gh spati al 
coherence, qua lity factor M 2<1.2 

Symmetri c Cir cula r focused spot ideal  of tr apping opt ical ly

Active zo n e based on Quantum -Wells  

                 6-1 2 str ained ba lanc ed InGaAs QWs wi th GaAsP  
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Substrate in I II-V Materials

GaAs for  �Ê = 1,06 µm emissi on.

MOCVD Epita xy (C2 N).

HR Bragg Mir ror

25- 31 A lAs/GaAs  Bragg pai rs R>9 9%
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4 External C avity with mm air  gap: High 
finesse, hih beam qu ality
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1-4  Bragg pairs  t o contr ol the
µ-ca vit y, air  semiconduc tor i nterfac e for li ght 
functiona lisatio n: mode sel ection, pha se 
ampli tude modula tion 
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Linea r Polar izat ion a long [ 001 ]  axis

the phase at the focus ha s low mo dulati on 0.11 3 x �Ê

 

b e a m  q u a l i t y   

vortex ph ase 

Image of fo cused VECSE L beam 
through x2 0 Na=0 .5 objectiv e 

Experiment al foc used spot si ze=1.5 um  

V ortex M ode  Gaussian  M o d e

Image of the intensi ty profil of the
Vortex beam before focal isa tion

N e x t  S t e p s   

Focal isat ion of the v ortex mode bea m in the 
micro scope objecti ve and optic al tr apping 

 


