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Opt i ca l  Th i n F i l m  R esea rch Team
Of Inst i tut  Fresnel

The Team:

3 Ass.  Prof . ,  1 Emeri tus Pr. ,  1 Research Scientist ,  2 Engineers

2 Ph.D. Students

1 Technological p lat form: Espace Photonique

Projects:

Various projects  wi th Publ ic  and Private ent i t ies.

• 1/3 of  our projects  are wi th pr ivate companies.

• 1/3 of  our projects  are wi th CNES

• 1/3 of  our projects  are wi th academic projects



P ar tne rs and  c l i en t s



4

Thin-f i lm mul t i layer s tack for the control  of  the spectral  propert ies of  the 

l ight  t ransmit ted by the substrate on top of  which i t  has been deposi ted.

SubstratenS

Airn0

R(λ)1

Multilayer

T(λ)

Opt i ca l  i n t e r f e rence  f i l t e r



Bandpass filterHighpass filterLow-pass filterNotch filterBroadband mirrorBroadband AR coating
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Opt i ca l  f i l t e r i ng  f unc t i ons



Design Stack formula

Fabrication
Component/

prototype

Characterization Performances

 

White light source 

Opt i ca l  f i l t e r s des i gn  and  f ab r i ca t i on



The  E space P ho ton i que P l a t f o rm

HELIOS

Sputtering

DIBS BAK 600

SYRUSpro 710 – 1 & 2

Evaporation

Characterization
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Th i n  f i l m  f i l t e r  des i gn
Mater ia l  opt ical  propert ies
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• Spec t ropho tomet r i c  measurements  (Opt ica l  measurements )

• Different incidences, polarizations…

• Different substrates

• Multilayers

• Var ious  d i spers ion  mode ls

• Cauchy, Sellmeier

• Tauc Lorentz

• Var ious  op t im iza t ion  methods

L. Gao et al., Opt. Express 20, 15734-15751 (2012) 

N =  n  - i k

Prec is ion  on  n  and  k  i s  
wi t h in  0 .001  o r  be t t e r  

ov er  a  b road  spec t ra l  
range  f rom 1  t o  sev era l  

oc tav es .
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Th i n  f i l m  f i l t e r  des i gn
Design techniques
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• Goa l :  de te rm ine  t he  sequence  o f  

a l t e rna ted  H and  L re f rac t i ve  index  
mate r ia l s  hav ing  resu l t i ng  R(λ )  and  

T(λ )  mee t ing  t he  spec i f i ca t ions .

Commerc ia l  sof tware  (Opt i l ayer )
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I n - s i t u  op t i ca l  m on i t o r i ng

DIBS

M. Lequime et al., Applied Optics 56(4), C181-C187 (2017).



I n - s i t u  Op t i ca l  Mon i t o r i ng

Optical  moni tor ing :  t r igger point  method ( f rom the monochromatic 

t ransmission measurement of  the sample dur ing deposi t ion,  each layer 
is  s topped at  opt imized t ransmission value

T. Begou et al., Proc. SPIE 9627, paper 96270R (2015)

Object ive :

Prec is ion  on  t he  op t i ca l  
t h i ckness  o f  each  layer  

wi t h in  a  f ew 0 .1%



Th i n  f i l m  f i l t e r  des i gn
Virtual  Deposi t ion Process

Custom VDP program

Deposi t ion s imula t ion

• Goa l :  De te rm ine  t he  op t ima l  mon i t o r ing  s t ra tegy  and  

p red ic t  t he  success  ra te  o f  a  depos i t i on .

M. Vignaux, et al., Optics Express 25, 18040-18055 (2017).

Stra tegy determinat ion



H i gh  pe r f o rm ances  depos i t i on  m ach i ne
Bühler/Leybold Opt ics HELIOS



H i gh  pe r f o rm ances depos i t i on m ach i ne

• 12 sample holders  (1 dedicated to opt ica l  
moni tor ing) .

• Plate rotat ion at  240 rd.min-1.

• Load- lock .

• 4 process  zones :

- 1 ass is tance p lasma source,

- 2 MF magnet ron sput ter ing sources  
(d ie lec t r ic  mater ia l  depos i t ion) ,

- 1 DC sput ter ing source (metal l i c  
mater ia l  depos i t ion) .

• Real  t ime monochromat ic  opt ica l  
moni tor ing of  the depos i t ion in 
t ransmission.

• Avai lable targets  :  S i ,  Nb,  Hf ,  Ta,  Ag,  Cr.

• Avai lable Gas :  Ar,  O2,  N2.

A few detai ls

T. Begou et al., Proc. SPIE 9627, paper 96270R (2015)



Mul t i spec t ra l  f i l t e r s
IDEFIX R&T CNES project

www.opticsbalzers.com



• Va r i o u s  p o s s i b l e  a p p r o a c h e s  f o r  t h e  s a m e  t y p e  o f  o p t i c a l  f u n c t i o n s .

• A l l  a r e  p o s s i b l e  b u t  t h e y  p r e s e n t  v a r i o u s  a d v a n t a g e s  a n d  d r a w b a c k s .
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B andpass  f i l t e r s des i gn



C om p l ex  f i l t e r

Fi l ter ing face (93 layers,  4600 nm Nb2O5 and 5500 nm SiO2)

Fi l ters  for space appl icat ions

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

300 400 500 600 700 800 900 1000 1100

T
ra

n
sm

is
si

o
n

Longueur d'onde (en nm)

  B2 FE Théorie   B2 FE #14-032

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range

23T. Begou et al., CEAS Space J 9(4), 441–449 (2017).



Blocking face (100 layers,  3800 nm Nb2O5 and 5800 nm SiO2)
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  B2 FS Théorie   B2 FS #14-026
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C om p l ex  f i l t e r
Fi l ters for space appl icat ions

T. Begou et al., CEAS Space J 9(4), 441–449 (2017).

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range
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Narrowband f i l ter wi th broad reject ion band
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C om p l ex  f i l t e r
Fi l ters for space appl icat ions

T. Begou et al., CEAS Space J 9(4), 441–449 (2017).

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range
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C om p l ex  f i l t e r
Fi l ters for space appl icat ions

T. Begou et al., CEAS Space J 9(4), 441–449 (2017).

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range
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Excel lent agreement between theory and experiment
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C om p l ex  f i l t e r
Fi l ters for space appl icat ions

T. Begou et al., CEAS Space J 9(4), 441–449 (2017).

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range



Uni formi ty bet ter than 0.5% over 80 mm aperture

T. Begou et al., CEAS Space J 9(4), 441–449 (2017). 28

C om p l ex  f i l t e r
Fi l ters for space appl icat ions

Object ive :

Er ro r  no t  exceed ing  
a  f ew percen t  ov er  

b road  spec t ra l  range
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Bleu and IR f i l ters (3MI-miss ion)

C om p l ex  f i l t e r s  – O the r  exam p l es  

443  NM 3MI  F ILTER 2132  NM 3MI  F ILTER

T. Begou, et al., CEAS Space J 9(4), 441–449 (2017).
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3MI-3 Filter 

Front Face (FF) Rear Face (RF) 

Number of layers 87 76 

Total thickness of SiO2 (nm) 4394 4553 

Total thickness of Nb2O5 (nm) 3346 3559 

Total Thickness of the filter (nm) 7740 8112 

Centering wavelength (nm) 443 
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 3MI-12 Filter 

Front Face (FF) Rear Face (RF) 

Number of layers 66 140 

Total thickness of SiO2 (nm) 14434 14700 

Total thickness of Nb2O5 (nm) 11174 9905 

Total Thickness of the filter (nm) 25608 24605 

Centering wavelength (nm) 2132 

 



S t ress  i n  op t i ca l  coa t i ngs
Fundamental s tudies

T. Begou and J. Lumeau, Optics Letters 42(16) (2017).

STONEY formula:
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Stress compensation is obtained if :

• Theoretical aspects: athermal structures

• Thorough experimental studies



S t ress  i n  op t i ca l  coa t i ngs

Fundamental s tudies

– Linear Fit : σi = Ki  [5]

– Second order polynomial Fit : σi = Ai + Bi ti
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Experimental Data on coated face

Experimental Data on uncoated face

Linear Fit on coated face

2nd Order Polyomial Fit on coated face
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Experimental Data on coated face

Experimental Data on uncoated face

Linear Fit on coated face

2nd Order Polyomial Fit on coated face

Stress determination for Nb2O5 film Stress determination for SiO2 film

Material
Linear Fit 2nd order polynomial fit

K MF A B MF

Nb2O5 61.4 0.051 61.0 0.0003 0.050

SiO2 418.5 0.061 371.2 0.0360 0.042

T. Begou and J. Lumeau, Optics Letters 42(16) (2017).



H i gh  pe r f o rm ances  m i r ro r s
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ELI-NP project

• RS/RP > 99.95% @ 515nm, AOI = 25o

• Flatness λ /30 @ 515 nm

• Ul tra prec ise character izat ion of  s tress in coat ings

• Stress compensation using bi-facets deposition

T. Begou and J. Lumeau, Optics Letters 42(16) (2017).



H i gh  pe r f o rm ances  m i r ro r s
ELI-NP project

• July-September 2016: del ivery of  80 mirrors to ALSYOM.

• October-December 2016: del ivery of  42 mirrors to LAL.

Flatness in λ/30 Rs, % Rp, %

Average 0.858 99.9648 99.9590

STDEV 0.173 0.0082 0.0107

• 60 mirrors Φ30 mm and 

42 miroi rs  Φ50/75 mm
with perfect ly 
compensated f latness

• 20 mirrors Φ30 mm with 
an addi t ion +2 nm PtV
curvature on the f ront  

face.

T. Begou and J. Lumeau, Optics Letters 42(16) (2017).



H i gh  pe r f o rm ances  m i r ro r s
ELI-NP project

Courtesy of Nicolas Beaugerard ALSYOM/SEIV/CNRS



Mono-ch i p  co l o r  cam era
Bayer-type f i l ter

M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)



Fab r i ca t i on  t echno l ogy
Li f t -off us ing 2 photoresists

Lift-off  technique using 2 photoresists
• Use of  smal l  caps to prevent wal ls  format ion.
• Precise posi t ioning of  the masks.
• Low temperature deposi t ion of  the mul t i layer layer (80-

100°C).
• Removal  of  the photoresists .

M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)



B üh l e r S YR U S pro  710

Deposi t ion of  s tructured f i l ters

Nb2O5 crucible

SiO2 crucible

APS

M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)



Geom et r i ca l  cha rac te r i za t i on
Zygo NewView 7300 – 1 pixel

M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)



Zygo NewView 7300 – 4 pixels

Geom et r i ca l  cha rac te r i za t i on

M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)



M. Lequime et al., Proc. SPIE 9627, paper 96270V (2015)

S pec t ra l  cha rac te r i za t i ons
Resolut ion: spat ia l  2 mm, spectral  0.5 nm



N ew deve l opm en ts
RIE on mul t i layer s tructures

 DRIE o f  mu l t i l aye r  s t ruc tu res

 Depos i t i on  and  l i f t o f f

 Opt i ca l  charac te r i za t ion



L i nea r l y  va r i ab l e  f i l t e r s
The approach

Modi f i ca t ion o f  t he  shu t t e r  

i n  o rder  t o  i nse r t  non  
un i f o rm i t y  mask  t ha t  wi l l  

be  c loser  t o  t he  subs t ra te 
( f ew mm) Shutter openedShutter closed



L i nea r l y  va r i ab l e  f i l t e r s
I l lustrat ion

Opt ica l  moni tor ing 
per fo rmed fo r  th inner par t  
o f  t he  componen t

 Dimensions of  the non uni formi ty mask

 Linear thickness gradient on a 10 mm 
zone

 Thickness ratio of  3 between the extreme 
part  of  the mask



L i nea r l y  va r i ab l e  f i l t e r s
Double cavi ty bandpass f i l ter

 Dynamic evolution of the transmission as a 

function of the x position

 Theoretical and measured curves

x



L i nea r l y  va r i ab l e  f i l t e r s
Narrow bandpass f i l ter

 23- layer  double cav i ty Fabry Pero t  :  [ (H L ) 2 H 2L H (L H ) 2]  L [ (H L ) 2 H 2L H (L H ) 2]

 H and  L are  respec t ive ly  quar ter  wave length t h i cknesses f o r  Nb 2O 5 and  SiO 2 @ 450  nm

 Al l  the  l ayers  are  depos i t ed  under  t he  non uni formi ty mask desc r ibed  in  t he  upper  pa r t



L i nea r l y  va r i ab l e  f i l t e r s
Narrow bandpass f i l ter

 Dynamic evolution of the transmission as a 

function of the x position

 Theoretical and measured curves

x



Meta l -d i e l ec t r i c  f i l t e r s
OIC Manufactur ing contest

T. Begou et al., Optics Express 24(18), 20925–20937 (2016)
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Meta l -d i e l ec t r i c  f i l t e r s
OIC Manufactur ing contest
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Meta l -d i e l ec t r i c  f i l t e r s
OIC Manufactur ing contest

• Al ternated h igh and low index mater ia ls  
(Nb2O5/S iO2)  except  for  layer  #67 made wi th 
chromium

• No per iodic i ty,  and layer  th icknesses f rom 6 
nm to 395 nm

• 8 d i f ferent  moni tor ing g lasses

Substrate 1 2 3 4 5 6 7 8 9 10 11 12 13 Air
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Meta l -d i e l ec t r i c  f i l t e r s
OIC Manufactur ing contest

• Al ternated h igh and low index mater ia ls  
(Nb2O5/S iO2)  except  for  layer  #67 made wi th 
chromium

• No per iodic i ty,  and layer  th icknesses f rom 6 
nm to 395 nm

• 8 d i f ferent  moni tor ing g lasses
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